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This document records the activities done forT ask 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 vl.G. 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, SVDAPREP, TEMPCHEK, PARREP, PI CALC, PARCALC 

• DTRKMF vl.OO. Developed; qualified under NP 19-1. 

• 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: 

• Gnu Plot version 4.2 

• Microsoft® Excel2007 

• Microsoft® PowerPoint 2007 

• MATLAB® r2008b (v7.7.0) 

• VarioWin 2 

• Python 2.3 

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 initial values forT at 

these points were taken from the base fields. In addition to transmissivity, the horizontal anisotropy (A) 

for transmissivity, the storativity (S), and a section of recharge (R) were also calibrated. The same 

transmissivity zones described in Hart, Holt & 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, Sand R fields were then ready for 

use in the MODFLOW numerical model to produce simulated head and drawdown results (see Section 

3.7- MOD FLOW Numerical Model). 

Once the MOD FLOW models produced simulated drawdown and head results, the modeled results 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 Jacobian 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 

model 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 results 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 (OA) 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, S, 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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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 control 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 Readscri pt run-control program developed by Tom Kirchner (see Kirchner, 

2008) to launch the calibrations. 

2.1 CVS Repository 
The CVS repository that was used for this task is located at el o. sandia. gov: /data/CVSLIB/Tfi e lds. 

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 performed 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 forth is task. 

• Runcontrol -This module contained the templates for the Readscri pt. py input files that were 

then individualized for each field. 

• outputs- This module contained all outputs from field calibrations. 

• Resul1:s- 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 Carlsbad, NM and the 

TETHYS cluster in Albuquerque, 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 Red Hat Unux 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 IV dual core nodes. All machines run RedHat Unux 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 Readscri pt. 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 I D. The base field was then checked out of CVS (Hart, Holt & McKenna, 

2008), from the directory": ext: a 1 ice. sandia. gov: /nfs/data/CVSLIB/ AP114: 

:Task5/0utputs/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 OUTPUT 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: a 1 ice. 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/CVSLIB 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:/ /Tfields: :RunControi/LogFiles/* /*.rtf 
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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 unique to each field. 

The model domain and extent are identical to the domain defined in Hart, Holt & McKenna (2008)- a 

cell size of lOOxlOO 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 Tfields 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. 

• Write utility • Create zones • Build Jacobian 
input files • 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 

Figure 3-1. Process for setting up the initial PEST configuration and conditions for aT-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 flow 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 ofthe WIPP. 
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630000 

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), Salado 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 zone (zone 1) as the lower-Tstochastic 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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l.i:lne-3 

Zone-2 

ZOne-1 

630000 

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 hlgh-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: 

The map shown in Figure 3-3 represents the zonation for both A and T. 
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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 
4ls no flow 
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3.1.4 Recharge Zones 
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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 lB (Powers, 2006). Recharge values had to be extremely 

small (on the order of 10-11 m/s) to allow MOD FLOW to converge. Rather than try to determine which of 

the configurations presented in Task lB was the "best" approximation- which was outside the scope of 

this task- a simple approximation that was similar to the older, 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. 

3595000 

3590000 

E' 
;::-3585000 
tl 
~ 
:;; 
':; 
rn3580000 
c: 

€ 
0 
z 

3575000 -

3570000 -

_l_ _ L 1 

605000 
' ' I ' I ~__ ' ' ' 

610000 615000 620000 625000 630000 

Easting UTM NAD27 (m) 

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 
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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 lower 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 (10'13 to 10·11 m2/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 

& Roberts, 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 
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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. 

c. 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 a triangular 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 a grid 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 
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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 
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Anisotropy was unique in that there were no fixed values and therefore no fixed pilot points. This result 

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 
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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 

AP-114 Task 7 Report 
Page 25 of 187 

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"30 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 location of the recharge pilot points. 
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3.3 Selection oflnitial Values 

3.3.1 Parameter Initial Values 
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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 10-5·0 for the confined zone (the same value that was used for storativity in AP-088), 

at 10-4 ·0 in the transition zone, and at 10-1 ·5 in the unconfined zone. Recharge was initialized as 

l0-11.0 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) forT values. 

Parameter and Zone log10 Value or Equation Calibration Limits on log10 

{Dx,yis the depth to Culebra from ground surface) Pilot Point Values 
Transmissivity Zone 0 0.003484 D,,y 3.6322 [-19,-1] 

Transmissivity Zone 1 0.003484 D,,y 5.6981 [-19,-1] 

Transmissivity Zone 2 -0.003484 D,,y- 2.9463 [-19,-1] 

Transmissivity Zone 3 0.003484 D,,y 10.4490 [-19,-1] 

Anisotropy (All Zones) 0.0 [ -0.5' 0.5 l 
Storativity Zone 0 -5 [ -5.5' -4.5] 
Storativity Zone 1 -4 [ -6' -0.5 l 
Storativity Zone 2 -1.5 [ -2.5 -0.5 l 
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 

andY 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-9c, 

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: 
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X~ -142: 1: 141 

y ~ -153: 1: 153 
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z • ., ~ 928 + a((1~3) + signC~3) ( abs ( 1~3) /)+ 1.2 ( CJ-(1: 2/- (1:2)) 

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 
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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 
Model Type Exponential 
Nugget 0.02 (iog10 T) < 

Sill 1. 95 (iog10 T) 2 

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, S, A, and R pilot points are estimated in 

log1o 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 REAL2MOD 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, 1987b) 

o 9 Observation Wells 

o 167 total observation data points 

• H-11 Pumping Test (Beauheim, 1989) 

o 10 Observation Wells 

o 130 total observation data points 

• P-14 Pumping Test (Beauheim & Ruskauff, 1998) 

o 5 Observation Wells 

o 69 total observation data points 

• H-19/H-11 Multi-well Pumping Test (Beauheim & Ruskauff, 1998) 

o 7 Observation Wells 

o 143 total observation data points 

• WQSP-1 Pumping Test (Beauheim & Ruskauff, 1998) 

o 2 Observation Wells 

o 36 total observation data points 

• WQSP-2 Pumping Test (Beauheim & Ruskauff, 1998) 

o 4 Observation Wells 

o 77 total observation data points 

• WIPP-11 Pumping Test (Toll & Johnson, 200Gb) (Roberts, 2006) 

o 12 Observation Wells 

o 250 total observation data points 

• SNL-14 Pumping Test (Toll & Johnson, 2006a) (Roberts, 2006) 

o 12 Observation Wells 

o 252 total observation data points 

AP-114 Task 7 Report 
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• Steady-State Head Measurements (Johnson, 2009) and see (Beauheim, 2009) 

o 44 Observation Wells 

o 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, 5, and R- required a slightly more complex MODFLOW model implementation than 

was used in AP-088. 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 MOD FLOW 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 
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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 (SVD) 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 all parameters individually, 

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 "model" that was calibrated included the creation of the fields from the kriging 

factors and pilot points (PPK2FAC, FAC2REAL, REAL2MOD), the MODFLOW calls, and finally the 

observation extraction utilities (MOD20BS and OBS2REAL) which extract modeled cell head or 

drawdown values from a binary MOD FLOW output file. For SVD iterations, another preprocessor, 

PARCALC, is used to create the pilot point values from the super parameters. The model script, 

model. sh, the REAL2MOD script and the OBS2REAL script were written for this task, and are included in 

Appendix G. PPK2FAC, FAC2REAL, and MOD20BS 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 SVDAPREP 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 Readscri pt. 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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Invocation model calls, 1 iteration 
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model calls per iteration, 
Invocation 
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Final PEST Singleforward model 
Invocation with best parameters 

~ 

Cleanup and 
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::lnputs/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, 2009)- 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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calculations, 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). 
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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 
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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 until100 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: SO 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 offields 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 all100 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 final 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 ofthe 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 repository for Task 7. 

Each field is identified as "field/D_Parameter_field.mod", and they are MOD FLOW-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. 

r001 rOSS r207 r652 
r002 rOSS r256 r655 
r004 r059 r260 r657 
r006 r060 r273 r664 
r007 r061 r276 r669 
r009 r064 r279 r694 
rOlO r070 r298 r707 
r012 r073 r327 r727 
r013 r074 r328 r752 
r017 r076 r361 r791 
r024 r078 r431 r806 
r027 r082 r440 r808 
r028 r083 r465 r809 
r029 r084 r486 r814 
r032 r090 r489 r823 
r034 r092 r506 r861 
r037 r095 r508 r883 
r038 r097 r511 r902 
r040 r098 rSlS r910 
r041 r102 r522 r921 
r045 r104 r568 r922 
rOSl r137 r571 r940 
r052 r142 r631 r981 
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Figure 4-4. Selection of best fields from all fields - graph of steady-state errors vs. pumping test 
errors. 
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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 LWB 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 only through the lower 4 m of the 

Culebra.) The complete 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 more 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 streamlines. 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 S-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 S-3. Particle density in each cell for the 100 final selected fields. 
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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 finallOO 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 (logto T,) was 

calculated as log10 T,w + Y, log10 A- which is the average of log10T in the North-South and East-West 

directions. See the equation in Section 3.1.2.) The bulk transmissivity, which is the average log10 
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 forT, 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: -5.411og10 m
2/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 S-6 and Figure 5-7, respectively. The 

total number of fields where transmissivity "changed zones" is represented graphically in Figure 5-8 and 

Figure S-9. In Figure S-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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Figure 5-4. Mean effective transmissivity for zones 0-2 across the 100 final selected fields. 
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Fi1ure S-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 
the "High-T" zone, calculated for the final transmissivity values. 
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Figure S-8. Number of fields where cells that started as low-T became high-T. calculated for each cell. 
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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 
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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. 
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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 10·11 m/s {3.2 x w·' 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 
log, m/year, 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 log10 m/year {interpreted as 0 by REAL2MOD). 
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Figure 5-15. Map of average recharge across flnallOO selected fields. 
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5.3 Forward Model Results using the Calibrated Fields 
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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 

mandan 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 all100 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 zero-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-lline. 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+/- 3cr section of the measurement error PDF. Seeming slight 
skew to right is an artifact of the binning. 
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6 Conclusion 
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The calibration of the Culebra Tfields accomplished in Task 7 of AP-114 was completed by integrating a 

comprehensive geologic 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 relative to the uncalibrated base fields (as is evidenced in the run 

log files). 
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The shorthand notation "CVS:/1" will be used to represent ":ext:alice.sandia.gov:/nfs/data/CVSUB" 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::lnputs/data" refers to the "data" 
subdirectory of the ''lnputs11 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 ofthe initial head field was accomplished using MATLAB® 7.7.0 (r2008b). The two input 
files used were 11e l ev_su rfac:e. modn and "i ni t_bnds. i nf'' from the "rnputs/data11 module in CVS. The 

output file was "i ni t_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: I /Tfi e l ds: :Anal ysi s/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- Saipt used to create the initial head surface for the steady-state model. 

:Jf!!6 Conngure t~e gn~,_oasea on a zero center wnn I,J 1na1ces. See F1gure A-1 
[X,Y] ~ meshgrid(-142:141,-153:153); 
z ~ 928 + 8 .• ( (Y./153) + sign(Y./153).*(abs(Y./153).A(1/2)) ) + 

1.2 .* (- (X./142).A2 + (X./142).A3- (X./142) ); 
mesh (X,Y,Z); 

%% Load the surface values for head in the eastern, fixed head region. Figure A-2 
load elev_surface.mod; 
head~ reshape(elev_surface,284,307)'; 
head~ head(end:-1:1,:); 
mesh(X,Y,head); 

%% Load the flow 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-5 
newHead ~ head.*bnds + z.*-bnds; 
mesh(X,Y,newHead); 

%%Fix t~e edges .. Figure A-6 
newHead (. ,1) ~ z (. , 1) , 
newHead(1,:) ~ Z(l,:); 
newHead(307,1:141) ~ Z(307,1:141); 
newHead(1:4,end) ~ Z(1:4,end); 
mesh(x,v,newHead); 

%% Save final head field 
newHead ~ newHead(end:-1:1,:); 
save('init_head.mod', 'newHead', '-ASCII') 
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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 aeated from flow boundaries. 
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Routine Calculation- Creation of Transmissivity 

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 on log10 Tat the time of 

this analysis and were not used in this analysis. log10 T (m2/s) measurements are available at 63 of 

these well, and 62 of those T values were used in the analysis. Well SNL-15 has a log10 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 62log10 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 log10 T values in the VarioWin 

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

optimi2ation 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/Data Files module. These were accomplished within the 

T_We 11 s_UTMNAD27. xl s 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 _well s_UTMNAD27. xl s 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 andY UTM coordinates and the data values in log10 T space. This file is organized in the 

"data_file" worksheet within the T _we 11 s_UTMNAD27. xl s 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 Anal ysi s/DataFi 1 es/T _we 11 s. 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 andY 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. 

:J6PIIDQil 

3..<Q.!i()!)CI 950000 

-39H/QI!Q 90000.0 

l !J15QOQ 850000 . ;f 'f . . ' . ... . . ' . .. 
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:»7IIQOICI 750000 

,15JOOC)l) 700000 

J53.&00CI 650000 
595000 600000 605000 610000 615000 620000 625000 ~0 00 50000 100000 15000.0 20000.0 250000 

Figure B-1: Locations of wells used in the calculation of the loslO 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. 
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Figure B--2: Variosram map showing the dependence of the variogram values on 
the orientation. The color scale Indicates the varlogram value and the blade 

trianate identifies the theoretical sill (variance of the data set). 
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Table B·l: Variogram parameters for isotropic fit. Omnidirectional variogram calculated with a lag spacing of lSOOm. 

Parameter 

Model Type 

Nugget 

Sill 
Range 

1( lhll 

2.7 

2.4 

2.1 

1.8 

1.5 

1.2 

Value 

Exponential 
0.02 (loglO T)2 

1.95 (loglO T)2 

9500 meters 

352 
• 

Omnidirectional 
286 2!0 154 
• 226 • 

370 • 
• 

--------~=~~~~~=~====~~-
478 444 

428 

0.9 38 

0.6 

0.3 

2000 4000 6000 8000 
I hi 

10000 12000 14000 

Figure B-3: Experimental variogram (black dots) and exponll!ntial model (black line). 
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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~l: Field freshwater head equivalent measurements. 

Well Name Head (m AMSL) Well Name Head (m AMSL) 

C-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-Sb 939.12 SNL-15 1060 

H-6b 936.44 SNL-16 918.68 

H-7b1 914.58 SNL-17 916.78 

H-9c 912.8 SNL-18 939.87 

H-10c 922.02 SNL-19 937.58 

H-llb4 917.09 USGS-4 911.11 

H-12 916.53 WIPP-11 940.65 

H-15 920.32 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 WQSP-1 938.28 

SNL-2 937.65 WQSP-2 939.87 

SNL-3 939.81 WQSP-3 936.43 

SNL-5 938.59 WQSP-4 919.5 

SNL-6 1110 WQSP-5 918.18 

SNL-8 929.94 WQSP-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 C-2: Second set of observed and measured steady-state head values presented 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-6: Last set of observed and measured steady-state head values presented by well 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 axjs. Measured values are presented is red "X" marks. The following three figures are subsets of this graph. 
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Figure C~S: The first 14 wells presented along the one-to-one line. 
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Figure C-9: The central14 wells presented along the one-to-one line. 
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Figure C~lO: The final14 wells presented along the one-to-one line. 
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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.l Modeled Responses to the H-3 Pumping Test 
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Modeled Responses to the WIPP-13 Pumping Test 

0.2 Modeled Responses to the WIPP-13 Pumping Test 
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Modeled Responses to the WIPP-13 Pumping Test 
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Modeled Responses to the WIPP-13 Pumping Test 
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0.3 Modeled Responses to the H-11 (1988) Pumping Test 
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Modeled Responses to the H-11 (1988) Pumping Test 
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Modeled Responses to the H-11 (1988) Pumping Test 
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Modeled Responses to the P-14 Pumping Test 
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0.4 Modeled Responses to the P-14 Pumping Test 
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Modeled Responses to the P-14 Pumping Test 
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Modeled Responses to the H-19b0 Pumping Test 

0.5 Modeled Responses to the H-19b0 Pumping Test 
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Modeled Responses to the H-19b0 Pumping Test 
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Modeled Responses to the H-19b0 Pumping Test 
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Modeled Responses to the WQSP-1 Pumping Test 

0.6 Modeled Responses to the WQSP-1 Pumping Test 
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Modeled Responses to the WQSP-2 Pumping Test 

D. 7 Modeled Responses to the WQSP-2 Pumping Test 
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Modeled Responses to the WQSP-2 Pumping Test 
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0.8 Modeled Responses to the WIPP-11 Pumping Test 
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Modeled Responses to the WIPP-11 Pumping Test 
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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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The following is a tabulated list of the results from all200 calibrated fields in order by base field 

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

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 Travel4-m 
ID Set Average Error Response Average Fields 7.75-m (y) 

(em) Error (em) (y) 

rOOO A 81.07 18.23 - 14831 7655 

rOOl A 65.59 15.78 Final 7152 3691 

r002 A 64.39 15.24 Final 9094 4694 

r003 A 91.04 17.75 - 23669 12217 

r004 B 62.71 15.97 Final 28905 14919 

rOOS A 64.14 17.35 - 21058 10868 

r006 A 55.91 13.83 Final 5447 2812 

r007 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 

rOlO A 55.37 13.84 Final 18239 9414 

rOll A 53.59 17.05 - 21555 11125 

r012 A 54.32 15.91 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 4296 

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 9061 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 
10 Set Average Error Response Average 

(em) Error (em) 

r032 A 64.65 14.44 

r033 A 86.34 18.08 

r034 A 67.13 15.12 

r035 A 90.27 16.56 

r036 A 66.89 17.69 

r037 A 61.62 15.90 

r038 A 48.93 14.77 

r039 A 67.33 18.50 

r040 A 59.60 15.98 

r041 A 67.33 15.66 

r042 A 66.77 17.49 

r043 B 86.15 16.28 

r044 A 70.67 16.93 

r04S A 58.45 16.15 

r046 A 87.22 20.76 

r047 B 63.89 16.74 

r048 A 81.40 22.25 

r049 A 60.42 16.85 

rOSO A 71.39 18.79 

rOSl A 59.45 13.79 

r052 A 57.15 14.93 

rOS3 A 62.73 16.36 

rOS4 A 52.68 13.49 

rOSS A 64.51 15.73 

rOSG A 71.42 14.05 

r0S7 A 64.40 17.03 

rOSS A 63.87 15.44 

rOS9 A 52.28 16.28 

r060 A 54.55 15.73 

r061 A 65.92 14.75 

r062 A 78.65 18.43 

r063 B 115.33 22.05 

r064 A 62.69 15.85 

rOGS A 69.87 15.94 

r066 A 129.90 23.15 

r067 A 96.78 19.59 

Selected 
Fields 

Final 

-
Final 

-

-

Final 

Final 

-
Final 

Final 

-

-
-

Final 

-
-
-
-

-
Final 
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Final 

Final 

Final 

-
-

Final 

Final 

Final 

Final 

-

-
Final 

-

-
-
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Travel Travel4-m 
7.75-m (y) 

(y) 

9873 5096 

44912 23180 

11158 5759 

39496 20385 

14549 7509 

38390 19814 

15409 7953 

43732 22571 

71972 37147 

15738 8123 

9536 4922 

14809 7643 

13992 7222 

7976 4117 

12981 6700 

20057 10352 

8745 4514 

7128 3679 

11186 5774 

23764 12265 

39215 20240 

15352 7924 

18407 9500 

30067 15518 

6565 3388 

12034 6211 

79964 41272 

18194 9390 

18765 9685 

9877 5098 

8524 4399 

12717 6564 

14416 7441 

16160 8340 

7905 4080 

8327 4298 
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Field Calibration Steady State Pumping 
10 Set Average Error Response Average 

(em) Error (em) 

r068 c 69.72 16.22 

r069 A 77.96 18.57 

r070 A 63.30 14.10 

r071 B 78.50 15.55 

r072 B 102.28 17.15 

r073 B 59.90 14.26 

r074 B 65.43 14.46 

r075 B 73.55 17.16 

r076 B 55.28 13.83 

r077 B 72.50 15.86 

r078 B 56.21 14.66 

r079 B 60.07 16.38 

rOSO B 65.43 16.86 

r081 B 88.69 18.28 

r082 B 60.58 13.29 

r083 B 54.69 13.28 

r084 B 61.87 15.33 

rOSS B 76.15 17.30 

r086 B 71.04 15.80 

r087 A 71.83 18.37 

r088 B 92.99 20.04 

r089 B 82.31 18.18 

r090 B 53.99 14.52 

r091 B 72.00 17.24 

r092 A 60.90 14.01 

r093 B 94.46 17.29 

r094 B 76.58 15.67 

r095 A 66.49 15.96 

r096 B 65.15 16.59 

r097 B 55.24 14.48 

r098 B 54.02 13.03 

r099 B 72.28 15.81 

rlOO A 80.08 22.93 

r101 B 83.30 17.08 

r102 B 58.80 13.89 

r103 B 111.22 18.22 
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-
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Final 

-

-
Final 

Final 

-
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-
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-
-
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Final 

-
-

Final 

-
Final 

Final 

-
-
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Final 

-
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Travel Travel4-m 
7.75-m (y) 

(y) 

10202 5266 

14968 7725 

14434 7450 

11499 5935 

12513 6458 

33710 17399 

18055 9319 

17109 8831 

13516 6976 

9067 4680 

33382 17230 

14636 7554 

8617 4447 

13205 6816 

21281 10984 

19296 9959 

9196 4746 

9536 4922 

39643 20461 

9241 4769 

11647 6011 

20750 10710 

9013 4652 

12495 6449 

19718 10177 

21402 11046 

27838 14368 

7194 3713 

19323 9973 

17066 8808 

24384 12585 

31940 16485 

8451 4362 

8271 4269 

38079 19654 

15901 8207 
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Field Calibration Steady State Pumping 
ID Set Average Error Response Average 

(em) Error (em) 

r104 B 55.40 15.35 

rlOS B 67.51 18.16 

r106 A 70.05 12.92 

r107 B 76.60 14.95 

r108 B 83.67 16.17 

r109 B 56.88 17.39 

r117 A 73.49 19.06 

r118 B 90.83 15.85 

r119 B 82.24 18.52 

r120 B 81.91 17.72 

r133 A 93.19 21.17 

r137 c 61.74 14.17 

r140 A 87.10 17.48 

r141 A 194.99 27.87 

r142 A 68.00 15.35 

r149 A 99.18 18.37 

r151 A 139.79 34.21 

r191 A 64,48 15.47 

r203 A 66.17 15.39 

r207 c 60.36 13.93 

r228 A 71.26 15.24 

r245 A 81.15 16.63 

r256 A 45.59 15.88 

r257 A 72.38 17.78 

r260 A 69.33 14.95 

r272 A 74.42 19.75 

r273 A 61.08 15.71 

r276 A 61.38 16.07 

r279 A 61.02 14.69 

r298 A 49.15 15.30 

r312 A 119.32 21.46 

r326 c 72.79 16.63 

r327 c 64.76 15.81 

r328 A 57.66 15.41 

r332 A 59.05 17.22 

r348 A 74.92 16.37 
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Final 
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-
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-
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Final 

-
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-
-
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Travel Travel4-m 
7.75-m (y) 

(y) 

21870 11288 

17013 8781 

10819 5584 

73697 38037 

18871 9740 

42665 22021 

10945 5649 

6052 3124 

12926 6671 

3116 1608 

13843 7145 

9853 5085 

12147 6269 

11202 5782 

90229 46570 

10221 5275 

6734 3476 

9810 5063 

5965 3079 

10002 5162 

10776 5562 

7834 4043 

25888 13362 

37561 19387 

10978 5666 

17708 9140 

19453 10040 

16163 8342 

12900 6658 

35071 18101 

14678 7576 

9145 4720 

7905 4080 

7373 3806 

8411 4341 

8141 4202 
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Field Calibration Steady State Pumping 
ID Set Average Error Response Average 

(em) Error (em) 

r353 A 80.65 18.60 

r359 A 78.44 15.26 

r361 A 61.97 14.33 

r384 A 72.09 15.85 

r404 A 67.35 16.63 

r431 A 55.90 15.13 

r440 A 60.97 15.46 

r452 A 70.63 16.06 
r465 c 65.48 14.62 

r473 A 66.16 16.96 

r486 A 51.75 13.13 
r489 c 69.60 14.85 

r506 A 60.81 13.51 

r508 A 59.92 14.49 
rSll A 66.10 14.28 

r515 A 65.92 15.19 

r522 A 58.64 14.88 

r527 A 83.89 17.85 

r568 A 62.93 14.70 

r569 A 66.61 16.47 

r571 A 62.84 13.98 
r593 A 74.59 17.43 

r598 A 63.41 18.39 

r606 A 80.93 16.15 
r631 A 57.47 13.46 

r634 A 64.53 14.19 
r640 A 54.72 14.81 

r643 c 65.55 17.35 

r647 c 70.01 15.45 

r650 A 82.98 18.57 

r652 A 63.41 15.26 

r655 A 58.67 14.38 

r657 A 54.96 12.86 

r664 A 52.72 14.34 

r669 A 64.11 13.72 

r694 A 60.86 15.06 

Selected 
Fields 

-
-

Final 

-
-

Final 

Final 

-
Final 

-

Final 

Final 

Final 

Final 

Final 

Final 

Final 

-

Final 

-

Final 

-
-

-
Final 

Final 

Final 

-

-
-

Final 

Final 

Final 

Final 

Final 

Final 
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Travel Travel4-m 
7.75-m (y) 

(y) 

19977 10311 

17541 9054 

13794 7119 

24620 12707 

9213 4755 

11891 6137 

4982 2571 

11429 5899 

8153 4208 

5970 3081 

10277 5304 

10755 5551 

9168 4732 

22407 11565 

14416 7441 

13721 7082 

37305 19254 

18442 9518 

50379 26002 

12118 6254 

9323 4812 

38887 20071 

19294 9958 

6162 3180 

14132 7294 

31995 16514 

12785 6599 

15360 7928 

4619 2384 

14838 7659 

14157 7307 

21569 11132 

13498 6967 

51434 26546 

10216 5273 

32963 17013 



 

 Information Only 

Field Calibration Steady State Pumping 
ID Set Average Error Response Average 

(em) Error (em) 

r707 A 58.08 15.61 

r727 A 69.05 15.95 

r731 A 75.01 16.95 

r752 A 65.92 14.23 

r791 A 48.93 15.86 

r806 A 68.81 16.17 

r808 A 55.40 12.95 

r809 A 58.19 14.45 

r814 A 58.28 15.60 

r823 A 57.17 15.55 

r831 A 70.77 15.92 

r848 A 62.25 16.78 

r861 A 63.12 15.68 

r865 A 64.50 18.10 

r880 c 66.46 16.71 

r883 A 62.42 13.24 

r902 A 48.49 14.82 

r908 A 64.17 18.17 

r910 A 50.16 15.10 

r921 A 57.54 15.00 

r922 A 55.64 14.38 

r937 A 68.90 17.53 

r940 c 65.93 15.85 

r981 c 57.84 15.13 

r982 A 53.02 15.34 

r984 A 50.66 13.90 

r987 A 67.42 17.44 

Selected 
Fields 

Final 

Final 

-
Final 

Final 

Final 

Final 

Final 

Final 

Final 

-
-

Final 

-
-

Final 

Final 

-
Final 

Final 

Final 

-
Final 

Final 

Final 

Final 

-
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Travel Trave14-m 
7.75-m {y) 

(y) 

12210 6302 

20053 10350 

48421 24992 

15672 8089 

15888 8200 

9366 4834 

7511 3877 

12152 6272 

13481 6958 

12720 6565 

10322 5328 

7252 3743 

14957 7720 

16042 8280 

13543 6990 

11062 5709 

16580 8557 

17324 8942 

143204 73912 

8427 4350 

14006 7229 

44608 23023 

5818 3003 

34084 17592 

77947 40231 

29312 15129 

7733 3991 



 

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

File under CVS:/ /Tfields::lnputs Brief Description 

. /confi g Directory containing configuration __ a_~_d_i':l_P~_t_~l~~----------------
--7coiil'ig/di rkllif::aomalii: 1 nil _-_.- [)iRKM f: -i~;;~t-til~-i~~ E~!!i~!~j~~~~~_:x_~e_n,<l~llt_()_t!'_~---------
-7conflci/di:-rkiiiLwiiiii1wb:Tnii___ ---- · ·-·-- · _:: ~j_il~~Y~~~:~:~!:ii!~:i?~p_a!!i_~~<:..!~~-~~-!<:>_!~!:-~~~~-~..!:~---------
:7 c on f1 glfac 2reiif_jioi iiis:::A .1 n x~_c:~~E~~-i~_e~_!-~<:>_~!_r_<?l_!ii~_!<:'L!'!'.~~.!!.':>EL ____________________ _ 

