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Preface

Groundwater[Modelshave[beenlin[use by the[Agencyand its [predecessors/formanyyears
and(theselhave[beenlinitiated[and[implemented[at[Regional level. ThesemodelsWwere mot
linked(in[dmational [¢ontext.[Groundwater models[dre(dlsol¢ostly[and (have mot(been[éasily
linked(tothe meeds[ofloperational [¢ustomers.[The[fragmented approach(tomodelling[was
highlighted by [the development[ ofl sourcel protectionzones[in[thelearly[1990’s. 1t[3vas
recognised [ thatJallcentrally[Icolordinated, [Istrategic [Japproach[Jwas[Irequired[to[Javoid
duplicationand reducetherisk (0flchallenge.

Toldddress[this[situation, d[Strategic[Review[0f[Groundwater Modelling[(R&D [Project (W6 [
034,[R&DI[Technical [ReportfW214;BrownlandHulme,2001) vasindertaken. TheMmain
outputlofithe Strategic[ReviewWwaslthe EnvironmentlAgency Frameworkfor Groundwater
ResourcesT Conceptual“and " NumericalTModelling[(R&D[Technical [Reportf'W214)[which
contained JaJnationally[]consistent[Jtechnical JapproachJand [JprogrammeJfor Jregional
groundwater resources [@ssessment/and odelling.

TheHead[Office[Hydrogeology Team[presented alsSummary Implementation Planfor(this
work [jointly With[the[Science[Groupwhich[was[accepted [by the mational 'Water[Resource
Management Team (WRMT)[GnOctober[2004.[Regional Cmodelling [$trategies Wwere[also
recognised by TWRMT [as Cstrategic ['Water[Resources[Icapital Cprogrammes. This Cwork
therefore [Supports(the[Streamlining[AbstractionProcesses (SAP)[and [Restoring [Sustainable
Abstraction (RS A)[programmesmanaged By [themational Water[ResourcesRegulation/team.

TheHead[Office[Hydrogeologyfeam[is[how[developinglalinoreldetailed /mplementation
Strategy comprising[alseries[bflmeasures[to[ support groundwater modelling, Censuring
appropriatemational [¢onsistency,[improvingeéfficiencyand[accessibility (by[¢ustomers.The
Implementation ] Strategy [ will[J address ] concerns(] like[ national [l planning[] ofT] model
development,benefit(tealization, Successionplanning,businesséfficiency, IS performance,
and[customer [@ccessibility [fb todels.

An IT(StrategyforlGroundwater Resource Assessmentland Modelling[is[being prepared fo
address(theinfrastructureland IS [performancelissues.

The[INational [JFlood[Forecasting[1Projects [(NFFS)Jis[currently [Jimplementing Jan (T
architecture for[alcentrally (hosted[flood[forecasting[$ystem[for[the Environment[Agency
(EA).Otls[recognised[that therelare[strong[linksbetween[the proposed (1T Strategy!for
Groundwater Modelling"and['the[NFFS.[Alfeasibility [study[has[been[ conducted [ which
concluded (that(the ITbackbone, mamedNational (Groundwater Modelling[System (NGMS),
canl[be[basedlon[the (INFFS[Jarchitecture(and [software [ lcomponents) if[ 'some iminor
modifications [@nd(éxtensions(are implemented. This[dutcome Was(the [Starting [point(of(phase
2,[theldetailed [@rchitectural [design. (In[thisphasethe fequired modifications [@andéxtensions
need[tolbemadelexplicit.

Phase 2 0fithe NGMS will [produce the followingdocuments. ..
1. Updatelofiphase(1 Wser RequirementsDocument (URD)

2. Updatelofiphase(l[Software Requirements Document[(SRD)
3. Architecture DesignMocument((ADD)

4. UserlnterfaceSpecificationDocument(UISD)
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5. InterfaceefinitionDocument(IDD)
6. HardwarelandInfrastructureDesign/document{(HID)
7. UpdatelofProjectTmplementationPlan/(PIP)

The ArchitectureDesignlispresentedinlthisdocument.
Guide[to[the[feader

Theldocumentlyingbefore youprovidesthehighTevel [@rchitectural [Softwaredesignforthe
NationalGroundwater™Modelling[system.[This[design[document[islintended [foprovidean
answer[fo(the [following[question: “HowwillltheWequiredfunctionality,[definedlinlthe User
andSoftwareRequirement'documents, [helprovided?”

