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PREFACE

Part B of the manual for the Groundwater Data Utilities contains individual program
descriptions. Programs are discussed in alphabetider.

Refer to Part A of the Groundwater Data Utilities manual for an overview of the
utilities, a description of the file types used by them and for a discussion of a number
of common groundwater data processing tasks that can be accomplished using the

Part B begins with a table listing all current utilities. Also listed are the programs
belonging to the PEST MODFLOW/MT3D Ultilities suite (largely superseded by the
Groundwater Data Utilities).

| wish to gratefully acknowledge support that was provitteche for the writing of
many of the utilities documented herein. In particular:

1 The original set of 30 utilities was developed as part of a project funded by the
Australian Land and Water Resources Research and Development Corporation
(LWRRDC) and by theQueensland Department of Natural Resources
(QDNR).

1 The development oftilities which support the interface between PEST and
the MODFLOW2005 adjoint process developed by Tom Clemo was
supportedby a contract with Boise Statgniversity under EPA Grant X
960046010. So too were utilities supporting the use of calibrattonstrained
Monte-Carlo as a tool for model predictive uncertainty analysis.

1 GENREG and PARM3D were developed under contract from the Madison
Wisconsin office of USGS.

1 RSM2SRF, RDAT2TABFAC2RSM and PPK2FACR were developed under
contract from the South Florida Water Management District.

1 Other utilities were written with supporfrom the National Centre for
Groundwater Research and TrainifRginders University, Australia.

| wish to also acknowledge continued assistance provided by S. S. Papadopoulos and
Associates. Assistance from EM$® also gratefully acknowledged andpagciated.

John Doherty
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ALPHABETICAL LISTING OF GROUNDWATER DATA UTILITIES

adjobs Adjusts observation weights for different observation groups in a H
control file according to usatefined formulae.

arr2bore Undertakes spatial interpolation fronsiagle array to a set of points.

arrayobs Facilitates the introduction of model outputs comprised
MODFLOW/MT3D-compatible real arrays into a PEST param
estimation process.

arrdet Lists the contents of a MODFLOW or MT3D unformak
head/drawdown/amcentratioroutput file.

asenproc Reads a Adistributed parameter
version of MODFLOW; formulates sensitivities for PEST parameters
writesthemt@PEST fAexter nal derivati ve

bud2hyd Extracts flowdata from a MODFLOW unformatted cddi-cell flow term
file. Rewrites this data in a form suitable for plotting against time.

bud2smp Extracts flow data from a MODLFOW unformatted ejtcell flow term
file. Rewrites this data in bore sample file format.

conc2elev Computes the elevation of the freshwater/saltwater interface on the bx
a sequence of concentration arrays.

dar2smp Translates system states computed by a FEFLOW model to bore sam
format.

elev2conc Computes a sequence of initiencentration arrays (one for each mo
layer) based on a ussupplied freshwater/saltwater interface eleval
array, and (spatially varying) thickness of the interface.

elev2concl Similar to elev2conc, but compul

fac2fefl Uses PPKFAC_FEFgenerated kriging factors teodify a FEFLOW
model input data file on the basis of spatial interpolation from a set of
points.

facZXem Uses ppk2fagenerated kriging factors to produce a MicroFEM input
on the basis of gial interpolation from a set of pilot points.

fac2g ComplementsPPK2FACG Performs interpolation to a set of poin
recording interpolated values in a single column file.

fac2mf2k Modifies an existing set of MODFLOWZ000 input files, replacin

paramegr cited in that file with pilepointbased parameters (often a fi
step in pilotpointbased model calibration).
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fac2real Uses PPKFACgenerated kriging factors to produce a MODFLO
compatible real array on the basis of spatial interpolation from af gédbt
points.

fac2real3d Uses PPK2FAC3Eyenerated kriging factors to produce a set
MODFLOW-compatible real arrays through spatial interpolation from 4
of threedimensional pilot points.

fac2rsm Uses PPKFACRyenerated kriging factors to produae RSM model inpu
data file on the basis of spatial interpolation from a set of pilot points.

fem2smp Converts MicroFEM output to bore sample file format.

fieldgen Generates a stochastic field in each zone of a model domain usir
sequential Gaussiasimulation method.

genreal2srf Interpolates from a MODFLOW grid of arbitrary specifications to the ng
of a SURFER grid file.

genreg Inserts prior information pertaining to many different types of regularisg
into anexistingPEST control file.

getmularr Extracts arrays from MODFLOW/MT3Dinformatted output files at use
nominated simulation times and stores these arrays in separate for
files.

getmularrl Extracts all arrays for a nominated simulation time from
MODFLOW/MT3D unformatted outgt file and writes these to anoth
unformatted MODFLOW/MT3D output file.

grid2arc Writes ARCINFO generate files of the active part of the fidiféerence
grid as defined by a ussupplied integer array.

grid2bln Writes a SURFER blanking file of thectave part of the finitedifference
grid as defined by a ussupplied integer array.

grid2dxf Writes a DXF file of the active part of the finithfference grid as define
by a usetsupplied integer array.

grid2pt Tabulates the coordinates of the aadhtres of the finit@ifference grid
within an active window defined by a ussrpplied integer array.

int2mif Generates MAPINFO MIF and MID files based on a MODFLOW/MT?
compatible integer array.

int2real Builds a MODFLOW/MT3Dcompatible real array bad on the contents (¢
a MODFLOW/MT3D-compatible integer array.

laydiff Evaluates head value differences in different layers based on conten

bore sample file, bore coordinates file and bore listing file.

logarray

Evaluates the log (to base 10) tfedements of a real array.
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iv

many2one

Splits MODFLOW/MT3Dgenerated unformatted files comprised
multiple two-dimensional results arrays into individy
formatted/unformatted files.

mkmhobs

Reads a bore sample fiMirites a MODFLOW 2005 heads obseiwatfile,
as well as an instruction file to read a MODFLOW heads output dat
and a APEST building block file
control file.

mod2array

Reads a MODFLOW or MT3D input file, extracting real or integer ar
from that file and storing them in separate files.

mod2obs

Interpolates modejenerated data to the same times and locations as
cited in a usesupplied bore sample file; writes another bore sample file

mod2smp

Interpolates the information contained n i an  unformatteq
MODFLOW/MT3D output file to a set of usspecified bores, rewriting th
borespecific data as a bore sample file.

mod2smpdiff

Interpolates the information contained in an  unforma
MODFLOW/MT3D output file to usespecified borescalailating the
difference or ratio between heads/concentrations atnggamated pairs o
bores.

parcov

Builds a geostatisticallpased covariance matrix for a set of parame
whose coordinates are provided.

parm3d

Assists in the pilepoint parameterigeon of a 3d model domain wher
hydrogeologic units intersect grid layers.

pestprep

Automates construction of a PEST control file and PEST instruction fil
a model comprised of MODFLOW and/or MT3D followed by MOD2OE
or MODFLOW followed by BUD2SMPdllowed by SMP2SMP.

pestprepl

Similar to PESTPREP. However provides extra flexibility in observa
naming.

pestprep2

Similar to PESTPREP1. However allows exttaservatiordata to be adde
to an existing PEST input dataset.

pmp2info

Builds a bore infamation file from a bore pumping file, the form
containing cumulative pumped volumes between two-sigecified date
for a usersupplied list of bores.

pmpchek

Checks the integrity of the data contained in a bore pumping file.

ppcov

Builds a covariane matrix pertaining to pilot point parameters based on
or a number of geostatistical structures.

ppk2fac

Calculates kriging factors for use in spatial interpolation from a set of
points to model grid cell centres.
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ppk2facf Calculates kriging fetors for use in spatial interpolation from a set of p
points to the nodes of a MicroFEM finite element mesh.

ppk2facg Calculates kriging factors for interpolatidrom a set of unnamed poin
where the coordinates and zone numbers of the latterramgad in threg
vertical columns.

ppk2facl Identical to ppk2fac except for the fact that the regularisation datg
which it writes is suitable for the use of ppkregl.

ppk2fac2 Identical to ppk2facl except for the fact that it prompts for a blan
radius.

ppk2fac3 Contains improvements to ppk2fael which allow it to work better in thir
alluvial model domains, especially where complex tributary systems ex

ppk2fac3d Calculates kriging factors for interpolation from a set of thiiseensional
pilot points to a series of MODFLOWbmpatible real array

ppk2facr Calculates kriging factors for use in spatial interpolation from a set of

points to the nodes of an RSM mestegularisation data file protocol
identical to that of PPK2FACL1.

ppk2fac_fefl

Calculates kriging factors for use in spatial interpolation from a set of
points to the elements of a FEFLOW mesh. Regularisation data file prq
is identical to that of PPK2FAC1.

ppkreg Adds a #Aprior i nf or msetiondmnadPESTrcantr
file where parameterisation is based on pilot points.

ppkregl Similar to ppkreg but more powerful in that it facilitates the use of
Asmoot hness regul arisationo (s
regul arisationbo.

ppmdef Builds a parameter definition file for the use of ASENPROC, link
distributed parameters as employed by the adjoint state versic
MODFLOW to pilot point parameters.

ppsamp Used in calibratiorcontrolled Monte Carlo analysis. Samples stochg
fields at pilot point locations, interpolates between the pilot points
generates difference fields.

pt2array Builds a MODFLOWcompatible real array; the value assigned to €
array element is calculated from information pertaining to points |
within the respective element.

ptingrid Locates the finitalifference cells in which arbitrary, ussupplied points
lie; optionally provides the value of an integer or real array elel
pertaining to the cell containing each such point.

qdig2dxf Translates theoutput of the shareware digitizing program, QDIGIT, i

DXF format.
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Vi

qdig2xyz

Transl|l ates the fAcontowadsdabat pu

rdat2tab

Reads an RSM element data file or index file. Adds mesh cer
coordinates toespectivedataelemeartsand rewritesdatain tabular format.

real2int

Builds a MODFLOW/MT3Dcompatible integer array based on the cont
of a MODFLOW/MT3D-compatible real array.

real2mif

Generates MAPINFO MIF and MID files based on a MODFLOW/MT?
compatible real array.

real2srf

Translates a MODFLOW/MT3Rompatible real array into a SURFER ¢
file.

real2tab

Translates a MODFLOW/MT3®Rompatible real array into thr@mlumn
real array table format.

reparray

AfPastesd a MODFLOW or MT 3 D c ongj
MODFLOW or MT3D input file.

rotbln

Rotates a SURFER blanking file about the top left corner of a i
difference grid so that the component elements of the file can be ov
over the grid when the latter has been rotated such that its row direc
oriented directly east.

rotdat

Rotates a data file about the top left corner of a fiditierence grid so tha
the component elements of the file can be overlain over the grid whe
latter has been rotated such that its row direction is oriatitedtly east.

rotdxf

Rotates a DXF file about the top left corner of a fiifference grid sg
that the component elements of the file can be overlain over the grid
the latter has been rotated such that its row direction is oriented di
east

rsm2srf

Reads an RSM (also GMS) 2d mesh file. Writes files through W
SURFER can plot mesh design, mesh outer boundarwell amodes anc
element centroids.

section

Interpolates the data contained in multiple MODFL@W@hnpatible rea
arrays to ararbitrary transect line through all or part of the firdifference
grid.

smp2dat

Extracts information from a bore sample file for a emgpplied list of bores
at times corresponding to model output times, generating a bore da
from which PEST inpt files can be constructed using the PH
MODFLOW/MT3D Utilities.

smp2hyd

Rewrites the contents of a bore sample file for a-apecified list of borej
in a form suitable for plotting borehole data against time.
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vii

smpzinfo Time-interpolates the informain contained in a bore sample file to a us
specified date for a list of usepecified bores, thus writing a bo
information file ready for access by commercial contouring software.

smp2pml Rewrites the information in a bore sample file for usete¢ed bores as
PMWIN observation file.

smp2pm2 Interpolates the information contained in a bore sample file to model g
times, then writes the tirAaterpolated data as a PMWIN observation filg

smp2smp Interpolates data contained within one bore @aniile to the dates an
times represented in another bore sample file.

smpcal Calibrates one timeeries dataset on the basis of another.

smpchek Checks the integrity of a bore sample file.

smpdiff Writes a new bore sample file in which differences #aken betwee
successive values in an existing bore sample file, or between valaas
existing file and a reference value.

smptrend Writes a new bore sample file in which differences are taken bet
samples within an existing bore sample file aitlez the first sample fo
each boren that file or a reference sample. However sampling is restr
to a yearly sample window.

srf2real Rewrites a SURFER grid file as a MODFLOWmpatible real array.

tab2int Generates a MODFLOW/MT3Dompatible integr array from an intege
array stored within a GIS.

tab2real Generates a MODFLOW/MT3ompatible real array from a real arr
stored within a GIS.

tabconv Translates between integer or real array table files using row/co
identifier format and thosesing cell number identifier format.

twoarray Combines two real arrays by addition, subtraction, multiplication, divi
and partial replacement.

vertreg Adds Avertical regul arisationo
where parameterisation isd&d on pilot points.

zone2bin Writes a SURFER A b ldifenekde rgripdozondtionl a
defined by a usesupplied, MODFLOWcompatible integer array.

zone2dxf Writes a DXF file of finitedifference grid zonation as defined by a ug

supplied MODFLOW-compatible integer array.
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zone2varl Computes a parameter variograrnere parameterization is based on a Iz
number of zones of piecewise constancy, and is defined throy
ZONMDEF output file. Assists ias
described by Johnson et al (2007).

zone2var2 Computes a parameter variogram much more quickly than ZONE2V
because it employs the resultstbé parameter search process undertg
by the latter program as read from a binary file written by it.

zonndef Assists in the preparation of input files for the use of PEST in conjun
with the MODFLOW2005 adjoint process where parameters are baseq
large number of zones of piecewise constancy.
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ADJOBS

Function of ADJOBS

ADJOBS is an atrobgmriVati aadpusADIOBS read
control file. It allows the user to perform the following tasks:

1 introduce new observation groups on the basis of observation names, and

1 calculate observation weights on the basis of observation valuesrediffe
formulae can be used for weights calculation for different observation groups.

ADJOBS is useful in preparing for a PEST run in conjunction with a model that
produces one or a number of lengthy time series. In this capacity it is complementary
to progam PESTPREP.

Using ADJOBS

ADJOBS commences execution by prompting the user for the name of an existing
PEST control file. Before being read by ADJOBS, this file should have been checked
using PESTCHEK for, while ADJOBS will detect and report many of tpegyof
errors that may be present in a PEST control file, its checking functionality is not as
complete as that of PESTCHEK.

ADJOBS then reads the PEST control file whose name has been supplied. It pays
particular attention Hdofithebéérvasieonadaba
this file. It counts the number of observations belonging to each observation group and

then asks the user a series of questions pertaining to each such group.

First:-
Observation group "obsgpl" (245 observations belong t o this group) — >

Do you wish to make any adjustments [y/n]?:
If you do not wish to subdivide this group into other observation groups, of to re
assign weights to the members of this gr
However i f yodOB&awilktheeprompty 6, AD

Divide group into subgroups [y/n]?

Division into subgroups takes place on the basis of observation names. Thus if
different observation types have different name types, these different observation

types can be easily placed intdfelient groups. For example if discharge observations

are nameddis001, dis002, disO03gtc. and pollutant concentrations are labelled

conc001, conc002, concO0&c, and both of these observation types presently belong

to the same group, they can be sefst on the basis of the first three letters of each

of their observation names, wi tido dlesemgvat.i
assigned to one group andcobhbeénbegissnigmeg
another group. To achieve this,amsr t he f ol |l owi ng pfrompt wit |
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Use first n characters of observation name for group definition.

Enter n:

ADJOBS inspects the names of all of the observations belonging to the current group.
It ascertains the number of groups into which pihesent group is now subdivided

and, for each such group, it asks:

Observations in group "obsgpl" beginning with "dis" - >

Enter observation group name for these observations:

Provide an observation group name as requested. Note that the user magriseres

to this or any other prompt, press the
fescaped mechanism, returning the wuser

After a new observation group name has been supplied, ADJOBS prompts for the
variables required for wehts calculation. If the user desires, weights can be
calculated differently in each new group. ADJOBS prompts:

Adjust weights for this observation subgroup [y/n]?

Then, i f Ay o,

Weights are calculated as w = a*(abs[observation_value])**b+c
Enter a:
Enter b:
Enter c:

Enter maximum allowable weight:
Enter minimum allowable weight:

Respond to these prompts as appropriate; note that the formula for weights calculation
is:-

w = a[abs(observation_valué)} ¢

By supplyingb asi 1, weights can be madaversely proportional to observation
values. This is often useful when estimating parameters for a rg@odration model

on the basis of observed values of discharge. All calculated weight values are
constrained to lie within the maximum and minimum s provided by the user;
neither of which can be less than zero.

Note that weights can be adjusted in this manner whether or not a group is subdivided
into smaller groups. The user simply informs ADJOBS that he/she does not wish to
carry out group subdision; he/she will then be prompted for the parameters of the
weights calculation formula for the entire group.

Finally, ADJOBS prompts for the name of a new PEST control file. It then writes this
file using the new observation group names and/or weightsdad by the user. You
should check this file using PESTCHEK before supplying it to PEST.

Uses of ADJOBS

As has already been mentioned, ADJOBS is particularly useful in PEST preprocessing
where PEST is to be used in the estimation of parameters for & winde generates
one or a number of lengthy time series. Because there are often many measurements

o

D
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comprising an observation dataset in this context, preparation for a PEST run requires
software assistance. Such assistance is available through PESTPIRESE, use is
documented elsewhere in this manual. However PESTPREP does not allow automatic
generation of observation groups on the basis of observation types. Nevertheless, it
does allow observations of different types to be named differently. Group rassign

can then be carried out using ADJOBS.

ADJOBS can also be useful where different types of data are used simultaneously in
model calibration. By assigned each observation type to a different observation group,
it is possible to rapidly adjust the relatiweighting assigned to each such group in the
calibration process through the use of ADJOBS.

See Also

See also MOD20BS, PESTPREP and SMP2SMP.
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ARRZ2BORE

Function of ARR2BORE

ARR2BORE undertakes spatial interpolation from a single MODFLOW or MT3D
compatble real array to a set of pointshose coordinates are cited a bore
coordinates file. The array from which interpolation takes place cdrmobsedin a
formatted or unformatted file. As for thBlOD20OBS and MOD2SMP utilities
interpolation from the aryato the points is bilinear, with account taken of inactive
cells. The latter are identified as cells for which absolutearaly valuesreabove a
userspecified threshold.

Using ARR2BORE

Like all programs of the Groundwater Data Utility suite, ARR2BEOEhecks for the
presence of a file namesttings.fign the directory from which it is run. The contents
of this file inform ARR2BORE of whether formatted real array files include a
numberof-columns, numbeof-rows headeor not

After having readettngs.fig(or complained of its absence), ARR2BORE asks for the
name of the grid specification file pertaining to the current model:

Enter name of grid specification file

in response to which the name of this file should be supplied. Once it has read this
file, ARR2BORE prompts for the name of a bore coordinates file, and then a bore
listing file:-

Enter name of bore coordinates file:
Enter name of bore listing file:

(These can be the same file if desired). The format of these files is describedAn Part
of this manual. The former contains three columns of data, with the first column
listing bore names (which should be 10 characters or less in length), and the second
and third listing bore eastings and northings. If desired, the fourth (layer number)
column can be omitted, for ARR2BORE does not read this column.

The bore listing file comprises a selection mechanismpfonts to which spatial
interpolation is required. This should contain a single column in which bore names are
listed if more than one damn is present within this file, columns after the first are
simply ignored.The bores listed within thisl@ must be a subset bores appearing in

the bore coordinates filepnly points listed in the bore listing file will appear in

A RR2 BORE 6 sile, towittisponilyt to thiesg@ointsthatspatial interpolation takes
place.

ARR2BORE next asks for the name of the real array file which it must read. This can
be a formatted or unf or mefot taenddd ffb eeng wi hé
defaults for tle former and latter file types respectvélyRR2 BOREOG S pr ompt i s

Enter name of real array file:
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Inactive element®of the array contained in thile are identified as those whose
absolute values are above a certain threshold, this threshold beingdiythe user
in response to the prompt:

Enter inactive threshold for this array (<Enter> if 1E35):

The method of spatial interpolation employed by ARR2BORE is the same as that used
by MOD20BS and MOD2SMPThis is a bilinear scheme, with modificatiofts
proximity to inactive cells. If a point to which interpolation must take place is outside
of the grid, or within an inactive cell, this condition is stated in the ARR2BORE
output file. If the interpolation point is locatatia place for whiclone of he four céll
centres that enclose it isaictive (or it is not in fact enclosed by four cell centaeall

due to proximity to the edge of the grid), thénear interpolation scheme asljusted

to compensate for this missing data.

ARR2BOREGs fig-nal promp

Enter name for bore information output file:

ARR2BORE writes its output data in tabular form, the output table being comprised
of four data columns. The first of these columns contains bore identifiers. The second
and third contain bore eastingsdanorthings as read from the bore coordinates file.
The fourth containeumbers obtained througipatial interpolabn from the real array

to the points listed in the bore listing file.

Uses of ARR2BORE

ARR2BORE is useful wherever spatial interpolatiomfra model array ta set of
discrete points must take place. For example it can be used to undertake spatial
interpolation from a freshwater/saltwater interface elevation array written by
CONC2ELEV, to a set of observation wells.

See Also

See also MOD20OB3VIOD2SMP and CONC2ELEV.
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ARRAYOBS

Function of ARRAYOBS

The purpose of ARRAYOBS is to facilitate the introduction of a new dataset (of a
certain type) into an existing inversion process. ARRAYOBS modifies an existing
PEST control file and builds a new ingttion file to allow inclusion of this data and
the reading of model outputs corresponding to this data.

Use of ARRAYOBS is predicat ed-colonmrealhe assu
arrayo files exist. The f or mathe nmfiualbfhes e f i
the Groundwater Data Utilities; see also the description of program REAL2TAB later

in this document. Such a file holds the same data as a MODFLOW/NM®Bipatible

real array; however the data is arranged in columns so that it is more eaddilee

by other software (such as a GiSspreadshegtackage). One of these two files must
contain fAt he oibatas, theadata thab willdbea recorslesl in dhe PEST

control file; this is the data that model outputs must try to match. Thex diree

column real array file must have been produced by the model. While ARRAYOBS

does not actually use the data contained in this file, it does check that the same cells

are represented in this file as are represented in the observatiordhmea eal

array file. It also generates an instruction set to read this file. Thus ARRAYOBS acts

as a PEST prprocessor for an inversion process in which one of the model output

files is a threecolumn real arrayablefile. After each model run, PEST will redldis

file, attempting to match the numbers in this file to the corresponding numbers in the
observation threeolumn real array table file.

Note that a real array table file need not contain data pertaining to every cell in the
model grid. Program TAB2RBA (which generates such a file from a real array file)
allows use of an integer array for selection of array elements for representation in the
table file.

Using ARRAYOBS

A settings file settings.fig must be present in the directory from which
ARRAYOBS isrun. See Part A of the manual to the Groundwater Data Utilities for
further details.

ARRAYOBS commences execution with the prompt:

Enter name of grid specification file:

to which you should respond by entering the appropriate filename. If a default
filename for the grid specification file has been read from a filename file
(files.fig ) resident in the current directory, that filename will appear with the
above prompt. It can be accepted through pressing the <Enter> key or rejected by
supplying the correcilename. The grid specification file contains the dimensions and
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geometry of the finitalifference model grid. Its specifications are explained in Part A
of the manual of the Groundwater Data Utilities.

Note that, as is the case for other members of thmur@giwater Data Ultilities,
responding to any prompt with an fAeo (for
prompt. In this way mistakes can be quickly corrected.

ARRAYOBS next prompts for the name of an existing PEST control file:

Enter name of PEST con trol file:

and then for the names of two trhe@dumn real array table files:

Enter name of observation real array table file:
Enter name of model real array table file:

Each of these files will probably have been written by program REAL2TAB
(ARRAYOBS assumes use of exact REAL2TAB format when generating instructions

to read the second of these files). However it is assumed that the first file contains
Afobservation datao and that the second fil
generated repeadly during the forthcoming pameter estimation processrpof the

aim of this process will be to matchneodel output real array to abservation real

array. As is the protocol for a real array table file, not all real array elements need to be
repreented in this file. However it is essential that the two files named in response to

the above promptcontain data pertaining to exactly the same cells of the finite
difference grid and that the array elements are listed in the same order. (This is easily
ensured by using the same nwi seflleswsingnt eger
REAL2TAB.) Array data extracted from the observation real array table file will be
written to the fAobservation datao section
will be generated to read the model real array table file. However prior to undertaking

any of these activities, ARRAYOBS will ensure that the two files named in response

to the above prompts are matched element for element.

When adding data to the PEST aoihfile, and when writing instructions to read the

model real array table fileARRAYOBS providesnamesfor the observations
pertaining to real arr ayprelreonwe nowvdsled & hfep ma mi
a two character prefixpw is the cell roanumber, anatol is the cell column number

(these are both supplied il dhreecolumn real array table fé The one or two

character prefix is supplied by the user in response to the prompt:

Enter prefix for new observation names (two characters or | €ess):
ARRAYOBSO6s next -two prompts ar e:

Enter weight to assign to new observations:
Enter group name for new observations:

As is explained in the PEST manual, each observation must be given a weight and

must be assigned to a group. For observationsressig the observation grooggul,

usersupplied weights are multiplied by a PEETal cul at ed dAwei ght f ac
re-calculated during every optimisation iteration) to ensure that the pertinent
observations feature in the inversion process as muah r@sjuired to enforce the

regularisation constraints which they embody without, at the same time, detracting
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from PEST6s ability to achieve a desired |
field data.

If the user wishes that a more complex weightingtsgy than that of a single uniform
weight be applied to observations introduced to the inversion process by
ARRAYOBS, he/she can use program ADJOBS from the Groundwater Data Utilities
to adjust these weights. Note that, for observations belonging tds$keevation group
regul, relatively of weights is preserved as weights are adjusted through the
regularised inversion process.

ARRAYOBS next prompts for the name of the new PEST control file which it must
write:-

Enter name for new PEST control file:

=]

Ente an appropri at e .psba mes (naann deaxttoernys)i.on o f

ARRAYOBS next issues a special sequence of prompts if the existing PEST control

file is not set up to run iregularisatiormode, and if the name of the new observation

group (as supplied by theser in response to the pertinent one of the above prompts)

i s Aregul o. I nferring that regulaisatosnede, wi | |  w:
ARRAYOBS of f eregularisatoo ad@ cti 6in to the end of
control file which it is abouto write. It asks:

Use regularisation mode for new PEST control file? [y/n]:

If the response to this prompt is in the affirmative, ARRAYOBS prompts for the
names of two regularisation control variables:

Enter value for PHIMLIM:
Enter value for FRAC PHIM:

It supplies defaul't values for the other
section of the PEST control file which it generates; these can be easily altered by the

user by direct editing of this file if desiredNote that a value of zerof&-RACPHIM

is normally suitable; however be prepared to raise this value if PEST appears to be
buffeted by the winds of numerical instability.)

Finally ARRAYOBS prompts for the name of the instruction file which will contain
the instructions which PEST wilise to read the modgknerated real array table fie:

Enter name for instruction file:

ARRAYOBS then writes the new instruction and PEST control files. In writing the
new PEST control file, ARRAYOBS modifies the existing PEST control file in the
following ways:

1. It adds observations (based on the observation-timieenn real array file) to
the fiobservation datao section of the P

2.1t increases the value of NOBS (number
section of the PEST contrald accordingly.
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3. If the requested name for the observation group to which the new observations
are assigned is not featured in the original PEST control file, ARRAYOBS
adds the name of this new group to the
PEST controfile. It increments the control variable NOBSGP accordingly.

4. It records thenames of thenew instruction file and the corresponding model
output file in the Amodel i nput/ outputo
also increments the NINSFLE variablen t he #Acontr ol dat ao
PEST control file.

5.1 f requested, it alters redularisaBddS BMADE co
a dd seguarisétiodn section to the end of the new

Uses of ARRAYOBS

ARRAYOBS is particularly usefulvhen preparing for a PEST run liegularisation

mode where the regularisation condition is one of minimizing the discrepancy

between a model output arrayaad pr ef erred system conditiono
be uniform, piecewise uniform, embody a d&tnd, contain a stochastic field, or
represent the Apreferred systeminctlendi t i on
current modellingontext In all cases, when run in regularisation mode, PEST will be

asked to adjust model parameters until the fitwben model outputs and field
measurements is reduced to a wsmcified level (PEST variable PHIMLIM), but to

do this in such a way th#tte selectednodel output array is as close as possible to the

preferred system condition array. This model outpuhyawill often be the model

hydraulic conductivity arrayor the log of thisarrayp al cul at ed t hrough
the Apreferred system conditiono array th
may have been generated through interpolation betwiesrppints whose values are

estimated by PEST through the inversion procé#ernatively, the model output

array may be the multiplier array itself, this being matched to an observation array
comprised entirely of ones during the inversion process dmszif the log of the

multiplier array is used as the model output filhatever strategy is employetiget
regularisatiorprocess used by PEST ensures numerical stability at the same time as it
ensures mini mum depart ur e.lffhsenemof subhestatéspr ef er |
is generated on the basis of geostatistical knowledge of an area, a series of calibrated
models can be produced instead of just one. By using all of thesels when

making aprediction, the uncertainty pertaining to this pcédn can be analysed.

V
r

See Also

See also ADJOBS, PESTPREP and REAL2TAB.
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ARRDET

Function of ARRDET

ARARRDETO stands for AARRay DETail so. 't re
or drawdowns output file, or a MT3D unformatted concentratoariput file, andists
to a useispecified ASCII file the contents of the headers to arfi@ysdin this file.

Using ARRDET

ARRDET is run bytyping its name at the commatide prompt. It obtains

i nformation from the wuser t hisowmngdmpts.he user
As for other members of the Groundwater Data Ultilities, if the user responds to any
such prompt with the single | ett dts ieo,
previous prompt.

Like most programs of the Groundwat&ata Utility suite, ARRDET legins
execution by prompting for the name tbie grid specification file pertaining to the
current model. The prompt is:

Enter name of grid specification file

If a filename file (namediles.fig) is present in the current working directory, and if
this file lists the name of the grid specification file for the current model, this name
will be included in the above prompto Taccept thisfilename simply press the

<Enter> key; otherwise, provideARRDET with the name of thecorrect grid
specification file.

Next ARRDET asks for the name tife MODFLOW/MT3D unformattedutput file
which it must read:

Enter name of unformatted model - generated file:

and whether this is a MODFLOW or MT3D output file (the array headershtzge
two file typesare different)

| s this a MODFLOW or MT3D file? [f/t]:

Respond with Afo or Ato as appropriate.

