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Preface i

PREFACE

Part B of the manual for the Groundwater Data ti#8i contains individual program
descriptions. Programs are discussed in alphabetical order.

See also part C of the manual to the Groundwater Data Utilities. This contains
programs written in support of unstructured grid models. The PLPROC program (that
has its own separate manual) provides further support for unstructured grid models.

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

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

M

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

The development oftilities which support the interface betweeBST 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 prediie uncertainty analysis.

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

RSM2SRF, RDAT2TAB, FAC2RSM and PPK2FACR were developed under
contract from the South Florida Water Management District.

Other utilities(including some of thenstructured griditilities) were written
with support from the National Centre for Groundwater Research and
Training, Flinders University, Australia.

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

John Doherty
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ALPHABETICAL LISTING OF GROUNDWATER DATA UTILITIES
(See Part C of tle manual for the Groundwater Data Utilities for listing and

documentation of unstructured gid utilities.)

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

arr2bore Undertakes spatial interpolation from a single array to a set of points.

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

arrdet Lists the contents of a MODFLOW or MT3D unformakt
head/drawdown/concentratioutput file.

asenproc Reads a Adistriskemtsed i pat gmdtid eo
version of MODFLOW; formulates sensitivities for PEST parameters
writesthemt@PEST fAexter nal derivati ve

bud2hyd Extracts flow data from a MODFLOW unformatted ejtcell 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.

bud2smpl Similar to BUD2SMP, but easier to use where a modsldlarge numbe
of layers.

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 Conputes a sequence of initial concentration arrays (one for each
layer) based on a ussupplied freshwater/saltwater interface eleval
array, and (spatially varying) thickness of the interface.

elev2concl Similar to el ev?2coomwe , hebaudtd caor nnpauyl

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

facZem Uses ppk2fagenerated kriging factors to produce a MicroFEMLUt file
on the basis of spatial interpolation from a set of pilot points.

fac2g ComplementsPPK2FACG Performs interpolation to a set of poin

recording interpolated values in a single column file.




Preface

fac2mf2k Modifies an existing set of MODFLOVWRO000 irput files, replacing
parameter cited in that file with pilgtointbased parameters (often a fi
step in pilotpointbased model calibration).

fac2real Uses PPKFACgenerated kriging factors to produce a MODFLO
compatible real array on the basis of gdanterpolation from a set of pilc
points.

fac2real3d Uses PPK2FAC3Eenerated kriging factors to produce a set
MODFLOW-compatible real arrays through spatial interpolation from 4
of threedimensional pilot points.

fac2rsm Uses PPKFACRyeneratd kriging factors to produce an RSM model inj
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 donsaig the
sequential Gaussian simulation 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 anexisting PEST 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 output file and writes these to ano
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 $JRFER blanking file of the active part of the finiéference
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 cell centres of the fidliéerence grid
within an active window defined by a usarpplied integer array.

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

int2real Builds a MODFLOW/MT3D-compatible real array based on the content

a MODFLOW/MT3D-compatible integer array.
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iv

laydiff

Evaluates head value differences in different layers based on conten
bore sample file, bore coordinates file and bore listing file.

logarray

Evaluags the log (to base 10) of all elements of a real array.

many2one

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

mkmhobs

Reads a bore sample fiM/rites aMODFLOW 2005 heads observation fil
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, extractimgal or integer array
from that file and storing them in separate files.

mod2obs

Interpolates modedenerated 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 in an  unformatt
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 b userspecified bores.calculating the
difference or ratio between heads/concentrations atnggemated pairs o
bores.

parcov

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

parm3d

Assists inthe pilotpoint parameterisation of a®B 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 BUD2SMP followed by SMP2SMP.

pestprepl

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

pestprep2

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

pmp2info

Builds a bore information file from a bore pumping file, the forr
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 pumpmng fil
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ppcov Builds a covariance matrix pertaining to pilot point parameters based g
or a number of geostatistical structures.

ppcov3d Builds a covariance matrix pertaining to three dimensional pilot
parameters based on one or a number of gestitatistructures.

ppcov_sva Builds a covariane matrix pertaining to twalimensional pilot poin

parameters under the assumption that anisotropy, and other geosts
properties, can vary spatially.

ppcov3d_sva

Builds a covariance matrix pertaining threedimensional pilot poin
parameters under the assumption that anisotropy, and other geosts
properties, can vary spatially.

ppk2fac Calculates kriging factors for use in spatial interpolation from a set of
points to model grid cell cares.

ppk2facf Calculates kriging factors for use in spatial interpolation from a set of
points to the nodes of a MicroFEM finite element mesh.

ppk2facg Calculates kriging factors for interpolation from a set of unnamed p
where the coordinaseand zone numbers of the latter are arranged in
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 éhfact that it prompts for a blankin
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 interion from a set of thredimensional
pilot points to a series of MODFLOMWbmpatible real arrays.

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

points to the nodes of an RSM mesh. Regularisation data file pkaso
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 pr¢
is identical to that of PPK2FACL1.

ppkreg Addsraofdpinformati ono and Aregu
file where parameterisation is based on pilot points.
ppkregl Similar to ppkreg but more powerful in that it facilitates the use of

ismoot hness regul ari sat i oferted Malse
regul arisationo.
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Vi

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 Cdo analysis. Samples stochas
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 informatigertaining to points lying
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 eashich point.

qdig2dxf Translates the output of the shareware digitizing program, QDIGIT,
DXF format.

qdig2xyz Transl|l ates the fAcontowdsdabat pu

rdat2tab Reads an RSM element data file or index file. Adds mesh cdr
coordinates to respective data elements aiwdrites data in 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 oM&®DFLOW/MT3D-
compatible real array.

real2srf Translates a MODFLOW/MT3Rompatible real array into a SURFER ¢
file.

real2tab Translates a MODFLOW/MT3®Rompatible real array into thremlumn
real array table format.

reparray APastesd a MO DFRanpatibleoreal alay 3nto an existi
MODFLOW or MT3D input file.

rotbin 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 hasem rotated such that its row direction
oriented directly east.

rotdat Rotates a data file about the top left corner of a fiditerence grid so tha
the component elements of the file can be overlain over the grid whg
latter has been rotatedch that its row direction is oriented directly east.

rotdxf Rotates a DXF file about the top left corner of a fiuiference grid sq

that the component elements of the file can be overlain over the grid
the latter has been rotated such that et direction is oriented directl
east.
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rsm2srf Reads an RSM (also GMS) 2d mesh file. Writes files through W
SURFER can plot mesh design, mesh outer boundary, as well as noo
element centroids.

section Interpolates the data contained in multiphlODFLOW-compatible rea
arrays to an arbitrary transect line through all or part of the fififference
grid.

smp2dat Extracts information from a bore sample file for a tmgpplied list of bores
at times corresponding to model output times, generatitbore data file
from which PEST input files can be constructed using the P
MODFLOW/MT3D Utilities.

smp2hyd Rewrites the contents of a bore sample file for a-gpecified list of bores
in a form suitable for plotting borehole data against time.

snp2info Time-interpolates the information contained in a bore sample file to a
specified date for a list of usepecified bores, thus writing a bo
information file ready for access by commercial contouring software.

smp2pml Rewrites the informatia in a bore sample file for usselected bores as
PMWIN observation file.

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

smp2smp Interpoldes data contained within one bore sample file to the dateg
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 be sample file in which differences are taken betw
successive values in an existing bore sample file, or between values
existing file and a reference value.

smptrend Writes a new bore sample file in which differences are taken bet
samples whin an existing bore sample file and either the first samplé
each bore in that file or a reference sample. However sampling is res
to a yearly sample window.

srf2real Rewrites a SURFER grid file as a MODFLO¥mpatible real array.

tabzint Gererates a MODFLOW/MT3Eompatible integer array from an integ
array stored within a GIS.

tab2ndtf Reads a tabular file containing data for at least some nodes

unstructured grid. Writes data in node data table format, so that
readable by USG2IK.
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tab2real Generates a MODFLOW/MT3bompatible 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 those using cell number identifier format.

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

vertreg Adds Avertical regul arisationo
where parameterisation is based on pilot points.

zone2bin Writes a b3WuRKERgD -diffedleree goid zonftiom &
defined by a usesupplied, MODFLOWcompatible integer array.

zone2dxf Writes a DXF file of finitedifference grid zonation as defined by a ug
supplied, MODFLOWcompatible integer array.

zone2varl Computes a parameter variogram where parameterization is based on
number of zones of piecewise constancy, and is defined throu
ZONMDEF output file. Assists in
described by Johnson et al (2007).

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

zonmdef Assists in the preparation of input fileg fine use of PEST in conjunctiq

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 acronym for fAadjust observat.i
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 values; different
formulae can be used for weights calculatior 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 program PESTPREP.

Using ADJOBS

ADJOBS commences exd@mn 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 the types of
errors that may be present in a PEST writle, 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 to the A* observation
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 to this group) — >
Do you wish to make any ad justments [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 if you answer f@#yo, ADJOBS will thet

Divide group into subgro ups [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 into different groups. For example if discharge tibesrva

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 separated on the basis of the first three |lethers of

of their observation names, wi tido dlesemgvat.i
assigned to one group andcobhbeénbegissnigmeg
another group. To achieve this, answer the
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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 the present group is now subdivided

and, for each sih group, it asks:

Observations in group "obsgpl1" beginning with "dis" - >

Enter observation group name for these observations:

Provide an observation group name as requested. Note that the user may, in response

to this or any ot keyrollowed bymgturn, Thip previsles ant he A e
fescaped mechanism, returning the user to
After a new observation group name has been supplied, ADJOBS prompts for the
variables required for weights calculation. If the user desires, weigrtsbe

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 weig ht:

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 asil, weights can be made inversely proportional to observation
values. Tis is often useful when estimating parameters for a rugederation model

on the basis of observed values of discharge. All calculated weight values are
constrained to lie within the maximum and minimum bounds provided by the user;
neither of which candless 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 subdivision; he/she will then be prompted for the péeasnof 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 weights provided by the user. You
should check this filesing 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 a model which generates
one or a number of lengthy terseries. Because there are often many measurements
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comprising an observation dataset in this context, preparation for a PEST run requires
software assistance. Such assistance is available through PESTPREP, whose use is
documented elsewhere in this mant#wever 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 assignment
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 relative weighting 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
compatible real array to a set of pointdose coordin@s are citedin 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 array to the points is bilinear, with account takenactive
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, ARR2BORE checks for the
presence of a file namesettirgs.figin 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 readettings.figlor complained of its absence), ARR2BOR$ks 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 bomdinates 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 described in Part A
of this manual. The former contains three ocmhs 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 réaidolumn.

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 column is present within this file, columns dfterfirst 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
ARR2BOREOGs out put f ipdoietsthatispatialinterpolatiostakesn | y t o
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 the former and latter file types respectivtBRR2 BORE &6 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 being supplied by the user
in response to the prompt:

Ent er 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 modifications for
proximity to inactive cells. If a point to fich 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 whiclne of the four cél
centres that enclose it isaictive(or it is not in fact enclosed by four cell centetsall

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

to compensate for this missing data.

ARR2BOREG6s fi-nal prompt i s:
Enter name for bore information output f ile:

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 eastings and northings as read from the bore coordieates fi
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 interpolation from a model arrayset 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 MOD20BS, MOD2SMP 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 instruction file to allow inclusion of this data a
the reading of model outputs corresponding to this data.

Use of ARRAYOBS is predicat ed-colonmrealhe assu
arrayo files exist. The format of these fi
the Groundwater Data Utilitiesge 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 easily readable

by other software (such as a GiSspeadshegpackage). 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. The other three

column real array file must have Imeproduced 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 observatiortdluea real

array file. It also generates an instroatiset 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 read this

file, attempting to match the numberstims 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 TAB2REAL (which generates such a file from a rem} 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 is run. See Part A of the manual to the Grounew@ata 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 beenadefrom 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 correct filename. The grid specification file contdieslimensions 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 the Groundwater Data Ultilities,
responding to any prmpt wi t h an fAeo (for Aescapeodo) t
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 control 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 geimg 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 repeatedly during the forthcomingpeater estimadn process; gt of 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
represented in this file. However it is essentiat 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 t heyos awhee ni wyi esmflEswesibgi nntge gtehre
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 aredojet 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 control file, and when writing instructionsddhrea

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

(these are both supplied irl ahreecolumn 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 less):
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 observations assigned to the observatioegubup

usersuppled weights are multiplied by a PE®Ta |l 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 much as is required to enforce the
regularisation costraints 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 weighting strategy 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 to the observation group
regul, relatively of weightsis 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:
Enter an appropri atpsismandatory an extension of

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 the user in response to the pertinent one bbihee@ompts)

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 about to 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 FRACPHIM:

It supplies default values for the otherar i abl es appearing 1in th
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 zero for FRACPHIM

is normally suitable; however begmared 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 will use to read the magelerated real arragtile file-

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 dixservation threeolumn real array file) to
the fiobservation datao section of the P

2.1t increases the value of NOBS (number
section of the PEST control file accordingly.



ARRAYOBS 9

3. If the requested name for thbservation 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 control file. It increments the control variable NOBS#&cordingly.

4. It records thenames of thenew instruction file and the corresponding model

output file in the Amodel i nput/ outputo
al so increments the NINSFLE wvariable i1
PEST confol 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 useful when preparing for a PEST runegularisatio

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 data trend, contain a stochastic field, or
represeh t he fApreferred system condintheonodo i n
current modellingontext In all cases, when run in regularisation mode, PEST will be

asked to adjust model parameters until the fit between model outputs and field
measurements ieduced to a usexpecified 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 output array will often be the model
hydraulic conductiity array(or the log of thisarrayp al cul at ed t hrough @
the Apreferred system conditiono array th
may have been generated through interpolation between pilot points whose values are
estimated by PESThrough the inversion procesalternatively, 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 (or zeros if the log of the
multiplier array is usg as the model output file)Whatever strategy is employetiet
regularisatiorprocess used by PEST ensures numerical stability at the same time as it
ensures minimum departure from the Aprefer,
is generated orhe 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 prediction can be analysed.

V
r

See Also

See also ADJBS, 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, and lists
to a useispecified ASCII file the contes of the headers to arrdgaindin 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 GroundemaData Utilities, 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 begins
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 specificatifile 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/MT 3D 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)

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

~

Respondvi t h Af o6 or At o 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 the contents of
array headerbund thereinto its own output 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 GETMULARR. An altered ARRDET
output file can serve asGETMULARR 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 20@&bnaltderi vaetsi ae #ESITI
of information obtained from this file, and froosersupplied definitions of PEST

parameters in terms ohodel cells comprising MODFLOW distributedarametes.

Thus PEST can dispense with the need to calculate deedsaftor those of its
parametergefined in this manneusing finite parameter differences, allowing the

more acurate and more efficient (when observations and/or observation locations
outnumber parameters) adjoint 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 parameter will
comprise many cells, possibly all of thetive cells within a singlenodel 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
individual model cells Alternatively, parameters mayebdefined 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 significant portion of a model laygknother altemative isto 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 number being eqt@althe 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 requirtsat
sensitivities be provided for the parasters which 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 must be providedni its

adjoint stategprocessnput file. Use of ASENPROC assumes th&FORM 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 belowhd
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 total of NPARDIS 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 IR OW 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 sensitivity file records IAFORM
PVALUEOUT. Then follows the value of the sensitivity cutafariableDISCUT; cell
sensitivities whoseelativevalues are less thdhis are not represented in thasuing
sensitivity tables

The following line quotes the number of distributed parameters NPARDIS fchwh
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 sewgit 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 en#s is initiated by a header, the first item of which lisessnumber of
records to follow; subsequent entries in this header areahes of the distributed
parameter and observation to which the following NRECORD records pandithe
modelgenerated equivalent to theobservation 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 parameter; then
follows the sensitivityof the doservation 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 that may need to be
accommodated in distributed mrameter sensitivity fileit 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 inner variablevhile the observatiois 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 listed earlier in the file.

3. Within each group of sesitivity recordspertinent 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 sensitivities for PEST parameters ftbose 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 | ines
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 distributetb-PESTFparameter file isto hold At r ansl ati on t a
from which PEST parameter sensitivities can be computed frombasdd
sensitivitiescalculatedoy theMODFLOW adjoint stategprocessThe translation table
occupies the (often large) last portion of this file &ll lines followingAMAXE N T 0

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 from the 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 the firstesktlarrays. Hence the sife

the translation table can beaidge. 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-PESTparameter fileprovidesthis dimension. It can be evaluated as the number of
cdls 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 compuf@rtunatelythe value supplied
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for NDIM does not need to be exdcit only has to be larger than the actaide of
the translation table.

Because of their large size, processirighe information contained withiboth the

distributed parameter setigity and distributedto-PESTFparameterfiles must be

efficient Most of thisprocessingvill be comprised of linkingsensitivitiesread from

the distributedparametersensitivity file to pertinent PEST parameter Hence the

ability to makerapid linkages between column, row and layer numbers crteithe
distributedparametesensitivty file to PEST parameters defined in thistributedto-
PESTparameter file is esstial. To expedite this process (and minimize table
searching) ASENPROC requires that cells iwlistributedto-PEST-parameter
translaton tables 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 coluncosprisingthe 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 integer arrays with dimensions the same as
those ofa model layer.This 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 for distributed paramegpresenting
propertiessuch agiver 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, with Jopkspeed expedited by
the table entry ordeng conventiordiscussed 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 oflayers 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 conputation 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 pertaining to one
distributed parametearell). Use of a psitive MLAY value requireshat 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 stordget, possibly slower aess to 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 abovespecificationas the number of PEST parametdnattdepend 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 filg. The names of these MPAR PEST
parameters must bequided oneto-a-line 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 included in the PEST control file
pertinent to the cuent 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 one for each cell within the domain of the disited
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 interpolation range of five pilot points, then fivetéas 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 interpolation factors from each such point to thencelliestion.

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 paindentifying a particularPEST parameter, the othkeing

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 same.

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

this valueallows ASENPROCt o di mension its Areceptor a
rapidly and efficiently read all entries pertaining tb distributed parameter celllf
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 valse 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 once in this table.)
Then NUMENT, the number gfars of entries 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 parameter pgadbleled
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 distributed-PEST parameter file is neseable for other inversion
tasks) The second ithe factor through which the sensitiy of 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 domain of the distributed parameter. Lines capwifrnecessary. 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. This should be set to 1 if the logs of sertgtwf 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, antherethe distributed parameter represengdrhulic
conductivity. In this case it is recommended practice that spatial interpolation from
pilot points to the MODFLOW grid takglaceon the basis dbg conductivityvalues
rather than native conductivity valydsence the structure file provided RPK2FAC
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 agcence 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 through combining untransformed MODFLOW cell
sensitivties, 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 bothtleése 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 sensitivitieso native parameteressitivities asrequired 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 infile 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 note that the PEST control variable MESSFILE briset 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 with an appropriate error messatgnce 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 correcthyprior to including the command tan 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 to 1 in any distributed-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 PEST 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 control of PEST, it is synchronised with PEST, for
PEST writes a different header lirte this file prior to model runs undertaken for
different purposes.

Running ASENPROC

ASENPROCOGOSs s careacsvmevigwedo Repponse to these promgieh is

through the keyboard, or through a file containingne@@rded 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 as MODFLOW postprocessor throughhe PEST inversia

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 commences execution 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 if 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 names opaiametersand
observations that featel in the current inverse problem; it needs this informagion
that it canproperlyorder sensitivitiesvhich it writes to thdPEST external derivatives
file.

ASENPROC next prompts for the name of the distributed parameter sensitivity file:

Enter name o f 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 distributed parameter named in the distcbptraneter 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 name dod suitable distributetb-PESTparametefile 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 citeth 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 then ceases execution.

The following should be notke

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 explained in the PEST
manual, this value indicates t&EBT that sensitivities are not available for
these observatioparametercombinations In a properlycomprised PEST
inversion problem, these sensitivities wile computed by other means,
presumably through finite parametifferences.

2. If a parameter is ited 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 ASEPROC

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 file should be set to 1, and a

Aderi vat i vlieisnecoo neneacntdi on provided in this f
such as to run MODFLOW with the adjoint sensitivity calculation process active.

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

the purpose of obtaining model outpuisrresponding 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 Also

See also MKMHOBSPPMDEFR, ZONMDEF
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BUD2HYD

Function of BUD2HYD

Program BUD2HYD reads an unformatted dmlicell 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 represented in the tBHcell flow term file. It then recals 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 littes, 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 appropriate error message. As is explained indde2tl9 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 ) residingwithin 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; alternatively, another
filename can be supplied instead. BUD2HYDbtains 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

How many layers in the model?

BUD2HYD next prompts fothe name of the MODFLOW unformatted ebyi-cell
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 thab yhe fileywas mprgducéd8hy ,
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 MODFLOW. Furthermore, BUD2HYD can only
read sucHiles if they are stored in COMPACT form. This is because files stored in

from

ndi
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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 data in a manner that allows plotting
against elapsedimulation time. Hence if BUD2HYD discovers that the -tsHcell

flow term file whose name was provided above is not, in fact, stored in COMPACT
form, it terminates execution with an appropriate error message. If your MODFLOW
pre-processor does not proedan 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
MODFLOW96 and MODFLOW?2000 manuals for details.

B UD2 HYr2xt prompt is:
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 aslzaEgter
identifier of the flow type represited 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 response to the
above prompt. If the usaupplied texbccurs 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 needs to be

provided in response to the above prontuhiquely 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 thais agplained below, the user may



BUD2HYD 22

ascertain the text identifiers pertaining to various MODFLOW packages by reading
BUD2HYDG6s record file after BUD2HYD has fi.l

BUD2HYD next prompts:

Enter simulation starting date [dd/mm/yyyy]:
Enter simu lation 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 is appsetingstfig at el 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 to supply model zonation information. Zonataes@ibed

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 MODFLOW 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 supplying a set of integer arrays which are
everywherezero 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 array file can be supplied for more than onié dtegared.

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 to convert MODFL-OW
generated flow rates to morepmopriate 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 in graphical form. Flow rates calculated forheddODFLOW 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 immediately amenable 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 different header types, both flow types will
be recordedif 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 time in model
units. This is normally plottedgainst 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 zone.
Column headers indicate the zones to Whike 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), negative
values represent model outflows whereastpasvalues represent model inflows.

Before writing its output file, BUDRYD prompts:

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

I f the Ueerthgpes md8 associated with each
above table) Wil 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 at a time corresponding to the middle

of each tme g p f or which they were evmdl uant ed.
response to the above prompt, elapsed times (as well as dates) appearing in the
BUD2HYD output file will correspond to the middle of each model time step for

which the flow terms were accumtla d . Simil abol, y fllow typimsg cfa
assigned to the beginning of pertinent MODFLOW time steps.

BUD2HY D6 s f i n a-l prompt i s:

Enter name for run record file:

Upon completion of execution BUD2HYD writes a record of every array encountered
in the MODFLOW celtby-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 the contents 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 stored inrgéaty form by
BUD2HYD isindicatedp a fAyeso in the final col umn o

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 STORAGE 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 21.000 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 n 0
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 LO WER 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 course of a model run. In the former
case modegeneradd 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 a useful means of examining mine inflow as
thedisposition 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 can all 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 mentioned above, BUD2HYD can be used to simplyrobttable 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

See also BUD2SMP, MANY20ONE and SMP2HYD.



BUD2SMP 25

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 bore sample 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 SMP2SMP to produce a bore sample
file which is matchedo 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 tBUD2SMP, 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 are described below.

At a certain stage of iesxecution 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. In response to the above
prompt, you should infornBUD2SMP 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 number solely to
dimension internal arrays. If the numbgitoo 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 a
higher number for this parameter.

Note tha BUD2SMP can only process cél-cell 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 domain is divided into zones on the basis @&gers 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 within the supplied integer arrays; however #re-zalued 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 flow data was recorded by MODFLOW.
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Inwritngalbr e sample fil e, BUD2SMP needs to kno
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

wheren is a zonedefining number occurring withithe 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 fudiin the celby-cell 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 text string
which does not match any of the array iifegrs generated by MODFLOW see 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 documentation for program BUD2HYD for more
details.

Uses 6 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 followed by BUD2SMP followed by
SMP2SMP. The lasbf 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 a trivial task through the
use of PESTPREP.

See Al®

See also BUD2HYD, PESTPREP and SMP2SMP.
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BUD2SMP1

BUD2SMP1 is identical to BUD2SMP except for the fact that it reads a single integer
array pertinent to all layers rather than a different integer array for each layer. It is thus
easier to use with modethat have a large number of layers.

In all other respects its use and functionality are identical to that of BUD2SMP.
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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 operation to 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 accordowga useispecified
concentration 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 locaif this interface

to another file for use by other model ppsbcessing 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 afjukstens, the
response is simply fieo followed by the <E
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 execution 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 they read/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
exection with the prompt:

Enter name 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 becapted simply through pressing the <Enter> 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
numler of layers in the model, with the 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 ggarated by an aquitard; if there are indeed 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 bottehlavation of the layer above the uppermost
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 filesbottomN.refwhere 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 arrgs can be easily extracted from a MODFLOW 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 variabie file settings.fig s set to fAyeso.)

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 arraystnesread.

Enter name of unformatted 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 elevati of the interface in any vertical column 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. Obwusly this threshold must be higher than 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 downwds through a particular vertical column 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 estines the elevation of the crossing of this 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 interfacéhreshold concentration. In this case 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
bei ng gover nesgonde o the follewing premptd s r e

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:

in response to which appropriate values sh
mi dpoint elevationo option is that the int
changes in any cell if, in response to a paramet@ngd the interface elevation rises

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 IBSH for estimating model parameters.

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 elevat ion 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 agsied to any
element of this array for 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 interse  ctions 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 4840.262 551 6.790 3857.214
8 1 1 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 5710.280 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 3 246.732
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 segmepés layer. Row
intersections are 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 timev or column number. Then follows
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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 1is an i ndteigenm ,t yhea c; dtelpiist
concentration rises-lacriofsscotnhcee nitmtaern foamc ef a
interface (in the direction of increasing column or row index along each row or

column respectively). Then follows the distance of the interfemra either the left

margin of the 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 alamgw 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 cellteen Because computed cell
concentrations 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 pertairatet vertical midpoints

(the locations 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 interpolationetifrmidpoint elevations.

There is one idiosyncrasy of CONC2ELEVOsS
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 ugperactive 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 pipenmost of the lower

group of cells, 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 withnges in
parameters if these changes 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 abstractasotion
concentrations change gradually with 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 hetiee has

potential to be useful in both 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.
CONQR ELEVG6s sister program ELEV2CONC can be

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 observatiwalls whose coordinates and other details 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 @libration processas 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 dhese quantitiesncluding digital filteing (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 FEFLOYj ener at ed A DARO fil e

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 commdn

feflow i help

to see mor&EFLOW 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 PATHa@&@mwvient
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 accordingo local namingconventions
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 Computational 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_g[m] yg[m xI[m] y.lI[m z[m]
1 725009.800000 8613 460.100000 27509.800000 20960.100000 - 49.003606
2 725729.800000 8614470.100000 28229.800000 21970.100000 - 47.903440
3 728149.800000 8614850.100000 30649.800000 22350.100000 - 42.492337
4 729849.800000 8615060.100000 32349.800000 22560.100000 - 43.092606
5 732589.800000 8615720.100000 35089.800000 23220.100000 - 47.455392
6 726989.800000 8613570.100000 29489.800000 21070.100000 - 44.826290
7 726979.800000 8612350.100000 29479.800000 19850.100000 -48.183831
8 725544.800000 8616900.1000 00 28044.800000 24400.100000 - 46.949874
9 726979.800000 8615640.100000 29479.800000 23140.100000 -45.178760
10 722929.800000 8622050.100000 25429.800000 29550.100000 -20.176454

a 743629.700000 8631110.100000 46129.700000 38610.100000 -27.9 16524
b 738231.000000 8625986.000000 40731.000000 33486.000000 - 25.045553
C 741129.700000 8623960.100000 43629.700000 31460.100000 -29.669442
d 724289.800000 8623060.100000 26789.800000 30560.100000 -16.071621
e 724169.800000 8622810.100000 2 6669.800000 30310.100000 - 16.169266
f 724399.800000 8622640.100000 26899.800000 30140.100000 - 16.657809
g 724679.000000 8622635.000000 27179.000000 30135.000000 -16.809188

28 724649.800000 8621187.600000 27149.800000 28687.600000 -18.19376 5

29 724859.800000 8621260.100000 27359.800000 28760.100000 - 18.493536

~30725112.880000 8621264.470000 27612.880000 28764.470000 - 18.636139

Start of a FEFLOW-generated DAR file.

In atable such as the abqwebservation wells are indexed using pesitintegers
starting at 1. Alphabetical indices, folled 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
DAR2SVP.

The well location table that leads a DAR file is followed by a sequendatafables,
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 -1.244975e -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 (s ingle 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])

_287.676518e+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 exantg only four quantitiesomputed by 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 theseon any particular DAR2SMP run)As 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.)

RunningDAR2SMP

DAR2SMP is run by typing 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
simplyied or AEO f ol l owed bbacktradkto ttseprevigus DAR2 S M
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 ¢$isétt e peygingsafigie tthe directory from which 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 fe alsoinforms any program which readsaith 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 filwad by DAR2SMPA typical settings.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 processedylDAR2SMPshould
be supplied (surrounded 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 witithe appropriate header. In responding to this prompé thetfollowing
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.

Next DAR2SMP asks fot h e name of an fobservation nu
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. Raof such a file is depicted in the following figure.

# FEFLOW_ID DATABASE_ID
1 BH100435
2 BH245822
17 BH173452B
30 BH305544
40 BH406788
50 BH503453
164 BH16 4567
Part of an Aobservation number to bore ide
The Aobservation number to bore identifier

should contain two columns, the first beiofservationwell numbers as listed by
FEFLOW, the secondbeing bore identifiers as they are known 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 musbe 10 characters or less in length so that it conforms
with bore sample file protocol.

3. There is no need for FEFLOWbservationwell numberg(first column in the
Afobservation number to bore identifier

order.



DAR2SMP 36

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 a®ciated with a bore identifier are
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 sa iha

can convert elapsed simulation times as provided in DARIéta 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 bamgplsafile as
requested. An entry is provided in this fi
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 funer processing by other members of the 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 mi in sequencéehindFEFLOW as part

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 BBA FREP2 utilities for
more details.

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 6r 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 nungo of wells within a model area. It is 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 surmibsat other locationwithin 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 tiinteface 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 UtilBuite, upon commencement of
executionELEV2CONC 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 presemtformattel real and
integer arrays which itwrites 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 not 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 Utities suite, responding to any of these promipgssimply
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 specificat ion file
ELEV2CONC needs to read this file so that it can obtairhtrezontaldimensions 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 whidkiahconcentrations aractually
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



ELEV2CONC 38

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 aaetive,
and which are inactive, for it needo 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 usatition, these
are identified through theirnegative 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 arraysnamedactivityN.inf whereN ranges betweell, 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 settings.fig 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 usaig 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:

Supposéhat the responsi® the above prompst h e  sbhbtioro.rEEVZCONC

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 ofthe model should be supplied in fibettomO.refi f thottoe® fist r i ng i 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.

ELEV2 CONCO6s 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 been producedingthe 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 water as 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 expom#ial. The user chooses between these thrdug/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 cho ice:

The actual width of the interface 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 tohis prompt supply a real number greater 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 irsettings.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 profile across freshwater/saltwater interface.

I f the filinearo option i s Iyeverghedisemmce t he c ¢
between an elevatioof w/2 above the usesupplied interface elevatioand w/2

below the useswpplied interface elevation. Outside of these limits the concentration

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

Asi gmoidal 6 option, vari at iwrofstheamtertacel] i mi t ed
with concentation changesvithin this zonesimulated asa quarter cycle of a sine

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

water and sea watessymptotically with ninety percent of thetal change in

concentration incurred ev the interface widthw. 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 with, either a single value can be supplied, 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, nuofber
rows header if the COLROW settinggettings.figis set tofi y e Ehe 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:

Sppose that the resonseThHen thL BV 200N twril
series of formatted real array files nanoeticN.refwhereN varies betweeil, andN,.

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

recordng the outcomes of its concentration 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 promp:-

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, timepsend simulation time of 1 to the
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 concatitms 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 arrafiles initl.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 format. Once 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 numbers in activity arrayge 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
caseconcatrations assigned to these cdlisELEV2CONCmust 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 suplying them to CONC2ELEV.

Uses of 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 doed need to spend the
first part of its run adjusting these concentrations from possibly infeaisiibiel
values. Alternatively, if initial concentrations are computed on the basis of a steady
state flow field, the time required for convergence to aiesponding 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 carctmmputed in a ariety of ways based
on interface elevationgbserved in wellsandon elevations otthe coastal boundary
condition where théreshwater/saltwateinterface outcrops. Spatial interpolatioan

be carried out using, for exampledhe SURFER package; converson to
MODFLOW/MT3D real array formatanthen 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 alsMOD2ARRAY, CONC2ELEV, SRF2REAL, PPK2FAC and 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 a 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 boundarpf a model domain is coasél 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 SEAW If ELEV2CONC1
zero flow head files are to serve as SEAWITial 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
hf :Lh_ f

4

where Z is the elevabn of the measurement poitwhich 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 in fresh water dnds 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 it is easy to show thathead 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 isimilar to that of ELEV2CONC. However 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 concentration 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 whosgater concentration i€s, is 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 formatted "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 filesas the abovesersuppliedbasename. 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 formatteckalarays.

Uses of ELEV2CONC1

Uses of ELEV2CONCL1 are similar to those of ELEV2CONC, for ELEV2CONCI1 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 remaingesferationof

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

from initial concentratios 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 cells. Where 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 stely state head fielddorrespondingto 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 fran pilot points to elements of a FEFLOW 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 User Responses

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 factorddenceits use will notbe 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: factors.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 up per 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 an d writing new one...

- file model .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 pilopoints from which interpolation is being implementby
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 replaces hydraulic 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 disaas

Theii f e Fil®

In specifying valuesssigned 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 hydraul i cto ipdividyaler t y
elements are specifiedwo 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) is followed by the list of elements to which the propeatye
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 assggaigetith
property value.

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 79 4 845 850 895 936 949 951 - 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 2276 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 pro perties provided through a node list.

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 byhew one.This is achieved
through inserting arfielement 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 beldqeorresponding to those abover

whi ch, i n each case, t h(Mdoteehhtéehimeentifierisnos t i

transferredgatpb tdbewnmieovh "NFAC2FEFL writes.

vV a

den

)
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MAT_I_FLOW
101 0.000000e+000 "Conductivity in x - direction for 3D"
8.64000 Oe- 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 11 40 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

etc

2275 2276 2280 2281 2288 2290 2292 2307 2341 2378 2389 2393
2403 2415 2427 2442 2510 2591 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 HHt

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 propert ies provided through a node listand 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 liner on the
second (or subsequent) lines of the node list.

The sequence of up to five characters comprising an element list identifier
must occur nowhere else withinfilenro  f i | e, so that It
means of identifying replaceable lists.

Elementlist identifiers are easip d d ed t o dendF Ef&sldgaNexti
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 spacs).

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

In replacing theidentified node list with a new one, FAC2FEFL observes the
following protocols. These should be carefully noted.

If no kriging factors have been computed for a particalashelement, the
value assigned to that element in the existing node list is unalteredlias ithe
transferredo the newffend input file.

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 thexgsting fifendfile, other than node lisigentifiedas 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 musbe activatedusing a system command. 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 both of the above commands, eitledt 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 sister program 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 woutitherwise be possible. As is described 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 amaximuminformationcontentfrom a calibration 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 outpuis be
rapidly processed for inclusion in a PEBased 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 todldes of a

MicroFEM finite element 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 undertakitg@ihts

based MicroFEM calibration 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 in terpolation 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 pointto the MicroFEM finite element mesh 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 filghwthis prompti the

name of the 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.

FAC2FEMthen prompts for the upper and lower 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 ordeegpect these limits. Care should be taken

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 aten best to use the exponential or
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 thepolation limits are
narrower than 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 extremescase 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 doupgatametreboundsh e s e |
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 parametenghich you wish PEST to calculate. In assigning 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 inthepilt points file. The property fil

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 replacement:

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, fmlted by the transmissivity of layer 1; 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 stoeagoefficient of layer 1 is listed first, 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 poperty file except for the fact that 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

hasanednsi on of Af emo, FAC2FEM wi | | assume t
fileo whose name was provide abowiteiti s al so
accordingly. For any other extension, the

Finally FACZEM prompts:

Enter value for elements 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 PK2FACF search radius. See the documentation of PPK2FACF for further
details.
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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 valuealionodes within a particular zone 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 finiteelemen mesh. The first stage of the interpolation

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 MicroFEM aa p t of a fAcomposite
encapsulated in a batch file. Responses to its prompts aréplace a fAr esponse f |
which FAC2FEM is directed through the A<0

Note that, in general, pilgiointbased calibration should not bedertaken without

regularisation 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 resultinpptafield to have

a Abl otchyd appearance, oOor to possess unus:
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 krigamors computed by the
PPK2FACG utility. il & ;o particalar dnedel is@assumddg &sn er al O
explained in documentation of the PPK2FAQ@ity, the format for the file which

lists thepoints to which interpolation must take place (these nityrbaing the nodes

of anumericalgrid 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 interpolatior teptrified points.

Points are arranged 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 unformatted 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: templ.dat
Enter value for elements to which no interpolation takes place: 1e35

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

1 The point lies outside the interpolation radius of all gioints
1 The point does not lie within a zorewhich 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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FAC2MF 2K

Function of FAC2MF2K

FAC2MF2K modifies an existing MODFLOVEOO0O input dataset, replacing selected

parameters within that dataset with parameters based on pilot points. Thus if a
model |l erds GUI does not Ssupport tiome wuse ¢
process, use of FAC2MF2K all ows a model l er
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 have been 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 MODFLOW2000input 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 aonline
parameter estimation software. 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 best undertaken using PEST in preference to the
nonlinear parameter estimation functionality of MODFLEAROO, because PEST

includes an extremely powerful mode of ope
When operating in this med numerical problems caused by eparameterisation
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. Hifect of this type of regularisation 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 MMFLOW-2000 input dataset has been 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 accommodaggularisation 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 DIRLOW-2000 retains all existing
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 uedaken on the basis of logs of

parameter values rather than parameter values themselves. This interpolation strategy

i s required where a parametero6s distributdi
than a variogram based on native parameter vahiésg variogram is required to
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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 shouldate built a MODFLOW model using your

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 adoppeadbably based on one or two
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. FAEZ2Hwill replace parameters based

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 introducediirpkice. If you

know the names of thaultiplier 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 bedeimoow the
MODFLOW-2 000 i nput dataset. This introduces
reqguirements. (Note that MODFLOW0s memory
when using pilopointbased parameterisation than when using “@E®ed
parameters.)