Thedevel (ofldetail [thatl[is [contained Within[this[document[is Timited [fo providingthe Teader
anloverall [pictureoflthelarchitecture and Coperation, tolenablelanunderstanding CofTthe
proposed implementation[ofthe(system.

Chapter] [sets[thetontext[in whichthe [(Groundwater (modelling [5ystem Dwill[Feside; [t
describes thekeyléxternal [domponentsthathave@nlinfluencel(bothdataland/control)onlthe
proposed[system.

Chapter(2lintroduces(thelogical hodel [0flthe INGMS. It[describes(themainbuildingblocks
andltheir[relationshipswith[dtherldspectsiofithe System.

Chapter(3[describesthe NGMSimplementation[ofthe INFFS[architecture from [ high Tevel
point[oflIview. [ [Further[ldetails[Jare[ contained [lwithin[Jallseparate[linfrastructure[idesign
document.

Chapter(4[details[thekey[¢omponents[of the [ NGMS [$ystem [and (how [the differ[fromthe
NFFS[wersions.[ It[includes[ detailed[ descriptions ofl the[ operation ofl the[ components.
Information(onlthe Wser(nterface, lincluding[potential [Screen layouts etc. [is[Contained Wwithin
alseparateUser(Interface DesignMocument.

Chapter(5[provides descriptions[oflhow thelindividual [domponents(in(thelsystem[interactto
perform(specific/Scenarios,[suchlas[fAddinglan(abstraction”.[They(arelintended(tolillustrate
how thelkey[Usel Cases/ (described[in[the[tequirements documentation)3vill[beltealised
withinthe NGMS.

[0 [0 Newlin[thisidlocument

V.0.1dsthefnitial versionofTthe/document.

V.0.2:TAdded System[operation(and(design Scenarios,éxtended Component/description
V.0.3[Reorderdocument/structure,l@dded Workflows, improved[domponentidescription
V.0.4[Added[datalslicingdetails

V.0.5 Wpdatedcentral [Systemdspects

V.0.6 Updated Moduleexecution controllanddatalslicingdetails

V.1.0[Finalized eport [forrelease
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| Introduction

I.1 Introduction

Current’Groundwater[Modelling 8ystemslised With[the [Environmentlagency [are[operated
and[maintained on"amumberoflstandalonel$ervers. This(means[that[models TTand the
associated [input(and [output/datallarehard folaccess by [others(than(anindividual odeller
andthatftheleffort equired for performinglamodule Tunfis Targe.

AlcentralisedSystem Has@mumberoflkey Benefits:

o Abilitytoléxecutethodel runs(éfficiently l@and with minimal(system (knowledge.
e Changelthanagement/controlsonmodules, hodule/datalsets,utput(dtc.

e  Widerlaccess/tomodule/data(inputland(dutput)

e Increasedknowledgelsharing

1.2 System[Context

Theldiagrambelow[$howsthe[National (Groundwater[Modelling [System [((NGMS)[in[the
centreandlall Thelinformationfand¢ontrolflowsacross theSystem boundary.Itlillustrates
external [Systemslor[¢omponents(thatlarelikely[fo havelan[interactionWwith[alGroundwater
Modelling System[and meed [tobelconsidered when[proposingalsolution.

moduledatasets Boundary

conditions

Modules

Groundwater
Modelling[system

Datalsets
(other...)

Modulelresults
(preldefined
reports)

Moduleresults Modulelresults
(complete (subset(of
output) completeloutput)

Thelexternal lentities [dredescribed below:

WL[] [Pelft[Hydraulics[&[Tessella 1 =1
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e Module
TheselJare[lexecutable(s) [that[encapsulate the underlying [ physics Jof[JGroundwater
modelling (for/éxample Modflow96).

e  Moduleldatasets
Moduleldatasetslare[the[parameterisation[ofTthe[physical Caspects oflthel groundwater
system[(aquiferseétc.)[and[the[system parameters.[These parametersarelderived [from,
among[dther(data,(geological tapsetc.