.. /con fig/l'ac2reai_:::jjoi nts:_:ii.i ri ..... __ x~_c:~~~_>\_L_~pi.J__tc<:>_n_!_r_<:>l_!il~_!~_r_(O~ha_r_g_(O _______________________ _ 
· :/coiif197i'iic2rea1:::ilo1 rits:::s.i ri _______ ~~qR~~L inp~!_~~tr()l_fil~foE_S!()E~t~vi!'t'_________ _ ___________ _ 
7c6iii'T97fac2rea1::iloiii!s:::T:Tri FAC2REAL input control file fortr_~_sllli~_~i\l_i_t_L __________________ _ 
· :7conH97iriod 26hs:::hn :·in- --------------------------- · M 6[)2085_-i ;:;;;~! ~;;;:;t;;; iiii;fu_~!~!:.ti:!!_I'''.IllPi~_t!:s_t_ ________ _ 
:7coriH97mod Zohs:::lif9 :in ______________ ~()i)~():~~~~£~!:~~!i.!~~i!i!~:f~~!~_<:_i:i_:!~_pu ~p_i_~_!!:~! ______ _ 
:]conflg/modiobs_:::fi'f:in - - - - MOD20BS input control file f<:>_r_!~..!:_l:i:~ _ _El!:'_l1l!.l!!'.[!!:~! _____ _ 
:7coiif1 9/mod2oilii:::fieaa:i n ·· · ··· ··· ·-- --- --- · --- ~:Qi)~()~~~i~i:£~:~:~~~!t!!~!<:'.~_!h..!:_s_!!:~-~Y:.s_!~.!~~~~! _______ _ 
·./coiifi9/mod26b"s:::i>i4:1n- MOD20BS input control file for the P-_14 ~11l.PJ_11!l!~~--------

······-------~------··------------·------- .. ------------- __ ,. ________ ,. ____ , ____ .,_, _____ - " -' -- " 

·./coli'f197iii6d26ils=:snii4:Tri MOD20BS input control file for the Sf'J_L:!4__p~_rr1P!~-~-t~~t ______ _ 
· .7colifi97m6d2ohs:::wlilriir:Tii · · M 6o2o ss ;-,;i>~i-~;;~-i~~ltii~-i~i:!;;!yYI~~:-~!_pum_pi':l!l .. !~-~! __ _ 
-7can+1-9/mad2ohs:::wri:>i>Lr:1ii Moo2ossi-~;;~i-~~-~-i~~i-fii;-i()r_!~!:IJ\/1~~-~l~_P~Ill_e!_,~_!!:s! ___ _ 
./ c6nflg/iiiod2ohs:::wqspi ·ill · __ ·-_··· MODlOBsi~p~t-~;;~tr~l-fii~ for the ~g?_f'_:!_PUI1lJ.li~.[!!:S_! __ _ 
· 7canl'1 97mod2aiis=:wiis riz : 111 ·· ·· --- ·-- ·---·-- -·• .- ~:c?:o~i()~~-i~P~i:~~~!:i~lfil~:f~~~!~~ :IJ\/9,?~:? J.lU_Illei_~!l_!~s_!_ _ 
./coiiH976h52reitLhiL1ii OBS2REAL input control file for the ~~!!.!.l~_lllP~~!l_t_~~t ______ _ 
7coiiH97ohs2reaoi9:1ii •. : __ -__ -_· ossiREALi~p~t ~;;~~~~Ifi1~j_?!_t;;~:~:_1_9_p_u_lllPi~!l.!~~! ______ _ 
:7c6iiH97 ohsireaLhJ:Tii ·· · ··-· ·· · · · · · o8s2REAL-i~;;~-~~~~i~o 1 file f~_r th':'!!:iE~rri.P~n_!l_!_,_~~----------
-:Tconffg/ohs2reaLhead:1ii"" _··_- __ · __ -_ ()852-REAL·;~;;~-~~;;~i-r~lfii~fo r the S_!~a_c!x~~til_t!_t!:_~--------
7coiif1 97ahs2reaLili4: iii______ : ::·.··--···_:_·:.:.:::.:. :Q~si~i~~J-~R~t~~~;;t~~:ii!~::f~!~~h:~::P:1_4_2_u_lll_p!n_g_!~! ______ _ 
./coriH97ohs2reaL5111I4:1ii OBS2REAL input control file for the ?f'J~:~_4_p~_l1lP_i!l!;t_t~s~----
:]coiil'197ohsii'eaLW1 iJpiLin ·--- · __ -_ o8s2REALi~ ;;~~~-~~~~;;~ fii~ f~~ !;;-~·IJ\fi~~:Q_p_~~p~n_~!-~~·--
:7cont197ohs2rea1 :::w1iii:ii3 :1;;·· -------------_.-_--.-- _- · ---- _oiis2ii"EACi~P"~i-~;;~t,.~-tii~-~~~:~~:~~~~~:!}Jl_~~!:'!_rl_~_!_~~!_ __ _ 
:7coii l'1 9/o&s2rea1:::w<isiii: lri -- --. . -... --- ciss2"Riilll"i~;;~!-~-;;~t,.;;-l tii~tor the IJ\/.9,S_P:!Jl~_lll_Pif1!l_!e_s_t_ ___ _ 
· 7coiil'f97ob-s2reaLw<isii'i:rr. ········ ·- -__ ... 2~~~-~-;::~~~ci~~i~~~i~~~:fil~:f~i:~~·~IJ\/g~~:~e~_lllei~!l_!~s_t ___ _ 
· ./coiiH!i7iii>k2f'ac=:i:>a1iits::.A:Tri : : -----·-----·- _P~!<2.f~f i!Jpu_t_c_!l!l!r<JIJiiE!_!<:>r ~ni~<:'.!!<:'.P.Y. _ _______ ... ________ _ 
. ./i:oiiflg/ppk2fac_poi nts=:R. ·in PPK2F~_{:iJ1py_t_C~!J!!oJfilefor_r-~cha_r-~e _ 
· :/coriH9/ppkHac_palrit:s:::s:Tii · · . Pf>~2 ~~f_i~pu_t_~<:>~_tr(JI_!iiE!_f<:>r_~t(J~."!!~i_!'t'_______ __ _ ___ ____ _ __ 
:/coiiffg/ppk2f'a:c:::poirits:::T: fri PPK2FAC input control file for translll_is~iy_i_t_'l_ ______________________ _ 

···--·-·-··-·-··-·--····--·-·--·-··-·---------·-·------------·--·-·-··--·-··-·--------
Configuration file for PEST_program~ ________ -----··-- ___ _ 

· ./Cori'f1 9/si:iec:::C:oriiiect:::A :Ei: ··· 1 ~.i 1r2P EST-~~~~-~;;~~~ct-i;;~~ ~~ p~t-data for an isotropy 
7coriH97silec:::corineEf::ii:1st:·········--- ·-----···· ·-- i~ilr2Piis:r~;~~-~;;-~-;;~d:i;;~~-;;:;;;~-i"d~!~-t;;~-~~~h~~g~- ------ ----
-7coril197silec:::connec-!::S:rst:· ·· ··· ··----,Nir2;lE"srl.;,"",;ii~~;;-~~cti-;;~;~;;~i-~i~!-~-t;;~~i;;-;~ii~-ity _____ -----



 

 Information Only 

File under CVS:/ /Tfields::lnputs 
config/spec_connect T.lst 

Brief Description 
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INIT2PEST well connections input data for transrll_i~~i':'i!y_ ____ _ -- - ----- .................. _, __ --- --- --- "''-- ........... , '""'"""' " ------- ------ ·-- ____ ,,, ___ ·---
config/spec:::damai n. spc Grid _specification~il!'__f<:>~-~-~~l)l!()~~arlls __ _______________ _ 
coiiH97silec:::l nfo:rst···· ··t~f~~~~ti~~:r~:~~~di!'~_r.,_c~-~~~"-~~-~-!~~-1/<:i_tiiTl_~s- _______________________ _ 
conflg/spec:::iocs:crd Well names and coordinates_ _ __ _ _________ _ 
·c-on FfQ?'S'iie·c:=ot~·s·e .. rv·iit'·ro-n .. s··:· ., ... n·· --- --- ........ -............. --~ N-iT2P-ES-Ti·~p-~t- fii~- ---~~~ APP~~di~-G------------------ ----

. -- ---- -_ -__ ---_-_-_L·_-_.,-_s ___ ! ____ <:'·-·-!·-_-__ -P--__ a _____ r·_·_-a--_-!"-_-_e·_-__ t-__ -.,-_-_-!-_? _____ ( ___ T __ -_-,·_-_s·_·_·_·_-·,·_-__ ---_-R···_·_-_,--_-_·_·_·a· __ -__ ·n·_·_·_-__ d-__ -___ --_-__ A _____ -_)-__ -__ -_-__ -__ -_-___ -_-__ -_-_-_-_- ---------------- ----- -- -··c·on f1'-£i~rs p· Ei"C:=iJ"~irame·:r·e··r·s .. :···r·s·:r·······-- _______________________________________ , _____ _ 

conHg/spec:::poi"nts::A:Tn INIT2PEST input file- see Appendix G __________________ _ 
... -.. . ------ ., .. ------------"" ____ " ______ " ___________ ,. __________ --·------- "-"''"'"""'"'"""" 

conlig/spec:::pofrits:::R".in INIT2PEST input file- see Appendix G _ ...... ____ .. _____________ _ ................................ ,.,.,_ .. ,, ....................................... _, ___________ ,, ..................... ,_, ____________________ . ___ "" 

conH975ilei:_pump1ii9.dai: 

__ IN_r~~~E_ST_input~ile_: -~ef!_~_p_p~~~~~-§__ _ 
INIT2PEST inputfHe- S(o'e_~PJl':~~~x_§_____ _ __ 

.•. -l~f~~-,;;~ti~~~~~~rdi~g _fl_ll~fli~~-~~-!~-~~~~~~~_.,s_. 
conf'ig/si>ec:::recliarge:crd ······· R--h~~g~-io~~1:i;;~~~~d coordinates 

i:onfig/spec_setup. in _ ____--_. i:~~~~~~i~i~i~_!!ii~:~~~APP~~:~~~:~:===~:::::::: : _______ _ 
conlig/spec:::slavefil"e"s:r;;·:r List of files to to each slave node 

····················-··-···-·············-··························==:=:-""-=--;c-~-':'- -:-:: -·················-········· <:oiili9/Siiec:::st:eaa;;:r;;:c 
corifig/spec_tesi:dai:es.dat 
conflg/spec:::i:ransient.lst 

Listofsteadv:state test_IDs ··----·-· 
. . . l~formati~~ r~!la ~d ~~~ p~~~i~!t~~t"~ a~d times 

List of transient test IDs 
.... -· ..... ·-----·-·-·--·---·-··--------------"''"""''"'"'""'"'"'"'" --··---· 

coriflg/spec:::varlograiii:si:r" ............. ~!'rJ?!l~~-'':'~t!_u~t~_r.,fil_e 
coiif'1975iJeC:::wei 9ht:5-:T5t: .............. ___ ....... ___ ... g_ll_s!:~~ti()_~_\i\/.,!~~ts __ _ 
conf197siiec:::weils:<:ra 
data 
dai:a/elev:::boi:. mod .. 
aai:a/ei 9eo 

dai'a/eiev"---.cui '"'"" :moa ·· 
data/elev_overburden.geo 
dai:a/el ev _overburden". mod 
dai:a/eiev_surtace:iiioa 

aai:a/Hxea::::fioini: ;;:_::o:: i>rii: ··· 
aa:t:a/Hxed"---iioini:s:::R":iiiii: 
dai:a/ffXed"___poi nts"___S.ppi: 
data/flxed"___poiii1:s_T.ppt 
dai:a/i nft::::bnds .lril' 

_ .... _ ... . '11/r:~ "-~-"'-"~-~-"-~-~<:><:>r<Ji!'ates 
Directory containing hard data 

............ ---............ ,. .. -------.... ·----·-··--· "'"'"""""'"""'-·----·--·-··-·-·--·-----·---·-
Elevation of bottom of the Culebra 

Overburden thickness map _____________ _ ·- ............... _, ______ , _____________________ -" - - --- -- ----- - ---- --
Overburden thickness map ............................ , .... ___________ , ___ ,,, ______________________ , __ 

Ground surface elevation map 
..... -·----·-·-·--.. --.. ·----"·---·--·--··-·-------.,·-·--"·--" --~~-

Elevation of the of the Culebra 
Fixed pilot point locations an~~~~~-~~sfoE a.f1i~<:>t!_()_py ____________ _ 

........... -F~~~d~pll-~tp~l;:;t·l~~~~~;;n-s-and values forr~c~ar&e .. _ _ _ _ 
............................................ Fixed_ pi_lot_point_.j.;~~~~~~~~~~:~~j~~~f()rstorativity __ _ 

Fi~ed_pilot __ point locations_af1_dy~lu~s !()r_~E~n_,;ITlissivity ___ _ 
. ... •.• l~i!;~j~~~d:~~I<J_-~_()_~Il__~~r:y-~oll_~!ti()n~ ______________ _ 

•· tr~iti~l.h!!a_d_fi(!_l~_ ------- -- ---- --
dai:aimeas:::hii:smp · ___ ~~_l!lpin_llt_e~!~~_s_~_~a_ti<:>11s 
d'2i"ta7me·a·s·~]1'i'~f·"s·mp . " .. """" .. , .......... " """ """" ...... · t b r 

,_ ~-~,~-P..'-~~-!-~-~--" -~---~~-~-i! ... ~?.!l .. ~ ............. --....... ,_. -------~~-- -""-"''"'-"'----·---·-··-----.. -·-
(i'2itil/ITieiSJ1'3"'."'S'Iii'ii. . ~ .. ~.~J?..i_~~ .. !-~.~~---~-~~~E~.~-!~?.!1_~ .. ---·--.... --.. ----·---- __ .. __ " ___________ .. __ _ 
·aata}me-a-s·J1·e·aa·~ .. ·s·m~:·:· .- ........... -. _____ ... --· _ ··----- ................ ~!~~~-Y-~~~~-~-~,~-~-~ ..... 1?.~.~-~-~-~!!~~-~---- .. -·---·-·-·-·------------------- __ ............................. _ ...... . 
aaia?me·iis·.=piiL--smp .................... -............................................... ~.~~e~.~-~-!-~~-~-o.-~~-~-!:Y.~-~ .. ~~-~ .. ~---. "" _____________________ --
da!a;meas:::sn 114 :·smp Pumping test observations 



 

 Information Only 

File under CVS://Tfields::lnputs Brief Description 
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data/mea5_wi ppll. 5mp ................. J>.urnpingt~st.c>bservations 
data/iiieas.::wipp13. 5mp Pumping test observation~-- ... ___ ··----- ---·- __________ . _______ _ 

.... ·-··-·····-·····---··-····-.. -- ,, -----·····-·····-···········----~--- -------------~-----···--·--· ---···-

d ai:a/me a 5_Wq S p 1 : smp . .. . . . . . .. . . ... I'IJ!'1.e!n_~_!!5_~_'?_~~-~-rv-~!!'?~_:;--------·------·-· -----·--------------
data/meas.::wqsp2:-smp · Pumping test observations 
data/zorie.::ceni:ral:geo · _ ............... ··········C··-e--n·t-·r···a-·l····z--o-n-e-·e--x·t--en_t_d--e--f:rn'rt·:,-o·_·.-n-_-_f_·rl_e_· __ --_-_·_·-_-__ ·_-_-_.-_-._-_-._-_-_·-_-_-__ --_·._--_-__ ·_-._-_-_-_-_-_·_··.--
dai:a/iorie.::caiiHiiea. c;iea·· ····· ··· · ·e:~~ii-~;d~~~-~;;t~-~t-d~fi~ition file 
data/Zo.rie.::arssol on. geo Dissolution zone extent definition file ..... ······························--- ·······-···-·····-··········· 
data/io.ne.::di 55o l uti on. i nf . ~i~;9i~_ti~~-~~J1~~~!~~~~~:~fj~iti~~:i~~-----------·---·---------
data/zone_domai n. geo··············· Domain zone definition file -----··-·----·--------

::~:~~:~:=~~~~~~:·~·~·~: ···:······· : ~H:;a-jl;r:t.~e::~~:J~~:~dd=:e}f_:,·n~J,;tr,.~o:~nJfjrjl~e·:::=::--_=:=_-:-::==::~:::==::~::~-=:: 
data/ zone.::haH tein"."·~'r,:9r1 I '"'' ,, :: 9:ee<Ou································· ~:<1_1~~ :e_r1l~C!I."~~;~f!1rr~-'~~:~·=~== ~~.-.=- . --··· --···- .. ·- ···--··--···--·--------· 
data/zoiie.::nof'iow. geo No: flow boundary definitioJ1 ... fil_e_ _ __ _ -············ --··--·· ---·· 
data/zaiie:.=rechar9e:9ea ····· ·····P. ;:;~ ~-~~~~d~fi~iti~~fiie 

·aa:t:ahoiie.::t:ransrtron:9eo · ····· .. :r;~~;ir~~-(~-;~fi~;ti·~~~-~~~~~~:.J1:~~f~~~!i:~:~=~i~:::=:=:::::=:=::: 
data/Zone_uricoiifiiied:'leo .. u~~~~fi·~~d ~~~-~ d~fi~iii~~ file --··-- ___ _ .. ____ __ 

-- "' .. -..... -·········--···-·-·. - ---··-·--··------ --- --·---··----------·-··-·-··-·- -·--·····--·-··-----------

riiodfl ow MODFLOW control files ···--·------------------·---riiodHow/riif'2Lcuiehra:bi6 ·· 1 fl .......... _l\ll_()llF~c:JitJ/ .~~si~ p~~k~~~-~'? ~~ rC> ...... ' ~ .......................................................... . --··-
modfiow/riif'2Lculehra:drs ...... MODFLOW discretization package control file-·-----------------
iiiod.fiow /mf2 k_cu l eb ra:i· mg ·· ··• • · .• MM~o0~_DD_:FF_: ll:90:ww::>l:a.My-=e~r::Ps:~a:ic.~k-~a:,g:~e.if~l?i ... -_'wo __ -__ -.l __ c:_f __ oi_L.n_e·_·:t.·_-r~o· __ -__ 1: .. !····.,.-_-l-_·~=--_--_- -.-.. -----·--·-_-_-_-_.-_-_-_-__ -·-_-_.-_-_-_-_-_-_-_ modf'law/iiif'2Cciiiehra:1ii·r· 
iiiadflow/iii'f2GuTehra:oc ·····.M-oorLo\.V~~~;;~~-~-;~-t;-;;lfi~e ..... ············- --········ _ _ _ _______ __ 
iiiodHow/iiif'2Lcuiehra:iiC:9 ·· MODFLowf>((i;~~~~.-~o~trolfile ............ __ __ 
iiiodHow/mf'ZLci.ilehra: rCfi ·· · ·················· · ... ·.·. ·· ... ·. ·.·. MMOo-.=DD_ ~FL.Lo.0_:ww••-. !w~.-e~~~·~--~p-'a-~c~k·_.aP·g~. :e~~.cao·_~_·n __ e.·~·-rc: __ ()~_ .. l~_f·~,._·l·~·~--.·-1··-···f···-~-~-~_-__ --_.-_.-_-_-_·_-_-_,_.-_-_-_ .. -__ ·-_-._-_-_-_-__ ·-_-_-_-_ iiiodf'iow/llii'2Lcui efira:wel········ 
moanow/iiitzLii11 :a.,-,· ····· ·•··•···•··•· .. : •..•.. ~~~~i~i!!~i:!i~:;;:~!~~·c~!~~!!'?.fl_~_l! ____________________________ _ 
rii6df'i6w/iiif2T<.::iiii':naiii Pumping test control file ·-------·---------------------------·-·---
ill'Od''f1-0W7mf·2·r~·hii-~--O'c··· ·- ~~ ~P.l~~~-~~~!~~:~!e~~-~~~~t!.~-~-.f-~.!~-----------------------------------····· -··-·-··-·········-·-··-·-·-- ----·--··--·-·-··-··-· 
iiiodfiow/mf2k_hll. peg. nam Pumpin~ test backup solve:_C()_~!r()l_fi_le _____ . ··-·· . . ........ . 
iiiodflaw7iii'f2kJiH:rci1 ········· ·· P~p: gt;~~-;~~t,~;g:~~~~trol file 