As presently coded, FAC2MF2K can introduce pifmintbased 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 © use pilot points to characterise arkmsed 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 utility documented herein gsa r t of a Acomposite mod
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 externay difes, or use

the REPARRAY wutility to #Ai nZ00anpubdatasete arr ay

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

is to build a fAkriging factor fifagadd on t he
files contains the (ceBpecific) 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 valuesaésdogith the

pilot points, they can be assigned to the pertinent elements of MODF2@WY

multiplier arrays. MODFLOW2000 parameters to which the multipliers within these

arrays are applied are the hydraulic property values pertaining to the pilot points.

When running PPK2FAC, different pilot points can be assigned to different zones
within the model domain. Zonation is defined by an integer array. Factors contained
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within the kriging factor file are dependent to some extent on the disposition of zones
to which the different pilot points 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-2000zorefile.

When introducing the new pilgtointbased parameters into the MODFLEN00

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 to two 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 MODFZD®0 dataset based on

the same set of mit points. For example, one such 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 conduatity assigned to many model layers 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 providedwith the details of the parameter replacement process which

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

however keywords ithe example shown below are capitalised 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 Replacementile

A parameter replacement file must include
are shown in the example above. A replacement segment begins with the string
AREPL A@fpe whpantype is a parameter type that can occur in the
MODFLOW-2000Ipf orrchpr oces s. Legal parameter types
Avani 0, Asso, MAsyo, Avkcbo and Archo. A pa
AEND REPLACEO.

A replacement segment is comprised of a set of lines, each of which must contain a
keyword followed by the value assigned to the 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 NW/PARAMLAYS keyword (or NEWPARAMPERS keword for
parameters of type Archo) mu st have 3 ite
keywords are mandatory and must be cited within each replacement segment; however

some are optional. Some keywords can be redeaiany times; for others, only one

incidence of the keyword can occur. Keywords can be supplied in any order.
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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 oracespent
segment. Each parameter identified in this way is removed from botpftberch

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

It is very important to ensure when designing the model that this paramassigned

only to those layers or stress periods to which jpmnht-based 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 witkave a gap in

the parameterisation 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 theddredo the
replacement segment. 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 tgge 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 be restricted to layers 1 and 2 of the model, whereas parduki&ter
must be restricted to layer 3.

The NEWPARAMLAYS keyword can only be used in replacement blocks which
pertain tolpf parameters. This keyword informs FAC2MF2K bEtmodel layers to

which pilotpoint 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 thegibt

based parameters are to be 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 thae o
NEWPARAMLAYS keyword to specify 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 describedvabfor 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 points 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 ispresent in a replacement segment. 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
relaed parameter. (Note that quotes 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
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segmenwill then refer to the same set 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 MODFLOW20@BPEST 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 MODFLOWR2000 ditaset through the parameter replacement 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 conduittiy TRANSFORMTYPE is
best s et rcht paramitero gré@ pften 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 thosetpbints must be lettansformed

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 Rie8Wpatibk version of
MODFLOW-2000 named 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
parameterigtion than the native MODFLOW000. 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 krigingn the basis of a log variogram), 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 dertgpes of variogram. As will be discussed below,

the variables which govern this aspect of
i n a sgpeapat #Hil eo, a file which FAC2MF2K
preparing the new MODFLOVZ000 input dtaset. However, before doing this, 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 whithhréads see 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 celby-cell basis. If an upper bound is apply uniformly

over the whole layer to which a pitpbintbased 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 on a celby-cell basis, then a MODFLOWOompatible 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 variablein the settings filesettings.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 seftiof maximum interpolated array values. 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; dymilar
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 tBODFLOW grid has been carried
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 MODF2000sersitivity

file containing the new 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,
theselimits are used for reference purposes only. However if the MODHZD®)
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 tigidly 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
specifiedin one or a number of OUT keywords 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 reducinlODFLOW storage requirements when 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 aray in a multiplier 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 remaveltipéer array
based on the FUNCTION. 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. Amongther things, this file specifies 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 commeoement of execution FAC2ZMF2K prompts:
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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 and/orrch 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 sbasiéivity

and parameter estiation file be amongst those comprising the input dataset for the
current model. However if they are present, FAC2MF2K will read them (and modify
thesensitivityfile).

Next FAC2MF2K prompts:

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

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_fi  le ]:

The default filename supplied 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 usedms

pilot points file when running 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 pointsifjlaadly

read by PPK2FAC. If not, 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 FAC2MF2K assigns to these parameters in the MODR0OOOV

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 hydaulic property values supplied in 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 variables 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 oinaati 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 MODFLOWY00O zone file. All new arrays 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 theltiplier arays are formed by adding a number

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 existingultipier 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. Note 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 directetb its aspinput file by an appropriate 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 will informy ou i f you dondt) . I n this ¢
you the option of overwriting the existiragpinput file or of appending information

to that file. I n most cases the fAoverwrite
section bel ow entMFt2lIKedTwi Rwermonifngr FaAMC2excep
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 fasePESTinterface, text

output, and drying/revetting 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. However 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

propertyarrays from parameter values; this 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 ney@atéle and
in the kriging factor 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 th©OMFLOW 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 answee d a | | of FAC2MF2Koés prompt s, it
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 inpt files.

1 Real and integer arrays 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 kriging factors are added tonthtiplier
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 informatioris cited in that file pertaining 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 tested g MODFLOW-2000 input files,
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 executiomnvappropriate error

message, 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, andathesnof the

files in which the 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 MODEOW-2000 input dataset prepared 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 lisiin 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 paramete

7 MODFLOW-2000 cannot carry out 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 il og Oied in thee n krig
kriging factor file 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 appéid to native parameter values instead 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 froasgigput
file - see Section 5 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 bein error. Thus although MF2KASP 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 disadvaages that occur when interpolation 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 inethiterature where these hydraulic 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 dsadvantage, for PEST can readily 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. Howeviefogarithmic interpolation is used, 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 thessidatives. As was stated
above, when logpased 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 itsalfj Usite 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
parametesed on the basis of pilot points 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 toset the degree to which PEST is prepared 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 dbws better modefo-measurement 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 suchfia The simultaneous imposition of 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 corraltion, the inversion process is numerically 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 mioa@ bnce to complete the
process of introducing pilgtoint based parameters into a MODFLERRDO 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 diffarent 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 samaspinput file on each occasion thyou run it

and, on each such 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 tbugh the use of pilot points supplemented 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 implementingpppointbased parameterisation 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 execU®arameters are
defined as the 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
usng the MODFLOW2006a0-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.
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FAC2REAL

Function of FAC2REAL

FAC2REAL undertakes the 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 bgrgm

PPK2FAC. PPK2FAC generates a set of-eepeci 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 multiplication and 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 typings name at the screen prompt.
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 cofrowloe ddedsecsrformiogtit wipether sre s s a i
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 factor 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 somall, of the

cells of the model 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 p ilot points file [ points_file I:

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 éadile; 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 was used to calculate kriging factolevertheless 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 itine pilot points file read by PPK2FAC. (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 ceasescution with an appropriate error 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 bd spkcific. FAC2REAL next prompts

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 applicableatthe entire array.

Enter lower 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 usua if the provided fREFe nFRATE2 REaASL aars s aixme

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 thdormatted/unformatted status of the 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 MODM@ompatible 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 Vigthin 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 &2PRC.) An easily
distinguished number such as*16ften 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 inp@lation that it undertakes amounts

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, rathieart to the property values themselves).
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 FE2REAL runs relatively quickly, 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 aretesated at the locations of pilot points. 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 thertglate file, using hydraulic property 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 mgram REPARRAY; or it can be accessed 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 measurementsy usilities 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 estin@ti using this
method instead of using MODFLON2000 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 be very 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 logransformatiorand valudimiting functionality; 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 theseuwinstances, parameter sensitivities calculated
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 athreedimensional pilot points file to cetientres 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 Ddltdity suite, the user can backtrack 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 wasitiated. It obtainsa
COLROW setting from this file. Iettings.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]:

Respondas appropriate. Next FAC2REARD 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 fikname, or supplthe 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 spatial 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 in terpolation limit:

Provide appropriate 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 spect the limits.

FAC2REAL3DG6s 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 thiempt is, for examplekx. Then FAC2REABD

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 modelgri@n t he ot her hand, i f the
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 respectivelypcsing 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 ag run will not have interpolated 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 PPK2FAQ3 for undertaking three
dimensional interpolation.

See Also

See also FAC2REAL and PPK2FAC3D.



FAC2RSM 71

FAC2RSM

Function of FAC2RSM

FAC2RSM buildsa i nput data file for the RSM
Model 0) devel oped by t hentBistricttbi undeftaimgi d a
spatial interpolation from a set of pilot poiritsthe 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 thgind
factors have begoreviouslycomputed 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 executiwith the promps:-

Enter name 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 protnpill be accompanied by a default filename, 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 fronetpilot points file.

FAC2RSM next 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 pt®ngy exceedthe value
supplied in response to the second of the above profijiite 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 kriginigaised 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 the name of the file that it should write. Its prompt is:
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 FBM input data file. If the name 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 afeorvehich no kriging
factors were 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 comprises 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
modelrun by PEST during the inversion 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 translaes MicroFEM

generated heads and fl ows, contained withi

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 usanhésinterpolde these
outputs to the times at which measuremevise 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 Aset tbdn §swtanysfig ) be present within 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 vy oak tcraanc kiiob ai execufidh My rEpliRg to any afs prompts

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 a text file; FEM2SMP is then directed 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 wille promps.-

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 sarfidevhich it generatedNext
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 theseth simulation
timesrecorded int he A f t h files ento 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 with this information, FEM2SMP wtiledore 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 idermrs of other entities pertaining 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 en easy matter for FEM2SMP to generate 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 d these names are greater than 10 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 obare sample file), FEM2SMP will warn 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 MicroFERIlows node information from one 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 conventia@mployedby FEM2SMPis the same as has 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 undermsie, followed by the name of the

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 addetitcroFEM 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 bespeted; however incidences of name
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

modé outputs to the times at which 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 (ortss) within these two files by their 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 fileThus in multilayered modelling 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 outt data has been converted to bore sample file fdopnBEM2SMR

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 plottim using agraphing orspreadsheet packagdowever 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 BIP2SMP have been run, a model
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 refulasfarias BEST is dohcerned 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 run FACFEM, 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, tteen be undertaken

using PESTPREPThe 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 infa@tionT a

task carried out by 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 SMP2SMBO Thepherdr apolSMPi2
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 FACZEM, PESTPREP, PPK2FACIPPKREG, 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 maw other field generators. In particular:

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 structures can 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 unifand 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 multiplication 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 typical ofthsui t e, i ncl uding a fApilot poi
fileo. Both of these file types are discus
FIELDGEN the (optional) pilot points file contains conditioning data used in the

stochastic field generation pexs. The structure file contains the 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 poirdre first determined. These are calculated 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 irthis way, a random field value is 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 generatiahen takes place in the same way.

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 opti@me available for
implementation 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 subrewgsimsupplied
with the GSLIB 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 fatitates optimisation of search strategies 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 nebddomain which is of particular interest; 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 tséar field values calculated for the
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 coincidenisthllowing direct transfer of field 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
independatly within each zone of a model 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 unibrm grid case, ensure that the 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 domainthen either of two different strategies 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 stochastigrid node which is closest to its 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 baseah a log variogram). This strategy 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 awmatically adjusted for the expansion 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 independeeasurements of the property being
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 putest analyses. When calculating

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 lies within 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 genetakies

place is noreero, 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 imtukel
domain), and if a conditioning 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 modetgnsde, a
conditioning point 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 alrea@y l@ssigned.
Because the cell centre 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 neaibgraogdoint.
Nevertheless, the 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 liedoes not have dimensions equal to those

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 thainp does not exactly coincide with 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 cannetrdete 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 conditing 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 ofighinfluence takes place in a way

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

Agpestati stical structureo. This structure i
or more variograms. The information required for this geostatistical characterisation is
supplied in a fAstructure fileo. Ftorerr types

file, viz. spherical, exponential, 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 canpotentially have infinite variance). 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 appda be a little unstable at times. 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 paits are available for field generation 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 theonditioning data.

Log Transformation

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 charactiom of a field. Thus conditioning
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 feel Likewise, MODFLOWcompatible 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 is run 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 alve command is issued; see Section 1.5 of Part A of this
manual.



FIELDGEN 80

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 othie finite difference grid, it asks:

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 eetime model zone to
which each 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 stiodiregld generation,
respond 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 fioutttle column of the
conditioning 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 characteriseds own specific integer. After it
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 structuse characterising the variation of 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
promgs; possible responses are also shown 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 condi tioning 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 if stochastic 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 ordujiagy kr

for the calculation of expected 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 gedextaat

other nodes. The user can 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 datdablavai
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for a zone, the user is not 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 fil es? [flu]:

Supply an integer in 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 bys#reimu
response to the second of 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 manual, teearethe 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
abo v e pr ocagwtard the ®rmdited storage option is choddBELDGEN 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 conver t fields from stochastic
subgrid 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 arean 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 becausaguount is taken of the change in

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 cellstlaose of the smallest cell in the

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 fothe mean field value within each 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 v alue from conditioning points 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, tlogs of conditioning data are averaged
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 figddue for the zone. Note that no such
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prompt is issued for zones in which no stochastic field generation takes itdee.
also that, irrespective of whether or not a log variogram is employed for field
generation, the value supplied here must pertairmatwenraher than logransformed
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
applicdions the seed can be important. 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 arrays 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 wdhi such a field was requested; it does thignes,
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 modetiomains involving many zones 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 respondin t o any pr ompt with the singl:
<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 exd@n.

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 FIELDGHjénerated property fields, all efhich
respect any available 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 figgist in the form of historical 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 usnegd tionvmd kvee sa mud & d i
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 vassgned 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 cali br atasemsucht he mod
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of the stochastic 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 GeostatisticaSo f t war e Li brary a
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. NTRdEODFLOW 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.fg on commencement of execution. 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 aay cell for which the corresponding 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 thedusud

it. However if a SURFER 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.dtprompts are:

Enter specifications 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 mae of the SURFER grid file which 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 has uniform 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, transferrblvalues from one to the other 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.



GENREG 86

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 assumedhiat a PEST control file already 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 sat i on o0 nthecontrol enHowesger ips neteaessary wi t h i
that any prior informatiorbe present within this file through which regularisation
constraints are enforced. Nor isnécessaryhat anyregul* observation groupbe

cited within this file.l t 1 s G BdIK B RAdE degulatisation constraintstawha
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 mstaaces ffiérent parameterfamilies
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
members of a parameter family and a specific individual parantetethermore,
constraintscan be of many different types. For example theyerdore intrafamily
homogeneitypr adherence to a single or spatiallriantpreferred alue In all cass,

a set of prior information equationspresenting 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
equationsaccording 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 acomplex programGENREG 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 oftleer utilities documented hereiithus 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 a PE8Wput 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 The® constraints may, or may not, take account of the-pilot
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 withi different regularisation groupglt 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 theregularisation procesproceedsin
accordance with the demands of that process.)



GENREG 87

Using GENREG

The Existing PEST Control File

As mentioned aboveyse of GENREGassumeshe existence of a PEST control file
citing all parameters involved in theurrent parameter estimatiganoblem 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/fisiadusof model parameterashen
formulating prior information equationshich embody the regularisation constraints
which make solution of the highly parameterised inverse problem possitgaoit,

no constraint iSormulatedfor atied or fixed paramet; however the parent of a 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

regularisation constraints and hence pmymay 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 paramstdlOBS

should equal the number of cited observatilN@BSGPshouldequal the number of

cited observation groups, NPRIOshould equal the number of prior information

equations, etc. Furthermorethe PESTMODE variable should be set to
fregularisation, anda Ar egul ar i s at existwithin thie filetthrough s houl d
which the values of regularisation control variables are supplied.

Notwithstanding itsinternal consistency, in mospractical applicationsa pre
GENREGPEST control file will be declared asroneous by PESTCHEBecause 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 @GENREGnhakeen run, this situation will
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 pricnformation equations pertaining 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 logransforme, 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 vgaysome of which take into account 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 GENREG does not insist on this,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 PESTntol file. If 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 ina@ordance with thapdated contents dhisfile.

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 fm®mpts for the name of an 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 Groundvizater 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 instructidranm its control file, the 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 appraie error messagélowever 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 combl file may contain inherited inconsistees 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 PESTCHB&fore FEST is run on the basis of this 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_v alue
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 wi thin_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.

Whenreading its control file, GENREG ignorésank 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 SATIs@MNI t with a fizeedo instead of
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 wthin a GENREG control file; howevehere 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 ontrol 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 thevariable 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 othese
keywords before processing the blodk.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 a particulgarocessingask 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 thmformation
supplied in the block is complete.

1 If required, GENREG therreads any files cited within ¢hblock; these may
include pilot point files and observation coordinate files.

1 If an error conditioror inconsistencys detectedeither within the bloclor in
any files cited thereinGENREG 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 $ke¢o a emporary scratch file
named### Hi#

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 below, theywords that must berovidedin 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 necessdoy implementation of the action 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 processingndetakenby 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
thesemodificationsare removedrom the blo&.
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As is discussed in the 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
equationis namedgrn 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 thaéhe names oény prior information equatiorsready present within
anexisting PEST control filsuppliedto GENREG do notommence withyr.

The REGULARISATION Block

The REGULARISATION block is optionafurthermore, onlyone such block can be
present wthin a single 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 ovewrite those supplied in 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 contk@riablesused by PEST; see 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 (including 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

WFMIN 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 greater 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 blockif desired. If the name of 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 Acgo in
recommended)but is absenfrom the exsting PEST control file, values asso
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 thmeans by which a set of prior 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 dieldi e sndt;o efaf cafpisHedhfram bther i s
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 linked to pilot poinend 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 he same. All that is required 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 bothfahese 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 oratios of
parameter valuesvhere 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 theelationshipgo be
formulatedby a particular REGSPEC block is supplithrough 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
Awi thin_faenl]l fyami indive t am Edchial these options is now
discussed in detail.

t

he
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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_familyo regularisationundertalen by a

particular REGPEC block is set by the REG_TYPE keywoidvo values are
permitted for this keywordw h e n

Aspeci fiaendd_wvieelqgwead i t y o

SPEC_TYPE i s

S, eviz.

REGSPEC block &ywords(and their valugswhichcan be used SPEC TYPE is set

to
following table.

Awithin_familyo

and

REG_ T ViB& inithe

Variable name (.e. keyword)

Role

Possible values

SPEC_TYPE

sets regularisation specifications

Awithin_familyodo f

REG_TYPE

setsregularisation type

fispecified_value

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 characte
new prior information equatienare| ( 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 prid a nornegdive real number

information equations

WEIGHT_OBS_DIST

determines weather weights 4
multiplied by a factor that is depende
on distance to nearest observati
point

finoo;
i's as g

or
ed it

o o

yeso
mi tt

OBS_COORD_FILENAME

name of an observationcoordinates
file; required 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 ral humber assumed
to be unity if omitted

OBS_DIST_A OBS_DIST_B| real numbers used in observatid must be such that all calculdtg
OBS _DIST_C distance weight factor calculation;| weights are nomegative
OBS_DIST_MINWT required only if WEIGHTOBS_DIST
OBS_DIST_MAXWT issetye®o i
VAL_TYPE determines how t|{Auniformd or Afil
for each new prior informatior
equation is obtained
VALUE the specified value for all new priq areal number

information equations; required
VAL_TYPE issettoiuni f or m

PILOT_POINTS_FILENAME

the name of a pilot points file; require

if WEIGHT_TYPE issettofi o b s _

a text stringsurrouned by quotes if it

t

(0]

set

~

i wi
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and/ or Qv ®dtiofef it Iyeq contains a space

Keywords required whenaB®8PECOT¥RHE NAhKREBWITYRE
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 imf@tion equations will

be assigned is designatdttoughthe 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. O * log(param_name) = log(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 parameter is not-kognsformedNo 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 parameteby-parameter basis. The 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 bselected by setting VAL TYPE o Af i | eod. I n t hi

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 secahthiad contain
pilot point eastings and northings, the fourth contains pilot point zone nsnjele

the fifth contains pilot point parameter valuest)least sometfioughnot necessarily

all) pilot point names within this pilot points file must copesd to parametsr
belonging to the currentlgelected 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 names itsfamily
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 reqires

t hat WEI GHT _TYPE be set t o Auni for mo w
Aspeci fied_valueo; the weight that is assi:
then supplied through the WEIGHT keywofdptionally, the weight applied to each

prior information guation can then be multiplied by a factbat 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 addtability to the regularised inversion proce3sijs 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 set o i} theermame 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_FILENAME keywoydvhile 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 coordinatesldhame must have at least three 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 parametebelonging tothe
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 tfeemula:-

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 factoslculated 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 oyes.

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, iespective of
whether distancdependent 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 1 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-fiensforned, while 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 Aequalityo regularisation is implementedn EQUALITY_TYPE keywordmust be

present in the REGSPEC 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 are selected for equality condoaimilationbased 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 reglarisation specifications 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 (probably beginn ng wi t h
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 weitgh are| must b e ,oromitted rom
multiplied by a factor that i§ 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 pror information | assumed to be unity if omitted
equations; optional

Keywords required when SPHM@REIGPTEYPIEsO fiwsi t hi |
Afequalityo and E@iéAlpdoTY TYPE i s

If n parameters within the currently selected fgrare adjustablé.e. neither 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 feparamedeondsauhsdsege
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 linkagethis manner.Only

uni form weighting is allowed; 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_DIST must be sefita @ramitted.

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 informatiorquations which enforce these 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 lists 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 specificati® Awi thin_familyo
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 foparameters for 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 a pilot 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 equBions  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 numbe the other variables ar
MAX_PILOT_POINTS parameter is subject integers

WEIGHT_SEP_A, used in weight calculation whe realnumbers

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_DIST 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 nunbers used in observatiof 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 td

fyeso

WEIGHT_MULTIPLIER a factor by which all weightdor | a nonrnegative real numbe
new prior information equatiorare | assumed to be unity if omitted

multiplied; optional

Ke

ne

i's Awithi
Aispati al o.

(0]
a

required when SPEC_TYPE

ywords
qgual.i and EQUALITY_ _TYPE i s

tyo

Prior information equations generated by GENREG with EQUALITYPE set to
Aspatial o are the s ame as t hose gener at e
Anext pcfo. Similarly, i formulaton i equaktyc e s sar vy
constraintsthat all adjustable parameters belonging to a particular family be log
transforned or untransformednixed transformationlypescannot beaccommodated

when forgingparameteequality linkages

Selection of parameters for inclusion in prior information equations which enforce
equality constraints idvased on the values assignedthe SEARCH_RADIUS,
MAX_PILOT_POINT and MIN_PILOT_POINT keywords-or 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 aech radius, then only MAX_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 functid the separation between the 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 following equation 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 (possiblyadjused for 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 featuredin the above equations must bssignedto 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 necessaribyad idea, but

should not be done exponentidy GENREG 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 requireslues for WEIGHT_SEP_MAXWT,
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 usingWEIGHT_SEP_MINWT and cappefiom 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 desired that 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 aept an anisotropy ratio valdieatis 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 moststrondy enforced. In this case 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 anisotrbjgpceif a weights
calculation strategy is adopted that decreases weights with increasingairgtereter
separation, weights will decrease more rapidly in a direction perpendicular to the axis
of anisotropy than along this axis.

Note that a WEIGHT_SEP_ANSTROPY_BEARING of zero degrees 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 dtsission it is apparenthat 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 deternrmed by the SEARH_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 pependicular 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 wesgbdén optionally

be multiplied 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 th@nice to the
nearest observation 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_MAXWT 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 ocur if the optional WEIGHT_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 writepressingrelationships

between members of different parameter familigs.s for -fawitlgion
regul arisation, a number of different opti
familyo regul arHowewetin any one GENREGr biocknanlg two

parameter families can be selected for fibrenulation of 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 hat all adjustable (i.e. untied and unfixed) members ofstiected
parameter families be either liginsformed or untransformetihe user mugprovide

a ratio or difference which is then appliedpairs ofparametes (one member of each
pair is takenfom each family througha 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 paraméterence is applicable when
members of both selectedrpaeter families are untransformed, wheregaimmeter

ratio is appropriatewhere the parameters belonging both families arelog-
transformed; in the latter case a difference equation is writinrespect to the logs

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 informati@uations, prameters from different
families can be matched either by name ospgtialproximity. This selection is made
through theDIFFRAT _TYPE keyword( A DI FFRATO is short
RA T i dhe table below shows permissible keywords and kegwalues when the
fi N a rogtion 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

presemtable

DIFFRAT_TYPE sets parameter selection method | i n a rfoe the present table
formulation of difference or ratic
prior information equations

DIFFRAT_VAL_TYPE setssource ofdifference or ratio Auni formd or dAfi

VALUE sets difference or ratio fi a real number; this number must
DIFFRAT_VAL_TYPE is set to| greater than zero if REG_TYPE
Afuni for mo set to Aratioo

PILOT_POINTS_FILENAME_DR| the name of a pilot points file fror fifth column of this table mus
which differences or ratios are re{ contain real numbers; these numb
if DIFFRAT_VAL_TYPE is set to| must be greater than zero
fi feiol; al so used REG_TYPE i s ;seeond
locations if WEIGHT_OBS_DIST| and third columns must contain pil
is set to fiyes o0 | pointeastingandnorthings

FAMILY_PREFIX_1 identifies subset of parameters f| a string of up to 8 characters
inclusion in first parameter family

FAMILY_PREFIX_2 identifies subset of parameters f| a string of up to 8 characters
inclusion in second paramett
family

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

WEIGHT_TYPE determines how weights af must be Auni f o rfom
calculated ibet ween _ flasisation y
WEIGHT weight assigned to all new prid¢ a nonrnegative real number

information equations

WEIGHT_OBS_DIST determines Wwether weights ar¢ iy e s 0 assumédnd & ; fi n
multiplied by a factor that i omitted

dependent on distance to neatr
observation point

OBS _DIST_A OBS_DIST_B used in observatiedistance weight real numbersmust be such that a|
OBS _DIST_C factor calculation; required only i calculated weights are neregative
OBS_DIST_MINWT WEIGHT_OBS_DIST is set td
OBS_DIST_MAXWT iyesao

f

or
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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 DIFF-FRAT_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 abtjegparameteys

1 the names 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 athselected parameter family, 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 oneipr information equation will

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 edtvays applies

to the parameters 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 diffednceromvalue supplied through 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 thesame as the names of parameters 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 members 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 syoplied through the WEIGHT 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 parametéestured in a given prior farmation equatiorand 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_FILENAMER file. As

stated above, points within thile 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
i f i, heeRILOT_POINTS_FILENAME_DR file is used twice by GENRE®nce

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 maj r processing option for Afbet ween f
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 file 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 pointhames and parameter root namjes

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 s for the

inameo opt i oa parametets inabdth familiesadst 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 optons forthei s pat i al 6 DI FFRAT _TYPE alternat.
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 Afdefénceo or f

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
DI FFRAT_TYPE i s

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 upto 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 familyre read

a filename text string

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 matchis sought
from other family

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 efter an error|
or warning message if this numb
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_PILOTPOINTS
members of one family are n
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 information ( pr obabl y 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 newrior | a nonnegative real number

information equations

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 laweights are| a nonnegative real numbe
multiplied for new prior information 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 linkages 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 m@rameter 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 parameterit simply uses the parameters 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 thexies of GENREG

behaviour through the WARN_LESS MIN keywordthfs 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 lisf parameters belonging to the 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 parametesweep it only generatea 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 suppliethrough the WEIGHT keyword-However

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 and
OBS_DIST_MAXWT keywords Alternatively, if WEIGHT_OBS_DIST is set to

Anoodo or omitted, these | atter keywords can
the parameteto-observation pointlistanceon whichthis weightfactor calculation is

based, GENEG first calculateghe distance to te 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 aboyghe OBS DIST _MINWT and OBS _DIST_MAXWT keywordse

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 after all other 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 forfi wi t d iinin Ispat@llybasedprior information equation
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generation | n most cases where Awithimnisfamilyo
applied to parameters comprisiagingle horizontal or sutorizontal model layer or
hydrgeol ogic unitfamiHlowe v e eqadirhadyinvokea ni_o n

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 ncluded in at least one prior 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 intraunit status. Hence the neédo r Avertical regul arisatio
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 akmbers of a particular parameter 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
information equationgeneration SPEC_TYPE mustbeseb fAi ndi v _f ami |
keywordsper t i nent t o fi nd,jard tHeia atlowedissignmeatg u | ar
are depicted in the table below.

y o.
i s a

Variable name (i.e. keyword) Role Possible values

SPEC_TYPE sets regularisation specifications | Ai ndi v _ fthepresent abld

REG_TYPE sets regularisation type Adi fferenceo or
present table

DIFFRAT_VAL_TYPE sets source of difference orratio |[Auni for md or Afi

VALUE a real nurber; this number must b)
greater than zero if REG_TYPE

set to Aratiood

sets difference or ratio if
DIFFRAT_VAL_TYPE is set to
funi for mo

FAMILY_PREFIX identifies subset of parameters f
inclusion in current parameter,

family

a string of up to 8 characters

PARAMETER identifies individual parameter to
which all adjustble parameters ir
the identified family are linked by i

prior information equation

a string of up to 12 characters

PILOT_POINTS_FILENAME DR

the name of a pilot points file fron
which differences or ratios are red
if DIFFRAT_VAL_TYPE is set to
ifil emd used afor paramete
locations if WEIGHT_OBS_DIST
is set to Ayeso

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 andamthings

REG_GROUP

sets the regularisation group
which  new prior information
equations are assigned

a string of up to 12 characte
(probably beginn
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WEIGHT_TYPE determines how weights af mu st be Auni
calculated findiv_familyd0 r egul ar i
WEIGHT weight assigned to all new prid a nonrnegative real number

information equations

WEIGHT_OBS_DIST determines weather weights g iy e s 0 assundich otdog b
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 noe-negative
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

If SPEC TYPEissetot Ai ndi v _familyo, REG_TYPE must

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 het épadatmao secti oninthis t he
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 the 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 0S, SCEEtNR E G iAmai $ Os t hat
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 equatibtiedype:

pi_name 1.0 * log(parl) i 1.0 *log( parameter ) = log(ratio) obs_group weight

I f DI FFRAT VAL _TYPE is set to fAunifor mo
in each new prior information equation, this being supplied through the VALUE
keywod. Al t ernatively if DI FFRAT _ VparameletY PE 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 lked to parameter names either 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 FAVILE $REFIX removed.

Whet her or not DI FFRAT VAL _ _TYPE i s
PILOT_POINTS_FILENAME_DR keyword is required if WEIGHT_OBS_DIST is

PE

h

S
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set to fAyeso. In this case weights are mul
function of the separation betweematicular parameteandthe 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 dioates file whose name is

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 WEIGHTOBS DI ST setting, WEI GHT_TYPE must b
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 distanceepeadent facto) The optional
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 informagéiqnations are to be
assigned.

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 PE&nhtrol file, and because these
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 besused in combination with PAR3D. Using the latter program a
complex model domainomprised ofnany different model layerandpossiblymany
different hydrostratigraphic unifscan be parameterised using pilot poinisa a
straightforward manner

The useof many different parameters 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. Oneush device is comprised of a 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 dewcis the use or singular value 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 powerfusVD-assist functionality.

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 widespreade, and that as a result
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 thét 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 arrg to the user, asking him/her 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
recordedin a MODFLOW/MT3D output file can be acquired throutite prior
running of the ARRDET utility.

Using GETMULARR

Immediately upon commencement of execution, GETMULARR checks for the
presence of a settings figettings.fig If this file is not present in thdirectory 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 fomnparticular,if the

COLROW variable irsettings.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

GETMULARR6 s first 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 prompt as 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 concentrafie). 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 arexygins.

GETMULARROGS next prompt i s:
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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Ente r name of array extraction 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 head2.ref
300.0000 3  head3.ref
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 alsgriored. All other lines must 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 tharay that it extracts for the 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 foa time and layer specified in 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 arrags sdored 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 udal where multiple models are 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 unformatted 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

Seealso ARRDET GETMULARR1,MOD2ARRAY.

M (



GETMULARR1 112

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 anotlmeunformatted file in 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 g rid 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 ageftult
response.

Next GETMULARRL1 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.

GETMULARRI1 dosptis:e xt p

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 GETMULARR1 asks:

Enter simulation time for whi ch 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 the pseuttODFLOW/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 pirgaio 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 re used for obtaining initial 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 read the 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 ta finite difference grid. These 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 thisg, this file specifies wh
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 specificatidite. Alternatively, if a filename 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 twerect name. GRID2ARC reads 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 shoul respond with the name of an 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 0peRIERARCtpmduces anly record eelsifocwhich
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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10

410824.094, 7260109.351
411026.771, 7259888.168
410805.588, 7259685.491
410602.910, 7259906.674
410824.094, 7260109.351

end

11

411026.771, 7259888.168
411229.448, 7259666.985
411008.265, 7259464.308
410805.587, 7259685.491
411026.771, 7259888.168

end

12

411229.448, 7259666.985
411432.125, 7259445.802
411210.941, 7259243.125
411008.264, 7259464.308
411229.448, 7259666.985

Fragment

~ . N

of a nlineo

file written by GRI D2,

Within a GRID2ARCg e n er at e deadnhlcell mofethe finitaifference grid is
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 detorner coordinates, easting then northing; the first

set of

coor di

nates i

repemddesdt Ffongpel ggah:

all information pertaining to a particular polygon has been supplied.

Part of a GRID2AR&@ e ner at e deidispown belows 0 f i |

10, 410814.841,
11, 411017.518,
12, 411220.195,
13, 411422.872,
23, 413449.643,
24, 413
25, 413854.997,
26, 414057.673,
27, 414260.351,
28, 414463.028,
29, 414665.705,

42, 410593.657,

43, 410796.334,
44, 410999.011,
45, 411201.688,

652.319,

7259897.421
7259676.238
7259455.055
7259233.872
7257022.040
7256800.856
7256579.673
7256358.490
7256137.307
7255916.124
7255694.940
7259694.744
7259473.561
7259252.378
7259031.194

Fragment of

Each l i ne
contains
its centroid.

Col |l ect i

of a
t hree

v el

a Apointso file

entr i

y the il

i p single te of thé finitekfferqnee rgridali n s
es, Vi z. a

neo

written by GRI |

t o

cell 6s numb

and fApointso file

polygons, each polygon reggenting one cell of the finite difference grid. Within
ARCINFO each of these polygons can be assigned attributes on the basis of other
geographical information covering the same model area.
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Uses of GRID2ARC

ALIineo and fApointso f cahbkesmppriedimtaAREINFOby 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 apgions pertaining

to a particular 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 gridacellsomponents of

other 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 refedrad a

real or integer 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 programs) 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 exam@ model cell polygons can be 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 userobination to calculate a recharge array for a model.

See Also

See also INT2MIF, REAL2MIF, TAB2INT, TAB2REAL, TABCONV.



GRID2BLN 117

GRID2BLN

Function of GRID2BLN

Program GRID2BLN produces a SURFER bl ankin
of the finite difference gd. This file can be used by 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
GRID2BLN is run. Among other things, this file speagi e s whet her a fAnu
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. Alternativelyy 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 gpbgral
information it requires 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 arya(see Section 2.10 of Part A of this

manual). For the purposes of constructing the SURFER blanking file, cells with non

zero integer array el e nmealuddsellssbeirg cotsderede d as
Ai nactiveo. Thus i f a ay MQuBeH hBsCaWWvintloa ynteger act i v i
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:

Ent er name of SURFER blanking output file:

Here enter a filename of your choice. However it is recommended that you provide
this filename wBiEIND 0 ekhatenSUKRRERBTf wiil | re
blanking file.

It is important to note that SURFER hasotuses for blanking files. They 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



GRID2BLN 118

difference grid, they are not suitable fdanking the SURFER contouring 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 ipreparing diagrams of the model 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, topographieaogical, and other data.

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 so#wardraw 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 ot her t umberofs, this
columns, number of rowso header is wused in

On commencement of execution GRID2DXF prompts:

Enter name of grid specification file:

Type in the name of a grid specification file. Alternatively, if a filenante f
files.fig is present in 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
geograhical information it requires 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 arraysee Section 2.10 of Part 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 MODFak ®@Wndowaiyteger act i vi
array, 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; heer it is a good idea to provide 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 adgtarea, a clear picture emerges 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.
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GRID2PT

Function of GRID2PT

Program GRID2PT tabulates the coordisateof t he cel | centres of
the fintedi f f er ence gri d. The nact i-2e@valugsart of
within a usersupplied window integer array. If certain GRID2PT options are chosen,

GRID2PT can produce a bore coordindtes | e i n which each HfAbor ec

cell centre. This can then be used with other Groundwater Data Ultilities to accomplish
such tasks as determining modelculated results at the centres of certain -user
specified cells.

Using GRID2PT

A settings file settings.fig must be present in the directory from which
GRI D2PT is run. Among other things, this
columns, number of rowso header is wused in

Upon commencement of execution GRPT prompts:

Enter name of grid specification file:

Type in the name of the grid specification file. Alternatively, if a filename file
(files.fig ) is present within the current directory, GRID2PT may include a
default filename with the above prompt; gge<Enter> to accept the default or type in
the name of the grid specification file that you would prefer to use. GRID2PT reads
from the grid specification file the geographical information which it requires in order
to determine the centroid coordinatégnd cells.

GRID2PT then prompts:

Enter name of window integer array file:

Here supply the name of a formatted or unformatted file holding a
MODFLOW/MT3D-compatible integer array (see Section 2.10 of Part A of this

manual). Cells with an integer valué zero within this array are considered to be

Ai nacti veo; t he coordinates of such Aina
GRID2PT output file.