¢ Boundaryconditions
ThelcriterialthatTdescribelthe$ituationbeingmodelled. [ Theselinclude, forCexample,
precipitationfandlevaporation [for[thefecharge modules, [and (techargeland[abstractions
forthelgroundwater models.

e  Module¥esults((complete output)
Theloutputfilelcreated Whenléxecuting the Modulel(e.g. Modflow). These Tfiles[Gonsist
offamumberofTdatavaluespermodelldell[and perfimelstep. ThelSize[of theseoutput
filescan belquite/considerable,in [SomeCases Teaching(several [GBs.

e  Modulelresults((subsetof(complete output)
Alsubsetloftheldatalcontained Withinthe Moduledutputfile. TheseSubsetslare fypically
created [via[bespoke applications, Which[éxtracttheappropriatedatafromthe[complete
resultsdatalfile.

e  Modulelresults((pre(defined Weports)
Alteport[(graphs(andtables)lin(d pre[defined [format. These will be [generated [using [the
outputfromlaModulerun.

1.3 General[¢onstraints[and[assumptions

InCassessing[theuser[tequirements foral Groundwater Modelling[system, “ahumberof
constraints[andassumptionshave[beennoted. These have animpacton[the type of
functionality "that[tan[beprovided[byalsystem andthe $uitability [ for[potential [System
architectures.

The'dssumptions/and donstraintsfidentified[atthisstage @relisted Helow:

o TheModulelinputlandicutputfiles(can(be(large.
They[¢an(tange[from[+Mb’suptolamumber of[GB’s. Initial[analysishas[shown that
theydocompress [ (using[ Winzip) quite[ considerably[{i.e. by factor[510)butlthe
resulting [files(are(still (0fthe order 10100MBs.

e Only/subsetslofithemoduledutput(files@releveriised inlanalysisland reporting.

The(full[output[from[almodule[tunlis(rarelyanalysedlin[its[entirety, uisually slices are
taken [on d[spatial [Or temporal (basis for further(investigation.

WL[] [Pelft[Hydraulics[&[Tessella |1 =2
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e Modulerun(times/canleéxceed12 Hours.
Thislismotlexpected(folbelanlissueas(thislis(theexpected [duration for mostlargelscale
models.

e Thelscopeloflthesystem s toprovide “anenvironment toexecute preldonfigure
Groundwatermodules, niotto[provideldldomplete moduledevelopmenteénvironment.

e Aslwelll@slalcentralised[System,therelis [¢onsiderablebenefitlin[havinga Version(oflthe
system[that[¢an[operate in‘stand[dlone” mode. This[could proveuseful [inlenabling
modelldevelopment, (festinglandpreparation offupdates(datasets[and [¢onfigurations),
demonstrationsdffodelsanddutputfothird parties(Etc.

o Pilotisermumbers/areléxpected(tobe~1015

e Moduleldatasetlsizesrangefrom 10MB[fo 20GB

1.4 Recommendation[by[the[feasibility[$tudy

Thefeasibility [study [concluded Withthe fecommendation [fo fakethe NFF S (architecture(ds(a
starting[point"and develop (al(minimal “set[of) additional “functionality [toprovide[the
flexibility [asrequested by [the [groundwater modellers (0 TEA.

1.5 Additional[functionality[heeds

The formal Tequirements[0fthe [feasibility [study Tiave Been tipdated at the start[0fthe [Ssecond
phase{see[v.2.0CbfTthe[User[RequirementsC Documentand the Software[ Requirements
document). JCompared (to [the Cexisting CNFFS Ccapabilities, [ithe [request[for Jadditional
functionality [dan belSummarized[(in“free Wording’) as:
o abilityltolidentifyalsuitablemoduleland oduledataset
— visualizelmodulelihput/datalsets
— providemodellTogbook
e ability[fo/donfigurelabstractionTocations(thatcanbelserved By [fthe oduleldatalset, BHut
aremot[yetlincorporated in theSystem configuration
e ability[toanageoutputiand(sub(sets
— slicelsublsetslofldatafrom(the Bulkyldataloutput
— providelstatistical Jland [mathematical “post[processingfunctionalityto‘condense
resultslihtolgroundwaterspecificdata
o ability[foprovide[dutput/thateets theldemand from[fhe [groundwater[Community
— specificl graphic views[ such[as[accretion curves,[ contour( plots, splodgel plots,
winterbourne(signatures, groundwater init[budgets
— availability ihwebl[¢ompatible formatfor[publication on webserver
— datalavailablefor/[download ih [Excel andshapeformat
e abilityfofinspectiandlinterruptjob/éxecution
— inspectmoduleoutputland/diagnostics while[computation[jobis funning
— manual@ndl@utomatedlinterruption procedures
e restricted/dataidccess

