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[bookmark: _Toc436141902]T-COMPobserveMAKER–A workbook for creating transmissivity observations in a MODFLOW model
T-COMPobserveMAKER is a workbook that will process aquifer-test data and create all necessary input files for the T-COMP programs. General information about the regional model, drawdown profile specifications, aquifer-test sites, well construction, depth-dependent lithology, and hydraulic properties are required. This information is compiled in a workbook that follows the template 01_Sample_T-COMPdata.xlsx (Figure 1).  Macros that interrogate a version of the workbook 01_Sample_T-COMPdata.xlsx and the NAME file of a regional MODFLOW model are in the workbook 00_T-COMPobserveMAKER.xlsm.  
[image: ]
[bookmark: _Ref308120998]Figure 1.—Contents of folder AppendixA_T-COMP.v.1.00 where user’s MODFLOW model will supplant the folder MF_EXAMPLE. 

[bookmark: _SEE._page][bookmark: _SEE_page][bookmark: _Toc436141903]Aquifer-Test Data—01_Sample_T-COMPdata.xlsx 
[bookmark: _Toc203959053][bookmark: _Toc203976012][bookmark: _Toc256715440]Aquifer-test sites are specified by easting and northing and located in the regional MODFLOW model by specifying easting and northing of the upper, left corner of the regional model. Rotation of the regional model about the upper, left corner also can be specified. Regional model and aquifer-test sites are registered vertically by assuming that the top of layer 1 in the regional model and depth to water at each aquifer-test site are equivalent (Figure 2). Depth to top of model replaces depth to water where the top of the regional model does not coincide with the water table. Coordinates, depths, discharges, site-model dimensions, and hydraulic properties are specified in user-defined units. All are converted to length and time units as specified for the regional model. 
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[bookmark: _Ref308299823]Figure 2.—Schematic of a hypothetical aquifer system where regional and site models are registered at the water table. 
The T-COMP approach is illustrated with a model of the Pahute Mesa–Oasis Valley (PMOV) groundwater basin, where recharge occurs, moves downgradient, and discharges to Oasis Valley (Fenelon and others, 2015[footnoteRef:1]).Delineating the boundary of the PMOV groundwater basin was necessary to adequately assess the transport of radionuclides. The PMOV model demonstrated internal consistency for the delineated contributing area by matching measured water levels, groundwater discharges, and transmissivities with simulated results from a single-layer, steady-state, groundwater-flow model.  [1:  Fenelon, J.M., .J. Halford, and M.T. Moreo, 2015,Delineation of the Pahute Mesa–Oasis Valley Groundwater Basin, Nevada, Scientific Investigations Report 2015–XXXX] 

[bookmark: _Lithology_and_Hydraulic]

[bookmark: _Toc436141904]GENERAL page
General properties of a user’s regional MODFLOW model are specified in columns B and C of the GENERAL page (Figure 3). Items under CreateTAGS in column D connect user-specified responses with entries in the T-COMP response template file 03_#_RegModel_#.Tcomp.txt. 
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[bookmark: _Ref308350104]Figure 3.—T-COMP input that maps the regional model to a system of eastings and northings such as a UTM projection, specifies consistent units, and criteria for estimating drawdown threshold with site models on the GENERAL page in the file 01_Sample_T-COMPdata.xlsx. 
GENERAL input
	Consistent length and time of the regional model are specified in cells B2 and B3 on the GENERAL page.