GRI D2PTb6s next prompt i s:
Enter name for output file:

Here supply a filename of your choice to which GRIDZ#&II write model grid cell
centre coordinates. GRID2PT then asks the user for his/her wishes regarding
presentation of data on this output file. First:

In GRID2PT output file: -
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Use row and column numbers or cell numbers? [r/c]

GRID2PT can use either ofvo methods to identify a cell. The first is the traditional
method of row and column numbers (using the MODFLOW convention whereby the
cell with a row and column number of 1 occupies the top left corner of the grid). The
second method characterises eeeh by a single number instead of two; this single

number

i s

referred

t o

as

t he

icel

number

counting cells row by row starting at the top left corner of the grid. If you wish to use
GRID2PT to construct a pseudorbocoordinates file you should select the cell

number option for cell identification, this single number acting as the bore identifier in
the pseudo bore coordinates file.

Next GRID2PT asks:

Include dummy layer number column? [y/n]

I f you

Enter dummy layer number:

Using this option together with the cell number option allows GRID2PT tergena

r eyop ohRdl Dv2iPtTh wi | |
column will contain the number that you supply in response to the following
GRID2PT prompt:

add

an

extra

col u

valid bore coordinates file. The latter can then be used in conjunction with programs
such as MOD2O0BS in order to retrieve medeherated heads at specific cell centres.

The following example shows an extract from a file written by GRID2PT intwiie

cell number and dummy layer number options were selected. The dummy layer
number was entered as 1.

2724
2725
2726
2727
2728
2729
2730
2731
2732
2733
2734
2735
2736
2737
2738
2739
2740
2741
2742
2743
2744
2745
2746

434629.899
435023.905
435417.910
435811.914
436205.920
436599.926
436993.932
437387.936
437781.942
438175.948
438569.953
438963.957
439357.963
439751.969
440145.975
440539.979
440933.985
441327.990
441721.996
442116.000
442510.006
442904.012
443298.016

7248389.057
7248696.887
7249004.718
7249312.549
7249620.379
7249928.210
7250236.042
7250543
7250851.703
7251159.534
7251467.364
7251775.195
725
7252390.857
7252698.687
7253006.518
7253314.349
7253622.179
7253930.010 1
7254237.841 1
7254545671 1
7254853.502 1
7255161.333

e

RPRERR

.872

DN e e e

083.026

PR RR
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Extract from a GRID2PT output file.

Uses of GRID2PT

The primary use of GRID2PT is to produce a bore coordinates file based on certain
useridentified cells. Target cells can be selected using a graphical MODFLOW
preprocessor, a GISr any software from which an integer array can be generated and
exported; all elements in this array should be zero except for the elements
corresponding to the cells of interest.

Once a bore coordinates file has been constructed based on the selested cell
programs within the Groundwater Data Ultilities can be used to process the cells as if
they were bores. Thus MOD20OBS can be used to determine heads at the identified
cells at one or more times during a model run. A bore sample file, based on a model
run, can be created for the cell centres using program MOD2SMP. In the latter case
program SMP2HYD can then be used to plot bore hydrographs, and program
SMP2INFO can be used to temporally interpolate mod&dulated quantities for
these cells to times thab chot correspond to model output times.

See Also

See also PTINGRID.
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INT2MIF

Function of INT2MIF

INT2MIF generates a MAPINF@ompatible MIF/MID file pair holding the
geographical and array information contained in a MODFLOW/MEt8patible
integer array. e files generated by INT2MIF can be used by MAPINFO (and other
geographical information systems) to import a model integer array foth&i&d
model pre/postprocessing and display.

Using INT2MIF

A settings file settings.fig must be present in the diregtofrom which

I NT2MIF is run. Among ot her things, t his
columns, number of rowso header is wused in

On commencement of execution INT2MIF prompts:

Enter name of grid specification fil e:

Type in the name of the grid specification file pertinent to the current model. Note that
if a filename file files.fig ) resides in the directory from which INT2MIF is run,
the name of a default grid specification file may appear as part of the aloowvgtpin

this case press <Enter> to accept the default or enter an alternative filename.

I NT2MIF reads two integer arrays. First it
integer array whose contents are to be written to the MIF and MID files fseguént
uploading into a GIS. INT2MIF prompts:

Enter name of data integer array:

to which you should respond with an appropriate filename, taking note of the
convention for integer array filename extensions employed by the Groundwater Data
Utilities; seeSection 2.10 of Part A of this manual. Next INT2MIF prompts:

Enter name of window integer array file:

The window integer arrayxuftkedaover asha da
array. Only cells of the latter array whose corresponding cetlseifiormer array are
nonzercvalued appear in the MIF/MID files written by INT2MIF. Note that the data

and window integer array files can be the same.

INT2MIF next requests the names of the files to which it should write the
geographical and array infortian respectively pertaining to the active window (as
defined by the window integer array) of the data integer array. INT2MIF prompts:

Enter name for output "MIF" file:
Enter name for output "MID" file:
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Then it asks:

Enter AMG zone number of model area [47 - 58]

in response to which the Australian Map Grid zone number of the current study area
should be entered. (If you do not live in Australia provide a zone number within the
range indicated. Then, after INT2MIF has finished execution, you shoulceeftie

third line of the MIF file generated by INT2MIF with more appropri@®ordsys
information obtained from filMAPINFOW.PRJ supplied with MAPINFO.)

I NT2MIF then <calculates the coordinates o0
transfers them in gopriate format, to the MIF file whose name was supplied above.

The contents of the Aactiveodo cell s- of t he
nominated MID file.

Uses of INT2MIF

INT2MIF provides the means whereby integer array data can be impottec
geographical information system (GIS). In a GIS grid cells can be displayed as

Aregionso or fApolygonso, with attributes a
uploaded through the MID file generated by INT2MIF, are the row and column
numberof each fAactiveodo cell, and the integer

can be schematised (for example as a thematic map) and overlain on other
geographical information and/or images covering the study area. Within the GIS
integer array valuesao be edited with reference to other information layers; row and
column numbers should not be edited. The modified integer array can then be
downloaded as an integer array table, and rewritten in integer array format using
program TAB2INT.

See Also

See als REAL2MIF, TAB2INT, TAB2REAL.
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INT2REAL

Function of INT2REAL

INT2EAL constructs or modifies a MODFLOW/MT3Bompatible real array on the
basis of a MODFLOW/MT3Bcompatible integer array. Real array elements are
assigned values on the basis of a 1ssgplied correspondence between integers as
represented in the integer array, and real numbers to be written to the real array.

Using INT2REAL

A settings file settings.fig must be present in the directory from which
INT2REAL is run. Among other things, this flepeci fi es whet her a i
columns, number of rowso header is wused in

On commencement of execution, INT2REAL prompts:

Enter name of grid specification file:

Supply an appropriate filename. If a default name tfer grid specification file
appears with the above prompt (INT2REAL having obtained the default filename
from a filename file residing in the current directory) press <Enter> to accept it or
enter the more appropriate filename as described above.

INT2REAL next prompts the user for the name of an integer array file upon which to
base its construction or modification of a medeipatible real array:

Enter name of integer array file:

Supply an appropriate filename, keeping in mind the naming conventioirgdger
arrays outlined in Section 2.10 of Part A of this manual.

INT2REAL can either modify a real array or create one. In the former case it must
read an existing real array before it can perform the modification. It prompts:

Modify an existing real ar ray or create a new one? [m/c]:

Entmeor aio d&s approprimat el NTZREFAWL reeaxterpmompt
which holds the real array to be modified:

Enter name of file holding existing real array:

to which you should respond with an approjifilename, keeping in mind the
naming convention for real array files outlined in Section 2.17 of Part A of this
manual. The real array is then read by INT2REAL and stored within memory.

INT2REAL next examines the integer array which it has previouslg, rmmaking an
internal list of all integers present in that array. If the option to create a new real array
was selected then a real number must be supplied corresponding to every integer
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occurring in this list. Alternatively, if an existing real arraytéasbe modified, real
numbers need to be provided for only some of these integers. In the former case
INT2REAL assigns a value to every cell in the new real array on the basis of the
integer found in the corresponding cell of the integer array and on énsupplied
linkages between integers and real numbers. In the latter case, theie&diekage

is used to provide new values for real array cells only where the user has actually
provided a real number corresponding to a given integer.

The corresponehce between integers and real numbers can be supplied to INT2REAL
from the terminal in response to screen prompts, or it can be supplied through a file.
So INT2REAL next asks how these correspondences are to be entered:

Enter integer - real correspondence manually or using a file? [m/f]:

| f you foent ENT2REAL requests t he name o f
correspondences are recorded:

Enter name of integer - real correspondence file:

An integerreal correspondence file is shown below.

3.445
3.6e -3
45.54
5.445
9.586
545.6

GarhwWNEFEO

An integer-real correspondence file.

An integerreal correspondence file is comprised of two columns of data, the first
column holding integers and the second column holding real numbers. If a real array is
to be created bINT2REAL, every integer cited in the integer array must also be cited

in the integetreal correspondence file. If an existing real array is to be modified, only
some of the integers found in the integer array need to be listed in the -mg@iger
correspoadence file. Note that the same real number can correspond to more than one
integer.

If you inform INT2REAL that integereal correspondences are to be supplied from
the terminal, then it does not prompt for the name of an integércorrespondence

file. Instead it presents the user with each of the integers that it found in the integer
array and requests that he/she supply a corresponding real number. If a real array is
being created (rather than modified) a real number must be supplied for every. integer
However if a real array is being modified, you may press the <Enter> key in response

to I NT2REALOGs request for a real number c
signalling that real array elements whose row and column numbers are identical to
thosecont ai ning that integer in the i1 nteger a

prompts are:

The following integers have been detected in the integer array: -

Enter corresponding real numbers.

Press <ENTER> if integer effects no change to existing real a rray.
Enter real number corresponding to integer O:



INT2REAL 128

Enter real number corresponding to integer 1:
Enter real number corresponding to integer 2:
etc.

Once integereal correspondences have been supplied, either from a file or from the
terminal, INT2REAL prompts for the name of the file to which it should write its
created or modified real array:

Enter name for output real array file:

in response to which an appropriate filename should be supplied, keeping in mind the
naming conventions for reatrays outlined in Section 2.17 of Part A of this manual.

Uses of INT2REAL

INT2REAL provides the means whereby aquifer property, recharge, or other data can
be supplied to a model on the basis of a zonation pattern established over the model
area. The zorieon may be derived from geological, land use, etc. data. It may have
been created within a model preprocessor or within a GIS such as MAPINFO; in
either case the zonation pattern is supplied to INT2REAL in the form of an integer
array.

If a zonationdefining integer array is based on model area land use, it may serve as a
basis for recharge array construction. Different recharge arrays can be built for
different model stress periods and different projected-lesgdscenarios, all on the
basis of a singlenteger array, a different intege¥al correspondence file being
empl oyed for each occasion. Such real
modi fied (using the I NT2REAL #fAmodi fyo
different landuse scenarios atested.

Program I NT2REAL can also form a valuabl

which parameters are estimated using PEST. See Section 4.14 of Part A of this
manual for details.

See Also

See also REAL2INT.

arr

opt.i

e
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LAYDIFF

Function of LAYDIFF

LAYDIFF readsdata from a bore sample filn the following discussion it will be
assumed that head data is read; however
only data of this typdt also reads bore eastings, northings and layer numbers from a
bore coordinatedile. For a particular usesupplied day, LAYDIFF evaluates head
differences between model layers at locations where this is possible by subtracting the
head in one layer from that in another layer. Taleulationcanonly be performed if

two conditionsare met. The first condition is thahe boreswhich tap the two
different layersare separated byherizontaldistance that is not very large (this being
defined by a usesupplied threshold). The second condition is that at least one sample
from each 6the bores upon which head difference calculation is basedtaken

within a usersuppliedtime window aboutthe specifiedtime at which head difference
calculations are require®Whereboreholeheadsamples bracket thispecifiedtime,

L A

linear interpolabn betweerthose samplestotlep e ci f i ed i heteeate di f f er e

time is undertaken by LAYDIFF.

Using LAYDIFF

Like many other members of the Groundwater Data Utility Suite, LAYDIFF requires

the presence of a settings filettings.fig in the directoy from which it is run.
The contentsof this file inform LAYDIFF of the protocol to use for representation of
dates. An optional filename fildiles.fig ), informing LAYDIFF of the names of

a defaultbore coordinatefile anda defaultbore sample filgertainingto its current
task may also be preseniithin the current working directory

LAYDIFF commences execution with the prompt:

Enter name of bore coordinates file:

Supply the name of the appropriate file (or accept the default provided by LAYDIFF
by simply pressing the <Enter> key). Note that the fourth column of this file must
contain layer numberd\Note also that a subset of bores provided in this file can be
selected for processing using a listing file whose name is provided in response to
L AY D I sksécaond prompt:

Enter name of bore listing file:
The bore listing file can be the same as the bore coordinatdsiféered

LAYDIFF prompts for the name of théore sample file in which borehole
measurements ahmused:

Enter name of bore sample fil e:
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As usual, ensur¢he integrity ofthis file by checking it withSMPCHEK before
supplying it to LAYDIFF.

LAYDIFF next prompts for the date and time at which idéster head ifferences are
to be calculated:

Enter reference date [mm/dd/yyyy]:
Enter refe  rence time [hh:mm:ss]:

Where necessary,AYDIFF performs linear interpolation of measurements residing

in the bore sample file to this exact date and time. However no temporal interpolation
will take place(and hence data pertaining to the bore will beorgd)if the time
pertainingto the nearest sample fdhat bore is outside of a given time window, the
width of which is specified in response to the prompt:

Enter maximum days to reference date (fractional if necessary):

Note that ifthe referencedatétime is not subtended by two different samples, no
linear interpolation can take plate that date/timeln this case LAYDIFF uses the
head at the nearest samftilee as the heaat the reference date and time, provided
the time difference between the aserement and reference times does not exceed the
above time difference threshold.

As well as a temporal threshold,déstancethresholdis also required fomterlayer

head differencecalculation For any boresituated withina particularmodel layer,

LAY DIFF finds the closedtorein all underlying layers in order to evaluate interlayer
head differencebetweenmeasurements in the pertinent boredeweverunless the
horizontaldistance between the upper layer bore and the lower layer bore is less than a
given threshold, no intelayer head differencecalculation takes place between those
bores This distance threshold is supplied to LAYDIFF following the prompt:

Enter exclusion distance:

Once this question has been answered, LAYDIFF prompts for the rfaime fie to
which towrite its calculated head differencdsthen proceeds tarite this file.

Finally LAYDIFF prompts:
Generate an instruction file to read output file? [y/n]:

Type Ayo or And as appropriate. (ndnfed you t yy
accordingtot he user 6s choice) <cont ai-layertmngad an i ns:
differences written to the LAYDIFF output file. In this instruction file, observations

are named accor diborgktbdre® twhhee rceo nivbeaméefloon ifis t
the upper | ayer bore and fAbore20 dach the na
head difference calculation. LAYDIFF does not observe the 12 character limit on

PEST observation names in formulating the above observation name. However if any
observation name exceeds 12 characters in length it warns the user of this, leaving it

up to him/her to then shorten its name in the most appropriate way.

Note the following aspects of LAYDIFFOs cal
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1. LAYDIFF attempts to use evehyorein the listirg file as a reference point for
calculation of interlayer head differences. Howeverfof a particularbore
there is no measurement close enough to the referstee andtime (as
defined above)that boreis ignored and no head differences are caledlatt
that site.

2. For eachbore head differences are calculated only to underlying layerso(ie.
layers with greater layer number). Multiple differences, pertaining to multiple
underlying layersarecalculatedvhereborelocations permit

3. If, for anyupper layerbore there is ndoorein any underlying layer which is
closer to thaborethan the usesupplied exclusion distance, theper layer
boreis ignored.

Uses ofLAYDIFF

LAYDIFF can be used on its own or as part of a model calibration exercise. The
inclusion of interlayer head differences the calibrationdatasetan often be of great

use in the estimation of verticalonductivities and/or intdayer conductances.
LAYDIFF allows head differences to be calculated both for field data and for model
generateddatasetsin the latter case MOD2SMghould be run prior to LAYDIFF,

this providingmodelgenerated heads in bore sample file format. If field data resident
in ameasurement bore sample file #nen interpolated to this modgénerated bore
sampe file (using SMP2SMR)equivalentfield and modebenerated bore sample
files will be available. LAYDIFFcan then run on each of thesead differences
calculatedfrom the field bore sample file can be transferred to the PEST control file
as t heedioobsetr vof head differences, while t
sample file can be used as the megksherated counterpart to theSdese latter
differences canof course, be reagsingthe LAYDIFF-generated instruction set.

See Also

See also MODEMP, SMP2SMP.
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LOGARRAY

Function of LOGARRAY

LOGARRAY reads a real array. It evaluates the log (to base 10) of all elements in that
array. It then writes another array. This can be useful for display purposes, for
example when contourinigydraulic propertes such as hydraulic conductivity.log
transformation is not undertakéefore contouringdetails of spatial variation ithe
hydraulic propertyn areas of lowproperty value may blest.

Using LOGARRAY

Like many of the programs of the GroundwatertaDaltilities, LOGARRAY
commences execution by reading a grid specification file for the current model, from
which it obtains the row and column dimensions of the finite difference grid. Note that
a settings file (namedsetting.fig must reside in the diremry from which
LOGARRAY is run

LOGARRAY next prompts for the name of a real array file. After reading the array it

prompts:
Enter inactive threshold for array (press <ENTER> if none):

If the absolute value of any array elemerdh®vethis thresholdthat array element is
left untouched by LOGARRAYOtherwise its log is taken. However if the element is
zero or negative (and its absmuwalue is below the thresholdh error condition is
reported

Finally LOGARRAY prompts forthe name ofan output fie, to which it writes the
log-transformed real array.

Uses of LOGARRAY

As mentioned above, LOGARRAY can be useful inwriting arrays prior to
contouring for display purposes.

See Also

See also REAL2SRF.
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MANY20NE

Function of MANY2ONE

MANY2ONE reads an nformatted MODFLOW or MT3D output file containing a
series of twedimensional arrays, each array pertaining to a different layer, time and,
possibly, transport step. MODFLOW writes such lengthy, unformatted files to record
head, drawdown, subsidence, etatad while MT3D records its calculated
concentrations to such files. MANY2ONE presents the user with the contents of each
array (as read from MODFLOW or MT3D supplied headers) and gives him/her the
option of storing a particular array in a separate fileiiher formatted or unformatted
form.

Using MANY20ONE

A settings file settings.fig must be present in the directory from which
MANY2ONE is run. Among other things, this
columns, number of r ows@getaedaahlamayfiles. used i n

Upon commencement of execution MANY20ONE prompts:

Enter name of MODFLOW/MT3D unformatted output file:

to which you should respond with an appropriate flename. MANY2ONE next needs

to know whether the multiplarray file haseen generated by MODFLOW or MT3D.

The distinction is necessary as these programs write different unformatted array
headers to their output files; MANY20ONE must read these headers so that it can
convey the information contained in them to the user. Hemrempts:

Is this a MODFLOW or MT3D output file? [f/t]:
to which you ¢$d& oad ddsr eapp pyr onp rtiha tie .

MANY20ONE then reads each array in the MODFLOW or MT3D output file, writing
a description of the contents of the array to the screen:

MODFDW head array for layer1 - >
Stress period =1
Time step =1
Elapsed time since start of stress period = 30.00000
Elapsed time since start of simulation = 30.00000
Store array in separate file? [y/n]:

Il ndi cat e yousmon gkl etynse wihet her MANY2ONE shoul d
separate fyo)] eMANYR2ONE prfofpt s:

Enter name for real array file:
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to which an appropriate filename should be entered, keeping in timncaming
convention for real arrays outlined in Section 2.17 of Part A of this manual.

I f the array is stored i n RHEUJW oirgnag u el ifeod mw
the filename or unformatted storage is explicitly requested), MANY2ONE retioed

array header information in the new, unformatted file. This allows the file to serve as

an input file for MODBORE or MT3BORE from the PEST MODFLOW/MT3D

Utilities suite which can then interpolate its contents to-specified boresites.

Uses of MANYZ2ONE

Arrays extracted from large MODFLOW or MT3D output files can be written in
formatted form for user inspection, either on the screen or after printing. Contour
maps can be produced from individual arrays using, for example, program
REAL2SRF. Such arraysan also serve as inputs to program SECTION which is able
to plot transects of arbitrary complexity through a model grid. An array extracted from
a MODFLOW or MT3D unformatted output file can be-ugsed as an initial
conditions array, zoned to form anager array, imported into a GIS, imported into a
model graphical preprocessor, etc. Hence MANY20ONE serves as an important link
between modefjenerated data and many of the utilities documented in this manual.
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MKMHOBS

Function of MKMHOBS

The role of MKMHQBS is not dissimilar to that of MOD2OBS in that it facilitates
construction of a PEST input dataset where measured data is supplied in bore sample
file format. MKMHOBS writes a MODFLOW headsbservationprocessinput file,

and adds the name of this file an existing MODFLOWnamefile. It also adds the

name of the data file to which simulated equivalent heads are to be written by
MODFLOW, and writes an instruction file through which these quantities can be read
by PEST As well as thisit writes part of aPEST control file containing measdre

heads andssociatedveights. Thispartial control file can easily be combined with

other PEST control file fragments to createemtirePEST control file for aomplex

inverse problem.

Using MKMHOBS

Preconditions foUse

Use of MKMHOBS is predicated on the assumption that a MODFL@®5 2nodel

has already been buiind that a set of input files for this model have been written.
MKMHOBS reads thenamefile, discretisationfile and basic package input file

pertainingto this input datasetHowever if thenamefile cites an existing heads
observationprocess input i | e (whi ch has aamefieditewil o f Ahobc
cease execution with an appropriate error message, for its job is to create such a file

and add ita theexistingMODFLOW input dataset.

It is also assumed that a set of borehole head measuresmestia bore sample file
format As is discussed elsewhere in this manual, thistype is modelindependent,
with data linked to dates and times rathemtlstress periods and time steps. It is part
of MK MH OB S 0 re-cadteghesk tintesas model simulation time A bore
coordinates file must also hgrovided this containingthe geographical location of
each head measurement site. On the basis of thesdinates, andeographical data
providedin a grid specification file, MKMHOBS calculatéise grid cell within which
each measurement site lies, and the local cell coordinates for that site

The existingMODFLOW model can be steaehtate or transient,rocan contain a
combination of both ofhese stress period types; MKMHOBS makesdistinction
between these. However, unlike MODBYW, MKMHOBS insists that steaestate
stress periods have a finite length, for this length is employed for positioning of
meaurement dates and times in respective stress peMKISIHOBS can supply
measurements tIODFLOW at simulation timgthat correspondxactly to the time
elapsed between the commencement of dineulation and the date/time oéach
measurement (irrespectioé the steadystate or transient status of each stress period);
alternatively, measurements can be migrétedIKMHOBS to the nearesime step
beginning/end (including the beginning of the simulation if appropriate).
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Measurements which correspond to tintleat are outside of the simulation period are
ignored.

Running MKMHOBS

Like other members of the Groundwater Data Utilities, MKMHOBS will not execute
unless a file nameskttings.figs present in the directory from which it is run. It needs
to obtain tke date formatfidd/mm/yyyy o or imm/dd/yyyy 0¢) from this file.

MKMHOBS obtains information from the wuser
of questions. As for other members of the Groundwater Data Utility suite, the user can
backtrack to the previougue st i on by responding with feo
current question.

MKMHOBS commences execution by issuiig following series oprompts:

Enter name of grid specification file:

Enter name of bore coordinates file:

Enter name of bore listing fil e:

Enter name of bore sample file:
If a filename file (namefiles.fig) is presenin the directory from which the command
to run MKMHOBS is issued, the names ofdafault grid specification file, bore
coordinates file and bore sample file may accompaeyabove prompts; if these

names are suitable, they can be accepted by simply pressing the <Enter> key.

As usual, the names of boreted in all pertinent filesnust be 10 characters or less in
length. Only those bores in the bore sample file whiclalsmdisted in the bore listing
file will be included in the observation datasetitten to the MODFLOW head
observationfile by MKMHOBS. Coordinates for all such bores must be provided in
the bore coordinates file.

MKMHOBS&s next prompt i s:

Assign observa  tions to end of stress period or occurrence time? [s/o]:

Respond with As0 or fAod0 as appIMORFSETat e . I n
written to the MODFLOW headsbservationprocess inpufile is calculated as the

elapsed time between the date&igorresponding to the beginning of the simulation

(see below) and the actual measurement time (unless the measurement was taken
either before commencement of the simulation or after termination of the simulation,

in which case it is ignoredplternatively |, if the userds response
i s KKMHOBS calculatesa TOFFSETequal to the elapsed time between the
beginning of the simulation, and the tinsep beginning/end nearest to the actual

taking of the measurement®here more than one measment is interpolated to the

same time step start/finish, these measurements are averaged and measurement
weights pertaining to these measurements (see belowliaraed

MKMHOBS next prompts:

Use absolutes or differences (i.e. drawdowns) in calibration process? [a/d]:
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As recorded in MODFLOWobservation package documentation, MODFLOW
provides the option of employing head differences, as well as some heads, in
sensitivity calculation anéh the parameter estimatioprocesses. Where a series of
measured heks are provided for the sarbere the first of these can be employed for
calculation of sensitivities, while foensuing measurements the drawdown with

respect to thfirst measurement is employau sensitivity calculationThis option is

activated by dting the ITT variable for the pertinertiore to 2 in the heads
observation process input file.By responding with ndo to
MKMHOBS will activate this option where multiple observations frarsinglewell

are supplied in the bore sampleefiNote, however, that as presently programmed,
MKMHOBS wi | | cease execution with an error
as use of this option raises certain issues with respect to construction of a PEST input
dataset which have not yet beesoled

Next MKMHOBS asks:

Enter value for all weights:

A single weight is employed for all head observations. This is employed in calculation
of the STATISTIC recorded on the MKMHOBg&enerateabservationprocessnput

file for all head measurementBhis weightis also directly transferreffor all head
observations)to the partial PEST control file written by MKMHOBSIndividual
observation weightsan be modified manually if desired; alternatively, once a
complete PEST input dataset has been construdtiéity, programs such as ADJOBS
can be employed for weights manipulation.

Next MKMHOBS prompts for the name of the MODFLON#mefile pertaining to
the current model. The prompt-is:

Enter name of MODFLOW name file:

MKMHOBS reads this file in order to amdain the name of thdiscretisationand
basicpackage input files pertaining to the current model (which it then reads). It also
altersthe namefile, adding the name of the healdservationprocessnput file which

it writes, and of the data file contéig the simulated equivalents to head observations
which MODFLOW writes when it runs

Next MKMHOBS acquiresinformation which it needs in order to link MODFLOW
simulation times to reakorld times as recorded in the bore sample file. Its prompts
are:

Enter simulation starting date [dd/mm/yyyy]:

Enter simulation starting time [hh:mm:ss]:

Enter time units used by model (yr/day/hr/min/sec) [y/d/h/m/s]:
(Note that if requested through the settings $e¢tings.fig the first of these prompts
asks for the simulation starting date in the form@mm/dd/yyyy o rather than

fidd/mm/yyyy o0as indicated above

Finally MKMHOBS prompts fothe names of its output files:

Enter name for MODFLOW OBS file:
Enter name for MODFLOW observation data file:
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Enter name for corresponding PEST instruction file:

Enter name for PEST building block file:
The first of these is the heathservationprocessnput flewhi ch it i s MKMHOB
taskto write. The second is the head observation datavfiei ¢ h i t is MODFLO

task to wite. Both of these namemust be added tmames alreadyisted in the

MODFLOW name filelf PEST is to be employed for MODFLOW inversion, it must

read the head datdile after every MODFLOW run. This will require use of an

instruction file, which MKMHOBS Bo writes, providing it with a name supplied by

the user in response to the third of the above prompts. MKMHOBS also writes part of

a PEST control fild r ef erred to as a APEST bu),l ding b
containing el emeanttisonf rgorno utplsed , i dibbodbesrew vat i ol
i nput/ out put dEST emttoffil® aspecificotd the head observations

introduced to the parameter estimation process through the bore sample file which
MKMHOBS processesThese sectionsan be added tanother PEST control file by

cutting and pasting, or with the helppertinent utilitysoftware.

Note that as presently programmed, MKMHOBS cannot accommodate the use of
bores which tap multiple layers.

What MKMHOBS Does
MKMHOBS undertakes the followintasks.

1. First it reads the bore coordinates and bore listing fileseBRohbore cited in
the latterfile it calculates the cell in which the respective bore lies, as well as
its local cell coordinates (i.e. MODFLOW ROFF and COFF values).

2. It reads the MODEOW discretisationfile for the current moddio ascertain
stress period and time step lengths empldyethismodel.

3. It reads the MODFLOWbasic package input filein order to ensure that all
bores cited in the bore listing file lie within an active cell

4. For each head measurement in the bore sampledgeciated witha bore
listed in the bore listing file MKMHOBS evaluates the elapsed time since the
beginning of the simulation in the same time units as those employtxgt by
MODFLOW model This becomeghe TOFFSET variable (relative to the
beginning of the first stress period) for that measurement. Measurements
which fall outside the simulation time are rejectédequested by the user, the
TOFFSET value assigned to each measurement is altered tf thatnearest
time step beginning/end.

5. MKMHOBS next writes the headbservationprocessinput file based on
measurements contained within the bore sample file. All measurements are
assigned a STATISTIC equal to the irserof the usesupplied weight;
STAT-FLAG is thus assigned a value of 1 for all observatiéinsiore than
one measurement pertains to the sa@~FSETafter migration to the neaste
time step beginning/en(f such migration is requested by the usefjected
heads are averaged awndrreponding weights are summedvVieasurement
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names are formulat through appending a count to the name of the bore to
which each measurement pertains; the count recommences with each new
bore.

6. It modifies the MODFLOWnName file, addingto the list of files alrady
tabulated in thewamefile, the name of the new heathservationprocesdile
and of the data file which MODFLOW must write containing the simulated
equivalents to observations. A copy of the origimaiefile is kept in a file
whose name is writtemt t he screen for the userdés co

7. It writes a instruction file through which PEST can read MODFLOW
generated equivalents to observations after each MODFLOWroum the
simulated equivalent data file

8. Finally, MKMHOBS writes part of a PESTcontrol file, recording
measurements supplied in the bore sample file, the instruction file through
which the MODFLOW(generated equivalents to thaseasurementsan be
read, and theame of thdile from which thesare actually read.

Uses of MKMHOBS

A MODFLOW observationprocessnput file is complex; construction of this file by
hand, especially if there are many observations, is adonsuming anerrorprone
task. MKMHOBS makes thitaskeasy.

Where PEST employs MODFLO\Yenerated derivatives as a basis parameter
estimation, observations must be suppliedM@®DFLOW through one or more
observation process input files. Thus use of MKMHOBS can enhance PEST
parameter estimation functionality in the MODFLOW context through providing it
with access to MODFLOWalculated derivatives.

See Also

See alsSASENPROCMOD20BS, SMP2SMP and PESTPREP.
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MOD2ARRAY

Function of MOD2ARRAY

MOD2ARRAY can be employed as a precursor tttee use of pilot point
parameterisatiorgs wellasnull space Monte Carlandmanyother types of analysis.
Such analyses are much easier to perform when the MODFLOW aM@BD arrays

on which these analyses dased (for example hydraulic property or layer elevation
arrays)reside in files of their own, with one such file peodel layer. Unfortunately
however, not all MODFLOW/MT3D graphical user interfaces provide htewo of
writing MODFLOW/MT3D arrag to separate files in this manner. MOD2ARRAY
was written to rectify this problem. It reads a MODFLOW or MT3D input file, and
extracts arrayof interestfrom them writing these arrayso separate filedt replaces
array headers in theMODFLOW/MT3D input file from which thes arraysare
extractedwith new headers which direct the attention MODFLOW or MT3D to
these files for the reading tife pertinent arrays.

Use of MOD2ARRAY is predicated on the assumption that dhephical user
interface which wrotehe MODFLOW/MT3D input datasetidentifies arrays within
the filescomprising this dataseising easily recogaedtext strings. These strings are
not part of the nanal MODFLOW/MT3D input protocolhoweverthey are writen
by most MODFLOW/MT3D file preparation programs.

Using MOD2ARRAY

MOD2ARRAY provides a high degree of flexibility in the way in which it reads and
extracts arraysHenceit provides the user with a number of options; it is important
that these optionde correctly understood if MODFLOW/MT3D is to read the
MOD2ARRAY-modified MODFLOW/MT3D input dataset without incurring a run
time error.

In common with all programs of the Groundwater Data Utilities, MOD2ARRAY

receives information from the user through aeseof prompts. If the response to any

of these prompts is simply fAeodo fstdtheowed by
previous prompt. This allows quick recovery from mistaken input.

MOD2ARRAY begins execution by asking for the name of a grid specificétefor
the current model:

Enter name of grid specification file:
It reads the number of rows and columns comprising the current model grid from this

file. It then asks for the name of the MODFLOW or MT3D input file from which it
must extract data ays.

Enter name of MODFLOW/MT3D input file:
In a MODFLOW or MT3D input filg each array is preceded by an array header,

informing MODFLOW/MT3D how the array is to be read (or whether the array is in
fact uniform-valued and therefore does not need to bedraa all). The protocol is
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slightly different between these two programit the time of writing these
differences include the following.

T MT3D does not all ow the use of keywo
AOPEN/ CLOSEO et c;

1 A LOCAT variable in MT3D of less thahOO indicates that the array already
resides on another file. In contrast, the LOCAT variable in a MODFLOW
input file indicates the unit number from which the array is to be read; this unit
number may or may not be the same as that from which the filarisndy
being read.

1 Certain aray reading conventionsre available inMT3D which are not
available in MODFLOW (for example the zone and block reading
conventions). These amdicatedby LOCAT variable values of greater than
100 (but, at the time of wirtg, less than 104).

In order that it knows how to read arrays from the nominated MODFLOW/MT3D
input file, MOD2ARRAY next asks the following question about the
MODFLOW/MT3D inputfile which it must read

Does this use MODFLOW or MT3D array header convent ion? [fit]:

I n general , iftelsgomidl eviitdr & f MODFLOW i nput f
MT3D input file. Note however, that if a MODFLOW input file is being read,
MOD2ARRAY assumes that a positive LOCAT variable indicates that the array is

recorced just below the array header in the same file. Thus it cannot detect the
presence of arrays on external files unless the OPEN/CLOSE convention is employed

for this purpose.

MOD2 ARRAY®&6s next prompt i s:
Enter text identifier for arrays to be extracted fr om this file:

This is the string by which arrays are recognized. For example, a graphical user
interface (GUI) may write the string AVERT

FORLAYER No (where the | ayer number S S |
occurrence of th@ertinentarray header othe MODFLOW LPF input filewhich it
writes. I n that case, enter the string fAvertic

from array headers for other data types (notice case insensitivity). The same GUI may

use the srng AHYDRAULI C CONDUCTI VITY FOR LAYER
conductivity. Hhydaalioofi st hbebvsgtouishy @M nsuffici
betweenthe horizontal and vertical hydraulic conductivity headéiswever the

string 0 h y daeesprededing ¢th e( wiotrild tAivoy dsmail i cO0) w
two header types to be distinguished. Note that in responding to the above prompt, it

IS not necessary that the string be enclosed in quotes; however if any spaces are
contained within the string thenetluse of quotes is essential.

If MOD2ARRAY finds the usespecified string on any line of the
MODFLOW/ MT3D input file, I t orathaslioelheneear c hes
the word #fAlayero should not be supplied w
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attempts to read the layer number from the (possibly spelomited) string
immediately following it. If it is able to do this, the array is associated thahlayer
(and written to a file which is associated witle ttamedayer); otherwise the ay is
assumed to be lay@andependent and written to a layadependent file(The top
elevation of the model is an example of a lapelependent array.)

MOD2ARRAY next asks:
Are this/these integer array(s) or real array(s) [i/r]:

Either is permittedExamples of integer arrays are IBOUND arrays for each layer. It is
important that the correct answer be provided to this question, as array reading and
writing conventions are different for these two data types.

Next MOD2ARRAY asks for the name of the MODBW or MT3D (or SEAWAT)
name file associated with the current model. The prompt is:

Enter name of MODFLOW/MT3D name file:

MOD2ARRAY then reads this file, establishing that the nominated MODFLOW input
file is indeed cited in it. It also makes a list ofitumumbers employed in the current
MODFLOW/MT3D (or SEAWAT)dataset These ardistedin the second column of
the name file.

MOD2 ARRAYG®&6s next prompt i s:
Enter filename base for array output files:

Suppose that abadei |iesn asmeppuise dedthe alfave promst.
MOD2ARRAY will write extracted real arrays to files nambdsel.ref base2.ref
base3.red . basen.re etc wheren is the layer number associated with the array.
Integer arrays will be written to fildsasel.infbase2.infbase3nfé . basen.ing etc.
Where an array is not associated with a layerndme of the file in which the array is
stored issimply base.refor base.inf

Recall from Part A of refdi st amaahldoa fnoatt t detd ot h e
while the extensiorinfo st a nirdegerfd mma tiit e d o . Unf obbymatt ed
MOD2ARRAY is not allowed.

If the COLROW setting in filesettings.fichas been set to Ayeso ind
members of the Groundwater Data Ultilities suite to write a nwobeolumms,
numberof-rows header to integer and real array files, MOD2ARRAY checks that this
isindeed h e u s enrthé present cadmy asking:

Include NCOL/NROW header in these files? [y/n]:
If it is intended that MODFLOW or MT3D read these files, them tesponse to this

prompt shoul d definitively be Anoo. Howeyv
programs read them, and these programs expect a nofab@umns, numbeof-
rows header, t h&asmoraapproprimsteewer of HAyeso

As well as writingarray files, MOD2ARRAY rewrites the MODFLOW/MT3D input
file from which arrays are extractedith headers for extracted arrays replaced by
headers that direct M O D pettii@itexternal aMay 8ldd 6 s at t e
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It asks for the name of the neMlODFLOW/MT3D inputfile using the following
prompt:
Enter name for altered MODFLOW/MT3D input file:

Two conventions ar e availabl e for direct

external files in order to read arrays. The first is activated through using an
OPENLCLOSE statement in the array header, followed by the name of the file holding
the array. The second is activated through provided a unit number different from that
with which the MODFLOW input file is being read, and through citing that unit
number togethrewith a DATA specifier and the pertinent flename in the MODFLOW

or MT3D (or SEAWAT) namefile. The first option is only available for MODFLOW
input files, whereas the second option is available for both MODFLOW and MT3D
input files. The first is preferdle, however, as it does not require that all array files be
open fromthe moment of commencement of MODFLOW execution. Hence the

response to MOD2ARRAYO®s next prompt, which

Use OPEN/CLOSE or DATA convention for array headers in this file [o/d]:

shoudbe Aoo i f the input file from which
i nput f i lifédisanaMT8D irfpatfde. (It is hoped that the OPEN/CLOSE
convention will one day become available in MT3D; hence the above question is
specifically asked

MOD2 ARRAYG6s fi-nal prompt i s:
Enter name for altered MODFLOW/MT3D name file:

In the new name file, the name of the new MODFLOW/MT3D input file replaces that

arr

o f the old one. Al s o, i f the ADATAO optio

prompt, the nams of array files and corresponding unit numbers are added to the
name file.