Next ARRDET prompts for the name tife output text filewhich it must write-
Enter name for output file:

It then reads the unformatted MODFLOW/MT3D output file, listing tbatents of
array headerbund thereirnto its ownoutput file. The user can thus become aware of
the contents of such files (which are otherwise hidden because of their binary nature).

Uses of ARRDET

ARRDET is usefulas a precursor to the use of GETMULARAh altered ARRDET
output file can serve as a GETMULARR input file.
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See Also

See also GETMULARRGETMULARR1,MOD20BS, MOD2SMP, MANY2ONE
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ASENPROC

Function of ASENPROC

ASENPROC reads a distributed parameter sensitivity file recorded by the adjoint state
process of MODFLOW 2005. It writes a PEST
of information obtained from this file, and froosersupplied definitions of PEST
parameters in terms ohodel cells comprising MODFLOW distributedarametes.

Thus PEST aa dispense with the need to calculate derivativesttiose of its
parametergefined in this manneusing finite parameter differences, allowing the

more acurate and more efficient (when observations and/or observation locations
outnumber parameters) adjt state process of MODFLOW to undertake the
calculation of these derivativasstead

I't i s assumed that one or adefinedihboagitheof Adi s
MODFLOW adjointstate processput file. In most casea distributed parameteill
comprise many cells, possibly all of the active cells within a singidel layer,or
evenmultiple model layers. Parameters employed by PEST can be d&bnedhese

in a variety of ways At one extreme, PEST parameters may be comprised of
individud model cells Alternatively, parameters may be defined on the basis of
collections of model cells comprisimmpnes There may be many such zones, each
comprised of only a few model cells; alternativelyhandful of more pervasive zane
may occupya signficant portion of a model layeAnother alternative ito use more
complex parameterisation devices such as pilot pamtwhich each celvithin the
domainof a distributed parameter may contribute to the definition of multiple PEST
parameters, this muber being equato the number of pilot pointdrom which
interpolation takes place to that cell.

In summary, wile the adjoint state process caompute sensitivitiesto pertinent
hydraulic propertiesat all model cellsfor each observation, PEST requirthat
sensitivities be provided for the parametewghich it uses itself, whether these
correspond exactly to individuatodelcells, orto complex amalgams of many cells.
The purpose of ASENPROC it to calculate these PEST derivatives.

Using ASENPROC

MODFLOW Distributed Parameter Sensitivity File

The MODFLOW adjoint stateprocessprovides a number of formatting options
through which distributed sensitivities can be recorded. These are selected through the
IAFORM and PVALUEOUT variables, vdues for which mus be provided n its

adjoint stategorocessnput file. Use of ASENPROC assumes theFORM has been

set to3 and PVALUEOUT has been set 10A formatted or unformatted sensitivity

file can be recordeddepending on the setting of the IADJXDU variablehe
disposition of MODFLOW outputs recorded time former case is shown belowher
disposition of output$or the unformatted case is the sarbet, of course, the file is

not an ASCII file.
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IAFORM PVALUEOUT
DISCUT

NPARDIS
PARDISNAME_1
PARDISNAME_2

a totalo fNPARDIS lines
NOBS

OBSNAME_1
OBSNAME_2

a total of NOBS ines

NRECORD PARDIS N OBSNAME_M OBSVAL
ICOL IROW ILAY SENSITIVITY VALUE
ICOL IROW ILAY SENSITIVITY VALUE

a total of N RECORDIines

NRECORD PARDISN OBSNAME_M OBSVAL
ICOL IROW ILAY SENSITIVITY VALUE
ICOL IROW ILAY SENSITIVITY VALUE
a total of N RECORDlines

etc

Format of a distributed parameter sensitivity file when IAFORM is set to 3and
PVALUEOUT is setto 1

The first line of the distributed parameter sewisy file records IAFORM and
PVALUEOUT. Then follows the value of the sensitivity cuteéfriableDISCUT; cell
sensitivities whoseelativevalues are less thdhis are not represented in thasuing
sensitivity tables

The following line quotes theumber of distributed parameters NPARDIS for which
sensitivities are recorded in the present file; these distributed parametdtrerare
named on NPARDIS subsequent lines.

The number of observations NOBS for which sensitivities are provided is listed on the
next line of the distributed parameter sensitivity file; the names of these observations
occupy the following NOBS lines.

Following observation names are NPARDIS times NOBS groups of entries, each
group pertaining to a particular distributed parameter arghrticular observation.
Each of these entries is initiated by a header, the first item of whicthkstsimber of
records to follow; subsequent entries in this header areahes of the distributed
parameter and observation to which the followingB®ORD records pertaiand the
modelgenerated equivalent to thebservation value. Each of the following
NRECORD records contaitiwe entries. The first three are the column, row and layer
number of a cell withinthe domain of the pertinent distributed rpmeter; then
follows the sensitivityof the observation to the pertinent hydraulic property within
that cell Then follows the current value of the hydraulic property as assigned to that
cell.

Because ofthe comparatively large amount of information thaty need to be
accommodated in distributed parameter sensitivity filgé, must be read efficiently.
To this end ASENPROC assumes the following.
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1. Cycling of distributedparameteobservation record groups is such that the
distributed parametes the inne variablewhile the observations the outer
variable Thus a complete cycle of distributed parameters occurs before the
observation alters.

2. The order in which distributed parameters and observations are cycled is the
same as that in which they are Igtarlier in the file.

3. Within each group of sensitivity recordgertinent to a single distributed
parametdrobservation pajrcell cycling is assumed to occur with column
number as the innermost variable, row number as the next, and with layer
number ashe outermost loopariable

The Distributeetko-PEST Parameter File

For each distributed parametéeaturedin a MODFLOWgenerated distributed
parameter sensitivity file, the user mussipply a file which provides ASENPROC

with the meanso compute sensitities for PEST parameters fraitmose ofindividual

cells comprising each distributed paramet€his is done through 8 di st-toi but ed
PESTp ar a me t etrpresknt only an AS@II version ofighfile is readable by
ASENPROC;ts format isspecifiedbelow.

NDIM ITRANS
MLAY
LAYER_1

total of MLAY lines
MPAR

PARNAME_1
PARNAME_2

iotél of MPAR lines

MAXENT

ICOL IROW ILAY NUMENT PARNUM_1 CONTRIB_1 PARNUM_2 CONTRIB_2 .. (NUMENT pairs )
etc

Format of a distributed-to-PEST-parameter file.

The purpose of a @tributedto-PESTFTpar amet er file is to hol d
from which PEST parameter sensitivities can be computed frombasdd
sensitivitiescalculatedoy theMODFLOW adjoint stategprocessThe translation table

occupies the (often large) lgsbrtion of this file (ea | | | i ne MAXEANITIOowi ng |
in the abovefigure). Within the ASENPROCprogramthis table is held within two

large arrays. One of these is an integer dn@gling PEST parameter numbers (with

parameter numbesrdering taken fronthe PEST control file pertinent to the current

invere problem). The second holds the sensitivity contribution to that PEST
parameter from a particular cell within the domain of a distributed parameter. Each

PEST parameter can be cited many times in tisedf trese arrays. Hence the sife

the translation table can barge. ASENPROC needs to know tBige before it fills

this arrayso that it can allocate memory for it. NDIM (the fit®m in the distributed
to-PEST-parameter fileprovidesthis dimension. It can be evaluated as the number of

cells within the domain of a distributed parameter, times the number of PEST
parameters to which each such cell contributes. This latteb&umay vary from cell

to cell and hence NDIM may be difficult to compufEortunatelythe value supplied
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for NDIM does not need to be exdcit only has to be larger than the actaede of
the translation table.

Because of their large size, processirighe information contained withiboth the
distributed parameter satigity and distributeeto-PESTFparameterfiles must be
efficient Most of thisprocessingvill be comprised of linkingsensitivitiesread from
the distributedparametersensitivity file to pertinent PEST parameter Hence the
ability to makerapid linkagesbetween column, row and layer numbers cited in the
distributedparametesensitivty file to PEST parameters defined in thistributedto-
PESTparameter file is esstial. To expedite this process (and minimize table
searching) ASENPROC requires that Ite in distributedto-PEST-parameter

translation table be suppliedi n  or der of i ncreasing fAmode!
Amode.l cel | number o is calculated by count

down layers. This is a cyclic process with coluncosising the inner loop, rows
comprisingthe middle loopand layerscomprisingthe outermost loop (and therefore
cycling most slowly).

Further processing economies are realised though the factABENPROC can
undertakecell referencing using internal inteigarrays with dimensions the same as
those of a model layefThis is appropriate if a distributed parametepresenting
system propertiesuch as hydraulic conductivity defined to encompass most of one
or many model layers; it is not appropriate fastiibuted parametersgepresenting
properties such asver conducancewhere the number of cells comgirig each such
parameter may & much smaller than those comprgs an entire model layef hus
ASENPROC also provides tabular cell referencing, wittkdop speed expedited by
the table entry ordering conventiatiscussed abové@.he use selects the appropriate
optionthrough the MLAY variable supplied on the secdim& of the distributedo-
PESTparameter file.

If MLAY is provided with a positivevalug ASENPROC takes it to represethte
number of layers that comprise the domain of a distributed parameter. It is not
essential that the entirety afiyaparticular layer comprise thiothain; however if any
part of a particular moddhayer lies within this domain, then that layer must be
countedin computation of MLAY. The numbers of the MLAY pertinent model layers
are listed after thaffollowing the usual MODFLOW convention of starting at the
surface ad increasinglayer indexingdownwards) Alternatively,if a negative value
for MLAY is provided, ASENPROCread thisas MCELL, this being the number of
cells actually cited in the translatigable listed later in the file (i.e. theumber of
records following the MAXENT variable, with each record pertainbtog one
distributed parametearell). Use of a positive MLAY value requirésat ASENPROC
allocate 2 x MLAY integerarrays for storage of data through which entries of the
translation table may be quicklg@ssedUse of a negative MLAWalue (whereby
MCELL is actually provided), requires less storage, but possibly slowessate the
translation tableNote that if MLAY is supplied as negative, the following layer
number entries are omittédm the distributedo-PEST-parameter file

MPAR in the abovespeificationsis the number of PEST parameters that depend on
the current distributed parameter. (The name of dmsributed parameter is not
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actually prowded in the distributedo-PESTFparameter filelnsteadthis file is linked

to a MODFLOW distributed parameter through terminal input provided to
ASENPROCas it runs This allows the user to alter the name of a distributed
parameter in a MODFLOW input dataset without the needirtailtaneouslyalter
enties in the distributedo-PESTFparameter fil§. The names of these MPAR PEST
parameters must be provided doealine after that. All or only some of the PEST
parameters featured in th@ted PEST control filemay be providedin this list.
However if a parameter @@tedin this listbutis not includedn the PEST control file
pertinent to the current inverse problem, ASENPROC will cease execution with an
appropriate error message.

The final (and by far the most lengjhyart of a distributedo-PESTparameter file is

comprised of series ofecords ore for each cell within the domain of the distributed
parametereach such entry citinBEST parameterswhc h ar e Ai nf or medo b
together with the extent Thus, fowdkamplh, it hey ar
particularcell is within interpoléion range of five pilot points, then five factors must

follow the cell identifier (i.e. its columrrow and layer numbertogether with the

pilot point parameters to which these factors pert&or pilot points these will be

equivalent to the interpolan factors from each such point to the cell in question.
Alternatively, where there is a ot@one relationship between each distributed

parameter cell and a PEST parameter, only one pair of entries will falewell

identifier, one of this paindenifying a particularPEST parameter, the other being

Al. 00. Wh e r enodal cells compriser asinglefzonal PEST parameter, the

same will apply; in this case, entries for all distributed parameter cells pertaining to

the same PEST zone will be the gam

MAXENT is the maximum number of entries that follow any one distributed
parameter ceidentifierin any record ofhe following translation tablé&Knowledge of

this valueallows ASENPROCt o di mension its Areceptor a
rapidly and efitiently read all entries pertaining tdl aistributed parameter calllf
MAXENT issett oo small, ASENPROCOG6s behaviour wil/

essential that care be takerpiovidinga suitable value fahis numberThere is very
little cost incurred in supplying an overly large value; so the user is advised to err on
the side of caution.

Finally the translation table must be suppliBdch line begins with the column, row
and layer number of a model cglEach cell must be cited only onaethis table.)
Then NUMENT, the number gfairs ofentries to follow, is provided-ollowing that,
NUMENT pairs of parameter numbercontribution factoy valuesare supplied. The
first identifies a PEST parameter by order of listing in the parametier gadvided
eatier in the distributedo-PESTparameter file(Note that parameters do not need to
be listed in the same order iasthe PEST control file pertinetd the current inverse
problem; hence a distributeéd-PEST parameter file is 1@seable dr other inversion
tasks) The second ithe factor through which the sensitiwof the cell contributes to
the overall sensitity of thePESTparameter.
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As manyrecordsshould be provided in the translation table as there are active cells
within the donain of the distributed parameter. Lines can wrap if necessary. However
a listing for each new cell must begin on a new line.

Interpolation and Transformation

The second variable on the first line of the distribtte®ESTFparameter file is
named ITRANS. Tis should be set to 1 if the logs of sensitivities of PEST parameters
are to be computed from the logs of sensitivities ioidividual MODFLOW cells
comprising a distributed parameterhis can occur, for example, where PEST
parameters are pilot points,cawherethe distributed parameter represents hydraulic
conductivity. In this case it is recommended practice that spatial interpolation from
pilot points to the MODFLOW grid takgplaceon the basis dbg conductivityvalues
rather than native conductiyivalues hence the structure file provided to PPK2FAC
which computes interpolation factors should indicate that variograms governing the
kriging process actually pertain to the log of the interpolation variable rather than to
the variable itself(The PPMDEF utility will automatically detect this occurrence and
employ an ITRANS value of 1 when it writes a distributedPESTFparameter file
suitable for use with pilot point paramet@r®n the other hand if PEST parameter
sensitivities are computed througtombining untransformed MODFLOW cell
sensitivities, an ITRANS value of 0 must be employed.

With ITRANS set to 1, ASENPROC encounters a small problem, in that it needs to
know the values of both current distributed parameters on-éee#ll basis, and of
currentPEST parameters. Knowledge of both of these is necessary for it to convert
cell sensitivities to the logs of cell sensitivities the one handand forit to convert

the logs of PEST parametsensitivities(computed through weighted summation of
log cell sensitivities¥o native parameter sensitivities @juired byPEST from its
external derivatives fl;ASENPROC obtains cell hydraulic property values from the
MODFLOW-generated distributed parameter sensitivity file. (This is why the
PVALUEOUT variable in the MODFLOW adjoint process input file must be setto 1.)

It obtains current PEST parameter values from the P@&$iodel message file
(which is always namegest.mn)f see the PEST manual for details of this file. It is
very important to not¢hat the PEST control variable MESSFILE must be set to 1 to
ensure that this file is written by PESTITRANS is set to 1 in any distributetd-
PESTparameter input file read by ASENPROC, and ASENPROC does not find this
file, it will cease execution whit an appropriate error messadg¢ence if PEST
complains that it cannot read the external derivatives file (which is supposed to be
written by ASENPROC), the PEST control file should be checked for a correct
MESSFILE setting.

Whentesting thahSENPROCruns correctlyprior to including the command to run it

after MODFLOW in the batch or script filgtedi n t he fAderi vatives cC
section of the PEST control &l ASENPROC will require the presence of a PE&T

model message filé ITRANS is set tol in any distributedo-PESTFparameter file

which it reads. Such a file may already be in existence from a previous PEST run.
Alternatively, it can be created very quickly using a text editor on the basis of its

format specifications agcordedn the PES manual. It is important that the first line
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of this filesaysin e x t er nal (wheh is easily ensued using a text editor)
ASENPROC will cease execution with an error message if this is not the case. This
ensures that, when run under the contfdPEST, it is synchronised with PEST, for
PEST writes a different header line this file prior to model runs undertaken for
different purposes.

Running ASENPROC

ASENPROCOGOSs s careacsvmevigwedo Repponse to these promgieh is

through thekeyboard, or through a file containing pexorded responses supplied to
ASENPROC through input fileré i r ect i on, achi evesgmbalhr ough
on the ASBNPROC command line; it is in thiatter manner that ASENPROC must

be run when used a8 MODFLOW postprocessor throughhe PEST inversion

process.

As for other members of the Groundwater Data Utilities, a response to any fisompt
simplyieo (for fescapeq ASENPROC willMmaktradky the< Ent er >
previous prompt.

ASENPROC commencesecution with the prompt:

Enter name of grid specification file:

If a filename file files.fig) is present within the current working directory, and if this
file includes the name of the grid specification file for the current problem, this name
will be included in the above prompt; acceptance of this default requires only that the
<Enter> key be pressed.

Next ASENPROC asks:

How many layers in the model?

followed by:

Enter name of PEST control file:

ASENPROC obtains from the PEST control file the namksll parametersand
observations that feature in the current inverse problem; it needs this inforsation
that it canproperlyorder sensitivitiesvhich it writes to thdPEST external derivatives
file.

ASENPROC next prompts for the name of the distadyparameter sensitivity file:

Enter name of MODFLOW distributed parameter sensitivity file:
Is this a formatted or unformatted file? [f/u]:

Respond to the second of the above prompts
appropriate.

For each distbuted parameter named in the distritufgarameter sensitivity file,
ASENPROC next prompts:

Enter name of distributed - to - PEST parameter file for " parameter name "
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( wh eparmametér name i s t he name of @ redponse to i but ed
which the mme ofa suitable distributetb-PESTparameter file should be provided.

Finally, when the names of all such files have bmgplied ASENPROC prompts:

Enter name for PEST external derivatives file:

ASENPROC then evaluates tlderivative with respect toeach PEST parametef
each observation cited in the MODFLOW distributed parameter sensitivity file,
recording the results of its deliberations in PEST external derivativderfitat Once

it has written this file it notifies the user of this, and theases execution.

The following should be noted

1. If an observation is cited within the PEST control file but not within the
MODFLOW distributed parametesensitivity file, ASENPROC records all
sensitivities for this observation a%.11E33. As is explaineth the PEST
manual, this value indicates to PEST that sensitivities are not available for
these observatioparametercombinations In a properlycomprised PEST
inversion problem, these sensitivities wile computed by other means,
presumably through fite parametedifferences.

2. If a parameter is cited within the PEST control file, but not within any
distributedto-PESTparameter file, then that parameter is independent of any
distributed parameter. Sensitivities of all observations to that parameter are
recordecoy ASENPROGas-1.11E33.

Uses of ASENPROC

ASENPROC should be run as a MODFLOW postprocessor, the command to run this

program being provided in the batch file run by PESTiths moded. The JACFILE

and MESSFILEvariablesin the PEST control fileshould be set to 1, and a
Aderivatives command | ined section provide
such as to run MODFLOW with the adjoint sensitivity calculation process active.

However, this process should be-aldivated when running MODFLOW sty for

the purpose of obtaining model outputs corresponding to observations on which to

base calcw@tion of the objective function; this should be reflected in the command
supplied through the fimodel command | ineo

See Al®

See also MKMHOBSPPMDEFR, ZONMDEF
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BUD2HYD

Function of BUD2HYD

Program BJD2HYD reads an unformatted cdiy-cell flow term file written in
COMPACT form by MODFLOW96 and later versions of MODFLOW. It extracts
cumulative flow rates within each of a number of tdefined zones within the model
domain for all times representedtire celtby-cell flow term file. It then records these
flow rates on its output file in a format that is readily acceptable to most commercial
plotting packages. Thus flow rates within different parts of the model domain can be
plotted against time.

Using BUD2HYD

Like many of the Groundwater Data Utilities, immediately upon commencement of
execution BUD2HYD looks for a file nameskttings.fig in the subdirectory
from which it was invoked. If this file is not found, BUD2HYD terminates execution
with an appopriate error message. As is explained in Section 2.19 of Part A of this
manual, the contents of fikettings.fig inform those utilities that read it of the
format to use in representing dates.

BUD2HYDG6s first prompt i s:

Enter name of grid specification file:

If a filename file files.fig ) residing within the working subdirectory contains the

name of a grid specification file, that name will appear as part of the above prompt.

The user can accept it simply by pressing the <Enter> key; alternativelyeanoth

filename can be supplied instead. BUD2HYD obtains the grid dimensions for the

current model by reading the first line of the grid specification file. It obtains the
number of | ayers in the current-model from

How many layers in the model?

BUD2HYD next prompts for the name of the MODFLOW unformatted-logitell
flow term file which it must read:

Enter name of MODFLOW unformatted BUDGET output file:

It then asks:

Is this a MODFLOW88 or MODFLOW96 budget file [8/9]?

| f t he user responds by typing 8o, i ndi
MODFLOWS88, BUD2HYD terminates execution with an appropriate error message,

for BUD2HYD can only process cdiy-cell flow term files produced by
MODFLOW®96 or later versions of MOELOW. Furthermore, BUD2HYD can only

read such files if they are stored in COMPACT form. This is because files stored in
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this form contain timing information (lacking in other forms of flow term storage)
which is essential for the recording of flow dataarmanner that allows plotting
against elapsed simulation time. Hence if BUD2HYD discovers that thécedll

flow term file whose name was provided above is not, in fact, stored in COMPACT
form, it terminates execution with an appropriate error mes#fageur MODFLOW
pre-processor does not provide an option for file storage in this manner this is not a
problem, for a user can easily create a MODFLOW OUTPUT CONTROL file
him/herself which directs MODFLOW to store files in COMPACT form. See the
MODFLOW96and MODFLOW?2000 manuals for details.

BUD2HYDG6s next prompt i s:
Enter text to identify flow type: -

Whenever it writes an array to its ebl-cell flow term file, MODFLOW first records

an array header. The header contains timing information as well &slzatacter
identifier of the flow type represented in the following array. Some of these identifiers
are set out in the table below.

Package Identifier

bcf/Ipf/huf STORAGE

bcf/lpf/huf CONSTANT HEAD
bcf/Ipf/huf FLOW RIGHT FACE
bcf/lIpf/huf FLOW FRONT FACE
bcf/Ipf/huf FLOW LOWER FACE
drain DRAINS

recharge RECHARGE

river RIVER LEACKAGE
well WELLS

Some text identifiers contained in cetby-cell flow term array headers.

The user should supply at least part of an appropriate text identifier in respdhse
above prompt. If the usaupplied text occurs within the array identifier supplied with

a particular array header, that array will be processed by BUD2HYD. Otherwise the
array is ignored. Note that in normal BUD2HYD usage, only enough text nebds to
provided in response to the above prompt to uniquely identify one particular flow
type. If the user wishes to plot more than one flow term type against time, he/she
should run BUD2HYD more than once, supplying a different text string in response to
the above prompt on each occasion. (Note that, as is explained below, the user may
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ascertain the text identifiers pertaining to various MODFLOW packages by reading
BUD2HYDG6s record file after BUD2HYD has fi.l

BUD2HYD next prompts:

Enter simu lation starting date [dd/mm/yyyy]:
Enter simulation starting time [hh:mm:ss]:
Enter time units employed by model [y/d/h/m/s]:

( Note that dat e representation wil/| be i
Add/ mm/ yyyyo if this ¢settinggpfiesetongstfig at @l y deno
BUD2HYD requires the above information so that it can record the date and time
pertaining to every flow rate on its output file, this information being useable in

certain plotting circumstances.

Next the user is required toply model zonation information. Zonation is described

by a series of integer arrays, one for each layer. A zone is thus defined as the
collection of model cells to which the same integer value is assigned. Such integer
arrays can be created in most MO graphical user interfaces; see section 2.10

of Part A of this manual for further detailote that cells which are assigned an
integer value of zero are ignored.Thus the user can ascertain the flows within a
small part of the model domain by supplyiagset of integer arrays which are
everywhere zero except within that part of the domain which is of interest. Prompts
are:

Enter name of integer array file for layer 1:
Enter name of integer array file for layer 2:
etc.

Note that the same integer arfde can be supplied for more than one layer if desired.

Next BUD2HYD prompts for the name of its principal output file:

Enter name for time - series output file:

Then:

Enter flow rate factor:

A flow rate factor different from unity may be required donvert MODFLOW
generated flow rates to more appropriate units. Flow rates recorded in the
MODFLOW celtby-cell output file pertain to the length and time units used by
MODFLOW; a user may prefer to use different flow rates when presenting model
outputs ingraphical form. Flow rates calculated for each MODFLOW zone are
multiplied by the flow rate factor supplied above before being written to the
BUD2HYD output file.

Part of a typical BUD2HYD output file is shown below.

Flow_type Elapsed_Time Date Time Flow_rate_1 Flow_rate_2
DRAINS 5.250000E+00 06/01/1991 06:00:00 - 2499.2446 - 3234.2343
DRAINS 1.575000E+01 16/01/1991 18:00:00 - 3709.3015 - 2893. 6432
DRAINS 2.625000E+01 27/01/1991 06:00:00 - 4729.2451 -2742.4234
DRAINS 3.675000E+01 06/02/1991 18:00:00 -5616.1382 - 2342.4234
DRAINS 4.725000E+01 17/02/1991 06:00:00 - 6421.5688 -1932.5234
DRAINS 5.775000E+01 27/02/1991 18:00:00 - 7165.6807 -1743.4323

Part of a BUD2HYD output file.
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The BUD2HYD output file is immediatglamenable to plotting by most commercial
plotting packages. The first column contains the text annotation pertaining to the flow
type as recorded in MODFLOW array headers; note that if the user supplied
insufficient text to discriminate between differdrgader types, both flow types will

be recorded; if so, this will be immediately apparent from an inspection of the
BUD2HYD output file. Such a file will be of limited use for plotting purposes.

The second column of the BUD2HYD output file contains elapsed in model

units. This is normally plotted against the data residing in columns five and above.
Columns three and four list the date and time corresponding to each row. Finally,
columns five and above contain flow rates summed within eachdeeed one.
Column headers indicate the zones to which the various columns pertain; header
f ormat i snoi PMhoesvtherindegee array value defining a particular zone.
Note that where applicable (eg. for the drain, recharge, river, etc packages)enegati
values represent model outflows whereas positive values represent model inflows.

Before writing its output file, BUD2SMP prompts:

Assign flows to beginning, middle or finish of time step? [b/m/f]:

I f the Uéeerthgpes méd a Jleowterm @et each rowiinttie e ac h
above table) will be the same as the time of model output (ie. the end of a particular

model time step). However this may be inappropriate in many instances, as the user

may consider that flow rates should be plotted ain& torresponding to the middle

of each time step for which theyd wenr e ev:
response to the above prompt, elapsed times (as well as dates) appearing in the
BUD2SMP output file will correspond to the middle of each modektistep for

which the flow terms were bagcéimolwat ed ms Sicm
assigned to the beginning of pertinent MODFLOW time steps.

BUD2YDG6s final prompt i s:

Enter name for run record file:

Upon completion of execution BUD2HYD writea record of every array encountered

in the MODFLOW ceHby-cell flow term file which it has just read. This is a very

useful function, for even if you do not wish to record data in time series format for

later plotting, BUD2HYD can be used to list thentents of an unformatted

MODFLOW budget file. As was mentioned above, text identifiers are also recorded in

this file (under the heading dAflow typeo);
flow types in later BUD2HYD runs. Data that has been starquot-ready form by
BUD2HYD is indicated by a Ayeso in the fin
such a file is shown below.
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Stress_period Time_step Elapsed_time Flow_type Flow_processed_by BUD2HYD
1 1 10.500 STOR AGE no
1 1 10.500 CONSTANT HEAD no
1 1 10.500 FLOW RIGHT FACE no
1 1 10.500 FLOW FRONT FACE no
1 1 10.500 FLOW LOWER FACE no
1 1 10.500 WELLS no
1 1 10.500 DRAINS yes
1 1 10.500 RECHARGE no
2 1 2 1.000 STORAGE no
2 1 21.000 CONSTANT HEAD no
2 1 21.000 FLOW RIGHT FACE no
2 1 21.000 FLOW FRONT FACE no
2 1 21.000 FLOW LOWER FACE no
2 1 21.000 WELLS no
2 1 21.000 DRAINS yes
2 1 21.000 RECHARGE no
2 2 31.500 STORAGE no
2 2 31.500 CONSTANT HEAD no
2 2 31.500 FLOW RIGHT FACE no
2 2 31.500 FLOW FRONT FACE no
2 2 31.500 FLOW LOWER FACE no

Part of a BUD2HYD run record file.

Uses of BUD2HYD

Uses of BUD2HYD are many. However a particularly important role is the tabulation
of outflows to river and drain cells through the coursa ofodel run. In the former
case modegenerated river outflows can then be compared with observed river
baseflows for calibration purposes.

Where drain cells are used to simulate mining operations, the use of BUD2HYD in
conjunction with MODFLOW presents wseful means of examining mine inflow as

the disposition of mining operations (and hence MODFLOW drain cells) changes over
time. The user simply builds an integer array that is zero everywhere except at cells
that fall within the mined area; (such cells@l be assigned an integer array value of

1). Drain cell disposition can vary from stress period to stress period as mining
progresses. By running BUD2HYD after MODFLOW, a record of mine inflow vs
time in plotready format can be obtained.

As was mentioed above, BUD2HYD can be used to simply obtain a table of contents
of a MODFLOW budget file. However the user is reminded that BUD2HYD will only
read such files if they were generated in COMPACT form by MODFLOW96 or later
versions of MODFLOW.

See Also

Seealso BUD2SMP, MANY20ONE and SMP2HYD.
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BUD2SMP

Function of BUD2SMP

BUD2SMP is very similar to BUD2HYD. However instead of producing a file ready
for use by a commercial plotting package, it writes flow rates accumulated within
model domain zones to a bosample file. This file can be processed using
SMP2HYD in order to produce time series files in plotting format if desired.
However, given that this role is already performed by BUD2HYD, the most useful
deployment of BUD2SMP is in conjunction with SMP2SMRptoduce a bore sample

file which is matched to an existing bore sample file based on field measurements.
Through use of PESTPREP, PEST input files can then be automatically generated by
which a groundwater model is calibrated against outflow/inflow data.

Using BUD2SMP

Because of its similarity to BUD2SMP, BUD2HYD will not be described in detail;
the user is referred to the documentation of program BUD2HYD for operational
principals. Only aspects of BUD2SMP usage which are different from that of
BUD2HYD ae described below.