WL[] [Pelft[Hydraulics[&[Tessella 1 -3
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— distinctionBetweendommonl((public)land iiser(defined[(private(data)
— restricted@ccessfodonfidential ihformation
e management(ofmetwork frafficland(diskspace
e abilityfohandlevarious Wersions(dflabasically[similarcore thodule(code
e abilityffbfraceoduleTuns

Whileltheaboveltrequirements teflect/the Wishes from (NGMS, the[most[strict boundary
condition(is [thefact(that(the [developmentthe INGMS [should mot(threaten [thelinstalled based
of INFFS orDelftFEWS [systems.

Hence, [ care[ $hould beltaken[with[imodule extensions[as[softwareladaptations to NFFS
modulesrequirestricttesting [as Well [asconfiguration ipdatesfor theinstalled [Systems. Tflan

existing[packagel does[meet hot thel desired functionality[toallargelextend[(e.g.[95%),
development(ofiamew module, APIlorpluglin(shouldbe considered.

2 High[level[$olution[architecture

The basisoflthe NGMS [Solution[drchitecture (will (bethe INFFS [architecture with [Some small
extensions.

2.1 Logicallarchitecture

This[chapter(isextended based onthe TLogical Software Design asdeveloped in/the feasibility study.

2.1.1 NGMS[Logical[Model

ThehighTevel userTequirements(use ¢ases) havebeenlanalysedand as(altesult,[aTogical
model(dflthe System [components hasBeen [produced. (Thisfislillustratedin Figure 2 1.

WL[] [Pelft[Hydraulics[&[Tessella 2-4
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Datallmport/Export Central Datalmanipulation
Utilities Storage Utilities
CentrallArchive ModUIGE, Adapter <«  Module
controller
System Dispatcher/
controller
Report/publisher Module Adapter [« Module
(weblcompatible) controller
Webiserver
Thin Client Thick Client
(Viewer) (Userlinterface)

Figure[2[1 NGMS (client[server(logical [design

Figure[2[1[does[mot[prescribela particulararchitecture((i.e. the[abovel¢could[alllexist[on[a
singlelor[ultiplephysicalmachines). Note that[fwomodule[¢ontrollersTTandlassociated
adapters/modules [Mare[shown. [Infact, [there[are [ikely [fobe more [fhan [this, Subjectfo the
constraints [0flthe (modules[and(the hardwarelinfrastructure. In[addition, [the [@bove[doesnot
precludethetiseloflalSingleSystem forlallfegionslorindependentSystems forleach Tegion.
ForfalstandalonesystemthefollowingConfiguration would Belappropriate (Figure 2[2):

DatalImport/Export LocalData Store Data/manipulation
Utilities <+ +“—> Utilities
4
y
Report(publisher Userlinterface Module Adapter Module
(weblcompatible) [« (thick) »| controller [« > < >

Figure2[2 NGMS istandalonedonfiguration

Thellogical [¢componentslare[brieflydescribed below.[Almore[detailed descriptionoflthe

functionality [0fthe[dbove components(is provided in(the laterichapters.

e System/Controller/Dispatcher
Thiscomponentlis[tesponsible for[scheduling[and[dispatching[requeststolexecute
moduletunsandlother[defined fasks. (It Maintains[feedback[on(thestatus[oflthe[System
componentsand(any [dctive hodule runs in[progress.

e Central(Storage

WL[] [Pelft[Hydraulics[&[Tessella 2-5
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Thisfacility [provides[storage for[module[datasets, ‘boundarytonditions and output
(including Cpreldefined Creports). [(This [storagefacility Thas[expirationconditions. CA
separatesection[isincorporated toprovidelarchiving [facility [forl¢ritical fmoduleTuns
(Module datasets,[ ] boundary[J conditions, [J output ] (including [ pre[defined [ reports),
executables, Togbook).

e DataManipulation Utilities
Utilitiestomanipulatethe (largetaw [moduleloutputfiles[and to generate [ Tslices”[and
subsets/forlanalysis(and(display.

e DataImport/ExportUtilities
Utility tolallow [theimport(and[éxport(dfidatalfilesto[@nd from the NGMS.