Once it has received all of the above information, MOD2ARRAY goes about its
business of extracting arrays, itimg them to pertinent array files, -v&iting the
MODFLOW/MT3D inputfile, and altering the name file. Once this task is complete,
MODFLOW, MT3D (or SEAWAT) can be immediately run on the basis of the new
name file.

Uses of MOD2ARRAY

Arrays are the building blocks of MODFLOWhd MT3D dataset$n most parameter
estimation ontexts, it is convenient for some of these arrays to be stored in dedicated
files so that they can be written by modw®kprocessing software using current
parameter values on each occasion that the model is run. Sometimes more complex
processing can bearied out involving many such arrays (see for example the
ELEV2CONC and PARM3D utilities). All model preprocessors and the model itself
(which may be comprised of MODFLOW, MT3D, both of these together, SEAWAT,
or some other program) are then run fromach or script file. In estimaig
parameters for tlse model(s), PEST calls this batch file many times; hence its name

i s provided to PEST through the fAmodel
file.

c

ofm
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See Also

See also ELEVCONC, PARM3D, FAC2REAL, T®REAL and TWOARRAY.
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MOD20BS

Function of MOD20OBS

Program MOD20OBS generates a bore sample file on the basis of results stored in an
unformatted MODFLOW or MT3D output file. However unlike program MOD2SMP

which generates fAsampl e30B%tgenoaredt eoutipud my
the same dates and times as samples recorded in an existing bore sample file. It
achieves this by carrying out spatial interpolation to the sites of bores, and temporal
interpolation of model results to measurement dates anestihfhus MOD20BS

provides a means of directly comparing field data with mgedekerated data. It can

thus form a vital component of a composite model used in a calibration setting.

Using MOD20BS

MOD20BS commences execution with the prompt:

Enter name of grid specification file:

Type the name of a grid specification file. Alternatively, if a filename file
(files.fig ) is present in the current directory, MOD20OBS may provide a default
filename with the above prompt; press <Enter> to accept the default ply $he
required name.

Next MOD20OBS prompts for the name of a bore coordinates file:

Enter name of bore coordinates file:

Once again, if a filename file is present in the current directory a default may be
supplied; this can be accepted simply by presdime <Enter> key. MOD20BS
requires bore coordinates so that it can spatially interpolate model results from grid
cell centres to the sites of observation bores. The user is able to select which bores
will be involved in the interpolation process by promgl the name of a bore listing

file in response to the prompt:

Enter name of bore listing file:

Each bore cited in the bore listing file should also be cited in the bore coordinates file.
If desired, the bore listing file can also be the bore coordifisgethus all bores cited
in the bore coordinates file will take part in the interpolation process.

Next MOD20OBS prompts for the name of a bore sample file:
Enter name of bore sample file:

As usual, if the name a bore sample file appears in the filerigen(files.fig )
situated in the current directory, that name will appear as a default; it can be accepted
by simply pressing the <Enter> key.
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While the bore sample file can contain data pertaining to many more bores than those

listed in the bore listig file, and record sample values over a time interval far
exceeding the model simulation time, it is a good idea to reduce the amount of
redundant i nformation present in that fil
concerned, to a minimum. This is becauslOD20BS must allocate sufficient

memory to hold virtually all of the information contained within this file as it
executes; thus unless your machine possesses a lot of RAM, allocation problems may
ensue. Should this occur, MOD20OBS will issue an apprpearor message and

terminate execution.

It i s MOD20OBS6s task to spatially interpol
cited within the bore sample file (and bore listing file), and to undertake time
interpolation of model results to the timesadtich samples were taken for each such

bore. Thus, for each sample within the yseavided bore sample file for which it is

possible to undertake timpterpolation from within the model simulation timespan,

MOD20BS will provide a corresponding moegdne at ed fAsampl eod. The
samples will be recorded in bore sample file format.

MOD20BS reads model results from a MODFLOW or MT3D output file of the same
type as is used to store heads, drawdowns and concentration data (as well as other
array data sth as compaction in certain MODFLOW packages). In these files, model
array data is recorded layer by layer. MOD20OBS prompts the user for the name of the
unformatted file which it must read to obtain this mechdtulated data:

Enter name of unformatted m odel - generated file:

It is the userds responsibility to ensure
in this file to allow accurate temporal interpolation to bore sample times. For times

which do not correspond to model output times, MOD20OBS performisear|
interpolation between arrays present in the unformatted model output file. Hence,
through the setting of appropriate Output Control variables, the user should ensure

that unformatted output is provided at close enough time intervals for linear
interpolation to be accurate. Furthermore, data should be provided for all model layers

that contain at least one listed bore. As spatial interpolation is-layea only

(employing a bilinear interpolation scheme), it is not necessary that the unformatted
modé output file contain data for any other model layers.

MOD20OBS needs to know whether it is dealing with a MODFLOW or MT3D
unformatted output file. This is because the header to each unformatted array is
slightly different for each of these models. So drppts:

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

I t al so needs to know the nHAthreshold val uece
inactive or dry:

Enter inactive threshold value for arrays in this file:
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MOD20BS then asks a series of questions, ttevars to which will allow it to
calculate the date and time corresponding to each model output time, the latter being
recorded in the header to each unformatted array:

Enter time units used by model (yr/day/hr/min/sec) [y/d/h/m/s]:

Enter simulation st arting date [dd/mm/yyyy]:

Enter simulation starting time [hh:mm:ss]:
(Note that the date format used by MOD20OBS depends on the contents of file
settings.fig situated within the current directory. If this file is not present,
MOD20BS will not run.)

MOD20BS then asks:

How many layers in the model?

It needs to know this so that it can dimension arrays appropriately before embarking
on its calculations.

MOD20BS then prompts:

If a sample time does not lie between model output times, or if there

is only one model output time, value at the sample time can equal
that at nearest model output time:

Enter extrapolation limit in days (fractional if necessary)

If a sample from a particular bore lies either before the first time of model output, or

after the lastime of model output, MOD20OBS cannot perform a linear interpolation

from model output times to the bore sample time. Hence it will calculate an
Afextrapolatedd value at t h a tcalculdatech®aluee g u a |
respectively for that boragdowever, there is a limit to the time over which such
extrapolation can take place; this is set

Note that the earliest time at which MODFLOW output is available is the end of the
first time step. Hence if you geire model output at a time as close as possible to the
beginning of the simulation, make this first time step as short as possible.

Next MOD20BS requests the name of the bore sample file which it must write:

Enter name of bore sample output file:

MODZ20BS carries out temporal and spatial interpolation to the sites and times cited
in the useprovided bore sample file. It then produces a bore sample file of its own,
with samples at exactly the same dates and times as those occurring within-the user
provided bore sample file, but with moedgénerated numbers substituted for
measured ones. It is important to note, however, that there may not be a sample in the
MOD20BSgenerated bore sample file correspondingevery sample in the user
provided bore sampldlé. MOD20OBS does not generate a sample for a particular
bore and time under the following conditions:

1 if a usersupplied sample precedes the earliest time of model output by an amount
exceeding the extrapolation limit,

t
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1 if a usersupplied sample postdatdse latest time of model output by an amount
exceeding the extrapolation limit,

1 if there are no arrays within the unformatted model output file for the layer
holding a listed bore,

1 if a bore appears in the bore listing file but not in the bore same)e fil
1 if a bore appears in the bore sample file but not in the bore listing file.

Interpolation also cannot take place if a bore does not lie within the-diffiszence

grid, or if it lies within an inactive or dry cell; under such circumstances an
approprate message replaces the sample value in the MOD2@B&ated bore
sample file. Thus if a cell becomes dry during a PEST run in which MOD20OBS forms
part of a composite model, the same instruction set can read the bore sample file
generated after all modelins because there will be no difference in the number of
bores listed after any run. (However if the instruction set includes an instruction to
read the head value for a bore in the dry cell, an error condition will arise. The
resulting PEST error messagvill be such as to direct the user to the source of the
problem.)

Uses of MOD20OBS

MOD20BS finds its greatest use in model calibration using PEST. A comparison
between observed borehole data and its mgeeérated counterparts is easily
achieved by runmg MODFLOW/MT3D followed by MOD20OBS as a composite
model. Because MOD20BS performs both spatial and temporal interpolation to the
sites and times of measured data, and presents the results of its calculations in the
same format as the measured data (i@ lagre sample file), comparison between the

two datasets can be made with ease. When used in conjunction with PEST (with the
aid of program PESTPREP for PEST input file generation), MOD20OBS forms a vital
component of the model calibration process.

MOD2OBS is just as useful in steadtate MODFLOW calibration as it is in transient
calibration. However in this case there wj
there is model out put (equal to the notioc
beginning of tle simulation). In this case MOD20OBS cannot interpolate between
neighbouring MODFLOW output times to the time of a bore reading. Instead, using

the extrapolation facility discussed above, it conducts only spatial interpolation to

sample sites, assuming teongl coincidence of borehole sample times with model

output times. In this case the user should ensure that the measurement bore sample file
contains steadgtate samples which are all referenced to a date and time which is

close to the notional model outiptime (ie. within the temporal extrapolation limit).

This is a simple matter if it can be assumed that stetedg conditions prevail on a

certain date. Beware, however, of making the -ss@plied extrapolation time too

large, for then neighbouring saias in the usesupplied bore sample file may be

close enough to the notional model output time to warrant inclusion in the
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MOD20BSgenerated bore sample file. If this occurs you must either decrease the
extrapolation time, or assign duplicated observetia weight of zero.

See Also

See also MOD2DAT, PESTPREP and SMP2SMP.
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MOD2SMP

Function of MOD2SMP

MOD2SMP reads an unformatted output file generated by MODFLOW or MT3D. If
written by MODFLOW this file may contain layspecific arrays of head, drawdown,
compaction, preconsolidated head or subsidence at one or a number of elapsed
simulation times. An unformatted MT3D output file may contain concentration data
expressed in similar format. MOD2SMP interpolates the data contained within these
arrays to a usespecified set of boresites at all recorded model output times, writing
its output in the form of a bore sample file. Thus those programs documented in this
manual which are able to read and manipulate field data stored in a bore sample file
can process matigenerated data in the same way.

Using MOD2SMP

Program MOD2SMP will not run unless a settings fiet{ings.fig ) is present
within the directory from which it is invoked. As discussed in Section 2.19 of Part A
of this manual, a settings file determirtbe manner in which dates are represented by
the Groundwater Data Utilities.

MOD2SMP commences execution with the prompt:

Enter name of grid specification file:

If the name of a grid specification file has been read from a filename file
(files.fig ) resident in the current directory, it will be included in the above
prompt as a default filename. Either press <Enter> to accept the default or type in the
appropriate name. MOD2SMP needs to know grid specifications so that it can carry
out interpolation from t& model grid to usespecified boresites. As coordinates must

be supplied for the latter, MOD2SMP next requests the name of a bore coordinates
file:

Enter name of bore coordinates file:

(Depending on the existence and contents of a filename file in trentdirectory, a
default filename may be included in the above prompt.) Note that the bore coordinates
file must include the layer number to which each bore pertains; see Section 2.2 of Part
A of this manual.

A user can select which of the bores in tloeebcoordinates file are to be represented
in the MOD2SMPgenerated bore sample file by listing the desired bores in a bore
listing file. So MOD2SMP prompts:

Enter name of bore listing file:
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Note that the file provided previously as a bore coordinatescéih be reead as a
bore listing file if desired; in this way all bores represented in the former file will be
represented in the MOD2SMienerated bore sample file.

MOD2SMP next prompts for the name of the unformatted MODFLOW or MT3D
output file which 1 must read and interpolate to the bores cited in the bore listing file.
This file should contain arrays for all layers containing bores for which information is
required; obviously, to be of most use in generating a bore sample file, it should
contain ouput arrays at more than one elapsed simulation time. MOD2SMP prompts:

Enter name of unformatted model - generated file:
Is this a MODFLOW or MT3D file? [f/t]:

Then it asks:

How many different output times are represented in this file?

MOD2SMP needs to now the number of different output times so that it can
dimension arrays appropriately before reading the MODFLOW/M{8berated
output file and carrying out spatial interpolation. Note that, for a multilayered model,
there will be more arrays in the outdile than there are model output times; it is the
latter quantity that is required by MOD2SMP (unlike MODBORE from the PEST
MODFLOW/MT3D Utilities which requires as part of its input dataset the number of
actual arrays present in the MODFLOW or MT3D auitfile). Note also that if you

are unsure of the contents of an unformatted MODFLOW or MT3D output file, you
can use program MANY2ONE to read and report each of the array headers.
Alternatively, supply a number that you are sure is greater than the nafringput
times; if it is not large enough MOD2SMP will soon inform you.

In order that it can adjust its spatial interpolation to take account of dry and inactive
model cells MOD2SMP next prompts:

Enter blanking threshold value for arrays in this file:

Enter a positive number that is less tHdDRYandHNOFLJif the array is a head or
drawdown array generated by MODFLOW)@INACT (if the array was generated by
MT3D). Some MODFLOW preprocessors supply default values such as 999.99 and
1.0E30 for these vibles. Others supply negative numbers as defaults; these are fine
as long as their absolute value exceeds the above threshold.

Before it can generate a bore sample file, MOD2SMP needs to know how to convert
elapsed model simulation times to true datestanes. So it asks:

Enter time units used by model (yr/day/hr/min/sec) [y/d/h/m/s]:
Enter simulation starting date [dd/mm/yyyy]:
Enter simulation starting time [hh:mm:ss]:

(Note that the date format used in the second of the above prompts depenes on th
contents of the settings figettings.fig .) Then, after prompting:

Enter name of bore sample output file:
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MOD2SMP reads the MODFLOW/MT3D output file, interpolating the arrays
contained therein to the sites of the bores listed in the bore listindgid&2SMP
uses an identical gritb-point interpolation scheme to that of program MODBORE
from the PEST MODFLOW/MT3D Ultilities.

In its output bore sample file, MOD2SMP employs certain sample values to indicate

certain error conditions; wherever these indicat val ues are xempl oyed
column is added so that any of the Groundwater Data Utilities which read the file will

ignore the dummy values. Thus a sample value of 7.1E37 indicates that a bore does

not lie within the finite difference grid, a samplalue of 5.1E37 indicates that the

bore lies within a cell whose absolute medeherated value is above the blanking

threshold and a value of 3.1E37 indicates that no arrays pertaining to the layer in

which a bore lies were generated by MODFLOW or MT3ID d particular output

time, in spite of the fact that arrays were generated for other model layers at this same

output time.

Uses of MOD2SMP

Because it performs the dual functions of interpolating model results to bore locations
and writing its results inhe form of a bore sample file, use of MOD2SMP makes

modelgener ated data #@Alook | ikeo field dat a.
which process the data contained in a bore sample file are able to carry out the same
t asks o-genefatexbfeld @t ad contained in a bore sa

MOD2SMP. For example program SMP2HYD can be used to construct data files that

can be used by commercial plotting software to generate borehole hydrographs. These

can be plotted on the same graphs as meaboretiole hydrographs, thus facilitating

a comparison between modgnerated data and field data. Another possibility is that
program SMP2DAT can be wused 't o-gepegated up a P
observati onso h ogesemtd bora saadiEMIO DI \Bayldptimal

PEST settings can be determined while carrying out an inversion for which the answer

is known before applying PEST to model calibration based on real field data.
Alternatively, a similar procedure can be carried out using MOD2GBS

PESTPREP and/or BUD2SMP, SMP2SMP and PESTPREP.

See Also

See also BUD2SMRVIOD2SMPDIFF MOD20BS, PESTPREP and SMP2SMP.
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MOD2SMPDIFF

Function of MOD2SMPDIFF

The operation of MOD2SMPDIFF is similar to that of MOD2SMP in that it reads a
MODFLOW or MT3D wnformatted output file and undertaksgatial interpolation

from the arrays recorded in théite to the sites of boresSuch interpolation is
undertaken at every simulation time represented in the MODFLOW/MT3D output
file. Qutcomes or this interpolatiorrgress are recorded in bore sample file format.
The difference between MOD2SMPDIFF and MOD2SMP is that the former program
computedifferencesor ratiosbetween MODFLOW/MT3D outputs at useominated
sites. These differences or ratios are then recordaitarsample file formatather

than the individual heads or concentrations read from the MODFLOW/MT3D output
files.

Using MOD2SMPDIFF

MOD2SMPDIFF has the following in common with most programs of the
Groundwater Data Utility suite.

1. A settings file nameddtings.figmust be present in the directory from which
it is run. This must inform MOD2SMPDIFF of the date protosbich it must
use in writing its output bore sampl e f|

2. | f t he response t o any e <bEoterp tkey, i s leo
MOD2SMPDIFF will backtrack to its previous prompt.

3. If a filenames file (namediles.fig) is presentin the current directory,
MOD2SMPDIFF will look in that file for the name of the current bore
coordinates file. (This is optional).

MOD2SMPDF F6 s f i r st ethessamems tloosemftt MOD2ZEMP, namely:

Enter name of grid specification file:
Enter name of bore coordinates file:

Then, instead of asking for the name of a bore listing file, it asks for the name of a
Abore di f ffeirleenoc.e Ani setxianngpl e of swuch a fil e

B12321 B12322 DIFF
BH35 BH23 DIFF35 -23
BH23U BH23L BH23U -L

Part of a bore difference listing file.

Each line of a bore difference listing file must contain three entriesfifEhéwo are

the identifiers pertaining to two bores; each of these must figure in the previously
named bore coordinates file. The third entry is a new name. This is the identifier
which will be associated with the difference or ratio of heads/concemsati
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interpolated from MODFLOW/MT3D arrays to the sitef the first two bores. As
usual,abore identifier must be 10 characters or less in length. If tipiscolis not
observed, MOD2SMPDIFF will cease execution with an error message.

MOD2SMPDIFF nexasks:

Take ratio or difference of first to second column of this file ?  [rd]:

Answer with Aro or AdoO as appropriate. I n
each of its output times, the differerfaetween the head/concentration at the first bore

cited on each line of the bore difference listing file and that at the second respective

bore cited orthe samdine. In the second case the ratio between the two (first over
second) is computed.

Next MOD2SMPDIFF prompts for the name of the MODFLOW or NOT3
unformatted output file which it must read:

Enter name of unformatted model - generated file:
As stated above, differences or ratios for heads/concentrations are computed at every
output time represented in this filBecause the array headers are differfor

MODFLOW and MT3D output files, MOD2SMPDIFF needs to know what type of
file it is being asked to read. So it prompts:

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

and thenx:
How many different output times are represented in this file?

Respond to thiprompt with a number equal to or greater than the number of output
timesfor which arrays are recorded in the fildMOD2SMPDIFF needs to know this so
that it candimension arrays prior to reading the fileyou are unsure of this number,
use the ARRDETprogram to ascertain the contents of file Alternatively, enter a
number that errs on the high side. If you err on the low side do not worry;
MOD2SMPDIFF will inform you if there are arrays corresponding to more simulation
times than you had anticipate

MOD2 SMPDI FF6s next prompt i s:
Enter blanking threshold value for arrays in this file:

Any head or concentration whose absolute value is above this number is assumed to
represent an inactivar dry cell. MOD2SMPDIFF adjusts its interpolation mechanism
to account for these.

The remainder of MOD2 SMPDI FF6s prompts ar e
namely:

Enter time units used by model (yr/day/hr/min/sec) [y/d/h/m/s]:

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

Enter name for bore sample output file:
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After having received all the information that it requires from the user,
MOD2SMPDIFF reads the nominated MODFLOW/MT3D output file and records its
calculated differences or ratios to the nominated bore samafgatdile.

The following should be noted.

1. If either of thenominatedbores comprising the first two identifiers on a
particular line of the bordifferencelisting file lie within an inactive cell, dry
cell, or outside of the grid altogether, the diffaxeror ratio is assigned the
value 1.1E37.

2. If a raio is sought and the denominator (i.e. the head or concentration
corresponding to the second bore on a line of the bore difference listing file)
0.0, the ratio is provided as 1.0E30-&rOE30 dependingn the sign of the
numerator, unless the latter is zero, in which case the ratio is provided as 1.0.

Uses of MOD2SMPDIFF

There are occasions in model calibration where PEST should be asked to look at
differences rather than (or in addition to) absolutestr Example, it is often
advantageouto explicitly introduce the differences between heads in different layers

to the parameter estimation process, assign these diffetteniteir own observation

group, and then ensuféhrough proper weights assignmenth a t the Avisibil
this group in the objective function is sufficient for PEST to take notidé. dtis

may save thesedllmpor t ant di f f droweehinensasurementmoidee i ng
thereby alloving better estimates of the vertical conducerof an aquitard to be

gained.

See Also

See alsARRDET,MOD20BS, MOD2SMP, SMPDIFF and SMPTREND.
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PARCOV

Function of PARCOV

PARCOV reads a file containing parameter names geographical coordinatds

also reads a geostatistical structure file comagirone or a number of structure and
variogram specifications. It writes a covariance matrix for the parameters supplied in
the first of these files on the basisagjeostatistical structurupplied in the second

Using PARCOV

PARCOV commences executiony bprompting for the name of ipar amet er
coordinates fil eo:

Enter name of parameter coordinates file:

A parameter coordinates file should contain three columns of data. Theofirgtn
should be comprised of parameter names. The second anddhirdnsshould be
comprised okasting and northing associated withespective parameters.

PARCOQOV next prompts:
Enter name of structure file:

The format of a structure file is presented in part A of this manual. It contains
specifications for one or a numbef geostatistical structures, each of which can
comprise a nugget and one or more nested variograms (which may be anisotropic if
desired). Each structure has a name; one such structure is assigmegdoameters
featured in the parameter coordinates iiil response to the following promypt

Enter structu re to use for parameters

PARC OV 6 s prbmptisa |

Enter name for output matrix file:

The name of a file to which the covariance maisiwritten is supplied in response to
this prompt. The formatof this file is the same as that used by PEST matrix
manipulation utilities. SeBEST documentatiofor details.

Elements of the covariance matrix assigned to parameters cited in the parameter
coordinates file do not depend on whether the geostatistinatiste with whichthese
parametersar@s soci ated is provided with a TRANSF
However consistency is important. Thus any PEST control file which citesdhese

parameters (and for which the PARC@¥nerated covariance matrprovides a

statistical characterization), must also cite these parameters -&=mrisfprmed or
untransformed, in accordance with the settings of the geostatistical structure on which
basisthe covariance matriwas constructed.
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Uses of RRCOV

PARCOV can le used for building a @] (i.e. a parameter covariance) matrix for the
use of PEST utilities such as RESPROC, PREDERR, PARAMERIR)bers of the
PREDVAR suite of utilities, and members of the PREDUNGiIlity suite.As such it
furnishes the basis for calation of the contribution to predictive error variance
and/or uncertaintynade by the inability of the model calibration process to capture
system hydraulic property detail. In most modelling contexts this is the dominant
contributor to model predictive rer.

See Also

See also PCOV, PPCOV3Dand PPCOV_SVA
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PARM3D

Function of PARM3D

PARM3D facilitates the use abnes ompilot points in the parameterisation of a multi
layer model where hydrogeological units do not necessarily coincide with model
layers. Parameterisation of threedimensional model domain is undertaken by
assemblingwo-dimensional property arraysr through using these arrays as a basis
for vertical interpolationThese processes are guided by zonal dispositibase also
beingassiged through twalimensional integer arrays; if required, zonal disposition
can be modified in the course of PARM3D execution.

When the parameterisation process is complete, PARM3D writes a series-of two
dimensional property array®ne for each model lajet o whi ch MODFLOWSG s
MT3Db6s attention can be directed through
inserted within its input files.

Using PARM3D

Keyboard Input

PARMB3D differs from many of the program$the PEST Groundwater Data Utilities

in that keyboardinput is minimal. PARM3D prompts for only one item of

information, viz. the ame of its control file. As is standapdacticefor members of

the Groundwater Data Utilities, respondi ng
followed by the <Enter> key reléain backtracking of program executian;factthis

results in terminatio of execution when undertakamriesponse to its first (and only)

screen prompt.

Like most of the programs of the PEST Groundwater Data Utilities, PARM3D

requires that a file namdesettings.figexist in the directory from which it is run.

PARM3D reads the status of the COLROW variatited within this file. If this is
supplied as Ayeso, then a finumber of col um
the top of each formatted iger or real array which PARM3D reads; similarly,

PARM3D includes this header as the first line of any real array file that it writes.
Alternativelyy, i f COLROW is supplied as fAnoodo, this
integer or real array file which PARBD reads; nor will it be present in any array file

which PARMS3D writes.

PARM3D Control File

The PARMS3D control file is subdivided into four sections. Optionally, as discussed
below, one of these sections maydmeitted The names of these sections are:

i control data

1 layer files
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1 elevation files
1 parameter value assignment

As is shown in the example below, each of these sections of the PARM3D control file
must be introduced with a header stating the name of the sectieach casé¢his
name must follow an &xisk character.

# An example PARMS3D input file.

* control data
"grid spec.spc"

* layer files

layl.inf hcondl.ref

lay2.inf hcond2.ref

lay3.inf hcond3.ref

lay4.inf hcond4.ref

lay5.inf hcond5.ref

lay6.inf hcond6.ref

* elevation files

bot0.ref

bot1.ref

bot2.ref

bot3.ref

bot4.ref

bot5.ref

bot6.ref

* parameter value assignment
zone 1 33.00 overwrite

zone 3 99.99 overwrite

zone 2 grad_arith 2 topp2.ref bott2.ref overwrite
layer 1 rezone llayl.inf ignore_zero
layer 2 rezone llay2.inf ignore_zero
layer 3 rez one llay3.inf use_zero
zone 0 1000.0 overwrite

zone 9 5.55 overwrite

default  -999

Example of a PARM3D control file.

A comment line can be inserted anywhere within a PARM3D control file; this line
must begin with a fA#0 existanywherd vatminthefile. bl ank | |

Sectiors of the PARM3Dcontrolfile arenow discussed in detail.

fiControl Data Section

This sction of the PARM3Dcontrol file contains only two lines. The first of these
lines must containthe name of the grid specification€filpertaining to the current
model; see Part A of this manual fpecificationof this file. If the name of this file
contains a space, it must &eclosedn quotes.

The second lin@f t he ficont mustlcontia twa iotegere The first is

the number of layers in the model (referred to as NLAY hgrdihe second is the

value of a variable named ELEVFLAG. If ELEVFLAG is supplied as zero, then no

layer elevation files will bgrovided later in the control fle and hence no del
f i | ecson wilsbe present within the current PARM3D control file. Howeifer
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ELEVFLAG is provided with a nouzero value, layer elevation files must biged

within an fielevation fileso s&cBVFLAG of t he
must not be set to zer i f any of the fAinterp_aritho, |
Agrad_geomo instructions aassgnnemosededohnnot

the PARM3D control file.

fiLayer File® Section

The Al ayer fileso section th NUAY knesRfARM3 D ¢ «
information Each of these lines must contain two entries, each of émgesbeing

the name of a file. The firstflei t ed on each | ine slolld t he Al &
contain a single integer array (the number of rows and edumwhich shoulanatch

that of the model grid). Thedollowing namepertains to a file that PARM3D must

write. The model layer to which these tvites pertain corresponds to the sequence in

which they arer ecor ded; t hat i s, itlhees of igeadt iloinn ec oc
filenames pertaining to layerl, the secdind contains filenames pertaining to layer 2,

etc.

Integerarrays( whi ch are housed in the filaymt fil e
filesd s e are usedntg define zonation withenmodel grid. Using a set of NLAY

integer arrays, every cell within the model domain is assigned an integer value, this

value indicating the zone to whidghe cellbelongs.The same zonean appearin

different model layers if desire@Note that zone nubers can be rassigned in the
Aparameter value assignmento section of t
below)

I f the name of an integer .amur &y efni ltehehas ra
assumed to be stored in ASCile( text) formd . Ho we Nnedr eaxnt efmsi on
indicates to PARM3D that the nominated arraysisred inan unformatted(i.e.

binary) file. Caution should be exercised in usibmary files however, because

different FORTRAN compilers read/write unformatted data usiffgrént protocols.

I f, for a particular | ayer, an integer arr
is not read. Instead a dummgnevalue 0f-99999999is supplied to all cells within
the pertinent model layer.

't 1 s PARM3 D ohydrayliopbopettycarray forieack maalel layer; property
values are assigned to cells within each layer using instructions provided in the
Apar ameter val ueoftlePARMBD comtrol filéT hesnanodf eachn

file to whichsuch ararraywill be writtenis supplied as the second entry on each line
of the Al ay eaof theaPARMBE soatroldiletany ertension other than

fireld0 I s s u p pldname,dthe faroay is writtem ASCII (i.e. text) format

However if the filename hasanexten o nreww f t e array i s written
If a filename of Anoneo is supplied, then |
If any integer or real array fimmec i t ed i n the Al ayer fileso

controlfile contains a spacé,should beenclosed imquotes.



PARM3D 161

fiElevation File® Section

A PARM3D control f i | e shoul d contain an fifel evati o
ELEVFLAG variabl e i n istptowwdedwittoambizero Valued at a o s e ¢

The fielevation file® sectionof thePARM3D control filemust contain NLAY+1 lines

of data. Eachsuch line should contain only one entry, viz. the name of a file
containing a real array citing the elevation of the bottorthepertinent model layer.

Layers are arranged from O to NLAY. Thtlze file cited on the first line should

contain cell elevations for the top of layer 1; the file cited on the second line should

contain cell elevations for the bottom of layer 1; the file cited on the third line should

contain cell elevations for the boih of layer 2; the file cited on the fourth line should

contain cell elevations for the bottom of layer 3, eta  a | | casesrelan exten
indicates a binary filewhile all other extensions indicate an ASCII file; a filename of
Anoneo iitkednot perm

fiParameter Value Assignmeérnection

Each | ine within the fAparameter value assi
file mustcontain an instructiothroughwhich hydraulic property values are assigned

to cells within a zone or layer of the modeairdain. These instructions a@&rried out

in the order in which they are provided; subsequent instructions can overwrite or

modify values assigned to cells through previous instructions.

Instructions fall into a number of broad categories, each of whidhnaw be
discussed in detai(Note thatkeywords contained within a PARM3D instruction are
caseinsensitive.)

Default Cell Value

The fApar anmssigemmet vaéaei on must contain one
beginning wit h Followeng thao mudt beiadreaf nanobert This is the

value which PARM3Dwill assign to all cells within the model domain to which a

valueis not assigned by anyserprovided instructionlt is important to note that, no

matter where the fAdeftewel tAdp airmanertieat ivoan uap [
section of the PARMS3D control file, the default value assignment operation is carried

outonly after all otheiinstructions have been implemented

LayerValue Assignment

All cells within a particular layeof the model gridcan bedirectly assigned a value
using an instruction be@menaxamplgs aneisholmn t he w
below.

layer 2 5.643 overwrite
layer 5 layvals.ref geomav

Examples of layer value assignment instructions.

The firstelementof a layer value asgnment instruction mudiet he wor d Al ayer
Following that must be the layer number to which the instruction pertains; this must
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be an integemgreater than zero and less than the number of layers in the model. The
next entry musbe either a real number the name of a file containing a real array. In

the former case the real numbeassigned to every cell in the nominated layethe

latter casecell values are read from the file and assigned to matching rows and
columns in the nominated layer dfet model grid. (As fothe other files discussed
above, formatted array storage is assumed unless the extension of the nominated file is
f.reuo.)

If a particular cell in the nominated layer has not been previously assigned ahalue

nominated number, grertinent real array element value, is directly assigned to that

cell. However if the cell has been assigned a value through a previous instruction, then

five options are available for assimilating the new number into the model property

array. The user nal supply one of the following keywordas the final entry of a

layer value assignment instructioim) order to exercise the option of his/her choice.

These keywords are fAoverwriteodo, Ageomavo, I

I f t he fov e pravidedtthe oewoelpvalue overwrites angrecedingeell
valueassignments The farithavo option specifies tt
arithmetic mean of the previousspeciies new ce
that the geometric mean will baken; note however that PARM3D will report an

error condition if the existing or neegell value is zero or negativié this option is

selected For the Amaxo option, t he maxi mum of
assigned to the c etioh, the mifinnum ef thipeeedingahde A mi n O
new value is assigned to the c&Where a cell had not been previously assigned a

val ue t he Aover writebo opt i o-supplieds options e d , ir
appearing at the end of the instruction.

Zone Value Assgnment

The syntax of a zanvalue assignment instruction is identical to that of a layer value
assignment instruction except dthefl|l ayher d act
keyword Some examplesf zone property assignment instructi@me show below.

zone 2 5.643 overwrite
zone 5 layvals.ref geomav

Examples of zone value assignment instructions.

In the first of the optionshown above, the value of 534 assigned to all cells

within the model grid which have a zonal value of 2. In the skaa@se any cell
possessing a zonal value of 5 is assigned a number equal to that of the cell of same
row and column number contained within the real astayed in filelayvals.ref As

for layer value assignment, new cell values can overwrite or modi$firex cell

values.

Vertical Property Gradation

Suppose that a band of mateffar e f er red t o herein as a #fhy
A H G U ocrupying different layers at different locations within thedel grid, has
hydraulic property valuethat varylinearly in the vertical direction. PARM3D allows
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the user to assign a property arrayhe top and bottom of that®U; property values
at thecentresof cells comprising the GU itself arethen determined by linear vertical
interpolation betweeits top andbottom.

The figure below depicta HGU which varies in thickness and disposition across part
of a model domain.

Vertical section through a model grid showing énydrogeologicalunit occupying
multiple model layers.(Note that, although depicted as horiantal in the above
figure, model layers elevations, as defined in layer elevation arrays, do not need
to be constant throughouta model domain.)

Suppose the shaded material in the above picture is defined by zdribe model
domain. In implementing tke vertical gradation optioffor zone n, the user must
supply the names of two files (or mdresee below), each of which contains a real
array. These arrays define hydraulic properties at the top and bottom boundaries of the
unit (i.e. zonen). For any vetical column of the finite difference grid, the hydraulic
property at any cell centre lying within thead (i.e. any cell centre lying within zone

n) is then determined through linear interpolation (using vertical distance as the
interpolation abscissa) tveeen the top and the bottom of the unit within that column

to the pertinent cell centre

Note the following.

1 Linear interpolation can take place on the basis of native etrdogformed
property values.

1 If, in any particular columnthe HGU is only onecell thick, the hydraulic
property value assigned to that cell is #ighmetic or geometric mean of the
hydraulic propest valueassigned to the top and bottom of the bé&cause
the <cell centre is half way bet ween
conditions)

1 If a unit is noncontiguous vertically in any column, the top hydraypioperty
is assigned to the top of the uppermbkdU cell in that column and the
bottom hydraulicpropertyis assigned to the bottom of the lowermbkiU

t

h
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cell in that colimn. Property values assigned to intermediate cell ceatees
calculated throughinear vertical interpolation between these elevations in the
usual manneiinterveningcellswithin the column assigned to otheGHs (i.e.
belonging to other zonesre sinply ignored in the property assignment
process.

More than two property arrays can beppliedas a basis for gradational property
assignment. For example three, rather than two, real array files can be provided. In this
case the first array is used to gssinotional hydrauliqroperties to the top of the
HGU, while the third is used to assign hydraulic properties to the bottom ofGhe H

The middle array is used to assign notional hydraulic properties to an elevation equal
to the midpointof the top and @ttom of the H® within any model column. In
assigninga property value t@ particularcell centre linear interpolation (on the basis

of elevation)then takes placebetweenthe pertinenttwo surfaceswhich directly
overlie and underlie that cell

More than three property arrays can be provided if desired. Vertical interpolation takes
place according to an obvious extension of the principal®jihed

Examples of vertical propertyradation instructions follow.

zone 2 grad_arith 2 top2.ref bot2.ref ov erwrite
zone 3 grad_geom 4 filel.ref file2.ref file3.ref file4.ref arithav

Examples ofvertical property gradation instructions.

Eachverticalpr operty gradation instruction must
followed by the integer designator of thene to which the instruction applies.
Agrad_aritho or Agr ad g elathe foriner gaseolinehr mu s t 1
elevation interpolation is undertaken with respect to the native hydraulic property

valug while in the latter case interpolation of tlog of the hydraulic property valug

undertaken (the interpolated value isrtbacktransformed into native property space

before cell assignment

The next entry in the vertical property gradation instruction must be an integer,
specifyirg the numbebof real array filenamet follow. The names of thactualfiles

must follow that. As usual, these files are assumed to be formatted unless provided
with an exetoensi on of #f.

The final entry on each line must be one of the ver wr imae @, Vvitge o t ha
Amaxo or i miThede h&ve thev samel measiag described above for
zonal and layepropertyvalue assignment.

Vertical Interpolation

This instruction bears some similarity to the vertical gradation instruction; however,
unlike the latter, itcan apply to both zones and layerSome examplesfathis
instruction type follow.

layer 3 interp _arith arithav
zone 4 interp_geom arithav
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Examples ofvertical interpolation instructions.

I f the first entry in a vertithéissnuctiomt er pol a
pertairs to the entirety of the nominated layer. Alternatively, if the first entry is

iz one 0, instrdcteom appli¢da all cells within the model grid which belong to

the identified zone. The layer or zone numberwhich theinstruction applieds

supplied as the second item of the line.