At a certain stage of its execution BUD2SMP prompts:

Enter maximum number of output times:

Through its OUTPUT CONTROL input dataset, MODFLOW is directed to provide
cell-by-cell flow term output at the end of certain time steps. Iparse to the above
prompt, you should inform BUD2SMP of the total number of time steps for which
there is such celby-cell output. If you are unsure, simply enter a number that is likely
to exceed the number of output times; BUD2SMP uses this numbey golel
dimension internal arrays. If the number is too large, it does not matter (except if it is
so large that BUD2SMP runs out of memory). If it is too small, BUD2SMP will
inform you of this later in its processing and ask that you run it again, supplying
higher number for this parameter.

Note that BUD2SMP can only process dmficell flow term files stored in
COMPACT format by MODFLOW and later versions of MODFLOW.

Like BUD2HYD, BUD2SMP prompts for an integer array pertinent to each layer. The
model daonain is divided into zones on the basis of integers assigned to various cells
within the model domain. For each time step at whichloetiell flow term data was
accumulated, BUD2SMP calculates the total flow within each of thezaomzones
defined withn the supplied integer arrays; however the aZ&oied zone (if it exists)

is ignored as far as flow term accumulation is concerned. BUD2SMP records
accumulated flows in a bore sample file, writing one entry for each zone for each time
step for which flondata was recorded by MODFLOW.



BUD2SMP 26

I n writing a bore sample file, BUD2SMP nee:
to each zone. So for each Rpero zone that it finds in the supplied integer arrays it
prompts:

Enter identifier for flows in zone n

where n is a zonedefining number occurring within the integer arrays. Supply a name
comprised of 10 characters or less; no two zones should be supplied with the same
identifier.

Like BUD2HYD, BUD2SMP writes two files. One is a bore sample file, the other is a
file recording the details of all arrays found in the-tsticell MODFLOW output file.

If you wish to simply know what arrays are present in this file without necessarily
creating a bore sample file, run BUD2SMP, supplying a flow identification tergstri
which does not match any of the array identifiers generated by MODFLG&¢ the
documentation of BUD2HYD for more details.

Flow rate data can be referenced to the beginning, middle or end of the time step in
which it was recorded; see the documentatfion program BUD2HYD for more
details.

Uses of BUD2SMP

BUD2SMP can be very usefully deployed in a composite model together with PEST
in estimating parameters on the basis of model inflows and outflows. The composite
model will be comprised of MODFLOW folleed by BUD2SMP followed by
SMP2SMP. The last of these programs will generate a bore sample file in which
modetgenerated flows are temporally interpolated to the dates and times of measured
flows. Input file preparation for the PEST run then becomes ialttask through the

use of PESTPREP.

See Also

See also BUD2HYD, PESTPREP and SMP2SMP.
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CONC2ELEV

Function of CONC2ELEV

CONC2ELEV was built primarily for use with the SEAWAT model (which is an
amalgam of MODFLOW and MT3D). It performs the converse operatdo the
ELEV2CONC utility. It reads a set of concentration arrays written by SEAWAT (that
is, the MT3D component of SEAWAT) and computes the elevation of the
freshwater/saltwater interface, this being identified according to aspseified
concentratia threshold (for example a concentration half way between that of fresh
water and salt water). It writes the interface elevation to a MODFldOvpatible

real array. It writes some further information pertaining to the location of this interface
to anothefile for use by other model peptocessing software.

Using CONC2ELEV

Execution of CONC2ELEV is commenced by typing its name at the screen prompt. It

then asks the user a series of questions. If, in response to any of these questions, the
response is simpl fed foll owed by the <Enter> key,
returns to its previous prompt. Thus recovery from mistaken input is a simple matter.

Upon commencement of execution CONC2ELEV looks for a file naseétthgs.fig

in the directory from which its exation was initiated. As explained in Part A of this
manual, this file informs members of the Groundwater Data Utilities of the necessity
(or otherwise) for inclusion of a numbef-columns, numbeof-rows header in real

and integer array files which thegad/write. It also informs them of which date
format to employ (this being ignored by CONC2ELEV as this program does not read
or write dates.)

Like most programs of the Groundwater Data Utility suite, CONC2ELEV begins
execution with the prompt:

Enter na me of grid specification file:

| f a iAf il en aniilesfig i§ ipresend in nha ndieedtory from which
CONCZ2ELEV is run, the name of a default grid specifications file may be included in
the above prompt. This can be accepted simply through pressngEnter> key in
response to the above prompt.

Next CONC2ELEV asks:

Enter upper layer for processing:
Enter lower layer for processing:

Reply to each of these prompts with an integer between and including 1 and the
number of layers in the model, witthe second integer greater than the first.
CONC2ELEV will only search for the freshwater/saltwater interface between the
nominated layers. (This can be useful where different interfaces exist in different
geological units separated by an aquitard; if tlxeeeindeed multiple interfaces within
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the sequence of layers in which CONC2ELEV undertakes its search, then it will only
provide the elevation of the highest of these interfaces.)

CONC2ELEVOGsSs next prompt i s:

Enter filename base for layer N, to N bottom elev arrays:

In this promptN, is one less than the layer number of the upper model layer supplied
above, whileN; is equal to the lower layer number supplied abéweesponding to

this prompt it is assumed that the bottom elevation of the layer abewggermost

layer of interest is equal to the elevation of the top of that layer. Where the uppermost
layer of interest is layer N, is O.

Suppose that the user responddattorbo Thenabo\
CONCZ2ELEV looks to filesbottomNref where N ranges fromN, to N; for these

arrays. Thus if the search for the freshwater/saltwater interface is to take place over

layers 1 to 15, CONC2ELEV will read fildsottomO.refbottom1.ree .bottom15.ref

These arrays can be easily extracted foMODFLOW discretisation file using the
MOD2ARRAY utility described elsewhere in this manual. (As is the usual
convention, a numbeaf-columns, numbeof-rows header is expected in each of these

arrays if the COLROW variable in filgettings.figs settoiy e s 0 . )

CONCZ2ELEV reads concentration arrays for all layers of interest from an MT3D

unf ormatted output file (i.e. a AUCN fileo
and the simulation time for which these arrays must be read.
Enter name of unform atted MT3D concentration file:

Enter simulation time to read arrays for:

It then asks:

Enter threshold concentration defining interface:

Enter threshold concentration defining inactive cell:
When computing the elevation of the interface in any e&rtcolumn of the finite
difference grid, CONC2ELEYV starts at the highest active cell and works downwards.
It recognises active cells as those for which the absolute value of concentration is
below a certain threshold. Obviously this threshold must beehighan any
concentration likely to be computed by the model; the user should keep this in mind
when assigning a value to the MT3D CINACT variable. Setting this variable to 1E30
is normally a safe option.

In searching downwards through a particular verticalumn of the model,

CONCZ2ELEYV records the location at which the concentration increases above a user

supplied threshold as the location of the interface. If this threshold is crossed between

cell centres, CONC2ELEV estimates the elevation of the cipssirihis threshold

through linear interpolation between cell elevation midpoint elevations. A problem

arises however if, for the first active cell encountered, the concentration is already

above the usespecified interface threshold concentration. I tase CONC2ELEV

will either provide an interface elevation that is equal to that of the midpoint of the

highest active cell, or will provide a dummy elevation value, its choice in this matter
being governed by the user-6s response to tI

Use dummy value or cell midpoint elev when interface above/below top/bottom
active cell centre? [d/m]:
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I f the Ado option is s-elected, CONC2ELEV t |

Enter dummy value for above top cell centre:

Enter dummy value for below bottom cell centre:

inresponse to which appropriate values shou
mi dpoint elevationo option is that the int
changes in any cell if, in response to a parameter change, the interface elesasion ri

higher than the highest active cell centre or drops below the lowest active cell centre

as parameters are changed; this is useful if the interface elevation at certain locations

is part of a calibration dataset used by PEST for estimating model paramet

After it has computed the elevation of the interface in every vertical column in which
at least one active cell exists, CONC2ELEV prompts for the name of its output file.
The prompt is:

Enter name for interface elevation real array output file:

This is a real array like any other (which can be formatted or unformatted, and will
contain a numbeof-columns, numbeof-rows header or not, depending on the
COLROW setting in filesettings.fig. A dummy value of 1E35 is assigned to any
element of this argafor which no cell within the corresponding column of the finite
difference grid is active (and for which computed concentration information is
therefore unavailable).

After having written this file CONC2ELEV asks:
Enter name for row/column intersection file:
The #Arow/ col umn intersection filed provid

interface along each row and column of the finite difference grid within each model
layer. Part of such a file is shown below.

Row intersections of interface for layer 3 — >
1 1 1 4848.029 5223.517 4380.713
2 1 1 4847.601 5273.146 4293.896
3 11 4846.760 5322.417 4206.874
4 1 1 4845.543 5371.363 4119.663
5 11 4844.005 5420.031 4032.291
6 11 4842.220 5468.486 3944.796
7 11 4840.262 5516.790 3857.214
8 11 4838.201 5565.005 3769.582
9 1 1 4836.156 5613.234 3681.957
100 1 1 4834.279 5661.608 3594.415
11 1 1 4832.745 5710.28 0 3507.046
12 1 1 4831.732 5759.403 3419.937
13 1 1 4831.376 5809.095 3333.156
14 1 1 4831.732 5859.402 3246.732
15 1 1 4832.745 5910.280 3160.636
6 1 1 4834.278 5961.608 3074.800

etc

Part of a row/column intersection file.

The row/column intersection file is divided into two segments per layer. Row
intersections & provided in one of these segments while column intersections are
provided in the other.

Within each segment there are as many entries as there are rows or columns within the
model grid. The first entry on each line is the row or column number. Them$ollo
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the number of interface intersections along that row or column. Suppose that this

number isN; thenN groups of 5 entries follow. The first member of each of these
subgroups of 5 is an integer, this depict
conentration rises ae€elroosisf tchoenciemtteraftda oen dm
interface (in the direction of increasing column or row index along each row or

column respectively). Then follows the distance of the interface from either the left

margin ofthe grid (in the case of rows) or the top of the grid (in the case of columns).
Following that are the easting, northing and elevation of the interface along the row or

column centre line. The location of the interface along a row or column centre line is
determined as that point where the interface concentration threshold is encountered;

where this is not encountered exactly at a cell centre, the location is determined
through horizontal linear interpolation between cell centres. Because computed cell
conentrations are employed in performing these calculations, and because
concentrations are notionally assigned to the centre of each cell, interface elevations
recorded in the row/column interface file effectively pertain to layer vertical midpoints

(the loations of which may not be constant along each row or column of the grid).

Where the freshwater/saltwater interface occurs between cell centres, layer vertical
midpoint elevation is obtained through linear interpolation of cell midpoint elevations.

There 8 one idiosyncrasy of CONC2ELEVOGs inte
which the user should be aware. If active cells are underlain by inactive cells, to be
underlain by active cells again, and if the concentrations in upper level active cells are
all below the interface threshold concentration while those in the lower cells are all
above the interface threshold concentration, CONC2ELEV will assign the interface
elevation a value equal to the elevation of the midpoint of the uppermost of the lower
group of ells, or the upper dummy concentration as specified by the user (according
to the option selected by the user above). This unusual situation can, under some
circumstances, lead to discontinuities in interface elevation with changes in
parameters if thesehanges cause the interface to encroach into the upper group of
layers. However this situation is considered to be atypical.

Uses of CONC2ELEV

The elevation of the freshwater/saltwater interface is a somewhat abstract notion as
concentrations change gradyalith depth; furthermore complex groundwater flow
patterns take place in the vicinity of this interface. Nevertheless, this quantity is often
provided as an outcome of measurements taken in monitoring wells, and hence has the
potential to be useful in blw the model calibration process and in the assignment of
initial concentrations to the model domain. CONC2ELEV can be run as part of a
model calibrated by PEST when interface elevations are used in the former capacity.
CONC2ELEVOs si st er qanbhegsedimtheHalieE daRacitd N C

See Also

See also ELEV2CONC, MOD2ARRAY
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DAR2SMP

Function of DAR2SMP

DAR2SMP translateFEFLOW outputs to bore sample file format. It is assumed that
these outputs pertain to observation wells whose coordinates arddethils have
been provided to FEFLOW by the user. Once translated to this format, the following
operations are easily implementeither as part of the model run by PE®ifough

the calibration process, or prior tthe calibration procesas part of PEST pre
processing

1. temporal interpolation of FEFLOWalculated quantities to the times at which
field-measured counterparts to these quantitieg &etually observefseethe
SMP2SMP utility;

2. mathematical manipulation of these quantitiesluding digtal filtering (see
the TSPROC package belonging te PEST Surface Waterddelling Utility
suite);

3. automatic corstruction of all or part of a PEST input datageee the
PESTPHEP, PESTPREPANdPESTPREP?2 utilitids

DAR2SMP reads an ASCIl FEFLO\yeneratedi DARO f il e cont ai
computati onal resul tso. To write this
such as:

fefow -run -hide -workc: \feflow - steps tstepl.pow - dar output .dar new.fem

Run FEFLOW using the command:

feflow i help

to see mor&EALOW usage details. Note that for both of the above commands, either
the Afeflowdo string should be prefixed
FEFLOW executable, or this directory should be including in the PATH environment
variable.

Using DAR2SMP

DAR File Format

Whenbuilding a FEFLOW model, the useanprovide FEFLOW with the locations

of wells in which field measurements have been made. In any particular study area
these wellsare, of coursedesignated according to local namimgnventions
However in FEFLOW they are simply numbered. The first part of a DAR file lists
these wells, together with their global and local coordinates. ParbéiRafile table

in whichthis information is recordeid depicted below.

by
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+++++++++++++++ FEFLOW Computation  al Results +++++++++++++
Problem file: new.fem

Thu May 17 08:57:53 2007

NT Rural Groundwater Modelling

Three Dimensions (3D)

LOCATION (GLOBAL AND LOCAL) OF OBSERVATION AND WELL POINTS:

obs x_gm yglm xJ[m yl[m z[m]

1 725009.800000 8613460.100000 27509.800000 20960.10 0000
2 725729.800000 8614470.100000 28229.800000 21970.100000
3 728149.800000 8614850.100000 30649.800000 22350.100000
4 729849.800000 8615060.100000 32349.800000 22560.100000
5 732589.800000 8615  720.100000 35089.800000 23220.100000
6 726989.800000 8613570.100000 29489.800000 21070.100000
7 726979.800000 8612350.100000 29479.800000 19850.100000
8 725544.800000 8616900.100000 28044.800000 24400.100000
9 726979.800000 8615640.100000 29479.800000 23140.100000
10 722929.800000 8622050.100000 25429.800000 29550.100000

a 743629.700000 8631110.100000 46129.700000 38610.100000
b 738231.000000 8625986. 000000 40731.000000 33486.000000
€ 741129.700000 8623960.100000 43629.700000 31460.100000
d 724289.800000 8623060.100000 26789.800000 30560.100000
€ 724169.800000 8622810.100000 26669.800000 30310.100000
f 724399.800000 8622640.100000 26899.800000 30140.100000
g 724679.000000 8622635.000000 27179.000000 30135.000000

28 724649.800000 8621187.600000 27149.800000 28687.600000

29 724859.800000 8621260.1000 00 27359.800000 28760.100000

_30725112.880000 8621264.470000 27612.880000 28764.470000

- 49.003606
- 47.903440
- 42.492337
- 43.092606
- 47.455392
- 44.826290
-48.183831
- 46.949874
-45.178760
- 20.176454

- 27.916524
- 25.045553
- 29.669442
-16.071621
-16.1 69266
-16.657809
-16.809188

- 18.193765
- 18.493536
- 18.636139

Start of a FEFLOW-generated DAR file.

In atable such as the abqwebservation wells are indexed using positive integers
starting at 1. Alphbetical indices, folloed by integer indices with a leading
underscore, pertain to entities whichwater flows in or out of the modelomain
(such as wells and various boundary condition typekgse are ignored by

DAR2SMP.

The well location table thatads a DAR file is followed by a sequencealafatables,
one pertaining to each FEFLOW time stapdbr to each time for which FEFLOW

output is requested. Part of such a table appears below.
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RESULTS AT STEP = 14 AND TIME = 31.0000 [d]:

Obs H[m] Vx[m/d] Vy[m/d] Vz[m/d]

12.209652e+001 -1.244 975e-003 1.977176e -002 -3.782298e - 005

2 2.032368e+001 5.296040e -003 2.186053e -002 -1.050942e -004
3 1.931409e+001 2.065794e -003 1.527837e -002 -5.245243e -005
4 1.848264e+001 1.652906e -003 1.252860e -002 9.043694e -005

51.863514e+001 -1.191209e -003 3.790130e -003 -5.312853e - 005
6 1.982329e+001 - 8.428071e -003 3.890173e -003 2.724540e -003

7 2.438048e+001 1.637838e -003 2.121529e -002 -6.158893e - 005

8 1.511694e+001 7.684201e - 003 3.962595e -002 -1.738366e - 005

91.771841e+001 5.037181e -004 2.848033e -002 -1.012546e - 004
10 6.436490e+000 - 1.158686e - 002 8.368673e -002 7.140338e - 005

a 6.604564e+000 (single well: 7.218000e - 001 [m3/d])

b 1.044103e+001 (single well: 0.000000e+000 [m3/d])

¢ 5.317448e+000 (single well: 0.000000e+000 [m3/d] )

d 5.339259e+000 (single well: 0.000000e+000 [m3/d])

e 5.614646e+000 (single well: 0.000000e+000 [m3/d])

f 5.806405e+000 (single well: 0.000000e+000 [m3/d])

g 5.812766e+000 (single well: 0.000000e+000 [m3/d])
28 7.676518e+000 (single well: 7 .218000e - 001 [m3/d])
_29 7.566448e+000 (single well: 0.000000e+000 [m3/d])
_307.531137e+000 (single well: 7.218000e - 001 [m3/d])

Part of the output dataset pertaining to a particular FEFLOW time step.

In the above example only four quantit@snmputecby FEFLOW for each observation

well are listed at each time step. In other cases other quantities may also be listed (for
example FEFLOWtalculated concentrations). Any of these can be read by

DAR2SMP (but only one of these on any particular DAR2SMP ruA} is
documented below, the column to be regdAR2SMPis specified by its header; in

the above case there are four (DARIMPIrs, nami

ignores the unitthat accompangach header.)

Running DAR2SMP

DAR2SMP is run by typig its name at the command prompt. As for other members

of the Groundwatebata Uility suite information must be supplied by the user in
response to questiomosedby DAR2SMP. If the response to any such question is
simply fAeo or A EODAR2SMP wilvlcktradkty itspEeviduse r >,
guestion, whereupon any mistakeade by the usen answering that question can be

rectified.

Immediately upon commencement of execution, DAR2SMP checks for the presence

of a

Asett i segisgs.figin thee directorna from dvhich it is run. As is

described in Part A of this manual, this informs DAR2SK&Rd other utilities)
whet her to use the Aadd/ mm/ yyspegifgingdatres. A mm/ d d/

~

Optionally,a settings filealsoinforms any program whicreadsiwh et her a A numb.

of columrs,

number of axmecesin MODELOW-eampatibte integer

and real array this settinghas no relevance in the FEFLOW context and is therefore
not required in a settings file read by DAR2SM®Ptypical settngs.figfile is shown

below.
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date=dd/mm/yyyy

A typical settings.fidfile.

Once it has read the settings file, DAR2SMP asks:
Enter name of FEFLOW DAR file:

in response to which the name of the DAR fdebe processed by DAR2SMRould
be supplied (swounded by quotes if it contains spaces). Next DAR2SMP asks for the
type of data which it should read from each tispecific output table. The prompt is:

Enter header for data type to extract from this file:

Respond with the appropriate header. In radpay to this prompt, netthe following
1. Do not include the time units which accompany each header.

2. You do not need to match the case of header charadtetfg)seprovided in
DAR file output tables.

Ne xt DAR2SMP asks for t h e bemnta bose idenfifier a n i ob s
conversionfile. The prompt is:
Enter name of obs number to boreid conversion file:

This is a file which relates observation well numberemmployedby FEFLOW to
userspecified bore identifiers. Part of such a file is depictetienfollowing figure.

# FEFLOW_ID DATABASE_ID
1 BH100435
2 BH245822
17 BH173452B
30 BH305544
40 BH406788
50 BH503453
164 BH164567
Part of an nomberrvathbhomeni denti fiero file.
The Aobservation number to bore identifier

should contain two columns, the first beiofservationwell numbers as listed by
FEFLOW, the second being bore identifiers as they kamown by the user. The
following aspects of this file should be noted.

1. Bl ank | ines, and |ines beginning with
header in the above example) are igndrng®AR2SMP,

2. A bore identifier must be 10 characters or less ngtle so that it conforms
with bore sample file protocol.

3. There is no need for FEFLOWbservationwell numberg(first column in the
Aobservation number to bore i dentifier

order.
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4. A norrinteger or negative integer FEFLOWbservationwell numberis not
allowed.

5. There is no need for aFEFLOW observatiorwell numbersfeatured in a
DAR file to be listed inmfiobser vati on number t o bor
Observation wll numberswhich are not associated with a bore identifies
simply ignored by DAR2SMP.

6. If a FEFLOWobservation wellnumbggr ovi ded i n an fAobserva
bor e i dfienstnotfrepresented in a FEFLOW DAR file, itgsnply
ignored by DAR2SMP.

DAR2SMP next asks:

Enter simulation starting date [dd mm/yyyy]:
Enter simulation starting time [hh:mm:ss]:

(Note that the date protocol presented in the first of the above prompts will depend on
that provided in filesettings.fig) DAR2SMP needs the above information so that it
can convert elapsed simutat times as provided in DAR fildata tableso dates and
times as required in a bore sample file.

Finally DAR2SMP asks:
Enter name for bore sample output file:

Once you have provided this name, DAR2SMP writes the bore sample file as
requested. Anenttys provided in this file for each
bore identifiero file, for each Usebfput tim
the SMPCHEK utility willreadilyverify that theDAR2SMP outpufile is avalid bore

sample file.

Uses of DAR2SMP

DAR2SMP comprises part of the FEFLOREST interfacepther membersf which
are PPK2FAC_FEFL and FAC2FE.

As stated above, oa FEFLOW data has beenwgitten in bore sample file format it

is amenable to further processing by other memiietise Ground and Surface Water
Utility suites. For example the SMP2SMP utility can be employed for temporal
interpolation to the times at whicbbservations were made itne field both
DAR2SMP and SMP2SMBhould then be run in sequenbehindFEFLOW as prt

of the composite modehlibratedoy PEST If this is done automation of PEST input

file construction for even a complex inversion probk@nbecomes simple matter.

See documentation of the PESTPREP, PESTPREP1 and PESTPREP2 utilities for
more detas.

See Also

See also PPK2FAC_FEFL, FAC2FEFL, SMP2SMP, PESTPREP, PESTPREP1 and
PESTPREP2.
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ELEV2CONC

Function of ELEV2CONC

ELEV2CONC was written to facilitateomputationof initial concentratioa for a
multi-layer SEAWAT (or MT3D) model. It isassumedthat the elevation of the
freshwater/saltwater interfac@r a surrogate for thisnterface calculated as, for
example, a threshold concentration that is half way between that of freshwater and
seawater)s available at a number of wells within a model ate& also supposed
that these wellprovide information orthe width of the transition zone between fresh
and salt water. From these (together with other information from which the elevation
of the interface may be surmised at other locatieitisin the model domain or at its
boundarie} atwo-dimensionalmap of interface elevatisrmay be madef-rom this
information,a modelcompatible real arragf interface elevations cahen be built

From this real array, together with irfece width informationa threedimension
distribution of salt concentratiorwan be established This canthenbe supplied to a
SEAWAT modelasits concentration starting condition

Using ELEV2CONC

Like all programs of the Groundwater Data Utility Suite, upon commencement of
exeation ELEV2CONC looks for a file namedettings.figin the directory from
which its execution was inked. This file informs ELEV2CONC whether (or not) a
numberof-columns, numbeof-rows header should be presemtformattedreal and
integer arrays whichit writes andreads. If this file is not present, ELEV2CONC
ceases execution with an appropriate error message.

Also, if files.figis present, ELEV2CONC will read the name of the grid specification
file for the current modefrom this file. However it is ot essential that this file be
present.

After having checked for the presence of both of these files, ELEV2CONC requests
information from the user through a series of prompts. As for all programs of the
Groundwater Data Utilities suite, responding to ariytleese promptsy simply
pressingheo f ol |l owed by <Enter> will force
previous prompt. This allows easy recovery from mistaken input.

ELEV2CONCG6s f4rst prompt i s:
Enter name of grid specification file :
ELEV2CONC needs to réebhis file so that it can obtain tt@rizontaldimensions of
the model grid. Next it asks ftine vertical dimension of thmodelgrid.
Enter number of layers in model:
and then for the number of model layers for which initial concentrationactually
to be computed on the current ELEV2CONC run. These are bounded by an upper and

lower model layer, the numbers for which must be supplied in response to the
following promps:-

E L
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Enter lower layer number for present analysis:
Enter upper layer number for present analysis:

(Note that a lower layer number overlies a higher layer bmrm as
MODFLOW/MT3D grid layer numbers increase downwariem the surface.)
ELEV2CONC must therascertainwhich cells within the model domain are active,
and which are inactivefor it need to compute initial concentrationsnly within

active cells (It assigns inactive cells a concentration of 2eks.well as this, it needs

to know which cells are constant concentration cells. As is the usual convention, these
are identified through their negative values in integer activity array§o
ELEV2CONC asks:

Enter filename base for activity arrays:

Suppose thatheresposeto the above promps thes t r activgyd. BLEV2CONC

then lools for arrays namedctivityN.inf whereN ranges betweerN, and N;, these

being the lower and upper model layers respectively for which initial concentrations

must be computedlhese arrays must tsippliedin formatted(i.e. ASCII) form in

these filesFurthermore,fithe COLROW variablein settingsfigi s set to Ayeso,
files must each contain a numbeof-columns, numbeof-rows header(Note that

thesefiles can bewritten automaticallyon the basis of information contained within a
MODFLOW or MT3D input file using the MOD2ARRAY utility.

In order to translate freshwater/saltwater interface elevations to initial concentrations,
ELEV2CONC must know the elevationspdrtinentmodellayers. So it asks:

Enter flename base of layer bottom elevation arrays:

Suppose that the resportsethe above omptist h e  sbhbtiorro.rEGEVZCONC

thenlooks for arrays nametbottomN.refwhereN ranges betweeN,-1 andN,, (The

bottom of layem,-1 is assumed to be the top of lalgrif N, is 1 then the elevation

of the top of the model should be suppliedil@e bottomO.refi f thottoe® fist r i ng 1| s
supplied in response to the above promptdiscussed abayd.ike activity arrays,

these arrays can be extracted from a MODFL@WMT3D input file using the
MOD2ARRAY utility.

ELEV2CONCGO6s next prompt i s:

Enter name of interface elevation array file:

Supply the name dd file containingthe requiredeal array. This array will normally
have been produced through spatial interpolation of inteds@tionmeasurements
(see belowy, alternativelyit may have beeproducedusingthe CONC2ELEYV utility.

The freshwater/saltwater interface is by no means a sharp interface. On traversal of
any vertical line which intersects this interfattee concentration risgradually from
that of fresh water to that of salt wates the interface is crossed. This vertical
Asmudgingo of the interface must be refl ec
model . Three types oby EBRY2CONG mamajyolinearr e al | o
sigmoidal and exponential. The user chooses bettvesme througthis/herresponse
to the following prompt.

Enter nature of concentration variation across interface:

if linear - enterl
if sigmoidal - enter?2
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if exponential - enter 3
Enter your choice:

The actual width of the instface can be supplied as a single number (which is then
apgied throughout theentiremodel domain), oon a celby-cell basis. ELEV2CONC
prompts:

Enter interface width value or formatted real array file:

In response to this prompt supply a real nundgreater than zero, or the name of a

file. If ELEV2CONC cannot interpret your response as a number it will presume that a

filename has been supplied, and that this file contains a real array in forifi&tted

ASCII) form. If the COLROW variable isetting.figi s set to fAyeso, t he
of-columns, numbeof-rows header is expected in this file.

The figure belowillustratesthe different types of concentratioprofile computed by
ELEV2CONC.

interface

linear sigmoidal exponential

Types of concentration profileacross freshwater/saltwater interface.

| f the Alinear o option i s Iyeverthedislamce t he c
between an elevatioof w/2 above the usesupplied interface elevatioand w/2

below the usesupplied interface elevation. Oigs of these limits the concentration

is that of freshwater (above) and seater (below) respectively. Similarly, for the

Asi gmoidal 6 opti on, vari at iwrofsthe anterbace] i mi t ed
with concentration changesithin this zonesimulated asa quarter cycle of a sine

wave. If the exponential option is chosen, concentrations apptbask of fresh

water and sea wateasymptotically with ninety percent of thetal change in

concentration incurred over the interface width In all of these cases, the
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concentration at the interface itself is half way between that of fresh water and sea
water.

ELEV2CONC next asks for the concentrations of fresh water and sea water
respectively As for the interface width, either a single value carsbpplied, or the
name of a file which holds an array of ebjlcell valuescan be suppliedAs for the
interface width, this must be an ASCII file, with a number of columns, nuoiber
rows header if the COLROW settingsettings.figs set tofi y e Eh@prompts are:

Enter fresh water concentration value or formatted real array file:
Enter sea water concentration value or formatted real array file:

ELEV2CONC next asks:
Enter filename base for formatted output files:

Suppose that the response to this o mp tonc.s Then ELEV2CONC wr |
series of formatted real array files nanoeticN.refwhereN varies betweeil, andN,.

Each such file carries concentrations in specified (byN) layer. However as well as

recording the outcomes of its concetiti calculations in this format, ELEV2CONC

also records these in unformatted (i.e. binary) formma®ld 3 D A UCMasksf i | e .

for the name of the file to which concentrations mustthhes recorded using the

following prompt:

Enter name for unformatted output file:

This file can be easilynported intoa MODFLOW/MT3D graphical user interface for
display, and for incorporation into a SEAWAT input dataget EV2CONCassignsa
notional transport step, stress period, time step and simulation time of leto th
concentration arrays recorded in this file.) However if initial concentration
calculations have been restricted to a subset of model layers, ELEV2CONC cannot
write this fileunless it acquires knowledge of initial concentrations in other layers. So,
if this is the case, it asks:

Enter existing conc array filename base of unanalysed layers:

Suppose that aintbi ilsnasmeppbhasa ofmn i esponse
ELEV2CONC will attempt to read formatted real array filasitl.ref,

init2.ref, énitN.ref etc whereN is any integer value between 1 and NLAY (the

number of layers in the model) EXCEPT for numbers between and inclhgdiagd

Ni. (This sequence of files may have been produced on previous ELEV2CONC runs.)