~::;; ::~:;~~=~~~::~~ .... · :~~~:~:~i~:~i~~r~~~f~~~~~~rffji~:::::.::::--:=•-:--~-:.:::::: 
modflow/iiif2Lhi9: nam ··· ············ ··P-~pi~g te;t~~ntrol file 

~~~;~~~j~;;~=~~::~~~:-~am ·•.·•·· .. ·. ·.• ·~P:fu=:m~P:.i;,·~n_-:g=~.~t.~e1s{t.-:~r-e:ic~h~. ·a-~.r·.~g.:~e~c~.o~.~~n-~_tr:_!~~o_f~_il1~_ef __ !,_·I~~? __ -~_1_:C_~_:_.: __ :_: __ :_=~-:_.: __ ·~._: ___ :_=_= __ :_:_~_-___ :=~_-:_:_ modHow/iiif'20ii9:·rai·················· 
moan ow/iiii'2k.::iii9:wei···· .·. · ·. · F>~-,;;;;~g~~~t-,;,-~il;ji~-ch~-;~-'=-~-~!!.C>J.~!f! ________________________ .. 
iiiodfi6w/iiif2'k.::hT.d15 ····················· p~~;;:~;~-~~tti-;;;·;-disc;;tization file 
modf'l6w/iii'f2Cfi3: iiaiii ··· · · · ···· ··········· ······························P~~;;i~!lt~~~~~~t;~i-tii~----- -------- ::::::·==:::=:~:::~:=::: 
madl'16w/riif'2Lh:l :oc ·· · ···P~-;;;-;;i~!lt~~t~~t;,~;,-~~~~;~1 tii~- ··· 



 

 Information Only 

File under CVS://Tfields::lnputs 
modflow/mf2k_h3.pcg.nam 

Brief Description 
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Pumping test.backupsolverco~t~()lfil<>_ 
P~;,;ping t;;st ;e~h~r~t! ~()~trolfile ____________ ·-----------·-

modl'1 ow/mf2k.:h3:wel··· ...................... ·- .............. ··-- p~;;;;;i~g-t;;s-i-;;.;;;il-discha_f'll0:5()~trol_fil_o= - - --- -- ------ -- ---
modflow/n11'2Lh:l. ri:h 

moi:FI'Tow/ml'2k:..Jiead:ha6 5!;;~-dv~!~!-~:~~;.:~:~~~j~:c_()l'ltr()l_fil_o= _____________ _ 
modflow/ml'2kJieaa:ars - - . --- ... -.- .... ------ - -;;:;te head discretization control file 
modHow/ml'2f..:head:-nam· state head control file 
modfiow/mf2k_:i1ead.oc Steady state head output control file ________ ........... __ 
modflow7ml'2k]iead.rdi··· ·;;t·---d·-- t-t~h;;~d··~~-~;;~;g~-~~~~;~ltii~ 

:~::~~=~~;~~=~~~: ~:~ ~~~~f(~~~~n;~r~:~~t~~~~~~~=f~~~ _:: :::::::::::::: -=:_:_:::-=:: 
modflow/iiil'2k::1Ji4: oc ...... ~Uf11Jlin_~tE!s~<J-~!P_~t_c_()~~~<J!file_ _ _____________ _ 
iiiodl'low/iiil'2Lpi4 : p cg . n am p Uf11Jlin.g t~st ~~~~IJP.~()IY"! ~()".!r()l_fil_e _ .... ____ _ __ 

:~:;~~~j:;~~=~i::;~~ .... ~~~~i~:~;~i~;i{~;;~~~~~~:~~~~~~!!il"_ . -............... . 
modflow/rl1i'2Lsnii4.dis ··.···· p~~pi~gt;;sttim~ di;cretization file . _ .................... . 
modflow/rl1f2k:.snii4. iiam .................. p~~pl~gt~~~~~~tr()l_file 
r11odf1ow/ml'2Lsii1I4:oc ..... -... ····-· ............. p~~pi~gt;;~~~~tput control file 
modl'1ow/ml'2k.:.:siiiT4:iJC:9:iiarl1 ··-·-· ·· i> - :~-g~;;~~-b~~k~;;-;~~~;;~o~i~ol file _______ _ 

moanow/iiii'2Lsnli4. rC:h ;;~~~i~it:~~~:~~~-h;.:;[~~~~~-!~~i!il~-=~-· ................ . 
modfiow/riif2Lsn1I.f.we1 Pumping test weUdischarg_ec_o_n_t~()!fi!~ ____ _ 
modflow/mf2Lwippil:ars .... ·················· p------:---t-~t-tl,;:;e dls~r~tization file 

·;E~~:."~=•-···~~~;~,,~-~ 
modflow/iiil'2Lwippii. rch Pumping test re~il_~~[':_~_rl_tCol file ___ __ _ ___________ _ 
rl1oal'raw/iii'f2'k:.::wriJr>IL-we1 ·· ·· ··········· ---- --- -------- f 1 

rl1aanow7iiif2Gi.ilrn.ar;; ·::~~~~:~:;;:~~~~~~~~i;if~~~~~~!fii~::=~ ··- ---··--
rl1odfrow7mf2Lwii:iiin:naiii Pumping test control file 
ffi0d'f'1"0W}n1"f'2I=Wl. iiP13 .. " oc ____ ........ -~~~:~:p~~~~!~~i:~~~:!:e~~i:~~~i~~!::f.:i:i~~::~_:::~·::~~:-~:~~~~~~-~=~::::·-_ ...... ______ -~ .. ---
r116dfiow/iiil'2Lw1J)1Ji3.pcg. nam Pumping test backups()lvercontr()l~l~ ___ _ 
r116dflow/rl1f2Lwippl3.rch ····· p~~pi~gt;;~t~echarge control file . _ __ 
iiio<lf16w/mf2Lw11JIJI3:wei p~-,;pi~it;;~t;;;;;il dis~harge.contr(Jifil~. .. ·-···· _ 
iiiodflow/m'l'2k:.::wqsjJI.dis · · · · ··· ··· ····· · · ··· ··· ·· ········· ···· ··· · t;;~tti;:;;;; di~~;~.t~_i._:'~~.t.~.~i.o~_n:_c,f.,ic:l_,e, __ . ___ ··--·-----------------------······················ 
rl1odflow/mf2k:.::wqspi. n am pumping test centro I file __ _ 
rl1odfl ow/mf2 k_wqspl. oc ....................•.... ~~;~i~it~~!;;~~e~!·~~~~;~u~~~:::::::::=::::::: -
modfl.ow}rl1f2k_:_:wqspi. pcg.narl1 Pumping.test. back~p_s()lv_~r C()ntro!_fil_<:______________ -------······ 
rl16di'1ow7iii¥2Cwq5iJT:rai ---- ··------- p~-,;:;pl~gt~~t;~~h~rge control .. file ................. __ _ _________________ _ 
rl1odf1ow/iiil'2LwiisilT:weT - - ------- ------------------------------ - ···· -- ii-1 
modHow/ml'2Lw<islli:ai 5 ·::·:·: : ~~;~f~:~~~~~-.;~:~~~~~~~~~;tfii~··'····"··· . __ : :=::::::=:::::::: 
modHow/ml'2Lwqsp2: riaiii ...... - - Pumping test control file 



 

 Information Only 

File under CVS:/ /Tfields::lnputs 
modflow/mf2k_wqsp2.oc 
modl'low/mf2k::.wqsp2.pcg.-nam··· 

Brief Description 
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. .. -~-~ ~.P!.~"~---·!·~-~-! -'?!-!!J?._~!.E?..~.! .. :.!?.!.!~-~--- ----------- ----
Pumping test backup solver -~()_rl_~':'.!E~-------------·-·· --·------

modflow}mf2k::.wqsp2:rcli - ·P·----:~-8-t~-;~·;;~h~;;;~~~",;"!rol tile 
modf1ow7mt2Lwiisii2 :wei ·· - -------------- - ·_---P~~~f~g-t;;;-;;;~ll"di~~h~;:g~:~~~!~f~l~=::::::==::::::==::::::= 
scripts ·· ---------------------------- - ··· --- ·o·;;~;;-~-;y~~-;.;!~i~i~-g-~-~;~..;~!s_~~ipt~ __ :_:_~e_!_~P~~!~_§ _______ _ 

scriii!s/f1x::.snis.sh ·- -· -· -·-------- ·- · -······ ---_ • ~~;i:p!~!;;:~~£~i~~~~!~;;~~I~!':'._s_t-J.L:s____ __ _ ____________________ _ 
scri pts/1 ni t2pest. py Setup and control creation progra_'!' __________________________________ _ 

.. , ... ---------------·--- ----···-····--··-'"·-··--···------------------
sed p!s/model: sli- Forward mode I _ __ _ _______ ----------------------------------

.. -·-·····-·····-··-·-·- ·······-··-------------------------------------··-· 

··s·c·r·:rp·t"s?ObSir-ear:· .. i=>"Y _______________ _______ Q~~~-~--~~~--E!E~~~-~------------------····---....................... _______ .. ______________________ _ 
scrTiit:-s7i>estli--tiT.f>i'- -- PESTUTILiibrarv ___________________________ _ 

................................ ------------·-------- -----·--·-·--·------·----------------·---·-----
scripts/reai2riiod .iJY" ......... ___ ............ ____ . ~~~!:2_f\'l.QQ_E~~~~~-r:t'_________ __ _ ______________________ _ 
scripts/r-un:::di'-rkmf.sh DTRKMF analysis script ______ ------------------

.......................................... -----------·----------·----------- ~-scriilts/ruripest::sh·· 
scrli:its/setuil :;;11··· 

Run the PEST calibration process ----------------------- -- ------------------ - - - ---------------·-----·-------------

scrii>i:s/!eiiii:llate=.i:imaster.sh··· 
scripts/temp1 ate_pmasterio. sh 
s <:ririi:s/i'emiil ai:e::.i:is1 ave . sh 

Setup the calibrat!()_n __ --------------------------------------------------
scrfpts/setuplO-.sh. ... - - - -- - - - $;~~-p-th-~- ciit;;~tion for limited iteratio_n~-------------- ... 

. . .... .. ..... . ............ -............................... ________________________________________ _ 

Master node control script 
Master ~~d~~~~t;;~-~~ripi-(io ilerations) ___________ _ 

...................................................... ·-····---------------------------·-------~--------------

Slave node control script 



 

 Information Only 
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Table F-2. Files created by SETUP and INIT2PEST 

File created during setup 

mode1ed_basefie1d.map 

mode1ed_fie1diD.tex 

mode1ed_head.ins 

mode 1 ed_h3. ins 

mode1ed_wipp13.ins 
...................... 

mode 1 ed_hll. ins 

mode1ed_pl4.ins 

mode 1 ed_h19. ins 

mode1ed_wqspl.ins 

Brief Description (used by] 

Copied from r???coord. map checked out via RunReadScript 
[INIT2PESn 

Text store of the field being calibrated 

Instruction file for steady-state head observations [PEsn 

_ lnst~uctioll_fil:_tor_~:3 !l~~ping test observations [PEsn 

Instruction file for WIPP-13 pumping test observations [PESn 

Instruction file for H-11 pumping test observations [PEsn 

Instruction file for P-14 pumping test observations [PESn 
--. ---·-·-··---·-·-- ·-·.- "'"""'""""-""'''"""'"""'""""'''-''''-'"'"' ______ .,.________ . -------- -------·-----

Instruction file for H-19 pumping test observations [PESn 
-- ________ ,, .......................... .,. 

Instruction file for WQSP-1 pumping test observations [PEsn 
......... ··- ··- ... -··- ..... -····- -·-· ·------"-·""''"'""''""'"'"'"'"'""'"'"""''"''"'''''""'"""'"'"''''''""'"'"'"'"'""""""'''"'-·----- ----- ___ , ___ , __ , ____ _ 

modeled_wqsp2.ins Instruction file for WQSP-2 pumping test observations (PES1] 

model ed_wi ppll. ins Instruction file for WIPP-11 pumping test observations [PEsn 
. --- --- ... -······- -·· . -........ ··- ............... ''"'"'''"'"''""""'''" --·-- -·- --·····"·-·-- " .. " . -····-·-·-···-····-···-·-··-·-··-·······-······-·-·-··-·-·--···--·--·-·-··-·····--··········-·-·- .. -·-·- ... ········-······ 

modeled_sn114.ins 

modeled_zones_points_T.inf 

modeled_init_points_T.mod 

mode1ed_points_T.tp1 

Instruction file for SNL-14 pumping test observations [PEsn 
. -·-·······-·········-····-·····-········ -·····-······· 

Zone file [PPK2FAC] 

Initial field values [REAL2MOD] 

Template file for pilot points [PEsn 
·-·····-·--···-·············-·····-·····-··-·-··--

mode1ed_points_T.dat 

real2mod_points_T.tpl 
·························-················ 

real2mod_points_T.in 

ppk2fac_points_T.in 
··········································-···-·· 

modeled_init_points_T.tex 

fac2rea1_points_T.in 

modeled_zones_points_s.inf 

mode1ed_init_points_s.mod 

modeled_points_S.tp1 
... : ...........•......... 

modeled_points_s.dat 

real2mod_points_s.tpl 

real2mod_points_s.in 

ppk2fac_points_s.in 

modeled_init_points_s.tex 

fac2rea1_points_S.in 

modeled_zones_points-A.inf 

modeled_init_points_A.mod 

Initial pilot point values [PPK2FAC, FAC2REAL] 
Written new for each forward call by PEST 

Tl!rn~l~!:!il_~f()r~~ift/log factor [PESJ1 __________________________ _ 

Input file for shift/log factors [REAL2MOD] 

___ lnput_fil: f()~~riging factors cre~tion [~PK2FA_9 ...... __ 

Output summary log 

_ ___ lnputfile for pilot point kriging routi~:J~,IIC~~-~,1\_q__ _____ _ __ 

Zone file [PPK2FAC] 

Initial field values [REAL2MOD] 
········ ···--· 

Template file for pilot points [PESn 

Initial pilot point values [PPK2FAC, FAC2REAL] 
............ " -·-·-·····-······- -··· .......... -············ . -·-·- .. --·- -·-·-·-····-·······--·-·-··-·-·--·--····-·-·-··-·-··-··········--·-·-·-·-·-······-·····-·-·-

Template file for shift/log factor [P£57] 
..................... -·-·-·--- -· ·-· .... - -··-···----·-···-·-·-··-·-·-·-·-··-·- .... ·-···-··-·-··-·-··············-···········--········-·····-

______ ....... ___ ___ ln!l~t file fors~ift/l()~f~=~-~r_s[~~,I\~~J\,19~] __ __ -------·-----······ _ 
Input file for kriging factors creation [PPK2FAC] 

Output summary log 

__________ Input fil: _f()r ~ilot ~ointkriginll_r()utin:J~,I\~~~-f,llg __________ _ 

Zone file [PPK2FAC] 

Initial field values (REAL2MOD] 
" ........... -·········································- .... ··-···-··-···------··-- "" "·--··-·····--·-·-·---·-·---·---·-·---·------·-----·-·------·-·· 



 

 Information Only 

File created during setup 

modeled_points_A.tpl 
: ........................ . 

Brief Description (used by] 

Template file for pilot points [PEST] 
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modeled_poi nts_A. dat Initial pilot point values (PPK2FAC, FAC2REAL] 
. """"".-.. .. . ........ " ... '"'"" ' "" ''"""'" "" . ""'. ""'"""'''""''''"""'''"""'''""''''""'''''"''''""'"'''''- . -.. ·- . - -·- --··-· . ~ -- -- ... --- --- ··---- ------· --·--· -·-·-·-·-----·--·--·-·-·-·-·--··--···-·--·-·--------------------------------------------------------------
rea l2mod_poi nts_A. tp l Template file for shift/log factor [PEST] 

real2mod_points-A.in Input file for shift/log factors [REAL2MOD] 
-···-··-·····-·····-·····-·-··-·-·-·-··-··- ·- ··- -·- --·-· ·-·--· . -·-·---·---··-·- .. ·----------------···-·-·-·-·-------------------------------------------------------------------------------------------

ppk2fac_points_A.in 
·································· 

modeled_init_points_A.tex 

fac2real_points_A.in 

modeled_zones_points_R.inf 

modeled_init_points_R.mod 

modeled_points_R.tpl 

modeled_points_R.dat 

real2mod_points_R.tpl 

real2mod_points_R.in 

ppk2fac_points_R.in 

modeled_init_points_R.tex 

fac2real_points_R.in 

r??? init.pst 

r???_once.pst 

r???_init.rmf 

r???_svda.rmf 

pest_slave.sh 

pest_master.sh 

................. Input filef?~.~.~i~i~~.!~~tors creation [PPK::2::F. .. :A .... : .. CI.: .. '························································· 

Output summary log 
... "'" .......... ··--··- .. ·-··· .......................................... ,.,,., ----~ ''" -·-·--···--·--·-·-·-·-·--···--·--·-·-·-------------------.. --------------------------------------------

Input file for pilot point kriging routine [FAC2REAL] 
- .. --- --- ,. ............. ___ , __ 

Zone file [PPK2FAC] 

In itia I fie l~va_I~E!s [REAL2 M .. O:·. :D. ,1 ................................................ . 

Template file for pilot points [PEST] 
.. -·- - ----- --·-·· -·-·-·-··--··--···-·-·------------·-·-·-·-····-----------··-----------·····-----.. ------------------------··--

Initial pilot point values [PPK2FAC, FAC2REAL] 

Template file for shift/log factor [PEST] 
.. -· ... ·- .. --- .. """"""""'.- -·-·-·-·--·-·--·-----.. --............. ,_, ______________ , ___________________________ _ 

Output summary log 
.................. ····-·· •···································································•• 

I n~~t ~ilef?rf>il?t!??i~t k~~~!~~~?u_t.i_n:J.Cfi~~~E.fi_L]_ -··········- __ 
Initial configuration file for Jacobian [PEST] 

Single forward-mo~:l.c;o_n~~~r~ti'.l~._fiiE!.J~~~O'.l_. ________ _ 

Parallel processing control file (PEST] 

Parallel processin~C:?!'!r_~~!!IE!.l~~~!:l. __ ··-·----- ·---- ___ _ 
Created from template_pslave.sh, submitted to queue on 
cluster 

Created from template_pmaster.sh, submitted to queue on 
cluster 



 

 Information Only 
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Table F-3. Files saved in CVS in Outputs/r??? and Outputs/Update*/r??? 

File saved 
modeled_A_field.mod 

modeled_K_field.mod 

modeled R_fiel .mod 

modeled_S_field.mod 

Created by 
REAL2MOD 

REAL2MOD 

REAL2MOD 

Used by Brief description 

M ODF LOifV ......... ~.E!<l_~~Jl<J_C_eil_lli_~c:l!':'?PI.'.':'~!~ip!~<:.'-!i_~!~ ... . 
Real-space hydraulic conductivity field 

MODFLOW 
_ (Tft~i~kne_ss) _ ..... ___ ....... .... .. _ 

M ODF LOW _RE!a.I:SJl<JC.':_r_e~_h_a_r!l.':_!i"~d--···· ·- ......... . 
Real-space specific storage field 

REAL2MOD MODFLOW 
.... ....... ..... .............. (?f.!~i~~~"~s) ____ ....... _ .. . ........................ . 

modeled_factors_points_*.bin PPK2FAC FAC2REAL K~i!'li_n!l~actc:Jf"S_fjl~------ ................... . 
ed_fieldiD.tex INIT2PEST Field ID record 

mode 1 ed_fl ow. MODFLOW DTRKMF . __ 1\il()[lF~()vv ~~9~'~.-,t.fil"·- _ _ __ __ _ 

modeled_*.bin MODFLOW MOD20BS 
Drawdown/head fields for each 
MODFLOW test 

Instruction files for each 
modeled_*. ins INIT2PEST PEST 

_ ..................... __ . _ _ _ _ P~lllpi~!l[ste_adysta.te_'.':'()~..,l ------· --· 
modeled_*. l st ____________ ... __ .......... _ ... ... IVI.()~FLO\t\f ___ N/ A, _ _ _ _ Li~!.f~.e .. ().~!f:l~.!!.r_o_'.':' .. J\II.Qg~~()_lfV .... ... _ 
modeled_*.out OBS2REAL PEST Obseli/a_ti.()n~ iD sin!)le_£() __ 1u_'.':'_ll __ f()r~at 
modeled_*.smp .................................................... :M __ : __ :_O:::_D:::_2:::.0:::BS OBS2REAL __ Point/tirn(! __ 9~a1Ndo1Nn[~E!a~_\/<l!~.':~.. _ 

Initial points used to fill in shifted 
rnodeled_init_points_tr.mod 

mode 1 ed_poi nts_''. dat 

INIT2PEST 

PEST or 
PARCALC 

REAL2MOD initial values in non-interpolated areas 

............... __ ... J_n_()IJtpiJtS fro111 FA,qREA,L __ 
PPK2FAC, 
FAC2REAL 

Pilot points data files 
······································• ·········· .................•.....•.....•.....•.........•.....•.....•...... 

mode 1 ed_poi nts_''. tpl 

rea 12mod_poi nts_ t:. in 

INIT2PEST 

PEST or 
PARCALC 

PEST 

REAL2MOD 

Template file used to create pilot 

points data files 
Input file to shift and un-log-transform 
the fields in preparation for 
MODFLOW 

·- . . . . . . ....... ·- . ·-··-······---··---···--··---·-·-.. ·--·-·-.. -·-.. ----.. ···-·-·------·· .. ····-·-"-""-· . ---·- ---·- --· ·- -

rea l2mod_poi nts_''. tp l INIT2PEST PEST 
Template files for creating REAL2MOD 

files 

r???_init.bpa 

r???_init.par 

r???_init.pst 

PEST PARREP 
Contains the final, best parameter 
values from the SVD-assisted run 

............... ""' " '"" "'" " ... " ''" ... "'' . ··- .. -···--.. ····-·······-·········-.. ··-.. ·-·····-.. ··---·····----·-.. ··-·---·····--- -- ., __ 
Initial parameter values after single 

Jacobian run 
PEST N/A 

INIT2PEST PEST run control file 
PEST, 

SVDAPREP ... '.... .. ' .....•.........•.•..•.................•...............•.•..• , .. ......... ························ ....................... :' .• .-·~· '''".' ....................•....•. ,. . ......... -······-- --·---·-·-·-····-······-·········-······· 
r??? _ i t. { rec, res, sen, seo} PEST SVDAPREP PEST run record files 

·-·······-···-··-··-··-··-··-·····-··-······· -•···-·· - ··- ··-· -···· ····--·-·-··----··----·-·--··-·-·-" 
r???_once.pst INIT2PEST PARREP Initial run control file for PEST 

···-·--··-················-·····-·········-· ....... -· -· .. -······ ..... -. ·- ... ·-·-···--·-·-·--·--·-··--·---·-·-·--··-·-··--··-----··-·-·--·--·--·-··---···-·---····--·-·-·-··----··-

r???_svda.pst SVDAPREP 
PEST run control file for middle SVD 

iterations 
PEST 

. ·- . ·- -. --·-·- -·--·-·· ·-·--··· --· --·-·· -·-·- ·-·-··-·····-·-········-··-·-
r???_svda.{rec,res,sen,seo} PEST PEST run record files 



 

 Information Only 

File saved 

parcalc.t:pl 

r???_last.pst 

Created by Used by 

PEST/SVD PARCALC 

PARREP PEST 

Brief description 
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Intermediate file, not saved, but of 
importance during PEST's SVD assisted 
operation. PARCALC converts super 

... _ _p(lrC1'!2~t-~r.~_t<J__'.~CI! BC/'.(J_rrl_ e_~e_r~ -···· 
Final, best parameter PEST run to get 

fields and 

........ PEST N/A .. _ _F'_~?.!_r!:'_~_!_E'_<:~_r:~-~~!:~-------------------
....... : ...... : ... : ... :.:::: ... :a=st. par ....... . .... P~ST N/~ __ ....... Fi~al,~e_stpa_r~l11('!le_E~file ..................... . 

Additional PEST output files are also saved, but are unused in the analysis at this time. 



 

 Information Only 

Figure/Table 

Figure 3-1 

Figure 3-2 

Figure 3-3 

Figure 3-4 

Figure 3-5 

Figure 3-6 

Figure 3-7 

Figure 3-8 

Figure 3-9 

Figure 3-10 

Table 3-1 

Figure 3-11 

Table 3-2 

Figure 3-12 

Figure 4-1 

Figure 4-2 

Figure 4-3 

Table 4-1 

Table 4-2 

Figure 4-4 

Figure 5-1 

Figure 5-2 

Figure 5-3 

Table F-4. list of data sources for graphics and tables in this document. 

cvs Data source under cvs://Tfields 
Creation Process 

Inputs/scripts/init2pest.py 
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Inputs/data/zone_*.geo, Inputs/config/spec_wells.crd 
Basic plotting package 
outputs/r???/modeled_zones_points_T.inf 
Basic plotting package 

Outputs/r???/modeled_zones_points_s.inf 
Basic plotting package 
Outputs/r???/modeled_zones_points_R.inf 
Basic plotting package 
Inputs/data/init_bnds.inf 
Basic plotting package 
outputs/r???/modeled_points_T.dat 
Basic plotting package 
Outputs/r???/modeled_points_A.dat 
Basic plotting package 

outputs/r???/modeled_points_s.dat 
Basic plotting package 
Outputs/r???/modeled_points_R.dat 
Basic plotting package 

Inputs/config/spec_points_{T,A,S,R}.in 
Inputs/data/init_head.mod 
Basic plotting package 

Inputs/config/spec_variogram.str 

Inputs/scripts/model.sh 

N/A 
Inputs/scripts/template_pmaster.sh 

Inputs/scripts/setuplO.sh 
Analysis/DataFiles/Tfields-7_14_09.xlsx 
Basic Excel plot 
Analysis/DataFiles/Tfields-7_14_09.xlsx 
Basic Excel plot 

Analysis/DataFiles/Tfields-7_14_09.xlsx 
Basic Excel plot 
Analysis/DataFiles/Tfields 7_14_09.xlsx 
Data taken from last line ojResults/tracks/r??? travei_LWB.dat, basic Excel plot 

Results/tracks/r???_travel_LWB.dat 
Basic plotting package 
Results/tracks/r???_travel_domain.dat 
Basic plotting package 
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Figure/Table 

Table 5-1 

Figure 5-4 

Figure 5-5 

Figure 5-6 

Figure 5-7 

Figure 5-8 

Figure 5-9 

Figure 5-10 

Figure 5-11 

Figure 5-12 

Figure 5-13 

Figure 5-14 

Figure 5-15 

Figure 5-16 

Figure 5-17 

Figure A-1 thru 6 

Figure B-1 

Figure B-2 

Table B-3 

Figure B-3 

Table C-1 

Figure C-1 
through 

Figure C-10 
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Multiplied by thickness {7.75m), log transformed, then averaged by cell across the 
100 final fields. 
Results/K_fields/r???_K_field.mod, Results/A-fields/r???_A_field.mod 
Multiplied by thickness (7.75m}, log transformed, combined resulting T & A (T + M 
A), mean value by cell 
Results/K_fields/r???_K_field.mod, Results/A-fields/r???_A_field.mod 
Multiplied by thickness {7. 15m), log transformed, combined resulting T & A {T + M 
A), standard deviation by cell 
Outputs/r???/modeled_init_T.mod 
Values compared against log lOT>= -5.41 and summed by cell 
Results/K_fields/r???_K_field.mod, Results/A_fields/r???_A_field.mod 
Multiplied by thickness (7. 75m), log transformed, combined resulting T & A {T + M 
A), values compared against lag10T >= -5.41 and summed by cell 

Difference between results in Figure 5-6 and Figure 5-7, positive changes only 

Difference between results in Figure 5-6 and Figure 5-7, negative changes only 
Results/A-fields/r???_A_field.mod 
Average log values by cell 
Results/A-fields/r???_A_field.mod 
Standard deviation of log values by cell. 
Results/S_fields/r???_s_field.mod 
Multiplied by thickness, mean of log values by cell 
Results/S_fields/r???_s_field.mod 
Multiplied by thickness, standard deviation of log values by cell 
Results/R_fields/r???_R_field.mod 
Log transformed, converted to meters per year 
Results/R_fields/r???_R_field.mod 
Log transformed 
outputs/{r???,Update/r???,Update2/r???}/modeled_head.smp 
Depending on the field selected, the results were used from the correct directory 
outputs/{r???,update/r???,update2/r???}/modeled_head.smp 
Depending on the field selected, the results were used from the correct directory 

Outputs from Listing A-1. Resulting data file: Inputs/data/i ni t_head. mod 

Analysis/DataFiles/T_Wells_UTMNAD27.xls 
Analysis/DataFiles/T_Wells_UTMNAD27.xls 
Varia Win was used to create the image 

Inputs/config/spec_variogram.str 
Analysis/DataFiles/T_Wells_UTMNAD27.xls 
Varia Win was used to create the image 

Inputs/data/meas_head. smp (revision 1.2) 

Dutputs/{r???,Update/r???,Update2/r???}/modeled_head.smp 
Depending on the field selected, the results were used from the correct directory, 
graphics use standard box-and-whisker plotting functions 
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outputs/{r???,update/r???,update2/r???}/modeled_h3.smp, 
rnputs/data/meas_h3.smp 
Plotted drawdown vs. date for each observation well separately 
outputs/{r???,update/r???,update2/r???}/modeled_wipp13.smp, 
Inputs/data/meas_wipp13.smp 
Plotted drawdown vs. date for each observation well separately 
outputs/{r???,update/r???,update2/r???}/modeled_hll.smp, 
rnputs/data/meas_hll.smp 
Plotted drawdown vs. date for each observation well separately 
Outputs/{r???,update/r???,Update2/r???}/modeled_pl4.smp, 
Inputs/data/meas_pl4.smp 
Plotted drawdown vs. date for each observation well separately 
outputs/{r???,update/r???,update2/r???}/modeled_hl9.smp, 
rnputs/data/meas_hl9.smp 
Plotted drawdown vs. date for each observation well separately 
Outputs/{r???,update/r???,update2/r???}/modeled_wqspl.smp, 
Inputs/data/meas_wqspl.smp 
Plotted drawdown vs. date for each observation well separately 
outputs/{r???,update/r???,update2/r???}/modeled_wqsp2.smp, 
Inputs/data/meas_wqsp2.smp 
Plotted drawdown vs. date for each observation well separately 
outputs/{r???,update/r???,update2/r???}/modeled_wippll.smp, 
Inputs/data/meas_wippll.smp 
Plotted drawdown vs. date for each observation well separately 
Outputs/{r???,Update/r???,Update2/r???}/modeled_snll4.smp, 
rnputs/data/meas_snl14.smp 
Plotted drawdown vs. date for each observation well separately 

Analysis/DataFiles/Tfields-7_14_09.xlsx 
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AppendixG: 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-serilfont. These 