For each celbelonging tahe nominated layer or zone, PARM3Barchesipwards in

the respectivegrid column for a cell which has already been assigned a wvaltlee

basis ofa previous ingruction. Then it looks downwalwithin the respective column

for a cell which has already been assigned a value. Vertical inteopothen takes

place between tise alreachassigned cells to the new cell. Interpolatig linear. If

the third itemm averti cal i nterpolation instructio
property values are vertically i nterpol at
previously assigned values are verticaliterpolated (and the resultingterpolated

value isthenbacktransformedrior to cell assignmeht

The following should be carefully noted.

1 Vertical interpolation takes place using cell elevation as the vertical abscissa.
The elevation ascribed @ previouslyassigned cell is that pertaining its
midpoint. The eleration ascribed to a new cell for interpolation purposes is
also that pertaining to its midpoint.

1 If, for a particularcell for which vertical interpolation is required, there is no
overlying cell which has been previously assigned a value, the cellgaess
a value equal to that of the nearest underlying cell to which a value has
previously been assigned.

1 If, for a particularcell for which vertical interpolation is required, there is no
underlying cell which has been previously assigned a value, thdasce
assigned a value equal to that of the nearest overlying cell to which a value
has previously been assigned.

1 If there are no overlying or underlying cells within the sagne column
which have previously been assigned a value, PARM3D will ceasetexecu
with an appropriate error message.

1 Underlying or overlying cells from which interpolation takes place do not
need to belong to the same zone as the cell to which interpolation takes place.

1 Once a value has been calculated throtggticalinterpolation for a new cell,
the actual hydraulic property value assigned to that cell is calculated according
to whether the fAoverwriteo, Ageomavo, A
supplied as the last item in the vertical interpolation instruction line

1 If acdl in the nominated layer or zone has already been assigned atheue,
fact is ignored whenfinding overlying/underlying cells from which
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interpolation must take place to the centre of this cell. However, as mentioned
above, t he casdiged gluepis wken mta adcount tihe

Ageomavo, Aarithavo, Amaxo or fAmino key

the instruction line.

Rezoning

It is oftennecessary to alter the zone numbers to which cells belong so that subsequent
instructions can be ad to overwrite previousigssigned cell values. This may be
necessaryvhere new hydrogeological structure is introduced to the modebgsedd

on new zone number$or example, where aros-layer HQJ is superimposed on
previous layers whose propertiesvb been determined through vertical gradation.

Example rezoning instructions are depicted below

layer 1 rezone llayl.inf ignore_zero
layer 3 rezone llay3.inf use_zero

Examples ofrezoninginstructions.

As rezoning can only be carried out on layers,fitts¢ entry in a rezoning instruction
must be Al ayero; a | ayer number must folll
of a file which contains an integer array. As is the normal PARM3D protocol, this will

~

be assumed to Eformatted file unless posessea n e xt e.m®i.on of A

Two options are availabler assimilaton of the new zoning information contained in

the nominated integer array. I f the final
all elements of the new integer array overwrite edéments of the existing zonal
structure of the nominated | ayer. However

only nonzero elements of the newtegerarray are imported; existing zonal values
corresponding to zero elements of the new arraghasdeft unaltered.

There is no limit to the number of rezoning instructions which can be supplied; thus,
in the course of parameterising a model dom&amg PARM3D rezoning of the
entire model grid can takplace on multiple occasionsnécessary.

PARM3DOutput Files

PARM3D writes a sequence of real arrays
section of its control fileAs discussed above, formatted protocol is employed ualess
filename extension i . 1©ie supplied If a property file is not requed for a certain

model layer, PARM3D can be informed of this by supplying the pertinent filename as
Anoneo.

Uses of PARM3D

PARM3D can be used toonstruct acomplex parameterisatioof a model domain
where this parameterisation is based on assemblagegabfarrays.Hydraulic
properties can be assigned to real arrays using pilot points or zones. This can be useful
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when calibrating such a model using PEST. In this case the batch or script file run by
PESTas fit hewillre doeprised of one or more tamces of PARM3D
followed by MODFLOW and/or MT3DOne or more instances of FAC2REAL or
INT2REAL would be run ahead of PARM3D to build hydraulic property arrays on the
basis of pilot points or zones, before incorporating these into the model.

If calibration of such a model were undertaken using regularised inversion,
regularisation constraints could be added using the GENREG utility.

See Also

See also FAC2REAL, INT2REAL, GENREG, PESTPREP and PPKREG.
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PESTPREP

Function of PESTPREP

Program PESTPREP undertakbs laborious task of preparing a PEST control file

and a PEST instruction file for a MODFLOW or MT3D run. The laborious nature of

this work arises from the fact that, for a long transient run, it normally involves the
processing of a great deal of obsdron data. However if PESTPREP is used the
entire process i s automated. On the assum
consists of MODFLOW or MT3D followed by program MOD20BS, or of

MODFLOW followed by BUD2SMP followed by SMP2SMP, PESTPREP prepares

an instruction file to read the MOD20BS or SMP2SMP output file, and builds a

PEST control file containing measured vall
sample file on which the modgknerated bore sample file produced by MOD20BS

or SMP2SMP is basegarameters listed in a set of template files are also recorded in

the PESTPRERrepared PEST control file.

Note that the use of PESTPREP is not just restricted to the use of PEST with
MODFLOW and MT3D. Together with FEM2SMP and SMP2SMP (and maybe
PPK2FACF and FACEEM for pilot-pointbased parameterisation) it can also
expedite the use of PEST with MicroFEM.

Using PESTPREP

PESTPREPG&s use as a PEST preprocessor is
model run by PEST produces as one of its output filesra sample file in which

model outputs are spatially and temporally interpolated to measurement dates and
times. Recall that MOD20OBS writes a bore sample file containing rymtedrated

heads (or drawdowns, etc) interpolated to the same sites and timéxchtfield
measurements were made, the |l atter being s
file. SMP2SMP, when run following BUD2SMP, lists model inflows/outflows
interpolated to the measurement dates and times of these same quSMiE2SMP

when run 6llowing FEM2SMP performs a similar task in the MicroFEM contéxs

the role of PESTPREP to write an instruction set by which the MOD20OBS or
SMP2SMRgenerated bore sample file can be read, and to generated a PEST control

file whose corresponding obsart i on val ues are extracted f
bore sample file.

PESTPREP begins execution with the prompts:

Enter name of observation bore sample file:
Enter name of model bore sample file:

The first is the bore sample file containing measwtath. The second is the bore
sample file generated by MOD20OBS ®MP2SMP as part of the model. If a filename

file [files.fig ] is present in the current directory, the first of the above prompts is
accompanied by a default bore sample filename which candspted through simply
pressing the <Enter> key. Note that it is essential that the above bore sample files be
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Aipairedo in the sense that the |l atter is g
basis of the former as part of the composite model run.

As already stated, PESTPREP writes an instruction set by which the 1gedetated

bore sample file can be read, as well as a PEST control file. The production of both of

these files entails the generation of observation names. PESTPREP generates
observationnan®® i n one of three ways, depending o
prompts:

Use numbers or bore identifiers for observation names? [n/b]:

| fnoidi s ,sobdergatianse ate named from 1 to 99999999 in order of their
appearance in the MOD20OBS or SMP2Skherated bore sample file (which will

also be the order of their appearance in the measurement bore sample file upon which

the MOD20BS or SMP2SMBenerated bore sample file is based). Alternatively,

sel baxtf dir greater ease estoactuad measuremants.dnb s er v a
that case PESTPREP prompts:

Use first n or last n characters of bore identifier? [f/]:

wheren is a number from 3to 17 fof iis typed in response to
PESTPREP generates observation names by takingrsh@ tharacters of the bore
identifier and mad ft i hg s tnmesigndiesfthiznimd t B
sample pertaining to that bore as read from the MOD20OBS or SMP2f@ehitated

bore sample file. PESTPREP determinas the above prompt throagcounting the
maximum number of observations pertaining to any bore and thus determining how
many of thetwenty characters available in an observation name can be assigned to
sample numbering in this fashion. If this method of assigning observation daeses

not result in a unique set of names due to the fact that different bore identifiers have
the same firsh letters in common, PESTPREP informs the user of this. He/she is then
prompted for an alternative method of observation name generation.

ftheresponse to theloab oRES TphrREW hehsirestersibfh e | as't
each bore identifier in conjunction with the measurement sequence numbering scheme

to determine observation nhames. Once again, if this methodology does not result in a

set of uniqueobservation names PESTPREP will not proceed, requesting instead that

the user employ an alternative scheme for observation name generation.

PESTPREPO&s next prompt i s:

Enter name for instruction file:

Once it is supplied with this name (preferably with amx t e n s iimsn ) o f A .
PESTPREP generates the instruction set by which the MOD20OBS or SMP2SMP
generated bore sample file can be read. Then it gathers the names of the various
parameters involved in the current parameter estimation problem by reading all
tenplate files involved in the current PEST run. It promypts:

How many template files are there?
Enter name for template file # 1:
Enter name of corresponding input file:
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Enter name for template file # 2:
Enter name of corresponding input file:
etc.

Once it has read the template fileBESTPRERrompts for the name of the PEST
control file which it must write:

Enter name for output PEST control file:

and finally for the command which must bsedi n t he fAmodel cC omman
section of this file:

Ent er command which PEST will use to run model:
It then writes the PEST control file.

PESTPREP observes a number of conventions with respect to the assigning of
parameter groups, initial values and parameter value bounds when writing the PEST
control file. Trese conventions are as follows:

1 If the name of a parameter begins with a letter of the alphabet it is assigned to a
parameter group whose name is that letter. Thus paranpetg$ prop2 and
prop3are assigned to a parameter group whose namedisweve if a parameter
name begins with any other character, it is assigned to a group némeed

1 Parameters whose names begin wit{for vcon), t (for transmissivity, h (for
hydraulic conductivity p (for permeability or k (for konductivity are
logarithmically transformed. They are assigned an initial value of 1.0, a lower
bound of 10°°, and an upper bound of £0

1 Parameters whose names begin wiffor storagecoefficientor specific yield are
also logarithmically transformed. They are assignedaiali value of 0.1, a lower
bound of 10°°, and an upper bound of 0.3

1 All other parameters are assigned an initial value of 1.0, a lower botirid'Sf
and an upper bound or 0

Note also that, on the assumption thatands forecharge the derivatie increment
for members of parameter grous calculated using thel_to_maxmethod.

The user will probably wish to alter many of these settings once the PEST
control file has been created.

PESTPREP assumes that only one instruction file is requyrdtelinversion process,
this being the one that it has written itself to read the MOD20OBS or SMP2SMP
generated bore sample file, of which it also knows the name.

Once PESTCHEKhas writtenthe PEST control filethe status of the PEST input
dataset can benmediately checked using program PESTCHRW#erations can be
made to that file using a text editor.
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Note that when using PESTPREP, or any other member of the Groundwater Data
Utilities Suite, the user can dbnapthyt racko
simplyt ypi ng AEO or fAeo, foll owed by <Enter >;

Uses of PESTPREP

PESTPREP automates most of the laborious work required in the preparation of a
PEST run used for the calibration of a MODFLOWT3D, MicroFEM, or other
model.Because it can rapidly process the large amounts of data that often accompany
transient model calibration, it can accomplish in seconds that which would take hours
to accomplish in any other way.

See Also

See als¢-EM2SMP,MOD20BS, SMP2DAT and SMP2SMP.
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PESTPREP1

Function of PESTPREP1

The function of PESTPREP1 is identical to that of PESTPREP. That is, it builds a
complete PEST input dataset based on an observed bore sample file and its model
generated equivalent, together with parameters cited in oneoi& template files.
However it is built for use in conjunction with PESTPREP2, the function of the latter
program being to add more observations to the PEST input dataset. These
observations may be based on the same hasethose used by PESTPREPL}
reference different data types. PESTPREP1 therefore provides an observation naming
convention that allows these different observations types to be distinguished from
each other; ialsoallows the user to assign observations to an observation group name
of his/her choosingnstead of the default observation name used by PESTPREP.

Using PESTPREP1

Use of PESTPREP1 is identical tthat of PESTPREP, except faa few minor
changesTheseare now outlined.

PESTPREP1 names observations in a slightly different matonéat in which
PESTPREP names observations. For PESTPREP1 each observation name must begin
with a usersupplied prefix of eight characters or less. The remainder of the name is
formed in the same manner as for PESTPREP, i.e. using sequential nwonbers
identifiers followed by the observation number associated with each bhee.
PESTPREP1 naming conventias useful wherethe PEST input dataset includes

more than one observation type associated with each bore (with these additional
observations bag added to the PESTPREBé&nerated PEST input dataset by
PESTPREPY, for the prefix then distinguishemeobservation typérom another

If the namingby-boreidentifier option is selected, PESTPREP1, like PESTPREP,
asks:

Use first n or last n character s of bore identifier? [f/I]:

where n is calculated so that the observation name (including prefix and bore
observation number) fits within the 20 character observation nameinimitsed by

PEST It is possible that in the above prompt wilexceedthe 10 character limit
allowed for bore identifiers. If this is the case, the prompt is unnecessary of course.
However it is retained in case, at some future date, the 10 character bore identifier
limit is lifted.

The other feature that distinguishes PESTPREBM PESTPREP is the fact that
PESTPREP1 assigns observations to an observation group whose name is specified by

the user, rat her t hused bytPBSTRRIERISgneasweptooii o b s gr o
facilitates the addition of other observation types by PEHHR?2; these other

observation typeshouldnaturally be assigned to different observation gsoup
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Uses of PESTPREP1

Uses of PESTPREPL1 are the same as those of PESTPREP. However a PESTPREP1
generated PEST control file is more amenable to the later addficiurther
observation data by PESTPREP2.

See Also

See also, PESTPREP, PESTPREP2, MOD20BS.
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PESTPREP2

Function of PESTPREP2

PESTPREP?2 is designed to be used in conjunction with PESTPREP1. It allows extra
observations to be added to an existing PEST ingiatsét, rather than the creation of

a newPEST input dataset (which is the job of PESTPRER%)for PESTPREP and
PESTPREP1, observations are assurteedeside in a bore sample file; model
generated equivalents observationgproduced by MOD20OBS or SMPRB?) are

also assumed to reside in a bore sample file.

Using PESTPREP2

Use of PESTPREP2 is almost identical tttat of PESTPREP1 (and hence to
PESTPREP). A typical set of prompts and respoissgsown below.

Enter name of observation bore sample file: observ.smp

Enter name of model bore sample file: model.smp

Enter prefix for new observation names (8 chars or less): conc_

Use numbers or bore identifiers for rest of observation names? [n/b]: b
Use first 13 or last 13 characters of bore identifie r? [f/]: f

Enter name for new observation group: concs

Enter name for instruction file: concs.ins

- file concs.ins written ok.

Enter name of existing PEST control file: casel.pst

Enter name for new PEST control file: case2.pst

- file casel .pstre ad ok.

- file  case2 .pst written ok.

Prompts issued by PESTPRE®epart from those issued by PESTPRE#ere the

former programasksfor the name of an existing PEST control file contrastat this

stage of its operations PESTPREP1 prompts for the namesmplate files from

which it reads parameter names. PESTPRE®2s not add any parameters to an

existing PEST input dataset. However it adds all observations formulated from the
model bore sample file which itreaflst he fAmeasur ed dearnthees 6 of
complimentary observation bore sample filt)also adds the new instruction file,

together with thename of thenodel output file whichthese instructions are designed

toread (e.t he fAmodel b whose nama isrmpduested in the@w® of the

above prompisto the PEST input datasets well aghe observation group to which

these new observatioase assignedll other components of the existing PEBput

dataseta r e | eft unchanged. (1t i s ty mews t he u
commands, such as that required to run MOD20BS or SMP2SMP, to the model batch

file.)

It goes without saying that the PEST input dataset produced as an outcome of
PESTPREP2 execution should be checked using the PESTCHEK utility before PEST
IS run.
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Like PESTPREP and PESTPREP1, PESTPREP2 assigns a weight of 1 to all new
observations. The ADJOBS utility can be employed to modify these weights, this
being especially useful if it is desd that weights be a function of observed data
value. PEST utilities .'ch as the PWTADJ1 utility can also be of use in the
assignment of differential weights to the various observation groups involved in the
parameter estimation process.

Uses of PESTPREP2

As stated above, PESTPREP?2 is a partner to PESTPREP1. Collectivebathbe
used to create eomplexPEST input dataset comprised of many different observation

types

See Also

See also PESTPREP, PESTPREP1, MOD20OBS and SMP2SMP.
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PMP2INFO

Function of PMP2INFO

PMP2INFO tabulates the amount of water pumped between twepesgfied times

from a list of usespecified bores. It obtains the information which it needs to
calculate pumped volumes by reading a bore pumping file. Where the beginning or
end of the usesupplied time interval does not coincide with sampling timesroed

in the bore pumping file, PMP2INFO linearly interpolates data contained in this file to
the userspecified timenterval endpoints. It writes its output data (including bore
coordinates) to a bore information file.

Using PMP2INFO

Program PMP2INFO wWlinot run unless a settings filsdttings.fig ) is present

within the directory from which it is invoked. As discussed in Section 2.19 of Part A

of this manual, a settings file determines the manner in which dates are represented by
the Groundwater Datatllities.

Upon commencement of execution PMP2INFO prompts:

Enter name of bore coordinates file:

Enter the appropriate filename. If PMP2INFO located a filenamefiliéss.fig )

within the current directory, a default bore coordinates filename may app#a in
above prompt. In this case you should either press <Enter> to accept the default, or
supply another filename yourself. Note that there is no need for the bore coordinates
file read by PMP2INFO to include the optional layer number column; if this ¢olam
present, it is ignored.

PMP2INFO then asks:
Enter name of bore listing file:

The bore listing file should contain that subset of the bores cited in the bore
coordinates file for which pumping figures are required. If pumping figures are

required forall bores cited in the bore coordinates file, the latter can be resubmitted as
a bore listing file; PMP2INFO only reads the first column of a bore listing file.

Next PMP2INFO prompts for the name of the bore pumping file which holds the data
from which it must calculate individual pumping volume figures. See Section 2.6 of
Part A of this manual for the specifications of a bore pumping file. PMP2INFO
prompts:

Enter name of bore pumping file:

Supply the appropriate filename. If a filename file holding theneaf a bore
pumping file is present in the current directory, PMP2INFO includes the default
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filename obtained from this file in the above prompt. In this case you should either
press <Enter> to accept the default or type in the correct filename.

The timeinterval over which pumped volumes for each bore are to be calculated must
next be supplied. The PMP2INFO prompts are:

Enter time interval starting date [dd/mm/yyyy]:

Enter time interval starting time [hh:mm:ss]:

Enter time interval finishing date [dd Imm/yyyy]:
Enter time interval finishing time [hh:mm:ss]:

(Note that the date representation format depends on the contents of the settings file
settings.fig .) If the date and time corresponding to the beginning or end of the
time interval does not coirge with a sampling date and time as recorded in the bore
pumping file, PMP2INFO carries out a linear interpolation of data contained in the
latter file to the usespecified interval beginning or end point. The ugeecified time
interval can be of any dation; however precision may be lost if the length of the
interval is very small relative to the time between readings. Note also that if the start
of the useispecified time interval precedes the first pumpage reading for a particular
bore and/or the enaf the time interval postdates the last pumpage figure recorded for
a particular bore in the bore pumping file, PMP2INFO will be unable to calculate the
amount of water pumped from that bore during the interval.

PMP2INFO writes its calculated pumped voksnto a bore information file whose
name must be specified in response to the prompt:

Enter name for output bore information file:

Then PMP2INFO prompts:

Record any uninterpolated bores to output file? [y/n]:

| f you respond tm, t PINED willrominfram the ibareh A
information file which it generates any bores for which it cannot calculate the required
extraction volume during the ussapplied time interval. Otherwise it will include
these bores in its output file, denoting its inapitis perform the required calculation

by one of a set of codes replacing the calculated pumped volume figures. Thus if the
beginning of the usesupplied pumping interval precedes the first pumpage reading
for a bore as recorded in the bore pumping fil®PRINFO writes the text

fibefore_first_sample 0O in place of the pumped vol umi
of the usedefined pumpage interval postdates the last pumping reading for a
particular bore, the extracted volume for that bore is recorded as
fiafter la st sample 0O . I f a bore cited in the bore |
bore pumping file, i t s naintpunapmd_fed voo.l ume i s

The following figure shows part of a bore information file generated by PMP2INFO.
Note that borehole codinates (read from the bore coordinates file) comprise the
second and third columns of a PMP2INBEEénerated bore information file.
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40236 426276.0160 7256191.549 0.00000

40240 423156.2920 7256758.984 after_last_sample
40241 42324 2.3010 7256451.838 after_last_sample
40402 430721.1320 7254368.971 0.00000

40403 430497.9760 7254091.023 61.935

40407 431574.6490 7252097.156 37.793

40409 430970.8520 7254954.668 26.196

40413 430467.7110 7254521.561 2.6957
40414 430299.8120 7254428.439 16.998

40416 431617.7600 7254711.861 194.06

40418 431028.5810 7254647.337 after_last sample
40423 429652.7360 7254701.978 7.1839

40429 431812.9540 725498 9.651 0.00000
40431 430664.1160 7254553.345 38.693

40433 430718.1960 7254953.401 3.9957

40435 430800.9390 7255261.436 114.43

40437 429679.8910 7254886.556 4.0675

40440 433024.5250 7254072.732 43.672

40806 423429.9890 7252977.065 0.00000

40810 423390.7910 7254976.133 9.6186

40841 422804.9000 7254326.931 0.00000

40842 423279.0220 7254883.235 0.97154

40844 423878.6440 7253071.716 0.00000

Extract from a bore information file generated by PMP2INFO.

Uses of PMP2INFO

PMP2INFO can assist in the undertaking of simple water balance studies over various
parts of an aquifer. For example calculations of pumped volumes over dry periods
where aquifer recharge is expped to be zero, supplemented by measured water level
falls in observation bores over the same period (together with some simple
assumptions concerning aquifer inflow and outflow) can lead to an estimate of aquifer
specific yield. Another neamodelling appcation, made possible by the fact that the
bore information file generated by PMP2INFO provides bore coordinates in its second
and third columns, is the posting of pumping information on a map of the study area,
perhaps with symbol size proportional tdaracted volume.

In the modelling context, the bore information file generated by PMP2INFO can be
used by program PT2ARRAY to assign pumping rates to model cells containing
bores. Thus the joint use of PMP2INFO and PT2ARRAY can greatly facilitate the
time-consuming and laborious task of incorporating borehole pumping data into a
groundwater model.

See Also

See also PMPCHEK, PT2ARRAY.
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PMPCHEK

Function of PMPCHEK

PMPCHEK checks the integrity of a bore pumping file, reading the file in its entirety
and writing any errors it finds to the screen.

Using PMPCHEK

Program PMPCHEK will not run unless a settings fiet{ings.fig ) is present
within the directory from which it is invoked. As discussed in Section 2.19 of Part A
of this manual, a settings file determsrthe manner in which dates are represented by
the Groundwater Data Utilities.

PMPCHEK begins execution with the prompt:

Enter name of bore pumping file:

to which you should respond with the appropriate filename. If a filename file
(files.fig ) holding thename of a bore pumping file is present in the current
directory, PMPCHEK includes the default filename obtained from this file in the
above prompt. In this case you should either press <Enter> to accept the default or
type in the correct filename.

PMPCHEKTthen reads the nominated file, writing any errors that it finds to the screen
(up to a maximum of 40 errors). It checks that the following conditions are met in the
bore pumping file:

1 That every line contains sufficient items, and that each date, tim@uangding
figure can be read correctly.

i That all dates and times are valid.

1 That data for all bores are sequential, and that the beginning of one time interval
coincides with the end of the previous interval for subsequent entries citing the
same bore.

1 Thatall bore identifiers are of 10 characters or less in length.

Uses of PMPCHEK

Those Groundwater Data Utility programs which obtain part of their data
requirements from a bore pumping file carry out rudimentary error checking as they
read the file; howevetheir error checking is not exhaustive. Furthermore, on
encountering an error condition they usually write the error (and line number) to the
screen and then cease execution. Thus if a bore pumping file has more than one error
the next error will go undetged until the first error is rectified and the utility is run
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agai n. The detection (and -by-erced ffasahion) c.
become timeconsuming and frustrating if a bore pumping file has more than just a
few errors.

PMPCHEK was wtiten to record and report all errors at once. When writing errors to

the screen it reports the file line number on which each error condition occurs so that a

user may easily locate and rectify these errors. Note that a user can redirect
PMPCHEK screen optu t to a fP>d esymbsadln)g ftdire a@a mor e
record of the errors.

It is strongly recommended that PMPCHEK be used to establish the integrity of a bore
pumping file before the latter is used by any of the Groundwater Data Utilities.

See Also

See also MKPMP1, PMP2INFO.
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PPCOV

Function of PPCOV

PPCOQV reads a pilot points file and a geostatistical structure file. On the assumption
that each pilot point represents a model parameter, it writes a covariance file for these
parameters based on geastatal stru¢ures pertaining to various sets of these points.
Points within the pilot points file can belong to one such set, or many different sets,
eachpotentially beingcharacterised by a different structure.

Using PPCOV

PPCOV commences execution bpmpting for the name of a pilot points file.
Enter name of pilot points file:

If the name of such a file is cited afiles.figfile contained within the current working
directory, this filename will appear with the above prompt; it can then be accbpte
simply pressing the <Enter> key.

The format of a pilot points file is described in part A of this manmsinoted there,

the first column of a pilot points file contains pilot point names (10 characters or less
in length. The next two columns contapilot point eastingand northings. Following
theseare zone numbers, followed by the values assigned to pilot points. PPCOV
ignores datgrovidedin the last column of this file. However it @ ssne numbers to
suldivide pilot points into groupsPilot points within each group are assumed to be
characterised by a single geostatistical structure. There is assumedastadstical
dependencdetween groupsthus covariances between pilot point parameters from
different groups are assumed to be zero.

The names of parameters pertaining to pilot points are assunbecttiher the same
as the names of the pilot points themselves, or to be derived from pilot point names by
addition of a prefix. See below.

PPCQOV next prompts:

Enter minimum allowable separa tion for points in same zone:

This allows the user to check that no two pilot points within the same zone are closer
than he/she thinks they are, or eweadvertentlysuperimposed. If any two points are
closer than the minimum separati@upplied in respuse to the above prompt
PPCOV will list the offending points and then cease execution. In most cases the
appropriate response to the above praspéro.

PPCOVOGs next prompt i s:
Enter name of structure file:
The format of a structure file is presented part A of this manual. It contains

specifications for one or a number géostatistical structures, each of which can
comprise a nugget and one or more nested variogfaiish may be anisotropic if
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desired) Each structure has a name; one such strigiirassigned to each zone
identified in the pilot points file in response to the following sequence of prompts
issued by PPCOV:

Enter structu re to use for pilot point zone 5
Enter structu re to use for pilot point zone 6
etc

Zone numbers are as suigpl in the pilot points file, and are listed in increasing order

in the above series of prompts. In response to each ¢ phempts, the user should
supply the name of a geostatistical structure whose specifications are provided in the
structure file.

PRCOVG6s final two prompts are:

Enter name for output matrix file:
Enter pilot point prefix for parameter name (<Enter> if none):

The name of a file to which the covariance matrix will be written is supplied in
response to the first of the above promptse prefix by which pilot point names are
converted to parameter names is supplied in response to the second of the above
prompts.

The format of the file to which the covariance matrix is written is the same as that
used by PEST matrixnanipulationutilities. See either the PEST manual or the
addendum to the PEST manual for details.

Uses of PPCOV

PPCOV3D can be used for building gplc(i.e. a parameter covariance) matrix for the
use of PEST utilities such as those belonging to the PREDVAR and PREDUNC suite
of programs. As such, it furnishes the basis for calculation of the contribution to
predictive error variance and/or predictive uncertainty made by the inability of the
model calibration process to capture all system hydraulic property detail. In most
mocelling contexts this is the dominant contributor to model predictive
error/uncertainty.

The covariance matrix written by PPCOV3D can also be used by PEST itself. It can
be ascribed to an observation group (including a prior information group) used in
Tikhonov regularization. Thus if heterogeneity is introduced to the model domain
through the inversion process, its introduction is in accordance with the underlying
parameter variogram(s) inasmuch as this is not violated by measurements used in the
calibrationprocess.

See Also

See also PPCOV_SVA, PARCOV, PPCOV3D, PPCOV_SVA, PPK2FAC,
FIELDGEN and GENREG.
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PPCOV_SVA

Function of PPCOV_SVA

PPCOV_SVA( i SVAO stands f or s pparfoimaa sijilarvar yi ng
role to that of the PPCOV utility in that it thds a covariance matrix for parameters

which are associated with a set of tdimmensional pilot points. However it does not

rely on an assumption of geostatistical stationarity. In fact, variogram properties can

be different athe location ofevery pilotpoint. Construction of the covariance matrix

in such a context of spatially varying geostatistical properties can only be
approximate. Nevertheless the covariance matrix produced by PPCOV_SVA may

prove useful in implementing regularisation, and in geraraif random values for

pilot point parameters where pilot points are used to represent spatial hydraulic
property heterogeneity in a model domain of highly variable geology.

Using PPCOV_SVA

Unlike PPCOV and PPCOV3D, PPCOV_SVA does not read a struckeri@ forder

to obtain the properties of a geostatistical structure that is assumed to characterize
hydraulic property heterogeneity throughout a model domain. Recall that a
geostatistical structure can include one or a number of variograms; these are then
nested to characterize total spatial variability. Instead, a single variogram type is
assumed to prevail throughout the model domain. However its sill, nugget, range,
anisotropy and anisotropy direction can vary on a {mtoht-by-pilot-point basis.

Pilot point specific nuggets can also be employed.

PPCOV_SVA reads a fApil ot points statistic
normal pilot points file. However it contains extra data columns; it can also optionally

contain a header line at its top. Anaexple of the first part of a pilot points statistical

specification file is shown below.

point x y zone nugget sill a hanis  bearing

pptl 35.0 765.0 1 05 0.8 350.0 4.0 45

ppt2 95.0 765 .0 105 08 350.0 4.0 45

ppt3 155.0 765.0 1 0.5 0.8 350.0 4.0 45

ppt4 2150 765.0 1 0.5 0.8 350.0 4.0 45

ppt5 275.0 765.0 1 0.5 0.8 350.0 4 0 90
ppt6 335.0 765.0 1 0.0 0.8 350.0 4.0 90

ppt7 395.0 765.0 1 0.0 0.8 350.0 4.0 90

ppt8 455.0 765.0 1 0.0 0.5 350.0 4.0 90

ppt9 35.0 705.0 1 0.0 0.5 150.0 0.0 0

pptl0 95.0 705.0 1 0.0 0.5 150.0 0.0 0

pptll 155.0 7050 1 0.0 05 150.0 0.0 0

pptl2 2150 7050 1 0.0 0.3 150.0 0.0 0
pptl3 275.0 7050 2 0.0 0.3 150.0 0.0 0

pptl4 335.0 7050 2 0.0 0.3 150.0 0.0 0

pptl5 395.0 7050 2 0.0 0.3 150.0 0.0 0

etc

The first part of a pilot points statistical specification file.
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Column headers can be provided as the first line of the pilot points statistical
specification file. This line is optional; if it supplied, PPCOV_SVA does not read it. It
exists purely for the benefit of the user.

The first four columns of a pilot points statistical specification file are the same as

those of a normal pilot points file. They contain, respectively, pilot point identifiers

(of 12 characters or less), pilot point eastings and northings, and pilot point zone
numbers. The ensuing columns must contain variogram specifications; the correct

order of these columns is shown in the above example. First comes the nugget; then
come the variogram sill, the fAado value of
range), ad then the horizontal anisotropy and anisotropy bearing (with respect to

north) of the variogram. See descriptions of the geostatistical structure file provided
elsewhere in this documentation for a full explanation of these variables. Note that if
anisot opy i s greater than 1.0, then the varioc
variogram in the direction of greatest variogram elongation; meanwhile the bearing of
anisotropy points in this same direction.

If pilot point parameters are legansformedthen all of the variogram characteristics
specified in the pilot points statistical specification file must pertain to the log (to base
10) of parameter values. PPCOV_SVA has no knowledge of the transformation status
of pilot point parameters; hence itatonot check this.

Use of PPCOV_SVA is very similar to that of PPCOV, except for the requirement
that a pilot points statistical specification file be provided instead of a pilot points file
and a geostatistical structure file. Prompts and typical PPCOX r8sponses are as
follows.

Enter name of pilot points statistical specs file: hk_stat.pts

Skip a line a the top of this file? [y/n]: y
- data for 103 pilot points read from pilot points file hk_stat.pts

Enter minimum allowable separation for points in same zone: 0.0
Is overall variogram spherical, exponential or Gaussian? [s/x/g]: S

Enter name for output matrix file: cov.dat
Enter pilot point prefix for parameter name (<Enter> if none): k

Filling covariance matrix....
Using SVD to assure po sitive definiteness of matrix....
- file temp.dat written ok.

The algorithmic basis of PPCOV_SVA is very simple. The total variance assigned to
any pilot point is the sum of the nugget and the sill that are ascribed to that pilot point.
If two pilot points lie in separate zones, then their covariance is zero. If they lie in the
same zone, a covariance between them is calculated using the variogram
characteristics pertaining to both pilot points; the lesser of these covariances is then
adopted. Positive @finiteness of the resulting matrix is then guaranteed by subjecting

it to singular value decomposition and rebuilding it after equatiny thmatrix to the

U matrix.
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Uses of PPCOV_SVA

The covariance matrix produced by PPCOV_SVA can be used in conjunitiotne
PEST ADDREGL1 utility to implement preferred value regularisation in areas of
complex geology. It can also be used with the PEST RANDPAR utility, and with
PLPROC, to generate random values for pilot point parameters.

See Also

See also PPCOV, PPCOM3PPCOV_SVA and PARCOV.
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PPCOV3D

Function of PPCOV3D

PPCO\BD reads athreedimensionalpilot points file and a geostatistical structure

file. On the assumption that each pilot point represents a model parameter, it writes a
covariance file for these pan@ters based on geostatistical structures pertaining to
various sets of these points. Points within the pilot points file can belong to one such
set, or many different sets, each potentially being characterised by a different
structure.

Using PPCOV3D

PPCO\BD commences execution by prompting for the name of a pilot points file.
Enter name of pilot points file:

If the name of such a file is cited irfikes.figfile contained within the current working
directory, this filename will appear with the aboverppt; it can then be accepted by
simply pressing the <Enter> key.

The pilot points file must be of the thrdanensional type. fie first column ofthis

file mustcontain pilot point names (10 characters or less in length). Thethmext
columnsmustcontan pilot point eastingsnorthingsand elevationsFollowing these

is a column ofzone numbers, followed bgnother column containinthe values
assigned to pilot points. PPCQAM ignores data providedn this last column.
However it uses zone numbers to divite pilot points into groups. Pilot points
within each group are assumed to be characterised by a single geostatistical structure.
There is assumed to e statistical dependendsetween groups; thus covariances
between pilot point parameters from diént groups are assumed to be zero.

The names of parameters pertaining to pilot points are assumed to be either the same
as the names of the pilot points themselves, or to be derived from pilot point names by
addition of a prefix. See below.

PPCO\BDO0 s t prempt is:
Enter name of structure file:

The format of a structure file is presented in part A of this manual. It contains
specifications for one or a number of geostatistical structures, each of which can
comprise a nugget and one or more nested giams (which may be anisotropic if
desired). Each structure has a name; one such structure is assigned to each zone
identified in the pilot points file in response to the following sequence of prompts
issued by PPCO3D:-

Enter structu re to use for pilot p oint zone 5

Enter structu re to use for pilot point zone 6
etc
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Zone numbers are as supplied in the pilot points file, and are listed in increasing order
in the above series of prompts. In response to each of these prompts, the user should
supply the nam of a geostatistical structure whose specifications are provided in the
structure file.Each structure that isamedthrough responses to the above prompts
must be of the thredimensional type. Thus the variograms which it employs must
cite theangl, ang, ang3 a_hmaxa_hminanda_vertparameters which characterize
variograms of this type.

PPCOWBD6s final two prompts are:

Enter name for output matrix file:
Enter pilot point prefix for parameter name (<Enter> if none):

The name of a file to which theovariance matrix will be written is supplied in
response to the first of the above prompts. The prefix by which pilot point names are
converted to parameter names is supplied in response to the second of the above
prompts.

The format of the file to whiclthe covariance matrix is written is the same as that
used by PEST matrix manipulation utilities. See either the PEST manual or the
addendum to the PEST manual for details.

Uses of PPCO\D

PPCO\BD can be used for building a ©((i.e. a parameter covariajcmatrix for the

use of PEST utilities such #sose belonging to the PREDVAR and PREDUNC suite
of programs.As such it furnishes the basis for calculation of the contribution to
predictive error variancand/or predictive uncertaintymade by the inabily of the
model calibration process to capture all system hydraulic property detail. In most
modelling contexts this is the dominant contributor to model predictive
erroruncertainty

The covariance matrix written by PPCOV3D can also be used by PEST litegih

be ascribed to an observation group (including a prior information group) used in
Tikhonov regularization. Tius if heterogeneity is introduced to the model domain
through the inversion process, its introduction is in accordance with the underlying
parameter variografs) inasmuch as this is not violated by measurements used in the
calibration process.

See Also

See also PARCOV, PPCOPPCOV_SVAPPK2FAC, FIELDGEN and GENREG.
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PPCOV3D_SVA

Function of PPCOV3D_SVA

PPCOWD SVA ( i SVADO standy Varryifmgp gendied Gt r opy 0)
similar role to that of the PPCCD utility in that it builds a covariance matrix for

parameters which are associated with a s#treedimensional pilot points. However

it does not rely on an assumption of geostatiststationarity. In fact, variogram

properties can be different #ie location ofevery pilot point. Construction of the

covariance matrix in such a context of spatially varying geostatistical properties can

only be approximate. Nevertheless the covariang®trix produced by
PPCO\WBD_SVA may prove useful in implementing regularisation, and in generation

of random values for pilot point parameters where pilot points are used to represent

spatial hydraulic property heterogeneity in a model domain of highigblargeology.