Once it has receivedill of this information, ELEV2CONC computes initial
concentrations in all active cells in all nominated layers of thitefdifference gridit
then writes formatteadtoncentrationoutput files for all such layers, and its single
binary output file in MT3D UCN formatOnce it has finished these tasks it ceases
execution.

The following item of ELEV2CONC functionality should larefully noted. When
assigning concentrations to cells within the model domalinfixed concentration
cells (identified through negative nurats in activity arrays)are assigned a
concentration equal to that of sea water, this being based on the assumption that fixed
concentration cells are always part of the seaward model boundary. If this is not the
caseconcentrations assigned to thesesdeyl ELEV2CONCmust be modified either
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by other utility software, or maually after importation of initial concentrations into a
graphical user interfac&lternatively, remove negative values from activity arrays
before supplying them to CONC2ELEV.

Uses 6 ELEV2CONC

As stated above, the primary use of ELEV2CONC c@mputation of initial
concentratiosfor a SEAWAT model. Proper computation of initial concentrations is
important to this type of modelling, for then SEAWAT does not need to spend the
first pat of its run adjusting these concentrations from possibly infeagiltial
values. Alternatively, if initial concentrations are computed on the basis of a steady
state flow field, the time required for convergence to a corresponding concentration
field can be reduced considerably if initial concentrations for this early part of the
model run are close to those actually calculated on the basis of the flow field.

The freshwater/saltwater elevation array carcdmputed in a variety of ways based
on interfa@ elevation®bserved in wellsandon elevations otthe coastal boundary
condition where théreshwater/saltwateinterface outcrops. Spatial interpolatioan

be carried out using, for exampledhe SURFER package; conversion to
MODFLOW/MT3D real array faonatcanthen be implementedsing the SRF2REAL
utility. Alternatively, spatial interpolation could be undertaken using kriging as
implemented by the PPK2FAC and FAC2REAL utilittesscribed herein

See Also

See als(MOD2ARRAY, CONC2ELEV, SRF2REAL, PPK2FAGnd FAC2REAL.
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ELEV2CONC1

Function of ELEV2CONC1

The function of ELEV2CONCIL is almost identical to that of ELEV2CONC. However
it computes (and records) a further set of
arraysfor a sequence déyers comprising hydrostratigraphic unit of interest.

The Azero fl ow heado assigned to a cell i s
occupieghat cell, that is equivalent to a salt water head of Zéros if-

1. the lower boundary of a model domainasoasal fixed headboundary at
which the saltwater head is zero, and

2. thereis actually no flow towards this boundary
this would be the head in every active célithe model.

ELEV2CONC1 was written for use in conjunction with SEAWAT. If ELEV2CONC1
zero flow headiles are to serve as SEAWAitial headinput files (which they are
designed to dg@)then ceHby-cell heads must be in accord with eejkcell salt
concentrations; that is, head must be expressed in terms of thethatactually
occupesthe cell irrespective of its concentration

The relationship between hehdand freshwater head is defined by the equations
(taken from the SEAWAT manual)

r-r;

,
h, =—h-
rf rf

y4

r-r,

rf
h=—Lh, + Z
r

r

where Z is the elevation of the measurement pdwvhich are cell centres in the
current context)} is the density of water at the measurement paintl }; is the
density of fresh water. The density of water is related to its concentéabgn

} =41+ k(CT Gy

where C; is the concentration of salt ifresh water andk is the slope of the
density/concentration relationship (which is equal to 0.714%a8s is measured in kg
and volume is measured irfmif C; is zero, this equation becomes:

} =)s+kC
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With a little mathematical manipulation itéssy to show thdhe head in a cell whose
saltconcentration i€ and whose salt watédefined as water with a concentration of
Cy head is zero is given by:

_k(c-c,)z

o +kC

Using ELEV2CONC1

Use of ELEV2CONCL1 is similar to that of ELEV2CONC. Hewer ELEV2CONC1
asks four extra questions of the user, and provides an additional set of outputs.
Defaults are provided for tee of these four questions. These questines

Enter density of water of zero concentration (<Enter> if 1000):
Enter concent  ration of water at zero head (<Enter> if 35):
Enter delta - density/delta - concentration slope (<Enter> if 0.7143):
The fAconcentrati on is&{in theaaboger equations. Aryrcell h e ad o
within the model domain whose water concentratio@sjd9s assigned a head of zero
by ELEV2CONQ, for any cell with a lower concentration, the head is slightly higher
than this(because of thimwer density of the water).

The other ELEV2CONCL1 prompt thatabsent fromELEV2CONC is:

Enter filename base for format ted "zero flow head" output files:

ELEV2CONC1 writes a series of formatted real array files, one for each of the layers

on which ELEV2CONCI1 calculations are focussed (these being specified by the user).

Each of these files has the abasersuppliedbaseame. A suffix equal to the layer
number is appended to this name, foll owed
the convention employed by programs of the Groundwater Data Utility suite for
storage of formatteckalarrays.

Uses of ELEV2CONC1

Uses ofELEV2CONCL1 are similar to those of ELEV2CONC, for ELEV2CONCL1 can
do everything that ELEV2CONC can do, and m
Afzero flow heado arrays.

ELEV2CONC1 can be employed fgenerationof initial concentration arrays for a
SEAWAT model. If this is done, however, the problem remaingerierationof

initial heads arrays. If initial concentrations are assumed to be steady state (or
approximately steady state), SEAWAT itself da@ used tccompute initial heads

from initial concentatiors if the initial stress period of the (coupled or uncoupled)
SEAWAT modelis steady state from the MODFLOW standpoint. Computation of
initial heads by SEAWAT in this fashion requires, however, that heads supplied to it
are correct in fixed head celld/here the only fixed head cells in a model are along
the coast, and where the saltwater heads in these cells are zero, the set of heads
provided by ELEV2CONC1 are suitable starting heads from which SEAWAT can
compute a steady state head fieloirespondig to the concentration field which
ELEV2CONC1producs.
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See Also

See also CONC2ELEV and ELEV2CONCI
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FAC2FEFL

Function of FAC2FEFL

FAC2FEFL complements the PPK2FAC_FEFL utility in that it undertadpesial
interpolation from pilot points to elements oFBFLOW mesh on the basis of kriging
factors computed b PK2FAC _FEFL As suchit is often run as part of @composite
model 0 <cal i binavhioh gilotkpgint \RIEES Tor one or more material
properties are estimated.

Using FAC2FEFL

Prompts and UseResponses

Use of FAC2FEFL is similar to that of other programs (for example FAC2REAL,
FAC2RSM etc) which undertake spatial interpolation to a model grid or mesh based
on precalculated kriging factorgdenceits use will not be described in detail herein.
The description below focas on differences between FAC2FEFL and other
programsof the same typeSee documentation for these other programsuidher
details.

Typical FAC2FEFL screen output and user resper@des latterin bold italicised
print) areprovided below.
Program FAC2FEFL carries out spatial interpolation for a FEFLOW model based

on interpolation factors calculated by PPK2FAC_FEFL and pilot point
values contained in a pilot points file.

Enter name of interpolation factor file: fact ors.dat
Is this a formatted or unformatted file? [f/u]: f
Enter name of pilot points file [pp.dat]: pp.dat

- data for 27 pilot points read from pilot points file pp.dat

Enter lower interpolation limit: 1e -10
Enter upper interpolation limit: 1e10

Enter name of existing FEM file: model .fem
Enter code for element list identification: H#HH
Enter name for new FEM file: temp.fem

- interpolating from pilot points to finite element mesh...
- reading existing FEM file and writing new one...

- file madel .fem read ok.

- filetemp  .fem written ok.

The interpolation factor fileead by FAC2FEFL must have been written Hye
PPK2FAC_FEFLutility. Furthermore, it should have been produced on the basis of
the same set of pilot points from which interpolatisnbeing implementedy
FAC2FEFL (FAC2FEFL willgeneratean error message to this effect if this is not the
case.)
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FAC2FEFL assignshydraulic property valueto meshelements It then writes these
values to a FEFLOWifen® file. In doing this, it replacelydraulic property values
already recorded insuch afile with new ones obtained througthe spatial
interpolation process Thus it reacs an existingfifend file, and writes a new one.
Details of this process are now discussed.

Theii f e Fil®

In specifyingvaluesassigned to mesh elemeriits a certain hydraulic propertyhe

fifero file first provides a header in which the hydraulic property type is cited. Then
folows afinod® liinstwhi ch hydraulic property
elements are sp#ied. Two examples are provided beloWwhe first illustrates non
uniform material propertiesvhereas the second illustrates uniform values for each
cited property typeNotice that in both cases a real numbepfesenting hydraulic
property value) isfollowed by the list of elements to which the propevaiue
pertains Note also that a dash between element numbers indicates that all elements
between (and including) the elements on either side of the dash are assigned the cited
property value.

MAT_|_FLOW
101 0.000000e+000 "Conductivity in x - direction for 3D"
8.640000e - 010 3 40 47 54 57 60 61 151 178

438 453 471 473 475 476 478 480 487 489 511 512
691 793 794 845 850 895 936 949 951- 953 955
961- 966 997 1016 1017 1029 1033 1140 1208 1211 1215 1219
1222 1225 1573 1617 1619 1620 1627 - 1630 1633 - 1635 1637 1638
1780 1806 1881 1966 2152 2203 2211 2218 - 2224 2227 2239 2263
2275 227 6 2280 2281 2288 2290 2292 2307 2341 2378 2389 2393
2403 2415 2427 2442 2510 2591 2607 2640 2658 2665 2700 2705

etc

Material properties provided through a node list.

MAT_|_FLOW

101 0.000000e+000 "Conductivity in x - direction for 3D"
1.345678e - 006 1 - 92829

103 0.000000e+000 "Conductivity in y - direction for 3D"
4.7845673 - 005 1- 92829

105 0.000000e+000 "Conductivity in z - direction for 3D"
4.7845673 - 005 1- 92829

etc

Material properties provided through a nodelist.

Before running FAC2FEFL, the user must edit fifen file for the current modeh
order to provide a means of informik@AC2FEFL of the hydraulic propeyttype(s)

for which an existing node list must be replaced by a new dres is achieved
through inserting anfielement list identificatiod code on the first line of the
respectivenode list. This is a string of five characters or less which identifies the list
as subject to replacemei@ee the examples beldeorresponding to those above)

whic h , i n each case, t he(Netéthamtkimidentifierisnbt i dent i

transferredgatpb tdbewnmieovh "NFAC2FEFL writes.

)
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MAT_I_FLOW
101 0.000000e+000 "Conductivity in x - direction for 3D"
8.640000e - 010 3 40 47 54 57 60 61 151 178 ###
438 453 471 473 475 476 478 480 487 489 511 512
691 793 794 845 850 895 936 949 951 - 953 955
961- 966 997 1016 1017 1029 1033 1140 1208 1211 1215 1219
1222 1225 1573 1617 1619 1620 1627 - 1630 1633 - 1635 1637 1638

etc

1780 1806 1881 1966 2152 2203 2211 2218 - 2224 2227 2239 2263
2275 2276 2280 2281 2288 2290 2292 2307 2341 2378 2389 2393
2403 2415 2427 2442 2510 25 91 2607 2640 2658 2665 2700 2705

Material properties provided through a node list and an element list
identification code.

MAT_|_FLOW
101 0.000000e+000 "Conductivity in x - direction for 3D"
1.345678e - 006 1 - 92829 HitH
103 0.000000e+000 "Conductivity in y - direction for 3D"
4.7845673 - 005 1- 92829 HHt
105 0.000000e+000 "Conductivity in z - direction for 3D"
4.7845673 - 005 1- 92829
etc

Material properties provided through a node list and element list identification

codes.

The followingshouldbe noted.

1. The element list identifier must be placed on the first line of the node list; it
mustnot be placed on thhydraulic propertyneader above this line, or on the

In replacing theidentified node list with a new one, FACEFL observes the

second (or subsequetit)es of the node list.

The sequence of up to five characters comprising an element list identifier

must occur nowhere else withinfler® f i | e, so that
means of identifying replaceable lists.

Element list identifiers are easihdde d t o a fénB F UGN a fext

t

editor. However thetext editor must be capable of reading large files. It must

also perform nogratuitous alterations to anyother part of tre file (e.g.
replacementf tabswith spaces).

More than onencidence of he sameslement list identifier can be placedan
singlefifeno file. Node list replacement on the basis of ppointinterpolated
values willthentake place foall such identifiechodelists.

following protocols. These should be carefully noted.

1.

If no kriging factors have been computed for a particalashelement, the

value assigned to that element in the existing node list is unaltered as the list is

transferredo the newffend input file.

c

an
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2. Whetheror not interpolation factors hav@een ascribed to a particularesh
element, if that element is not cited within the existioglelist, it will not be
cited in the newodelist.

3. No aspect of the existin@endfile, other than nde listsidentifiedas above, is
altered in building the nevifendfile from the existing one

Running FEFLOW

If FEFLOW is to be rumepeatedlyoy PEST as part of a (possibly lengthy) calibration
process, & execution must be activateding a system comand. FEFLOW can, in
fact, be run from outside its interface ussngommand such as the following

feflow -run -hide -workc: \feflow - steps tstepl.pow - dar temp.dar new.fem

Run FEFLOW using the command

feflow i help

for usagedetails. Note that for botbf the above commands, eitlibel f e f dtriagv 0
should be prefixed bthe name of the directory containing the FEFLOW executable
or this directory should be including in the PATH environment variable.

Uses of FAC2FEFL

FAC2FEFL, together with its sisteprogram PPK2FAC_FEFL, comprises the
mechanism through which pilot points can be employed for parameterisation of a
FEFLOW model. This, in turngan promulgateéhe use of more parameters in the
calibration process than would otherwise be possible. Asssribed in PEST and
ancillary documentation, the use of many parameters, rather than just a few, allows
mathematical regularisation to be introduced to the inversion prad@ssn turn can

lead to extraction afmaximuminformationcontentfrom a calibréion dataset (thereby
leading to model predictions of greater likelihood), and the ability to quantify the
potential error associated with such predictions.

The DAR2SMP utility provides a means through which FEFLOW outputs ban
rapidly processed for ingsion in a PES-based calibration process.

See Also

See also PPK2FAC BFL, FAC2REAL, FAC2FEM, FAC2RSNMndDAR2SMP.
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FAC2FEM

Function of FAC2FEM

FAC2FEM carries out spatial interpolation from a set of pilot points to the nodes of a
MicroFEM finite elemat mesh using kriging factors calculated by PPK2FACF. It
writes to two kinds of MicroFEM input file
file that has the same format as the latter type of file). When undertaking i

based MicroFEM calibteon using PEST, FAC2FEM must be run as part of a
Afcomposite model 6 (comprised of at | east F
control of PEST.

Using FAC2FEM

FAC2FEM commences execution with the prompts:

Enter name of interpolation factor file:
Is this a formatted or unformatted file?

The interpolation factor file is written by PPK2FACF, which must be run before
FAC2FEM in order to generate a set of kriging factors by which spatial interpolation
from a set of pilot points to the MicroFEM finite elememésh can be carried out.

Next FAC2FEM prompts for the name of the pilot points file containing data for
interpolation to the mesh:

Enter name of pilot points file:

FAC2FEM normally supplies the name of a pilot points file with this proimgbte
name of tle same pilot points file as that used by PPK2FACF to generate the kriging
factors (this filename is stored in the interpolation factor file). Tefsultfilename

can be accepted by simply pressing the <Enter> key.

FAC2FEM then prompts for the upper aogver interpolation limits:

Enter lower interpolation limit:
Enter upper interpolation limit:

If the value assigned to any node is above or below these limits, this value will be
reduced or increased respectively in order to respect these limits. Cdrelshtaken

in supplying these limits. They can be useful when kriging is based on the Gaussian
variogram; sometimes the range of kriged values can exceed that of the data values
when using this variogram (which is why it is often best to use the expahnenti
spherical variogram instead). In general, when undertaking -gmiot-based
parameterisation under the control of PEST, these limits should be set outside the
PESTFimposed upper and lower parameter bounds. If the interpolation limits are
narrower tlan the parameter bounds limits, the parameter estimation process will be
compromised as node values interpolated from R&dfdsted pilot point values are
altered in order to respect the interpolation limits. In extreme cases, one or more pilot
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point values can become insensitive, and hence unestimable, if node values around

them are determined by the interpolation limits rather than by the values assigned to

the pilot points. | f i n doubt set these |
functionality ensure that reasonable values are assigned to mesh nodes.

Next FAC2FEM prompts:

Enter name of existing mesh property file:

Before using FAC2FEM you should make a copy of the MicroFEM input file which

contains the parameters which you wish PEST to calculat@ssigning interpolated

values to mesh nodes, MicroFEM will make a copy of this file, replacing existing

property values listed in this file with those interpolated from the set of pilot point

values contained in the pilot points file. The properigflc an be of the Af en

type.

MicroFEM next prompts for the property type whose values it will replace with pilot
pointinterpolated values. For the sake of generality, this property type is denoted by
its number:

Enter property number for replacem ent:

This number refers to the position that the property occupies on each pertinent line of

the Afemd or Astoo file. In a Afemo fil e |
resistance for layer 1 is listed first, followed by the transmissivity ydrld; then

follow the vertical resistance and transmissivity respectively for layer 2; and so on for

each | ayer. I n a fAstod (or equivalent) fil
ordered by layer. Thus the storage coefficient of layer 1 exdliitst, followed by the

storage coefficient of layer 2, etc.

Next FAC2FEM prompts:

Enter name for new mesh property file:

This is the name of the file that FAC2FEM will write. This file will be identical to the

existing property file except for the fathat the identified property type will be

replaced by property values calculated through pilot point interpoldtios.very

important that the extension of this file be in accordance with its typef the file

has an extension ofs ufiniee ntoh a tF AtClee- EfMe xwii d tl i nags
fileo whose name was provide abowiteiti s al so
accordingly. For any other extension, the

Finally FAC2FEM prompts:

Enter value for el ements to which no interpolation takes place:

No interpolation will take place to nodes within zones for which kriging factors were
not computed by PPK2FACF, or to nodes that are further away from any pilot points
than the PPK2FACF search radius. See tmuthentation of PPK2FACF for further
details.



FAC2FEM 50

Once it has been supplied with all of the above information, FAC2FEM writes the
new mesh property file and terminates execution.

Note that if you wish to assign a single value to all nodes within a particaar of
the finite element mesh, simply assign a single pilot point to that zone.

Uses of FAC2FEM

FAC2FEM is used in the second stage of the spatial interpolation process from a set of

pilot points to a MicroFEM finiteelement mesh. The first stage of tikerpolation

process is undertaken using PPK2FACF which calculates kriging factors. When pilot

points are assigned values by PEST (normally as part of a regularised calibration
process), FAC2FEM is run ©prior to MicroFE
encapulated in a batch file. Responses to its prompts aredilace a fAr esponse f |
which FAC2FEM is directed through the A<0

Note that, in general, pilggointbased calibration should not be undertaken without
regularisatbon because of the large number of parameters that normally require
estimation. As is explained elsewhere in this manual, the more pilot points that are
used for spatial parameterisation, the less likely is the resulting parameter field to have
a 0 b | appearhdnge)or to possess unusually high or low values within small, local,
areaxf the model domain.

See Also

See also PPK2FACF and PPKREG.
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FAC2G

Function of FAC2G

FAC2G carries out spatial interpolation based on kriging factors computed by the
PPK2FACGut i | i tvy. A GO sabs morpdrisculal madel I8 gssumedr As | O
explained in documentation of the PPK2FAQ@ity, the format for the file which

lists thepoints to which interpolation must take place (these normally being the nodes
of anumerial grid or mesh) is comprised simply of three columns of data. The format
of the file written by FAC2G is even simpler than this, being comprised of a single
column of numbers, these being the outcomes of interpolation to the specified points.
Points are manged in the same order as that provided to PPK2FACG when it
calculated kriging factors.

Using FAC2G
FAC2G prompts, and typical responses to these prompts, are as follows.
Enter name of interpolation factor file: factors.dat
Is this a formatted or unfo rmatted file? [f/u]: f
Enter name of pilot points file [vk5.pts]: vk5.pts
- data for 193 pilot points read from pilot points file vk5.pts
Enter lower interpolation limit: - 1e20
Enter upper interpolation limit: 1e20
Enter name for output file: temp 1.dat
Enter value for elements to which no interpolation takes place: 1le35

Reasons whyinterpolation to a specific point may not take place include the
following.

1 The point lies outside the interpolation radius of all pilot points
1 The point does not lieithin a zonea which any pilot points belong.

1 The user specified when running PPK2FACG that no interpoltdkes place
to points within the zone to which that point belongs.

See Also

See also PPK2FACG and PPKREG.
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FAC2MF2K

Function of FAC2MF2K

FAC2MF2K modifies an existing MODFLOWR000 input dataset, replacing selected

parameters within that dataset with parameters based on pilot points. Thus if a
model |l erds GUI does not support the wuse ¢
process, use of FAC2MR2 al | ows a model |l er to use them
by which hydraulic properties are calculated at MODFLOW cell centres from
properties assigned to pilot points, are built into MODFLQBO0 multiplier arrays;

normally these kriging factors will havbeen computed by program PPK2FAC. The

zonation integer array pertaining to the pilot points is added to the MODF2@W

zonefile. Optionally, unwantednultiplier and zonearrays can be removed from the

existing MODFLOW2000 input dataset.

Pilot points can be an extremely powerful device for accommodating spatial
heterogeneity within a model domain. However the method works best when there is a
superfluity of such points, and where model calibration is undertaken using nonlinear
parameter estimation sofére. If enough pilot points are employed, the parameter
estimator will be able to find locations within the model domain where hydraulic
property variations need to be introduced in order to allow model outputs to match
field data well. This process is steundertaken using PEST in preference to the
nonlinear parameter estimation functionality of MODFLEAOO, because PEST

includes an extremely powerful mode of ope
When operating in this mode, numerical problems cabsedverparameterisation
ar e removed through the i ntroducti on of

PPKREG utility such constraints can be introduced on the basis of a geostatistical
characterisation of the study area. The effect of this type ofarégation is to limit

the degree of spatial heterogeneity introduced to the model domain to that which is
just sufficient to obtain a usepecified level of fit between model outputs and field
data.

Once a pilofpointbased MODFLOW2000 input dataset h&aen built with the help

of FAC2MF2K, it is easily translated to a PEST input dataset using the
MODFLOW2000to-PEST translator, MF2PEST. Once in this format, it is a simple
matter to modify the PEST control file to accommodate regularisation information
using the PPKREG utility.

Where MODFLOW parameter estimation is carried out using PEST, it is necessary
that a specially modified version of MODFLO®R0D00 known as MF2KASP be used

to conduct forward model runs. This version of MODFLEQO0O0 retains all existg
MODFLOW-2000 functionality. However additional functionality has been added that
optimises its use in the pilot points context. In particular, interpolation from pilot
point locations to the finiteifference grid can be undertaken on the basis of dbgs
parameter values rather than parameter values themselves. This interpolation strategy
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i's required where a parametero6s distributdi
than a variogram based on native parameter values; a log variogram is reéguired
characterise the transmissivity and/or hydraulic conductivity distribution prevailing in

most study areas. See Section 5 of Part A of this manual for further details.

Using FAC2MF2K

General

Before using FAC2MF2K you should have built a MODFLOW modehgis/our

favourite Graphical User Interface. In those layers or stress periods, and for those
property types, for which you intend to base parameterisation on pilot points, a
simplistic parameterisation scheme should be adoppedbably based on one avad

parameter zones. The parameters associated with these zones should be restricted only

to those layers or stress periods for which pilot points will be introduced; they should

appear in no other layers or stress periods. FAC2MF2K will replace paraivesterns

on these zones with a parameterisation scheme based on pilot points. Thus these

initial, zonebased, parameters will be completely removed from the MODF.OW

2000 input dataset, and a suite of new parameters introduced in their place. If you

know the mmes of thenultiplier andzonearrays pertaining to these parameters (these

are resident in the MODFLOWR000 multiplier and zoneinput files), and if these

arrays pertain to no other parameter types, then these too can be removed from the
MODFLOW-2000 inpu t dat aset . This introduces savir
requi rements. ( Note that MODFLOWGS memory
when using pilopointbased parameterisation than when using “@E®ed

parameters.)

As presently coded, FAC2MF2K cantioduce pilotfpoint-based parameterisation

only into the MODFLOW2000Ipf andrch processes. In spite of this restriction, this

should cover most practical requirements for the use of this parameterisation scheme.

If you wish to use pilot points to chatadse arrayjpased parameters such as
evapotranspiration, or if you wish to use pilot points in conjunction with the
MODFLOW-2000 huf process, this can easily be accommodated. Simply use the
FAC2REAL wutility documented he(ruehefore as part
MODFLOW by PEST during the parameter estimation process) to build a
MODFLOW-compatible array based on pilot points; then direct MODFLOW to read

this array using its OPEN/CLOSE functionality for reading external array files, or use

the REPARRAYut i I ity to Ainject o0 -2000mpubdatasety i nt o |

Before FAC2MF2K is run, PPK2FAC must have been run. The purpose of PPK2FAC

is to build a fAkriging factor fileo on the
files contains the @l-specific) factors by which pilot point values are multiplied in

order to conduct spatial interpolation from those points to the iifiterence grid.

As these factors are independent of the hydraulic property values associated with the

pilot points, they can be assigned to the pertinent elements of MODR2000

multiplier arrays. MODFLOW?2000 parameters to which the multipliers within these

arrays are applied are the hydraulic property values pertaining to the pilot points.
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When running PPK2FAC, diffent pilot points can be assigned to different zones
within the model domain. Zonation is defined by an integer array. Factors contained
within the kriging factor file are dependent to some extent on the disposition of zones
to which the different pilot pats have been assigned. Like the factors themselves, the
zonation array upon which calculation of the kriging factors is based must also be
incorporated into the MODFLOVEZOOO dataset. This array is added to the
MODFLOW-2000zonéefile.

When introducing thenew pilotpointbased parameters into the MODFLERMN00

input dataset, these parameters can be given the same names as the pilot points
themselves. Alternatively a new name can be provided for each parameter comprised
of a userspecified prefix (of up towwo characters in length) followed by the name of

the respective pilot point. The latter naming mechanism must be used where more
than one set of parameters is introduced into the MODFZD00 dataset based on

the same set of pilot points. For example, coeh set may represent hydraulic
conductivity in a particular model layer, while another set may represent hydraulic
conductivity pertaining to another model layer; or one set of pilot points may represent
the hydraulic conductivity assigned to many mothlters comprising the same
hydrogeological unit, while the other set may represent the vertical anisotropy of that
unit. Still another set may represent the

Parameter Replacement File

FAC2MF2K is provided with the details of the pareter replacement process which

It must undertake through a fAparameter rep!
shown below. Note that all entries in a parameter replacement file armsassitive;

however keywords in the example shown belowcaygtalised to better exemplify the

structure of this file. Note also that a blank line can occur anywhere within a
parameter replacement file; also, a |line b
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REPLACE hk
OUT hk_1
OUT hk_2
OUT hk_3
OUT hk_5
OUT hk_6
NEWPARAMLAYS 1 2
TRANSFORMTYPE log
MINPARVAL 1e- 2
MAXPARVAL 1e3
MININTERPVAL 1e- 2
MAXINTERPVAL 1e3
END REPLACE

REPLACE hk
OUT hk_8
NEWPARAMLAYS 3 3
NEWPARAMPREFI X fik_o
TRANSFORMTYPE log
MINPARVAL 1e- 2
MAXPARVAL 1e3
MININTERPFILE lowlim.ref
MAXINTERPFILE highlim.ref

END REPLACE

REMOVEZONE zhk1l
REMOVEZONE zhk2
REMOVEMULT hk1
REMOVEMULT hk2

A Parameter Replacement File

A parameter replacemen f i |l e must include at

are shown in the example above. A replacement segment begins with the string

east

AREPL A@fpe whpantype is a parameter type that can occur in the
Ahko,
Avani o, Asso, Asyo, Avkcbo and Archo.

MODFLOW-2000 Ipf or rch process. Legal paratneer t ypes ar e

AEND REPLACEO.

A replacement segment is comprised of a set of lines, each of which must contain a

keyword followed by the value assignedtbe variable associated with the keyword.
For all but one keyword, each line within a replacement segment must have two
entries, ie. the keyword followed by the value pertaining to the keyword. However the
line containing the NEWPARAMLAYS keyword (or NEWFARMPERS keword for
parameters of type Archo) mu st have 3
keywords are mandatory and must be cited within each replacement segment; however
some are optional. Some keywords can be repeated many times; for athem)eo

incidence of the keyword can occur. Keywords can be supplied in any order.

A

(0]

t

n e

~

i
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e
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The OUT keyword is used to identify parameters to be removed from the existing
MODFLOW-2000 dataset; it can be used many times within the one replacement
segment. Each parater identified in this way is removed from both th&or rch

input file, and from the MODFLOW2000sensitivityinput file (if this file is present).

It is very important to ensure when designing the model that this parameter is assigned
only to those Igers or stress periods to which pimintbased parameters will be
assigned. If this is not the case, the removal of that parameter from layers or stress
periods in which it is not replaced by pHpbintbased parameters will leave a gap in

the parametgsation of the model. (FAC2MF2K will detect this condition if it occurs

and issue an appropriate error message.) It is also important to ensure that a parameter
supplied after the OUT keyword is of the type indicated in the header to the
replacement segme Once again, if this is not done FAC2MF2K will cease execution
with an appropriate error message.

In the example shown above, the first replacement segment instructs FAC2MF2K to
remove parametergkl, hk2 hk3 hk5 and hk6é from the MODFLOW2000 input
dataset; all of these parameters are of tyye The second replacement segment
instructs FAC2MF2K to remove paramet&8 Because of the NEWPARAMLAYS
setting (see below) for each of these replacement segments, pardukktek® hk3
hk5andhk6 must berestricted to layers 1 and 2 of the model, whereas parahieier
must be restricted to layer 3.

The NEWPARAMLAYS keyword can only be used in replacement blocks which
pertain tolpf parameters. This keyword informs FAC2MF2K of the model layers to
which pilot-point based parameters are to be introduced. A NEWPARAMLAYS
keyword must be followed by two integers, the first specifying the upper layer and the
second specifying the lower layer in a sequence of layers to which theqiihdt
based parameters arelie added; these integers can be the same if there is only one
layer in the sequence. Note also that if the layers into which theppilotbased
parameters are to be introduced are-oomtiguous, then you can use more than one
NEWPARAMLAYS keyword to pecify different layer sequences.

Forrch package par ameter s (of whi ch Archo [
NEWPARAMPERS keyword must be used in place of the NEWPARAMLAYS

keword. Its operation is identical to that described above for the NEWPARAMLAYS
keyword, except that it pertains to stress periods rather than model layers.