comments do not appear in the files in CVS. 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.l Configuration Codes 
The codes in this section represent the scripts run during the configuration phase (pre-calibration) by 

the Run Control system. 

G.l.l Listing- CVS:/ /Tfields::lnputsjscriptsjsetup.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 
# $Id: setup.sh,v 1.1.1.1 2008/11/05 23:57:43 dbhart Exp $ 
# $source: /nfs/data/CVSLIB/Tfields/Inputs/scripts/setup.sh,v $ 
# 
# This script creates the necessary files to run a culebra T Field 
# inverse calibration process 

# Get command line input parameters 
FIELD=$1 

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

} 

echo "You MUST specify a base field ro" 
exit 

FIELO=${FIELD//r/) 
FIELO=${FIELD//cood/} 
PESTFILE=r${FIELD) 
FIELD=r${FIELD}COOrd 
cp -f ${FIELD}.map modeled_basefield.map 
echo ${FIELD//coord} > modeled_fieldro.tex 

rm -f modeled_*factors*.bin 

lhe next !me lmmcheJ the JN1T2PEST script. which p,;orforms the majorirv ofihe setup process 
./init2pest.py --pest-case=${FIELD//coord} spec_Setup.in 

PESTINIT="${PESTFILE}_i nit" 
PESTSVDA=" $ {PESTFI L E} _svda '' 
PESTLAST = '' ${ PESTFI L E} _last" 
PESTONCE=" ${ PESTFI L E} _once" 

NSLAVES=6 
MODELCMD=model 
MODELINIT=./${MODELCMO}.sh 
N=1 
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lht! ne.,r two sections set lhe curri'nt dm;c/OIJ'firsl in prececknce. then find the appropnate executa hies or scripts and place I hem in rariables 
export PATH=.:$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· 
FAC2REAL='which fac2real.exe· 
REAL2MOD=./real2mod.py 
MODFLOW=-which mf2k.exe' 
MOD20BS=-which mod2obs.exe· 
OBS2REAL=./obs2real.py 
PICALC='which picalc.exe· 
PARCALC='which parcalc.exe· 
DTRKMF='which dtrkmf.exe· 

The jOlloll'ing lines use ··sed·· regular e:.pressirms to replace mriabln witl!jldl path names for indiridua/ e.wculabieJ 10 assure IVe are usmg the 
correct, QA 'd rer.swns ofihe files 
while [[ $N -le $NSLAVES ]] 

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@PSLAVE@${PSLAVE}@g" >> modeled_pslave.sed 
echo "s@MODELINIT@${MODELINIT}@g" >> modeled_pslave.sed 
echo "s@PPK2FAC@${PPK2FAC}@g" >> modeled_pslave.sed 
echo "s@FAC2REAL@${FAC2REAL}@g" >> modeled_pslave.sed 
echo "s@REAL2MOD@${REAL2MOD}@g" >> modeled_pslave.sed 
echo "s@.MODFLOW@${MODFLOW}@.g" >> model ed_psl ave. sed 
echo "s@MOD20BS@${MOD20BS}@g" >> modeled_pslave.sed 
echo "s@OBS2REAL@${OBS2REAL}@g" >> modeled_pslave.sed 
echo "s@PICALC@${PICALC}@g" >> modeled_pslave. sed 
echo "s@PARCALC@${PARCALC}@g" >> model ed_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 queue 
[ -d slavei{N} J II { 

mkdi r slave${N} 
} 
FILES='cat spec_slavefiles.lst' 
cp -f -p -u $FILES slave${N} 
echo "Copied files to slave${N}" 
N=$((N+l)) 

done 

echo "s/Master/${FIELD}M/" >> modeled_pmaster. sed 
echo "s@PPEST@${PPEST}@~( >> model ed_pmaster, sed 
echo "s@SPEST@${PEST}@g >> modeled_pmaster.sed 
echo "s@SVDAPREP@${SVDAPREP}@g" >> modeled_pmaster. sed 
echo "s@PARREP@${PARREP}@9'' >> model ed_pmaste r, sed 
echo "s@PPK2FAC@${PPK2FAC}@g" >> modeled_pmaster. sed 
echo "s@PESTINIT@${PESTINIT}@g" >> modeled_pmaster.sed 
echo "s@PESTSVOA@${PESTSVDA}@g" >> modeled_pmaster.sed 
echo "s@PESTLAST@${PESTLAST}@g" >> modeled_pmaster.sed 
echo "s@PESTONCE@${PESTONCE}@g" >> modeled_pmaster.sed 
echo "s@PESTHALF@${PESTHALF}@g" >> modeled_pmaster, sed 
echo ''s@PESTSVD2@${PESTSVD2}@g" >> modeled_pmaster. sed 
echo "s@DTRKMF@${DTRKMF}@g" >> mode 1 ed_pmaste r. sed 
echo "s@NPAR@${NPAR}@g" >> modeled_pmaster.sed 
sed -f modeled pmaster.sed template pmaster.sh > pest_master.sh 
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G.1.2 Listing- CVS:f /Tfields::lnputsjscriptsjinit2pest.py 
#l/usr/bin/python 
# $Id: init2pest.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 sys, pestutil 
from sys import stdin, stdout, stderr 
from optparse import optionParser 

AP-114 Task 7 Report 
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The main program par.~es the command ime argw~1ents, then launches the subroutines to creme ubsen•ation and parameter data from the 
crHifiguration dara. lt then builds the PEST configlwationjiles. The "pes/utli'" name.space refer.s to the pestr1til.py model described in G.4.1 
def main( parser): 

(options, args) = parser.parse_args() 
if args is not None: 

for filename in args: 
argfile = open(filename, 'r') 
al1st = [] 
for arg in argfile: 

aa = arg.split() 
for a in aa: alist.append(a.strip()) 

(options, args) = parser.parse_args(alist,options) 
(obsoata,obsGrps,obsFiles) = pest_obs_data(options) 
(paroata,parGrps,parFiles) = pest_par_data(options) 
pestutil.build_pest_file(options, 'init', 

obsoata,obsGrps,obsFiles, 
paroata,parGrps,parFiles ) 

pestutil.build_pest_file(options,'once', 
obsoata,obsGrps,obsFiles, 
paroata,parGrps,parFiles, 0) 

pestutil.build_pest_rmf(options, 'init') 
pestutil .build_pest_rmf(options, 'svda') 

Thefnl!owmg subroutine creates obsara110n data and 1/v'Sjilesfor PEST 
def pest_obs_data(options): 

peststub = options.peststub 
obsoptfile = options.obsoptfile 
print ' Processing observation data' 
print ' Reading from "'+obsoptfile+'"' 
(obsoata,obsGrps,obsFiles) = pestutil.create_observation_data(obsoptfile,options) 
return obsData, obsGrps, obsFiles 

The .following suhmutine creates lhe paramelers. crearmg zones, placing pilot poinls. and then finding initial mlues 
def pest_par_data(options): 

peststub = options.peststub 
paroptfiles = options.paroptfiles 
paroata = parGrps = parFiles = [] 
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. pri nt_l at ex_ tab 1 e () 
(pData,pGrps,pFiles) = Parameters.get_pest_parameters(options) 
paroata = paroata + poata 
parGrps = parGrps + pGrps 
parFiles = parFiles + pFiles 

return paroata, parGrps, parFiles 

lhe command line parser is dejined here. The '"help·· metamriab!e describes the options. and the "dest" metamriable is the field in the 
··options·· slructure !hat ts returned and used 111 the above subruulines 
def init2pest_parser( ): 

parser = OptionParser() 
parser .add_option("--pest-case", dest="peststub", metavar="FILE" ,default=' cul ebra' , 

help="The P.refix for the PEST control files to create (will create 
FILE i nit. pst and FILE_once. pst) ') 
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parser. add_opti on ("--obse rvati ons-opti ens -fi 1 e", dest- "obsoptfi 1 e" , metavar- "FILE", 
help="The file containing the options for the observation data creation") 

parser .add_option ("--parameter-options-file", dest="paroptfi l es", action="append" ,metavar="PAR 
FILE",nargs=2, 

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

parser.add_option('--zones-filename-format' ,dest='zonefmt') 
parser.add_option('--pilotpoints-filenarne-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-field-filename-format',dest='flowfmt') 
parser.add_option('--modflow-output-filename-format' ,dest='mf2kfmt') 
parser.add_option('--modeled-samples-filename-format',dest='modlfmt') 
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='model' ,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::Inputsfscriptsjrunpest.sh 
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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 

results are created). 

#!/bin/bash 

NSLAVES=$2 
FIELD=$1 

( -z "'$FIELD"' ] && { 
FIELD=-ls -t *_once.pst I 
FIELD=${FIELD//_once.pst} 

} 

[ -z •• $NSLAVES •• ] && { 
NSLAVES=6 

} 

head -n 1' 

The following ensure.s that the field !Dis in the correcljiJrmal (just a mimber) before changmg it back ro full !D 
FID=${FIELD//r/} 
FID=${FID//cood/} 
FIELD=r${FID}coord 

echo -n "starting in 3 . " 
sleep 1 
echo -n "2 
sleep 1 
echo -n "1 
sleep 1 
echo "done!" 

Tile ··pest_slave.sh" file is r..Teated by setup.shfimn templme_}Js/are . .sh- see G.2.2 
qsub -t 2-$NSLAVES pest_slave.sh 2> ${FIELD}.err 1 tee -a ${FIELD}.out 
The ··pest_master.sh 'file is created by sewp.shjimn template _pmaster.sh- .1ee (i.2.3 
qsub -sync yes pest_master.sh 2> ${FIELD}.err 1 tee -a ${FIELD}.out 

qdel -f ${FIELD}S 
rm - rf slave? 
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G.2.2 Listing- CVS:/ /Tfields::Inputsjscriptsjtemplate_pslave.sh 
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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 
#$ -s /bin/bash 
#$ -cwd 
#$ -N FIELDID 
#$ -j y 
##lid: template_pslave.sh,v 1.1.1.1 2008/11/05 23:57:43 dbhart Exp $ 
##$source: /nfs/data/CVSLIB/Tfields/Inputs/scripts/template_pslave.sh,v $ 

export MYSLAVE=slave$SGE_TASK_ID 
FILES='cat spec_slavefiles.lst' 

# setup slave directory 
mkdir $MYSLAVE 
cp -f $FILES $MYSLAVE 
cd SMYSLAVE 

# First PEST run 
rm -f model.svda 

PSLAVE <<EOF 
MODE LIN IT 
EOF 

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

PSLAVE <<EOF 
MODE LIN IT 
EOF 

# clean up slave directory 
cd .. 
rm -rf $MYSLAVE 
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G.2.3 Listing- CVS:/ /Tfields::Inputsjscriptsjtemplate_pmaster.sh 
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This script launches PEST's main program, PPEST, on the cluster. It also runs SVDAPREP and PARREP to 

create the secondary PEST runs. This script is captured in Figure 4-2. Failure ofthis script is clear in any 

log file, since PEST will produce no results. 

#!/bin/bash 
#$ -s /bin/bash 
#$ -cwd 
#$ -N Master 
#$ -j y 
# $rd: template_pmaster.sh,v 1.4 2009/06/04 15:45:53 dbhart Exp $ 
# $Source: /nfs/data/CVSLIB/Tfields/Inputs/scripts/template_pmaster.sh,v $ 

export MYSLAVE=slavel 
FILES=·cat spec_slavefiles.lst' 
# setup slave directory 
mkdi r $MYSLAVE 
cp -f $FILES $MYSLAVE 
cd $MYSLAVE 

l11e following lines run the first Jacobian calculation PEST nm 
# First PEST run · 
rm -f model.svda 

PSLAVE <<EOF & 
MODELINIT 
EOF 

cd .. 

PPEST PESTINIT 

ThefoUowing lines of code set up the SVD assisted PEST nm 
NUMPAR=-tail -n 1 PESTINIT.svd I awk '{print $9}'' 

SVDAPREP <<EOF 
PESTINIT.pst 
$NUMPAR 
PESTSVDA.pst 
10 
0.1 
s 
EOF 

sleep 10 

SLAVES='ls -d slave*' 
for slave in $SLAVES 

do 
echo "true"> $Slave/model.svda 

done 

cd $MYSLAVE 

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

PSLAVE <<EOF & 
MODEL! NIT 
EOF 

# clean up slave directory 
cd .. 

PPEST PESTSVDA 

Thefollowig lines set up the final PEST nm wllh the best parameters 
PARREP PESTINIT.bpa PESTONCE.pst PESTLAST.pst 

sleep 10 
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SPEST PESTLAST 

kill -TERM 'jobs -p· 

rm - rf $MYSLAVE 
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The following scripts are used in the forward model, 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, obvious in the log files. 

G.3.1 Listing- CVS:f /Tfields::Inputsjscriptsfmodel.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) ~ FAC2REAL ~ REAL2MOD ~ MODFLOW ~ 

MOD20BS ~ OBS2REAL ~ DTRKMF (if running a final transport run) 

#!/bin/bash 
#$Id: model.sh,v 1.1.1.1 2008/11/05 23:57:43 dbhart Exp $ 
echo created on Thu Aug 7 16:11:18 MDT 2008 by create-model.sh 
PARAMETERS='cat spec_parameters. 1st' 
TESTS=·cat spec_steady.lst spec_transient.lst' 
STDERR=model.err 
STDOUT=model.log 
#STDERR=/dev/stdout 
#STDOUT=/dev/stdout 

run_mode 1 () { 
# Clean the output files and start model 

echo > $SIDOUT 
echo > $STDERR 
echo -n "MODEL::" 
ulimit -s -t 120 

# IF this is an svo assisted run: 
[ -s model.svda] && { 

# Remove previous parameter estimates 
for P in $PARAMETERS 

do 
/bin(rm modeled_points_${P}.out 1>> $STDOUT 2>> $STOERR 

done 

} 

# create parameters from super parameters 
./parcalc.exe 1>> $STDOUT 2>> $STDERR 
echo -n PARCALC: 

#creating prior information calculation (if applicable) 
[ -s picalc.tpl ] && { 

} 

./picalc.exe 1>> $STDOUT Z>> $STDERR 
echo -n PICALC: 

# Now creating fields 
for P in $PARAMETERS 

do 
# create kriging factors if they are missing 
[ -s modeled_factors_points_${P).bin ] II { 

echo -n PPK2FAC[points_$(P}]. 
.jppkZfac.exe < ppk2fac_points_${P}.in 1>> 

} 
$STDOUT 2>> $STDERR 

# use pilot points and kriging factors to get $\log_{lO}$ field 
echo -n FAC2REAL[points_${P}] . 
. /fac2real.exe < fac2real_points_${P}.in 1>> $STDOUT 2>> $STDERR 

#convert $\log_{10}$ field into real space 
echo -n REAL2MOO[points_${P}] . 
. /real2mod.py real2mod_points_${P}.in 1>> $STDOUT 2>> $STDERR 

done 

forT in $TESTS 
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do 
# Now run MOOFLOW for each test 
echo -n MODFLOW[${T)] . 
. /mf2k.exe mf2k_${T}.nam l>>$STDOUT 2>MODFLOW.ERR 
[ -s MODFLOW.ERR J && { 

echo -n MODFLOW[${T}.pcg]. 
ulimit -s -t unlimited 
./mf2k.exe mf2k_${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[${T)] . 
. /mod2obs.exe < mod2obs_${T}.in l>>$5TDOUT 2>>$STDERR 

# PUtting results from tests into single column format 
echo -n OBS2REAL[${T}] . 
. /obs2real .py obs2real_${T}.in #l>>$STDOUT 2>>$STOERR 

done 

[ -5 model.travel l && { 
# Runing DTRTMF to LWB 

echo -n DTRKMF[WIPP]. 
[ -5 fort.33] II { 

} 
ln -f elev_top.mod 

[ -5 fort.34l II { 
ln -f elev_bot.mod 

} 

fort.33 

fort.34 

[ -5 modeled_flow.bud ] && { 
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./dtrkmf.exe dtrkmf_wipplwb.inp modeled_flow.bud modeled_travel_wipplwb.dat 
modeled_dtrkmf.dbg 1>>$STDOUT 2>>$STDERR ; 

./dtrkmf.exe dtrkmf_domain.inp modeled_flow.bud modeled_travel_domain.dat 
modeled_dtrkmf.dbg 1>>$STDOUT 2>>$STDERR ; 

} 
tail -n 1 modeled_travel_wipplwb.dat awk '{print $1}' > modeled_travel.out 
[ -s modeled_travel_wipplwb.dat ] II { 

} 
echo '9999999999' > modeled_travel.out 

# Getting Recharge stats 
echo -n MOD2STAT[recharge] . 

} 
. /mod2stat.pl modeled_R_field mod modeled_recharge.out l>>SSTDOUT 2>>$STDERR 

} 

ResetTo l () { 
Tlllsjimctimr n:sers ro/enmces inlhe AIODFLOW solvers 
# Reset the solver tolerances 

} 

echo -e '3.0 2.2 5.4 O\n2 50 1.0E-08 1.0 0 ' > 
echo -e '3.0 2.2 5.4 O\n2 50 1.0E-08 1.0 1 ' > 
echo -e '100 50 2\n1.0e-002 1.0e-08 1 2 0 3 1' 

Rai5eTol() { 

mf2k_stead¥.lmg 
mf2k_trans1ent.lmg 
> mf2k_transient.pcg 

Occasional/)•, MODFLOW wnnot converge_ iJ1 this m.w·. tolerances ure fo11'ered slowly until MODFLOW is able to converg(' 
# Rase solver tolerances by one order of magnitude 

NeWTol=$(awk < mf2k_steady.lmg 'NR==2 {NT= $3*10;if (NT<= MaxTol) printf("%6.1E", NT)}' 
MaxTol=O.Ol) 

[ "$NewTo1" J II { echo mf2k could not conver9e ; exit ; } 
echo -e '3.0 2.2 5.4 O\n2 50 '$NewTol' 1.0 1 > mf2k_steady.lmg 

NeWTol=$(awk < mf2k_transient.lmg 'NR==2 {NT= $3*10;if (NT<= MaxTol) 
MaXTOl=O.Ol) 

[ "$NewTo1" ] II { echo mf2k could not conver9e ; exit ; } 
echo -e '3.0 2.2 5.4 O\n2 50 'SNeWTol' 1.0 1 > mf2k_transient.lrng 

NeWTol=$(awk < mf2k_transient.pcg 'NR==2 {NT= $2*10;if (NT<= MaxTol) 
MaxTo 1 =0. 01) 

) 

[ "$NeWTol" ] II { echo mf2k could not converge ; exit ; } 
echo -e '100 50 2\n1.0e-002 '$NeWTol' 1 2 0 3 1 ' > mf2k_transient.pcg 

# start of main script 

ResetTol 

printf("%6.1E", NT)}' 

printf("%6.1E", NT)}' 
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# save previous iteration values if necessary 
[ -s model.svda) && { 
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ITERNUM='grep ITERATION .. /*_svda.rec I tail -n 1 I awk '{printf("%s",$5)}'' 
PREVNUM='cat temP. iternum' 
[ "$ITERNUM" == 'SPREVNUM" l II { 

PARAMS='ls .. /*_init.bpa· 

) 
cp $PARAMS ${PARAMS//.bpa)_ITER_${ITERNUM).bpa 

) 
echo $ITERNUM > temp_iternum 

run_model 
while [ 1 

do 
# Runtime error handling for convergence failure 
CONVGFAIL=. grep -i "FAILED TO CONVERGE" *.1st. 
if [ -n "$CONVGFAIL" ) 

else 

fi 
done 
echo 

then 
echo -n -e "conv_failed_restart" 
#Get the more flexible solver rules to finish run 
Rai seTal 
# Re-run the model 
run_model 

# Put back the good rules when done 
ResetTol 
break 
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G.3.2 Listing- CVS:/ /Tfields::Inputsjscriptsjreal2mod.py 
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This code converts the log-space field mode/ed_points_ ?.mod to the real-space modeled_ ?Jield.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. 

#!/usr/bin/python 
# $rd: real2mod.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 optionParser 

def main( parser=None ): 
"parse the command line options and/or options file" 
infile =None 
outfi 1 e = None 
shift = 0.0 
scale = 1.0 
maskShft = 0.0 
xform = "'' 
if parser: 

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

argfile = open(args[O], 'r') 
for ar~ in argfile: 

al1st.append(arg.rstrip()) 
(options, args) = parser.parse_args(args=alist, values=options) 

(options, ar~s) = parser.parse_args(values=options) 
infile = opt1ons.infile 
infileformat = options.infileformat 
outfile = options.outfile 
outfileformat = options.outfileformat 
maskfile = options.maskFile 
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.myscaleoown: scale = 1.0 I options.myscaleoown 
if options.transform: xform = options.transform 

if infile is None: 
print >> stderr 1 '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 .Fieldoata() 
data.load_field(infile,infileformat) 
if maskSymb: 

data.load_mask(maskfile,maskfileformat) 
data.doMask = masksymb 

data.run_transforms(transforms) 
data.save_field(outfile,outfileformat) 

def mf_parser( ver="N/A" ) : 
ver = "%prog " + ver 
parser = optionParser(version=ver) 
parser.add_option("-i'', "--input", dest="infile", 

helr.="MODFLOW-2000 formatted FILE to transform", metavar="FILE") 
parser.add_option("-o', "--output", dest="outfile", 

help="MODFLOW-2000 formatted FILE to write", metavar="FILE" ) 
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parser.add_option(" g", "--gridspec", dest-"specfile", 
help="domain flrid specification file", metavar="FILE") 

parser. add_option("--mask-val ue , dest="maskval ue", type=" float", 
help=" set MASK in the input file", metavar="MASK") 

parser. add_opti on(" --mask-fi 1 e", dest="maskFi 1 e" , 
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help=" replace MASK with values from FILE", metavar="FILE") 
parser.add_option("--mask-shift", dest="maskshift", type=" float", 

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

help="shift all values (including masked values) by ss [done in transformed 
space]", metavar="SS" ) 

parser.add_option("--scale-up", dest="myscaleUp", type="float", 
help="scale all values up by su [done in real-seace]", metavar="su" ) 

parser.add_option("--scale-down", dest="myscaleoown", type="float ', 
help="scale all values down by so [done in real-space]", metavar="SD") 

parser. add_option("--transform", dest="transform", 
type="choi ce", choi ces=("loglO" I "powlO"), 
help="transform values" ) 

parser. add_opti on("-- i nP,ut-format", dest="i nfi 1 eformat", 
type= 'choice", choices=("MODFLOW", "GEOEAS") ) 

parser.add_option("--output-format", dest="outfileformat", 
type="choice", choices=("MODFLOW", "GEOEAS" I "GNUPLOT") ) 

parser. add_opti on(" --maskfi 1 e-format", dest="maskfi 1 eformat" , 
type="choice", choices=("MODFLOW", "GEOEAS") ) 

parser.set_defaults(myshift=O.O, myscaleUp=l.O, myscaleoown=l.O, 
maskshift=O.O, 

return parser 

i nfi leformat="MODFLOW", 
outfi 1 eformat="MODFLOW", 
maskfileformat="MODFLOW") 

if _name_== "_main_": 
parser = mf_parser('l.O') 
main(parser) 
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G.3.3 Listing- CVS:/ /Tfields::Inputsfscriptsfobs2real.py 
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This code converts the outputs from the PEST program MOD20BS 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 
# $rd: obs2real.py,v 1.1.1.1 2008/11/05 2>: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 optionParser 

def main( parser=None ): 
"parse the command line options and/or options file" 
measfile = None 
modl fi 1 e = None 
outstub """ None 
pumpiD = None 
crdfile '"' None 
startoate = None 
if parser: 

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

argfile = open(args[O], 'r') 
for arc:;~ in argfile: 

al1st.append(arg.rstrip()) 
(options, args) = parser.parse_args(args=alist, values=options) 

(options, args) = parser.parse_args(values=options) 
measfile = options.measfile 
modlfile = options.modlfile 
pumpiD = options.pumpiD 
outstub = options.output 
startDate = options.startdate 
b_singl~Group = options.b_singleGroup 

if outstub 15 None: 
mdf = modlfile.split(' .') 
del mdf[-1] 
outstub = '. '.join(mdf) 

The following creates a SampleDau ob;ec! for !he gin: pumping rest !D and start-datf!, ihf!n loads measured and modeled daw 
data= pestutil.sampleoata(pumpiD,startDate) 
data.load_measured(measfile) 
data.load_modeled(modlfile) 
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 = optionParser(version=ver) 
parser.add_option("--measured", dest="measfile", metavar="FILE", 

help="Bore sample file of true field measurements") 
parser.add_option("--modeled", dest="modlfile", metavar="FILE", 

help="Bore sample file of modeled results") 
parser. add_opti on("--coords", dest="crdfi 1 e", metavar="FILE", 

helr,="Well coordinates file") 
parser. add_opti on("-d ',"--start-date", dest="startdate", metavar="DATETIME", 

help="oate 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-listing-file", dest="fulldata", metavar="FILE", 



 

 Information Only 

Listing- CVS:/ /Tfields::lnputs/scripts/obs2real.py 
AP-114 Task 7 Report 

Page 141 of 187 

help="Use to output full data as well as truncated residuals") 
parser.add_option("--summary-file" 1 dest="ssefile", metavar="FILE", 

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

helP,="Append to, rather than create, summary information file") 
parser.add_option("-p ', "--pump-id", dest="pumpiD", metavar="WELL", 

helr,="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('l.O') 
main (parser) 



 

 Information Only 

Module- CVS:/ /Tfields::lnputs/scripts/pestutil.py 

G.4 Main PEST utility module 
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This utility module contains the meat of the INIT2PEST, REAL2MOD, 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 example of INIT2PEST 

output). The particular program that uses a function is indicated at the beginning of the comment 

G.4.1 Module- CVS:/ /Tfields::lnputsjscriptsjpestutil.py 
# $Id: pestutil.py,v 1.1.1.1 2008/11/05 23:57:43 dbhart Exp $ 
# $Module: pestutil $ 
# $Author: dbhart $ 
# 
#This module supports MODFLOW-2000 python utility functions, simplified 
#file functions, and PEST Groundwater Utilitiy file functions 

Geo-EAS 

# 
# 
# 
# 

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

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

######################################## 
# PEST configuration Routines 

INJT2PEST: This rmlflne rukes vbs.erration dala IYad in ji·om ;he .files spenfir:d in "spec _observarwns.in ··and creates the obsen-ation groups 
and observation ra/ues used in the PEST cm~(igumlwnfile. Man11al examinallon of one complete PEST file IS Si!fficienl ro wri/1" prvperfunctwn. 
and PL5T would.fail to la11nch 1(this dara was incorrectly specified. 
def create_observation_data( filename , baseopts=None ): 

parser = observation_data_parser() 
AllobsGroups = [] 
AllObsData = [] 
AllinsPai rs = [] 
ar~file = open(filename, 'r') 
al1St = [] 
for ar~ in argfile: 

allst.append(arg.strip()) 
(options, args) = parser.parse_args(args=alist) 
ststate = options.ststate 
ssoi ct = {} 
Startoates = {} 
for test in options.ststate: 

SSDiCt[test.upper()] = True 
try: 

(Startoates, PumpList) = read_pumping(options.pumpfile) 
except: 

print 'the pumping file is invalid' 
raise 

if options.trtests == []: trtests = PumpList 
else: trtests = options.trtests 
alltests = ststate + trtests 
measFiles = {} 
modl Files = {} 
if baseOpts is not None: 

for test in alltests: 
if baseOpts.modlfmt is not None: 

modlFile = baseopts.modlfmt%{'test': test.lower() } 
modlFiles[test.upper()] = modlFile 

if baseOpts.measfmt is not None: 
measFile = baseopts.measfmt%{'test': test. lower() } 
measFiles[test.upper()] = measFile 

for (test 1 filename) in options.measFile: 
measFlles[test.upper()J = filename 

for (test,filename) in options.modflowFile: 
modlFiles[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 modlFiles: mfFile = modlFiles(test.upper()] 
else: mfFile = 'modeled_'+test.lower()+'.bin' 
if not b_steadystate: startdate = Startoates[test.upper()] 
else: startdate = None 