Using PPCOV3D_SVA

Unlike PPCOV and PPCOV3yut similarly to PPCOV_SVAPPCOMD_SVA

does not read a structure file in order to obtain the properties of a geostatistical
structure that is assumed to characterize hydraulic property hetetgderaighout a

model domain. Recall that a geostatistical structure can include one or a number of
variograms; these are then nested to characterize total spatial variability. Instead, a
single variogram type is assumed to prevail throughout the modelidortiowever

its sill, nuggetthreedimensionalranges andthreedimensionalanisotropy directios

can vary on a pilepoint-by-pilot-point basis. Pilot point specific nuggets can also be
employed.

PPCOWD_S VA r dhmeddimerssiondbilot pointsstas t i ¢ a | speci ficati
This resembles a normal pilot points file. However it contains extra data columns; it

can also optionally contain a header line at its top. An example of the first part of a
threedimensionabilot points statistical specificatn file is shown below.

point_id x y z zone nugget silla_hmax a_hmin a_vertangl ang2 ang3

1.1 350 765.0 100 1 0.0 05 10 0.0 30.0 10.0 20.0 0.0 0.0
12 950 765.0 100 1 0.0 05 100.0 30.0 20.0 20.0 0.0 0.0
1.3 155.0 765.0 10.0 1 0.0 0.5 100.0 30.0 10.0 30.0 100 0.0
1.4 2150 765.0 200 1 00 05 30.0 30.0 10.0 30.0 100 0.0
1.5 2750 765.0 20.0 1 0.0 05 30.0 10.0 20.0 80.0 100 0.0
1 6 3350 765.0 25.0 1 00 05 300 10.0 10.0 80.0 0.0 0.0
1.7 3950 765.0 25.0 2 00 0. 25 300 10.0 10.0 135.0 200 0.0
1.8 4550 765.0 30.0 2 00 0. 25 2000 10.0 10.0 135.0 200 00
1.9 350 705.0 30.0 2 00 0. 25 200.0 30.0 10.0 135.0 200 0.0
1 .10 95.0 705.0 30.0 2 00 0. 25 200.0 300 20.0 90.0 200 0.0
1 11 155.0 705.0 40.0 2 00 0. 25 200.0 300 20.0 90.0 20.0 0.0
etc

The first part of a three-dimensionalpilot points statistical specification file.

Column headers can be provided as the first line ofttfedimensionabpilot points
statistical specification file. This line is optional; ifig supplied PPCO\BD_SVA
does not read it. It exists purely for the benefit of the user.
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The firstfive columns of ahreedimensionalpilot points statistical specification file
are the same as those of a nortaéedimesionalpilot points file. They contain,
resgectively, pilot point identifiers (of 12 characters or less), pilot point eastings
northings elevations and pilot point zone numbers. The ensuing columns must
containthreedimesionalvariogram specifications; the correct order of these columns
is shownin the above example. First comes the nugget; thenctherariogransill.
Columns containing the variogram hmax a_hminand a_vert valuesfollow this;
thesearethefi a 0 sohthethreedimensionalariogramin two orthogonalroughly
horizontal directions and ima third, roughly vertical direction. The angles which
specify these directions (namelangl ang2 and ang3 follow. Refer to the
documentation of the PPKFAC3D utility for a description of all of these three
dimensional variogram speciéitions.

If pilot point parameters are legansformed, then all of the variogram characteristics
specified in thehreedimensionapilot points statistical specification file must pertain
to the log (to base 10) of parameter values. PPEID\BVA has no knaledge of the
transformation status of pilot point parameters; hence it does not check this.

Use of PPCOWD _SVA is very similar to that of PPCQD, except for the
requirement that @hreedimensionalpilot points statistical specification file be
providedinstead of a pilot points file and a geostatistical structure file. Prompts and
typical PPCO\BD_SVA responses are as follows.

Enter name of 3D pilot points statis tical specs file: pp_specs.dat

Skip a line at the top of this file? [y/n]:
- data for 3 12 pilot points read from file pp_specs.dat

Is overall variogram spherical, exponential or Gaussian? [s/x/g]: X

Enter name for output matrix file: temp.dat
Enter pilot point prefix for parameter names (<Enter> if none): k

Filling covariance matrix.
Using SVD to assure positive definiteness of matrix....
- file temp.dat written ok.

The algorithmic basis of PPC@Y_SVA is very simple. The total variance assigned
to any pilot point is the sum of the nugget and the sill that are ascribed tolthat pi
point. If two pilot points lie in separate zones, then their covariance is zero. If they lie
in the same zone, a covariance between them is calculated using the variogram
characteristics pertaining to both pilot points; the lesser of these covariarbes
adoptedPositive definiteness of the resulting matrix is then guaranteed by subjecting
it to singular value decomposition and rebuilding it after equatiny thmatrix to the

U matrix.

Uses of PPCOD_SVA

The covariance matrix produced by PPCIDVSVA can be used in conjunction with
the PEST ADDREG1 utility to implement preferred value regularisation in areas of
complex geology. It can also be used with the PEST RANDPAR utility, and with
PLPROC, to generate random values for pilot point parameters.
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See Also

See also PPCOV, PPCOV3D, PPCOV_SVA and PARCOV.
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PPK2FAC

Function of PPK2FAC

PPK2FAC generates a set of kriging factors for use in spatial interpolation from a set

of pilot points to a MODFLOW/MT3D finitadifference grid. Kriging factors are

basedon usersupplied, nested variograms, each with an arbitrary magnitude and
direction of anisotropy. Different variograms can be used for spatial interpolation in

different parts of the model domain. PPK2FAC also writes a MODFLedWipatible

real array depiatg kriging standard deviations over the model domain, as well as a
Aregul arisation information fil eédasadhi ch ca
regularisation constraints to a parameter estimation problem.

Generation of MODFLOW and MT3D inputrays based on PPK2FAgenerated
kriging factors is carried out by other programs of the Groundwater Data Utilities such
as FAC2REAL and FAC2MF2K. Separation of the tintmsuming, factegeneration
process from the array construction process facilitatesvaatic parameter estimation
based on pilot points using software such as PEST, for kriging factors are unchanged
as values assigned to the pilot points are adjusted through the parameter estimation
process.

Regularisation information recorded by PPK2FASCused by program PPKREG;
PPKREG modifies an existing PEST control file containing plintbased
parameters, adding regularisation constraints based on the geostatistical structure of
the area, and the distances between the pilot points on whiaghgiarsation of the

model domain is based.

Using PPK2FAC

Structure File

Before the operational details of PPK2FAC
described. PPK2FAC reads such a file in order to ascertain the geostatistical
characteristics of thareas in which spatial interpolation is to be carried out. Use of a
geostatistical structure to characterise the spatial variation of a hydraulic property
assumes that values taken by that property are spatially correlated, and that the degree

of correlaion between values at two different points is dependent only on their
separation. Furthermore, it is assumed that this-paart distancelependence can be

described by one or more nested variograms; an optional uncorrelated component (a

i nug g et hydraulw property #eld can also be represented.

A structure file is depicted below.
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STRUCTUR structl
NUGGET 0.0
TRANSFORM log
NUMVARIOGRAM 2

END STRUCTURE

VARIOGRAM varl
VARTYPE 2
BEARING 72
A 3000
ANISOTROPY 13.5

END VARIOGRAM

VARIOGRAM var2
VARTYPE 1
BEARING 72
A 4000
ANISOTROF 5.0

END VARIOGRAM

STRUCTURE struct2
NUGGET 0.0
TRANSFORM none
MEAN 23.5
NUMVARIOGRAM 1

END STRUCTURE

VARIOGRAM var3
VARTYPE 4
BEARING 20
A 0.005
ANISOTROPY 1.0

END VARIOGRAM

VARIOGRAM varl 0.6
VARIOGRAM var2 0.3

MAXPOWERVAR 10000
VARIOGRAM var3 .005

A structure file

A structure file is subdivided into different segments. Segments are of two-types

fistructur e

segment so

and

i v ar nt® mustabm

segmer

assigned a unique name. This name is written to the first line of the segment following
the word STRUCTURE or VARIOGRAM; it must be 10 characters or less in length.
A structure segment must end with the words END STRUCTURE; a variogram

segmentmust end with the words END VARIOGRAM. Note that although some

words in the above example are shown capitalised, every item within a structure file
is, in fact, case insensitive.

Within each structure or variogram segment, data is supplied through thaf use

keywords (capitalised in the above example). Wherever a keyword is supplied it must
be followed by the value of the variable which the keyword represents. For all

keywords except VARIOGRAM only one entry is required following the keyword
itself; howeverwhere the keyword VARIOGRAM occurs within a STRUCTURE

segment, two variables must follow.
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Within any segment of a structure file, keywords and corresponding values can be
supplied in any order. However there is one exception to this rule; this is that the
NUMVARIOGRAM keyword must precede the VARIOGRAM keyword in a
STRUCTURE segment.

Within each segment of a structure file, each keyword should be cited only once.
However there is also one exception to this rule; this is that the VARIOGRAM
keyword within aSTRUCTURE segment must be repeated NUMVARIOGRAM
times.

Some keywords are mandatory; others can be omitted where they are not required.

Keywords that can appear in a STRUCTURE segment are NUGGET, MEAN,
NUMVARIOGRAM, TRANSFORM, VARIOGRAM and MAXPOWERVAR.
NUGGET, MEAN and MAXPOWERVAR are optional.

Each STRUCTURE segment specifies the geostatistical components of the random
field which characterises the spatial distribution of some hydraulic property over all or
part of the model domain. These componentaa&GGET (optional) and up to five
VARIOGRAMSs (the number of variograms contributing to any structure being
provided by the variable NUMVARIOGRAM). The value supplied for the NUGGET
specifies the contribution made to the total, nested variogram by amafielal
lacking any spatial correlation. The contribution made to the total, nested variogram
by each of the NUMVARIOGRAM variograms cited in the STRUCTURE segment is
provided after each VARIOGRAM keywordsee below.

If the variograms and nugget comprigithe geostatistical structure pertain to the
native value of a hydraulic property, t hel
However if they pertain to the log (to base 10) of a hydraulic property, then
TRANSFORM must be provi desk ofala vaiidgm@mrgso . ( Not
though conceptually correct when describing the spatial variation of hydraulic
properties such as transmissivity and hydraulic conductivity, presents certain problems

when working with MODFLOWZ2000. Fortunately, as is described elsereh these

problems are easily overcome. See Section 5 of Part A of this manual for further

details.)

I f Asimple krigingo is to be carried out,
represented by the geostatistical structure must be providecchnSSERUCTURE
segment following the keyword MEAN. Howev e

out, a mean hydraulic property value does not need to be provided; hence the MEAN
keyword, if present, is ignored. In general, it is better to undertake ordirigmg

than simple kriging; see Section 5 of Part A of this manual for a further discussion.

i's important to note that I f TRANSFORM i s
supplied after the MEAN keyword must pertain to thettagsformed proprty

distribution.

Two items of information must follow each incidence of the VARIOGRAM keyword
within a STRUCTURE segment. The first is the name of a variogram. This must be
10 characters or less in length; specifications for the named variogram must be
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supplied elsewhere in the file within a VARIOGRAM segment. The second item of
information following each VARIOGRAM keyword within a structure segment is the
contribution made to the overall structure by that variogram. The sum of the
contributions made bylavariograms, plus the nugget, is equal to the sill of the nested
variogram comprising the structure, ie. its lelagge asymptote. It is important to
remember t hat when TRANSFORM is set t o
pertain to the log of the hyalulic property field.

MAXPOWERVAR is an optional variable. It is only used if one of more of the
variograms <cited in a STRUCTURE segment
variogram does not have a sill. The sill of a variogram, or of a set of nested
variograms comprising a structure, is equal to the covariance of the regionalised
variable represented by the structure. Thus any structure that possesses a power
variogram component does not have a finite covariance. This brings with it certain
numerical dificulties when kriging factors are computed based on that structure.
Fortunately, these difficulties are easily overcome by assuming a suitably high
covariance; unless a value for MAXPOWERVAR is supplied by the user, PPK2FAC
assumes a value of 10000 foetstructure covariance. Under most circumstances, the
assumed covariance makes no difference to calculated kriging factors. However if the
parameters of a power variogram are such that variogram values become this high at
distances within the dimensiongtbe study area, then a higher covariance should be
assigned to the MAXPOWERVAR variable.

Keywords that can appear within a VARIOGRAM structure are VARTYPE,
BEARING, A and ANISOTROPY. All of these are mandatory.

VARTYPE specifies the type of variogramijts must be supplied

as

30 or 40 indicating a spherical, expon

respectively. See Section 5 of Part A of this manual for the definition of each of these
variogram types. Note that, for reasons outlinedhist section, use of a Gaussian
variogram is not recommended; also, care should be taken when using a power
variogram. The /A0 akeaplevappearinggneeach af equations o t
5.1 to 5.4 of Part A of this manual; for all but the poweiogram this is related to

the range of the variogram.

BEARING specifies the angle (in degrees) between north and the axis of anisotropy
(normally the direction of greatest uniformity) of the random field characterised by the
variogram. ANISOTROPY specifiethe ratio of the range in this direction to the
range in a direction at 90 degrees to BEARING. If BEARING does, indeed, indicate
the direction of elongation of the ellipse of anisotropy, then ANISOTROPY will be
greater than 1. However, if desired, therusan enter BEARING as the direction of

the short axis of the ellipse of anisotropy; in this case ANISOTROPY will be smaller
than 1. Under isotropic conditions, ANISOTROPY should be set to 1.

Note that if the name of a variogram is cited in a STRUCTUREnsag then
specifications for that variogram must be provided in a VARIOGRAM segment.
However if specifications for a variogram are supplied in a VARIOGRAM segment,
and that variogram is cited nowhere within a STRUCTURE segment, PPK2FAC wiill
not complain.

he



PPK2FAC 195

Using PPK2FAC

PPK2FAC execution is initiated by typing its name at the screen prompt. However if a
Aisettings filed is not present in the dir
specification is set within that file for theolrow variable, PPK2FAC wil cease

execution immediately with an appropriate error message.

When replying to PPK2FACOGs prompts in the
that , as with al/l programs of the Groundwas
the previous promptbymses i ng t he fiedo key foll owed by <
current prompt.

PPK2FAC first asks for the name of the grid specification file pertaining to a
MODFLOW model.

Enter name of grid specification file:

See Section 2 of part A of this manual for tle¢adls of this file. If the name of a grid
specification file is cited in a filename file (naméts.fig ) residing in the
directory from which PPK2FAC was run, then that name will be included in the above
prompt; then you need only press the <Enter>f&ethis name to be accepted.

Next PPK2FAC prompts:

Enter name of pilot points file:

A pilot points file is described in Section 2 of Part A of this manual. If the name of a
pilot points file is cited in a filename file (namdies.fig ) residing in the
directory from which PPK2FAC was run, then that name will be included in the above
prompt; simply press the <Enter> key for this filename to be accepted.

PPK2FAC then prompts:

Enter minimum allowable points separation:

Enter a value of 0.0 or greater. KHFAC calculates the distances between all pairs of
points cited in the pilot points file that belong to the same zone. If any of these
distances are less than or equal to the distance entered in response to the above
prompt, PPK2FAC will list the names tfe pertinent points to the screen. When all
such pairs of points have been listed, PPK2FAC will then terminate execution with an
appropriate message. As was discussed in Section 5 of Part A of this manual, if pilot
points are too close together, probleo@ be encountered in calculating kriging
factors, especially if the Gaussian variogram is employed.

PPK2FAC next asks for the name of a MODFL&@®@mpatible integer array file:
Enter name of zonal integer array file: -

As is usual for programs of the Gralwater Data Utilities, if an integer array
filename has an extension of Ainfo then i

~

extension of Aii nuo it i s assumed to be unf
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PPK2FAC will ask whether the file is fmatted or unformatted. Note also that if the
file is formatted then, depending on the setting of ¢cb&ow variable in file
settings.fig , PPK2FAC may expect a dimensional header in the file preceding
the integer array.

The zonal integer array defines zeneithin a model domain. Hence, depending on
the application, the zonal integer array may be uniform, or it may contain a number of
different integers, each representing a different geological unit occurring within the
study area.

Next PPK2FAC prompts fahe name of a structure file:

Enter name of structure file:

The specifications of a structure file were provided in the previous section. It contains
the information required to specify the geostatistical structure pertaining to one or a
number of hydralic properties in one or a number of geological units occurring
within the model area; the disposition of these units is defined by the elements of the
zonal integer array.

PPK2FAC then makes a list of all integers cited within the zonal integer array. For
each one of these zodefining integers, it asks the following series of questions:

For zone characterised by integer value of n: -
Enter structure name (blank if no interpolation for this zone):

Type in the name of a geostatistical structure suppli¢gide structure file. This will be

the structure upon which kriging factors will be based for model cells lying within this
zone. For each such cell a number of factors is calculated, linking that cell to some or
all of the pilot points assigned to thaire. When the actual spatial interpolation is
later carried out (for example by program FAC2REAL), these factors will be
multiplied by the values pertaining to respective pilot points and added together to
form the interpolated value at the centre of tak &Note that if you wish that factors

not be calculated for cells within this zone, simply press the <Enter> key in response
to the above prompt.

The next question asked by PPK2FAC pertaining to the current zene is:

Perform simple of ordinary kriging [ s/o]:

In general, for the reasons explained in Section 5 of Part A of this manual, it is better
to undertake ordinary kriging. Note, however, that if you wish to calculate kriging
factors for simple kriging, then a mean value for the hydraulic propertyth@ezone

must have been supplied in the pertinent structure in the structure file.

The next zonepecific question is:

Enter search radius: -

Enter a positive number; when looking for pilot points for which to calculate kriging
factors for each cell, R2FAC will restrict its search to a distance from each cell
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centre equal to the search radius supplied here. In general, it is best that this search
radius be | arge enough to ensure that dAqui
centre. If you wik that all pilot points assigned to a particular zone be linked to each
cell centre within that zone (which is often the case), then enter a number as large as
you like in response to the above prompt (any number larger than the largest
dimension of the zwe would be suitable). In general, it is best to err on the side of
caution and to make the search radius large enough to include many, rather than few,
pilot points, for this ensures a smooth interpolated property field. However if too
many points are ude calculation of the kriging factors can be very slow. Also, it may

be desirable in some instances to restrict the number of points used for interpolation to
any one cell centre in order to allow a little more spatial property variation within the
zone.

PPK2FACOGs next two prompts also pertain toc
calculating interpolated property values at cell centres.

Enter minimum number of pilot points to use for interpolation:
Enter maximum number of pilot points to use for interpola tion:

The answer to the first of the above questions must be at least 1. If ever PPK2FAC

fails to find the specified minimum number of pilot points within a distance of one

search radius from any cell centre, no kriging factors will be calculated focehat

centr e; the Ainterpolatedo hydraulic prope
dummy value by program FAC2REAL when it applies the kriging factors to actually

carry out the interpolation.

By supplying an appropriate answer to the second of ltleeearequests, you can
restrict the number of points used to perform spatial interpolation to any one cell (ie.
only the closesh points will be used, whenmeis supplied in response to the prompt).
As stated above, this may sometimes be desirable im tardeduce the time required

to calculate kriging factors (this time rises rapidly if more than about 25 points are
used), and to allow a little more spatial variation of the interpolated property field.

I n answering the above dmtrieen gqiuestto osngppltyn
value for the search radius (far larger than the largest dimension of the model
domain), a value of 1 in answer to the second of the above prompts, and use the third

answer to limit the number of pilot points used foreipblation, if you wish.

However, unless there are more than about 10 pilot points within a zone, there is

really nothing to be gained by limiting the number of points used in spatial
interpolation. In that case, simply answer the third of the above psdmgupplying

a number that is larger than the number of points listed in the pilot points file; any

number up to 500 will do.

Before calculating kriging factors, PPK2FAC prompts the user for its output
filenames. The first of these prompts is:

Enter na me for interpolation factor file:
Is this a formatted or unformatted file? [f/u]:

Kriging factors are written to a speci al f
file can be read by programs FAC2REAL and FAC2MF2K documented herein. The
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flecanbe written as a text (i e. Af ormattedo)

latter method may prove useful where FAC2REAL is used in conjunction with
MODFLOW and/or MT3D to undertake pikpbint-based parameter estimation under

the control of PEST.Whenhi s i s done, the fAcomposite
be executed many times during the overall parameter estimation process. On each

occasion that this composite model is run, FAC2REAL will need imead the
interpolation factor file. If this is Ainary file, rather than a text file, the time required
to read this file can be significantly reduced, especially if the model grid is large.

Next PPK2FAC prompts:

Enter name for output standard deviation array file:

A MODFLOW-compatible real array wilbe written to this file. As is explained in
Section 2 of Part A of this manual, this can be a formatted or unformatted file. If the
extension is fArefo PPK2FAC (like other
assumes that the file is formatted; hower i f a f i |l ename with
supplied, then PPK2FAC assumes that the file is a binary file. If neither of these
extensions is supplied, PPK2FAK prompts the user for the nature of the file.

The standard deviation array file contains thg uar e r oot of the
calculated for every cell centre for which kriging factors are calculated. Because it
contains a MODFLOWtompatible real array, this file should be capable of
i mportation into most MODFisgaWw GUI 6s f or

Finally PPK2FAC prompts:

Enter name for regularisation information file:

This file is written for the benefit of program PPKREG which adds regularisation data
to a PEST control file built to estimate parameters based on the same pilot points as
are listed in the pilot points file read by PPK2FAC. The regularisation information file
lists the names of all of the pilot points cited in the pilot points file. Following this is a
matrix in which, for various pairs of pilot points, a variogram valumlsulated. Note

the following*

1. A variogram value is calculated for a pair of points only if both points lie
within the same zone.

2. The geostatistical structure pertaining to that zone (which may include a
number of nested variograms and a nugget) is usedalculate the
variogram value pertaining to the pair of points. The distance used in this
calculation is the distance between the respective pilot points.

3. A variogram value is calculated for a particular pair of points only if there
is at least one celhithin the model grid for which a kriging factor has
been calculated linking both of those points to that cell. If two particular

mo

Akri

pil ot points are fitoo far aparto (as
Amaxi mum number of p cerion)tlsendvarlogramnt er p ol

value for this pair of points is not calculated by PPK2FAC. Hence a
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relationship between this pair of points is not included as a regularisation
prior information item in the PEST control file generated by program
PPKREG. In somenistances, this will serve to reduce the number of such
prior information items to a manageable level.

As soon as a response is provided to the last of the above prompts, PPK2FAC
commences its calculation of kriging factors. For each zone for which tlotsesfare
required, PPRFAC displays a screen message similar to-this:
Number of pilot points for this zone = 8

Mean data value for these pilot points = 12.456

Data standard deviation for these points = 3.4563

Working....
No. of grid poi nts to which factors were calculated = 2710

Note that, as is explained in Section 5 of part A of this manual, kriging factors are
independent of the hydraulic properties assigned to pilot points. Hence the property
values associated with pilot points, read from the pilot points file, are not used in

the calculation of kriging factors; they are only used in calculating the above statistics.
Thus the same pilot points file used by program PPK2FAC for the calculation of
kriging factors, does not need to $igpplied to program FAC2REAL for carrying out

the actual spatial interpolation, or to program FAC2MF2K for the modification of an
existing MODFLOW2000 dataset by inclusion of pilpbintbased parameters.
However the pilot points file supplied to eithirthese programs must cite the same
pilot points as those read by PPK2FAC, and must list them in the same order. If this is
not done, the respective program will cease execution with an appropriate error
message.

PPK2FAC carries out the first step of asal interpolation process based on kriging.
The second step is carried out by either FAC2REAL or FAC2MF2K. The first of these
programs applies the kriging factors to generate a MODFL&Wpatible real array.

Pilot point values can be read from the saileeas read by PPK2FAC, or they can be
read from a different pilot points file as long as that file cites the same pilot points in
the same order, and as long as pilot points are assigned to the same zones as in the
original pilot points file read by PPK2Z&E. If FAC2REAL is used to build a
MODFLOW input array as part of a composite model run by PEST for the purpose of
estimating hydraulic properties at the sites of pilot points, a PEST template file can be
built from the pilot points file. Prior to each meldun PEST will build a new pilot
points file from this template file for the use of FAC2REAL. FAC2REAL will then
build a real array in which the latest parameter values, as calculated by PEST, are
interpolated to model grid cell centres prior to beiraglrey MODFLOW.

FAC2MF2K is used to modify a set of MODFLO®DO00 input files in order that pilot
point parameterisation can be undertaken using MODFLZDOO. In this case
PPK2FAGgenerated kriging factors are used to build MODFLQUOO0 multiplier
arrays. Nte, however, that where interpolation is based on log variograms, rather than
native variograms, the USGS version of MODFLEMOO cannot be used to
calculate hydraulic property arrays using pertinent parameter valuesatlier
arrays for, as presentpded, it cannot undertake arggneration based on the logs
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of parameters. Instead, a modified version of MODFLQY00 named MF2KASP
must be used. See Section 5 of Part A of this manual for further details.

If undertaking pilotfpointbased parameter esation using PEST, it is often desirable

that PEST work in regularisation mode rather than parameter estimation mode in
order that stability of the parameter estimation process can be guaranteed, and in order
that geologically reasonable parameter valaes estimated. A PEST control file
which uses pilepoint-based parameters can be modified using program PPKREG to
include regularisation prior information based on the contents of a regularisation
information file generated by PPK2FAC.

See Also

See also AC2MF2K, FAC2REAL FIELDGENand PPKREG.
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PPK2FACF

Function of PPK2FACF

PPK2FACF is one member of a group of programs which expedites the use of pilot
points as a device for spatial parameterisation of a MicroFEM mOtledr members

of this suite are FACZEM, PPKREG and FEM2SMP. PPK2FACF and FAC2FEM
are very similar to PPK2FAC and FAC2REAL respectively which implement the use
of pilot points in the MODFLOW/MT3D contextPPKREG is used in both the
MODFLOW/MT3D and MicroFEM context FEM2SMP converts MicroFEMutput
datato bore sample file format so that tismgerpolation and PEST control file
construction utilities used irhée PESTMODFLOW interface (viz. SMP2SMP and
PESTPREP) can also be used with MicroFEM.

PPK2FAQ generates a set of kriging factors fse in spatial interpolation from a set

of pilot points to aMicroFEM mesh Kriging factors are based on useipplied,

nested variograms, each with an arbitrary magnitude and direction of anisotropy.
Different variograms can be used for spatial interpmatn different parts of the

model domain. PPK2FAEa | so writes a Aregul arisation i
be used to introduce geostatisticddysed regularisation constraints to a parameter

estimation problem.

Generation oMicroFEM inputfiles basel on PPK2FAE-generated kriging factors is
carried out byFAC2FEM. Separation of the timeonsuming, factegeneration
process from thespatial interpolationprocess facilitates automatic parameter
estimation based on pilot points using software such &I Pior kriging factors are
unchanged as values assigned to the pilot paanid then to the mesh through spatial
interpolation are adjusted through the parameter estimation process.

Regularisation information recorded by PPK2HA®G used by program PHREG;
PPKREG modifies an existing PEST control file containing plintbased
parameters, adding regularisation constraints based onsdhee geostatistical
structure as those used for the generation of kriging factors.

Using PPK2FACF

PPK2FACF is very imilar to PPK2FAC. Only differensebetween these two
programs will be described; the user should refehéalocumentation of PPK2FAC
for an explanation of the salient aspects of the use of PPK2FACF.

When using PPK2FAE donodt f or g et totrly aftits promptsybg u r e s p-
si mply typiamddhen<Erger3mu carfibacktrack to the previous prompt.
The same applies to all members of the Groundwater Data Ultilities.

Upon commencement of execution PPK2FACF asks the user for the name of a pilot
points file, which it then proceeds to read. However, unlike PPK2FAC, PPK2FACF
does not need to read a grid specification file, this file being useful only in the
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MODFLOW/MT3D context for conveying the size, disposition and design of the
finite differencegrid upon which these latter models are based. Instead of the design
of a finite difference grid, PPK2FACF muatquaintitself with the design oé finite
element meshlt also needs to know the zonation of this mdgtecall that pilot
points can be aggied to different zones in a pilot points file; interpolation for each
zone within a finite element mesh takes place only on the basis of pilot points
assigned to that zone.

To inform itself of mesh design and zonation PPK2FACF prompts for thesmame

two MicroFEM fil es, these being a Af emo
respective prompts are:
Enter name of fem file defining finite element mesh:

Enter name of special ASCII label file defining zonation:

PPK2FACF reads the number of nodeghe meshfrom the first of these files. It
reads node coordinates and zone numbers from the second of these files. It is the

user 6s responsi bil it yheéxpectations af PRK2ZFAGFaan t h i

example follows:

0.000 6000.000 2
214.286 6000.000 2
0.000 5777.778 2
428.571 6000.000 2
315.317 5822.733 2
0.000 5555.556 2
242.093 5616.571 2
642.857 6000.000 3
518.925 5854.790 3
486.844 5674.949 3
0.000 5333.333 3
214.240 5403.349 3
434.535 5463.636 3
857.143 6000.000 4
718.3855780 .8814
684.675 5497.692 4
0.0005111.111 4
204.523 5188.182 4
402.321 5261.606 4
571.162 5322.899 4
929.639 5826.084 4

Part of a special ASCII label file.

A special ASCII label filehas three columns of data; the first two columns are
comprised of the eastis@nd northing of all nodes within the finite element mesh
while the thirdcolumn is comprised of zonaumbes. This file should be prepared
within MicroFEM as follows:

1. Create a | abel field for t he me s h
then AAddo, then ALabel so with the

2. In Awalking mod® mark different sections of theeshaccording to the
desired zonatignprovide only integer values to the label field Assign
these integer values to marked or unmarked asédlse meshwhile in

~

A

S

S
N

e
e
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MicroFEM finput mod®. Make sure thatevery nodeis assigned an
integer in this manner

3. Sel ect fAExporto f ricSmp etcheal maAiSICIme fu, etsh
respective label field is highlighted in the bottom right of the MicroFEM
window. The file type is A&..0; save t

The savedspecial ASCII file shouldhave a similar format to that depictea the
above figurelt is important to ensure that every line of this file has 3 entriesthis
will only occur if a label is asgined to every node in the meshror those zonem
which pilot point interpolation is to take place, the zone nunmestcorrespond to a
zone number appearing in the pilot points @igon which spatial interpolation will be
basd. In the simplest case where only one z@nesed, all nodes will be assigned the
same integer value; this will be the same zone number to whichiat$ o the pilot
points file are assigned.

Other aspects of PPK2FACF use are very similar to those of PPK2FAC. Like
PPK2FAC, PPK2FACF requests the name of a structure file, andathes of the
structural elements to be used for spatial interpolationinviédach zoneSee the
documentation of PPK2FAfr details.

Like PPK2FAC, PPK2FACF writes a (formatted or unformatted) factor file and a
regularisation information file; the lattefile is used by PPKREGor adding
regularisation information to a PEST ¢at file. Unlike PPK2FAC however,
PPK2FACF does not write a standard deviation array file.

Uses of PPK2FACF

The factor file written by PPK2FAE is used by FAC2FEM to write a MicroFEM
input file in which a usenominated aquifer property is calculated hyatsal
interpolation from a set of pilot point8Vhether or not MicroFEM is being used in
conjunction with PEST for pilgpoint-basedcalibration, this can providen extremely
useful means of spatial interpolation from a set of measurement or data points.

Where pilotpoint values are assigned through calibration, regularisationld be
introduced to the calibration processcause 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 f i eladdthe less likely itfistHatoohecohaynamber of pilot
points will be assignedinusually high or low values. Regularisatidoes much to
ensure that realistic parameterfields will result from the calibration procesand
reduces thdikelihood of numerical instability. Regularisation information can be
added toa PEST control file using PPKREGQn doing this, PPKRECQuses the
Aregul amifsoatmaan on filed written by PPK2FA
PPK2FAC for further details.
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See Also

See als¢-EM2SMP,FAC2FEM and PPKREG.
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PPK2FACG

Function of PPK2FACG

PPK2FACG is similar to other members of the PPK2FAC* family in that it generates

a <t of kriging factors through which interpolation can take place from a set of pilot
pointsto another set of us@ominated pointsits complimentary program FAC2G

then undertakes this interpolation based st f act or s . RGO stands
the format for the file containing the points to which interpolation must take place is

not related to that of any specific model. However in most cases these will represent

the locations of the nodes of a numerical grid or mesh.

PPK2FACG also writes regulaation information to a userominated file. This can

be used by the PPKREG utility for addimgeferreddifference prior information
equations to an existing PEST control file. The parameters that are cited in these prior
information equations are assuntedbe associated with the set of pilot points from
which interpolation takes place.

Using PPK2FACG

Prompts, and typical responses t&RPACG promptsare as follows.

Enter name of pilot points file: vK5.pts
- data for 193 pilot points read from pilot points file vk5.pts
Enter minimum allowable points separation: 0
Enter name of nodal x,y,zone file: laymat5.xyz
Enter name of structure file: struct.dat
The following zones have been detected in x,y, zone file: -
For zone characterised by integer value of 5: -
Enter structure name (blank if no interpolation for this zone): struc_1
Perform simple or ordinary kriging [s/o]: o]
Enter search radius: 1e20
Enter minimum number of pilot points to use for interpolation: 1
Enter maximum n  umber of pilot points to use for interpolation: 30
For zone characterised by integer value of 6: -
Enter structure name (blank if no interpolation for this zone): <Enter>
Enter name for int erpolation factor file: factors.dat
Is this a formatt ed o r unformatted file? [f/u]: f
Enter name for regularisation information file: reg.dat

The formatofa A x , y , zibustratéd by thelfolowingsexample.
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722855.0930
723081.6700
723534.8240
723761.4000
723987.9780
724214.5550
724441.1320
722976.0160
723429.1690
723655.7460
723882.3 230
724108.9000
724335.4770
724562.0540
726827.8230
727054.3990
727280.9780
727507.5540
727734.1320
722190.6300

4447533.306
4447427.652
4447216.3

4447110.688
4447005.034
4446899.378
4446793.724
4447201.075
4446989.765
4446884.111

4446778.456

4446672.802
4446567.147
4446461.493
4445404.947
4445299.292
4445193.638
4445087.983
4444982.328
4447291.461

oot oror o grOo1© o101 0101

o o1

Part of an x,y,zone file.

As is apparent from the above figure, an x,y,zone file contains three columns of data.
The first two columns contain the eastings and northings of p®ind which
interpolation must take place. The thimblumn lists the zone number that is
associated with each point.

Interpolation factors written by RRFACG are readable by the FAC2G utility. This
uses the kriging factors computed by PPK2FACG to intatedrom pilot points to
the points cited in the x,y,zone file.

All other aspects of PPK2FACG use are identical to that of PPK2FAC. Note in
particular that interpolatioto a point cited in the,y,zonefile will take place only
from pilot points that deng to the same zone as thaivhich thepoint belongs

See Also

See also FAC2G, PPKREG.
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PPK2FAC1

Function of PPK2FACF1

PPK2FAC1 is identical to PPK2FAC except for the fact that it writes a regularisation
data file which contains more information th#re corresponding file written by
PPK2FAC. Such a file is suitable for the use of PPKREG1, and enhanced version of
PPKREG.
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PPK2FAC2

Function of PPK2FACF2

PPK2FAC?2 is identical to PPK2FAC1 except for the fact that it prompts for a

Abl anking riteord to uam danterpolationaradalis. If any celbr which
interpolationis requesteds removed fronits closestpilot point by a distance that is
greater than this distance, then the cell
radius. Thus the lat may be very large in order to avoid discontinuities in the kriged

field. However the blankingadius may be relatively small, in order to prevent
computation of unrealistic interpolated values.

PPK2FAC2 does not calculate kriging factors for a blankell. &Vvhen using
FAC2REAL, this cellcanthenbe assigned afiinterpolated value@which is the same

as that assigned to any other cell to which interpolation cannot take place (for example
an indicator value such as 1.0e35)
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PPK2FAC3

Function of PPK2FAC3

Like PPK2FAC, PPK2FAC1 and PPK2FAC2, PPK2FAC3 was designed for use in
the MODFLOW/MT3D/SEAWAT modelling environmentdlowever some features
have beenncluded inthe design of PPK2FAC®&hich may yield better interpolked
hydraulic propertyfields in narrowalluvial systems, particularlyhose which are
comprised of a main trunk and multiple tributaries.

Ideally in systems such as thispatial interpolation should take place within
tributaries, but should not cross from one tributary to another where oheréiose
but separate, as is illustrated in the figure below.

Model domain covering an alluvial valley network.

Pilot points may be placed throumit amodel domairsuch as that shown abot@
allow expressionof alluvial hydraulic property heterogatewithin the calibraibn
processin particular, pilot points may be placed down tributaries A arfdsBvell as
through all other parts of the model domaiHpwever interpolation should be such
that grid cells within tributary A are informezhly by pilot pointswhich lie within
this tributary(or in the main channel close to the mouth of the tributavig)le grid
cellsin tributary B should beinformedonly by pilot pointsthat also liewithin that
tributary (and perhaps by pilot points within the mahannel that lie near the mouth
of the tributary).

Using functionality available through PPKFAC, PPKFAC1 and PPKFAC2, this can
be achieved through the use of zones. Thus tributaries A and B woaksigaedo
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different zones. Thismechanismwould inded ensure that no cressbutary
interpolation takes place. However it would also create discontinuities in hydraulic
properties at zone badaries- discontinuities which aranlikely to bepresent in the

real alluvium system, and whicdnmodellermay betrying to avoid through use of
pilot points as a parameterization device.

PPK2FAC3 provides two mechanisms which can assist the modelsercoming
this problem. Neithermechanism is perfect; sthe user should monitor the
performance of PPK2FAC3 caudlfy in assessing th dfectivenesgor otherwise) of
these mechanisimn any particular modelling contexthese mechanisms can be used
together, or separately.

Like PPK2FAC, PPK2FAC1 and PPK2FAC2, PPK2FA€&culates and records

factors on which krigings ultimately based. Spatial interpolation is actually carried

out by the FAC2REAL utility. Use of FAC2REAL in conjunction with PPK2FAC3

generated kriging factors is identical to its use with the othembersof the

PPK2FACsuite Because PPK2FAC3 is buftom PPK2FAC2 (which was built from
PPK2FAC1), the PPKREG1 wutility must be emp
di fferenced regularization to a PEST contr
this type of regularization is requirediternativdy, the allpurpose GENREG utility

can be employed, or the FET A DDREG1 wutility in its ste
parameter valueo regularization i s require:

Using PPK2FAC3

Exclusion Zones

Immediately after prompting the user for geostatistical structurésother variables
governing interpolation within eaalf the zones that it finds in the integer array file
with which it was providedsee documentation of PPK2FAC for detaiRPK2FAC3
prompts:

Enter name of exclusion zone file (<Enter> if none):

fheshe wishes, the user adasipnoviode ffhéemain
to the above prompt. To prevent use oflegon zone functionality, respond to the
above prompt by simply pressing the <Enter> key.