The number of pilepoint-based parameters introduced into the MODFL-QV00

dataset through each replacement block is equal to the number of pilot points
occurring in the pilot poist file whose name is supplied to program FAC2MF2K in
response to an appropriate prompt (see below). The name assigned to each introduced
parameter is that of the pilot point which it represents unless a NEWPARAMPREFIX
keyword is present in a replacemengrsent. If present, this must be followed by a
character string of two characters or | ess
will be appended to the front of the name of each pilot point to form the name of the
related parameter. (Note that ¢e® are optional unless the null string is supplied.)
Where there is more than one replacement segment in a parameter replacement file,
each must cite a different parameter prefix. If this is not done then, because each

N
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segment will then refer to the sarset of pilot points, there will be a duplication of
parameter names.

When using MODFLOW2000, a parameter can be {wgnsformed in th@arameter

and sensitivityprocesses. If a PEST input dataset is then built from a MODFLOW
input dataset using the MODFMIROOOto-PEST translator MF2PEST, the
transformation status of each parameter is carried through to the PEST inversion
process. The parameter transformation status of -pdot-based parameters
introduced to the MODFLOW2000 dataset through the paramegpiacement file is

set by the TRANSFORMTYPE keyword; appropriate entries following this keyword
are fAlogo or Anoneo. (For the types of p
MODFLOW Ipf process, especially hydraulic conductivity, TRANSFORMTYPE is
best & t t o rchi pavagéters are often more easily estimated if they are
untransformed.)

It is very important to note that if interpolation for a set of pilot points is based on a
log-variogram, then parameters based on those pilot points must Healtgormed

in the parameter estimation process FAC2MF2K detects that this rule has been
violated it will cease execution with an appropriate error message.

As is discussed in Section 5 of Part A of this manual, the Rie8Wpatible version of
MODFLOW-2000 naned MF2KASP provides special functionality for computing

internal MODFLOW hydraulic property arrays from parameter values that makes this
version of MODFLOWZ2000 much more appropriate for the use of gioint-based
parameterisation than the native MODRMZ2000. In particular, summation and
multiplication of parameter values to form arrays can take place on the basis of
parameter value logarithms rather than on the basis of native parameter values (which

is equivalent to kriging on the basis of a log vgraon), and an upper and lower limit

can be placed on array values calculated in this way. The latter functionality
circumvents the occurrence of the wild and erratic interpolated values that can
sometimes appear when using certain types of variogram. |[Alsendiscussed below,

the variables which govern this aspect of
i n a sgpeapat #Hil eo, a file which FAC2MF2K
preparing the new MODFLOVZ000 input dataset. However, before dpithis, it

must know the upper and lower array bounds to use for introduceepgifitbased

parameters (it knows whether to undertake native or logarithmic interpolation based

on the contents of the kriging factor file which it readse below).

Identical options are available for imposition of array bounds when using FAC2MF2K
to those available through the use of FAC2REAL,; ie. upper and lower bounds can be
applied uniformly or on a celdy-cell basis. If an upper bound is to apply uniformly
over the whle layer to which a pilepointbased parameterisation scheme is to be
introduced (applicable only to that parameter type of course), then it can be supplied
following the keyword MININTERPVAL. However if you wish to apply an
interpolation lower limit ora celtby-cell basis, then a MODFLOWompatible array

of minimum values can be read from a file named after the MININTERPFILE
keyword. Note that this file must be a formatted file. Depending on the setting of the
colrow variable in the settings filsettin  gs.fig  (which must be present in the
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directory from which FAC2MF2K is run) the array contained in this file may, or may
not, be preceded by a finumber of col umns, |

Similar considerations apply to the setting of maximum interpolateg aalues. The
pertinent variables are MAXINTERPVAL and MAXINTERPFILE. Note that because
of their mutually exclusive roles, a MININTERPVAL and MININTERPFILE keyword
cannot both occur within the same replacement segment; similarly,
MAXINTERPVAL and MAXINTERPFILE are mutually exclusive.

The MINPARVAL and MAXPARVAL keywords have different roles from the
MININTERPVAL and MAXINTERPVAL keywords. The latter relate to array values
afterinterpolation from the set of pilot points to the MODFLOW grid has been darrie
out (individual array values can be larger or smaller than any of theppilot values

on which they are based). However MINPARVAL and MAXPARVAL apply to the
parameters themselves. When FAC2MF2K writes a new MODFLZDW@0sensitivity

file containing thenew parameters, it transfers the values supplied for MINPARVAL
and MAXPARVAL to the BL and BU variables respectively occurring in this file. If
parameter estimation is undertaking using the MODFL@080 inversion engine,
these limits are used for referenpurposes only. However if the MODFLGZ000
dataset written by FAC2MF2K is translated to PEST format by the MODFLOW2000
to-PEST translator MF2PEST, then upper and lower parameter bounds supplied as
MINPARVAL and MAXPARVAL are rigidly enforced.

Two additional keywords can (optionally) be supplied within a parameter replacement
file; however they must not be used within a replacement segment. These are
REMOVEZONE and REMOVEMULT. If, after removal of certain parameters as
specified in one or a number of OUEyvords in one or a number of replacement
segments, certaimoneand multiplier arrays from the MODFLOW2000 multiplier

and zoneinput files are no longer needed, then these arrays can be removed from
those files, thus reducing MODFLOW storage requirememt®n it is run to
undertake a simulation or calibration task. Arrays within each of these files are
specified by name; to remove an array, supply its name after the REMOVEZONE or
REMOVEMULT keyword. Note that if anultiplier array in amultiplier file is
specified by a FUNCTION, and if any of the arrays referred to in the FUNCTION
have been removed, then MODFLGRUOO0 will cease execution with an appropriate
error message. In that case it may also be necessary to remaveltipiier array
based on the FUBITION. This is done, once again, by supplying the name of the
array after a REMOVMULT keyword.

Running FAC2MF2K

As mentioned above, a settings #lettings.fig must be present in the directory
from which FAC2MF2K is run. Among other things, this file gfies the protocol to
follow when reading and writing MODFLOWOompatible arrays from and to
formatted fil es; in particul ar It spe
rowso header is required in such a fil

ci f i €
e .

Upon commencement of execution FAC2MFgKmpts:
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Enter name of MODFLOW 2000 name file: -

Like MODFLOW itself, FAC2MF2K reads the names of all MODFLOW input files
from this file. In particular, FAC2MF2K needs to know the names oB#msitivity
parameter estimatignmultiplier, zone Ipf andbr rch files pertinent to the current
MODFLOW run. Also, if anaspinput file is cited in the name file (see below), it
needs to know the name of this as well. Note that it is not essential dbasiévity

and parameter estimatiofile be amongst thoseomprising the input dataset for the
current model. However if they are present, FAC2ZMF2K will read them (and modify
thesensitivityfile).

Next FAC2MF2K prompts:

Enter name of PPK2FAC - generated interpolation factor file:
Is this a formatted or unforma tted file? [f/u]:

This is the kriging factor file discussed above. As is indicated in the above prompt, it
will have been prepared by running the PPK2FAC utility. Next FAC2FM2K -asks:

Enter name of pilot points file [ points_file ]:

The default filename gylied with this prompt was read from the kriging factor file;
this is the same pilot points file that was read by program PPK2FAC when it was run
in order to calculate the kriging factors supplied in the file. You can use this same
pilot points file wherrunning FAC2MF2K (simply press the <Enter> key), or you can
ask FAC2MF2K to read another pilot points file. If another file is read, the points
cited in that file should be listed in the same order as in the pilot points file originally
read by PPK2FAC. lhot, FAC2MF2K will generate an appropriate error message.

The specifications of a pilot points file are set out in Section 2 of part A of this
manual. FAC2FM2K obtains parameter values from thedumn of this file. These

are the values that FAC2MF2kKsigns to these parameters in the MODFL-QU00

Ipf, rch andsensitivityinput files which it writes. If thgparameter estimatioprocess

is active (or if the MODFLOW2000 input dataset is converted to PEST format), then
the hydraulic property values supgliin the pilot points file will be the initial values

for use in the inversion process. (As stated above, upper and lower bounds used in the
parameter estimatioprocess are the same for all parameters of a particular type,
these being provided by the iarles MAXPARVAL and MINPARVAL in the
parameter replacement file. You should ensure that the initial parameter values
provided in the pilot points file are within these limits.)

FAC2MF2K next asks:

Enter name of integer array zonation file [ integer_file ]:

The default name supplied with the above prompt is the name of the zonation file read
by PPK2FAC when it calculated kriging factors. Simply press the <Enter> key to
accept the default (this being the appropriate course of action on most cases).

Next FAC2MF2K prompts for the name of the parameter replacement file. The
specifications of this file are described in the preceding section. The prompt is:
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Enter name of parameter replacement file: -

FAC2MF2KOos next prompt i s:

Enter name base for new multiplier and zonation arrays [3 chars or less]:

As has already been described, FAC2MF2K adds metiplier arrays comprised of
kriging factors to the MODFLOW2000 multiplier file. It also adds the integer
zonation array to the MODFLOW00O zone file. All new arrgys added to the
MODFLOW-2000 input dataset must have a name. The name given to the integer
zonation array is the same as theharacter string that you must supply in response to
the above prompt. The names of thaltiplier arrays are formed by addinghamber

to this 3character string (if there is only one zone in the model domain, there can be
as many of these arrays as there are pilot points). If there is any conflict between
names formed in this fashion and existingultiplier and zone array names,
FAC2MF2K will issue an appropriate error message informing you of this.

FAC2MF2K then prompts:

Enter name for ASP input file: -

As is explained in Section 5 of Part A of this manual,aseinput file is read by the
modified MODFLOW-2000 named MF2KASP. Ne however that if MF2KASP is
not supplied with arasp input file, or if the variables supplied in this file take on
certain values, then operation of MF2KASP is identical to that of the normal
MODFLOW-2000. MF2KASP is directed to iespinput file by anappropriate entry

in the MODFLOW name file.

If an aspentry is already present in the name file read by FAC2MF2K, you must

supply the name of this same name file to FAC2MF2K in response to the above
prompt (FAC2MF2K wi || i nf ase PACIMF2K givds you d«
you the option of overwriting the existiragpinput file or of appending information

to that file. I n most cases the fAoverwrite
section bel ow entitled ARunni ngto tRI’RkC2 MF 2 K
recommendati on. I f the Aoverwrited option
for variables occurring in the first part of tteesp input file which result in no

modification to standard MODFLOVWZ000 behaviour as far as PEBiterface, text

outpu, and drying/rewetting functionality is concerned ie. IPESTINT, LIMOP,

HDRYBOT, NOSTOP and MINTHICK are all set to zero; these will be modified later

to values more appropriate for use with PEST if you run the MODFLOWR&600

PEST translator MF2PEST. Howex the INTERP variable occurring on the first data

line of theaspinput file will be set to 1, signifying that thespinput file contains

information which modifies the operation of MODFLGX000 in building internal

property arrays from parameter valuss information is written to the second part of

theaspinput file.

Modi ficati ons t egenst&ibnFoehawddr sequasted byythe asy

input file are such that the instructions specified in the parameter replacement file and
in the krigingfactor file are obeyed. Thus if spatial parameter interpolation takes place
on the basis of a log variogram, then-lmgsed array generation is specified indbp
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input file for the pilotpointbased parameters added to the MODFLOW dataset by
FAC2MF2K. Also, interpolation upper and lower bounds as set by the
MININTERPVAL, MININTERPFILE, MAXINTERPVAL and MAXINTERPFILE
variables supplied in the parameter replacement file are transferred depthmout

file.

When you have answer eds,ddalriesoutits Blitara@iangite2 Ké6s p
existing MODFLOW?2000 input files. FAC2MF2K undertakes the following tasks.

1 Parameters identified for removal through the OUT keyword are removed
from thelpf, rch andsensitivityprocess input files.

1 Real and integer remys identified for removal through the
REMOVEMULT and REMOVEZONE keywords are removed from the
MODFLOW-2000multiplier andzonefiles.

1 New pilotpointbased parameters are added tolpfierch and sensitivity
files.

1 Newmultiplier arrays containing krigg factors are added to thaultiplier
file.

1 A new integer array containing pitpbint zonation is added to ttmne
file.

1 If present, thgparameter estimatiomput file is checked in order to ensure
that no prior information is cited in that file pertiag to parameters which
have been removed.

1 Anaspinput file is written or modified.

1 An aspentry citing the name of thespinput file is added to the existing
MODFLOW name file.

However before any alterations are made to existing MODFZDAO input fiks,

FAC2MF2K copies all of these files to filenames of the same name, but with the
extension A.o0ol do attached. |l f, during any
encounters an error condition then, before ceasing execution with an appropriate error
messag, it copies these stored files back to the original files so that the existing
MODFLOW-2000 input dataset is unchanged. However if execution proceeds to
completion without any problems, the names of all altered files, and the names of the

files in which he original, unaltered dataset is stored, are written to the screen just
before FAC2MF2K ceases execution.

Running MODFLOW2000

The USGS version of MODFLOW will reject a name file which referenceasgn
input file. So if a MODFLOW2000 input dataset preqeal by FAC2MF2K is to be
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used by the USGS version of MODFLOW, this entry must be removed from the
namefile produced by FAC2MF2K. However you should carefully note the following.

T MODFLOW-2000 will not impose upper and lower limits in the array
interpolation process; thus MININTERPVAL, MININTERPFILE,
MAXINTERPVAL and MAXINTERPFILE settings in the parameter
replacement file cannot be enforced if MODFLE&Q0O0 is used to carry
out a simulation which includes pitpbintbased parameters.

1 MODFLOW-2000 cannot cayrout kriging based on a log variogram. If,
when you ran PPK2FAC to generate kriging factors, you supplied a
structure file containing a geostatistical structure in which the
TRANSFORM value was Al ogo, t hen krig
kriging factor fie apply to the logs of parameter values rather than to the
parameter values themselves. These factors are transferred to MOBDFLOW
2000 asmultiplier arrays. If the native MODFLOWR000 is used, these
factors will wrongly be applied to native parameter valimstead of to log
parameter values. Hence MF2KASP must be used if the factors contained
in the multiplier arrays are to be properly applied. MF2KASP obtains
information pertaining to the correct use of these factors froaspsput
file - see Sectio® of Part A of this manual for further details.

1 If array calculation is based on the logs of parameter values rather than on
native parameter values, then sensitivities calculated by the MODFLOW
2000 sensitivityprocess will be in error. Thus although MFER8P will
happily calculated heads and all other MODFLOW output quantities, based
on loginterpolation of parameter values, it cannot calculate sensitivities,
and it cannot undertake parameter estimation.

In spite of the disadvantages that occur when iotetipn is based on the logs of
parameter values, the lagriogram option should still be selected when using pilot
points to characterise a transmissivity or hydraulic conductivity distribution; many
cases are documented in the literature where theseaulyd properties are best
characterised by a log variogram.

The fact that MF2KASP cannot be used to undertake MODFLZD®D nonlinear
parameter estimation for pilgointbased parameters based on aagogram is
really no disadvantage, for PEST camadity be used to undertake the parameter
estimation process. A set of PEST input files can easily be prepared using the
MODFLOW?2000to-PEST translator MF2PEST based on the MODFL-Q0Q0

input dataset written by FAC2MF2K. However if logarithmic interpolat®oased, be

sure to set the MF2PEST input variable IMDERCALC to 0 when running MF2PEST;
this will instruct PEST to calculate MODFLOW derivatives using finite differences,
rather than looking to MF2KASP to supply it with these derivatives. As was stated
alove, when logbased interpolation is undertaken, sensitivities (ie. derivatives)
calculated by the MODFLOWR2000 sensitivityprocess are invalid. Hence there is no
choice but to allow PEST to calculate these derivatives itself using finite parameter
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differences. (Don't forget to also set the HCLOSE solution convergence criterion to an
appropriately low value as well; @s often quite appropriate.)

Perhaps the main advantage in using PEST to calibrate a model which is
parameterised on the basis of piloire is that PEST can be run in regularisation
mode in order to apply geostatisticaligsed constraints on the allowed degree of
spati al parameter variation. PESTO6s sophis
the user to set the degree to which PHESTprepared to sacrifice an optimal fit
between model outputs and field data in order to accommodate these parameter
variational constraints.. The use of pilot points, in conjunction with regularisation
functionality, mostly allows better mod&-measurment fits to be obtained than can

be obtained with discrete parameter zones, because a superfluity of such points can be
used in order to allow PEST to introduce heterogeneity into the system where it is
needed to obtain such a fit. The simultaneous intiposof regularisation constraints
ensures that the calibrated property field is geologically reasonable. Furthermore,
because of its beneficial effects in mitigating the deleterious effects of parameter
insensitivity and correlation, the inversion processumerically much more stable.
Regularisation data can be added to a PEST control file written by MF2PEST using
the PPKREG utility documented herein.

Running FAC2MF2K Twice

Sometimes it may be necessary to run FAC2MF2K more than once to complete the
process of introducing pilgpoint based parameters into a MODFLEA0O0 dataset.

This will be necessary if parameters of different types are based on different sets of
pilot points, or if interpolation takes place on the basis of a different variogram from
the same set of pilot points for different parameter types. There is no problem in
running FAC2MF2K more than once for this purpose. However be sure to provide
FAC2MF2K with the name of the samspinput file on each occasion that you run it
and, on each sh occasion but the first, make sure to append data to this file rather
than overwrite it.

Uses of FAC2MF2K

The usefulness of FAC2MF2K springs from the usefulness of characterising spatial
variability of a hydraulic property through the use of pilot pwistipplemented by
kriging as an interpolation mechanism. For a full discussion of this process, see
Section 5 of Part A of this manual. As is explained in that section, two options are
available to a modeller when implementing ppaint-based parameteason in the
MODFLOW context. The first is to use FAC2REAL to build a MODFLOW
compatible real array on the basis of pilot points; MODFLOW must then be instructed
to read the file containing this array as it commences execution. Parameters are
defined as tb values assigned to pilot points using a template file based on a pilot
points file. The second mechanism is to use FAC2MF2K to modify an existing
MODFLOW-2000 input dataset. That dataset can then be converted to PEST format
using the MODFLOW20080-PEST translator, MF2PEST. In either case,
geostatisticallybased regularisation constraints can be introduced to the inversion
process using the PPKREG utility.
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See Also

See also FAC2REAL, PPK2FAC and PPKREG.



FAC2REAL 65

FAC2REAL

Function of FAC2REAL

FAC2REAL undertakethe second stage of spatial interpolation to a model grid of the

values assigned to a set of pilot points situated within (or close to) the model domain.

The first stage of this spatial interpolation process is carried out by program
PPK2FAC. PPK2FAC genates a set of cei peci fi ¢ Akriging fact
hydraulic properties (or their logarithms) assigned to pilot points are multiplied prior

to summation to form the interpolated value at each model cell. FAC2REAL carries

out the actual multiplicationra summation, writing the outcomes of its calculations

to a MODFLOW-compatible real array file. Upper and lower limits can be applied to
interpolated values if desired.

Using FAC2REAL

Execution of FAC2REAL is initiated by typing its name at the screen pirom
However it will cease execution immediately (with an appropriate error message) if a

settings file §ettings.fig ) is not present within the directory from which it was
run, and i f thi s cofrowlode ddeosecsr inpotto rp, o sisnefsosr na nit
not formatted MODFLOWc o mpati bl e r eal array files b ¢
columns, number of rowso header | ine.

FAC2REALG6s fifrst prompts are:

Enter name of interpolation factor file: -
Is this a formatted of unformatted file [f/u]:

The interpolation fetor file will have been written by program PPK2FAC. It contains
a set of kriging factors by which spatial interpolation is undertaken to cells within the
finite difference grid. These kriging factors may be available for some, or all, of the
cells of themodel grid. Note that if an attempt is made to read an unformatted
interpolation factor file as a formatted file (or vice versa), then FAC2REAL will cease
execution with an error message.

FAC2REAL next prompts:
Enter name of pilot points file [ points_fil el:

A default filename is always supplied with this prompt. If the user responds to the
prompt simply by pressing the <Enter> key, then the default filename is accepted.
FAC2REAL obtains this filename from the interpolation factor file; when PPK2FAC
writes this file, it records the name of the pilot points file from which it read pilot
point coordinates and zone numbers.

The pilot points file read by FAC2REAL need not be the same pilot points file as that
read by PPK2FAC when it was used to calculate kgigattors.Nevertheless it must
list the same points in the same order, and each point must be assigned to the same
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zone However the hydraulic property values assigned to the pilot points can be
different from those provided in the pilot points file reaadPPK2FAC. (Note that if

the number and/or ordering of points in the pilot points file supplied to FAC2REAL is
different from that used in the pilpbints file supplied to PPK2FAC, FAC2REAL

will detect the difference and cease execution with an appte@tieor message.)

In carrying out spatial interpolation to the cell centres of a MODFLOW grid,
FAC2REAL is able to impose an upper and lower limit on interpolated values. These
limits can be globally applied, or they can be cell specific. FAC2REAL nexhpis

for information on these limits. First it asks:

Supply lower interpolation limit as an array or single value? [a/s]:

| f you respond wi t h an As o, FAC2REAL ne)

interpolation limit applicable to the entire array.

Enter| ower interpolation limit: -

However if you respond to the above prompt

name of a file containing a MODFLOMbmpatible real array.

Enter name of lower interpolation limit array file: -

As usual, if the provided filenantea s an e xREBON sH A2 REEFALA as s ume

t hat the file is formatted. REWbo,weFAeG2 REAL t
assumes that the file is unformatted. If the extension is neither of these, FAC2REAL
prompts for the formatted/unformatted stadfishe file.

FAC2REAL then prompts for interpolation upper limits in a similar fashion.

Finally FAC2REAL asks for the name of the file to which it should write interpolated

cell values. These are written in the form of a MODFL®@@¥npatible real array.
FAC2REAL also asks for a value to provide to any cells in this array to which no
interpolation takes place; this will occur if no factors pertaining to these cells are
provided in the factor file either because affected cells lie within zones for which
interpolation factors were not calculated, or because they are too far away from any
pil ot points for kriging factors to have
defined by the search radius supplied during execution of PPK2FAC.) An easily
distinguisied number such as*f@ften serves this purpose.

Once FAC2REAL has written its MODFLOWbmpatible real array, it informs the
user of this and ceases execution.

Uses of FAC2REAL

FAC2REAL runs quite quickly, for the spatial interpolation that it undertakesunts

to nothing more than the calculation of a few sums and products (with logarithmic
transformation if kriging factors are based on geostatistical structures which pertain to
the logs of hydraulic property values, rather than to the property vilesselves).

The bulk of the work required to carry out spatial interpolation was actually

k
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undertaken by PPK2FAC; calculation of kriging factors can be a verydimguming
task if the number of pilot points is large.

Because FAC2REAL runs relatively quigk there is little computational penalty

involved in including it in a composite model, together with MODFLOW and/or

MT3D, which is run by PEST as part of a parameter estimation process in which
hydraulic property values are estimated at the locatiopdaifpoints. Before running

PEST, a template file must be created from a pilot points file. On every occasion that

it runs the model during the parameter estimation process, PEST first writes a pilot

points file based on the template file, using hydrauaperty values that it wishes the

model to use on that run. FAC2REAL then builds a MODFLOWhpatible real

array using the values in the new pilot po
a MODFLOW input file using program REPARRAY; or it can hecessed by
MODFLOW using its AOPEN/ CLOSEO option for
MODFLOW has run to completion, its outputs can be spatially and temporally
interpolated to the sites and times of field measurements using utilities such as
MOD20BS and BUD2SMP (which should also be run by PEST as part of the
Acomposite model 0) . Assistance in PEST inp
program PESTPREP.

One advantage of undertaking pifmintsbased parameter estimation using this
method insteadf using MODFLOW?2000 for parameter definition and estimation, is
that FAC2REAL can carry out spatial interpolation based ofvéwgpgrams, whereas
MODFLOW-2000 cannot. Also, FAC2REAL can impose upper and lower limits on
interpolated arrays (which can lvery important on some occasions, especially if
using a Gaussian variogram) where, once again, MODHZD@) cannot. Note,
however, that a specially modified version of MODFLOW (MODFLEASP) does
include such logransformation and valdéniting functiondity; see Section 5 of Part

A of this manual for further details. However even if this version of MODFEOW
2000 is employed, the actual nonlinear parameter estimation process must still be
undertaken by PEST for, under these circumstances, parameters@ssdalculated

by MODFLOW-2000 are invalid.

See Also

See FAC2MF2KFIELDGEN, PPK2FAC and PPKREG.
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FAC2REAL3D

Function of FAC2REAL3D

FAC2REAL3D undertakes thresimensional kriging, interpolating parameter values
listed in a threalimensional pilot poits file to celtcentres of a MODFLOW finite
difference grid using kriging factors computed by the PPK2FAC3D utility.

Using FAC2REAL3D
Use of FAC2REAL3D is similar to that of FAC2REAL.

Like other members of the Groundwater Data Utility suite, the usebaektrack to
previous prompts by respondinggoyp r o mpt wi th AEO or Aeo foll

Upon commencement of execution FAC2REAL3D looks for a settings file hamed
settings.figin the directory from which its execution was initiated. It obtains
COLROW setting from this file. Isettings.figis not present, a COLROW setting of
Anod I s presumed.

FAC2REAL3DG6s first prompts are:

Enter name of interpolation factor file:
Is this a formatted or unformatted file? [f/u]:

Respond as appropriate. Next FAC2RED asks:

Enter name of 3D pilot points file [ filedat ]:
where file.dat is the name of the thredimensional kriging file provided to
PPK2FAC3Don the basis of which it computed kriging factoBsess <Enter> to
accept this filename, or suppllge name ofinother pilot points file. Howevef the
latter course is followedhe file must cite the same pilot poir{tacluding the same
names)n the same order as thatthe file providedrovided to PPK2FAC3D wén it
computedthe kriging factors, for fast gfial interpolation depends on this. If this is
not the case PPK2FAC3D will terminate execution witlappropriateerror message.

FAC2REAL3D next asks for interpolation limits:

Enter lower interpolation limit:
Enter upper interpolation limit:

Provideappropriate numbers in response to these prompts. If an interpolated value at
any cell within the thre€imensional model domain is less than or greater than
(respectively) these limitshis valuewill be clipped in order to respect the limits.

FAC2REAL3IDO s next prompt i s:

Write outputs to single 3D table or multiple 2D real array files? [s/m]:

I f the user OFAC2REA 3Ddherasls: 1 s A mo
Enter filename base for output real array files:
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Suppose that the response to this prompt is, for exarkpldhen FAC2REAIBD

will write a series of files namekix1.ref, kx2.ref. kxN.refwhereN is the number of

layers in the model domain. Each of these files holds adimensional real array;

collectively they span the model gri@n the other hand, iftheels 6 s response t
above prompt is Aso, FAC2REAL3D asks:

Enter name for output file:
On the first line ofthis output file FAC2REAL3D records three integers, these being
the number of columns, rows and layers respectively comprising the MODFLOW
grid. It then lists the value interpolated to every cell in the grith a singleentryon

eachline. These entries are listed with column numbers cycling fastest, then row
numbers and then layer numbers.

Finally FAC2REAL3D prompts:
Enter value for elements to which no interpolation takes place:

Cells which belong to zones for which no spatial interpolation has been requested, or
are further removed from the nearest pilot point than the maximum search radius
specified when PPK2FAC3D was run will not have intéafedl values assigned to
them. It is normally best to respond to the above prompt with a high value such as
1.0e35 so that these cells are easily recognized.

Uses of FAC2REAL3D

FAC2REALS3D is employedn conjunction with PPK2FAC3D for undertaking three
dimensional interpolation.

See Also

See also FAC2REAL and PPK2FAC3D.
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FAC2RSM

Function of FAC2RSM

FAC2RSM buildsa i nput data file for the RSM
Model 0) developed by the South Florida
gpatial interpolation from a set of pilot poirntts the model mesHhn this respect it is

the RSMequivalent of FAC2REAL (which undertakes the same task in the
MODFLOW/MT3D context). Its use is predicated on the assumption that kriging
factors have begoreviously computed by PPK2FACR.

Using FAC2RSM

Use of FAC2RSM is similar to that of FAC2REAL. Its use will tHere be described
only briefly; the user is referred to FAC2REAL for further documentation.

FAC2RSM commences execution with the prosnpt

Enter n ame of interpolation factor file:

Is this a formatted or unformatted file? [f/u]:
FAC2RSM obtains PPK2FACRBenerated kriging factors from this file. Next it
prompts:

Enter name of pilot points file

Sometimes the above prompt will be accompanied bgfautt flename, this name
having been obtained from the PPK2FAG&nerated kriging factors file. If so, it can

be accepted by simply pressing the <Enter> key. FAC2RSM obtains values which it
must interpolate to the mesh from the pilot points file.

FAC2RSMnext prompts:

Enter lower interpolation limit:
Enter upper interpolation limit:

No interpolated valuan any part of the model meshill be allowed to undercut the
value supplied in response to the first of the above promptexagedthe value
suppied in response to the second of the above pronfidtde that these limits are
provided only as a check on the sometimes spurious values that can result from
kriging T a phenomenon that is more likely to occur when kriging is based on some
variograms - e.g. the Gaussian variogradinthan others. These values should not be
used to limit parameter ranges during the parameter estimation process. This should
be done using upper and lower parameter bounds in the PEST control file.)

FAC2RSM next asks for theame of the file that it should write. Its promptis:
Enter name for mesh property file:

Then it asks:
Enter NAME of data type:

mo d
Wa t
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This text string provided here will be inserted after the NAME keyword on the fifth
line of the RSM input data file. If theame is comprised of two words, then these
words should be encased in quotes.

FAC2RSMbés fi-nal prompt i s:

Enter value for elements to which no interpolation takes place:
These will be mesh elements which were assigned to a zone for which no kriging
factorswere computed when PPK2FACR was run prior to FAC2RSM.

Once it has receed all of the above informatioRAC2RSM writes the nominated
RSM input file, computingmeshelement values through interpolation from pilot
point values.

Uses of FAC2RSM

FAC2RSM compises part of the means through which pilot point parameterisation
can be employed for RSMIhese parameters can be estimated by PEST through
regularised inversion. At least one instance of FAC2RSM will comprise part of the
model run by PEST during the img@n process.

See Also

See also PPK2FACR, RSM2SRF and RDAT2TAB.
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FEM2SMP

Function of FEM2SMP

FEM2SMP constitutes part of the PE®licroFEM interface. (Other prograsin this

interface are PPK2FACF and FAC2FEMBEM2SMP translates MicroFEM
generated headsnd f | ows, contained within Aftho
format; see part A of this manual for a description of this file format. Once model
outputs are in this format, program SMP2SMP can be usadhésinterpolate these

outputs to the time at which measurementgere made.(When calibrating a steady

state model, there will only be one such time.