Units are restricted to specific choices that are restricted by pull-down menus. 
	[image: ]
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	Entire layer contributes to simulated transmissivity if fraction of regional model intersected by drawdown profile exceeds fraction in cell B4. 
Regional model layer contributes to simulated transmissivity horizontal flow across drawdown profile exceeds fraction of maximum horizontal flow in cell B5. 
Drawdown profile is surface of equal drawdown that is evaluated at the end of the site model simulation period. The threshold drawdown is specified in cell B6. 
Regional model layers are not included in a transmissivity observation where the drawdown profile in less than the minimum radius in cell B7. 
Transmissivity observations are limited to the maximum radius (cell B8) even if the drawdown profile extends further from the aquifer-test site in a regional model layer. 
	[image: ]

	Default values of specific yield, specific storage, and vertical-to-horizontal anisotropy of hydraulic conductivities are specified in cells B9, B10, and B11, respectively.
These values are used if left unspecified in the table of hydraulic properties on the Kprop page. 
	[image: ]

	Easting (X) and northing (Y) of the upper, left corner of the regional model are specified in cells B12 and B13. 
Angular rotation of the regional model about the upper, left corner is specified in degrees (cell B14). Positive rotation places the upper-right corner of the model above the upper-left corner. 
Units are restricted to specific choices that are restricted by pull-down menus.
	[image: ]
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[bookmark: _Toc436141905]WELL page
Well name, location, depth to water, discharge rate, duration, transmissivity estimate, and site model specifications for each aquifer test are specified on the WELL page (Figure 4). Screened intervals are specified in another table on the SCREENS page so that complex wells with multiple screens can be defined.   
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[bookmark: _Ref420443810]Figure 4.—Well name, location, well radius, depth to water, discharge rate, duration, transmissivity estimate, and site model specifications for each aquifer test.  
WELL input
	Additional columns can be added for tracking well sites even if the information is not used in T-COMP. 
All columns are identified by labels in rows 4 and 5, not specific columns. 
	[image: ]

	ShortNAME is the unique identifier for each aquifer-test site. T-COMP will work with as many as 32 characters in a name, but PEST and several utilities limit identifiers to no more than 10 characters.  
Easting (X_Coord.L) and northing (Y_Coord.L) will be converted to the consistent length unit of the regional model as specified in cell B2 on the GENERAL page.
	[image: ]

	Depth to water (DTW_ModelTop.L) registers regional and site models.  Tops of both models are assumed to coincide with the water table.  Adjust the depth to water if the top of the regional model is not the water table. 
Radius of the well (WellRAD.L) defines the radius of the well screen. 
	[image: ]

	Pumping rate during the aquifer test (Q_Constant.L³/T) and duration of pumping (DurationTIME.T) define stress rate and simulation period in the site model.  
	[image: ]

	Annular radius (AnnularRadius.L) defines the borehole, where gravel pack exists between the annular and well radii in the site model. 
Radial extent (RadialExtent.L) is the total distance between well center and the far edge of the site model.
Radial discretization occurs with a specified number of columns (Num.Columns), where columns 1, 2, and 3 simulate wellbore, well annulus, and aquifer, respectively.  Column widths expand by a uniform multiplier in the aquifer. 
The site model is divided vertically into cells of uniform thickness (Cell Thickness.L). Site models vertically extend from the water table to the base of the regional model or the deepest lithology in the well log, whichever is shallower.  
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	Estimated transmissivity (TranOBSvalue.L²/T) is tabulated as log(T) with weights and observation groups for pasting into a PEST control file
(column Q, in this example)
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[bookmark: _Toc436141906]SCREENS page
Screened intervals are specified by tops and bottoms in the same column 
(Figure 5). This permits simulation of complex well completions where multiple discrete screens exist.  
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[bookmark: _Ref420850099]Figure 5.—Tops and bottoms of screened intervals for wells at aquifer-test sites. 
SCREENS input
	Additional columns can be added for tracking well sites even if the information is not used in T-COMP. These additional columns can be inserted anywhere provided that all cells in the header (row 2) are filled. 
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	ShortNAME is the unique identifier that connects screen specification to well construction. 
Screens are specified by tops and bottoms in the same column (ScreenTOPnBOT.L).  Each successive entry for a given ShortNAME must be greater than the previous entry.
An even number of entries must exist for each ShortNAME. 
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	Complex well constructions are specified with four or more rows of screen tops and bottoms. 
For example, three screened intervals were simulated for well ER-EC-1.  Six rows of successively deeper contacts were specified.  This resulted in three screened intervals separated by two sections of blank casing.  
	[image: ]
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[bookmark: _Toc436141907]LOGS page
Hydraulic properties are distributed vertically with well logs through lithologic categories or specified directly (Figure 6).  Hydraulic properties are defined in the hydraulic property table on the Kprop page if not specified directly.  
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[bookmark: _Ref420850981]Figure 6.—Example lithologic log for well 18-2. 
LOGS input
	ShortNAME is the unique identifier that connects well log to well construction for a site model. 
Lithologic categories (Lith_Category) are specified by unit tops (LithTOPS.L).  Each successive entry for a given ShortNAME must be greater than the previous entry.
The last entry for a ShortNAME marks the bottom of the log. This lithologic category is not used. 
Lith_Category is the unique identifier for specifying hydraulic properties on the Kprop page. 
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	Hydraulic conductivity (Hyd-Conductivity.L/T) also can be specified directly at the top of a given interval. These values supersede values from the hydraulic properties table on the Kprop page.   
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[bookmark: _Toc436141908]Kprop page
Hydraulic conductivity, specific yield, specific storage, and vertical-to-horizontal anisotropy are specified by lithologic category on the Kprop page (Figure 7). User-specified units for hydraulic conductivity and specific storage will be converted to consistent length and time units as defined in cells B2 and B3 on the GENERAL page. 
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[bookmark: _Ref420852144]Figure 7.—Hydraulic properties as specified by lithologic category on the Kprop page. 