An exclusionzonefile is depicted in théigure below.

# This is an exclusion file

a
1 2345
2 3 4 5 3 5! Sandy Creek Tributary
7 135
e

Example of an exclusiorzonefile.
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Any line in an exclusion zone filehat begins with thé # anaracter is ignoredny
charactersncl udi ng and foll owi ng tigneedBlink char ac
lines are also ignored.

All other characters in an exclusion file must be integers. Furthermore, all of these
integers must feature in the integer zonation file that was previousty lrga
PPK2FAC3. The first integer on each lidenotesafit ar g e tthe fallowing 0 ;
integersdenotefi e X ¢ | u s i pertinent to thae target zonEach line must possess

at least two integers, tHest identifying a target zone anthe second identifyig an
exclusion zone. The target zone must have been assigned a geostatistical structure
response to previous PPK2FAC3 prompteus it must be a zone in which
interpolation from pilot paitsto the finitedifference grichas been denoted as taking
place.

Consider the first data line in the above exclusion zone file. The first integer is 1. The
integers 2, 3, 4 and 5 follow. This line instts PPK2FAC3 to calculate kg
factorsbased on the premise that cells in zonef Xhe finitedifference grid this

being the target zone) are assigned vathesughinterpolating from all pilot paits

listed in the pilot points file except for the following

1. pilot points which lie in zones to which no geostatistical structure was
assignedn response to previolBPK2FAC3prompts;

2. pilot points assigned to zones 2, 3, 4 anfthese being the exclusion zones
pertinent to zone 1)

In the figure of the alluvial vallegrovidedabove, pilot points belonging to the zone
ascribed tdributary B should be excluded fromterpolation to cells within trilstary

A, even though some of the pilot points in tributary B may be closer to some of the
cells in tributary A than some of the pilot points that have been assigned to this same
tributary. However the zone comprising the mailluvial aquifer should not be
excluded from interpolation ttributary A. Thus cells in the boundary area where
tributary A meets the main aquifer will be informed by pilot points in bdtithese;

hence the transition from the tributaryth@ main aqifer will be smooth

The following should be noted.

1. Any target zone cited in an exclusion zone file must have been assigned a
geostatistical structure in response to previGBRK2FAC3 prompts, this
indicating that interpolatiomusttake place to cells whin thatzone.

2. A target zone must not be cited as an exclusion zone for itself.
3. An exclusion zone cannot be assigned twice to the same target zone.

4. All zones which are NOT excluded from a particular target ronst have
been assigned the same geostasiktructure as the target zoeacept if they
have been assigned no geostatistical structure at all. In the latter case
interpolationwill not take place from pilot points within pertinent zones to any
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target zone,irrespectiveof the fact that they haveot been specifically
excluded from any target zone.

5. Not all target zones need to be listed in an exclusion zone file. In this case,
pilot points fromNO zones are excluded from interpolationuiacitedtarget
zones (exceptzones that havenot been assigrd ageostatisticaktructureas
discussed aboye

6. If all zoneswithin a model domainare cited as target zones within an
exclusion zone file, and if all zones but the target zone are listed as exclusion
zones in each case, this provides identical funatipnto that which would
prevail if no exclusionzonefile wassupplied at all. In thigase (as in normal
PPK2FAC operation), interpolation to cells within a zone takes place only
from pilot points within that zone.

7. If no exclusion zone file is supplied@PK2FAC3 operateqn an identical
manner to PPK2FAC, PPK2FAC1 and PPK2FAC2. Timterpolationto a
cell is allowed onlyfrom pilot points that are assigned to the same zsniat
in which the cell linesHowever if an exclusion zone file is suppligsden if it
cites only one target zondhen pilot points fromALL zoneswill be used for
interpolation toall cells within any other zonegxcept for pilot points in zones
that are specificallgxcludedfrom interpolation to usespecified target zones.
Thus the wholanodusoperandiof zone functionality changes if axclusion
zone file is provided. bite alsothat, in light of the above comment, zones to
which a certain geostatisticatructureis assigned must be excludéem
interpolation to a target me to which a different structure is assignedan
error condkion will arise

8. lIrrespective of how many neexcluded zones exist for a particular target zone,
interpolation to cells within the target zone will only take place from as many
pilot pointsas the maximum allowetbr that zoneas provided by the user in
response to previous PPK2FAC3 prompts. Likewise, the previpusiyded
interpolationradius(which is specific to each target zongktill operative; no
interpolation will take place from ailot point to a cell if the separation
between the twes greater than this distand@hus there is no need to exclude
zonesfrom a target zone if they are removed from the target zone by a distance
that is greter than the interpolation radiassociatd withthat zone.

If an error condition is encountereBPK2FAC3 will respond with an appropriate
error message.

Interpolation Aross Inactive Areas
Foll owing PPK2FACS3A4amfigitnextppompt: or an excl us
Prevent interpolation across inactive areas? [y/n]:

If the response to this question is fAno,
the following questions are asked.

Enter min relative contiguous  inactive separation for rejection (0 to 1):
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Enter min absolute contiguous inactive sep aration for rejection:

Reject if one or both thresholds is exceeded? [o/b]:

On the basis of h e @rswes t6 these questions, PPK2FAC3 decides what pilot
points to exclude from interpolation to a particular cell. Note that this decision takes
place n the context of whether or not exclusion zone functionality is operative. Thus
pilot points can be excised from interpolation to a particular ¢khough this
mechanismonly if they have not already been excised through zone considerations
discussed abe. For ease of characterization, this second exclusion methodeltbgy

be referr-efdi gbhtaexi@ll iuse ono.

Consider the pilot point and cell illustrated in the figure below. Supposedtiabf
theseare in the same zone, or that they ardalifferent zonesut that the zone in
which the pilot point lies has not been excluded fiatarpolation tothe target zone
in whichthe depicted cell lies.

A pilot point in tribu tary A and a grid cell in tributary B.

The line that joins the pilot poinb the cell is also illustrated itme figure. Inclusion
or exclusion of the pilot point as an information source for the depicted cell can take
place according to the characteristics of this line if the response to the prompt:

Prevent interpolation across inactive areas? [y/n]:
i's Ayo.

Suppose the userb6s response to the prompt:
Enter min relative contiguous inactive separation for rejection (0 to 1):

isthenA 0. 10. Then the pil ot point wi | | not
there is a nointerrupted segment of the above line whictaideast0.1 of its length
and which lies within one or momones thatareexcluded from informing théarget
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zone to whichributary B belongg t hese being denoted as #fAina
of the above pnmpts) Thesefl i n a czongsy may simply bethose denoted in the
previouslysupplied integer arrajfo which no geostatistical structure has been
assignedfor example a zone characterized by an integer value of 0O is often used to

indicate cells which armmactivef r om t he mo d e &nd Bencp ®quiretno of Vvi e
hydraulic property assignmenAlternatively, t h e fi i moaecftom the linef-

sight exclusion point of view can be a zone that has been excludethfsspolation

to zone B (if an exclusiozonefile has been supplied) or is a zone other than that to

which both the pilot point and the cell belong (if no exclustome file has been

supplied).

Suppose the usero6s response to the prompt:

Enter min absolute contiguous inactive separation for re jection:

i's N35600. Then the pil ot poi nt wi || be
uninterrupted segment of the line joining the ties in an inactive zone (i.excluded

from the target zone or without assignment of geasita! structurelndis of length

3560 or more.

Through the last of the above three prompts, namely:
Reject if one or both thresholds is exceeded? [o/b]:

the user can choose whether just one or both of the above conditions must be met
before exclusion occurs.

The following $1ould be noted.

1. Normal exclusion rules are applied before dofesight exclusion. Hence if a
pilot point and a cell are separated by more than thesugglied interpolation
distance for the zone to which the cell belongs, or if theréNgséot points
closer to the cellhan the pilot point in questiomhereN is the usesupplied
maximum number of pilot points used in interpolativithin the target zone
exclusionwill not take place according to liraf sight exclusion rules, for it
will already hae taken place in accordance with these other rules.

2. Line-of-sight exclusion may noth@ays work as a user anticipatespecially
where zones assigned to tributaries are thin and possess torturous boundaries.
In this casea line joining a pilot point toa cell may cross inactive areasven
if the pilot point and the cell lie within the same tributdry some cases ith
problem can be somewhat mitigatecby defining the zone that defines
interpolationto be somewhat wider thathat which definesactive tributary
cells as used by the model. The fact that interpolation thagtake place to
cells for which hydraulic property values are not actually needed by the model
is of no concern to the model.

3. For large model domasncomprised of many cells, PPK2FAC3 yntake a
long time to run.
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General

Irrespective of which of the above exclusion methodologies is employed, the user
should check interpolation results carefullfhe FAC2REAL utility (which
undertakes spatial interpolation on the basis of kriging factatsulated by
PPK2FAC3) asks the ustor a value to assign to cells to which no interpolation takes
place. The user should specify an obvious value (for example 1.@82%) indicator

of this condition. He/she shouldencarefullyinspect the real arraat emerges from

the interpolation process to ensure that cells in surprising places are not assigned this
value. He/she should also check for discontinuities and/or flat areas in the interpolated
field where all but one pilot point may have actually bexcluded from interpolation.

The success of usirthe aboveexclusion methodologies will dependadarge degree
on values assigned to otherterpolation parameters (as will the success of the
interpolation processin general. At the time of writing tle following are
recommended.

1. Choose an exponential variogram foterpolation This is less likely to cause
oscillatory behaviour of the interpolated field than other variograms.

2. Choos@ awaliue for this varioccvesnge t hat i
inter-pilot-point distance.

3. Do not leave larggaps in pilot point emplacement.
4. Provide a extremely high search radius.

5. However limit interpolation to the closest 9 to 15 pilot points.

(0]

. Respectany pronouncednisotropy that magxists inanarea.

Uses ® PPK2FAC3

PPK2FAC3 contains all of the functionality that is provided in PPK2FAC,
PPK2FAC1 and PPK2FAC2. However, as stated abadelitional functionality
available in PPK2FAC3 is designed specifically to overcome problems associated
with long alluvial \alleys.

At the time of writing PPK2FAC3 has had only limited application. User feedback is
welcome.

See Also

See also FAC2REAL, PPKREG1.
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PPK2FAC3D

Function of PPK2FAC3D

PPK2FAC3D computes kriging factors through which spatial interpolation can be
underbken from a set of thredimensional pilot points to the cealentres of a
MODFLOW finite-difference grid. In this capacity it is very similar to the PPK2FAC
family of utilities used for twedimensional interpolation. However, unlike the latter
utilities it does not compute the interpolation standard deviation at each interpolated
point. Nor does it store regularisation information for later useithiyies such as
PPKREG which add regularisatignior information to a PEST control file.

PPK2FAC3D uses modified version of th&t3d subroutine supplied with the GSLIB
library in computation of kriging factorsSee the following web page for more details.

http://www.gslib.com/

See also Deutsch and Journel (1987).
Using PPK2FAC3D

A ThreeDimensional Pilot Paits File

The role of PPK2FAC3D is to assist in three dimensional interpolation from a set of
threedimensional pilotpoints to the nodes of a thrdeanensional gridEach pilot

point must be supplied with a name (of 10 characters or less in length) tiag,eas

northing an elevation, a zone number and a value. This information is stored in a

At hadiemensi onal pil ot points filed the form
normal pilot points file except for the requirement of an extra column afwlaich

provides pointk (i.e. elevation) coordinates. An example follows.

11 a 683.013 7816.987 -50 1 3.435

9 112 a 19179.963 11279.329 -5.0 1 7.876
10_10_a 9903.684 5346.316 -50 1 7.323
40_60_a 16007.016 5175.035 -50 1 9.543
77_62_a 19705.221 - 830.444 -50 1 1.345
77_117_a 27369.545 3594.556 -50 1 2.675
11b 683.013 7816.987 -450 1 7.876
9112 b 19179.963  11279.329 -450 1 2.789
10_10 b 9903.684 5346.316 -450 1 9.432
40_60_b 16007.016 5175.035 -450 1 10.456
77_62_b 19705.221 - 830.444 -450 1 5.632
77_117 b 27369.545 3594.556 -45.0 2 2.345
11c 683.013 7816.987 -220.0 2 1.342
10_10_c 9903.684 5346.316 -220. 0 2 9.542
77_117_c 27369.545 3594.556 -220.0 2 4.321

Part of a three-dimensional pilot points file.
Columns in a thredimensional pilot points file are as follows.

1 The first column contains pilot points identiethese must be 10 characters
or less in length.
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1 The secondthird and fourth columns contain pilot point eastings, northings
and elevations respectively.

1 The fifth column contains the zone number to which each pilot point pertains

1 The last column contains tiparameter value associated with each pilot point.

ThreeDimensional Geostatistical Structures

Like PPK2FAC, PPK2FAC3D prompts for the name of a structure file. It reads
specifications for geostatistical structures frms file. Each geostatistical struge is
comprised of one or more variograms. If thddmensional kriging is to be carried
out, variograms cited by aeferenced geostatistical structure must be three
dimensional variogramd\ote that a geostatisticatructure can cite more than one
variogram.

Threedimensionalariograns are illustrated in the figure below, which shows part of
a structure file.

STRUCTURE structl
NUGGET 0.0
TRANSFORM log
MEAN 1
NUMVARIOGRAM 1

# VARIOGRAM var2c 0.6
VARIOGRAM var2 0.3

END STRUCTURE

VARIOGRAM va?2
VARTYPE 2
ANG10
ANG20
ANG3 0.0
A_HMAX 50000
A_HMIN 50000
A_VERT 5

END VARIOGRAM

VARIOGRAM var2c
VARTYPE 2
ANG1 60
ANG2 30
ANG3 0.0
A_HMAX 10000
A_HMIN 10000
A_VERT 30

END VARIOGRAM

Part of a structure file featuring three-dimensional variograms.

A threedimensional variogram requires specificat@rseven variables. These are the
VARTYPE, A, ANG1, ANG2, ANG3 A HMAX, A_HMIN and A_VERT variables.

As for the two dimensional variogram, VARTYPE specifies the variogram Tyus.
can bespherical exponentialGaussian opower, these being indicated by VARTYPE
values of 1, 2, 3 and 4 respectively.
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As for the twedimensional variogramA is the value ofa in the variogram equation
(this being the power irhe case of the pav variogram). See equations (5.1) to (5.4)
of Part A of this manuala is related to the range of the variografawever fora
threedimensional variogranthreeA values must be supplied, thessrig denoted as
A_HMAX, A_ HMIN and A VERT. These are the kes of A in the directions of
maximum horizontal range, minimum horizontal range and vertically respectively.

The angles (in degrees) ANG1, ANG2 and ANG3 define geometric anisotropy of the
threedimensionalvariogram.Their roleareas follows.

1 ANGL1 defires the angle between north and the direction of maximum
horizontal anisotropy in degrees clockwise;

1 ANG2 defines the plunge of the direction of maximamsotropy that is the
angle (positive downwards) between horizontal (in the direction defined by
ANG1) and the direction of actual maximuanisotropy

1 To quote Deutsch and Journel (1998 The t hird rotation ang
the principal direction, defined by ANG1 and ANG2, unchanged. The two
directions orthogonal to that principal direction are rotaiedkwise relative
to the princiopal direction when | ooking

of cases ANG3hould be set teero.

Any variogram appearing iastructure file must be either a tvdimensional or three
dimensional type. That is, it rtprovide values for ANGEB], A_ HMAX, A_HMIN
and A VERT but not A, ANIS and BEARINGor vice versa.However ay
geostatistical structure used for thudimensional kriging must cite only three
dimensional variograms. If these conditions are violaREIK2ZFAC3D will cease
execution with an appropriate error message.

A ThreeDimensional Grid Specification File

Optionally, PPK2FAC3D obtains MODFLOW surface and layer elevations from a
threedimensional grid specification file. This file type constitutes gmaesion of the
usual twedimensional grid specification file; hence {adieris a subset of thiarmer.

The name obne or the other of thedde typesmustbe supplied to PPK2FAC3D
when it asks for the name of a grid specification file. It will sodal#sh which type

of file it is reading; if it finds itself reading a twdimensional grid specification file it
will obtain grid layering information from elsewhgsee below)

The figure below presents the format of a thdeéeensional grid specificain file.
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nr ow ncol nlay

€0 nO rotation

(delr(icol), icol=1,ncol)
(delc(irow),irow=1,nrow)

spectype

i f spectype equals 0

surface_elev

(t hick(ilay),ilay=1,nlay)

or if spectype equals 1

array _filename _for_ top_elevation
array_filename_for_layer_1_ bottom_elevat ion
array_filename_for_layer_2_bottom_elevation

array_filename_for_layer nlay bottom_elevation

Specifications of a threedimensional grid specification file.

SPECTYPE is an integer. If it is supplied as zero, then the following line must contain
one reanumber, this being the (assumed uniform) elevation of the top of the model.
Following that, starting on the next line and wrapping if necessary,beast array of
NLAY entries containing the (assumed uniform) thickness of eautellayer.

If SPECTYPEis supplied as,theneach ofthe following NLAY+1 lines of the three

dimensional gd specification file mustontain the namef afile that holds awo-

dimensional MODFLOWcompatible array. The firstf these filesmust contain the

cell-by-cell elevaton of the surface of the moddites named orsubsegent lines

must contain celby-cell elevations of the bottoms méspectivenodel layers, starting

at 1 and finishing at NLAY. In accordance with the usual protocol of the Groundwater

Data Utilities suie, these arrays must be precededheir files by a numbepof-

columns, numbeof-r ows header i f COLRE€etings.fgwhglet t o Ay
must reside in the directory from which PPK2FAC3D is run.

Running PPK2FAC3D

As is standard for all other mé@rs of the Groundwater Data Utility suite, the user
can backtrack to previouscreenprompts at any stage of PPK2FAC2Recutionby
responding to the current prompt with fAeo

Upon commencement of execution PPK2FAC3D looks faetiings file named
settings.figin the current working directoryif it does not find one, it assumes
COLROW settinpfinoo. ( The DATE setting is not req

PPK2FAC3D next prompts for the name of a grid specification file:

Enter name of grid speci fication file:

If the grid specification file is the twdimensionaltype (see above), PPK2FAC3D
then prompts

How many layers in model?
It then asks:

Enter filename base of layer bottom elevation array files:

Suppase that the user responds to tipompg with the string Abo
PPK2FAC3D will attempt to read twdimensional arrays of model layer bottom
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elevations from filebottomO.ref bottom1.ref. bottomN.refwhereN is the number of
layers in the model. Note the following.

1 If COLROW is specif e d a s sdttyngs.figtheniamumbeof-columns,
numberof-rows header is expected in each of these array files.

T The first array, n a mentust provideadlevationstoh a n
the top of layer 1.

PPK2FAC3D reads thabovearrays so that cancalculatethe elevation of the centre

of each grid cellNote that layer bottom elevation arrasan be easily extracted from

a MODFLOW fidiscreti zafRARBAY ufility.INeté alsa thatn g t
PPK2FAC3D will not ask for the names of thdes if it can obtain layer elevation
information from a threelimensional grid file and files cited therein.

Next PPK2FAC3D prompts for the name of a thdamensional pilot points file.
Specifications for this type of file have been provided above.

i n

he

PPKR FAC3 D6 s next t ask i s to ascertain the

domain. This is provided through a series of integer arrays, one for each model layer.
However the user has the alternative option of assigning a single number to the entire
mode grid. Prompts are as follows:

Enter filename base of layer zonal integer array files.
Press <Enter> if entire grid belongs to single zone:
Enter zone number for entire grid:

If the user responds to the second of the above prompts simply by pressing th
<Enter> key, then every cell in the entire model domain is assigned the same zone
number, that number beingovidedin response to the third of the above prompts.
Alternatively,suppose that a filiea me base of Aiinrdspoasate the i s
second of the above promptsfhen PPK2FAC3D will attempt to read two-
dimensional integer arrays from N files named intzonel.inf
intzone2.inf..intzoneN.inf | f COLROW is supplied as
settings.fig then each of these files musisgess a numberf-columns, numbeof-

rows header.

Next PPK2FAC3D prompts for the name of a structure file. The prompt is:
Enter name of structure file:

For each zone within the model domain (these being identified through their citation
in previouslysuplied layerspecific zonal integer arraysr as a single zone number
characterizing the entire model domain), PPK2FAC3D asks:

Enter structure name for zone with integer value of 1:

Perform simple or ordinary kriging [s/o]:

Enter search radius in maxi mum horizontal elongation dirn:
Enter search radius in minimum horizontal elongation dirn:

Enter search radius in vertical dirn:

Enter minimum number of points to use for interpolation:

Enter maximum number of pilot points to use for interpolation:

Finally it asks for the name of the file in which it must store the kriging factors which
it calculates:

sup
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Enter name for interpolation factor file:
Is this a formatted or unformatted file? [f/u]:

It then computes kriging factors, writes #reging factor file, and ceases execution.
Uses of PPK2FAC3D

PPK2FAC3D is used in conjunction with the FAC2REAL3D utility. The latter reads
kriging factors computed by PPK2FAC3D, as well as a thdmeensional pilot points
file. It then undertakes thremensionalinterpolation to the centres of cells af
threedimensional MODFLOW grid.

See Also

PPK2FAC, PPK2FAC2, PPK2FAC3 and FAC2REAL3D.

Reference

Deut sch, C and Journel , AL, 1998. GSLI B Ge

Guide. Second Edition. Oxford Uningity Press.
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PPK2FACR

Function of PPK2FACR

The role of PPK2FACR is very similar to that of PPK2FAC, PPK2FAC1 and
PPK2FACF in that it computes kriging factors. However, in contrast to the above
programs, PPK2FACR was build for use with the RSM (Regiomauaition Model)
developed by the South Florida Water Management Distrilkce. other members of

the PPK2FAC family, it also generates regularisation data for optional later inclusion
in a PEST input dataset. However in doing this it adopts the same psasased by
PPK2FAC1rather than PPK2FAHence PPKREG{rather than PPKREGHust be
employed to add thimformationto a PEST control file.

Using PPK2FACR

Use of PPK2FACR is very similar to that of other members of its sugegeonly
differencedetwveen it and those other members are discussed herein.

PPK2FACR commences execution with the prompt:

Enter name of GMS two - dimensional mesh file:

This is the type of mesh file employed by the RMS model (as well as the GMS
graphical user interface). An arale of a small such file is provided below.
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MESH2D

E3ST 1 1 6 2 1
EIT 2 2 7 3 1
EST 3 3 8 4 1
EST 4 5 10 6 1
EST 5 6 11 7 1
E3T 6 7 12 8 1
EIT 7 9 14 10 1
E3T 8 10 15 11 1
E3T 9 11 16 12 1
EST 10 1 5 6 1
E3T 11 2 6 7 1
E3T 12 3 7 8 1

E3T 13 5 9 10 1
E3T 14 6 10 11 1
E3T 15 7 11 12 1
E3T 16 9 13 14 1
E3T 17 10 14 15 1
E3T 18 11 15 16 1

ND 1 0.000  15000.000 0.
ND 2 5000.000 15000.000 0.

ND 3 10000.000 15000.000 0.

ND 4 15000.000 15000.000 0.

ND 5 0.000  10000.000 O.

ND 6 5000.000 10000.000 0.

ND 7 10000.000 10000.000 O.

ND 8 15000.000 10000.000 O.

ND 9 0.000 5000.000 0.
ND 10 5000.000 5000.000 0.
ND 11 10000.000 5000.000 0.
ND 12 15000.000 5000.000 0.
ND 13 0.000 0.000 .

ND 14 5000.000 0.000 0.
ND 15 10000.000 0.000 0.
ND 16 15000.000 0.000 0.

A two-dimensional mesh file of the type employed by the RSM model.

Next PPK2FACRprompts for the name of a pilot points file:
Enter name of pilot points file:

and then, as for other members of this familasks-

Enter minimum allowable points separation:

If any two pilot points are closer together than the separation supplied in response to
this prompt, PPK2FACR will cease execution with an appropriate error message. Note
that fAzeroodo is a swtitable response to this

PPK2FACR next asks:
Read zonal index file? (y/n):

~

and, i f the answer is fyo:

Enter name of zonal index file:

The latter filemustemploRSM Ai ndex fileo format, which
element in the mesh. The assignment of values toeglenin this fashion constitutes

a means of mesh zonatioAs is discussed below,ifferent pilot points canbe

assigned to different zonesiterpolation from pilot points to mesh elements within

each zone ithenundertaken separatedp that inteizonalproperty discontinuities can
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be introduced The figure below showsaexampleof a zonal index file.Data must
be comprised of integers, one for eatdment of thenesh. These must be arranged in
order of increasing element index number.

DATASET

OBJTYFE "network"
BEGSCL

ND 18

NAME "segment index"
TS00.0

NNNEFENNEFEPERPNENNREPRERPNRRRE

A zonal index file.

Alternatively, if the user requests thatzonal index file not be read, PPK2FACR
generates kriging factofer the entire mesh from all pointeominated in the pilot
points file

Next PPK2FACR prompts for the name of a structure file.
Enter name of structure file:

This file contains definitions of one or more geostatistical structures on which
computation of kriging factors will be based. Sexumentation of PPK2FAC for
further details

Next, for each zondefinedin the zonal index file, PPKFACR issues the following
series of prompts:

For zone characterised by integer value of 1: -
Enter structure name (blank if no interpolation for this z one):
Perform simple or ordinary kriging [s/o]:
Enter search radius:
Enter minimum number of pilot points to use for interpolation:
Enter maximum number of pilot points to use for interpolation:

See documentation of PPKFAC for more details

Finally PPK2FACR prompts for the name of the kriging factors file which it must
write and for its formatted/unformatted (i.e. binary) status:

Enter name for interpolation factor file:
Is this a formatted or unformatted file? [f/u]:
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and finally for the name of a file in which it should store regularisation data:

Enter name for regularisation information file:

It then computes and stores kriging factors, amdtes information to the
regularisation information file.Kriging factors are subsequently eas by the
FAC2RSM utility in carryingout theactualspatialinterpolation from pilot points to
mesh elements. The regularisation information file is available for the use of the
PPKREG1 utility in adding regularisation prior information equations to aTPES
control file.

In computing interpolation factoBPK2FACRassumes thahterpolation takes place
from pilot points to the centroid of each mesh elemBRK2FACR computes the
locations of these centroids itself.

Uses of PPK2FACR

PPK2FACR is a vitatompaentof pilot points parameterisatiaf an RSM model. If
calibration is undertaken using PEST, PEST assigns values to these pilot points.
Interpolation fromthemto mesh elements is undertaken by FAC2RSM on the basis of
kriging factors calculated by PPK2RER. Calculation of kriging factors can be far
more timeconsuming than carrying out the actual interpolation. By computing these
ahead of the interpolation process, this step can be omitted from thethmidstun

many timesoy PESTduring the calibrabn processtherebyresulting in a lowering of

the time required focompletion of the PEST run

See Also

See also FAC2RSM, RSM2SRF and RDAT2TAB.
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PPK2FAC_FEFL

Function of PPK2FAC_FEFL

PPK2FAC_FEFL performs a similar role to that of programs PPK2FAC, PREE,
PPK2FACR etc in that it generates kriging factors through which spatial interpolation
is undertaken from pilot points to model elements. PPK2FAC_FEFL pegfibris
role for the FEFLOW finite element modés well as generating kriging factors, it

also generates information that can be employed for subsequent introduction of
regularisation to a PESTontrol file in which pilotpointbased parameters are

featured. Kriging factors computed by PPK2FAC FEFL are used by
PPK2FAC FEEL 6 s s i st BEAC2HpFL wigch aamies out the actual spatial
interpolationfrom pilot points to the FEFLOW mesRkRAC2FH-L often comprises
part of ,emcagsutated ie b Batch or script file, which is run many times by
PEST in the course afptimisingpilot point (and dter) parameter values.

Using PPK2FAC_FEFL

Prompts and User Responses

Use of PPK2FAC_FEFL is not significantly different from that of other members of
the PPK2FAC family. Hence only a brief description of its operations (concentrating
on differences betweethis program and its kindred programs) is presented herein.
See other sections of this manual (particularly documentation of PPK2FAC) for

further details.

Like all other pograms of the Groundwater Datdillly suite, PPK2FAC_FEFL

allows a user to backthk from a current prompt to a pieus prompt to rectify any
mistakes that he/she may have made in responditigatprompt. This is achieved

through responding to
<Enter>.

t he

current

PPK2FAC_FEFL screen outpwnd user responses to PPK2FAC_FEFL propipts
a typical PPK2FAC_FEFL run are shown beloWwsér responses adepictedin bold

italicised type.)

Program PPK2FAC_FEFL calculates point - to - element factors by which kriging is
undertaken from a set of pil ot points to a FEFLOW mesh.
Enter name of FEFLOW FEM file for current project: project .fem

Enter name of FEFLOW element property file: em.dat
- data for 92829 elements read from element property file em.dat

Enter name of pilot points file: pp.dat
- data for 27 pilot points read from pilot points file pp.dat

Enter minimum allowable points separation: 0

Enter name of structure file: struct.txt

The following zones have been detected in the element property file:

pr ompt
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For zone characterised by integer value of 1: -
Enter structure name (blank if no interpolation for this zone): <Enter>
For zone characterised by integer value of 2: -

Enter structure name (blank if no interpolation for this zone):

Perform simple or ordinary kriging [s/0]: o]

Enter search radius: 1e20

Enter minimum number of pilot points to use for interpolation: 3
Enter maximum number of pilot points to use for interpolation: 8

structl

For zone characterised by integer value of 3: -
Enter structure name (blank if no interpolation for this zone): <Enter>

Enter name for interpolation factor file: factors.dat

Is this a formatted or unformatted file? [f/u]: f
Enter name for regularisation information file: reg.dat
Carrying out interpolation for z one 2....

Number of pilot points for this zone = 27

Mean data value for these pilot points = 14.000

Data standard deviation for these points = 7.7889

Working....

No. of elements for which factors were calculated = 30943

No. of elements beyond search radius of any pilot point = 0

- kriging factors written to file factors.dat
- regularisation information written to file reg.dat

PPK2FAC_FEFL commences operationsdpening theF E F L Oféhd imput file
for the awrrent model;it readsfrom this file the number of elemenis the model
domain.

PPK2FAC FEFLn e x t reads an fiel ement pnusd pee r t y  f
exported from FEFLOW by the user. See the next subsection for détaléirst few
lines ofa typical element property file are shown in the figure below.

ELEM LAYER X Y 4 F
1 1 73541.8444896667 8460384.0101699997 20.57783333  1.00
2 1 133405.594 4896667 8450245.7393366657 105.09966667  1.00
3 1 138278.2507396667 8369087.4893366667 82.29783333  1.00
4 1 117906.1101146667 8363388.8018366667 111.38166667  1.00
5 1 133744.0736563334 8394 474.3643366657 96.85883333  1.00
6 1 144707.7559480000 8382273.5310033327 66.54083333 1.00
7 1 141873.8705313334 8372043.3435033327 80.98366667 1.00
8 1 111523.2351146667 8375981.801836666 7 204.01000000 1.00
9 1 103691.3965730000 8385102.5726699997 131.89800000 1.00
10 1 207472.6361563333 8303504.1351699997 171.03616667  1.00
11 1 109153.3601146667 8380700.6976699997 232.0073 3333 1.00
12 1 84339.4903230000 8461949.8018366657 44.89433333  1.00
13 1 110151.6674063334 8377364.5518366667 206.97566667  1.00
14 1 106335.4851146667 8382501.0935033327 183.28333333 1.0 0
15 1 101455.3184480000 8468199.2393366657 61.68633333  2.00
16 1 101939.1049063334 8396911.2601699997 131.61033333  2.00
17 1 107046.1205313334 8380231.2810033327 194.08133333  2.00
18 1 212998.8340730000 8319898.6976699997 150.70183333  2.00
19 1 92884.0007396667 8458993.3435033336 39.23600000  2.00
20 1 105327.7194896667 8428316.5726699997 78.42116667  2.00
21 1 242948. 7299063333 8391365.7185033336 187.82216667  2.00
28 1 114709.1153230000 8418550.1976699997 60.00183333  2.00

Part of an element property file.
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The first line of an element property file contathe column headerdepicted inthe

above figure Then follows data arranged in columns. Within each row of this file the
first colunn contains the number of a nodéhese are arranged in increasing
sequentialorder, all nodes within the meshmust berepresentedqsee below) The
easting northing ad elevation of each node followrhen follows the material
propertyvalue associated with that node. PPF2FAC_FEFL actudhypretsentries

in this column as zone numbers, in spite of the fact that these are actually real
numbers (and are recorded by FEFLOW as material property valueBgfore
exporting this file, it is the wuserdés responsibility
material property to all elements of tiR&EFLOW mode| with these values being
actually surrogateone valuesNomally only one, o small humbeof zones need

be represented in a model. PPK2FAC_FEFL obtains a zone number from a property
value through approximating that property valuetbyearest integer

After this file is exported, there may not be any needlter pertinent material
property values withithe FEFLOW interfaceto something other than integers which
representzone numters. As will be explained beloand as is also explainedh
documentation to program FAC2FEFIf, for a particular material pperty, all
elements within a model are to be assigned values on the basis of interpolation from
pilot points, replacement of zone valusspertinentproperty values will take place at

the level of the FEFLOWifen input file.

PPK2FAC_FEL obtairs the folowing informationfrom the element property fite

1. the easting and northing of each finite elemmesh centroid of the current
model(it is to these coordinates that spatial interpolation takes place from pilot
points);

2. the zone to which each elementdrais.

As is discussed in documentatiohthe PPK2FACuutility, different pilot points, and
different geostatistical structures the basis of which kriging factors are calculated,
can be assigned ttifferentzones. Alternatively a zone may have no pilpbintsand

no geostatistical structure assigned tdé@nce interpolation will not take place from
pilot points to elements within that zone. In the latter case, material property values
will not be altered from those already assigned to elements wtbirzone when
FAC2FEFL alters a FEFLOWfeno file prior to aFEFLOW model run.

Otherinformation sought from the user by PPK2FAC_FEFL is similar to that sought
by other PPK2FAC programs. The reader is referred to documentztitmose
programs fodetails

Exporting an Element Property File

An element property file is generated by exporting flow material properties from
FEFLOWdaion fil e f or mat . -délirhiteds ASQIIrfie dvithctees a
following fields (see the above example):

1 dement number,

t

ab
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layer umber,

X coordnate

Y coordnate

Z coodinate,and

F value {.e. property alug for exampleK ).

= =4 4 -4 -2

To export this file, the following steps arejured.

1. Open the FEM file pertaining to the current modeising the FEFLOW
graphical user interfac

2. Sel ect A E d iproblem atthreinb ufit BEEtsivota t & dh,eFRoiviiie n i
ma t e rfiora lespective FEFLOW menus

3. Sel ect ASpecial o from the ATool so | i st

Flow initiads

I Hydraulic head

| Content analyzer

Mesh w Global
ﬁ nspectar | A F)emental

4533

SECAR-ol ==l | > Rubberbox
Join /> Database

Copy Return
‘ Show
Vanish

T QI‘BFLCILU feflow

SRS feflow feflaw

Debug

FEFLOW menu system for exporting ofa element data file.

4. Select theproperty to beexported(e.g.iConductivity [Kxx]o .)The FEFLOW
AData Vi ew, Op edakgboxthenopensd Ex por t o

5. Fr o m Shve as plivtieé 60 aaf thimbox ¢ h Savepedal materials
as pointé  tSavecdntrematerialsas points .

6. Sel ect AASCIXIYZIDPdt dFagdeaas ) 0 as the file t
name for the file.

7.Click on fAyeso when asked by FEFLOW whe
sliceso.



PPK2FAC_FEFL 230

NonInterpolation

There are two reasons why interpolation factors will not be assignegddiaular
elementof the FEFLOW mesHn particular

1 if an elements assigned to aoneto which nopilot points are assignedr

T if an el ement 0s | sepasated [y morthas ons searth t h a't [
radiusfrom all pilot points assigned to its zone,

then no interpolation from pilot points can take place to that element.

In contrast to other interpolation programs provided with the Groundwater Data
Utility suite,when FAC2FEFL undertakes spatial interpolatiorthe FEFLOW mesh

on the basis of krigingattors calculated by PPK2FAC_FEFL, it does not ask the user
what value should be assigned to elements for which no interpolation factors have
beencalculated Instead it simply retains property values that are already assigned by
FEFLOW to those elementshen it writes a new FEFLOWifend input file through
modification of an existing ondhus elements (including entire layers) for which no
pilot point parameter definition is desired can all be assigned to a singléoaohih
neither pilot points nor geostatisticabtructures assigned

The user should be very careful, however, that lack of kriging factor computation for
certain elements is not an unwanted outcome of providing PPK2FAC_FEFL with an
interpolation search radius which is too smellrepating the results of the kriging

factor computation process for each zone, PPK2FAC_FEFL writes to the screen the
number of elements within each such zone for which kriging factors cmilte
computed for this reason. If this numbenat zero, itis flagged witha i WARNI NGO
string. Under most circumstances) receiving such a warning, the user shoulcure
PPK2FAC_FEFL, asking for a larger search rad{itsis normally good practice to
provide an effectively infinite search radius 00H20, and limitthe number of pilot

points involved irspatial interpolation to any elemdhtough an appropriate response

to the fAenter maxi mum number of pil ot poi ni

Model Layering

As for other programs of the PPK2FAC familriging factors implement only
horizontal interpolation. Nevertheless, the element property file should cite all
elements within a model mesh, irrespective of the layer to wach elemenis
assigned In many cases it will be desirable that all model layaysprising a
particular hydrostratigraphiainit be assigned the same hydraulic property value. In
this case all elements within any vertical coluafithat hydrostragraphic unit should

be assignedo thesame zone; because elements with the same eastingpehahg

will automatically be assigned the same kriging facfoosn the same set of pilot
points this will guarantee thahe interpolatednaterial propest is the same foall

such cells.