Using FEM2SMP

General

Like many other programs of the Groundwater Data Utilities, FEM2SMP requires that

a fAsetti ngsettings.fig e 0) bepresentenihin the directory from which

it is run. This file informs FEM2SMP whether the protocol for representation of dates

is dd/mm/yyyyor mm/dd/yyyysee part A of this manual for further detalkte also

t hat you can Qb a cketutioahy keplying to anly &ts gr@ndtP

with AEO or ifoloved(by <mnter>fif EEV2AMP ésdeing run as part

of aficompositemo d ddnaapsulated in a batch file) by PEST, then responses to its
prompts can be placed in a text file; FEM2SMP entdirected to look to this file for

the responses to its promfitg using thef <6 char act er, foll owed
response file, as part of tREM2SMPcommand issued from the batch file.

FEM2SMP commences execution with the pranpt

Enter name of "fth" file (press <Enter> if none):
Enter name of "ftq" file (press <Enter> if none):

FEM2SMPwill read either of both of these MicriaM output files, transferring all of
the information contained within them to the bore sample file which it geneXads.
FEM2SMP prompts for the date and time at which the simulation begins:

Enter simulation starting date [dd/mm/yyyy]:
Enter simulation starting time [hh:mm:ss]:

This information is required so that FEM2SMP can convert the elapsed simulation
timesrecorced int he A f t h files eto datesidnd tomaequired forthe bore
sample file which igenerates

Finally FEM2SMP prompts for the name of the bore sample file which it must-write:
Enter name for new bore sample file:

Once it has been supplied Wwithis information, FEM2SMP writethe bore sample
file and terminates execution.

b
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Bore Identifiers

As is explained in Part A of this manual, the first column of a bore sample file is
comprised of bore identifiers (or the identifiers of other entities ipartato sites at
which measurements were mad€&hese must be 10 characters or less in length. In
converting MicroFEM outputs to bore sample file format, FEM2SMP rgeserate
these names itself.

For a single layer model, it is an easy matter for FEM23$d/enerate bore (or site)

identifiers These are simply copied from the entit
Aft geos ffirlom which data is extracted; for
equivalent to node label$f any of these names are greatearthlO characters in

length, FEM2SMP shortens them (from the left) to 10 characters. If the shortening of

names in this manner results in nonuniqueness of bore identifiers (this contravening

the rules governing construction of a bore sample file), FEM2SMRvern the user

of this before terminating executioNote that MicroFEM node labels should never

contain spaces

The naming of bore identifiers becomes a more complictskl for multi-layer

models. For such models MicroFEM allows node information flmme or many

|l ayers to be stored in Aftho and dAftqgo fil
recorded in these files (no matter how many layers are in the actual model), then the

bore identifier naming conventi@mployed by FEM2SM#s the same asals already

been described. However where two or more layers are represented in these files, then
unique identifier names are created through attaching a suffix toM@acbFEM

entity name this suffix iscomprised of an underscore, followed by the namthef

layer to which the information for that entity pertaifibus, for example, the identifier

Awl3 30 refers to information front the noc
should be noted that where suffixes are addetMiwoFEM names to form bore

identifiers in this manner, the chances of such an identifier exceeding the legal length

of 10 characters is increased. vikasmentioned above, shortening of names from the

left is carried ouin order that this protocol bespected; however incidences ahre
nonuniqueness are then more likely to arise.

Matching of Names

When MicroFEM is being calibrated by PEST, it is necessary to run SMP2SMP after
FEM2SMP (which is run after MicroFEM}o undertaketemporalinterpolation of
model outputs to the times at iwh measurements were made. SMP2SMP requires
two bore sample fileg an fiobservatiors ampl e f il ed and a fAmodel
latter is produced by FEM2SMP while the former is supplied by the user. SMP2SMP
matches bores (or sites) within these two fidgsheir names. If this linkage is to be
carried out correctly, then it is very important that bore (or site) identifiers in the
observatiorbore sample file use the same naming convention as those in the model
bore sample file. Thus in multayered modiing contexts where MicroFEM adds a
layer number suffix to a ussupplied node name, this same suffix must be added to
the bore name supplied in thbservatiorbore sample file used by SMP2SMP
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Uses of FEMRSMP

Once model output data has been conveddibte sample file formdty FEM2SMR

a number of postprocessing options for this data are available through various
programs of the Groundwater Data Utilities. For example, SMP2HYD can be used to
re-format this data for plotting usinggaaphing orspreadgheet packagéiowever the

most usefultype of data processing in the calibration context is that provided by
SMP2SMP which interpolates this data to the times at which measurements were
made. Thus, afteMicroFEM, FEM2SMP and SMP2SMP have been run, a rhode
generated equivalent to thesersupplied observationbore sample files exists.
Respectiveentries in these files can be directly compaasdhey pertain to the same
measurement timeslifferences between these entries camio@misedthrough the
calibration process.

Spatial parameterisatiorof the MicroFEM model domain can be undertaken using

pilot points. As many of these points as possible should be used, and the calibration
process should be r egu)aafarias BEST is dodxreed i mo d e |
then becomes one or more dApilot point file
for each of these so that PEST can supply appropriate values for these points prior to

each model run.

A batch file comprised of commands to run FAER, followed by MicroFEM

followed by FEM2SMP, followed by SMP2SMP should be written. This then
becomes the fAimodel 06 to be run by PEST. Gen
the SMP2SMP output file, and of the PEST control file itself, can then be undertaken

using EESTPREP.The PESTPREfenerated PEST control filmay then require

some slightusermodification; see the PESTPREP documentation in this manual for

further detailslt will also require the addition of regularisation prior informatioa

task carried ouby PPKREG.

Note that if steadgtate calibration is being undertaken, then only one item of
information should be supplied for each boresitein the observation bore sample

file supplied to SMP2SMP. The fdextrapol at]
then be supplied as an arbitrarily large number so that the single model output
pertaining to each bore can be fAinterpol at
what the time difference between the two.

See Also

See also FAC2FEM, PESTPREP, PPK2FABPKREG, SMP2SMP.
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FIELDGEN

Function of FIELDGEN

FIELDGEN is a twedimensional stochastic field generator in which field generation
is undertaken using the Gaussian sequential simulation principal. FIELDGEN is more
flexible than many other field generatorspkrticular:

1 FIELDGEN allows stochastic field generation to be zbaeed; different
fields can be generated in different zones within a model domain based on
different geostatistical structures. The variograms comprising these
geostatistical structuresae be anisotropic if desired, with the axes of
anisotropy oriented at arbitrary angles to the model grid.

1 Fields generated by FIELDGEN can be conditioned by point measurements if
desired.

1 Fields can be generated for both uniform and nonuniform model grids.

Use of FIELDGEN allows a modeller to undertake stochastic
MODFLOW/MODPATH/MT3D simulation. It also allows a modeller to undertake

ical i-bonstrdined Mont€ ar | o anal ysi so by combi nin
generation with pilepointbased field multipation under the control of PEST

operating in regularisation mode.

Using FIELDGEN

File Types Used by FIELDGEN

FIELDGEN is a member of the pilot points family of programs. As such it requires

file types which are typiicmtls offi I[tehd sa nsduia ef
fileo. Both of these file types are discus
FIELDGEN the (optional) pilot points file contains conditioning data used in the

stochastic field generation process. The structure fileagmthe variograms upon

which stochastic field generation is based.

FIELDGEN obtains information on model domain zonation through a MODFLOW
compatible integer array. It writes the fields which it produces to a series of
MODFLOW-compatible real array files

Sequential Gaussian Simulation

The process of stochastic field generation by sequential simulation is very easy to
understand. At each field point an expected field value and a field standard deviation
pertaining to that point are first determined. Thasecalculated through kriging from

points to which field values have already been assigned, as well as from points at
which conditioning data exists (if available). Using the expected value and standard
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deviation calculated in this way, a random fieldueais generated based on the
assumption of a Gaussian probability distribution. The field value thus obtained can
then be used in generating expected values and standard deviations at other field
points at which field generation then takes place in threesaay.

FIELDGEN provides the user with two kriging options, viz. simple and ordinary
kriging. Simple kriging is preferred as this is more in harmony with the theoretical
basis of sequential simulation. A number of other options are available for
implemenéation of the kriging step. These are more fully discussed below; some of
them can exert a significant influence on the computing time required for field
generation.

The stochastic field generation engine of FIELDGEN is subrowgsimsupplied
with the GRIB geostatistical software library; see Deutsch and Journel (1998) for
further details.

Model Grid and Stochastic Grid

The GSLIB subroutinegsimgenerates stochastic field values over a regular grid. Use
of a regular grid facilitates optimisation of searstrategies and other aspects of
stochastic field generation. Groundwater model grids, however, are not always
regular. A typical model grid may have a set of uniform, relatively small, cells
disposed over that part of the model domain which is of pdatidnterest; cell
dimensions may then expand outwards from this area towards the model boundaries.

A problem which must be addressed in ussggimfor the generation of stochastic
fields for a groundwater model is how to transfer field values calcukatethe
regul ar Ast oc hsgsento ithe finite Miffedence grid wsed bybtlye model.

If the model grid is uniform there is no problem, for FIELDGEN then ensures that the
stochastic and model grids are coincident, thus allowing direct trasfdietd values

from the former to the latter grid. If the model grid is irregular, the transfer of field
values is slightly more difficult.

As mentioned above, FIELDGEN allows the generation of stochastic field values
independently within each zone of adel domain. Where cells within a particular
zone are uniform, and where the dimensions of all cells within that zone are the same
as those of the cell of minimum dimensions within the model domain, FIELDGEN
will, as in the uniform grid case, ensure tha stochastic and model grids coincide.
However if any cell within a particular zone has a row or column direction width that

is greater than the minimum row or column direction width occurring anywhere
within the model domain, then either of two differesttategies can be used in
transferring field values from the stochastic grid to the model grid. In the first of these
strategies the field value assigned to a particular model cell is equated to that assigned
to the stochastic grid node which is closesits centre. In the second strategy the
value assigned to a model cell is determined through averaging the values of all
stochastic grid nodes lying within that cell (logarithmic average is undertaken for
fields which are based on a log variogram). Thiategy is useful where it is assumed

that the variogram(s) used in field generation are based on a support area equal to that
of the smallest cell in the model domain. Field values assigned to cells of greater area
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are then automatically adjusted for tepansion of support area that occurs when
working with these larger cells.

Conditioning Data

When undertaking stochastic field generation using the sequential simulation method
it is an easy matter to incorporate independent measurements of the pbejegty
simulated into the field generation process. Such measurements are normailly point
based; in the groundwater modelling context they will often consist of transmissivity
or hydraulic conductivity values available from putegt analyses. When calcutagi

a local expected value and standard deviation at a stochastic grid node using kriging
prior to random field generation at that node, these field measurements are simply
included in the dataset from which kriging takes place.

If a conditioning point liesvithin a groundwater model cell, it does not follow that the
enclosing cell will be assigned a value equal to the conditioning value. If the nugget
pertaining to the geostatistical structure upon which stochastic field generation takes
place is norezero,then this will certainly not be the case. However if the nugget is
zero and if the zone within which field generation is occurring contains uniform cells
(with the cell dimensions being equal to those of the smallest cell in the model
domain), and if a catitioning point falls exactly at the centre of a cell, then that cell
will, in fact, be assigned a field value equal to the measurement value. But if, even
under these uniform grid conditions where the stochastic and model grids coincide, a
conditioning pant does not lie exactly at the centre of a model cell, an expected value
and standard deviation will be estimated at the cell centre through kriging based on
conditioning points and field points for which values have already been assigned.
Because the dektentre does not coincide with a conditioning point, the standard
deviation at that cell centre will be nonzero. This will virtually ensure that the cell is
not assigned a value equal to the measurement value at the nearby conditioning point.
Neverthelessthe closer is the conditioning point to the cell centre, the closer will the
generated value assigned to the cell be to the measured value associated with the
conditioning point.

If the cell in which a conditioning point lies does not have dimensional éguhose

of the smallest cell in the model domain, then a stochastic grid node will probably not
lie at the model grid cell centre. Hence even if a conditioning point lies exactly at the
model cell centre, then because that point does not exactly dminagth any
particular stochastic grid node, the measurement value associated with the
conditioning point can provide nothing more than a strong influence on field values
generated for nearby stochastic grid nodes; it cannot determine the value assigned to
any one of them exactly. When field values generated at stochastic grid nodes are then
used to calculate model grid cell values by either of the two methods outlined above, a
further diminution of the influence of the conditioning point on the field value
assigned to a particular model cell can be suffered. Nevertheless, the conditioning
point is still able to exert considerable influence on the value assigned to the model
cell in which it lies; furthermore, any diminution of this influence takes plaeenay

that is in harmony with geostatistical principals.
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Variograms

As is described in Section 5 of Part A of this manual and in the documentation of

program PPK2FAC, each zone within a model domain can be characterised by a
Ageostati st i sdrlcturs is comprised of ardoptionalhnugget, plus one

or more variograms. The information required for this geostatistical characterisation is
supplied in a fAstructure fileo. Four types
file, viz. spherical, gponential, Gaussian and power.

The power variogram cannot be used in geostatistical field generation based on the
sequential simulation principle due to the fact that it has no sill (and hence the field

which it describes can potentially have infinite rigsace). Experience has
demonstrated that problems can be encountered when using a structure which includes

a Gaussian variogram; in particular, unusually high or low field values can be
generated, and variance calculation appears to be a little unstaimiees. Hence

FIELDGEN allows the generation of stochastic fields using only two types of
variogr am, Vi z. the spherical and exponent
variograms).

Mean Field Values

If no conditioning points are available for fied@neration within a particular zone, the
user must supply FIELDGEN with the mean field value (ie. the expected field value)
within that zone. Alternatively, if conditioning data is available, the mean can be
determined from the conditioning data.

Log Trangormation

It can be specified in the structure file that a geostatistical structure actually pertains to
the log of a field, rather than to the field itself. However conditioning data is
independent of the stochastic characterisation of a field. Thus ticonml
measurements in the conditioning pilot points file must pertain to native field values
irrespective of whether the geostatistical structure characterising that field pertains to
the log of the field or to the native field. Likewise, MODFLGWmpatble real
arrays generated by FIELDGEN will always contain native field values. However
fields generated by FIELDGEN on the basis of log variograms are more informatively
viewed after logransformation of the respective arrays.

Running FIELDGEN
FIELDGEN isrun by typing the command:
fieldgen

at the screen prompt. As for other members of the Groundwater Data Utilities,
FIELDGEN will not run unless a settings file (hamsektings.fig is present in the
directory from which the above command is issued; satidh 1.5 of Part A of this
manual.
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FIELDGEN first prompts for the name of a grid specification file (see Section 2.9 of
Part A of this manual). After it has read this file in order to determine the dimensions
and geometry of the finite difference gritlasks:

Enter name of conditioning pilot points file (<Enter> if none):

The format of a pilot points file is discussed in Section 2.11 of Part A of this manual.
The fourth column of this file contains integer values which define the model zone to
which ea&h pilot point pertains. The fifth column contains measurement values
associated with pilot point locations, ie. the values used to condition field generation
in the present case. If no conditioning data is to be used in stochastic field generation,
respom to the above prompt by simply pressing the <Enter> key. (Note that if
conditioning data is supplied, it is not necessary that it be supplied for all zones within
a model domain; thus all zones do not need to be featured in the fourth column of the
condiioning pilot points file.)

FI ELDGENG6Gs next prompt i s:

Enter name of zonal integer array file:

This is the file in which model domain zones are defined. It must contain a single
integer array in which each zone is characterised by its own specific indgerit
has read the integer array, FIELDGEN prompts for the name of the structure file:

Enter name of structure file:

As mentioned above, the structure file contains definitions for one or a number of
geostatistical structures characterising the varatof one or more hydraulic
properties throughout one or a number of zones within the model domain. See Section
2.20 of Part A of this manual.

For each zone found in the integer zonation file, FIELDGEN issues the following
prompts; possible responses dsmahown below.

For zone characterised by integer value of n: -

Enter structure name (blank if no field generation for this zone): structl
Use simple or ordinary kriging [s/o] in field generation: S

Enter maximum number of conditioning points to use: 40

Enter maximum number of previously simulated nodes to use: 40

As is apparent from the first of the above prompts, it is not necessary that stochastic
field generation take place in every zone of the model domain (certainly not in
inactive zones). However gtochastic field generation is desired for a particular zone,
the name of a structure found in the structure file must be provided for that zone. As
was mentioned above, the user is given the choice between simple or ordinary kriging
for the calculation oéxpected values and standard deviations at stochastic grid nodes
prior to field generation at these nodes. Kriging takes place on the basis of
conditioning data (if it is provided for that zone) and field values already generated at
other nodes. The usean select how many of each of these are used in the kriging
process. If the computing time required to generate stochastic fields is inordinately
large, these numbers should be reduced. Note that if no conditioning data is available
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for a zone, the uses hot prompted for the number of conditioning points to use in the
kriging process.

Next FIELDGEN asks:

How many realizations do you wish to generate?
Enter filename base for real array files:
Write formatted or unformatted files? [f/u]:

Supply an integein response to the first of the above prompts. FIELDGEN will write
each real array containing a stochastic field to a separate file. Each such file will be
provided with a name comprised of the filename base (supplied by the user in
response to the seabrof the above prompts), followed by the realisation number,
foll owed by .tefb é theefarmattad sfile @ption fis chose, or by an

extension of A. reuo i f .tAbis explainédoimr Seetiont ed op't

2.17 of Part A of this manuathese arethe default extensi@used by members of the
Groundwater Data Utilities for formatteshd unformattedeal array filegespectively

Thus if the filename base supplied to FIELDGEN in response to the second of the
above proswartdse fornsatted storage option is chosBtELDGEN will

write a series of real array files nanmse01.ref, case02.refase03.reétc.

If the model grid is nomniform, FIELDGEN next asks:

The model grid is non - uniform. To convert fields from stochastic
sub grid to model grid do you wish to average subgrid node s or use
closest subgrid node ? [a/c]

These options have been discussed above.
option is in accord with the affect of larger cell areas on the variogram, and the
Asmudgingo of heterogeneity that the use
(i e. Aicl osesto) option wildl result iin an
the variogram used for field generation because no account is taken of tge chan

support caused by variable cell areas. It should be noted however that, as discussed
above, if stochastic field generation is being undertaken in a zone comprised of
uniform cells, and if the dimensions of these cells are those of the smallesttbell i

model domain, then the stochastic subgrid will coincide exactly with the model
subgrid in this zone; transferral of field values between the two grids is thus
accomplished on a ofte-one basis.

Next, FIELDGEN prompts for the mean field value witlgach model domain zone in
which stochastic field generation will take place. If conditioning data is available for a
particular zone, it prompts:

Enter mean field value in zone with integer value n
(Hit <Enter> to obtain this value from conditioning point s in zone):

If you press <Enter> in response to this prompt, FIELDGEN will calculate the mean
field value itself by averaging the values of conditioning data available for this zone;
if a log variogram prevails in the zone, the logs of conditioning da&teaeeraged
rather than the native data. If no conditioning data is available for a particular zone,
FIELDGEN does not write the second line of the above prompt; in this case the user
has no option but to supply an average field value for the zone. Nataasich
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prompt is issued for zones in which no stochastic field generation takes itdee.
also, that the, irrespective of whether or not a log variogram is employed for field
generation, the value supplied here must pertain to nativerréttan logtransformed
values. (It is logrransformed internally.)

Finally FIELDGEN prompts:

Enter integer seed for random number generator [324853]:

Press the <Enter> key to accept the default, or supply your own integer seed. For some
applications the seed can Imepiortant. For example if you run FIEDGEN twice with
exactly the same set of input data, including the seed, then the random fields which it
generates will be identical on both runs. However if the seeds are different for the two
different runs, then the r@ays will be different.

At this stage FIELDGEN has received all of the information which it requires in order
to undertake stochastic field generation. It then generates a stochastic field within each
zone of the model domain for which such a field wasiested; it does this times,
wheren is the number of useequested realisations, and writes the result to a real
array file specific to each realisation. FIELDGEN records its activities to the screen as
it works.

For complex model domains involving mangnes the user is required to respond to

many FIELDGEN prompts. Do not forget that, as is explained in Section 1.4 of Part A

of this manual, you can retrace your steps (and correct any mistakes) at any stage
simply through responding to any prompt witteth si ngl e | etter ieo
<Enter>). FIELDGEN will then issue the previous prompt in its sequence of questions

to the user. You can continue to retrace your steps in this fashion right back to the
commencement of FIELDGEN execution.

Uses of FIELDGEN

Stochastic field generation is often used to explore the uncertainty in model
predictions arising from hydraulic property heterogeneity. By undertaking repeated
model runs based on different FIELDGHjdnerated property fields, all of which
respect any aviible conditioning data, and all of which respect what is known of the
geostatistics of an area, the range of uncertainty associated with particular model
predictions can be explored.

Where calibration constraints on parameter fields exist in the fornstofrical head

and/or other measurements, the exploration of model predictive uncertainty using
stochastic fields becomes more difficult. In this case a stochastic field must be
Awarpedo before being used to maktona predi
of a stochastic field by a maximally smo:
calculated through spatial interpolation between pilot points. Use of PEST in
regularisation mode to determine this field (by estimating the values assigned to the

pilot points upon which the field is based) ensures that the multiplier field deviates

from homogeneity only to the mi ni mum ext ¢
stochastic fieldo which calibrates the mod
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of the stochast structure of the original field as possible while respecting the
constraints on this field imposed by the calibration process.

See Also

See also FAC2REAL andPK2FAC

Reference

Deutsch, C and Journel, A., 1998. GSLIB Geostatistical Software Libraryané r 6 s
Guide. Second Edition. Oxford University Press.
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GENREAL2SRF

Function of GENREAL2SRF

GENREAL2SRF writes a SURFER grid file after interpolating from the cell centres

of a MODFLOW real array to the nodes of the SURFER grid. The MODFLOW grid

on which the real array is based can be of arbitrary design, orientation and
geographical location.

Using GENREAL2SRF

Like other programs of the Groundwater Data Utility suite, GENREAL2SRF checks
for the presence of a settings fdetting.figon commencement of egution. It reads
the COLROW specification from this file.

Next it prompts for the name of the grid specification file. From this file it reads the
location and specifications of the MODFLOW grid.

Its next prompts are:

Enter name of real array file:
Enter name of window integer array file:

As the name suggests, the purpose of the window integer array fileirdi¢ate
inclusion or exclusion of various parts of the real array from interpolation to the

SURFER grid. Any real array cell for which therresponding integer array element is
zero is not interpolated to the SURFER grid.

Interpolation to the SURFER grid is bilinear. Thus each SURFER grid node is
informed by a maximum of four MODFLOW cell centres, namely those that surround
it. However if aSURFER grid node lies outside the MODFLOW grid, or outside of a
cell with norrzero window integer array value, then that node is blanked.

Next GENREAL2SRF asks for details of the SURFER grid to which interpolation
must take place. Its prompts are:

Enter s pecifications for SURFER grid:
X direction grid minimum:
X direction spacing:
No. of X direction nodes:

Y direction grid minimum:
Y direction spacing:
No. of Y direction nodes:

Finally it asks for the name of the SURFER giid #hich it must write:
Enter name for SURFER grid file:

Uses of GENREAL2SRF

GENREAL2SRF is more flexible than REAL2SRF in that the latter translates a
MODFLOW real array to SURFER grid file format only if the MODFLOW grid on
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which the array is based hamiform dimensions. This translation involves no
interpolation- just a rewriting of the array in different format.

GENREAL2SREF is different, however. The MODFLOW and SURFER grids do not
need to coincide. Furthermore, transferral of values from oneetwttier requires
spatial interpolation. Hence the SURFER grid file does not constitute an exact
reproduction of information within the MODFLOW grid file. However use of
GENREAL2SRHs far more flexible than that of REAL2SRF.

See Also

See also REAL2SRF.
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GENREG

Function of GENREG

GENREG assists in the writing of a PEST input dataset where many parameters are
estimated (often as a result of pilot point parameterisatiamaddel domain) through

regularised inversiont is assumed that a PEST control fdkeady exists, and that

this PEST control file cites all parameters that require estimation. It is also assumed

that PESTMODE in this PEST control file is
Aregul ari sati ono thecontrol enHoviewer itgsrnetreaessdry wi t hi n
that any prior informatiorbe present within this file through which regularisation

constraints are enforced. Nor isnécessaryhat anyregul* observation groupbe

cited within thisfilel t 1 s GENREGOs t arscknstfaiots taudhéd r egul a
PESTcontrol file and to assign them to regularisation groups.

It is assumed that parameters cited withinegkistingPEST control file belong to one
or a number of differe t A f a mimany mstadces differeparameterfamilies
will pertain to different model layers, different hydrogeological units, anméfmesent
different hydraulic propertytypes. Regularisation constraintan be formulated by
GENREG on a familyby-family bass, betweenparameterfamilies or between
menbers of a parameter family and a specific individual param&tathermore,
constraintscan be of many different types. For example theyerdore intrafamily
homogeneitypr adherence to a single or spatiallgriantpreferred valueln all casss,

a st of prior information equationeepresenting these constraingsadded to the
Aprior informationd sect i.dThissedionicheatede xi st i n
if it is not already presentWeights are assigned to these neprior information
equdionsaccording taa varietyof different philosophies; for example weights can be
uniform, geostatistically basedalculatedas a function ofproximity to the nearest
observatiorpoint, or a combination of these.

While ostensibly a complex prografGENREG was written inorder to simplify
PEST setup forcomplex calibration problems involvingegularised inversianit
achieveghis byincluding in the one package the many different regularisation options
offered through a variety of other utilities docuneghtherein.Thus preparation for
regularised inversion becomeshaeestep process. In the first step the model domain
is parameterisetb a level of detail that is considered appropriate to the aims of the
current modelling exercisén the second step RESTinput dataset is constructed in
which all estimable model parameters are cited. In the third step regularisation
constraints are added to tlH&STinput dataset in order to render the inverse problem
numericallytractable These constraints may, oragnnot, take account of the pHot
point origin of manymodelparameters. Likewise they may, or may not, take account
of the observation datagetovided for model calibratiom the calculation ofelative
weighting between and within different regularnsat groups. (It should not be
forgotten that, when applied to regularisation groupsrdlative rather tharabsolute
weight is of most importance. PEST adjute contrilution that prior information
makes to the objective functioitself as theregularsation procesgroceedsin
accordance with the demands of that process.)
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Using GENREG

The Existing PEST Control File

As mentioned aboveyse of GENREGassumeshe existence of a PEST control file
citing all parameters involved in the current parametemesiton problem Prior to
running GENREG, parameters which are to be fixed and those which are to be tied
should be designated as suchthe existing PEST control file. This is necessary
because GENREG takes account of the tied/fixed stHtusodel paramerswhen
formulating prior information equationshich embody the regularisation constraints
which make solution of the highly parameterised inverse problem possitgaoit,

no constraint iSormulatedfor atied or fixed parameter; however the pareha tied
parameter, being estimable itsslfiould besubject to regularisation constraints

The existing PEST control file should be as complete as possible. Optionally, it may
include some prior information equations (which magr may not provide
reguarisation constraints and hence may may not belong to observation grosp
whose names commence witte stringregul). It should be internally consistent; thus

the control variableNPAR should equal the number of cited parametd&)BS
should equal th number of cited observationdOBSGPshouldequal the number of
cited observation groups, NPRIOshould equal the number of prior information
equations, etc. Furthermorethe PESTMODE variable should be set to
fregularisation, and a fr e g uibnashouldesidt witbim this fite ¢hough
which the values of regularisation control variables are supplied.

Notwithstanding itsinternal consistency, in mospractical applicationsa pre
GENREGPEST control file will be declared as erroneous by PESTCHe&dause of
the absence of observation groups whose rsoegins withregul (and thus are used
for the provision of regularisation constrainits)spite of the fact that PESTMODE is
set t o A r eHppefully, raftes @GENREGNhas been run, this sitativill
have been rectified and PESTCHEK will give the resulting PEST control file
clearance for takeoff.

What GENREG Does

GENREG modifies an existing PEST control file in some or all of the following ways.

1 It adds a sequence of prior information equatipestaining to parameters
cited withint he A par amet e rthe dxésting BEST eomtrol ifile.n o f
These equations take account of the transformation statuexiging
parametersthus if aparticularparameter is logransformed.any new prior
information equation that includes that parameter will reference the log of the
parameter rather than the parameter itself.

1 Weights are calculated for the nevdgdedprior informationequations. These
can be calculated in a variety of ways, some of which tateaccount the
locationsof adjustableparameterswithin the model domairfas well as the
locatiors of observations on which thieestimation is based)
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1 Each new equation is assigned to an observation group whose name is
specifiedby the user; though GENEG does not insist on thithe names of
such groupsshouldmo st |l y begin with db$eewatidnett er s
groupsto which new prior information equatisrare assigneanay, or may
not, already be cited in the existing PEST control.file they are not,
GENREG addsheirnames o t he fiobser vatthatllea gr oups o

T APr obl évarialdes sueh adlPRIOR and NOBSGP featured in the
Acontr ol d at aexistig ®EST icantrol fitkefare tarheaded as
necessary in accordance with tipdded contents ahisfile.

1 If desired, the values assigned sgularisatiorcontrol variablegfound in the
Aregul ari sationo secareamended.f t he PEST co

Running GENREG

GENREG has only three screen prompts. It first prompts for the nh@re existing
PEST control file. It then prompts for the
it prompts for the name of the new PEST control file that it must write.

As is standard protocol for members of the PEST Groundwater Data Utility suite, if

the wuser responds t o foloweg byp<Ememppontrobiy t ypi n
returned to the previous prompt. I f Aeodo i
GENREG terminates execution.

GENREG receives processing instructions from its control thie,details of which
will be described below. Other files which GENREG must read may be cited within
this file.

If GENREG encounters an error condition within any part of its input dataset, it will
terminate execution with an appropriate error mesgdgeever it must be carefully
noted that GENREiIstingPEST eoatiolifileand ather aspdcis

its input dataseis not nearly as thorough as is that of PESTCHB#UsIt is possible

thata GENREGprodwed PEST control file may containhierited inconsistenes, or

it may contain inconsistencies which were introduced to this dataset though the
provision of prior information to itHencea GENREGproduced PEST control file
must always be checked with PESTCHBE&fore PEST is run on the basigthis file.