data= sampleData(test.upper(),startdate) 
data.load_measured(msFile) 
obsGroups = data.assign_obs_groups(b_steadyState) 
obsData = data.assi~n_obs_data(b_steadystate) 
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print ' For test 1d' ,test. upper() 
print ' Added' , len(obsoata), • observations in •, len(obsGroups), 'groups' 
AllObsGroups = AllobsGroups + obsGroups 
Allobsoata = Allobsoata + obsoata 
outFile = mfFile.split('. ') 
insFile = mfFile.split('. ') 
outFile[-1] = 'out' 
inst=ile[-1] = 'ins' 
outFile = '.' .join(outFile) 
insFile = '.' .JOin(insFile) 
write_ins_file(insFile,obsoata) 
print ' saved observation instruction file to:' ,insFile 
AllinsPairs.append( (insFile,outFi1e,) ) 

return A1lobsoata, Al1obsGroups, AllinsPairs 

fiv'IT2?bST:Tius procedure parses the ··.1pec obsara:iuns.in "file for opliom. 
def observation_data_parser( ): 

parser = OptionParser() 
parser.add_option("-s","--steady-state-test",dest="ststate",action="append", 

metavar="Testio"~.-help,="Steady state test ID. May be used more than once") 
parser. add_opti on C"--pumpi ng-test-ri 1 e ', dest=" pumpfi 1 e", metavar="FILE", 

help="PEST GW utility Pumping File. All pumping test start dates should be 
in this file, and bore names must match those listed as pumpin9 tests") 

parser .add_option("-p", "--pumping-test", dest="trtests", act1 on="append", 
metavar="Testro",help="Pumpin~ tests to use. If none are specified, all 

tests listed in the pumping-test-file will be used. ) 
P.arser. add_opti on ("--use-test -measured-

file', dest="measFi le" ,metavar="TEST, FIL.E", action=" append", nargs=2, 
help="If unspecified for a given test, this utility assumes data is in a 

file of format 'meas_TESTID.smp'") 
p,arser. add_opti on("-- use-test-modfl ow-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 'modeled_TESTID.bin'") 
parser. seLdefaul ts (ststate= [] , pumpfi 1 e="", trtests= [] , measFi 1 e= [] , modfl owFi 1 e= []) 
return parser 

COMM£11/T: This pane reads command mlues. however, it IS not currently used 
def commands_parser( ): 

parser = OptionParser() 
parser.add_option('--pest' ,dest= 1 pest' ,default=' ./pest.exe') 
parser.add_option( 1 --ppest' ,dest='ppest 1 ,default=' ./ppest.exe') 
parser.add_option('--pslave' dest='pslave 1 ,default=' ./pslave.exe') 
parser.add_option('--parcalc 1 ,dest='parcalc',default= 1 ./parcalc.exe') 
parser.add_option('--picalc',dest='picalc' ,default='./picalc.exe') 
parser.add_option('--parrep' dest='parrep' ,default='./parrep.exe') 
parser .add_option (' --ppk2fac 1 , dest=' ppk2fac' ,default= 1 • /ppk2fac. exe 1

) 

parser.add_option('--fac2real' ,dest='fac2real' ,default='./fac2real.exe 1
) 

parser. add_option(' --real2mod' ,dest=' real2mod' ,default=' ./real2mod. py') 
parser. add_option(' --mf2k', dest= 'mf2k', default=' ./mf2k. exe') 
parser.add_option('--mod2obs' ,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 

################################################################ 
# ParameterOptions Class Definitions 
hVJT2PESt: lhe object-onenu:d medwds off>.J;thon al/oufur classes which contmn hmh data andfimctions. This class contains the parameter 
datajDra jpecific lype of parameter (T.}Or examp/ej. and then the commands are used to crmre the appropnatefiles. 
class Parameteroptions: 

gridFile = None 
coordFile = None 
nzones = 1 
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zninptindFile = [] 
zninptindval = [] 
outzoneNumFile = None 
spvarFile = None 
zninitvalEqn = [] 
outrnitFieldFile = None 
fpFile =None 
srchoist = 500.0 
znsrchoi st = [] 
gridoist = 5000.0 
znGri doi st = [] 
znNoFi xed = [] 
znNoWe 11 s = [] 
znNoGri d = [] 
wellFile = None 
outTplFile None 
outPptFile None 
outR2MFile = None 
outP2FFile = None 
outF2RFile = None 
outFactorsFile = None 
outKrigFieldFile = None 
outModflowFile = None 
maskval = -999 
varioFile = None 
znvarioModel = [] 
znvariosrch = [] 
maxvalue = 10.0 
minvalue = -10.0 
znMaxvalue = [] 
znMi nva 1 ue = [] 
varioModel = None 
variosrch = 0.0 
transform = None 
scaleup =- None 
scaleoown = None 
# Now, non-parsed options 
zoneField = None 
initField = None 
spvarField = None 
pointLocs = None 
pointGrps = None 
wellcoords = {} 
specs = ( 0 , 1 1 , 0.0 , 0.0 , 0.0 , 1.0 , 1.0 , 1.0 ) 
param = "" 
needMaskParam = False 
paroata = [] 
parGrps = [] 
parFi l es = [] 
latexTableinfo = None 
latexPointrnfo = None 

def _init_( self, param="" options=None ): 
self.parFiles = [] 
self.paroata = [] 
self.parGrps = [] 
self.load_options(options) 
self.param = param 
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INIT2PEST:This seclion toads !he mluesfrom the "spec_pomrs T.m '"jife,jOr example, listed in the "spec _con.flg "_in file. 
def load_options( self, options , baseOpt=None ): 

if options is None: return 
if baseopt is not None: 

case baseopt.peststub 
else: 

case 'cul ebra' 

if options.gridFile is not None: 
self.gndFile = options.gridFile%{'case': case, 'param': self.param} 
self.specs = read_spc_file(self.gridFile) 

if options.coordFile is not None: 
self.coordFile = options.coordFile%{'case': case, 'param': self.param} 
self.wellcoords,dummy = read_crd_file(self.coordFile) 

elif baseopt is not None and baseopt.coordFile is not None: 
self.coordFile = baseopt.coordFi1e%{'case'; case, 'param' self.param} 
self.wellcoords,dummy = read_crd_file(self.coordFile) 
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if options.outzoneNumFile is not None: 
self.outzoneNumFile = options.outzoneNumFile%{'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.outrnitFieldFile = options.outinitFieldFile%{'case': case, 'param': self.param} 

elif baseopt is not None and baseopt.initfmt is not None: 
self.outinitFieldFile = 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.srchoist is not None: self.srchoist options.srchoist 

if options.gridoist is not None: self.gridoist options.gridoist 

if options.wellFile 
self.param} 

is not None: self.wellFile options.wel1File%{'case': case, 

if options.outPptFile is not None: 
se 1 f. outPptFi 1 e = options. outPptFi 1 e%{' case' : case, I par am I : se 1 f. par am} 

elif baseopt is not None and baseopt.ppffmt is not None: 
self.outPptFile = baseopt.ppffmt%{ 1 case': case, 'param': self.param} 

else: self.outPptFile = 'modeled_points_'+self.param+ 1 .dat 1 

if options.outTplFile is not None: 
self.outTplFile = options.outTplFile%{'case 1

: case, 'param': self.param} 
else: 

pptpl = self.outPptFile.split('. ') 
pptpl[-1) = 'tpl' 
self.outTplFile = '.' .join(pptpl) 

if options.outR2MFile is not None: 

'param': 

self.outR2MFile options.outR2MFile%{ 1 case': case, 'paraml: self.param} 
elif baseopt is not None and baseopt.inpredfmt is not None: 

self.outR2MFile = baseopt.inpredfmt%{'case': case, 'param': self.param, 'progl: 
'real2mod'} 

if options.outP2FFile is not None: 
self.outP2FFile options.outP2FFile%{'case': case, 'param': self.param} 

elif baseopt is not None and baseopt.inpredfmt is not None: 
self.outP2FFile = baseopt.inpredfmt%{'case': case, 'param': self.param, 'prog': 

'ppk2fac') 

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: 
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.outKri9FieldFile is not None: 
self.outKrigFleldFile = options.outKrigFieldFile%{'case': case, 'param': self.param} 

elif baseopt is not None and baseopt.krigfmt is not None: 
self.outKrigFieldFile = baseopt.krigfmt%{'case': case, 'param': self.param} 

else: 
self. outKri gFi el dFi le 'model ed_poi nts_' +self. param+'. mod' 

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

elif baseopt is not None and baseOpt.modfmt is not None: 
self.outModflowFile = baseopt.modfmt%{'case': case, 'param': self.param} 

else: 
self.outModflowFile = 'modeled_'+self.param+' field.mod' 
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if options.maskval is not None: self.maskval = options.maskval 

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

if options.varioModel is not None: self.varioModel = options.varioModel 

if options.varioSrch is not None: self.variosrch options.variosrch 

if options. transform is not None: self. transform options. transform 

if options.scaleup is not None: self. scaleup = options. scaleup 

if options.scaleoown is not None: self.scaleDown = options.scaleoown 

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

if options.nzones is not None: 
self.nzones = options.nzones 
self.zninptindFile = [None]*self.nzones 
self.zninptindval = [l]*self.nzones 
self.zninitvalEqn = [(l.O,O.O,)]*self.nzones 
self.znsrchDist = (self.srchoist]*self.nzones 
self.znGridoist = [self.gridoist]*self.nzones 
self.znNoFixed = [False]*self.nzones 
self.znNoWells = [False]*self.nzones 
self.znNoGrid = [False]*self.nzones 
self.znvarioModel = [self.varioModel]*self.nzones 
self.znvariosrch = [self.variosrch]*self.nzones 
self.znMaxvalue = [self.maxvalue]*self.nzones 
self.znMinvalue = [self.minvalue]*self.nzones 

if options.znMaxvalue is not None: 
for (zn,vl) in options.znMaxvalue: 

self.znMaxvalue[int(zn)] = float(vl) 
if options.znMinvalue is not None: 

for (zn,vl) in options.znMinvalue: 
self.znMinvalue[int(zn)] = float(vl) 

if options.zninptindFile is not None: 
for (zn,fl) in options.znrnptindFile: 

if self.zninptindFile[int(zn)] is None: 
self.zninptindFile[int(zn)] = [fl%{'case': case, 'param': self.param}] 

else: 
self. zninptindFi le [i nt(zn)]. append(fl%{ I case I: case, I par am' : self. par am}) 

if options.zninptindval is not None: 
for (zn,ind) in options.znrnptrndval: self.znrnptrndval[int(zn)] 

if options.zninitvalEqn is not None: 
for (zn,m,b) in options.znrnitvalEqn: self.zninitvalEqn[int(zn)] 

float(b), ) 

if options.znsrchoist is not None: 
for (zn,dist) in options.znSrchoist: self.znsrchoist[int(zn)] 

if options.znGridoist is not None: 
for (zn,dist) in options.znGridDist: self.znGridoist[int(zn)J 

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

if options.znNowells is not None: 
for zn in options.znNoWells: self.znNowells[zn] =True 

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

if options.znvarioModel is not None: 
for (zn,md) in options.znvarioModel: self.znvarioModel[int(zn)] 

if options.znvariosrch is not None: 
for (zn,dist) in options.znvariosrch: self.znvariosrch[int(zn)] 

return 

int(ind) 

(float(m), 

float(dist) 

float(dist) 

md 

float(dist) 
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def create_zones( self, baseOpt=None ): 
self.zoneField = Fieldoata(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.zninptindFile[i] 
for IFl in infile: 

indic = self.zninptrndval[i] 
print' ','reading',IFl,'==',indic,'for zone id ',i 
zo = FieldData(self.specs) 
zD.load_field(IFl, 'GEOEAS') 
nurn = self.zoneField.assign_vals_by_indicator(i ,zo,indic) 

zoneFile = self.outzoneNumFile 
self.zoneField.save_field(zoneFile) 
print ' ','saved zone field to:' ,zoneFile 
return self 
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J,\'J"/1PEST: Tfu.sjimctiun creates the inma!jleldji·om the paramuer data. depth. and regression variables. The 1·esultingfife can be viewed 
graphical!J' or textually for venficariun purposes. 

det create_initial_field( self , baseopt=None ): 
self.initField = Fieldoata(self.specs) 
self.initField.init_to_teros() 
varoataFile = self.spvarFile 
sumrnfo = [tuple()]*self.nzones 
print ' creating initial values field for parameter' ,self.param 
if varoataFile is not None: 

spatialvar = Fieldoata(self.specs) 
Spatialvar.load_field(varDataFile, 'GEOEAS') 

else: 
spatialvar = None 

for i in range(O,self.nzones): 
(m,b) = self.zninitValEqn[i] 
(ct,ave) = self.zoneField.assign_initial_by_zone(i,Spatialvar,m,b) 
if spatialvar is None: D = None 
else: o = 'D' 
sumrnfo[i] = C m , D , b , ct , ave , ) 
print ' zone',i, 'assigned' ,ct 'cells with an average value of',ave 

self.initField.d_data = self.zoneFieid.d_mask 
self.initField.save_field(self.outinitFieldFile) 
self.s~varField = spatialvar 
print saved initial values field to:' ,self.outrnitFieldFile 
self.latexTableinfo = suminfo 
return self 

l/v'fr2PFST: This section creates the pilot pomt localionsfor a parameter given the optio11s .1pecijied in the ··spec_ *.in "'jile. lhi.~ process places 
fixed pilot poims. rhen pilot poims betweer1 pumping cmd ohserw1WJJwe/ls. and thenjil/s in the remamder 1rith a gnd, as ts described in Section 
3.2. The veriftcarwn is done borh graphically by examimng pictures such as in F1gure 3-7. but also in console output us presented in H4. 

def create_pilot_points( self , baseopt=None ): 
(nx,ny,nz,xO,yO,zO,dx,dy,dz) = self.specs 
zoneFld = self.zoneField 
param = self.param 
nzones = self.nzones 
fpFile = self.fpFile 
wlFile = self.wellFile 
Pi lot Poi ntData = [] 
PilotPoi ntGrps = [] 
b_noFixed = self.znNoFixed 
b_nowells = self.znNoWells 
b_noGrid = self.znNoGrid 
dist = self.znsrchoist 
gdist = self.znGridDist 
fpvals = (} 
print ' Creatin~ pilot points for parameter' ,self.param 
if fpFile is not " and fpFile is not None: 

FixedPoints = read_pts_list(fpFile) 
FixedPointsvals = read_pts_vals(fpFile) 
for (x,y,zn,val) in FixedPointsvals: 

fprd = '%7d%7d'%(x,y,) 

else: 
fpVals[fpid] = val 

FixedPoints = [] 
if wlFile is not '"' and wlFile is not None: 

wellLocs = read_well_pairs(wlFile) 
else: WellLOCS = () 
b_needMask = False 
Pntinfo = [tuple()]*self.nzones 
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for 

Fix WellLocs 

# 

# 

i in ran~e(O,nzones): 
znwe 11 Pol nts = [] 
znGri dPoi nts = [] 
zoneFixed = [~ 
pointsFld = FleldData(zoneFld.specs) 
pointsFld.init_to_zeros() 
if not b_noFixed[i]: 

pointsFld.blank_fixed_points(FixedPoints,dist[i]) 
if not b_nowells[i]: 

znwellPoints = pointsFld.add_well_points(wellLocs,self.wellcoords,dist[i]) 

if not b_noGrid[i]: 
znGridPoints = pointsFld.add_grid_points(gdist[i]) 

pointslocations = znwellPoints + znGridPoints 
print ' Number of possible locations:', len(pointsLocations) 

zonePoints = self.zoneField.assign_ppoints_to_zone(i ,pointsLocations,dist[i]) 
print ' Locations used in zone' ,i,' :' ,len(zonePoints) 

vet = 0 
vMin = self.znMinValue[i] 
vMax = self.znMaxvalue[i] 
(m,b) = self.znrnitvalEqn[i] 
for (x,y,zn) in zonePoints: 

if self.spvarField is None: o 0 
else: 

k = int(( x - xo) 1 dx) 
j = int(( yO - y) I dy) 
node = k + ( j * nx ) 
o = self.spvarField.d_data[node] 

val=m*D+b 
prd = '%s_z%.1dp%.4d' % ( param, zn, vet,) 
vet = vet + 1 

#### 

Pi lotPoi ntoata. append((pid, x, y ,zn, val, vMi n, vMax, False, self. param+"_zn%d''%i , ) ) 
if not b_noFixed[i]: 

vet = 0 
zoneFixed = self.zoneField.assign_ppoints_to_zone(i,FixedPoints,O.OO) 
for (x,y,zn) in zoneFixed: 

fpid = '%7d%7d'%(x,y,) 
val = fpvals[fprd] 
pid = '%s_z%.ldf%.4d' % ( param, zn, vet,) 
vet = vet + 1 
Pi lotPoi ntoata. append((pld, x, y, zn, val, val 1 va 1, True, self. param+"_zn%d"%i 1)) 

if len(ZonePoints)+len(zoneFixed) > 0: 
Pi 1 otPoi ntGrps. append ( (se 1 f. par am+ "_zn%d"%i , max( ( (vMax-vMi n)/64. 0) I 0. 01) , ) ) 

else: 
self.needMaskParam =True 

print ' Assigned' , 1 en (ZonePoi nts) , 'vari ab 1 e and ' , 1 en (ZoneFi xed), 1 fixed pi lot 
points to zone' ,i 

Pntinfo[i] = ( len(ZonePoints) , len(zoneFixed) I vMin , vMax , ) 
write_ppt_tpl_file(self.outTplFile,PilotPointoata) 
print ' saved pilot points template file to: 1

1 Self.outTp1File 
write_ppt_init_file(self.outPptFile,PilotPointoata) 
print ' saved initial pilot points data to:' ,self.outPptFile 
self.paroata = PilotPointData 
self.parGrps = PilotPointGrps 
self.latexPointinfo = Pntinfo 
return 

C0.1-f,1,fP.,\"T:Tl:i.s .seco'ion 1s us::d rhe !he resrdlingjil.: is unused. 
def print_latex_table(self ): 

latexFile = self.outinitFieldFile.split('. ') 
latexFile[-1] = 1 tex' 
latexFile = ', '.join(latexFile) 
LTX = open(latexFilel 'w') 
print >>LTX, '\\begin{tabular}{clccccc}' 
print >>LTX, '\\bf zone & & \\bf Num & \\bf 

Mean & \\bf Fixed & \\bf variable & \\bf Point Limits \\\\ ' 
print >>LTX, '\\bf ID & \\bf Equation for Initial l\\log_{lO}(%s)$ & \\bf cells & \\bf 

value & \\bf Points & \\bf Points & $[LB,UB]$ \\\\\\hline '%(self.param) 
fori in range(O,self.nzones): 

( m , D , b 1 ct , ave , ) = self.latexTableinfo[i] 
( nvar 1 nFix, lb, ub,) = self.latexPointrnfo[i] 
if o is None: 

print >>LTX, 'z-%d & $%s_(%d} = %f $ & %d & %g & %d & %d & $[%.lf,%.lf]$ 
\\\\'%(i,self.param,i,b,ct 1 ave,nFix,nvar,lb,ub) 

else: 
print >>LTX, 'Z-%d & $%s_(%d} = %f \\cdot %s %+.4f $ & %d & %.3f & %d & %d & 

$[%.lf,%.lf]$ \\\\'%(i,self.param,i 1 m,D,b,ct,ave,nFix,nvar 1 lb,ub) 
print >>LTX, 1 \\hline\\hline\\end{tabular}' 
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LTX.close() 
print ' saved initial pilot points summary to:', latexFile 
return 
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1N!T2f'EST: This section creates rhe template files fOr PPK2FAC. FAC2REAL. and RF-AIJHOD. The output.files can be visually inspected. 
though any failures are quickly endenced in any log_file. 

def create_utility_inputs( self , baseopt=None ): 
print ' creating groundwater-utility program i nput-redi recti on fi 1 es' 
opts= { '9ridspec': self.gridFile, 

'1nput': self.outKrigFieldFile, 
'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.scaleoown is not None: opts['scale-down'] = self.scaleoown 
self.parFiles.append( ( self.outTplFile, self.outPptFile, ) ) 
if self.needMaskParam: 

self.parGrps.append((self.param+"_msk",O.OS,)) 
self. par Data .append(( '%s_shi ft '%self. par am ,0 ,0 ,0,0, -5,5, False, self. param+"_msk", )) 
outTplReal2Mod = self.outR2MFile.split('. ') 
outTplReal2Mod[-1] = 'tpl' 
outTplReal2Mod = '.' .join(outTplReal2Mod) 
self.parFiles.append( ( outTplReal2Mod , self.outR2MFile , ) ) 
opts['mask-value'] = self.maskval 
opts['mask-shift'] = '#%s_shift #'%self.param 
opts['rnask-file'] = self.outrnitFieldFile 
write_r2m_tpl_file(outTplReal2Mod,opts) 
print ' saved REAL2MOD template file to:' ,outTplReal2Mod 
opts['rnask-shift'] = 0.0 

write_r2m_opt_file(self.outR2MFile,opts) 
print ' saved REAL2MOD input file to:' ,self.outR2MFile 
fac2rea1Inp = [] 
fac2realinp.append(self.outFactorsFile) 
fac2realrnp.append('u') 
fac2realinp.append(self.outPptFile) 
fac2rea1Inp.append('s') 
fac2rea1Inp.append(-99.9) 
fac2realrnp.append('s') 
fac2rea1Inp.append(99.9) 
fac2realrnp.append(self.outKrigFieldFile) 
fac2rea1Inp.append('f') 
fac2rea1Inp.append(self.maskval) 
write_ txt_fi 1 e (self. outF2RFi 1 e, fac2 rea linp) 
print ' saved FAC2REAL input file to:' ,self.outF2RFi1e 
ppk2facinp = [] 
ppk2facrnp.append(self.gridFile) 
ppk2facrnp.append(self.outPptFile) 
ppk2facinp.append('l') 
ppk2facinp.append(self.outzoneNumFile) 
ppk2facinp.append(self.varioFile) 
for i in range(O,self.nzones): 

ppk2facinp.append(self.znvarioModel[i]) 
ppk2facrnp.append('o') 
ppk2facrnp.append(self.znvariosrch[i]) 
ppk2facinp.append(l) 
ppk2facrnp.append(9) 

ppk2facrnp.append(self.outFactorsFile) 
ppk2facinp.append('u') 
ppk2facinp.append('/dev/null ') 
ppk2facrnp.append('u') 
ppk2facinp.append('/dev/null ') 
write_txt_file(self.outP2FFile,ppk2facrnp) 
print ' saved PPK2FAC input file to:' ,self.outP2FFile 
return 

CQ,\fi'v!Elv'T:Returns list qf data to an externalfimction 
def get_pest_parameters( se1f , baseopt=None ): 

return self.paroata, self.parGrps, self.parFiles 

I.VJT2PEST:Parses the ··spec_JJoints_ *.in'"jiles. 
def option_parser( self , filename=None , baseopt=None ): 

parser = OptionParser() 
parser. add_opti on(" --gri d-speci fi cation-file", dest="gri d File", type="stri n~") 
parser. adcLopti on(" --we 11-coordi nates-file", dest="coordFi 1 e", type=" string ) 
parser.adcLoption("--number-of-zones",dest="nzones", type="int"J 
parser. add_option("--output-zone-fi le", dest="outzoneNumFi 1 e", type="stri ng") 
parser. add_opti on(" --spatia 1-vari able-file", dest=" spvarFi 1 e", type=" string") 
parser. adcLopti on(" --output-i ni ti a 1-va 1 ue-fi e 1 d", dest="outrni tFi e ldFi 1 e" , type="s tri ng") 
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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_opti on(" --pi 1 ot-poi nt-gri d-spaci "@.",des t="gri doi st", tyP,e="float '') 
parser. add_opti on(" --no-fixed-in-zone" , dest= 'znNoFi xed", type="i nt ', action=" append") 
parser.add_option("--no-wells-in-zone",dest="znNowells", type="int", action="append") 
parser. add_opti on("- -no-grids-in-zone" , dest="znNoGri d", type="i nt" , action=" append") 
parser. add_opti on(" --connect-we 11 s-fi 1 e'', dest="well Fi 1 e", type=" string") 
parser.add_option(~~--output-pi1ot-point-tp1-file 11

1 dest=
11 0utTplFi1e"l tr,pe="string") 

parser. add_opti on ("--output-pi 1 ot-p,oi nt-fi 1 e II I dest= 11 0UtPptFi 1 e" 
1 

type= I string") 
parser. add_opti on("-- rea 12rnod-fi 1 e 'I des t="outR2MFi 1 e", type="st ri n~") 
parser. add_opti on (~~--ppk2fac-fi 1 e" I dest="outP2FFi 1 e" , type=" string ) 
parser. add_opti on("- -fac2 rea 1-fi 1 e" I dest="outF2RFi 1 e", type="stri ng 11

) 

parser. add_opti on(" --kri gi ng-factors-fi 1 e", des t="outFactorsFi 1 e" , type=" string") 
parser. add_opti on ( 11 --kri ged-va 1 ues-fi 1 e", dest="outKri gFi e 1 dFi 1 e" I type=" string") 
parser. add_opti on("- -modfl ow-i nput-fi 1 e" I dest="outModfl owFi 1 e" , type=" string") 
parser.add_option(~~--nan-value-mask",dest="maskval", type="int", default='-999') 
parser.add_option("--kriging-structure-fi1e" 1 dest="varioFile", type=11 String") 
parser. adcLopti on ("--van ogram-mode 1" I dest="vari oMode 1" , type="stri n~") 
parser. add_opti on("- -vari ogram-search '' , dest="vari os rchll , tyr,e="float ) 
parser.add_option("--max-va1ue",dest="rnaxva1ue",type="f1oat 1

) 

parser. add_opti on("- -mi n-va 1 ue" 1 dest="mi nva 1 ue", type="fl oat") 
parser. add_opti on(" --zone-i ndi cator-fi 1 e", dest="zninptlndFi 1 e" , type=" string", nargs=2, 

action=" append") 
parser.add_option("--zone-indicator-value",dest="zninptindVal", type="int", nargs=2, 

action="append") 
parser. add_opti on(" --zone-i ni ti a 1-va 1 ue-eqn", dest=" znini tva 1 Eqn" , type="f1 oat II I nargs=3, 

action="append") 
parser. add_opti on(" --zone-search-distance" I dest="zns rchDi s t", type="fl oat", nargs=2, 

action="append") 
parser.add_option("--zone-pilot-point-grid-spacing",dest="znGridDist", type="float", 

nargs=2, action="append") 
parser. add_opti on(" --zone-vari ogram-model '', dest=" znvari oMode 1" , type="stri ng", nargs=2, 

action="append") 
parser. add_opti on(" --zone-vari ogram-search", dest="znvari osrch" , type=''fl oat" , nargs=2, 

action=" append") 
parser.add_option(~~--zone-min-va1ue",dest="znMinvalue" 1 type="float" 1 nargs=2, 

action=" append") 
parser.add_option("--zone-rnax-value",dest="znMaxvalue", type="float", nargs=2, 

action="append") 
parser. add_opti on(''-- rea 12mod-transform", dest="transform" , type=" string") 
parser. add_opti on("-- real2mod-sca 1 e-down" , dest='' sea 1 eoown", tr,pe="fl oat") 
parser. add_opti on("-- rea 12mod-sea 1 e-up", dest=" sea 1 eup", type= 'float") 
if filename is not None: 

ar!Jfile = open(filename, 1 r') 
al1st = [] 
for arg in argfile: 

aa = arg.split() 
for a in aa: alist.append(a.strip()) 

(options, args) = parser.parse_args(args=alist) 
self.load_options(options,baseopt) 

return parser 

!XIT2PEST:This procedure crmtr:.s the PEST col/{mfjile used fur rhe initial PEST execuliO!i (r:~?? _imlps!) fjthisJirils. PFST ji1ilr:s and e.-.:1ts 
\l'lfh a 11011-zem error code. The resulting uutputjile can also be ve1jied using the 1-'L)'f utility PESTCI IEK. 
def build_pest_file( options , fileplus=None , obsoata=[J , obsGrps=[J , obsFiles=(] , 

paroata=[] , parGrps=[] I parFiles=[ I NITER=l): 
if filep1us is not None: fileplus = 1

_' + filep1us 
else: fi1eplus = '' 
filename options.peststub + fileplus + '.pst' 
outfile = open(filename, 1

W
1

) 

print >>outfile, 'pcf' 
print >>outfi 1 e, '* contro 1 data' 
print >>outfi 1 e, ' restart es ti mati on' 
print >>outfile, len(parData) ,len(obsData) ,len(parGrps) I '0', len(obsGrps) 
print >>outfi1e, len(parFiles) 1 len(obsFiles), 'single' 1 'point' ,1,0 1 0 
print >>outfile, '10.0 2.0 0.10 0.011 1 

print >>Outfi1e, '3.0 4.0 0.001' 
print >>outfile, '0.1' 
print >>outfile, NITER, 1 0.001 4 3 0.001 3' 
print >>Outfile, '111 1 

print >>outfile, '* singular value decomposition' 
print >>outfile, '1' 
print >>outfile, int(len(paroata)/2), 'le-4 1 