e  Module(Controller
Component[to[manage[ the[execution‘andmonitoring of the Cmodule. Usually[the
Moduleslarelinstantiated[vialthe Controller iising[apre[defined(script(or(batch file.

e Adapter
Provideslalstandardpublishedinterfacebetweenthe (NGMS andthird party [tnodules.
Thislénablesthelsystem o providethedatalinthefequired formatlandlocation thatfis
expected By [thelthird[party hodules.

e Module
Thelexecutable(s)éncapsulating the [(Groundwaterthodelling physics((e.g. Modflow96).

e  UserInterface/(thick)
Provides/(thelinterface through Wwhichthe uiser(can:
—  Submitfequestsformoduleruns.
— Selectinglandmodifyfinput(datasets
— Selectland(display [subsetsofmodule(output(étc.

o User/Interface((thin)
Provides/theuserlinterface[to browse [datalSetspublished on the webserver

e ReportPublisher((web ¢compatible)
Enablesigeneration(dfldeports(according [to predefined layout [formats [in fweb[¢ompatible
file formats (HTML, JPEG, GIF, PNG)'

2.1.2 Logical[inapping[6fithe[NGMS[on[the[NFFS[architecture

Figure[2(3 [illustrates (how[the[logical (model couldbe mappedontolthelexisting[ NFFS
architecture.Additional [domponents(dre(tequired(aswell [@s[the modification ofltheeéxisting
controllers(anditilities. [As[with the Togical odel [detailed [€arlier, therelis o [prescription [0f
thelinfrastructurelarchitecture, (i.e. the [useloflone$erver or(theldistribution[6flcomponents
acrossmultipleservers/locations.

! Tolénsureprivacylofidata, almanuallactionWill take placelto transferthisoutputfo the [EA
webserverlaccordingltolstandard EAprocedure
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Central(Storage Data Da'tsarir)rgsort/
(Modified NFFS | » Mani i i

——-- anipulation Utilities
Oracle database Utilities (modified NFFS)
and(file(storage)

Central(Archive Module Delft
controller ] FEWS i R g S
NFFS Master
Reportipublisher el Module Delft

(webicompatible) controller N FEWS [+—*| Adapter [«— Module
Data Datallmport/
Manipulation Export
Utilities Utilities
> (modified NFFS)
Weblserver
Thin Client Thick Client
(Viewer) (Userlinterface)
Delft FEWS

Figure 23 Logical todel for the NGMS Basedon NFFS architecture

2.2  Physicallarchitecture

2.2.1 NFFS[System[Architecture

The NFFSI[system/is (based ipond mumber (0flindependent[Java based[clients [and [processes.
Communication[dnd (dataltransfer(between(the¢entral [System[and the fcompute(servers”(as
welllasthe((thick)(clients, is basedtipon(the JavaMessaging [Service (IMS).

o Thelkeylsystem/éntities,thel¢entral [System,the[ShellServers{theTcompute” [eéngines)
and[thick ¢clients,[arelall[de[¢oupled [fromeachlother.[This[ensuresindependent and
concurrent[operation[asWwell[as[flexibility[in[selecting[their[location[(bothin [ferms[of
servers(and/sites).

o [tfallows(thelsystem[foiake appropriate Wise[dflavailablemetwork (bandwidth. Datalis
trickled “down CtoCclients ((both Cend Miser “and Cto Cthe CShell Cservers) Ceffectively Cas
background [processes,allowing mormalloperationfo [fake place[¢oncurrently. [All[data
packetsiarelcompressed before bBeing packaged within IMS.

e Suchldelcouplinglalso provides(tesiliencelas[¢omponent(failure;[thefailureoflalsingle
Shelllservershouldmoteffecttheoperation 6ficthers.

e In[summary, the(NFFS[architectureprovidesalcontrolledtun(timeframework [for[the
associated (modules.[It[énsuresthat{Module[processes [are[managedand[that[dataland
modulelconfigurations(are hield Within(adontrolled [€nvironment.
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Physical[inapping[éf{toles[in[the[NFFS

Figure2[4 Provideslanoverview [6flthe main[Gomponents Within NFFS.

e The[MasterController[(MC)components[are[theheartofl theserver.[lTheMCL[lis
responsible[ for[ centralized[datal storage, [ datal synchronisation. The[ MC[ contains[a
TaskManagerWwhich[maintains[altasklistfand [$chedulesand[dispatches tasks(to[shell

serversvialJMS.