The GENREG Control File
An example of a GENREG control file pgovidedbelow.
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BB HHH AR R AR R
## EXAMPLE OF A GENREG CONTROL FILE #
BB HHH AR R AR R

START REGULARISATION
PHIMLIM 4.34
PHIMACCEPT 4.40
IREGADJ 1

END REGULARISATION

# Regularisation for layer 1 hydraulic conductivity.

START REGSPEC

FAMILY_PREFIX k 1
SPEC_TYPE within_family
REG_TYPE specified_value
WEIGHT_TYPE uniform
WEIGHT_OBS_DIST yes
VAL_TYPE file

REG_GROUP regull

WEIGHT _MULTIPLIER ~ 3.0
PILOT_POINTS_FILENAME "k _1m.dat"
OBS_COORD_FILENAME  "16 wells.crd"

OBS_DIST A 0.0
OBS_DIST b 1.0
OBS_DIST ¢ 0.5

OBS_DIST _MINWT 0.0
OBS_DIST_MAXWT 1e10

END REGSPEC

# Regularisation for layer 1 specific yield.

START REGSPEC

FAMILY_PREFIX sfl 1

SPEC_TYPE within_family
REG_TYPE specified_value
WEIGHT_TYPE uniform

VAL_TYPE uniform

VALUE 0.1

REG_GROUP regul2

WEIGHT 1.0

END REGSPEC

Part of a GENREG control file.

When reading its controllé, GENREG ignoreblank lines andines beginning with
the A#0 character.

The GENREG control file isuldivided into blocksEach block must commence with

t he stri n8LOOKISAMER T wh BBL@CKNAMBD mu s t be eith
AREGULARI SATI ONO ( snpsetleta dwiotfh aan nfizseoe 0i fi t he
AREGSPE® It must end with the string ENBLOCKNAME These strings can be

provided in upper or lower case.

Blocks can be supplied in any ord€@nly one REGULARISATION block can be
provided within a GENREG contrdile; howeverthere is no limitto the number of
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REGSPEC blocks which can be provided. Each REGSPECblock contains the
information which GENREG requiresin orderto add a set of prior information
equations to thexistingPEST control file EachGENREG control file must contain
at least one REGSPEC block.

Within eachblock, data is provided using tlikeyword or fivariablen a meoncept.
Thus the name of @ariableis supplied, followed by the valuassigned tathat
variable Depending on theariable its valuemay be a real number, an integer or an
ASCII string, including the name of a fildf a filename contains blanks, it must be
surrouned by quotes

Keywordswithin a block can beuppliedin any order GENREG reads all of these
keywords before qocessing the blockit checks that allvariablesrequired for a
identified processing task are present; if aage absent, GENREG reports this
conditionto the user before terminating executi&eywordscitedwithin a block that
are not required for agpticular processingask are simplygnored.Keywords and
their valuesan be provided in upper or lower case

In processing a block; ENREGundertakes the following tasks.

1 After having read the entire blockGENREG checks that the information
supplied inthe block is complete.

1 If required, GENREG therreads any files cited within ¢hblock; these may
include pilot point files and observation coordinate files.

T If an error conditioror inconsistencys detecteceither within the block or in
any files citedtherein GENREG writesan appropate error message to the
screen, and then terminates execution.

1 If the contents of the block ammnsistent and corredBENREG generates a
series of prior information equations, writing $le¢o a temporary scratch file
namedadt### #H#H

1 When GENREG has finished processingadlthe blockscontained within its
input dataset t he contents of this scratch fi
i nformationo section of the new PEST col

As will be discussed in detail belpwhe keywords that must berovided in a
particular block depend on the type of processing tisainstigated by that block.
Hene somekeywordsmust beprovidedin some blocks, bubot in others. If any
keywords that are necessary for implementatiorhefaction specified in a particular
block are absentrom that block GENREG will report this absence to the screen and
then terminate execution. However if keywords are supplied which have no relevance
to the type of processingndertakerby a particularblock, these keywords are ignored

by GENREG Thus a user can easily make small modifications to atteons
requestedoy the block without having to ensure that keywords made redundant by
thesemaodificationsare removedrom the block
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As is discussed inhe PEST manual, each prior information equation appearing in the
PEST control file must have a nam@ENREG generates names itdelf equations

that it adds to the PEST input datadgeaich GENREGenerated prior information
equation is namedrn wheregr standsf or A G E N RiESGle nanbeat of the
new prior information equation (with counting proceeding in the order in which these
newequations aréormulated by GENREZJ: In order to avoid name conflictthe user
should ensure théihe names odny pria information equationalready present within
anexisting PEST control filsuppliedto GENREG do notommence withyr.

The REGULARISATION Block

The REGULARISATION block is optionafurthermore, onlyone such block can be
present within asingle GENREG control file. The purpose of this block is to allow
alterations to be made to regularisation control variables supgpiioh the existing
PEST control file. Values foregularisationvariables supplied in the GENREG
control file overwrite those supplied the existing PEST control file.

Keywordsthat may appear in a REGULARISATION block, and the valuesrtiegt
be assigned to thedeeywords are listed in the table belowher names correspond
to the names of regularisation control variableed by PESTsee the PEST manual
for detalils.

Variable name | Allowed values Suggested value
(i.e. keyword)

PHIMLIM a real number greater than zero problemspecific

PHIMACCEPT | a real numbegreater than zero normally about 1.05 times PHIMLIM

FRACPHIM a real numbetess than unity (includin¢ 0.0
zero, but not less)

MEMSAVE Aimemsaved or Anomgfinomemsaveodo or on

CONJGRAD ficgd or Anocgbo inocgd or omit

CGRTOL a real number greater than zero g 1.0E5; omitif CONJGRAD is omitted
significantly less than unity

CGITNLIM an integer 500; omit if CONJGRAD is omitted

WFINIT a real number greater than zero 1.0

WFEMIN a real number less than WFINIT 1.0E10

WFMAX a real number greater than WFINIT 1.0EL0

WFFAC a real number greater than 1.0 1.3

WFTOL a real number geger than 0.0 1.0E-2

LINREG Al inregd norre gfidh o Anmbi nrego
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IREGADJ 0,1or2 1

Keywords that can appear in a REGULARISATION block.

Any of the keywords appearing in the above table can be omitted fthe
REGULARISATION block if desired. If the namaf a variable is omitted, then the
value of that variable supplied in the original PEST control file is transferred to the
new PEST control file. In some instances, however, the inclusion of a variable in the
REGULARISATION block of a GENREGcontrol file may requirethat values be
supplied for variables that do not already appear irexiwingPEST control file. For
exampl e if CONJGRAD is set to Acgodo in the
recommended)but is absenfrom the existing PEST control filevalues arealso
required for CGRTOL and GGNLIM in the REGULARISATION block of the
GENREG control file If these are not supplied, GENREG will supply suitable default
values.

REGSPEC Block General

Each REGSPEC block presents the means by which afsption information

equationsis written providing regularisation constraints/linkagies a subset of the

parameters appearing in the existing PEST control file. Parametkiis the existing

PEST control filear e di vi ded i nt o ilistigoishédifrensother eac h f
families by itsit p a r a me t ,avhich pnuse e iuniqae to that family. This prefix

comprises the firsn characters where n is eight or less)of the names of all

parameters belonging to that family.

Where parameters are linkéd pilot points,and where processing undertaken by
GENREGrequires that a pilot points file pertainingadamily of parameters be read,
thename of eaclparameter and the name of a pilot point to which it correspoeels

not be the same. All that isqeired is that the pilot point name be the same as the
par ameter i thatoid, thenreme of the parameter minus its prefix.
Alternatively, parameter names and pilot gonames can correspond in fulgr
GENREG allows both of these alternatives.

Regularisation can be used #ssign preferred values to parameters within an
individual family, to formulate a pervasive set of equality relationships between
members of the same familig assign preferred values thfferences or ratios of
parameter vales where the parameters involved in these relationships belong to
different families,or to provide ratio or difference linkages between an individual
parameter and all membersagbarameter familyThe nature of theelationships to be
formulatedby a particular REGSPEC block is supai¢hrough the SPEC_TYPa&nd
REG_TYPEkeywords. Both of these keywords must be present in all REGSPEC
blocks.

Three options are available for the SPEC_TYPE keyword, these being
Awithin_familyo, Iifndvefa mielEgth of these optipres is aowd i
discussed in detail.
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Within_Family Regularisation

Two different types of regularisation can l@pplied to members of the same
parameter family The type of fwithin_familyd regularisationundertaken by a
particular REGPEC block is set by the REG_TYPE keywoiflvo values are

permitted for this keywordw h e n SPEC_TYPE i s s,eviz. to A wi
Aspeci fiaendd_wvieelqgwead i t y o

REGSPEC block &ywords(and their valugswhichcan be used SPEC_TYPE is set

to Awianhiilnyd and REG_TYPE i s listedtinthheo FfAspec

following table.

Variable name (.e. keyword)

Role

Possible values

SPEC_TYPE

sets regularisation specifications

Awithin_familyodo f

REG_TYPE

sets regularisation type

fexi fied_valueod

FAMILY_PREFIX

identifies subset of parameters f
which regularisation is performed

a string of up to 8 characters

REG_GROUP setsthe regularisation group to whici a string of up to 12 character
new prior information equationsre| ( pr obably begi nni
assigned

WEIGHT_TYPE determines how weights are calculaty must befi u n i fifoRE®ATYPE is

fispeci foded_value

WEIGHT weight assigned to all new pri¢ a nornegative real number

information equations

WEIGHT_OBS_DIST

determines weather weights 4
multiplied by a factor that is depende
on distance to nearest observati
point

o o

eso or finoo;
ittt

y
m ed it is asf§g

OBS_COORD_FILENAME

name of an observation coordinate|
file; requred only if
WEIGHT _OBS DISTi s sywd

a text stringsurrounedby quotes if it
contains a space

WEIGHT_MULTIPLIER

the factor by which all weighter new
prior information equations are
multiplied; optional

a nonnegative real numbgrassumed
to be unity if omitted

OBS_DIST_A OBS_DIST_B
OBS_DIST_C
OBS_DIST_MINWT
OBS_DIST_MAXWT

real numbers used in observatiq
distance weight factor calculation;
required only if WEIGHTOBS_DIST
issetye®o i

must be such that all calculatg

weights are nomegaive

VAL_TYPE determines how t|{Auni formd or #Afil
for each new prior informatior
equation is obtained

VALUE the specified value for all new priq a real number

information equations; required
VAL_TYPE issettoiuni f or m

PILOT_PONTS_FILENAME

the name of a pilot points file; require

if WEIGHT_TYPE issettofi o b s _

a text stringsurrouned by quotes if it
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and/ or Qv ®dtiofef it Iyeq contains a space

Keywords required when SPEC_TYPE is fwithi:
Aspecified valueo.

When SPEC _TYPE iset tofi wi t hi n,_tHe gparemktgrfamily for which

regularisation constraints areformulated is identified by the FAMILY_PREFIX
keyword. The regularisation group to which all new prior informateguations will

be assigned is designatéitroughthe REG_GROUP keywordNote that it makes
sense to assign each neetof prior informationequationsto a new regularisation
group; this allows PEST to conduct automatic Hgeyup regularisationweights

adjustmentin accordance with the setting of tHREGADJ regularisation control
variable)

Each nfAspecified_valuedo prior i nformation
form:-

pi_name 1.0 *param_name = specified_value obs_group weight

or
pi_name 1.0 * log(param_name) = | og(specified_value) obs_group weight

The second of the above options is selected if the pararoieder in the prior

information equations logtransformed inthé par amet er dadxigstin)g sect i or
PEST control file; thdirst is selected if the pameter is not logransformedNo prior

information equation is written for tied or fixed parameters

The samepreferred value can kassignedo all new prior information equations, ar

preferred valuean beassignedn a parametdny-parameter basis.hE first option is

selecteby setting VAL _TYPE to Auni for mo; i n th
suppliedin order to designatéhe uniformly-applied specified value Non-uniform

specified values can beel ect ed by setting VAkaTYPE to
PILOT_POINTS_FILENAME must be supplied, from which pilot point names,
coordinateszonesand values are read. (Recall that a pilot points file must contain

five columns of data; the first contains pilot point names, the second and third contain

pilot point eastings and northings, the fourth contains pilot point zone ngmidgte

the fifth contains pilot point parameter valuest)least sometfioughnot necessarily

all) pilot point names within this pilot points file must correspond to parameter

belonging to the currenthgelected parameter famils stated above, pilot point

names are linked to parameter names either by equality of name, or by equality of the

pilot point nameo the parameter root name (i.e. the parameter name minfamtly

prefix); GENREG attempts tonatch parameter and pilot point namssth ways.

GENREG reads preferrecapameter valugfrom the fifth column ofthe pilot points

file.

Each new prior informatioequationmust be assigned a weigiBENREG requires

that WEIGHT _TYPE b e set t o Auni for mo when REG._
Aspeci fied_valueo; the weight that is assi:
then supplied through the WEIGHT keywofdptionally, the weight applied to each

prior information equation can then be tiplled by a factotthat is a function of the

distance between the parameter cited in the prior information equation and the nearest
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observation point. (Increasing regularisation weights with distance from observation

points can add stability to the regudgd inversion processthis option is selected by

including aWEIGHT_OBS_DISTkeyword in the REGSPEC block and setting its

value to -digtisvwat ot Mies option, set WEI GHT _(
omit this keyword.

If WEIGHT_OBS _DIST is seto i y e thedname of both a pilot points file (from

which parametercoordinatesare read) and raobservationcoordinatesfile (from

which observation coordinates are reat)st be provided in the REGSPEC block

The first is provided through a PILOT_POINTS EENAME keyword while the

latter is provided through an OBS_COORDFILENAME keyword. (Note that if

VAL _TYPE is set to dAfileo GENREG will read
same pilot points file.)

An observation coordinates filename must have astl¢laree columns of data.
GENREG reads only the second and third columns of this file, assuming that
observation poineasting lie within the second column and thalbservation point
northings lie within the third columnThen for each parametebelongirg to the
current family,it finds the distance between the corresponding pilot point and the
closest observation location. It then calculagesveight factor for the pertinent
specifiedvalue prior information equation using tfiemula-

weight factor=a+ b*minimum distance™* c

(where fA**0 stands fabandtcitediinshe above equatiohn e p o we |
are supplied through the OBS_DIST_A, OBS _DIST_B and OBS_DIST_C keywords
respectivelyLower and uper limits canbe imposed on weight factsicalculated in

this manner using the OBS_DIST_NAWT and OBS_DIST_MAXWT keywords; set

these to zero and@E20 respectively if you do not wish to impose such linfds of

these keywords must be suppliach REGSPEC block WEIGHT_OBS_DISTis set

t oyesai .

If desired, further weight multiplication can take place by assigning a value to the
WEIGHT_MULTIPLIER keyword.Weights forall new prior information equations
formulated by the REGSPEC bloeke multiplied by this multiplier, irrespective of
whether dstancedependent multiplication has also taken place. If omitted, the
WEIGHT_MULTIPLIER is assumed to be unity.

I f REG_TYPE is set to Aequalityo, then GEN
equations of the type:

pi_name 1.0 * paraml i 1.0 * param2 = 0.0 obs_group weight
or
pi_name 1.0 * log(param 1) 7 1.0 *log(param?2) = 0.0 obs_group weight

The latter type of equation is written if all adjustable (i.e. neither tied nor fixed)
parameters in the selected family are-iensformedwhile the former isvrittenif all

adjustable parameters aretnamgormed. Mixing of transformation types within the
selected family is not alloweadf REG_TYPE i s. set to fAequalit
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If Aequalityd regularisation is implementedn EQUALITY_TYPE keyword must be

present in theREGSPEC block. At present only two options are allowed for this
keyword, Vi z. Ainext pcfo and nAspatial 0. I
through proximity in the fparameter datao
latter case, parameters amdected for equality constraiftrmulationbased on spatial

proximity.

The following table shows keyword optiomsien EQUALITY _TYPE is designated
as Anext pcfo.

Variable name (i.e. keyword) Role Possible values
SPEC_TYPE sets regularisation specificatis iwithin_familyo
table
REG_TYPE sets regularisation type flequalio for the pr
EQUALITY_TYPE sets method of selecting paramet{ inext _pcf o f or
for  formulation of equality
constraints
FAMILY_PREFIX identifies subset of parameters f¢ a string of up to 8 characters

which regularisation is performed

REG_GROUP sets the regularisation group | a string of up to 12 characte
which  new prior information ( pr obably begin
equations are assigned

WEIGHT_TYPE determines how weights al mu st be il un
calculated EQUALITY_TYPE is set to
finext_pcd
WEIGHT weight assigned to all new pri¢ a nonnegative real number

information equations

WEIGHT_OBS_DIST determines weather weights g must be ,oromitted rom
multiplied by a factor that is| REGSPEC block if EQUALITY
dependent on distance to nearft ype i s set to

observation point

WEIGHT_MULTIPLIER the factor by which all weights a a nonnegative real numbe
multiplied for new prior information assumed to be unity if omitted
equatiors; optional

Keywords required when SPHM@REIGPTEYPIEsO fiwsi t hi |
Afequalityo and E@iéAlpdoTY TYPE i s

If n parameters within the currently selected family are adjustabl@either tied nor

fixed), then GENREG write1 prior information equations for that familyhen
EQUALITY TYPE i s E&ah such equalion eites tw@ pafaroeters,

these parameters being featured onofsubsequ
the PESTcontrol file. (If there are neadjustable parameters, or parameters belonging

to different families, mixed with parameters of the selected family, then such
intervening lines are skipped when forging equality linkages in this marely)

uni f orm weighting iIis all owed; hence WEI GHT _
WEIGHT keyword must be suppliedd WEIGHT_MULTIPIER can be optionally
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supplied. However observatiatistancedependent weight factaralculationis not
allowed; hence WEIGHT_OBS IBT must be set td n @rdmitted.

More complex intepparameteequality constraintscan be introduced by GENREG if

EQUALI TY TYPE i s s edasedqumlityilisk@ggast ancétheowveightsn t hi s
assigned to the prior information equations which emfoticese linkages, are

determined by the spatial disposition of parameters. Because GENREG must know
parameter locations, a PILOT_POINTS_FILENAME is an essential component of a
REGSPEC bl ock in which EQUALITY _ TYPE is seif

The following table ists REGSPEC keyword options when SPEC_TYPE is set to
Awithin_familyo, REG_TYPE is set to fAequal
Aspatial o.

Variable name (i.e. keyword) Role Possible values

SPEC_TYPE sets regularisation specifications | i wi t h i n _ fthe pnésénitable
REG_TYPE sets regularisation type Afequalityo for t
EQUALITY_TYPE sets method of selecting paramet( fispatiad f or present

for imposing equality constraints

FAMILY_PREFIX identifies subset of parameters f| a string of up to 8 characters
which regularisation is performed

REG_GROUP sets the regularisation group | a string of up to 12 characte
which  new prior information ( pr obabl y begi nn
equations are assigned

PILOT_POINTS_FILENAME the name of gilot points file a text stringsurrouned by quotes if
it contains a space

WEIGHT_TYPE determines how weights ajfiuni f or mo, fisep |
calculated orfisep_1l ogo
WEIGHT weight assigned to all new prig a nornegative real number

information  equations required
only if WEIGHT_TYPE is set to
Auni for mo

SEARCH_RADIUS, determines number of equalil SEARCH_RADIUS is a positivg
MIN_PILOT_POINTS, linkages to which any individug real number: the other variablase
MAX_PILOT_POINTS parameter is subject integers

WEIGHT_SEP_A, used in weight calculation whe real numbers

WEIGHT_SEP_B, WEIGHT_TYPE is set to

WEIGHT_SEP_C, ifsep_power 0, fl

WEIGHT_SEP_ANIS_BEARING,| fisep | 0go
WEIGHT_SEP_ANIS_RATIO,
WEIGHT_SEP_MAXWT,
WEIGHT_SEP_MINWT

WEIGHT_OBS_DBT determines weather weights g iyes o ;assfimed t (
multiplied by a factor that ig omitted

dependent on distance to near|
observation point
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OBS _DIST_A OBS_DIST_B real numbers used in obsereati | must be such that all calculatg

OBS _DIST_C distance weightfactor calculation;| weights are nomegative
OBS_DIST_MINWT required only if
OBS_DIST_MAXWT WEIGHT_OBS_DIST is set tdg
fyeso
WEIGHT_MULTIPLIER a factor by which all weightdor | a nonrnegative real numbe

new prior information equatiorere | assumed to be unity if omitted
multiplied; optional

Keywords required when SPEC_TYPE is fwithi:
Afequalityo and EQUALITY _TYPE is fdAspatial o.

Prior information equations generated by GENREG with EQUALITY_TYPE set to
ispat e ghe dGame as those generated when EQUALITY_TYPE is set to
Anext pcfo. Similarly, i formulaton i equaktyc e s sar vy
constraintsthat all adjustable parameters belonging to a particular family be log
transformed or untransformendiixed transformationlypescannot beaccommodated

when forgingparameteequality linkages

Selection of parameters for inclusion in prior information equations which enforce
equality constraints idased on the values assignedthe SEARCH_RADIUS,
MAX_PILOT_POINT and MIN_PILOT_POINT keyworddzor each parameter, a
linkage is made to the clogddAX PILOT_POINT parameters within a distance of
SEARCH_RADIUS from tht parameter If less than MAX_PILOT_POINT
parameters lie within this search radius, then okfX_PILOT_POINT such
linkages are forged. However if the number of linkages is less than
MIN_PILOT_POINTS, GENREG ceases execution with an appropriate error
messagein this case SEARCH_RADIUS will probably need to be incregsed
MIN_PILOT_POINTS lowered but it cannot be less than. 1)

The weights assigned to new prior information equations can be uniform (in which

case WEI GHT_ _TYPE should be set to Auniform
supplied), or can be generated as a function of the separatimeebethe two

parameters cited within each equation. Three options are available fdattbis

method of weight calculation; one of tme can be selected by setting the
WEIGHT_TYPE keywordoi s ep _power orisiepep ogxopo

GENREG uses the followingquation ¢ generate weights using tiies e p _power 0
option=

weight=a+ b * separatiort* ¢

where separationin the above equation is the distance between the two parameters
featured in theprior information equation (possibl\adjustedfor anisotropyi see
below)For t he fAsep_expo option the equation i

weight=a+ b * exp(-c*separation

while if WEIGHT _TYPE is assigned the strin
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weight=a + b * [log10(separation]** c

Values fora, b and c featured in the above equationsust beassignedto the
WEIGHT_SEP_A, WEIGHT_SEP_B and WEIGHT_SEP_C keywords. Note that

GENREG insists that WEIGHT _SEP k@ positive tWEI GHT _TYPE i.s fAsep_
(Increasing weights with intgrarameter separation is not necessarily a bad idea, but

should not be done exponentiallyGENREG will also object if two parameters

occupt he same | ocation and WEIGHT_TYPE is se

As well as requiring values for WEIGHT _SEP_A, WEIGHT _SEP_B and
WEIGHT_SEP_C, GENREG also requires values for WEIGHT_SEP_WAX
WEIGHT_SEP_MINWT, WEIGHT_SEP_ANISOTROPY_BEARING and

WEI GHT _SEP_ANI SOTROPY_RATI O if WEIGHT_TYPE
Afsep_expo WeightS sakeyated usiggaany of the above three equations are

limited from below using WEIGHT_SEP_MINWT and pgzed from aboveusing

WEIGHT_SEP MAXWT. If it is desired that no such limitatisnbe imposedon

calculated weights, WEIGHT_SEP_MINWTshould be setto 0.0 and
WEIGHT_SEP_MAXWTshould be seb a very high value (for exampleOE20).

Sometimes it is desirethat equality linkages be more strongly enforced in some
directions thann others. This can be accomplished by providing GENREG with a
WEIGHT_SEP_ANISOTROPY_RATIO which is greater than unity. (To avoid
confusion, GENREG will not accept an anisotropyoatiluethatis less than unity.).
WEIGHT_SEP_ANISOTROPY_BEARINGshould be provided with a valuiat
points in the direction of maximumparameteicontinuity, that isin the direction in
which equality linkages shoulde moststrongly enforced. In this sa GENREG
multiplies distances in a direction perpendicular to this bearing by the value of
WEIGHT_SEP_ANISOTROPY RATIO Thus neffective separat.
in the direction which is perpendicular to the axis of anisotrbfgnceif a weights
calcuhtion strategy is adopted that decreases weights with increasinganaeneter
separation, weights will decrease more rapidly in a direction perpendicular to the axis
of anisotropy than along this axis.

Note that a WEIGHT _SEP_ANSISTROPY_BEARING of zeregrkes is equivalent

to north. Note also that setting WEIGHT_SEP_ANISOTROPY_RATIO to unity
effectively disables anisotropy considerations; the value supplied for
WEIGHT_SEP_ANISTROPY_BEARING then becomes redundant.

From the above discussion it is apparéhat GENREG uses intgrarameter
separations for two different purpos@mneis for the calculation of weightssing the
aboveequationstheotheris in the selection of points for which equality linkages are
constructed as determined by the SEARI_RADIUS, MAX_PILOT_POINT and
MIN_PILOT_POINT keywords. Modification of interparameter distances through
the adoption of a neanity anisotropy ratio affects both of these procesEess the
search radius is shortened in the direction perpendicular to the axis of
anisotropy as supplied through the WEIGHT_SEP_ANISOTROPY_BEARING
keyword
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Whether weights for new prior information equations are assigned a uniform value, or
are calculated on the basis of inpairameter separation, these weights can optionally
be mutiplied by a factor that depends on the distance between parameters involved in
each such linkage and the nearest observation point. For each of the two parameters
cited in any new prior information equation, GENREG calculates the distance to the
nearest bservation point; observation point coordinates are supplied through an
OBS_COORD_FILENAME file. Thenigherof these two distances is us@dweight

factor calculationon the basis othe OBS_DIST_A, OBS_DIST_B, OBS_DIST_C,
OBS_DIST_MINWT and OBS_DIST_MAXW keywords in the manner already
described Note that the latter two variables limit the weidattor, rather than the
calculated weights themselves. Note also that such obserdigianmcebased
modification of weights will only occur if the optional WEHT_OBS_DIST
keyword i s It should e furthey eated .that observatmarameter
distances are not affected by a fonity anisotropy ratio.

If desired, weights can undergo final modification using the optional
WEIGHT_MULTIPLIER keyword. This is applied uniformly to all new prior
information equationgenerated by the REGSPEC blpdakespective of how these
weights were calculated.

Between_FamilfRegularisation

GENREG allows prior information equations to be writepressingelationships

betwveen members of different parameter familieA.s for -fawitlgion
regul arisation, a number of different opti
familyo r egul arHowewetin any one GENREGr biocknanlg two

parameter families carelselected for theormulationof these constraints. These are

identified through the PARAMETER_PREFIX_1 and PARAMETER_PREFIX_2

keywords.

A prerequisiteto the generation of a set dbetweerfamilyo prior information
equations is that all adjustable (ieentied and unfixed) members of tlselected
parameter families be either liginsformed or untransformetihe user mugprovide

a ratio or difference which is then appliedpairs ofparametes (one member of each
pair is taken froneach family through a prior information equation of the type:

pi_name 1.0 * parl T 1.0 * par2 = difference obs_group weight
or
pi_name 1.0 * log(parl) T 1.0 * log(par2) = log(ratio) obs_group weight

As is apparent from the above equations, a parameter difference is lapphten
members of both selectedrpmeter families are untransformed, wheregammmeter

ratio is appropriatewhere the parameters belonging both families arelog-
transformed; in the latter case a difference equation is written with respect tgghe lo
of the pertinent parameters, this difference being equated to tt® logse 10pf the
usersupplied parameter ratio. This ratio must be greater than zero or GENREG will
object.
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For the purpose of generating prior information equatioagrpeters t'rm different
families can be matched either by name ospgtialproximity. This selection is made
through theDIFFRAT _TYPE keyword( A DI FFRATO is short f
RA T i dhe table below shows permissible keywords and keyword values when the

or

i nee option is selected.

Variable name (i.e. keyword)

Role

Possible values

SPEC_TYPE sets regularisation specifications |ibet ween _famil y{
table
REG_TYPE sets regularisation type fidifferencé& o r i r fart the

present table

DIFFRAT_TYPE

sets parameter selection method {
formulation of difference or ratic
prior information equations

fi n a rfoe the present table

DIFFRAT_VAL_TYPE

setssource ofdifference or ratio

Afuni formd or Afi

VALUE

ratio i
is ®t to

sets difference or
DIFFRAT_VAL_TYPE
Afuni for mo

a real number; this number must
greater than zero if REG_TYPE
set to Arati oo

PILOT_POINTS_FILENAME_DR

the name of a pilot points file fron
which differences or ratios are rei
if DIFFRAT_VAL_TYPE is set to
Afil eo; al s o etar
locations if WEIGHT_OBS_DIST]
is set to fiyeso

fifth column of this table mus
contain real numbers; these numb
must be greater than zero
REG_TYPE i s ;seeond
and third columns must contain pil
point eastings andorthings

FAMILY _PREFIX 1

identifies subset of parameters fi
inclusion in first parameter family

a string of up to 8 characters

FAMILY_PREFIX_2

identifies subset of parameters fi

a string of up to 8 characters

inclusion in second paramett
family
REG_GROUP sets the rgularisation group tg a string of up to 12 characte
which  new prior information ( pr obabl y begi nn
equations are assigned
WEIGHT_TYPE determines how weights af must be Auni f o rfom
calculated Afbet ween_familyd
WEIGHT weight assigned to all new prid a nonnegative real number

information equations

WEIGHT_OBS_DIST

determines \wether weights arg
multiplied by a factor that ig
dependent on distance to neatr
observation point

fyeso assfimed; t g

omitted

OBS_DIST_A
OBS_DIST_C
OBS_DIST_MINWT

OBS_DIST_MAXWT

OBS_DIST_B

used in observatiedistance weight
factor calculation; required only i
WEIGHT_OBS_DIST is set td
ifyeso

real numbersmust be such that a|
calculated weights are naregative




GENREG 101

WEIGHT_MULTIPLIER the factor by which all weightfor | a  nonnegative real numbe
new prior information equatiorere | assumed to be unity if omitted
multiplied; optional

Keywords required wvbteeen SBEBC| FYY¥YPEAREGATYPEO
fdifferencedo r i r,and DIF-BAT_TYPE i snanfieo .

If DIFFRAT is set tofiname, then the parameter families selected through the
FAMILY_PREFIX_1 and FAMILY_PREFIX_2 keywords must meet certeiiteria
These are:

1 each family must possess the same number of adjustable parameters

1 the nanes of these parameters must be identical between families except for
the respective family prefjx

71 all adjustable members of both families must be either untransformed-or log
transformed.