In other modelling circumstances mhay be desired that diffent properties be
assigned to cells in differenhodel layers. This is easily achieved by assigning
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elements indifferent layers to different zones. Pilot points must then be assigned
separately to each such zone within the pilot pointJiteose name isupplied to
PPK2FAC_FEFL There is no reason why pilot points assigned to different layers
cannot be placed at the same horizontal locations. (This can be achieved through
appropriate cutting and pasting in the pilot points file.) However pilot point names
must be differentor the differentiayers(a discriminatory pilot point name prefwill

easily achieve this).

Regularisation Data

As for other members of the PPK2FAC family, PPK2FAC_FEFL writes a
regularisation information file. This can be used by tRKREGL1 utility for adding
regularisation prior information to a PEST control file. (Alternatively, the PEST
ADDREGL1 utility canbe used for the same purpgse

Uses of PPK2FAC_FEFL

PPK2FAC_FEFL is used, in conjunction with FAC2FEFL, foplementation of
pilot-point-based parameterisatiofh a FEFLOW model Though the manner in which
kriging factors are calculated is the same RI*K2FAC_FEFLas it is for other
members of the PPK2FA@amily, there is an important difference where multi
layered models are enmyed, in thatll pilot points employed for spatial interpolation

to all model layers must be cited in the same pilot points file. Where there is no
vertical variation of hydraulic properties between a numbejuxfaposedmodel
layers, elements within Igbertinent layershould beassigned to the same zone as that
to which pilot pointsbelonging to the hydrostratigraphic umhcompassing these
layers are assignedHowever where different layers, or different groups of layers,
must be assigned differemtlues through interpolation from different sets of pilot
points, thelayers pertaining to different hydtratgraphic unitsmust be assigned to
different zones; all pilot points for all zones must be then be represented in the single
pilot points fileread by PPK2FAC_FEFL (and subsequently by FAC2FEFL)

The DAR2SMP utility provides a means through which FEFLOW outputs can be
rapidly processed for inclusion in a PEBased calibration process.

See Also

See also PPK2FAC, PPK2FACPPK2FACF, PPK2FACR, FAC2HE, PPKREG1
and DAR2SMP.
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PPKREG

Function of PPKREG

Where a PEST control file has been constructed to estimate hydraulic property values
at pilot point locations, regularisation information can be automatically incorporated
into the parameterisation proseasing PPKREG. This information is added to the
PEST control file in the form of a set of prior information equations pertaining to
preferred differences between property values (or their logs) assigned to the pilot
points. The weight assigned to eachttugse prior information equations can be the
same for each, or it can be calculated according to the separation between the
respective pilot points. In the latter case the weight is calculated as proportional to the
inverse of the nested variogram pertagto the zone in which the pilot points are
situated. Geostatistical information by which this calculation is made is read from a
Aregul arisation information fileo produced

The use of pilot points for groundwater model parameteriséioften accompanied

by a tendency to ovgrarameterise the problem (ie. to attempt to estimate property
values at more pilot point locations than it is within the capacity of the calibration
dataset to achieve with any degree of uniqueness). This ieoessarily a bad thing,
because one of the benefits of using pilot points for spatial parameterisation is that a
superfluity of these points can allow PEST to determine the locations at which
geological heterogeneity must be introduced in order to acliey@od fit between
model outcomes and corresponding field measurements. However in order for this
process to work, it is essential that regularisation constraints (normally in the form of
Ahomogeneity <constraintso or tédsimothd hness
parameter estimation process. This is most easily achieved using PPKREG.

Using PPKREG

Prior to Using PPKREG

A number of conditions must be satisfied if PPKREG is to be used for introducing
regularisation information into a parameter estimapimyblem. These are as follows:

1. The PEST control file to which regularisation constraints are to be
introduced must include one or a number of different types of parameters
linked to a set of pilot points. These parameter types can represent different
hydraulic properties, or the same hydraulic property in different model
layers.

2. The name of each parameter that is linked to a pilot point must include the
name of the pilot point (as named in the pilot points file) to which it is
linked. Each parameter ofgarticular type must have the same prefix (or
no prefix at all), followed by the pertinent pilot point name. The prefix can
be up to two characters in length.
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3. A PPKREG run must be preceded by a PPK2FAC run. Normally this will
have been done as a mattercofurse, for the interpolation factor file
generated by PPK2FAC will be required by FAC2REAL for array
generation as part of a composite model run by PEST, or will be used by
FAC2MF2K to modify a MODFLOW2000 dataset such that it includes
pilot-point-basedparameters. (The MODFLOMW000 input dataset can
then be translated to PEST format using the MODFLOWZOREST
translator, MF2PEST.) The regularisation information file generated by
PPK2FAC is then used by PPKREG for adding prior information to the
pilot-pointbased PEST control file.

4. Where different parameter types in a PEST control file pertain to different
sets of pilot points, PPKREG must be run twice in order to add different
sets of regularisation prior information to the PEST control file based on
the different sets of pilot points.

Note that it is not essential that every parameter cited in a PEST control file be linked
to a pilot point. Those parameters which are not linked to a pilot point are simply
omitted from any regularisation informatidmat is introduced to the PEST control file

by PPKREG. However care must be taken where parameters are omitted from
inclusion in regularisation constraints; as is explained in the documentation te PEST
ASP, if regularisation is introduced to a parameteimegion problem in order to
render it numerically more tractable, it may not live up to expectations unless all
parameters (or at least the vast majority or parameters) are included in the
regularisation process.

Running PPKREG

PPKREG begins execution bygmpting for the name of an existing PEST control
file:-

Enter name of PEST control file:

Supply a name as appropriate. PPKREGOSs
based on this existing PEST control file; in the new control file PEST is asked to ru
in regularisation mode. Regularisation constraints in the form of prior information will
be included in this new PEST control
appended to the end of the file. If any prior information is present within thiealri
PEST control file, this will be included in the new PEST control file. However an

existing firegul arisationodo or fdApredictive

PPKREG next prompts for the name of a PPK2Fgfederated regularisation
information file. Itsprompt is:

Enter name of regularisation information file:

As is explained in the documentation to PPK2FAC, this file lists the names of the
pilot points contained in the pilot points file upon which PPK2FAC based its
calculation of kriging factors; itlso contains nested variogram values for each pair of

t
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pilot points that are jointly used for interpolation to at least one cell centre. This latter
condition limits the provision of regularisation information to points which are in the

same zone, and whichr e fAcl ose enough togethero, as d
Amaxi mum number of points for interpolatio
it generated the kriging factors. Hence these variables can be used to limit the number

of prior information egations added by PPKREG to an existing PEST control file.

Basically, the smaller is the search radius, and the fewer the maximum number of

points used for interpolation, the fewer will be the number of prior information

equations containing regularisatioriormation added to the PEST control fi@ften

PPK2FAC will be run only once in the course of preparation for -pibarit-based
parameterisation. In this case the same variables used in the calculation of kriging

factors will be used in the calculatiasf regularisation information. However the

modeller is free to undertake a separate PPK2FAC run (using a different search radius

and/or specifying a different value for the maximum number of points used for
interpolation) for each of these separate purpddee/she feels that this is warranted.

Next PPKREG prompts:

How many pilot - point - based parameter families in PEST control file
pertain to this regularisation information file:

As was discussed above, each type (or family) or -pibintbased parameter
featured in the one regularisation information fileist have its own parameter name
prefix of up to two characters in length (or no prefix at all if desired). The remainder
of the name of each parameter must be the same as the name of the piloapdint th
representsNote also, that a PEST control file may contain different sets of pilot
points pertaining to different hydraulic properties; the regularisation information
pertaining to each of these sets may reside in different regularisation infarrilato
PPKREG will then need to be run for each set separately. This is a perfectly
acceptable procedure; the user only needs to ensure that pilot points are named
according to different protmls within the different pilot point groups whose
regularisabn information resides, in turn, in different regularisation information.files

For each family of pilepointbased parameteggertaining to the one regularisation
information file PPKREG asks the following questions:

For family number n: -
Enter pa rameter prefix (<Enter> if none):
Apply uniform or geostatistical regularisation? [u/g]:
Enter weight multiplier:
Enter new regularisation group name:
Enter root name for new prior information:

The answer to the first of the above questiawes to distinguish one pilpbints
based parameter set from anotivbiere both are based on the same set of pilot points
for which regularisation is contained within the one pilot points $ilgply the prefix

as appropriate.

For each pair of points favhich a variogram value is supplied in the regularisation
information file, PPKREG generates one prior information equation. This equation
expresses the fact that the difference between the corresponding parameter values (ie.
the hydraulic property valgeassigned to these pilot points) is zero; if the parameters
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arelogt ransf ormed in the fAparameter datao sec
pertinent prior information equation states that the difference between the logs of the
respective parametemalues is zero. The weight applied to each such item of prior

i nformation can be the same (Auo option i
prompts). Alternatively, the weight can be calculated as the inverse of the square root

of twice the magnitude of ¢ nested variogram pertaining to the two points

comprising the pair. This method of calculating the weight is in harmony with the fact

that the square root of twice the variogram is equivalent to the standard deviation of

the parameter difference, if theéasstical dependence of this difference on point

separation, as characterised by the variogram, is correct.

The third of the above prompts requires that a weight multiplier be supplied. If
uniform weights assignment is undertaken, this is the value afdight assigned to

all articles of regularisation prior information. If geostatistichised weights are
calculated, this acts as a multiplier (applicable to all regularisation prior information
equations) for weights calculated on the basis of vanmogvalues in the manner
described above.

PPKREG assigns regularisation information
version 6.0, PEST has allowed the existence of multiple regularisation groups within
the one PEST control fileThe name of &h such grup must begin with the

characters fAregul 0. I n the fourth of the a
name of the group to which the new pifmiint-based regularisation equations should
be assigned. Thi s name mu s tferdntagthemnamei t h A r

assigned to any other regularisation subgroup within PPKREG, or already existing

within the PEST control file. (Note that PEST can adjust the relative weighting

attached to different regularisation subgroups during the inversion prdbesss

done if the regularisation control variable IREGADJ is set to 1. When writing the
Aregul arisationo section of the PEST contr
IREGADJ, thus asking PEST to implement this automatic -gteap weights

assignmat procedure. If this is not desired, it can be rectified by direct editing of the

PEST control file.)

Finally PPKREGpromptsfor the root name of the prior information equations that it
writes to encapsulate the regularisatioformation Supply a stringf 6 characters or

less; PEST will affix an equation number to this staigen naming prior information
equations The user should ensure that the resulting prior information name does not
conflict with any names that may already be represented withirexisting PEST
control file to be modified by PPKREG (PESTCHEK will soon inform you if this
condition has been violated).

Next PPKREG searches for linkages between parameters and pilot points; as was
discussed above, parameters and pilot points are linkemlgh their names.
Parameters not linked to any pilot points are listed to the screen; PPKREG asks the
user to verify that it is alright to continue execution, even though not all of the
parameters cited in the PEST control file are giointbased.(When running
PPKREG multiple times in order tesequentiallyadd regularisation information
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pertaining to more than one regularisation group, the list of unlinked pilot points on
any one PPKREG run may be very large; do not be perturbed by this.)

Next PPKRES prompts for the name of the new PEST control file which it must

write:-

Enter name of new PEST control file:

and,

finally, for some information to use

Enter target measurement objective function PHIMLIM:
Enter initial regularisation weight factor WFINIT:

Enter min.

reg. weight fact or WFMIN ( <Enter> if 1.0000E -10):

Enter max. reg. weight fact or WFMAX ( <Enter> if 1.0000E+10 ):

As is explained in the documentation to PEASP, the first of these quantisie
should be set slightly above the objective function minimum that it is possible to
achieve without the imposition of regularisation constraints. Alternatively, if this is
not known, it should be set at some reasonable value calculated from an anticipated
or acceptable, level of modtl-measurement misfit. The initial weight factor
WEFINIT (see the second of the above prompts) can mostly be set to 1. Default upper
and lower weight factor bounds, set at®#nd 10" times the initial weight factor,

are sipplied in the pertinent prompts for these quantities by PPKREG. These can be

accepted

by simply pressing the <Enter> key in each case. However the user should

monitor the weight factors calculated by PEST as the optimisation process progresses
in order toestablish whether these bounds should be set wider or narrower.

Warnings and Error Conditions

Use of PPKREG is quite straightforward. However a few simple rules should be

observed.

Where PPKREG notices any violations of these rules it will issue an

appropiate error or warning message; however in some cases it may not be aware that
a rule has been violated, in which case a warning cannot be issued. The rules are listed
hereunder.

1.

If kriging for a particular parameter type is based on a geostatistical
strudure (as recorded in a structure file read by PPK2FAC) in which the

TRANSFORM type is filogo, then al/l par a

transformed in the parameter estimation process. Thus any regularisation
information introduced to the PEST contfoé based on that parameter
type will pertain to the logs of the pertinent parameter value differences
rather than to the parameter value differences themselves. If the
geostatistical option is selected for weights calculation, then these weights
will be based on a nested variogram that depicts the logarithmic nature of
the geostatistical structure pertaining to that parameter. Similarly, if
TRANSFORM is set to finoneo for the
and regularisation information is geostatiatly weighted, then the
parameter should not be lb@ansformed in the parameter estimation
process. Note, however, that neither PPKREG nor PEST will object if
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these rules are violated, for they have no knowledge of the geostatistical
structure underlyingveights calculation.

2. PPKREG will object, however, if an attempt is made to impose a
regularisation constraint on the difference between the values assigned to
two pilot-pointbased parameters if one is {sgnsformed in the existing
PEST control file anthe other is not.

3. If there are any parameters in the existing PEST control file which are part
of a pilot point family, but which are not linked to any other pilot points
through regularisation information contained in the regularisation
information file, PPKREG will list such points to the screen and ask if this
is alright. This can happen if, for example, there is only one pilot point
assigned to a particular zone (in which case the zone is effectively
homogeneous), or if the search radius used wherimgiPK2FAC was
not large enough. If you ignore this warning, you can add pertinent prior
information regularisation constraints pertaining to this parameter to the
PEST control file yourself if you wish.

4. If there are any pilepointbased parameters thate linked to only one
other pilotpointbased parameter through regularisation prior information,
then PPKREG will issue a similar warning.

5. If a parameter is tied to another parameter, it cannot be included in prior
information. Hence all regularisationformation linking such a parameter
to any other parameters in the regularisation information file is ignored.

6. The same holds for fixed parameters.

Uses of PPKREG

As has already been described, PPKREG facilitates the introduction of prior
information to aPEST control file in which parameters are based on pilot points. Use

of this prior information in the parameterisation process attempts to ensure that
estimated parameters adhere to the geostatistical structure of an area where this is
known. Different famlies of pilot points parameters can be used for different
parameter types. These can be based on the one set of pilot points (in which case a
single PPKREG run can be used to add regularisation information pertaining to all
such parameters) or on diffetesets of pilot points for which regularisation is stored

in multiple regularisation information files (in which case multiple PPKREG runs will

be required).

PPKREG is most useful where MODFLOW/MT3iased parameterisation is carried

out using FAC2REAL in onjunction with MODFLOW/MT3D, or where a
MODFLOW-2000 input dataset was built with the help of FAC2MF2K, the latter
program being used to introduce pifmintbased parameters to an existing
MODFLOW-2000 input dataset. In the latter case, the set of MADA2000 input

files must be translated to PEST format using the MODFLOWROMWEST
translator, MF2PEST. Once this has been done, regularisation information can be
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added to the pertinent PEST control file using PPKREG using the instructions
provided herein

See Also

See also FAC2MF2K, FAC2REAL and PPK2FAC
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PPKREG1

Function of PPKREG1

PPKREGL1 is an advanced version of PPKREG. Like PPKRES&uUsed to add prior

information to a PEST control file, with this prior information encapsulating
regularisation congints on the inversion process; the purpose oktesstraints is

to provide a Apreferred system conditiono,
the inversionprocess. However PPKREG1 provides more regularisation alternatives

than PPKREG, th&atter only providingpi s mo ot hi ng omighinWwlichi sati on
a set ofprior information equations providedexpressing the fact that the difference

between pairs of parameter values (or the logs of these valysefasentiallyzero.

PPKREG1 prowdes the user with the option of usiran alternative form of
regularisation referred to @spr ef er r ed v a lharenoln impegentingr i s at i c
this form of regularisationprior information equations are provided in which each

parameter (oiits log) is assigned greferredvalue. A singlesuch value can be

assigned to all parameters, or values can be assigned individually. A single weight can

then be assigned to eaphrtinent priorinformationequation, or a covariance matrix

can be assigneid the Bimily of prior information equationsased on a geostatistical
characterisation of parameter variation.

PPKREG1lallows the userto adjust regularisation weights (or components of the
regularisationcovariancematrix) in accordance with data density. Thuzager
weights can be assigned to prior information equations pertaining to parameters that
arefar removedrom observation points in comparison to prior information equations
which cite parametetbatare relatively close to observations points.

Using PPKREG1

General

PPKREG1 has much in common with PPKREG. The discussion lhetmses orthe
differences between these two programs; see documentation of PPKRE& for
discussion of functionality that is common to both of them

PPKREG1 execution is initiatebdy typing its name at the commalide prompt.

Upon comnercement of execution it prompts for the name of an existing PEST
control file. PPKREGL1O®s,andaselulaiisationtsectioadd pr i
to this PEST control file. If the existing PEScontrol file already possesses a
regularisation section, this section will be overwritten.

After reading theexistingPEST control file, PPKREG1 prompts:
Enter name of regularisation information file:
This file will have been written by PPK2FAC1 (not KRHFAC, which issuperseded

by PPK2FAC1)FAC2REAL calculate kriging factors for spatial interpolatidrom a
set of pilot pointdo the model grid for the purpose of constructtniylODFLOW-
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compatible real array. It alspecords geostattical information pertaining to the
physical property values which asampled at pilot point locationshik information

is based on the contents of the structure file read by PPK2FACand on t he
responses to prompts issued by PPK2EAGringits execution.

Next PIKREG1 asks:

How many pilot - point - based parameter families in PEST control file
pertain to this regularisation information file:

Supply a number no lower than unity; as is explained in the documentation to
PPKREG, each set of parameters which is basetie@same set of pilot pointsust

have a different parameter prefix (which
the name of respectivepilot points.

PPKREG1 now issues a series of prompts for each family of pilot point parameters
that pertain tadhe nominated regularisation information filehe first of thes@rompts
requests the name of the prefix which characterises that parameter-family:

Enter parameter prefix (<Enter> if none):

Smoothness Regularisation

PPKREG next prompts for the type ofegularisation to which thatamily of
parameters will be subjeet:

Apply smoothness or preferred value regularisation? [s/p]:

I f you respond with an Asdo to theetadbove
regularisation prior information equans as hose written by PPKREG; see
documentation of PPKREG for detailBurthermore, like PPKREG, PPKREG1 will

allow the user to chose between uniform and geostatistical weighting for these prior
informationequations

Use weights of unity or geostatistical weig hting? [u/g]:

Note that if theunity option is selected, all weights are temporarily assigned a value of
1.0 (this can be altered shortly through the use of a weight multipAdé®grnatively,
selection of the geostatisticalption allows weights to be caculated from the
hydraulic propertyariograns assigned to this areadescribedn the documentation

to PPKREG. In this cagarior information equations (expressing preferred parameter
equality) pertaining topoints which are close together are weightexte heavilythan
thosepertaining to pointsvhich are further apart.

A weight multiplier can be applied to prior information weights calculated according
to the previous promptA single weight multiplier can be used for all new prior
information equatinspertaining ¢ a particular parameter familyIt&rnatively, prior
information weightsan be calculated in accordance watloximity of pilot points to
data pointsi(e. points at which data is available fose in thecalibrationprocess
PPKREGI1prompts:-

Use uniform or data - density - dependent weight multiplier? [u/d]

If the user requests a uniform weight multiplier, that rpliér is requested next:

Enter uniform weight multiplier:

c

pr
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Alternatively, if datadensitydependent weights are requested, REK1 prompts for

the name of @data coordinates fite This file must have at least three data columns;
PPKREG1 reads data point eastings from the second column and data point northings
from the third column. Thus a pilot points file and a bore coordindeeboth satisfy
therequirements of a data coordinates file.

Note that where more than one pHpobintbased parametdamily is managed by
PPKREG1, PPKREGL1 still prompts fonly one data filelt is assumed that if data
densitydependent weighting iased for both of these families, data density is the
same for each family.

Each prior information equation used to implement smoothing regularisation cites two
parameters. For each one of these parameters a notional weight multipgker
calculated usinghe equation:

s N
w=a+bg _r’
wherea, b, c andn are supplied by the user, ands the distance between the pilot
point associated with thggarameter and data points cited in the datrdinatedile.
(Note that summation in the above equatiakes place over thenearest data fats
to the current pilot point; it is suggested thdte supplied a%.) The weight multiplier
calculated for the entire prior information equation is then calculated as the geometric
average of the two individuglarameter weight multiplier® PKREG16s pr ompt s
Enter a:
Enter b
Enter n:
Enter c:

Enter maximum allowable weight factor:
Enter minimum allowable weight factor:

Note the lastwo of the above prompts in which the user may assign a minimum and
maximumnotionalweight factor to eachilot-pointbasedparameter; thigssignment

takes place beforgeometric averagingf notional parametemveight factors to
calculate the weigtactorassigned tohe entireprior information equation.

Preferred Value Regatisation

If preferred value regularisation iselectedfor a particular parameter family,
PPKREG1 prompts:

Use uniform preferred value, or read it from a file? [u/f]:

I f the dAunifor mo o musipmvide thes pretereed eatue fercall] t h e
pilot point parameters within tharametefamily in response to the prompt:

Enter uniform preferred value:

Alternatively,if preferred values are to be read from a #H®KREG1 prompts for the
name of a pilot points fitepertinent parameter values aead from the fifth column

of this file. Note that the first column of this file must contain pilot point names rather
than parameter names; the latter will differ from the former where a parameter prefix
is deployed.
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As in the case of smoothness regusiation, PPKREG1 next prompts:
Use weights of unity or geostatistical weighting? [u/g]:

In the latter caseindividual weights are not calculated at all; rather a covariance
matrix is supplied for prior information pertaining to this parameter fafdghprior
information equation used to implemeareferred value regularisation cites a single
parameter, assigning a preferred value to that paraniegrcovariance matrix is
assigned to thaamily of prior information equations, the dimensions of thatns

are the same as the number of prior information equatidreducedto the PEST
control file for that parameter family by PPKREG1. The elements of the covariance
matrix are calculated from geostatisl information contained in the regularisation
information file and are thus basea ¢the variogram(s3upplied to PPK2FAC1 when

it wrote this file.Note thatthe range ofnter-parameter correlation is limited by the
interpolation search distancesmdnumberof-pilot-point limits supplied by the user
PPK2FAC1when providing kriging specificationsf it is desired thakriging and
regularisation be governed by different variogramshat different variables govern
the use of these variogramen deployed for these separate proces3eK2FAC1L
should be run twicei once to calculate kriging factors and once to generate the
regularisation information file to be used by PPKREGL1.

As in the case of smoothness regularisation, a uniform ordéatsitydependent
weight multiplier can be assigned to prinformation introduced to the PEST control
file by PPKREG1:

Use uniform or data - density - dependent weight multiplier? [u/d]:

As is described above, dadansitydependent weight multipliers are calculated on the
basis of data point coordinates suppliecidata coordinates file. Where geostatisé
weighting is employed, anthusa covariance matrix is used instead of weights, each
entry of the covariance matrix is divided by the product of the weight multipliers
associated with the individual pilot s to which the entries pertain. In this manner
regularisation constraints are more strongly enforced where parameter pilot points are
closer to data points than where they are Where a uniformweight multiplier is
requested, all elements of the comace matrix are divided by the square of this
multiplier.

Where preferred value regularisatisremployedand the geostatistical weights option
is selected, PPKREGL1 also prompts for the name of a file in which to store the
covariance matrix for the newigtroduced family of prior information equations:

Enter covariance matrix file for prior information:

This file is written by PPKREG1, while the name of this file is cited in the

Afobservation groupso section of ZX.Moee new PE:

that where a covariance matrix is emplgyaeights of 1.0 are assigned to all prior
information equations; as is documented in the PEST manual, these weights are
ignored by PEST.



PPKREG1 243

Continuing PPKREGL1 Execution

For each new family of prior informaticequationsintroduced to the PEST control

file, PPKREG1 prompts for the name of an observation group to which this prior

i nformation is to be assigned. Thy s i s 1 ¢
PPKREG] for it is assumed thatll new prior information introduced to the PEST

control file by PPKREGwill be used for regularisation purposes. The name must

begin with the string Aregul o in accordanc
The name must also be different from that assigned ta#rgr observation group,

either within the existing PEST control file, or supplied to PPKRES? btherprior
informationfamiliesduring its current run. PPKREGlsoprompts-

Enter root name for new prior information:

The name of each new prior informatiequation introduced to the PEST control file
by PPKREGL1 is formethroughappending this rdoname to the front of a number;
this number isformed by counting (from 1) new prior information equations
introducedfor each family.

PPKREQ next prompts for th@ame of the PEST control file which it must write;
this namemust be different fronthat ofthe PEST control file from which it readata
initially. Then PPKREG1 prompts for the values of a number or regularisation
variables; default values are supplfedother regularisation variables:

Enter target measurement objective function PHIMLIM:

Enter initial regularisation weight factor WFINIT:

Enter min. reg. weight factor WFMIN ( <Enter> if 1.0000E - 10):
Enter max. reg. weight factor WFMAX ( <Enter> if 1.00 00E+10):

PPKREG1then writes the new PEST control file and any covariance male
which need to be writterthen itceagsexecution.

PPKREG1 Warnings

In the course of its execution PPKREG1 may issue a number of warnings, and prompt
the user whethett iis alright to proceedConditions giving rise to these warnings
include the following:

1. A certain pilot pointhas no geostatistical linkage any other pilot poin$ cited
within the regularisationinformation file read by PPKREGL1. This can occur if a
single pilot point exists within a certaimodel zone, and/or if the interpolation
search radiusupplied by the user to PPKFA@Ltoo short.

2. One or more pilot point parameters are fixed or tied. In this case PPKREG1 will
add noprior information to the PEB control file pertaining to these pilot points.

3. Some parameters exist within the PEST control file which are not linked to the set
of pilot points for which regularisation information is supplied in the
regularisation information file.
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Uses of PPKREGL1

Uses of PPKREG1 are the same as those of PPKREG; however it allows the
implementation of more complex regularisation options thatves PPKREG.
PPKREG1 can be used as a replacement for PPKREG, for it contains all of the
options that are available throutifis program Through sequential use of VERTREG
and PPKREGL1 the user is able to introduce a set of comgearisatiorconditions

to a PEST control file whosgarameterisatiofs based on one or a number of pilot
point families occupying one or a number rabdel layers. Different sets of prior
information equations introduced through this process should be assigned to different
observation groups. When undertaking regularised inversion, the relative weighting
assigredto each of these groups may sometimeslifficult to determine and a trial

and error process may hequired to determine the best set of weights. The
WTFACTOR utility (part of the PEST suite) may lbseful in implementing this
process Alternatively, PEST may be able to adjustative regulasation weights

automaticall y; t he | REGADJ vari abl e may
regul arisationo capabilities may al so be
See Also

See also PPKREG, PPK2FAC, PPK2FAC1 and VERTREG.

0 |
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PPMDEF

Function of PPMDEF

The purpose of PPMDEF is faciliatthe use of pilot point parameterisation in
conjunction with the adjoint statprocessof MODFLOW. The latter employs
Adi stri but edch ghdichacanencempas®hundreds or even thousands of
model cells (up to all of the cells comprisitige ative part ofa model gridin fact).

The functionality of pilot point parametef@hich are generally far fewer in number
than model cells)s such that a single such parameter influences the hydraulic
property assigned to many model cells through the tfadt spatial interpolation is
undertaken fronpilot points to tle actual finite difference grid; during the parameter
estimation process, PEST assigns values to pilot points rather than directly to model
cells.

The adjoint statgrocessof MODFLOW compugs the sensitivity of a model output

of interest to the hydraulic property of every cell comprising a distributed parameter.
PPMDEF wdistiibetedto-RESTp ar amet er fil eo for the u
whereby individual cell sensitivities are amalgamaiethe correct ratios to compute

the sensitivityof thatsamemodel outputo pilot point parametershich are employed

by PEST within the domain of the MODFLOW distributed parameter.

Using PPMDEF

General

PPMDEF isemployed duringoreparations for a PESTaldoration process in which
PEST employs pilot point parameters, but in which derivatives are computed by the
adjoint stateprocessof MODFLOW. The latter are computed on a dmlicell basis

for all cells which collectively comprise the domain ohe or anumber of
MODFLOW fAdistrisbuted parameter

Use of PPMDEEF is predicated on the assumption that pilot point parameterisation is to

be employed by PEST over the domain afestaindistributed parameter. PPMDEF

bui | distribidedt®iPESTparameterf i Ifoe the use of ASENPROC through

which sensitivities with respect to pilot point parameters can be computed from
sensitivities with respect to individual cell parameters. Different sets of pilot point
parameters can be employed over the domain of diffelistitbuted parametersrtd

different distributed parameter types). In this case, PPMDEF must be run once for
eachsuchdistributed parameter. Each of ttiistributedto-PEST parametdiles built

during these PPMDEF runs must then be supplied to ASENPRO@ runsafter

MODFLOW inthe batch or scriptfilecitedinh e fider i vat iogeetisn ¢ o mma n ¢
of the PEST control fildas distinct from théatch or scriptfilec i t ed i n t he fAm
Cc 0 mma n csectionohtleedEST control file

As in normal pild point usage, the first step in employing pilot points as a
parameterisation device is to build a pilot points file, citing the locations of the actual
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points; the first column of this filassignsnames to respective pilot pointshen
PPK2FAC is run inorder to generate kriging factors through which spatial
interpolationis undertaken from these points to a MODFL&@wmpatible real array.
FAC2REAL is then employed as a model -precessor to actually implement this
interpolation; FAC2REAL is cited in a ti or script file ahead of the modsb that

it is run by PEST on every occasion that it runs the madehy instances of
FAC2REAL can be run prior to the model, each of them interpolating from a different
set of pilot points to a differelMODFLOW real array. The latter can then be
employed by MODFLOW for representation of hydraulic properties in one or more
model layers.

Kriging factors computed by PPRFAC represent the contributisrthat different

model cel make to the valueof pilot poins. (Wherea parameter is log transformed

this linear relationships actually between the logs of the cell values #relogs of

the pilot point parameters. This is accounted for in the software described herein,
though it is not mentioned again in the followingsdription.)Hence in calculating
sensitivities with respect to pilot point parameters, these same factors can be
employed for linking cell sensitivities to pilot point sensitivities.

A MODFLOW distributed parameter can exist over one or many layers. debr e
model layer, celbasedhydraulic property values are obtained by multiplying the
values found in apertinent multiplier array by the value of thMODFLOW
distributedparameterPPMDEF rewrites MODFLOW input files such that:

1. a patrticular distributedparametercites only one multiplier array in all
MODFLOW #dAparameter clusterso pertaining
cluster representing a different model layer;

2. the value of the distributed parameter is 1.0.

The repercussions of this strategy are thatvalues assigned to cells of the multiplier
array automatically become hydraulic properties associated with that distributed
parameterAlso, if a distributed parameter spans more than one layer, then property
values in different layers are the same. éNtftat the number of cells spanned by a
particular distributed parameter need hetthe same in different model layers, this
being governed by the zonation array assigned to each such layer. However where a
particular cell belongs to the same distribupadlameter in more than one layer, then

it will be assigned the same valirethese different layerdf this is not desired, then
different distributed parameters should be assigned to different model layers.

Another repercussion of the above strategyhest FAC2REAL must be asked to

assign values toultiplier arrayson the basis of pilot pointsather than directly to

arrays which pertain to respective hydraulic propertigeferably thesenultiplier

arrays should be madeasily accessible to FAC2REALby citing them using
OPEN/CLOSE statements within the MODFLOW multiplier fi{llote also that the

Acol rowod var i abdettings.figs htolud ds ebtet isregs tfoi Ifieno 0. )
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At presnt, only distributed parameter typemsployed by the LPF packagan be
handled by PPMDEHR-unctionality for the handling oftber parameter types can be
added in the future if desired.

Running PPMDEF

PPMDEF commences execution with the prompt:
Enter name of MODFLOW name file:

PPMDEF then proceeds to read ti@minatel MODFLOW name file. It will cease
execution with an appropriate error message if either an LPF package inpat file
discretisation file, a BASIC package input file, omaltiplier file is not cited inthe
namefile.

(Note that in normal MODFLOW operation, & not necessary that a multiplier file be

cited in a name file for all MODFLOW parameter multiplier arrays can be assigned
the string ANONEO. As wi |l |Icrebteaefdrersectod b e d
single multiplier array forll incidences of aisgle distributed parameter. Even if an
existing multiplier file is empty, this file must still be cited in tM®DFLOW name

file so that PPMDEF knows the name of the file in which it shoeldrencats new
multiplier array. Thereforethis file will not be empty after PPMDEF has finished
execution).

Next PPMDEF prompts:

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

This file will have been written by PPK2FA@&s well as holding kriging factors
previously compted by PPK2FAC, it also holds the name of the pilot points file for
which these factors were computed. This file must also be present withindtiir

from which PPMDEF is run for, as will be discussed shortly, PPMDEF needs to read
this file.

As explaned in the documentation to PPK2FAC, interpolation factor files can be
formatted or unformatted. (Use of formatted files is recommended as these are
generally quickly readable andthis avoids theproblems that are sometimes
encountered with unformatteddiincompatibility.)

PPMDEFOGs next prompt i s:
To what MODFLOW distributed parameter does this pertain?

As presently programmed, thikstributed parameter must resiagedan LPF package
input file. It can be associated with one or more clusters citingopomeore model
layers.

As will be discussed below, PPMDEF writes part of a PEST control file in which pilot
point parameter data representedThis control file fragment can form the basis for
construction of &ompletePEST control fileandbr can be maually combined with
other PEST control file building blocks (such as preducedby the MKMHOBS
utility for examplé by cutting and pasting form such a complefeEST controfile.

be
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Before writing the fdparameter fdagntem,0 sect i
PPMDEF needs to know the following information pertaining to pilot point
parameters:

Enter lower bou nd for pilot point parameters:
Enter upper bou nd for pilot point parameters:
Enter initial value for pilot point parameters:

Next PPMDEF promts=-
Enter name for distributed - to - PEST parameter file:

This is the file which ASENPROC must read as it runs behind the model as a
postprocessor, convertingdistributed parameter sensitivities to pilot point

sensitivities. Note that ASENPROC may read ynauch files. Note also that
ASENPROCpostprocessing s only required when the nAder
version of the model i's run, and not when
model is run.

Finally PPMDEF prompts:
Enter name for PEST buildin g block file:

This is the file to which PPMDEF writes pilot point parameter data, ready for
inclusion in a PEST control file.

After it has received all of the above information, PPMDEF performs the following
tasks.

1. It first reads the discretisation fila iorder to establish the dimensions of the
model grid.

2. It reads MODFLOWibound arrays from the BASIC package input file. In
writing its distributedto-PEST parametefile PPMDEF ensures that no
inactive cells are employed in computationpilbt point sengtivities. (This
would not really matter as inactive cells will have a sensitivity of zero.
However recognition of inactive cell status may generate savings in the length
of the distributedto-PEST parametefile which PPMDEF writes, and in
ASENPROC procesng time.)

3. It reads the LPF package input file, ensuring that the-nm®inated
distributed parameter is present in this file.

4. It reads zone arrays assigned to the distributed parameter in order to ascertain
the domain of this parameter.

5. ltcopiestheei sting mul ti leie@i ngiol enut 6i pl "fenf
file.kn wherefile is the name of the existing multiplier fiendn is the first
available integer

6. It modifies the existing multiplier file, removing arrays that are not required by
it (because they were previously employed by the nominated distributed
parameter) and wriesa new array pertaining to atlusters (each of which
pertains to a separate model layam) which the nominated distributed
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parameter liedlt provides this array witla name which is the same as that of
the nominated distributed parameter. (The user should ensure that no other
multiplier arrays are provided with this same name.)

7. It replacesany remaining arrays with references to external arrays, and then
writes thesarrays to pertinent files. These files are nammegtname mult.ref
where multnameis the name of the veritten multiplier array. This makes
processing of the multiplidie during later PPMDEF runs easier.

8. After copying the existing LPF package inputfiio file.kn wherefile is its
original nameand n is the first available integeit modifies thisfile by
providing the distributed parameter with a value df, and referencing the
single new multiplier array in each cluster pertaining to the dis&ibut
parameter.

9. It writes adistributedto-PESTparameter file for the use of ASENPR®&GmM
which pilot point sensitivitiesan be computefilom cell sensitivitiesln doing
this it assigns names to pilot point parameters. These are formed by affixing
the name of each pilot poinfas read from the interpolation factor fike) the
end of the name of the distributed parameter; however the name of the latter is
shortened so that the ultimate naofehe longest parametes no more than
12 characters in length.

10. It writes a PEST template file of the pilot points file in which parameter
spaces containing parameter names replaces pilot point values in the fifth
column of this file. This file is immediately ready for the use of PEST in
formulation of the pilofpoint-based inverse problerithe name of the file is
paramtpl whereparamis the name of the distributed parameter.

11.t writesa PEST Abluliddk n§i l ed containing a i
Apar amet er dat ao and QTimeormhmd of thenptaut / out p
points file corresponding to the template filagsumed to bparamptswhere
paramis the name of the distributed parameter.

12.1t writes a FAC2REAL keyboard input fileamel fac2real paramin where
paramis the name of the distributed parametdre conmand:

fac2real < fac2real_ param.in
should be placed in the model batch f il
l ined and fAmodel command | inedo versions

ensure that current pilot point values (as recorded in thpdil@mptswritten
by PEST using the template filaramtpl) are used in spatial interpolation to
the MODFLOW multiplier array assigned to tharamdistributed parameter.

13.1t writes a short message to the screen reminding the user of the necessity to
employ FAC2REAL in the model, and then ceasa®cution

It is important to note thatsastated above, PPMDEF removasltiplier arrays that
previously belonged to the nominated distributed parameter and that are not required