[bookmark: _Toc436141909]T-COMP File Creation—00_T-COMPobserveMAKER.xlsm
Activate the primary macro “Make Observations” in the workbook 
00_T-COMPobserveMAKER.xlsm to create T-COMP input files and a master batch file (Figure 8). T-COMP input file and a subfolder of well logs are created in the root directory of the MODFLOW model. A folder of templates for creating the site models is copied to the root directory of the MODFLOW model. The master batch file sequentially executes all T-COMP programs and executes a sub-batch file that executes all of the radial site models. 
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[bookmark: _Ref421029779]Figure 8.—CONTROL page in the 00_T-COMPobserveMAKER.xlsm workbook that contains macros for creating T-COMP input files and batch file that executes all T-COMP programs.  
CONTROL input
	Excel and ASCII data files are specified in cells B5:B12.  Workbook pages are specified cells C5:C9 for data in Excel files. The current files and pages agree with the sample data set for the example. 
Forms will appear and you will be queried for the correct file and page if the cells are blank or the specified file does not exist. 
	[image: ]
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	The requested file is identified by the highlighted caption in the upper, left corner of the form. 
Select the requested file and either double-click or select open.
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	A form will request the correct page if the data are in an Excel workbook. 
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	Navigate down to the .\MF_EXAMPLE directory.
Double-click the master batch file which is 02__PM-SS.Tcreate.bat in the example.
All T-COMP outputs will be created after this batch file finishes. 
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[bookmark: _Toc436141910]T-COMP Output Files
The primary output files from the T-COMP programs are the node-fraction file from T-COMP_Extract and simulated transmissivities from T-COMP simulated, which are Pcomp__PM-SS.Tcomp_Node-Fractions.txt and OUTPUT__PM-SS_Tsimulated.txt, respectively in the example (Figure 10).  Input is echoed to the *HISTORY.txt files and obvious errors are reported. For example, an aquifer-test site outside of the model domain will be identified and no site model is created. Maximum areal extent and vertical drawdown profiles are reported for all aquifer-test sites in files RAD_Pcomp__PM-SS.Tcomp_Node-Fractions.txt and ZZZ_Pcomp__PM-SS.Tcomp_Node-Fractions.txt, respectively.  A bogus MODFLOW GHB file is created so that identified nodes from T-COMP_Extract can be viewed with ModelViewer.  This is file GHB_Pcomp__PM-SS.Tcomp_Node-Fractions.txt in the example.  
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[bookmark: _Ref421179435]Figure 10.—Examples of output files created by T-COMP programs in the root directory of the example regional MODFLOW model. 
[bookmark: _Toc436141911]T-COMP_Create Output Files
	T-COMP_Create primarily echoes back input for confirmation and identifying incorrect input in the OUTPUT_T-Comp_CreateHISTORY.txt file. 
	OUTPUT_T-Comp_CreateHISTORY.txt
[image: ]