print >>Outfile, '1' 
print >>outfile, '* parameter groups' 
for GRP 1 DERINC in parGrps: 

print >>Outfile, GRP 1 
1 rel to_max' ,DERINC 1 '0.1 switch 2.0 parabolic' 
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print >>outfile, '*parameter data' 
for PARNME,x,y,zn,PARVALl,PARLBND,PARUBND,PARTRANS,PARGP in parData: 

if PARTRANS is True: PARTRANS = 'fixed' 
else: PARTRANS = 'none' 
print >>outfile, 
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PARNME,PARTRANS, 'relative' ,PARVAL1+20,PARLBND+20,PARUBND+20,PARGP, '1.0','-20.0', '1' 
print >>outfile, '* observation groups' 
for OBGNME in obsGrps: 

print >>Outfile, OBGNME 
print >>outfile, '* observation data' 
for OBSNME,OBSVAL,WEIGHT,OBGNME in obsData: 

print >>OUtfile, OBSNME,OBSVAL,WEIGHT,OBGNME 
print >>Outfile, '* model command line' 
print >>outfile, options.model 
print >>Outfile, '* model input/output' 
for TEMPFLE,INFLE in parFiles: 

print >>OUtfile, TEMPFLE,INFLE 
for INSFLE,OUTFLE in obsFiles: 

print >>OUtfile, INSFLE,OUTFLE 
outfile.close() 
print ' saved PEST control file to:' ,filename 
return 

fi\lfT2PEST: This creates dre parallel run conrmfjile (r?'n _mit.rmj). f"er:jied by l'J.wal mspection 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, 'O 2.1000 1' 
fori in range(1 1options.nslaves+l): 

print >>Outflle, 'slave'+str(i), './slave'+str(i) 
fori in range(l,options.nslaves+l): 

print >>outfile, '100' 
outfile.close() 
print ' saved PEST run management file:' ,filename 
return 

LVJT2PEST: These june/ions create the =ones ··mode!ed __ =one.~_}Jomts_ ?.il!f" and place the pilot points in/Ire appropriate manner based on the 
options spec{fied in the ParameterDma class 
Rl:." . ..JUMOD: J.aads ajil,; and log-rransfonm; the inputs 
################################## 
# FieldData class 
class FieldData: 

d_data = [] 
d_mask = [] 
specs = None 
daMask = 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-2eros(self): 
nData = self.specs[O] * self.specs[l] 
self.d_data [O]*nData 
self.d_mask = [O]*nData 
return 

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

JNJT2/'EST 
def add_well_points(self, points, coords, distance): 

newPoi nts = [] 
(nx,ny,nz,xO,yO,zO,dx,dy,dz) = self.specs 
ptid = 0 
for (ptl,ptlist) in points.iteritems(): 

(AX,AY.az) = coords[pt1] 
i int(( AX xO ) I dx) 
j = int(( yO - AY ) I dy) 
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node = i + ( j * nx ) 
if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] 

newPoints.append((AX,AY,)) 
self.d_data[node] = 1 
self.blank_fixed_points([(AX,AY,)] ,distance*O.S) 

for 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)I2.0 
NY= AY + (AY-BY)I2.0 
i = int(( NX - xO ) I dx) 
j = int(( yO - NY ) I dy) 
node = i + C j * nx ) 
if distAB < d1stance*3: 

0: 

if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] 
newPoints.append((NX,NY,)) 
self.d_data[node] = 1 

else: 
self.blank_fixed_points([(NX,NY,)],distance*0.8) 

Rise = AY-BY 
RUn = AX-BX 
distAB = math.sqrt( Run**2 + Rise**2 ) 
if Rise == 0: 

ddx = distance 
ddy = 0.0 

elif Run== 0: 
ddx 0.0 
ddy distance 

else: 
ddx distance * Run 1 distAB 
ddy distance * Rise I distAB 

NX1 = AX - ddx 
NY1 = AY - ddy 
i = int(( NX1 - xO ) I dx) 
J = int(( yO - NY1 ) I dy) 
node = i + ( j * nx ) 
if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] 

newPoints.append((NXl,NYl,)) 
self.d_data[node] = 1 
self.blank_fixed_points([(NXl,NYl,)],distance*0.8) 

NX2 = BX + ddx 
NY2 = BY + ddy 
i = int(( NX2 - xO ) I dx) 
j = int(( yO - NY2 ) I dy) 
node=i+(j*nx) 
if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] 

newPoints.append((NX2,NY2,)) 
self.d_data[node] = 1 
self.blank_fixed_points([(NX2,NY2,)],distance*0.8) 

distance= 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.sqrt( Run**2 + Rise**2 ) 
if Rise == 0: 

ddx = distance 
ddy = 0.0 

elif Run== 0: 
ddx 0.0 
ddy distance 

else: 
ddx 500.0 * Run I distAB 
ddy 500.0 * Rise I distAB 

NX = AX + ddx 
NY = AY + ddy 
i = int(( NX - xO ) I dx) 
j = int(( yO - NY ) I dy) 
node = i + ( j * 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[node] = 1 
self.blank_fixed_points([(NX,NY,)],distance*0.8) 

NX = BX - ddx 

0: 

0: 

0: 

0: 
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NY - BY - ddy 
i = int(( NX xO ) I dx) 
j = int(( yO - NY ) I dy) 
node = i + ( j * 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[node] = 1 
self.blank_fixed_points([(NX,NY,)],distance*0.8) 

if distAB >= distance*3: 
Rise= AY-BY 
Run = AX-BX 
distAB = math.sqrt( Run**2 + Rise**2 ) 
if Rise == 0: 

ddx = distance 
ddy = 0.0 

elif Run == 0: 
ddx 0.0 
ddy distance 

else: 
ddx distance * Run I distAB 
ddy distance * Rise I distAB 

fork in range(l,int(distAB/distance)): 
NX1 = AX - ddx*(k+1) 
NY1 = AY - ddy*(k+1) 

0: 

i = int(( NX1 - xO ) I dx) 
j = int(( yO - NY1 ) I dy) 
node = i + ( j * nx ) 
if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] 

newPoints.append((NXl,NYl,)) 

return newPoints 

JN!T2PEST 

self.d_data[node] = 1 
self.blank_fixed_points([(NXl,NYl,)] ,distance*O.S) 

NX2 = BX + ddx*(k+l) 
NY2 = BY + ddy*(k+l) 
i = int(( NX2 - xO ) I dx) 
j = int(( yO - NY2 ) I dy) 
node = i + ( j * nx ) 
if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] 

newPoints.append((NX2,NY2,)) 
self.d_data[node] = 1 
self.blank_fixed_points([(NX2,NY2,)] ,distance*O.S) 

def add_grid_points(self, distance): 
newPoi nts = [] 
(nx,ny,nz,xO,yO,zO,dx,dy,dz) = self.specs 
ptid = 0 
for ict in range(O,l+nx/int(distance/dx)): 

for jet in ran~e(0,1+nylint((math.sqrt(3)12)*distanceldy)): 
1 = iCt * 1nt(distance/dx) + int(0.2*distance/dx) + ((jet% 2) * 

int(O.S*distance/dx)) 

Jli/!T2P6S1' 

j =jet* int(distance/dy) + int(0.2*distance/dy) 
node=i+(j*nx) 
x = xO + i * dx 
y = yO - j * dy 
if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] 0: 

newPoints.append((x,y,)) 
self.d_data[node] = 1 
self.blank_fixed_points([(x,y,)] ,distance*0.6) 

return newPoints 

def blank_fixed_points(self, points, distance): 
# Points are array of (x,y,) tuples 
(nx,ny,nz,x0,¥0,zO,dx,dy,dz) = self.specs 
ioist = int(dlstance/dx) 
joist = int(distance/dy) 
for (x,y) in points: 

i = int(( x - xO ) I dx) 
i = int(( yO - y ) I dy) 
for ii in range(-iDist,iDist+l): 

for jj in r~~ge(-jDis~,jDi~t+l): 
1f 1 + 11 < 0 or 1 + 11 >=nx: continue 
if j + jj < 0 or j + jj >=ny: continue 
if 1i < 0: sii = -1 
else: sii = 1 
if jj < 0: sjj - -1 

0: 

0: 
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return 

IN!T2PEST 

else: sjj - 1 
xcur xO + ( i + ii + (sii*O.S) ) * dx 
ycur = yO - ( j + jj + (sjj*O.S) ) * dy 
dist ~ math.sqrt( ( x - xcur)**2 + ( y - ycur)**2 ) 
node = i + i i + C j + j J' ) * nx 
if dist <=distance: se f.d_mask[int(node)] = -1 

def assign_vals_by_indicator( self , value , rndicField, rndicvalue=l ): 
ct = o 

Udf2PF.ST 

if len(self.d_data) <> len(IndicField.d_data): 
raise 'fields are not the same size!' 

fori in range(O,len(self.d_data)): 
v = IndicField.d_data[i] 
if v == Indicvalue: 

self.d_data[i] =value 
ct = ct + 1 

return ct 
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def assign_initial_by_zone( self, zoneiD, spatialvar=None, m=l.O , b=O.O ): 
ct = o 

JNIT2PEST 

mysum = 0.0 
fori in range(O,len(self.d_data)): 

z = self.d_data[i] 
if spatialvar is not None: 

D = spatialvar.d_data[i] 
else: D = 0.0 
if z == zoneio: 

V=m*D+b 
self.d_mask[i] = v 
mysum = mysum + v 
ct = ct + 1 

return ct, float(mysum/ct) 

def assign_ppoints_to_zone( self, zoneiD, points=[], distance=SOO.): 
ct = 0 
(nx,ny,nz,xO,yO,zO,dx,dy,dz) = self.specs 
ioist = int(distance/dx) 
joist= int(distance/dy) 
goodPts = [] 
for (x,y) in points: 

i = int(( x - xO ) I dx) 
j = i nt C C yO - y ) I dy) 
node = i + C j * nx ) 
z= self.d_data[node] 
if z == zoneiD: 

goodPts.append( (x,y,z,) ) 
else: 

addPt = Fa 1 se 
for ii in range(-ioist,ioist+l): 

for jj ~n r~~ge(-jois~.jo~~t+l): 
1f 1 + 11 < 0 or 1 + 11 >=nx: continue 
if j + jj < 0 or j + jj >=ny: cont1nue 
node = 1 + ii + ( j + Jj ) * nx 
z =self.d_data[node] 
if z == zoneiD: addPt =True 

z = zoneiD 
if addPt: 

goodPts.append( (x,y,z,) ) 
return goodPts 

REAUMOD & /!VfT2f'EST 
def load_field(self, filename, format="MODFLOW" ): 

fmt = format.upper() 
if fmt == "MOD FLOW": 

self.d_data = read_mf2k(filename) 
el if fmt == "GEOEAS": 

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

print 'cannot open', filename, 'of unknown format', format 
raise 

return 

REA_L2AJOD & /,\'/T2PEST 
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def save_field(self, filename, format-"MODFLOW" ): 
fmt = format. upper() 
if fmt == "MOD FLOW" : 

self.write_mf2k(filename) 
else: 

print 'cannot save', filename, 'of unknown format', format 
raise 

return 

REAL2MOD & IN!T2PEST 
def load_mask(self, filename, format="MODFLOW" ): 

fmt = format.upper() 
if fmt == "MODFLOW": 

self.d_mask = read_mf2k(filename) 
elif fmt == ''GEOEAS": 

self.d.mask = read_geoeas(filenarne,self.specs) 
else: 

print 'cannot open', filename, 'of unknown format', format 
raise 

return 

REAL2MOD 
def run_transforms(self, transforms): 

ct = 0 
( shift , scale , maskshft , xform ) = transforms 
for val in self.d_data: 

if val == self.doMask: val = self.d_mask[ct] + maskshft 
if xform == "LOGlO": 

val = val * scale 
val = math.log10(val) 
val = val + shift 

el if xform == "POW10": 
val val + shift 
val 10**val 
val val * scale 

else: 
val val * scale 
val val + shift 

self.d_data[ct] =val 
ct = ct + 1 

return 

RL1L2MOD & !NIT2PEST 
def write_mf2k( self, filename): 

try: 
outfile = open(filename, 'w') 

except IOError: 
print 'cannot open', filename 
raise 

else: 
for val in self.d_data: 

print>> outfile, val 
outfile.close() 
return 

l.-V!T2PFST: The following calculates initial pilot point values hased on the ::one. depth. and regression parameters. 
#################################### 
# PointData class 
class PointData: 

PilotPointLocs 
Fixed Poi ntLOCS 
FixedPointVals 
InitialvalPars 
InitialvalSPVF None 

fl 
[] 
[] 

need_1l1ask = [] 
max_values [] 
min_values = [] 
nzones = 1 

def __ init __ (self, nzones=l): 
self.need_mask = [False]*nzones 
self.max_values = [l]*nzones 
self.min_values = [O]*nzones 
self.nzones = nzones 
return 

def assign_parameters( self , param='"' ) : 
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parameters [] 
b_useSPV = False 
znPtCt ~ [O]*self.nzones 
znFpCt = [O]*self.nzones 
if self.rnitialvalSPVF is None: D = 0.0 
else: 

b_useSPV = True 
spvFld = self.InitialvalSPVF 

for (x,y,zn) in self.PilotPointLocs: 
x = float(x) 
y = float(y) 
zn = int(zn) 
if b_useSPV: 

(nx,ny,nz,xO,yO,zO,dx,dy,dz) 
i = int(( x - xO ) I dx) 
i = int(( yO - y ) I dy) 
node = i + ( j * nx ) 
o = spvFld.d_data[node] 

(m,b) = self.Initialva1Pars[zn] 
ival = D * m + b 
vMin = self.min_values[zn] 
vMax = self.max_values[zn] 
vet = znPtCt[zn] 
znPtCt[zn] = vet + 1 

spvFl d. specs 

prd = '%s_z%.ldp%.4d' % ( param, zn, vet,) 
bisFixed = False 
bisMask = False 
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parameters.append( (prd, x , y , zn , ival , vMin , vMax , bisFixed , bisMask , 
"grp_"+param, ) ) 

fpvals = {} 
for (x,y,zn,val) in self.FixedPointvals: 

fprd = '%7d%7d'%(x,y,) 
fpvals[fprd] = (x , y , val , ) 

for (x,y,zn) in self.FixedPointLocs: 
fpid = '%7d%7d'%(x,y,) 
(xx,yy,ival) = fpvals[fpid] 
bisFi xed = True 
bisMask =False 
vet = znFpCt[zn] 
znFpct[znJ = vet + 1 
pid = '%s_z%.ldf%.4d' % ( param , zn, vet, ) 
parameters.append( (pid, x , y , zn , ival ival , ival , bisFixed , bisMask , 

"grp_"+param, ) ) 
b_mask = False 
for useMask in self.need_mask: 

if useMask: b_mask = True 
if b_mask: 

pid = '%s_shiftzn' % (param,) 

) ) 
parameters.append( (pid, 0.0, 0.0, 0 , 0.0 , -5.0 , 5.0 , False, True , "msk_"+param, 

return parameters 

INIT2f'EST and OBS2Hf"Af" 
#################################### 
# sample Data class 
class sampleoata: 

"well sample data (head or drawdown) observations" 
measured = {} 
modeled = {} 
wells = [] 
pumpiD = None 
well_coords = {} 
residuals = {} 
rmsevals = {} 
areava l s = {} 
ssevals = {} 
aveArea = {} 
nrmsevals = {} 
maxMeas = {} 
maxModl = {} 
b_singleGroup = False 
startdate = None 
def __ init __ (self, pumpiD=None, startDate=None): 

"initialize the sampleData object" 
self.pumpiD = pumpiD 
if startoate: 

self.startdate = datetime.datetime(*time.strptime(startDate, 
'%ml%d/%Y %H:%M:%S')[0:6]) 
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CO.HMEiVT: /\:'ext routines are f/0 Rw reading and writingjiles specified in the options files 
def print_mod2obs_flle(self, filename): · 

1 SPCFILE I 
'CRDFILE' 
'CRDFILE' 
'MEASFILE' 
'MF2KFILE' 
'f' 
'1999' 
'5' 
'STDATE' 
'STTIME' 
'1' 
'365' 
'MODLFILE I 

return 

def print_obs2real_file(self, filename): 
pass 

def load_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 load_coordinates(self, filename): 
"load well coordinates" 
self.well_coords , dummy= read_crd_file(filename) 
return 
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OBS2REAL: calculates the difference in m·ea between to wn>es. 
def compare_samples(self): 

"calculate error metrics between measured ('true') and modeled results" 
for well in self.wells: 

errorstack = [] 
ms = self.rneasured[Well] 
md = self.modeled[well] 
lastoate = self.startdate 
lastMs = lastMd = 0.0 
lastResid = 0.0 
sse = 0.0 
cumArea = 0.0 
curnoelta = 0.0 
maxMeas = 0.0001 
minMeas = 0.0000 
maxModeled = 0.0001 
tmAtMXMS = 1 
tmAtMXMd = 1 
fori in range(O,len(ms)): 

(msTm,msvl) = ms[i] 
(mdTm,mdVl) = md[i] 
if msTm <> mdTm: 

print 'files do not match!' 
raise 

if lastDate is None: 
1 astoate = msTm 

diff = msTm - lastoate 
delta= diff.days*60*60*24 + diff.seconds 
if delta == 0.0: delta = 1.0 
cumoelta = cumoelta + delta 
if maxMeas is None or msvl > maxMeas: 

maxMeas = msvl 
tmAtMxMs = cumoelta 

if minMeas is None or msvl < minMeas: minMeas msvl 
if maxModeled is None or mdVl > maxModeled: 

maxModel ed=mdvl 
tmAtMxMd = cumoelta 

resid = mdVl - msvl 
if resid > 0 > lastResid or resid < 0 < lastResid: 

slMs = ( msvl - lastMs ) I delta 
slMd = ( mdvl - lastMd ) 1 delta 
midPt = ( lastMs lastMd ) 1 (slMd - slMs) 
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areal - abs(lastResid) * 0.5 * midPt 
area2 = abs(resid) * 0.5 * (delta- midPt ) 
area = areal + area2 

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

lastDate = msnn 
lastResid = resid 
1 astMs = msvl 
lastMd = mdvl 
errorstack.append( (resid, area,) ) 
sse = resid**2 + sse 
cumArea = cumArea + area 

self.aveArea[well] = cumArea I cumDelta 
self.residuals[Well] = errorstack 
self.areavals[well] = cumArea 
self.ssevals[well] = sse 
self.rmsevals[Well] = math.sqrt( sse 1 len(ms) ) 
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self.nrmsevals[well] = math.sqrt( sse I len(ms) ) I ( maxMeas - minMeas ) 
if tmAtMxMs < cumoelta I 10: tmAtMxMs = cumoelta 
self.maxMeas[well] ( tmAtMxMs, maxMeas,) 
self.maxModl[Well] = ( tmAtMxMd, maxModeled,) 
pass 

return 

0!3S2RL-1L: ilssignes dawjimn mputfiles mlo PESTformatted ohserrauons 
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+ '.out' 
try: 

outfile = open(filename, 'w') 
except IOError: 

print 'cannot open', filename 
raise 

for well in self.wells: 
md = self.modeled[Well] 
for i in range(O, len(rnd)): 

(mdTm,mdvl) = md[i] 
print >> outfile, mdvl 

if not b_singleGroup: print >> outfile, self.aveArea[Well] 
(tmMs,rnsMx) = self.maxMeas[well] 
(tmMd,mdMx) = self.maxModl[Well] 
tmoiff = ( tmMd - tmMs ) I tmMs 
if not b_singleGroup: print >> outfile, tmoiff 

if filename is not None: outfile.close() 
return 

I.VlrJPEST: A.ssignes data ji-om mput ralues into ?t:.\Fformcrtted obsermlwns 
def assign_obs_groups(self, b_singleGroup=False ): 

Qroups=[] 
1f b_singleGroup: 

groups.append(self.pumpiD.upper()) 
else: 

for well in self.wells: 
mdGp = self.pumpiD.upper() + well.upper() 
groups.append(mdGp) 

return groups 

fiVJT2PESF: A.nignes datuFom input values into PF.ST Jorntal!i'd vbsermtions 
def assign_obs_data(self, b_singleGroup): 

observed=[] 
for well in self.wells: 

md = self.measured[Well] 
## TODO: Need to add in weighting options here 
if b_singleGroup: 

mdGp self.pumpiD.upper() 
mdwt 2.00 

else: 
mdGp self.pumpiD.upper() + well.upper() 
mdwt 1. 00 

fori in range(O,len(md)): 
(mdTm,mdvl) = md[i] 
mdid = '%-6.6s_%-6.6s o%.2d'% ( self.pumpro.lower() , well.lower() ,i ) 
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mdrd = mdid. replace(' ' , '_•) 
observed.append( (mdrd, mdvl, mdwt, mdGp,)) 

gerd = '%-6.6s_%-6.6s_err' % ( self.pumpiD.lower() , well.lower() ) 
geld = geld. rep 1 ace (' ' , '_') 
gevl = o.oo 
QeWt = math.sqrt(len(md)) 
1f not b_singleGroup: 

observed.append( (geld, gevl, gewt, mdGp,)) 
geld= '%-6.6s_%-6.6s_tim' % ( self.pumpro.lower() , Well.lower() ) 
gerd = gerd.replace(' ','_') 
gevl = 0.00 
QeWt = math.sqrt(len(md)/2) 
1f not b_singleGroup: 

observed.append( (gerd, gevl, gewt, mdGp,)) 
return observed 

OBS2R£AL: Prims the outpurs in a more readable fOrmat 
def P.rint_summary_data(self, filenarne=None, append=False): 

'print sumamry error metrics for each observation well" 
if filename is None: 

outfile = sys.stdout 
else: 

try: 
if append: outfile = open(filename, 'a') 
else: outfile = open(filename, 'w') 

except IOError: 
print 'cannot open', filename 
raise 

if not append: 
print >> outfile, 
print >> outfile, 

Modeled_Max, N , MeasMaxodnAt 
if self.b_singleGroup: 

pass 

'# Error Metrics Summary File' 
'# Test_Name, SSE, RMSE, NRMSE, Err-Area, Ave-Err, Measured_Max, 

ModlMaxDdnAt ' 

else: 
for well in self.wells: 

md = self.modeled(Well] 
n = len(md) 

%f'%( 
print>> outfile, '%-20s %12.5e %12.5e %12.5e %12.5e %12.5e %12.5e %12.5e %3d %f 

'"'+self .pumpiD+'- '+Well+'"', 
self.ssevals[well], self.rmsevals[Well], 

self.nrmsevals[Well], 
self.areavals[well], self.aveArea[well], 
self.maxMeas[Well][l], self.maxModl[welll[l], n 
self.maxMeas(well](O], self.maxModl(well (O] ) 

if filename is not None: 
return 

outfile.close() 

OBS2REAL: Prints the output.~ in a more readable format 
def r.rint_full_data(self, filename=None): 

'print full data for each measurement pair" 
if filename is None: 

outfile = sys.stdout 
else: 

try: 
outfile = open(filename,'w') 

except IOError: 
print 'cannot open', filename 
raise 

print >> outfile, '# Full 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] 
fori in range(O,len(md)): 

(msTm,msvl) = ms[i] 
(mdTm,mdvl) = md[i] 
max = self.maxMeas[Well][l] 
print>> outfile, '%-16s %-20s %12.5e %12.5e %12.5e %12.5e %12.5e %12.Se' 

%('" '+self.pumpiD+'- '+Well+'"', 
msTm.strftime('%m/%d/%Y %H:%M:%s'), 
msvl,mdvl ,mdvl-msvl, 

print>> outfile, '' 
pr1nt >> outfile, '' 

outfile.close() 

msVl/max,mdvl/max, 
(mdvl-msvl)/max ) 
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return 
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ALL The }0/lmrmg routines an: JiQ routines !/sed by all the utilities. These routines. u-·ere ver(/ied by comparing the expected outputtu rhe outpm 
that the mwines created Furrher rerijicatirm comes from thej[u:r that PEST a11d irs utilities are syn/ax-error inro/('fu!lf, and would crash (and be 
JO mdicaled in/he Jogs) J.lthere were rmy errors 
######################################## 
# Generic Read/write Routines 
def write_ins_file(filename, observations): 

if filename is None: outfile = sys.stdout 
else: 

try: 
outfile = open(filename, 'w') 

except IOError: 
print 'cannot open', filename 
raise 

print>> outfile, 'pif *' 
for (geld, gevl, gewt, mdGp) in observations: 

print >>Outfile, '11 ! ' +geld+ '!' 
if filename is not None: outfile.close() 
return 

def write_ppt_tpl_file(filename, parameters): 
if filename is None: outfile = sys.stdout 
else: 

try: 
outfile open{filename, 'w') 

except IOError: 
print 'cannot open', filename 
raise 

print>> outfile, 'ptf #' 
for (pid,x,y,zn,v,vmin,vmax,fix,grp) in parameters: 

print >>Outfile, '%s %d %d %d #%-15s#'%(pid,x,y,zn,pid) 
if filename is not None: outfile.close() 
return 

def write_ppt_init_file(filename, parameters): 
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,grp) in parameters: 
print >>outfile, '%s %d %d %d %15f'%(pid,x,y,zn,v) 

if filename is not None: outfile.close() 
return 

def write_r2m_tpl_file(filename, parameters): 
if filename is None: outfile = sys.stdout 
else: 

try: 
outfile = open(filename, 'w') 

except IOError: 
print 'cannot open', filename 
raise 

print >> outfile, 'ptf #' 
for (opt,val) in parameters.iteritems(): 

print >>outfile, '--'+opt+'='+str(val) 
if filename is not None: outfile.close() 
return 

def write_r2m_opt_file(filename, parameters): 
if filename is None: outfile = sys.stdout 
else: 

try: 
outfile = open(filename,'w') 

except IOError: 
print 'cannot open', filename 
raise 

for (opt,val) in parameters.iteritems(): 
print >>outfile, '--'+opt+'='+str(val) 

if filename is not None: outfile.close() 
return 

def write_txt_file(filename, lines): 
if filename is None: outfile = sys.stdout 
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else: 
try: 

outfile = open(filename,'w') 
except IOError: 

print 'cannot open', filename 
raise 

for line in lines: 
print >>Outfile, line 

if filename is not None: outfile.close() 
return 

def read_well_pairs( filename ): 
infile = open(filename, 'r') 
adict = {] 
for line in infile: 

(wl,w2) = line.strip().upper().split() 
if wl in adict: 

adict[wl] .append(w2) 
else: 

adict[wl] = [w2] 
infile.close() 
return adi ct 

def read_smp_file(filename): 
"read a PEST groundwater utilities Bore sample File" 
adict = {} 
wells= [] 
Thiswell = None 
try: 

infile = open(filenarne, 'r') 
except IOError: 

print 'cannot open', filename 
raise 

else: 
pass 

for line in infile: 
line= line.strip() 
(Well, Date, Time, Meas) = line.split() 
well = well.upper() 
MDate = datetime.datetime(*time.strptime(Date + ' ' + Time, 

'%m/%d/%Y %H:%M:%s')[0:6]) 
if Thiswell <>Well: 

data = [] 
Thiswell =well 
wells.append(well) 

data.append( (MDate, float(Meas),) ) 
adict[well] = data 

infile.close() 
return adict, wells 

def read_mf2k( filename): 
"read a formatted MODFLOW data file" 
ct = o 
data = [] 
try: 

infile = open(filename, 'r') 
except IOError: 

print 'cannot open', filename 
raise 

for line in infile: 
vals = str.split(line.strip()) 
for val in vals: 

data.append(float(val)) 
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 IOError: 

print 'cannot open', filename 
raise 

header= infile.readline().strip() 
specs= infile.readline().strip().split() 
co 1 Header=[] 
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ncols - specs[O] 
del specs[O] 
if len(specs) > 8: 

(nx,ny,nz,xO,yO,zO,dx,dy,dz)=specs[0:9] 
nx = int(nx) 
ny = int(ny) 
nz = i nt(nz) 
xO = fl oat(xO) 
yO = float(yO) 
zO = float(zO) 
dx = float(dx) 
dy = fl oat(dy) 
dz = float(dz) 
yO = yO + (ny-1) * dy 

elif inspecs is not None: 
(nx,ny,nz,xO,yO,zO,dx,dy,dz)=inspecs[0:9] 

else: 
(nx, ny,nz,xO,yO,zO,dx,dy ,dz)=(O, 1,1,0. ,0. ,0. ,1. ,1., 1.) 

fori in range(O,int(ncols)): 
colHeader.append(infile.readline().strip()) 

node = 0 
nData = nx ·;: ny 
data = [O]*noata 
for line in infile: 

thisLine = line.strip().split() 
x = float(thisLine[O]) 
del thisLine[O] 
y = float(thisLine[O]) 
del thisLine[O] 
z = float(thisLine[O]) 
del thisLine[O] 
vals = float(thisLine[O]) 
if nx <> 0: 

i = int(( x - xO ) I dx) 
i = int(( yO - y ) I dy) 
node = i + j * nx 
data[node] = vals 

else: 
node = node + 1 
data[node] = vals 

infile.close() 
return data 

def read_spc_file(filename): 
"read in a PEST GW Utilities Grid specification File" 
try: 

infile = open(filename, 'r') 
except IOError: 

print 'cannot open', filename 
raise 

(ny, nx)=i nfi l e. readl i ne(). strip(). split() 
(xO,yO,zO)=infile.readline().strip().split() 
(nx,dx) = infile.readline().strip().split('*') 
(ny,dy) = infile.readline().strip() .split('*') 
infile.close() 
specs= (int(nx),int(ny),l,float(xO)+float(dx)l2.0,float(y0)

float(dy)l2.0,float(zO),float(dx),float(dy),l.O) 
return specs 

def read_crd_file(filename): 
"read a PEST groundwater uti 1 i ties Bore coordinates File" 
adict = {} 
wells = [] 
try: 

infile = open(filename, 'r') 
except IOError: 

print 'cannot open', filename 
raise 

for line in infile: 
vals = str.split(line.strip()) 
welliD = vals[O] .upper() 