If there are n adjustable parameters in either selected paramateityf GENREG
writes n prior information equations of the type illustrated abofarameters
appearing in each equation are linked by name; that is, except for the family prefix,
the names of the two parametappearing in any one prior information eqaatwill

be identical. It is important to note that in each of these equations the parameter
selectedthrough FAMILY_PREFIX_1 appears first, while the parametelected
through FAMILY_PREFIX_2 appears second. The difference or ratio always applies
to the @mrameters in this order.

The value of the difference or ratio can be the same for all parameteropaas be

assigned on a parametgr-parameter basis. In the firshse DIFFRAT_VAL _TYPE

shouldb e s et t ,andihe diffeferce anvalue suppligdtough the VALUE

keyword.| n t he second case DIFFRAT_ VAL _TYPE sh
name of a pilot points file should be assigned to the
PILOT_POINTS_FILENAME_DR keyword. Pilot point names within this file should

be the same as the names ofapzeters belonging to the first parameter family.
Alternatively pilot point names should be the same as parameter root ifiaendse

parameter name without tHamily prefix); in the latter caseilot point namesare
thereforesimilarly linked to the mmbers of the second parameter family.

When fbetween f ami | yo regul arisati on S i mpl emen
WEIGHT_TYPE mustbs et t o ihe weight i benusdd Abetweerfamilyo

prior information equationsis then supplied through the WEIGT keyword.

WEI GHT _OBS_ DI ST can optionally be set to
weightssupplied in this mannegre multiplied by a factor that is function ofthe

distance between parametéesitured in a given prior information equatiand the

nearest observation poiwhenDIFFRAT _TYPEi s s et iti®assumeal that 0 ,

both parameters featured in any new prior information equation have the same easting
and northing, tesebeing read from the PILOT_POINTS_FILENAME_DR file. As

stated abow, points within thidile can be linked by name fmarameters of thérst

2
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parameter family, or by parameter root name to both parameter farhibés.that

where WEIGHT_ _OBS_DIST is set to Ayeso and
Afileo, the PINAME DR fieliduted twicé hy EEENREG once

to obtain the values of parametsrparameter differences or ratios, and once to

obtain parameter coordinatder use in WEIGHT_OBS_DIST prior information

weight modification.

A second major processing optionrfo ibet ween_ _f amil yo regul a
implemented by setting DIFFRAT_TYPE fispatiab. In this case GENREG does not
match parameteifsom thetwo selectegharameter families by name; rather it matches
them by spatial proximityHence a pilot points # must be read by GENREG for
each parameter family. Th@ames of these filesare supplied through the
PILOT_POINTS_FILBNAME_1 and PILOT_POINTS_FILRAME_2 keywords;
parameter families associated with these pilot point files roastespondto the
FAMILY _PREFIX_1 and FAMILY_PREFIX 2 families respectively. (As usual,
when reading a pilot points file, GENREG attempts match pilot poingé to
parametersising full parameter and pilot point namesd if this is not successful,
pilot point name and parameter ronames

For the fAspatial 06 MDAFRATR/ALD TYPKE RiEst be pet oo n
Auni for mo. Thus al | formulated bythenxGENRE@ &dlock o n e q u &
will featurethe samenumber on the right hand side of the equality sy for the

i na me @n, alpadjustald parameters in both familiemust be either log

transformed or not transformed at all. In the former case REBE must be
supplied as fAratioo and in the | atter case

Keyword options fothefi s p a tIFFRATOTYRE alternative are set out in the table
below.

Variable name (i.e. keyword) Role Possible values

SPEC_TYPE sets regularisation specifications |[ibet ween _f ami | yQ
table

REG_TYPE sets regularisation type Aidi fferenceo the

present table

DIFFRAT_TYPE sets parameter selection method [Aispati al 06 for th
formulation of difference or ratig
prior information equations

DIFFRAT_VAL_TYPE setssource ofdifference or ratio must be Auni f orifm
DIFFRAT_TYPEisset o fAsp

VALUE sets difference or ratio a real number; this number must
greater than zero if REG_TYPE
set to Arati oo
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FAMILY_PREFIX_1

identifies subset of parameters fi
inclusion in first parameter family

a string of up to 8 characters

FAMILY PREFIX_2

identifies subset of parameters fi
inclusion in second paramett
family

a string of up to 8 characters

PILOT_POINTS_FILENAME 1

the name of pilot points file from
which eastings and northings f(
first parameter family are read

a filename texstring

PILOT_POINTS_FILENAME_2

the name of pilot points file from
which eastings and northings f(
second parameter family are read

a filename text string

SEARCH_RADIUS

distance from a pilot point in on
family for which a match is sough
from other &mily

a real number greater than zero

MAX_PILOT_POINTS

maximum number of intefamily

linkages to create from a member
one family to members of the othi
family

an integer greater than zero

MIN_PILOT_POINTS

GENREG will issue either an errg
or warningmessage if this numbe
of parameters fromone parameter,
family is not found within one
search radiuof a member of the
other family

an integer greater than zero

WARN_LESS_MIN

issue a warning rather than err
message if MIN_PILOT_POINTS
members of one afmily are not
found within one
SEARCH_RADIUS of a member o
the other family

ifyeso or finoo;
assumed and an error message
issued prior to cessation

GENREG execution

REG_GROUP sets the regularisation group | a string of up to 12 characte
which  new prior informdon | ( pr obably begi nn
equations are assigned

WEIGHT_TYPE determines how weights af must be Afuni f o rfom
calculated Afbet ween_familyd

WEIGHT weight assigned to all new prid¢ a nonnegative real number

information equions

WEIGHT_OBS_DIST

determines weather weights 4
multiplied by a factor that ig
dependent on distance to neatr
observation point

fyeso assfimed; t g

omitted

OBS_DIST_A
OBS_DIST_C

OBS_DIST_MINWT
OBS_DIST_MAXWT

OBS_DIST_B

real numbers used in observatio
distance weight factor calculatiof
required only if
WEIGHT_OBS_DIST is set tc
fyeso

must be such that all calculatg
weights are nomegative
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WEIGHT_MULTIPLIER the factor by which all weights an a nonnegative real numbe
multiplied for new prior informatior] assumed to be unity if omitted
equations; optional

> X

ywords required when SPEC_TYPE is fAibet we
i ffer

e r
d erenceo or Arati emtia@end DI FFRAT_TYPE i
In forming parameter likages for the purpose of writing prior information equations,

GENREG first traverses the elements of the first parameter family. For each member

of this family it finds all parameters from the second family that lie withie
SEARCH_RADIUS of this prameer. It then selects the closest
MAX_PILOT_POINTS of these seconthmily parameterdor the writing of prior

information equationdf fewer than this number of pilot points lie within one search

radius of the firstfamily parameter it simply uses the pamseters that it finds.

However if less than MIN_PILOT_POINTSecondfamily parametersare found

within this radius it either warns the usef this, or ceases execution with an
appropriateerror message. The user selects between these modes of GENREG
behavour through the WARN_LESS MIN keyword.tlis keyword isomitted or set

to finodo, the error message alternative i s

After having traversed the list of parameters comprising the first parameter family,
GENREG traverses the list of parameters belapginthe second parameter family.

The parameter search processrepeated. Howeven generating prior information
equations on the basis of this second sw&NREG does not rerite equations

that arose outf its first parameter sweeft only generagsa new equatiorif traversal

of the second parameter list results in a new between_family parameter linkage being
formed.

As for t he inameo DWHGH AYPETnYuBt Ebeset pot i o n
Auni fand tmdweight itself supplied through the WEIGHT kesgvdiowever

weight multiplication based on distance to observation points will be undertaken if

WEI GHT _OBS_ DI ST is set to Ayeso. I n this ¢
the OBS_DIST_A OBS _DIST_B OBS DIST_C OBS _DIST_MINWT ard
OBS_DIST_MAXWT keywads Alternatively, if WEIGHT_OBS_DIST is set to

Anoodo or omitted, these | atter keywords can
the parameteto-observation pointlistanceon whichthis weightfactor calculation is

based, GENREG first calculatéise distance to tb nearesbbservationpoint from

both parameters cited gachnew prior information equation. It then uses the higher

of these two distanceas a basisdr weight factor calculation.Note also that, as

discussed above, the OBS_DIST_MINWTda®BS_ DIST _MAXWT keywordsare

used to constrain theveight factor calculated through the WEIGHT _OBS_DIST

equation, rather than theeight itself

As usual, a WEIGHT_MULTIPLERkeyword can be used for final multiplication of
prior information weights aftedleother weight processing has taken place.

The user may be wondering why the WARN_LESS MIN opti®ravailable for
Abet ween_famil ye®qugiiongenern aatfioomautnoar the fns
but is not available fofi wi t h i n sphtiallybadegpdor information equation
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generation | n most cases where Awithimnisfamilyo
applied to parameters comprisiagingle horizontal or sutorizontal model layer or
hydrgeol ogic unit. Ho we v e iis ndinakytnwleeéin _f ami | y

order to stabilizehe estimation of parameters in separate layeith each family

being assignetb a separate layer or unit the former case, it is important that all

members of theparameterfamily be included in at least ongrior information

equation. In the latter case, members of each family will probably already be involved

in at leastoné& wi t h i npribramformatigncequation by virtue of their inttayer

or intrau n i t status. Hence tlhei needafospavent.
where no layer overlap occurs may be diminished.

Indiv_Family Regularisation

GENREG allows the generation of a set of prior information equations expressing a
difference or ratio relationship between all members of a partipal@meter family

and a single adjustable parameter which is not a memlaaryddmily, but which is
neverthelessfeatured in the PEST control filelo activate this mode of prior
informationequatongener ati on SPEC_TYPE musterbe set
keywordsper t i nent t o fi nd,arnd tHeia allowedissignmeatg ul ar i s a
are depicted in the table below.

Variable name (i.e. keyword) Role Possible values
SPEC_TYPE sets regularisation specifications |Ai ndi v_fami |l yo f
REG_TYPE sets regularisation type Adi fferenceo or

present table

DIFFRAT_VAL_TYPE sets source of difference orratio |[Auni for md or Afi
VALUE sets difference or ratio if | a real number; this number mus
DIFFRAT_VAL_TYPE is set to| greater than zero if REG_TYPE
Auni for mo set to fAratiood
FAMILY_PREFIX identifies subset of parameters f| a string of up to 8 characters
inclusion in current parameter
family
PARAMETER identifies individual parameter tg a string of up to 12 characters

which all adjustable parameters
the identified family are linked by ¢
prior information equation

PILOT_POINTS_FILENAMEDR | the name of a pilot points file fror fifth column of this table mus
which differences or ratios are req contain real numbers; these numb
if DIFFRAT_VAL_TYPE is set to| must be greater than zero
Afileod; al so u/REG_TYPE i s ;seeond
locations if WEIGHT_OBS_DIST| and third columns must contain pil
is set to Ayes o | pointeastingsand northings

REG_GROUP ses the regularisation group t a string of up to 12 characte
which  new prior information ( pr obably begi nn
equations are assigned
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WEIGHT_TYPE determines how weights af mu st be Auni
calculated findiv_f ami |l yo regu
WEIGHT weight assigned to all new prid a nonrnegative real number

information equations

WEIGHT_OBS_DIST determines weather weights g iyes o assiimed; td
multiplied by a factor that i omitted

dependent on distance to near,
observation point

OBS _DIST_A OBS_DIST_B real numbers used in observatig must be such that all calculate

OBS _DIST_C distance weight factor calculation weights are nomegative
OBS_DIST_MINWT required only if
OBS_DIST_MAXWT WEIGHT_OBS_DIST is set td
fyeso
WEIGHT_MULTIPLIER the factor by which all weights arf a nonrnegative real numbe

multiplied for new prior information assumed to be unity if omitted
equations; optional

Keywords required wridignf &SmRIEICy I.YPE 1 s

I f SPEC_TYPE is set YPRE fimwndti vbdé asnet ydop REC
Arati oo. Il n t he idenifrednedividual RARAMEDERtaid alk h e

members of the currentigentified parameter family that are neither tied nor fixed

must be untransformadn t he A par a me tedPESTaatrobfileinthie ct i on o
case, GENREG generates a prior informagguaton of the following type for each

adjustable membaf the current parameter famiy:

pi_name 1.0 * parl i 1.0 * parameter = difference obs_group weight

Note thatthe member of he current parameter family is featured first in this equation
and the individual parametén which it is linkedis featured second; the difference
thus pertains to these two parameters in that order.

Wher e REG_TYPE i s set t o A thea indivalwal, GENRE
PARAMETER be logtransformedand that all notffixed and nortied members of

the identified parameter family also be log transforrimethe PEST control fileln

this case GENREG generates prior information equations of the type:

pi_name 1. 0 *log(parl) i 1.0 *log( parameter ) = log(ratio) obs_group weight

I f DIFFRAT_ VAL _TYPE is set to fAuniformo th
in each new prior information equation, this being supplied through the VALUE

keyword. Alternatively if DIFRAT VAL _TYPE i s pagatmetet o Af i | «
specificdifference or ratio is read frothe fifth column ofthe pilot points file whose

name is assigned to the PILOT_POINTS_FILENAME_DR keywbrdhis file, pilot

point names are linked to parameter naeidser by full name, or by parameter root

name; that is, @ilot-pointto-parametematch is made if the name of a pilot point is

the same as the name aparameteror has the same name apaametewith the

| at FAMVILY $REFIX removed.

Whether  or ot DIFFRAT VAL _ TYPE i s set t
PILOT_POINTS_FILENAME_DR keyword is required if WEIGHT_OBS_DIST is
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set to fAyeso. In this case weights are mul
function of the separation betweematicularparameteandthe closest observation

point. Parameter coordinates are obtained fromséo®nd and third columns of the
PILOT_POINTS_FILENAME_DR file, while observation coordinates are read from

the second and third columns of an observation coordinates file whose imame

assigned to the OBS_COORD_FILENAME keywalrithis case values must also be

assigned to the OBS_DIST_A, OBS_DIST_B, OBS_DIST_C, OBS_DIST_MINWT

and OBS_DIST_MAXWT keyword# the current REGSPEC blockrespective of

the WEIGHT_OBS_DIST setting, WEIGH_TYPE mus't be set to du
nonnegative weight must be assigned to the WEIGHT keyword
(WEIGHT_OBS_DIST functionality does not replace the uniform WEIGHT assigned

in this mannerjnstead,it multiplies it by a distanceependent factgr The optonal
WEIGHT_MULTIPLIER keyword can be used to supply yet another weight
multiplication factor.

As for other REGSPEC blocks, the REG_GROUP keywaudt be supplied witthe
name of the observation group to which new prior information equations are to be
assgned.

Uses of GENREG

GENREG is used to assist in the construction of a complex PEST input dataset
implementing regularised inversion. Because it presents so many options for the
inclusion of regularisation constraints within a PEST control file, and bectnese
options can be invoked (and varied) so easily, it allows the user to experiment with
different regularisation schemes in order to find one that is most suitable for his/her
particular model calibration problem.

GENREG is best used in combinationttwPARM3D. Using the latter program a
complex model domainomprised ofnany different model layerandpossiblymany
different hydrostratigraphic unifscan be parameterised using pilot poinisa a
straightforward manner

The use of many different pangters in the inversion process allows maximum
information content to be extracted from a given calibration dataset. However this

cannot be achieved without introducing sokied of regularisation device to the

inverse problem. One such device is comprigkd set of constraints on parameter
values which define a fApreferred system ¢c
tolerated onlyto the extent necessary to achieveiserspecified level of modeto-

observation fit. Another device is the use or singuéue decomposition to limit, in a

more direct way, the number of degrees of freedom that can be represented in a
calibratedparameter field. And, of course, these twethodologiexan be combined

throughP E S Tudigaie and powerfubVD-assist functionitly.

GENREGwas writtent 0 ¢ o mp | e me nend régkl&@iJatios furtttiomplity by
providing a modeller with thevherewithalto access that functionality as easily as
possible As such it is envisaged that it will find widespread use, and that asult res
of experience gained through such utecapabilitieswill be expanded over time
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See Also

See also PPKFAC, FAC2REAL afRRARM3D.
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GETMULARR

Function of GETMULARR

GETMULARR performs a function that is somewhat similar to that of the
MANY2ONE utility in that it extracts individual arrays from MODFLOW and MT3D
unformatted output files. However where the latter files are large because they hold
many arrays, use of MANY20ONE becomes cumbersome as it presents the contents of
each array to the user, askingnther whether it is his/her desire that the array be
stored In contrast to this, GETMULARR stores arrays corresponding to simulation
times and layers that are pget by the user. The times and layers for which arrays are
recorded in a MODFLOW/MT3D outpufile can be acquired througtihe prior
running of the ARRDET utility.

Using GETMULARR

Immediately upon commencement of execution, GETMULARR checks for the
presence of a settings fifettings.fig If this file is not present in the directory from

which it is run, GETMULARR ceases execution with an error message. It reads from

this file the protocol for storage of formatted real arrdgE TMULARR needs to

know this because it writes extracted arrays in formatted fownparticular, if the

COLROW variablen settings.figi s set t o ny-®efscdymnstnureber a numb
of-rows header comprises the first line of any formatted real array file which
GETMULARR writes.Alternatively, f it i s set to Anoo, this h

GETMULARROGs fi-rst prompt i s:
Enter name of grid specification file :
I f a dfil en dilesdigis pfesent  the directorg fdom which it is run, and

if this file containsthe name of a grid specification file, then the name of the latter
will be includedin the above promps its default response

Next GETMULARR asks:

Enter name of unformatted model - generated file:
This file may have been written by MODFLOW (in which case it is a head or
drawdown file) or by MT3DMS (in which case it is a concentration file). In each case
the file is presumed to be a binary file in which pertinent arrays are stored layer by

layer. Each layer is preceded by a header which provides (together with other data) the
layer number and total simulation time to which the array pertains.

GETMUL AR Rtpremphie
Is this a MODFLOW or MT3D file? [f/t]:

Enter Af o or Ato as appropriate. ( GETMULA
MODFLOW and MT3DMS employ slightly different protocols for array headers.)

Then GETMULARR asks:
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Enter name of array extract ion file:

The array extraction file must be prepared by the user prior to running GETMULARR.
An example of a array extraction fildollows.

300.0000 1 headl.ref

# 300.0000 2 head?2.ref
300.0000 3 head3.r ef
300.0000 4 "he ad4.ref"
300.0000 15 headl5.dat

Part of an array extraction file.

Any line of an array extraction file in which the first atbn ank character
ignored. Blank lines are also ignored. All other limegst have three entries, the first

of which is a simulation time (i.e. t he
second entry on each line is a MODFLOW/MT3DMS layer numbee. thrd entry is

the name of a file. GETMULARR writes the array that it extrdotsthe nominated

layer at the pertinent simulation time to the nominated file. It writes the file in ASCII
format (with or without a numbesf-columns, numbeof-rows header as described
above).

If GETMULARR cannot find an array for a time and layer sfiediin an array
extraction file, it ceases execution with an appropriate error message.

It is important to note that times and layers supplied in the array extraction file must
be provided in the same order as that in which arrays are stored in the
MODFLOW/MT3D unformatted output file. This is in order of increasing time and
layer number.

Uses of GETMULARR

An array extraction file suitable for the use of GETMULARR can be readily built
from an ARRDET output file.

GETMULARR can be useful where multiple mdgleare being -calibrated
simultaneously, with the first being a steady state model and the second being a
transientversion of the sammode| and where outputs from the former provide initial
conditions for the latterArrays stored at the end of unformat heads and
concentration files produced by the former model can beriteen to real arrays
comprising part of the input dataset for the second model. The MOD2ARRAY utility
can assist in preparation of such a dataset.

See Also

See also ARRDETGETMULARR1, MOD2ARRAY.

M (
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GETMULARR1

Function of GETMULARR1

GETMULARRLI reads an unformatted MODFLOW or MT3D heads or concentration
output file. It writes all arrays found in that file corresponding to a-sgecified
simulation time to another unformatted file identical format. The new file thus
emulates a MODFLOW/MT3D heads/concentration output file in which heads or
concentration arrays were recorded at only one output time.

Using GETMULARR1

GETMULARR16s f-irst prompt i s:

Enter name of grid specification file :

| f a Af il en aniilesfig i§ ipresend in nha ndieedtory from which
GETMULARR1 is run, and if this file contains the name of a grid specification file,

then the name of the latter will be included in the above prompt as its default
response.

Next GETMULARR1 asks:

Enter name of unformatted model - generated file:
This file may have been written by MODFLOW (in which case it is a head or
drawdown file) or by MT3DMS (in which case it is a concentration file). In each case
the file is presumed to belanary file in which pertinent arrays are stored layer by

layer. Each layer is preceded by a header which provides (together with other data) the
layer number and total simulation time to which the array pertains.

GETMULARR16s next prompt i s:

Isthisa M ODFLOW or MT3D file? [f/t]:

Enter Af o or Ato as appropriate. ( GETMULA
MODFLOW and MT3DMS employ slightly different protocols for array headers.)

Then GETMULARR1 asks:

Enter simulation time for which to extract arrays:

If you are unsure what simulation times are represented in a MODFLOW/MT3D
unformatted output fil e, use the ARRDET wut
file.

Finally GETMULARRL1 asks:
Enter name for unformatted output file:

Provide the name of thesseudeMODFLOW/MT3D unformatted output file to which
you would like the extracted arrays written.
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GETMULARR1 then reads the nominated MODFLOW/MT3D unformatted output
file and writes one of reduced size, containing only arrays pertaining to the nominated
simulation time.

Uses of GETMULARR1

Sometimes it is convenient to have MODFLOW/MT3D output arrays pertaining only
to a time of interest stored in MODFLOW/MT3D unformatted output fildgs can

be particularly useful where such files are used for obtainingtial heads or
concentrations for a following simulatiofhe arrays of interest may lie at the end of a
sequence of other arrays in the existing file. By placing these arrays at the front of a
new unformatted file MODFLOW or MT3D can be directed to re#tte arrays from

that file when undertaking its next simulation.

See Also

See also GETMULARR, ARRDET.
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GRID2ARC

Function of GRID2ARC

Program GRID2ARC produces a pair of ARCI NF
defined portion of the finite difference driThese files can be used to reconstruct the
model grid within ARCINFO, with a polygon defined for each cell.

Using GRID2ARC

A settings file settings.fig must be present in the directory from which
GRID2ARC is run. Among other things, this file specifish et her a fAnumber
columns, number of rowso header is wused in

GRID2ARC commences execution with the prompt:

Enter name of grid specification file:

Type in the name of the grid specification file. Alternatively,aiffilename file

(files.fig ) is present in your current directory, GRID2ARC may present you with

a default grid specification filename (as read from the filename file); in this case press

<Enter> to accept the default or type in the correct name. GRID2&RdS the grid

specification file in order to obtain the geographical information which it requires for
construction of the ARCINFO figenerateo f il

Next GRID2ARC prompts:

Enter name of window integer array file:

to which you should respond with the naofean appropriate MODFLOW/MT3D

compatible integer array file (keeping in mind the naming convention for formatted

and unformatted integer array files as documented in Section 2.10 of Part A of this
manual ). The fAgenerateo f iyteeos cellsHarwhith GRI D2 Al
array elements within this integer array are -aern. In most cases the window

integer array will be a layer activity array.

Next GRID2ARC prompts for the names of the
write:

Enter name for output "line" file:
Enter name for output "points” file:

Par t of a nlineo file is shown bel ow:
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end

end

10

410824.094,
411026.771,
410805.588,
410602.910,

4108 24.094,

11

411026.771,
411229.448,
411008.265,
410805.587,
411026.771,

12

411229.448,
411432.125,
411210.941,
411008.264,
411229.448,

7260109.351
7259888.168
7259685.491
7259906.674
7260109.351

7259888.168
7259666.985
7259464.308
7259685.491
7259888.168

72596

7259445.802
7259243.125
7259464.308
7259666.985

66.985

Fragment

of

a nl i

ne

Within a GRID2ARCgener at ed
represented by 7 lines of data. The first line contains the cell label; this is the cell
number as obtained by counting cells row by row from the top left corner of the finite
difference grid. Next follow the cell corner coordinatesstag then northing; the first

s repemdesdt fongpei ggah:
all information pertaining to a particular polygon has been supplied.

set

of

coor di

nat e

S

0

Al

fil

e

neo

wr

i tten

by
fe-differenceegaict i

Partofa GRID2AR& ener ated fApointso file is shown

10, 410814.841, 7259897.421

11,  411017.518, 7259676.238

12,  411220.195, 7259455.055

13,  411422.872, 7259233.872

23,  413449.643, 7257022.040

24,  413652.319, 7256800.8 56

25,  413854.997, 7256579.673

26,  414057.673, 7256358.490

27,  414260.351, 7256137.307

28,  414463.028, 7255916.124

29,  414665.705, 7255694.940

42,  410593.657, 7 259694.744

43,  410796.334, 7259473.561

44,  410999.011, 7259252.378

45,  411201.688, 7259031.194
Fragment of a fApointso file written by GRI
Each | ine of a Apointso fnitedffergmeermgridali ns t o
contains three entries, Vi z. a cell 6s numb
its centroid.
Collectively the fAlined and fdApointso fil

GRI

cel |

polygons, each polygon representing one cell ef fihite difference grid. Within
ARCINFO each of these polygons can be assigned attributes on the basis of other
geographical information covering the same model area.

D2,
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Uses of GRID2ARC

ALIineo and fApointso files producC€Ci®EO. by GRI D
Once imported, the active part of a model layer can be represented within ARCINFO

as a set of polygons, one for each cell. This representation allows ARCINFO to
undertake a large number of important-paed postprocessing operations pertaining

to aparticular model. For example a data column containing integers or real numbers

can be added to the cell number table, integer or real values within this column being
assigned on the basis of spatial relationships between grid cells and components of
othe coverages pertaining to the same area. A table so constructed can then be
exported from ARCINFO as an ASCII file and converted to a thobemn integer or

real array table file using program TABCONV. The table can then be reformatted as a

real or intege array, ready for model usage, by program TAB2INT or TAB2REAL.
Conversely an existing real or integer array can be imported into ARCINFO using
REAL2MI F or I NT2MIF to generate a real or
written by either of these pgoams) followed by TABCONV to undertake the
conversion from the use of row and column number format to cell number format.

More sophisticated analysis and preprocessing of model data can also be carried out
within ARCINFO. For example model cell polygorancbe intersected with soil and

land use polygons to determine the area of each soil type/land use combination within
each cell. This information can then be combined with the leaching fraction pertinent
to each soil type/land use combination to calcudatecharge array for a model.

See Also

See also INT2MIF, REAL2MIF, TAB2INT, TAB2REAL, TABCONV.
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GRID2BLN

Function of GRID2BLN

Program GRID2BLN produces a SURFER bl anki
of the finite difference grid. This file can be ddgy SURFER to draw a picture of the

model grid to overlay on basemaps and/or contour plots.

Using GRID2BLN

A settings file settings.fig must be present in the directory from which

GRI D2BLN is run. Among other things, t his
columns, number of rowso header is wused in

On commencement of execution GRID2BLN prompts:

Enter name of grid specification file:

Type in the name of a grid specification file. Alternatively, if a filename file
(files.fig ) is present in the current directory, GRID2BLN may provide a default
filename with the above prompt; press <Enter> to accept the default or type in the
required name. GRID2BLN reads from the grid specification file the geographical
information itrequires in order to construct a SURFER blanking file.

GRID2BLN next prompts:

Enter name of window integer array file:

Here you should supply the name of a formatted or unformatted file holding a
MODFLOW/MT3D-compatible integer array (see Section 2.10Paft A of this

manual). For the purposes of constructing the SURFER blanking file, cells with non
zero integer array el e nmealuddsellssbeirg cosderede d a s

n

Ai nactiveo. Thus i f a MODFLOW | amteger acti vi

array, SURFER will draw a map of the active part of the fiditeerence grid (for that
layer), omitting all inactive cells.

Next GRID2BLN asks the user to supply a name for the blanking file which it is about
to write:

Enter name of SURFER blank ing output file:

Here enter a filename of your choice. However it is recommended that you provide
this filename wBiEIND 0 ekhatenSUKRRERBTf wiil | r
blanking file.

It is important to note that SURFER has two uses for blankieg, fThey can be used
simply to draw a picture, or they can be used to actually blank part of a contouring
grid. While blanking files produced by GRID2BLN are suitable for drawing the finite

e
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difference grid, they are not suitable for blanking the SURFHERocwing grid as the
elements represented in a GRID2BgHnerated blanking file are not polygons; they
are simply line segments. To produce a file suitable for blanking, use program
ZONE2BLN.

Uses of GRID2BLN

GRID2BLN can be used in preparing diagramshef inodel grid in which the latter is
plotted in reaworld coordinates. When superimposed on other maps of a study area,
a clear picture emerges of the spatial relationships between the groundwater model
and cadastral, topographic, geological, and othier. da

See Also

See also programs GRID2DXF and ZONEZ2BLN.
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GRID2DXF

Function of GRID2DXF

Program GRID2DXF writes a DXF file of all or part of the find#ference grid. This
file can be used by CAD, plotting, contouring and GIS software to draw a picture of
the finite difference grid, superimposed on other geographical information.

Using GRID2DXF

A settings file settings.fig must be present in the directory from which
GRI D2DXF is run. Among other things, this
columns,numbe of rowso header is used in formatt

On commencement of execution GRID2DXF prompts:

Enter name of grid specification file:

Type in the name of a grid specification file. Alternatively, if a filename file
files.fig is presenhin the current directory, GRID2DXF may include a default
grid specification filename with the above prompt; press <Enter> to accept the default
or type in the correct name. GRID2DXF reads from the grid specification file the
geographical information iequires in order to represent the grid in DXF format.

GRID2DXF next prompts:
Enter name of window integer array file:

Here you should supply the name of a formatted or unformatted file holding a
MODFLOW/MT3D-compatible integer array (see Section 2.10 aft A of this

manual). For the purposes of constructing its DXF output file, cells withzamm

i nteger array el eme nt-valaed eells doeirgncerndideréda c t i v e ¢
Ai nactiveo. Thus i f a MODFLOW | ayer acti vi
aray, GRID2DXF will write a DXF file in which only the active cells of the finite

difference grid (for that layer) are represented.

GRI D2DXFdés next prompt i s:

Enter name for DXF output file:

Here supply a filename of your choice; however it is a goodt@peovide a filename
ext ensDXBOn soof tihat the file is easily recogn

Uses of GRID2DXF

GRID2DXF is used in preparing maps which include the model grid. When the model
grid is superimposed on other maps of a study area, a clearep&herges of the
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spatial relationships between the groundwater model and cadastral, topographic,
geological, and other data.

See Also

See also GRID2BLN, ZONE2DXF.