	A summary is reported for each aquifer-test site, where well construction, lithology, and hydraulic properties are reported as discretized in the radial, site model. 
	OUTPUT_T-Comp_CreateHISTORY.txt
[image: ]

	Details show,
|	blank casing, 
|=	screened intervals, 
. 	native material. 
Reported depths are the top of each site-model layer in length below land surface. Length is in feet in the example. 
	OUTPUT_T-Comp_CreateHISTORY.txt
[image: ]

	ZZZ_OUTPUT_PM-SS.lst.txt is a dummy listing file that captures all of typical MODFLOW output from the pilfered MODFLOW routines that convert input from hydraulic property packages such as LPF, BCF, HUF, or HFB into cell-by-cell conductances. 
This file primarily is a trash catcher that can be ignored. 
	ZZZ_OUTPUT_PM-SS.lst.txt
[image: ]

	Each site model is created in a folder in the MiniRADS subfolder. 
	MiniRADS subfolder
[image: ]

	Double-clicking 01_MFsub_CALL.bat will execute all of the site models. 
	01_MFsub_CALL.bat 
[image: ]


[bookmark: _Toc436141912]T-COMP_Extract Output Files
	NODE-FRACTION FILE 
This is the distillation of all the aquifer tests and specifies where simulated transmissivities are sampled. 
For each aquifer test, 
	Well ShortNAME is reported on first line,
	Number of regional model cells (N) intersected by that aquifer test is reported on the second line,
	Regional model node number and fractional contribution to simulated transmissivity are reported on the next 
N lines. 
All labels and values after the “!!” delimiter are information that is not used to sample simulated transmissivities. The informational values are area intersected, vertical fraction, areal fraction, and transmissivity of regional model cell intersected. All values are in consistent units as defined for the regional flow model.  
	Pcomp__PM-SS.Tcomp_Node-Fractions.txt 
[image: ]
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	A bogus MODFLOW GHB file is created so that identified nodes from T-COMP_Extract can be viewed with ModelViewer. The investigated volume is reported in a unique stress period for each aquifer test. 
The bogus GHB is called from a duplicate NAME file so that the model solution is unaffected. 

All wells are shown in the first stress period. Individual wells are shown in subsequent stress periods.  
	GHB_Pcomp__PM-SS.Tcomp_Node-Fractions.txt
[image: ]
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	T-COMP_Extract primarily echoes back input for confirmation and identifying incorrect input in the OUTPUT_T-Comp_ExtractHISTORY.txt file. 
	OUTPUT_T-Comp_ExtractHISTORY.txt
[image: ]

	A summary of results are reported for each aquifer-test site that includes,
	Maximum radius investigated,
	Number of regional nodes intersected,
	Maximum area investigated,
	Maximum regional flow intersected is the maximum horizontal flow rate in a regional-model layer across the drawdown profile at the end of the aquifer test.  
All values are in consistent units as defined for the regional flow model.  
	OUTPUT_T-Comp_ExtractHISTORY.txt
[image: ]

	Outlines of the maximum area investigated for each aquifer test are reported as paired XY coordinates. 
Well ShortNAME is reported on a line that is followed by 37 XY pairs.  This is a circle defined by the maximum radius investigated and centered on the pumping well. 