x = float(vals[l]) 
y = float(vals[2]) 
z = float(vals[3]) 
crd = ( x, y, z, ) 
wells.append(welliD) 
adict[welliD] = crd 

infile.close() 
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return adict, wells 

def 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 line in infile: 
vals = str.split(line.strip()) 
(x,y) = vals[1:3] 
data.append( (float(x),float(y),) ) 

infile.close() 
return data 

def 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 line in infile: 
vals = str.split(line.strip()) 
(x,y,z,v) = vals[l:S] 
data.append( (float(x),float(y),float(z),float(v),)) 

infile.close() 
return data 

def read_pumping( filename=None ): 
"read a PEST groundwater utilities Bore Pumping File" 
try: 

infile = open(filename, 'r') 
except IOError: 

print 'cannot open', filename 
raise 

else: 
pass 

1 astPump = None 
pumpL i st = [] 
startoates = {} 
for line in infile: 

(pumpiD, datel, timel, date2, time2, volume) 
pumpiD = pumpio.upper() 
if pumpiD <> lastPurnp: 

Startoate = datel + ' ' + timel 
pumpList.append(pumpiD) 
startoates[purnpio] = Startoate 
lastPump = purnpiD 

infile.close() 
return startoates, pumpList 

line.split() 
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G.5 Recalibration and Analysis Codes 

G.5.1 Listing- CVS:/ /Tfields::lnputsfscriptsjfix_snl8.sh 
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This script fixes all points outside the area of interest (see Figure 4-3) and then recreates the PEST 

control file. 

#!/bin/bash 

FIELD=$1 

>LW=616000 
Y_S=3580000 
>Le=63oooo 
Y_N=3589000 

PARAMS:::"A T R S" 
for P in $PARAMS 

do 
grep -v -i "f" modeled_final_points_${P}.dat I awk -v Xl=$X,_W -v Yl=$Y_S -v X2=$x_E -v Y2=$Y_N 

'{if ( Xl>$2 II Yl>$3 II X2<$2 II Y2<$3) printf("%s\tfix_param\t%f\tremove_prior\n",$1,20+$5); 
} . 

grep -i ${P} _shift ${FIELD}_ last. pst 1 awk '{pri ntf("%s\tfix_param\t%s\tremove_prior\n", $1, $4); 
} . 
done> paramfix_points.in 
./parrep.exe ${FIELD}_last.par ${FIELD}_init.pst ${FIELD}_update.pst 
./paramfix.exe paramfix_points.in ${FIELD}_update.pst ${FIELD}_init.pst 
mv ${FIELD}_new.pst ${FIELD}_init.pst 
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G.5.2 Listing- CVS:/ jTfields::lnputsfscriptsjrun_dtrkmf.sh 
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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 ID (r???) in the prefix, so they can be stored in a single directory. 

#!/bin/bash 

FILES='cat $1' 
for File in $FILES 

do 
FID=${ Fi 1 e##* /} 
cvs -d $CVSROOT co -p Outputs/${File}/modeled_K_field.mod > ${FID}_K_field.mod 
CVS -d $CVSROOT CO -p 0Utputs/${F1le}/modeled_A_field.mod > ${FID}_A_field.mod 
cvs -d $CVSROOT co -p outputs/${Flle}/modeled_s_field.mod > ${FID}_S_field.mod 
cvs -d $CVSROOT co -p Outputs/${Flle}/modeled_R_field.mod > ${FID}_R_field.mod 
cvs -d $CVSROOT co -p -kb outputs/${File}/modeled_flow.bud > ${FID}_flow.bud 
ln -f elev_top.mod fort.33 
ln -f elev_bot.mod fort.34 
./dtrkmf.exe dtrkmf_~ipplwb.inp ${FID}_flow.bud ${FID}_travel_LWB.dat debug.out 
./dtrkmf.exe dtrkmf_domain.inp ${FID}_flow.bud ${FID}_travel_domain.dat debug.out 

done 
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G.6 Configuration Files 
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The configuration files used as input to INIT2PEST are provided here for convenience. 

G.6.1 Configuration- CVS:/ /Tfields::Inputsjconfigjspec setup.in 
--observations-options-file=spec_observations.in 

--parameter-options-file=T spec_points_T.in 
--parameter-options-file=S spec_points_s.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 
--final-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-slaves=6 
--model-command-./model.sh 
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G.6.2 Configuration- CVS://Tfields::lnputsfconfigfspec_observations.in 
--steady-state-test=head 
--pumping-test-file-spec pumping.dat 
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G.6.3 Configuration- CVS:/ /Tfields::lnputsjconfigjspec points_T.in 
--grid-specification-file=spec_domain.spc 
--well-coordinates-file=spec_locs.crd 

--number-of-zones=S 
--spatial-variable-file=elev_overburden.geo 
--fixed-points-data-file=fixed_points_T.ppt 
--search-distance=SOO.O 
--pilot-point-grid-spacing=2000.0 
--connect-wells-file=spec_connect_T.lst 
--max-value=-1 
--min-value=-19 

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

--zone-indicator-file=l %(case)scoord.map 
--zone-indicator-file=! zone_halitemargins.geo 
--zone-initial-value-eqn=l -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-eqn=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 
--kri9ing-structure-file=spec_variogram.str 
--var1ogram-model=culebra 
--variogram-search=9500. 

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

--real2mod-file=real2mod_points_T.in 
--real2mod-scale-down=7.75 
--real2rnod-transform=pow10 
--modflow-input-file-modeled K-field.mod 
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G.6.4 Configuration- CVS:/ /Tfields::Inputsjconfigjspec_points_S.in 
--grid-specification file spec_domain.spc 
--well-coordinates-file=spec_wells.crd 

--number-of-zones=S 
--search-distance=500.0 
--fixed-points-data-file=fixed_points_s.ppt 
--pilot-point-grid-spacing=2000.0 
--connect-wells-file=spec_connect_S.lst 
--max-value=-0.5 
--min-value=-6 

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

--zone-indicator-file=! zone_transition.geo 
--zone-initial-value-eqn=l 0 -4.0 
--no-wells-in-zone=l 
--no-fixed-in-zone=l 
--zone-max-value=l -0.5 
--zone-min-value=! -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 

--kri9ing-structure-file=spec_variogram.str 
--var1ogram-model=culebra 
--variogram-search=9000. 

--nan-value-mask=-999 

--real2mod-scale-down=7.75 
--real2mod-transform=powlO 
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G.6.5 Configuration - CVS:/ /Tfields::lnputsfconfigjspec_points_A.in 
grid-specification file=spec_domain.spc 

--well-coordinates-file=spec_locs.crd 

--number-of-zones=5 
--search-distance=750.0 
--pilot-point-grid-spacing=3000.0 
--fixed-points-data-file=fixed_points_A.ppt 
--connect-wells-file=spec_connect_A.lst 
--max-value=O.S 
--min-value=-0.5 

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

--zone-indicator-file=! %(case)scoord.map 
--zone-indicator-file=! zone_halitemargins.geo 
--zone-indicator-value=! 1 
--zone-initial-value-eqn=l 0 0.0 
--no-fixed-in-zone=! 

--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-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-grids-in-zone=4 
--no-wells-in-zone=4 

--output-zone-file=modeled_zones_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 

--ppk2fac-file=ppk2fac_points-A.in 
--kriging-factors-file=modeled_factors_points_A.bin 
--kri~ing-structure-file=spec_variogram.str 
--var1ogram-model=culebra 
--variogram-search=5000 

--fac2real-file=fac2real_points_A.in 
--kriged-values-file=modeled_points_A.mod 
--nan-value-mask=-999 

--real2mod-transform=pow10 
--real2mod-file=real2mod_points_A.in 
--modflow-input-file=modeled_A_field.mod 
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G.6.6 Configuration- CVS:/ /Tfields::Jnputsjconfig/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-file=fixed_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.lst 
--output-pilot-point-tpl-file=modeled_points_R.tpl 
--output-pilot-point-file=modeled_points_R.dat 
--real2mod-file=rea12mod_points_R.in 
--ppk2fac-file=ppk2fac_points_R.in 
--fac2real-file=fac2real_points_R.in 
--kriging-factors-file=modeled_factors_points_R.bin 
--kriged-values-file=modeled_points_R.mod 
--modflow-input-file=modeled_~field.mod 
--nan-value-mask=-999 
--kri9ing-structure-file=spec_variogram.str 
--var1ogram-model=culebra 
--variogram-search=9500 
--max-value=-1 
--min-value=-19 
--zone-indicator-file=! zone_recharge.geo 
--zone-indicator-value=! 1 
--zone-initial-value-eqn=O 0 -30.0 
--zone-initial-value-eqn=1 0 -11.0 
--no-fixed-in-zone=O 
--no-grids-in-zone=O 
--no-grids-in-zone=1 
--no-wells-in-zone=O 
--real2mod-transform-powl0 
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Listing- CVS:/ /Tfields::RunControi/RunFieldiD.sh 

G. 7 Run Control Files 

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

RunReadScript on the resulting file. 

#!/bin/bash 
FIELDID=$1 
export PATH=$PATH:$(VSLIB/bin 
( -z "$FIELDID'" ] && { 

break; 
} 

FIELDID=${FIELDID/COOrd/} 
FIELDID=${FIELDID/r/} 
FIELDID=r${FIELDID} 

HOST='hostname -s· 
HOSTID= 

} 

$HOST == "alice" ] && { HOSTID="alice"; } 
$HOST== "'dslOS" ] && { HOSTID='"tethys"; } 
$HOST == "tethys" ] && { HOSTID="tethys"; } 
-z "$HOSTID" ] && { 

echo "Error: unrecognized host ID %HOST" 
exit 1 

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

#Make the Run directory 
mkdi r $FIELDID 

# Update the Tfield ID name 
cat tfielcLtpl_${HOSl'ID}. inp I sed -e "s/TFNUM/$FIELDID/" > $FIELDID/$FIELDID. inp 

# Run the calibration 
cd $FIELDID 
nohup RunReadScript $FIELDID.inp > $FIELDID.nohup & 
cd 
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Listing- UpdateField.sh 

G.7.2 Listing- UpdateField.sh 
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This script checks out the update template file, replaces TFNUM with the field ID, then executes 

RunReadScript on the resulting file. 

#!/bin/bash 
FIELDID=$1 
export PATH=$PATH:$CVSLIB/bin 
[ -z ''$FIELDID'' ] && { 

break; 
} 

FIELDID=${FIELDIO/coord/} 
FIELDID=${FIELDID/r/} 
FIELDID=r${ FIELDID} 

HOST='hostname -s· 
HOSTID= 

[ $HOST == "alice" ] && { HOSTID="alice"; } 
#( $HOST == ''dslOS'' ] && { HOSTID="tethys"; } 
#( $HOST == "tethys" ] && { HOSTID="tethys"; } 
( -z "$HOSTID" ] && { 

} 

echo "Error: unrecognized host ID %HOST" 
echo " You MUST run this particular run-control script on 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 
mkdi r $FIELDID 

# update the Tfield ro name 
cat update_tpl_${HOSTID}. inp 1 sed -e "s/TFNUM/$FIELDID/" > $FIELDIO/update_$FIELDIO. inp 

# Run the calibration 
cd $FIELDID 
nohup RunReadScript update_$FIELDID.inp > $FIELDID.nohup & 
cd .. 
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Listing- UpdateField.sh 
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AppendixH: Run Control Details 
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The calibration and travel time calculations were executed by the run master (Marissa Reno, 06733) on 

the ALICE and TETHYS Linux clusters, as described in Section 2 ofthis 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 repository 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. All 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 "Results" 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. 

Inputs 

Figure H-1. Layout of the CVS:/ /Tfields repository. 

CVSROOT 

CVS://Tiields 
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H.2 Executables Used 
The following executables and scripts were used during this analysis. 
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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:: Bu ilds/Linux Under NP 19-1 

PEST 9.11 ppest.exe CVS://PEST::Builds/Unux Under NP 19-1 
PEST 9.11 pslave.exe CVS:/ /PEST:: Builds/Lin ux Under NP 19-1 

PEST 9.11 parrep.exe CVS:/ /PEST:: Builds/Lin ux 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 fac2real.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 mod2obs.exe CVS:/ /PEST:: Builds/Lin ux Under NP 19-1 

MODFLOW2K 1.60 mf2k 1.6.release CVS://MODFLOW2K::bin/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:: In puIs/scripts See G.1.1 

INIT2PEST N/A init2pest.py CVS:/ /Tfields::l nputs/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:/ /Tfie Ids:: In puts/scripts See G.3.3, G.4.1 

REAL2MOD N/A real2mod.py CVS:/ /Tfie Ids:: In puts/scripts See G.3.2, G.4.1 

RUNPEST N/A runpest.sh CVS:/ /Tfie Ids:: Inputs/scripts See G.2.1 

PEST MASTER N/A template pmaster.sh CVS:/ /Tfields::lnputs/scripts SeeG.2.3 

PEST SLAVE N/A template pslave.sh CVS:/ /Tfields::lnputs/scripts See 6.2.2 

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 CVS:/ /Tfields::RunControl Brief Description 
tfield_tpl_alice.inp 

ttTei<L.:i:iii~te!h)fs:Tnp···· 

uiida!e.::i:i>Latr<:e. lnii···· 
reup.Cfii't'Ei=:t:pl_a liCe .1 np 
!f'i eTa.::a!ri<mf.i nii ···· 
tf'iera.::atri<illi'z: ,.r.;:i·· 
·ca91'ries/*/*.Yo9 · · 

The file for calibrations run on A_:L:,I_C=E=--···-··-·--·-·-·-·-·-··--···-·-

. .. . . . .. . . .. . .............. .. . . .. . . ~~~ i~ fl\l! fil~e_J_or._c~lib.r~t_i?~~-r_u_~_?ll!.~~.l:i~?-.. -· -· .. ··----------

. ... ... . .. .. . ... . . !~~j_nfl\l!_fii~.J?~-~~-~~Q_!.~<:J<J_~_t_h_atr~e_guired_up~~.ted heads 

. T~~ i_~p~_!!!l~. !.'? .':~.11-.C:.()Il_ti_~_u_<:<!.~~-~~.':~!iCl_ll ~ft~! U[l~ate ... 

!~~-!r.".ll~ECl_~ ~~!_c_~_~<J_ti_~~-~llP_llt_file f().': t ~e fi rst lOQ fie Ids 

......... !!'.<o>_.':~\11/_Ru_n_R_ea~?cript l()~fiiE!f()r_a __ c.<lli~E;]ti(Jil_rlln __ _ __ __ 

t:o9i'ii es?ali <:eiuildaie.::r???: rtf' 
. . . .. . . !~<:.fl.ll~_R_<:a d ?~ri_p!_~~~ PIJ!fH_e_f()r a ca.li ~ra!io_n_run Cl_~.'3!~~---· 

The RunReadScript output file for a continued update run 
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File under CVS://Tfields::RunControl Brief Description 
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LogFiles/tethys/r???.rtf 
·L·a·g··F·,···l··e·s7*?r··~i?''tc·o·o··ra·s ... : .. ·a·*···~ ... ? ..... 

_T~,; __ Run ReadScrij)t (l~_tP.~!f~lll for ac~libra!ig_nE~!'_()_~.:;:ethy~ _ 

.. !_~ll~-~?I~~l!:\_\t'~(lutput_!il_<!__glln_~E~!~_d_b.Y_!~Il . .c!u~~_ll_;;_y~_!em __ _ 
Log Ffi es/* I r???coo rdM.o* ... . .. ... . .... :r:.~ ... -~-~?.U1.11~~If./l(l~tpu!_f~<:.!!ll~<:~~!<:~--~!~ll . .9.~!~E.>_;;.y~:_ __ _ 

. Log.F1i es/i11 ce/i:fleld..:di:rkmf*. rtf ~~e tra_~~l!i'!'."-~~-l_t:ll_~~ti_on.lcJ~ f_ile_~--------------------------- ___ _ 
Runi'ieldio.sh· 
uiJCla'teF-iercf::sh·· 
R:euildat:ef'ieia:sh·······-

.......................................... _ ....... ~~" s~r.ipt!o_r~-"--~_c!"!~~~ti(l~ _ _________________ ___ __ _ 

................. _ _ ....... ... :r~e-~c_rij)t t() ~p~a!<:.~-~~-l!b.~_a_!i(l~_ _ _ _ _ ____________________ _ 

. . .. .......... !~':'. ~C:~~P-~!()_ C:()~ti~ ~~ t~!_u_p_~_a!':'_(l!_"_c~l!b.r~ti_()~---------------
These were scripts run initially to correct some of the file 
check-in errors seen in the r???.rtf log files. However, it was 

LogFiles/alice/finalize*.* determined that the file errors were for intermediate files or 
cj_L/fJ_Ii~(Jt~f!II!SL(J_fl_cj_~(J_-~~j_s_"!(JS~t(!pp~(}.(l[~':'~_?2_f!"_~d~~- ____ _ 

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 example 10. 

» ./RunFieldro.sh r207 

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 launched 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:f /Tfields::RunControlfLogFilesjalicejr207.rtf 
COMMAND mv -f mf2k_l.G.release mf2k.exe 
Execute: mv -f mf2k_l. 6. release mf2k. exe 
COMMAND mv -f dtrkmf_vOlOO dtrkmf.exe 
Execute: mv -F dtrkmf_vOlOO dtrkmf.exe 
COMMAND echo $TESTNAM > ReadMe 
Execute: echo r201 > ReadMe 
COMMAND echo Started >> ReadMe 
Execute: echo Started>> ReadMe 
COMMAND date >> ReadMe 
Execute: date >> ReadMe 
COMMAND hostname >> ReadMe 
Execute: hostname >> ReadMe 
COMMAND ./setup.sh $TESTNAM I tee -a ReadMe 
Execute: ./setup.sh r207 I tee -a ReadMe 
Processing observation d~ta 
Reading from "spec observations. in" 

For test id EEAC -
P,dded 44 ohservat.io::1s ir, 1 grm"ps 
saved observation i::1st:::1~c::.ion file to: nodeled_head.i::1s 

For test id H3 
Added 7·1 observations in 4 groups 
saved o~servatio:a instruction file to; modeled h3. ins 

For tGst id WIPPlJ 
Added 185 observations in 9 groups 
saved observation instruction file to: mode.::.ed_wipplJ.ins 

For test id Hll 
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Acided 150 obser-vations ir. 10 g:co:1ps 
sa'Jed obse:;:_·va' .. ior: ins::ruction fil>2 Lo: modeled ~'1ll.ins 

For t:est id Pl4 
Added 92 observa-cions in 5 gr::mps 
saved observo.tion ir.struc:t.ion ::_lc to: :node::_ed p:C4.lDS 

?or tes;:-_ id H19 
Added 157 obser•;ations in 7 groups 
saved observation i_nstructio:-t file to: oodeled hl9,ir_s 

For test id WQ3?1 
Addeci 4C cbser:vations in 2 groups 
sc.ved obs~rvalion instruction file La: modeled_,.,,qspl.ins 

E'or test i d WQSP2 
Added 35 observ:Ottions :._n iJ gro~_;_p;:; 

savE:d obsBrvati..on inst.rucLicn file ::o: mCJdeled l>qsp2.in:-o 
For tesl id WIPUll 
l,dded 274 observations i:1 12 groups 
saved o:Oservation inst.n:c i_on_ file to: modeled __ w i.ppll. ins 

Fer test id SNL14 
Added 276 observation.s 1n 12 groups 
saved observation i:tstruc-cion file to: modeled sr,ll4,ins 

F'c: c the :?aram;:,ter ':::': 
F.eading from "spec points 'l'.in" 

5 zones de£ 2.r_ec: £;?:: parai2eter T 
reading r2·:J7coo?::d.Da;? """"" l .:"or zone id l 
reading zone halitemarg.'..ns.geo ='"" l fo?:: zone id 1 
reading :,-;o:te_dissolution.geo """"" 1 for zone ~d 2 
readi::1g :,-;o:te halite.geo == 1 for zone id 3 
r~adi:1g ZO'le no.:"lmv.geo -..., 1 for zone id 
saved zone field to: rr.:)deled zones pc.1.::1::s T' •. inf 

Creating initial valc.es :Eie:..d for parame::er 1' 
Zor_e 0 assigr_ed 12747 ce:..ls w.'..th an average va:..c.e of -4.35012789382 
Zor_e 1 assigr_ea ~7431 ce:..ls with an average value of -6.65617460672 
Zone 2 assigned :8533 cells w2.t~ an average value of -3.32268627924 
:::one 3 3ssigned 21253 ::ells v:iL:J an average value of -ll.86J789'180h 
Zone 4 dssigned 7218 cell8 witt: ac average value of -25.0 
saved initial valt.:.es fie:..d :..o: mcd.eleC._init point.s T.mod 

Creat. ng pilo-c poir.ts :"01. po.ramet'2r l' 
P.ssigneci 225 •7ariable and =..tl fixed pilo:: points to ?.one 0 
Ass.i.gned 255 ·v·ariable ar.d 32 fixed pilot: poi nt-c; L.J zo:te 1 
r.,_ssigned 91 va:::i~Dle and 11 fixe·:i pilot points to zone 2 
Assigned 0 variab:P and 0 fixed pilot pc: i.nt.3 to zone 3 
Assigned 0 variable and 0 fixed pilot. points to zone 4 
so.ved pilot points te::nplate file to; modeled_points_T.tpl 
so.ved ini L.a L p:..lot points data to: modeled _pc.1.n::s l. aat 

C:::eat:ing gccund1·1ater-utility pro:p:am input-redire::tion files 
saved P.:SAL2';1CD templa::e file t.o; ::eal2mod points T.::p::. 
saved P.~l\L2Y10D ir.put fi:..e to: Cleal2mod points '::'.~r-
saved Fl\C2REAL ir.put file to: -'O"ac2real=points='::'.:..r_ 
saved PPK2FAC input: fll.e tc: ppk2.:ac_poi;E:s T. in 
saved initio.l pilot: pcin~_s .sm:mtary tc: l"!"lodeled inj t _pojnts T .lex 

For ~he parame::er 3: 
~eadin:1 from ''spec points S. in" 

.J :c:onss defined tOt- pc.rameter S 
reading zone trans 1 ·:ion, geo "'= 1 
reClding zone uncor:fine-:i. geo -'
reading <cone halite.gec == l for 
reading zor:e_ ncflcn·1.gec -- 1 for 

for 
foe 
zone 
:cone 

zone .i.d 1 
zone id 2 
id 3 
id 4 

saved z(Jne fu,:..d ::o: modeled ?.ones_poir.ts S.in:: 
Creat~ng initi~~ values field for p~r~meter S 

Zone 0 assigned 390SG cell.:; l•<"i-:h a:1 average value of -5.0 
Zone 1 assigned 30.31 celLo •t~ith an aver~ge vc.:..uc of -4.0 
Zone 2 assigned 1-~0:JE:- cel1.s witl: an average value of -1.5 
Zone 3 assigned ?l253 cel:s with an average v~lue of -3.0 
Zone 4 ass2.~ned 7218 cells with an average valLe of -25.0 
saved init . .::.al ,.ra.lues f.1.eld tc· 11odel-'d .lnlt po.1..1::s S mod 

Creating piJot point3 for pararnel:er S -
Assigned 198 variable and 79 f.ixed pilot poi:1ts to zor:e 0 
Assigned "36 variable and 0 fixed pilot points tc zone l 
1\ssigned 39 vari3.ble and 0 \ i:xcU pilot points to zone 2 
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Assigned 0 variable 2Cnd 0 :: xed pilot points to zone 3 
Assigned 0 var:iablc 2Cnd 0 :: xed pil::Jt points to zone 1 
saved pi l.ct points c:emplate ile to: mode led_poicts .. s. tpl 
saved initial pilot poim:s data to: cnodeled_points,.S.dat 

Creating groundwate::-•.ttility program l::tput-rGdirection files 
s8ved REAL2MOD template file to: rea12mod_points S.tpl 
saved REA~2MOD ~npu'C flle co· ~ea~Lrnod polnc:s S.l~ 
saved Fli.C2REJI.L inpuc: file ::o: fac2real_points s.in 
saved PPK2FAC input .:.:::_10 to: pp-;:2fac pclnts S ll1 
sa·Jed initial pilot pcim:s su_Ltfllary tO: modeled ini:: po1nts S.tex 

For the paran•.eter A: 
Readinq frorr_ "spec points A. in" 

5 zones defined f'Cr paraffieter A 
reading r2C7coord.map == l for <::one id 1 
reading zone ~allteo2rglno.geo == 1 for zo~e id 1 
reading zcne_dissolution,geo == 1 for zone id 2 
reading zcne_:"lali.te.geo == 1 for zone id 3 
reading zoce _~wflow, geo == 1 for zone id 4 
sa.ved zone fle::_ct to: modeled_zones points A. inf 

Creating initia:C val~..:.es field for parameter _"A.. 

Zone 0 asoigned 12747 cells •,.;ith an aver.·age value of C.O 
7,one 1 a.ssigned 27431 cells •..;it.h an aver2ge value of 0.0 
?one 2 a.ssigned 18539 cells with ar. average ·,raLJe of C. 0 
Zone assigned 21253 cells with ar: aver.J.ge valc1e of G.O 
Zone 4 ussigned 7218 cells wi.th an ave2:,:tge vall:e of -25.0 
saved initial values field to: modelecl_init poin::s_A.:nod 

Creating pilot points tot parame'.:er A 
Assigr::ed U5 vari.able and 0 fixed pilot points ::o zone Q 

Assigned 1.'12 \rar.i.able and 0 fixed pilot points ':o zone 1 
fl.ssigr:ed 30 variable and 0 fixed pi_:_ot points to 60ne 7. 
i\ss igr::ed 0 vuriable and 0 fixed p i.lot points to zor:e 3 
i\ssigr:ed 0 variable and 0 fixed pilot poin-cs :::o zor.:e 4 
saved pilot poir:ts template file to: modeled_points~A.tpl 
saved initial pilol point.s da::c. to: modeled_poin::s_A.dat 

Creat'..ng r;roundwater-utility program inpl:t-redi[ectio::l files 
saved REAL2t!JOD tenplate file ::o: real2mod_poi:lLS _11. tpl 
saved RF:i'->.L2MOD input file to: real2mod points_A. in 
saved FhC2REP-_L inp;,.lt file to: fac2real_yointo_A.in 
sc1ved P?K2?AC ir.:put flle to· ppk2 ac pol·l::s A,ln 
sc1ved ini tic.l pilot poi:1ts sunuua ry tO: :noce_:_ect_ init_polnt.s A. tex 

For the parameter R: 
Reading from "spec_points_ R .. _i_n" 

2 zones defined for pa2:ameter F. 
reading zone_rechcn:qe.qeo == 1 fo2: zcne id 1 
saved zor_e _eld to. modeled zones pCLlls R. tnf 

Creating inibaL values :':ie::.d~for para:LLet:er R 
Zone 0 assigned 86:175 cells •ait.h an average value of -30.0 
Zone 1 as.:>igned 213 cells with an average value of -11,0 
::oaved initial values field to: modeled~in.:.t_points_R.mod 

Creo.ti.r.g pilot: pCJint.s for paraneter R 
.A.ssigned 0 variable and 0 fixed pilot po=.r.ts to zone 0 
Assigned 3 variable a:1d 1 fixed pilot po::.r_ts to zone 1 
saved p.::.Jot points tem?late file tc: mocie~ed_points,_R.tpl 
savE:d init.LaL pilot po::.nts data ::o: mode.le:J po cts R.dat 

Creating gr oundwater-util:. t y progra.n·. _i_nput-r8direc::ion files 
saved REi\L2t10D c:emplate file to: rcal2mod points F.. -cpl 
saved REJ..L2MOD input Eile to: real2:noci.~?oints~R. in 
so.ved li'AC2RE.Il.,_L input fi..le to: f~c2real~points_R.in 

s,:tved l'L'K2FAC input file to: ppk2fac_po=.nts~R. in 
saved lnltlal p lot polnts SlrnL~ary to: ITodoled lnlt polnts R.tex 

saved PEST contra" flle to· r207 lnlt.pst 
saved PEST contL·o:;_ file to: r207_once.psL 
saved PF'ST run management file: r207 _i_ni_t.rmf 
saved FEST run management :-:ile: r207~svd,:t.rmf 

cp: ca.nnot stat 'dtrkmf~manypts . .i.np': No such file or directory 
cp: cannot s-cat dtrY.mf tracks Hlp', t,o such flle or dlrec-cory 
Copied files to slavel 
cp: cannot stat dtrkmf manypts.lnp': No sc:.c.h fll"' or dlrectory 
cp: cannot stat 'dtrkmf tracks.inp': No such fi.te 0[ directory 
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Copied files to slave?. 
cp: cannot sta-: 'dtrkmf iV.nyp-,.s.inp': No suet: fi::_e or directory 
cp: c2nnot :=;ta~- 'dtrkmf tracks.inp'; No such :':ile or directo;y 
Copied filP.:=; to slave"J 
cp: cc.nnot stat 'dtrkmf_:::~anypr:s.inp': No such file or directory 
cp: cannol stat 'dtrkmf_tracks.inp': No such file or directory 
Cupicod files to slave4 
cp: cannot stat 'dtrknf_:ilanypts. inp': No such file o.r dLr:ectory 
cp: cannot stat 'dtrknf_tracks.inp': No sc.ch file or dj:::ecto:::y 
Ccpied ~~les to slaveS 
cp: CaGnot s t.a t · dtrkiJf _onanypts, inp' : )lo !Llch file or directory 
cp: CdE:LOt stat 'dtrkm£_t:::o.c:<;:s.inp': No st.:.ch file or di:::ec::ory 
Copied les to slave6 
COMMAND ./runpest.sh $TESTNAM 6 
Ext!cute: ./runpest. sh r207 6 
S-cartir,g in 3 . 2 . _;_ done! 
Yo·.lr job 1247.::2-6:1 (":::-20'/coordS") has been submitted. 
Yo·.u job 1243 ("r207c:JordM") ha.s been S"Jbmi L:Led. 
Job 1248 exited v-lich exi.t code C. 