The area investigated by all of the aquifer tests can be illustrated by plotting all of the outlines. 
	RAD_Pcomp__PM-SS.Tcomp_Node-Fractions.txt 
[image: ]
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	ZZZ_OUTPUT_PM-SS.lst.txt is a dummy listing file that captures all of typical MODFLOW output from the pilfered MODFLOW routines that convert input from hydraulic property packages such as LPF, BCF, HUF, or HFB into cell-by-cell conductances. 
This file primarily is a trash catcher that can be ignored.
	ZZZ_OUTPUT_PM-SS.lst.txt
[image: ]

	Vertical profiles of threshold drawdown and lateral flow across the threshold drawdown at the end of pumping are reported as depth-dependent series for each aquifer test.    
Well ShortNAME is reported on a line that is followed by depth-dependent results. A line with 3 values is reported for each row of the site model that intersects the regional model.  The reported values are, 
	Altitude of the row top, 
	Radial distance of the threshold drawdown from the pumping well, and 
	Lateral flow across the threshold drawdown.  
All values are in consistent units as defined for the regional flow model. 

Vertical profiles of all aquifer-test results can be illustrated.  Results from wells with the ShortNAMEs 18-2, 20-1, and 20-4 are presented as an example. 
	ZZZ_Pcomp__PM-SS.Tcomp_Node-Fractions.txt 
[image: ]
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[bookmark: _Toc436141913]T-COMP_Simulated Output Files
	SIMULATED TRANSMISSIVITY FILE
This file contains the answers, where simulated transmissivities or log-transmissvities are reported for comparison with aquifer-test results. 
A single line is reported for each aquifer test with three entries,
	Well ShortNAME, 
	Simulated transmissivity in consistent units as defined for the regional flow model, and 
	Log-simulated transmissivity. 
	OUTPUT__PM-SS_Tsimulated.txt
[image: ]

	ZZZ_OUTPUT_PM-SS.lst.txt is a dummy listing file that captures all of typical MODFLOW output from the pilfered MODFLOW routines that convert input from hydraulic property packages such as LPF, BCF, HUF, or HFB into cell-by-cell conductances. 
This file primarily is a trash catcher that can be ignored.
	ZZZ_OUTPUT_PM-SS.lst.txt
[image: ]


[bookmark: _Toc436141914]Necessary files for Calibration with T-COMP
Calibration requires few files and limited computational resources because 
T-COMP_simulated is the only extra program called for post-processing MODFLOW results. T-COMP_simulated reads a MODDFLOW name file and a node-fraction file, which are INPUT_PM-SS.NAME.txt and Pcomp__PM-SS.Tcomp_Node-Fractions.txt, respectively, in the example (Figure 11).
T-COMP_simulated writes a single output file with a simulated transmissivity and log-transmissivity for each aquifer test, which is OUTPUT__PM-SS_Tsimulated.txt in the example. 

[image: ]
[bookmark: _Ref421273442]Figure 11.—MODDFLOW-name and node-fraction input files (yellow) and simulated transmissivity output file (blue) from the example. 
Necessary files for Calibration
	INPUT—MODFLOW NAME FILE
The standard NAME file for a MODFLOW model, which is INPUT_PM-SS.NAME.txt in the example. 
	INPUT_PM-SS.NAME.txt
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	INPUT—NODE-FRACTION FILE 
This is primary distillation of all the aquifer tests and specifies where simulated transmissivities are sampled. 
For each aquifer test, 
	Well ShortNAME is reported on first line,
	Number of regional model cells (N) intersected by that aquifer test is reported on the second line,
	Regional model node number and fractional contribution to simulated transmissivity are reported on the next 
N lines. 
All labels and values after the “!!” delimiter are information that is not used to sample simulated transmissivities. The informational values are area intersected, vertical fraction, areal fraction, and transmissivity of regional model cell intersected. All values are in consistent units as defined for the regional flow model.  
	Pcomp__PM-SS.Tcomp_Node-Fractions.txt 
[image: ]
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	OUTPUT—
SIMULATED TRANSMISSIVITY FILE
This file contains the answers, where simulated transmissivities or log-transmissvities are reported for comparison with aquifer-test results. 
A single line is reported for each aquifer test with three entries,
	Well ShortNAME, 
	Simulated transmissivity in consistent units as defined for the regional flow model, and 
	Log-simulated transmissivity. 
	OUTPUT__PM-SS_Tsimulated.txt
[image: ]
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