The job r207coo~ds of' ·Jser(s) n·.d::::cnc docs not exist 

COMMAND echo Finished >> ReadMe 
Execute: echo Finished>> ReadMe 
COMMAND date >> ReadMe 
Execute: date >> ReadMe 
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The last section of blue text, it shows that the job "r207coordS" was submitted as job 1247.2-6. The files 

CVS://Tfields::RunControi/LogFiles/alice/r207coordS.o1247.* are the console logs from the PEST_SLAVE 

jobs. The file CVS://Tfields::RunControi/LogFiles/alice/r207coordM.o1248 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 log of the PEST commands. The line "Job 1248 exited with exit code Q_" indicates that the calibration 

was able to run and complete successfully. A non-zero exit code indicates an error. 

H.S 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_l.6.release mf2k.exe 
Execute: mv -f mf2k_1. 6. release mf2k. exe 
COMMAND mv -f dtrkmf_vOlOO dtrkmf.exe 
Execute: mv -f dtrkmf_vOlOO dtrkmf. exe 
COMMAND mv modeled_points_T.dat modeled_final_points_T.dat 
Execute: mv modelecLpoints_T. dat mode led_fina l_points_ r. dat 
COMMAND mv modeled_points_A.dat modeled_final_points_A.dat 
Execute: mv modelet:Lpoints_A.dat modelecLfinal_points_A.dat 
COMMAND mv modeled_points_R.dat modeled_final_points_R.dat 
Execute: mv mode led_points_R. dat mode lecLh'na l_points_R. dat 
COMMAND mv modeled_points_s.dat modeled_final_points_S.dat 
Execute: mv modeled_points_s. dat modelecLfina 7_points_s. dat 
COMMAND echo $TESTNAM > ReadMe 
Execute: echo r207 > ReadMe 
COMMAND echo started >> ReadMe 
Execute: echo Started >> ReadMe 
COMMAND date >> ReadMe 
Execute: date >> ReadMe 
COMMAND hostname >> ReadMe 
Execute: hostname >> ReadMe 
COMMAND ./setup.sh $TESTNAM I tee -a ReadMe 
Execute: ./setup. sh r207 I tee -a ReadMe 
?recessing oDser•;ation da--:a 

Reading frorr, "spec_observations.i::1" 
For test id HEAD 

Added 44 cbs~rva.t.ions .'_n 1 qr.oups 
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saved o~seLvation instruc~ion file to: modeled_head.in~ 
Fer test id :13 
Added 7'7 observations .'_n 4 groups 
saved observation instruc.tion file to: mode::_ect h3.ins 

For test id NIPPU 
Added 185 obst)rvaticns in 9 groups 
saved observation instruction file to: modeled_w_lpp13.ins 

For test ici Hll 
Added lSO observat:'..ons in .:.o -:;:rrcups 
saved observation ::nstruction file t.o: modeled hll.ins 

'?or tes:: id ?14 
Added 92 observatiocs in 5 groups 
saved observa::ion insc:ruction file to: modeled _p14. ins 

For ::est id Hl9 
Added 157 observations in 7 grc~ps 
saved observation i~struction file to: modeled h19.ins 

For r:est id \IJOSPl 
Added 40 observations in 2 groups 
saved observation instr1~c-::ior: fi.:_e to: rrodeled wqspl. ~ns 

For test id i~QSP2 

.i\dded 8~ obser:vati.ons in 4 grol:ps 
saved ob:o;crvatian in:o;truction file to: modeled _,wqsp2. ins 

For test id WIPPll 
AdCed 274 observations in 12 groups 
saved observation instclctioa file to: :noCeled v1ippll.ins 

B'o:::: test i-i SI::Ll4 
AddeC 276 obser,;atio:-ts in 12 groups 
saved observation instruction ~ile to: modeled_snl~4.ins 

For the pa.rame::er T: 
~eading from ''spec poi0~s T. in'' 

5 zones defined fOr: para~_eter T 

reading r:207coo::::d.oap ~= 1 for zone id 1 
reading zone_halitemargins.geo == 1 for zone id 1 
reading zone_disso1".1tion.geo == 1 =:or zone id 2 
reading zone ha~ite.geo == l for zone id 3 
::::eading zone_r.oflow.geo == 1 for zone id 4 
saved zone field to: modeled zo:1es points T.inf 

Creating initial vaJues [ield [or par6mete~ T 
Zone 0 assigned 12747 cells "•it:::1 of -<;.350~2789382 an average value 
Zone 1 assigned 27431 cells wit~1 of -6.65617460672 an average va ll:e 
Zone 2 assigned 18539 cells witj of -3.32268627924 an average va::.ue 
Zone 3 assigned 2125J cells with an average value of -11.8607894806 
Zone 4 assigned 7218 cells with an average value of -25.0 
saved initial values field to: modeled_init_points~T,TI',od 

Creating pilot po::.nts Eor paraE~ete.': T 
l'l.s:-oi.gned 225 var.:'.able and 18 fixed pi Lot points to zor::e 0 
Jl.s:o;ignccci 255 variable and 32 fixo:od pilot points to zone 1 
ll.ssigncd 91 variable aEd 11 fixed pilot points ·;o zone 2 
Assigned 0 variable and 0 fixed pilot poi~ts to zone 3 
Assigned 0 variable and 0 fixed pilot poin~s to zone 4 
sa·ved pl.lot po1.nr:s template f1.le to. modelec:~po1.nts T.tpl 
saved initial pilot points data tc: :node:..ect~pcJ.nts T.da· 

Creating grcundwater-u-::i::.ity prcgri'lm inp-.1t-:::ed:.rect:.on :"iles 
saved RE.i'\L2MOD template file to: :rea.l2nod points_T.tpl 
saved RSAL2:-.10D input [j_l_e to: reo.J2mod~points_'I'.in 

saved FAC2REAL 1.nput fJ.lc to· fac2rcal po1.nts T. 1 n 
saved PPK2FAC input file to: ppk2fac_points~T.in 
saved initial p:.lct points summa:::y to: modeled_ ini t _po 1 rt:=; T. tex 

For the ?arameter S: 
Read2ng f:::om "spec_po1.nts s.~n" 

5 zones defined for para.:ne~er S 
readi.nq :cone __ Lca-:1si.tion.geo co= 1 for zone id 1 
reading <:one~unconfined.geo == for zone id .?. 
reading zone_halite.geo == 1 for zcLe id 3 
reading zone_noflow.geo == 1 for zone iC 4 
saved zone fie:.d ~o: modeled zones pci:us S.inf 

Creut:.ng initiaJ. values field-for pa:ra:ner:e'i: S 
Zone 0 assigned 39680 cells with an a1Jera-ge value of -5.0 
zone 1 assigned 8031 c::.lls ;..'ith a:1 ave::: age value of -4, D 
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Zone 2 assigned 11006 ce~ls w~th an average value of -1.5 
Zone 3 assigned 21253 cells wLth an average va:Le of -5.0 
Zone 4 a.c;signed 7218 cells witt an average value of -25.0 
saved i.nitia:.. values ::".'_eld · .. o: mcdeled_:'..r,it_point.s S.mod 

Crea tir'g pilot: pCJint.s ··or parameter S 
.:\ssigned 198 variable and 79 fixed pilot. po'1\ts to zone 0 
-~-ssigned 36 varic'.ble and 0 fixed pilot poiats co zone 1 
_A_ssigned 39 varia:Ole and 0 f_i xed pilot points co zone 2 
.r..ssigned 0 variable and 0 fixed pi:'_ot points to zo::1e 3 
Ass.iqned 0 variable and U fixed pi:..ot points to z::me 4 
saved pi_lot points templat:e r:i:..e -co: modeled_points_S.tpl 
saved in.:_tial pilot p01ints data to: ~ocie:_ect points S.dc.c 

C:::ea.ting grcc:.nC,vlater-ut.ll i ty program i:-tpu-:::-:::8ct;_rect ·on ''i l.es 
saved R:::AL2BCD tc,mplatf• flle to: real2mod po1nts S.tpl 
saved REl\.L::::B8D iEput fiic ::o: ::::ec.l2mod_poinLs_S.in 
.<;>aved l:'AC2~EAL input fi_:_e ::o: fac2ro2al poi:1ts S, 2-n 
savsd '3l'K2 FAC i:~put file to: ppk2f dC po JJ!ts _ S, El 
saved ini'i::ial pi_lot poinL:s Slli"":mlary to: modeled init_poin-cs_S.tex 

For the paranete::: ~: 

~eading fron "sp~·c _points _.A .. :'..r." 
5 zones defined =cr pc.rameter A 
reading r:207coord.map ~= 1 for zon2 2.d 
reading ·,;ccc.c 2i.ll2.tenargins.qec == 1 for zone id 1 
reading zcr.e d:ss::Jlntj_o:t.gco == 1 fo:::: zone id ? 
readlr;g zone ;,alic:e.geo ___,= 1 for zcr.e id 3 
read:'._r_g zone noflO\·J.c_;eo == 1 fo:::: zor.e id 4 
saved zor.e =:ield ::o: 11\Cdi.•leci zo:1es_polnts ?\. _i r'f 

Creating initial values EelC for paramele:-:: A 
Zone 0 assigned 1?.747 cells \•lith on ~ve:r-age value 
Zone 1 assigned 27431 cells r.-:ic:h an c.·.rec::age value 
Zone 2 ass2.c;ned 1833S cells V..'i::h 3:1 averuge value 
~one 3 a::o;s~c__;-ncd 21253 cells "-'itL 3:1 average value 

of 0.0 
o=: o.c 
o=: o.c 
of 0.0 

Zone 4 assigned 7213 cell::o; 'Nith an average value of -25.0 
saved initial values field to; ::nodeied_init pcinLs ll.:no-::i 

Crea-:ing pilot poin::s for parumeter .n. 
i\ssigned 135 variable c.nd 0 fixed pilct. poi:1t::; to zoEe 0 
Assigned 152 va:::- i.Gblc and 0 fixed pilr;t_ points -co zone 1 
i\sc;:'._gned 30 var:iable and 0 fixed pilot poi_nts to zo:12 2 
Assigned C variable and :) ::ixed pilot poiT::s to zcr.e 3 
Assigned C varlc.ble and :) fixed pilot poin::s co zone 4 
saved pilol pci::cs temp'..ate file to: modeled points A.tpl 
sa\<ed inic:ial pilot pcin-:s da::c Lo: modeled Points A.dat 

CreatimJ qroundv<acer-utilit',' progran ir::put-redirection files 
saved REAL2EOD template file to: rea_:_2mod points P. •. cpl 
save-:?. REAL2MOD inpu:: file to: real2rood_po~Dts_l,.Ln 
savP.d F'l-IC2REA1 inpu-: file to: fac2real_poir.ts A.in 
savea PPK2FAC i_r,put file to: ;;:pk2fac_poiDtfl __ A. i._n 
sa.-.'ed initial pilot. points sum:nc.ry to: rwdeled _in:'.t_po::.nls_A.tex 

;:'or the parc.meter P.: 
Readlng :'rom "spec_poLr.t.s_R.in" 

2 zones defi::~ed roc ~nrume<.::er R 
reading zone rec:-Ja.cqc, geo "'= 1 for zone .i.d 1 
saved zcr_e field to: modeled_zones points_R.in=: 

Creating i::1it :.al values field for pa ramGter R 
Zone 0 ass:'.c;ned 56975 cells with ::tn average value :Jf -30.8 
Zone : assigned 213 cells wi-:!1 an average value o~ -11.0 
savod lDltlill ·talue::, t1eld to. modeled ltllt_polnls R.mod 

Creating pi::.ot poiuts for ?arameter R 
l\ssigned 0 variable and 0 :'ixe-:i pilot po.l:t'.::s to zcr:e 0 
Assigned 3 variable and 1 :'ixeC p_L Lot poie1::s to zoc.e 1 
saved pi::.ot poi nt.s tenp_:_ate file to: modeled points R. tpl 
saved initi.al pilo'C points dat.2 Lo: modeled Points fi:.dat 

Creacing grou.'ldwa::er-ucility program input-redirection files 
sa·v·ed RE.''\L2!10D tero;_:>late fi'..e to: reJ-_:_2mod_poi::~ts_R.tpl 

saved REAL2!-:0D input file to: ceal2mod_po.:..nts_R. in 
savej FAC2REAl inpu"t fj J e to; fac2real_poir.ts R. i_n 
saved PP?\2FAC in?Ut :'ile t.o; ;_:>pk2fac _points_ R. in 
sa\•eci ini-cial pilot poi_:1t.c; suminary to: rr.odeled init point.s __ R.tcx 

saved ?EST com:rol fiJe -::::o: r207 init.pst 
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saved F.ST control file to: r207_once.pst 
saved ~ST run management file: r207_init.rmf 
saved ES1' run management file: r207 svda.rmf 

cp: cac:10t SLlt "d::rkmf_manypts.inp': No such file or di:::ecto:::y 
cp; car::10t stat "d::rkmf_tracks.inp': No such file or ct::_rectory 
Cop::_ect files to slave! 
cp: car,not stat "dt.rkmf __ manypts .. L::1p'; No such file or directory 
cp: cannot stat "dtrkmf_tracks.inp': No suc:t file o::: d.'...rectory 
Copied filr23 ::o slave2 
cp: cannot stat "dtr>::mf_manypts.inp': No such file or directory 
cp; cannot stat "dtr:'illl£ tracks.inp': No .suc·n file or d.i.r:ectory 
Copied files to slave3 
cp: cannot stat "dtrkmf_manypts . .inp': No such file or direc:::ory 
cp: cannot stat. "dtr;,.mE_ tcac::ks.inp'; No such file 02:: dirsctory 
Copied files to slave4 
cp: cannot sl3L 'dtrkmf_mcmypts.i:-tp': No sl:ch file or directory 
cp: cannot stat dtrkmf tracks.lr.p'. t-;o such f_le or d.1.rectory 
Copi.ed files to slaveS 
cp: cannot stat "dtrkmf_man:,'pts.inp': No Sl:Ch fil<: or C.ireccory 
cp: cannot stat "dtrkmf_tracks.inp': Ko such f.'._le or directory 
CopieG files to slave6 
coMMAND ./fix_snl8.sh $TESTNAM I tee -a ReadMe 
Execute: ./fix_sn78. sh r207 I tee -a ReadMe 

P.n..RREP Version 9.1:.. Watermark N"urnerical Computir:g. 

?.eadinq parameter value file r207_last.par ------> 
Data for 1309 parameters reaci fro:n file r207 __ last. par. 

~eadlng flle r207_.1.n_t pst and v;ut 1nq fJJe r2U7 update.pst -----> 
File r207_upclate.pst written ok. 
P.A.F:.At-H'lX Version 9.1:.. L•;atenncJk Kur:Jcrical Conputir:g. 

Reading parameter fix file paramfix_pcin:::s.in .... 
- data ::':or 1120 pc.rameters re0d fran file pa::::amfix_points.in, 

Reading file r2:J7_update.pst and vaiting .::ile r20' init.pst 
- Lle r2U1 .Jpdate.pst :t:eacl ok. 
- tlle :207 lnlt.pst w:t:lt~en ok 

:nv; canna;;: s~at 'r207 r.ew.pst': Nr; sucll file or di:ceccory 
COMMAND ./runpest.sh $TESTNAM 6 
Execute: ./runpest.sh r207 6 
Starcinq in J . 2 . 1 . done! 
Your job 2.567.2-6;1 ("r207coordS") has bee::1 submitted. 
Yol:r job 2568 ("r207coorciM") has Deen subcni:.Led. 
Job 2.563 ex.'._"Ced '"'ith exi-: code 0. 
The :aD r207coordS o= user(s) mdrenc does not cxlst 
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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::RunControi/LogFiles/alice/r207coordS.o2567.? and 

CVS:/ /Tfields::RunControi/LogFiles/alice/r207coordM.o2568 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 fields 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 



 

 Information Only 

COMMAND mv -f dtrkmf_vOlOO dtrkmf.exe 
Execute: mv -f dtrkmF_vOlOO 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_s.dat modeled_final_points_s.dat 
COMMAND echo $TESTNAM > ReadMe 
Execute: echo r201 > ReadMe 
COMMAND echo started >> ReadMe 
Execute: echo Started>> ReadMe 
COMMAND date >> ReadMe 
Execute: date >> ReadMe 
COMMAND hostname >> ReadMe 
Execute: hostname >> ReadMe 
COMMAND ./setuplO.sh $TE5TNAM I tee -a ReadMe 
Execute: ./setuplO. sh r207 I tee -a ReadMe 
Processing observ~tt:'_on dat:a 
Reading fron "spec obse~vations.in" 

?or Lese: iG HEAD -
Added 44 obse~vations ln 1 gro~_:ps 

.:;aved observation instructicm r--ile to: modeled head.i:1s 
For test iC. H3 

Added 77 obse:::vations in 4 qroqn:; 
saved observation i_n.struction file to: modeled h3.ins 

For test: ici '.'HP?13 
Added 185 o:Ose-rvaticr:s in 9 r;:::::Llps 
saved obsern L i_on in.struction file to: rr.odeled wi9plJ. lns 

For teAt i c H11 
AddeG ~50 ol-~·scrva::iccs in 10 groups 
sa,JeC observation instruction file to: rr.odele~ hl"i.. ins 

For test iC Pl4 
AddeG 92 c-bse:::vations :_n 5 qr:oc.ps 
saved observatlon in.struction file to: rr.odeled_pl4.ins 

For test: iC. II19 
Added :_57 o~serva-:icL3 in 7 g:::oups 
saveC. obser:va.tlon in3truction file to: rcxleled hl9.ins 

For test id ;ol"QSPl 
Ad:J.eC "'1; cb-':>crvCttions .:.n ~ groups 
sa.vec. cb.30r'J"0ti.on instruction file :::o: modelt'G ·..,rq.spl.i.ns 

For Lest id ;•1QSP2 
AddeC. 85 obser•1ations in LJ groups 
saveC. cbservat:..on instruction file · o: mod(_'leC_wqsp2 .ins 

For test id WIPPll 
AddeC 274 observa-::ions in 17. groups 
saveci cbservat~on i.nsl.-ruc:icr: fi::.e -:o: modele·::i_Nipp12..ins 

For test id SKL:_,l 

AddeC, 276 obc;erva'~ ions i:;:t 12 groups 
saveC. cbservaL.on i_n::;truc-::::ior_ fL.e ::o: modeleC. snl14.ins 

::or the para.melet: T: 

Reading from "spec_points_T.in" 
5 zones ~Jefined for ;::>ara:ne::er T 
reading r2C7cocrd.map == 1 fCJr zone id 
reading zor.e ~1.alitemargi::1s. geo == 1 r_-or zone id 1 
r:eodlng zcr_e-dissclutior..geo ior zone id 2 
reading zcr:e :"1aJ i te. geo == l for zone id 3 
reading zor:e nof1cl·.'.:jco == :__ for zone id t; 

saved zone field to; modeled zones Doints T.inf 
Creating i_n i tial vulues field for parameter 'I' 

Zone 0 asslgncd 12747 cells with an average value of -1.35012739382 
7one 1 assigned 27431 cells witr_ a::-1 average value of -6.65151"14606"17 
Zone ? assigned 1853g cells witt a::-1 average value of -3.32268627924 
Zone 3 assigned 2_253 cells wiU---_ an aw_'ra.ge v0lue of -11.8607894606 
Zone 4 assigned 7213 cells 'Hit_h an average value of -25.0 
saved initial values field Lo: ::noae_cd_lnlt_pcl.nts 1'.mod 

Creating piloT: points for :::Jde"ameter '::' 
Assigr:eC. 225 varia.ble and 13 fixed pilot points to zone :) 
Assignee. 255 variable and 32 fixed pilot points to zone 1 
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Ass gned 91 var~able and 1: fixed pilot points to zo~e 2 
Ass gned 0 variable and 0 fixed pilo~ points to zone 3 
Ass gned 0 v·ariable and 0 fixed pilo;: poi.r::t.s to zone 4 
saved p:Llot polnts template f:Lle to: ~oc.eled pOl:l s T _ rpl 
saved initia::_ pilot points data to: rr.odeled_points_T.dat 

Creating g2::o:.mdwater-utility prograo input-redirection fi :.es 
saved REAL2t-10C temp::.ate fj_.Le L o: rec.l2mod _pci::1-::s _I'. ::p: 
saved REAL2t10D lnpm:: flle to. real2rnod polnt5 T.'n 
saved B'AC2l-\EAL lnpu::: flle to: fac2real poE1::.s 1'.10 
saved PPK2F.ll,.C input file to: ppk2fac pOints T.in 
saveci if'.i::ial pilot poinc:s S1l'11ITlary tO: mocteled_init pou1ts_T.tex 

?or the parameter S: 
Reading from "spec_poim::s_.S.in" 

5 zones defined for parameter S 
reacting zone trar.sition.geo == for ;,:one d 1 
rearling zone_unconfined.geo == 1 for zone jd 2 
rr::'arling zone _halite. geo == 1 for zone id 3 
reading zone_noflow.geo == ~ =or zone id 4 
saved zone field to: modeled_ zoZles _point~ _S. irJ 

Creating initial iralues field fa:: paramerer S 
Zone 0 assigned 39680 cells with an average val&e of -5.3 
Zone 1 assigned 8031 cells witb an average value o= -4.0 
Zone 2 assigned 11006 cells wit.b a.n avera.ge value of -1.5 
~one 3 assigned ?12~3 cel.ls wj_Lh an average value of -5.0 
Zone 4 assigned "/218 ceJ~s wi_th an a.verage value of -25.0 
saved initial values field to: modeled_ ln i_l points S.mod 

Creating pllot poir:ts for paramcte::: 3 
Assigned 198 variable <tnci 79 fixed pi:_ot points to zone 0 
Assigned 36 variab~e and 0 fixed pilot points to zone .::. 
Assigned 39 variab2.e and 0 fixed pile'= points to zone 2 
Assigned 0 variable and 0 fixeci. pilCJt pcinc:s to zone 3 
Assigne:d C variable and 0 fixed pi.:..ot points to zone 4 
saved pilot points tecnplate file ::o: rr.CJdeled points S.tpl 
saved lniLial pilot points data to: mcdeled_Points~S.ctat 

Creating grcundl~ater-utili-cy p:rograrn input-red_i cection files 
saved REl;L2MOD template file to: real2mcd _poicls __ S. tpl 
saved RJ:;.A.L2t-l0D i.nput file to: real2:noci_points S.in 
saved FAC2P.EAL ~nput f~le to: fac2 real_polr.ts S, ut 
saved PPK2FAC input file to: ppk2fac_points_S.i.r. 
saved initia:C pilot po:'._nts summary to: oode1ed_init_points_S.tex 

Fo:r the pardmeler A: 
Read.Lnq ':-rom "spec __ points l\. i_n" 

5 zO:ll'S defined for parameter A 
reacting r207cocrd.rnap == 1 foL· zone id 
reading zcne_hal:i.temargins.gec == 1 for zoZle id 
re::tding zone_dissolut:i.on.geo == l for zone id 2 
reading zone halite.geCJ '------=o 1 for zone id 3 
reading zone_no=lm•Lgeo ='---' 1 for zone id 4 
saved zone field t.c: rnodeled_zones polnts A.inf 

Creating :'._r.i::ial values field for parameter A 
7.cne D dSS i_gned 12'14'/ ce ll.s with an ave cage value of C. 0 
Zone 1 dssi_gned ?'/431. cel.~s wi.Lh an average value of 0.0 
Zoae 2 c.ssig:1ed 18539 ceLl5 witt an avec::age value of 0.0 
Zone 3 assigned 21253 cells wi::h an c.vcragr:· vaLue o:: 0.0 
Zone <': assigned 7218 cells with ar, average value of -25.0 
saved init:'._al values field to: modeleci_it:i::_:;>oints A.mod 

creating pilot points for paramster A 
l\sslgned 135 va-riable and 0 fixed p.Llor points to zone 0 
Assigned 152 va-riable and 0 li:<ed pilo:: p::-Jints to zone 1 
Jo.ssigned 30 vari~:Ole and 0 fixed pi2.ot pcin~s to zone 2 
_A..ssigned D variable and 0 fixed pilot points to zone 3 
Assigned 0 variable and 0 fixed pilot points to ~011e 1 
saved pilot points cemplate file to: modeled_points_A.tpl 
saved lnltlal pllot polnts daca to· oodeled polnts ~ dat 

creating groundwatec::-utility progra:n input-redirection f.LJes 
saved REAL21-IOD te:nplate file to: real2rr.od_points_A.tpl 
saved REAL2l•:oo inpu:: file to: real2mod_points_A.in 
saved Fl\C2REl\L input hle to: i'ac2real_points_A.in 
saved -,PK2FAC i:1put file to; pp:..;:2fac poinls __ A.in 
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:=;aved init:'_al pilot poi_nto 5llliL-nc..ry ro: modeled :_nit uoir:ts A.tex 
For the pa~ameter R: 
ReaUing f::::om "spec_polnts_R.in" 

2 :c~oncs def.:.t:ed for p3.ra:ne"::er R 
l'"ading zone_recharge.geo == 1 for zone id 1 
saved zone field to: ::nodeled_zone:'l points R.inf 

Crea::::ing c_r_itial values field .:or pa-rameter H 
Zone 0 assigned 86975 cells v..-ith an average va.lue of -30.0 
Zone l assigned 213 cells l'lith an average val'.le cf -1::_,:) 
saved ini::ial values f·ield tCJ: nodeled_iCJit points R.rr.od 

Creating pilot points for parameter R 
A.ssiqnc>.d 0 variaDl'i". c.nd 0 fixed pilot po.'.nts to zone 0 
Ass i_gncd 3 varia:Ole 2.nd l fixed pilot po-'-r.ts to zone 1 
saved pilot points ·:cmplate file to: :nodeicd poin-r::s R.-:::pl 
.saved initial pilot poinc:s dat:a to: mode-led :Points R.dat 

Creo.t:'..ng gronr_d·e~atcr-utility program j_nput-recti:::ection files 
saved REAL2~10i:l tcop:Cate file to: real2mod po:'..nts H.tpl 
saved REAL2MOJ inp·.1t ::ile to: rea.l2mod _points_ :s__ in 
saved FA22R?;AL i::1put :::'..le to: rac2rcal_points _~-in 
saved PPK:::FAC input fi:_e to: ppk2f.:~c ;::>oints R.in 
saved ini L.al pilot point:-; surrurrary tO: mode leG. ir,it_point.s R. Lez: 

saved PES'T contra:_ £il8 to: c2o- lnlt.ps:: 
saved PEST cor_tro:_ filCJ to: c2C- once.ps:: 
saved PEST rur. lt'.anagement file: r2 07 _ .'._r:.it. rm' 
sa•.red PEST rur. rranag"'mer:t f_le· r207 svda ::-:n: 

cp: ca:mot stat 'dt.rkmf n.an}'pts.i:-:tp': Nc such file or directory 
:~p: cannot stat 'dtrkmf tr:acks.inp': :Jo such file or director}' 
Copied files to sla.vel 
cp: cannot stat "dtr<:.mf_manypts.:'..r.p': No suc:1 file or directory 
cp: c0nnot stat. "dtr>.:mf tracks.inp': No such file or directory 
Copied files ::o oLwe2 
cp: car.:1ct st_al "d::rkmf_mar:ypts.inp'· :Jo .'.nch file Gr dirc'!:::t.ory 
cp: car_::Jot stat ·d;:rk:u:: trac:-.:s. i_np': No st.:.ch file or direct_o,y 
Copied rLlcs to slave3 
co: cannot stat "dtrkmf_manypts. inp': No suet fi:;_e or directory 
CD: cannot sta~ 'dtrkr.~f trucks.i:-:tp': No such file or directory 
C:opied files t:J sl.a·Je4 
q.:: co.nno..: sta-=. 'dlrKmf_m2-nyp::s.inp': N~) sc.c:h file or C:.irec::ory 
cp: cam-.o:: star: 'jtrkrr.f ::racks.inp': Ko ::;uch file or directory 
Copied files t.c s I aveS 
cp: canno-:: .s-r::at 'dtrkmf manyp::s.inp': Nc such file or di::.-6c::or;,' 
cp: cannot s::al "dtrkmf-tracks.ir~p': No such file or direct.ory 
::opied fi_;_es to slave6 
COMMAND ./update_pest.sh $TESTNAM j tee -a ReadMe 
Execute: ./update_pest.sh r207 I tee -a ReadMe 

Pl\.RREP Version 9.L __ ~~·atGrrcto.rk Nurr,e::-lcal Computing. 

R()ading parame::::er 'Jalue fi:..e r207_lasl.par -----> 
Jata for 1309 par'lntetcrs read ::rom =-le r207 lost.par. 

Reading file r2C"/_init.pst a:-:td '.ni::in9 file r2:)7_update.pst -----> 
.File r207 q::date.ps:: •.vritt.en ok. 

COMMAND ./runpest.sh $TESTNAM 6 
Execute: ./runpest.sh r207 6 
E>tarti_ng in 3 . 2 _ 1 done' 
Ycur ·job 2760.2-E:l ("r7.C7::.:oordS") has beeL suil:ni-:ted. 
You::: job 2761 ("r2J7coordM") ha.s been sub_[[l_itced . 
..::-ob 2761 exi.ted •e~.ith exi:: code 0. 
The ~o:o r207coordS of u0er (s) mdreno does not exist 
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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 
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The travel times were calculated on the final calibrated fields 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 pnesented below. 

COMMAND date 
Execute: date 
"rue Cun 30 13:56:07 MDT 20C9 
COMMAND chmod +X run_dtrkmf.sh 
Execute: chmod +X run_dtrkmf. sh 
COMMAND ln dtrkmf_v0100 dtrkmf.exe 
Execute: ln dtrkmf_v0100 dtrkmF.exe 
COMMAND ./run_dtrkmf.sh selectedFields.txt 
Execute: ./run_dtrkmf. sh se 7ectedFie 7ds. txt 
-=====================================================-~=====------

:::iecking out Outputs/Update/r440/modeled K field.moci 
P.CS: /nfs/data/CVSLIB/Tfields/Outpu"Cs/oPct3:-::e/r440/modelr.cd 1\ field.mod, 'l 
VERS: 1.1 --
******"'******** 
===---~~----~------====~-==============~================~=====-----

Checking out Outputs/Upda.te/r110/nodeled A field.mod 
~CS: lnfs Ida -:a/CVSLIB/T fields /Ou L pu ls/UPcta te/ r'i<l 0 /modeled A. f ie~d .mod, v 
VE:?.S: 1.1 - -
>1'>1'>1->l->1->l-********* 

Ctecking out o~tputs/UptiaLe/r440/rnodeled s ~~eld.mod 
RCS: / nfs/ da ta/CVST"IB/'r:: .i.e_ ds/Ou l.~:n: Ls /:JPct3. te I r4 -10 /modeled S f ieJ d .mod, v 
VERS: 1.1 --
*************** 
===============================--------------========~============~ 

Checkirq out Outputsltlpdate/r:C,40Irnode1ed R field.mod 
RCS: lr.=:s I dataiCVS~IBITfields /Outp-~ts ;upc.a t e/ r4 40 /modeled R field. mod, v 
Vii:RS: :::_. 1 - -
**********>~-**** 

=======================================~=~==~--~=======~=========== 

Checking ou--.: Outputs /Update/ 2:4 40 /rr,odclcd fl01·1. bud 
RCS: /nfs I O.a ta./CVSLIB/Tf ie lds /Ou;:puts/UPda te/ r44 ()/modeled f lm,r. bud, v 
VERS: 1.1 - -
*************** 
Normal DTRKt-lE' Ccmpletion 

lf#####USING TREAOVH\.Y AN.'\LYTIC SOLVER###### 
PAR'TtCT..~ EXIT SUMM.b.RY: 1 5_0732E·1~!3 3_95E5E+03 1.3063:::::+01) 1.8439£-'-04 

NornaJ DTRKMF Completion 
######USING TREADIE\Y AN!\LY1'IC SOLVhRit##!H!#-
PARTICLE :c;XIT SOMt-1ARY: 1 ?.13:J1E+04 l.8060E+04 l.l209E+04 J_Q590E+04 

======~=====================================-c=--=--======"-'=========== 

The "run_dtrkmf.sh" command is found in CVS://Tfields::lnputs/scripts, and is presented in G.S.2. 