o  ThelOperatorClient[{{OC)domponentshiold the [GUIlcomponents for [Ppresentation. Data
is[presented (from[adocalldata(store Which, by messaging [Wwith[the MC,[is[¢ontinuously
synchronised Wwith thecentral[datalstore.

o The[FEWSShell[Servers[(Shellservers)executesfasksandtunsthe mumerical fnodels
vialadaptors. Theltasksare fun[fromallocal "datalstore[Wwhich[Gs[$ynchronised, by
messagingwiththe MC, withthecentral[datastore.[Results[dataland Togging are handed
backtoltheldentral [system[viaJMS.

Data Integration Hub (or DDS
during commissioning)

Weblogic Server I
Weblogic @

Apache
& Tomcat

o

Files

. >
\/

Oracle

MasterController
| Components

Forecast Shell
Server(s)

Operator Clients

Database Server

Figure2[4 Main/components Within the WFFS/architecture

Installations

The INFFS [consists [0fthree[dompletelinstallationsdfthelarchitecture (see[Higure2[5):

Onlinesystem(Leeds)

e Used[forldperational forecasting
e Thel“productionsystem”
Onlinelsystem(Peterborough

WL[] [Pelft[Hydraulics[&[Tessella
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e Samelasdleeds

e Bothsiteslaresynchronisedwith€ach(dther
Offlinelsystem((Leeds)

e Usedforfestingland(dalibration

o Acceptancelofliewmodels(étc.

Liveldatalfeeds from[Telemetryandthe Met[Office areprovidedby[the[DatalIntegration
Hub, Whichlalsoldcts[asfaldistributionmechanism for INFF S [generated [forecast fime [Series.

Data Integration Hub (or DDS during commissioning)

/ E’

-

Users

Leeds Offline Leed Online Peterborough Online

Figure2[5 Highlevelview oflthe implementation[0f NFFS within[EA

2.2.2 Physical[mapping[6f{the[NGMS[én[the[NFFS[architecture

Figure[2(6[and[Figure[2[7[describeslapossible[physical[implementation[oflthe[system.[A
central [Server[is uised[focontain the[System ¢ontroller/dispatcher,[a mumber ofutilities[and
the[¢entralldatalStore.[Separatemachines[¢couldbeused[as[the Fcomputeéngines” for[the

execution/oflthe modules.

This@pproachallows(d[scalable(solution; if [particular modules fequire[ddditional computing
power[thenlappropriate[$ervers can[belspecified andaddedtolthe[system. Notelthat[the
system/illustrated [does[niotmean(that[d (particular[Shell[server(¢ontains[only [onemodule,(a

server(couldcontain multiple (or(all)(6flthemoduletypes.

Twolsystems[arelillustrated, [the[centralised ‘multiuser” [(Figure[2[6)and[the[$tandalone

(Figure2(7).
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Central [Storage Module Server(1
Data/manipulation | (Modified NFFS Dat Datallmport/
Utilities Oracle database Mani a la tion Export
~— andffile'storage) R Utilities
""" / (modified NFFS)
Module Delft
Centraliarchive controller FEWS [*| Adapter «—> Module
NFFS Master
Controller
ReportiGenerator
(webicompatible) \
c'\gz:jrglfer F%!\ell\;ts (e et
Central Server /\
Data Datallmport/
Manipulation Egp.on
Utilities ouies o
Webserver {modifio )
l ModulelServer2
Thin Client Thick Client
(Viewer) (Userlinterface)
DelftFEWS

Itfisforeseen thatthe[datamanipulation Ttilities dre[a[FEWS module(tesiding [on[the[Shell
servers/and[thelclient.[For(reasons ofperformancelitmightbeldecidedfohaveldataslicing
facilities Work [directly iipon fhe[dentral [datastore.

Forthelstandalonelsystem therelismotequirement[forthe Master Controller’¢component,
module funs(are(dispatched [directly fromfhethick Glient.

Data/Manipulation
Utilities

Local Data’Store
(Modified NFFS

(modified NFFS)

Report/Generator
(weblcompatible)

database
and(file(storage)

|| UserlInterface((thick) ]

Delft FEWS

Adapter

Module

Datallmport/Export

Utilities
(modified NFFS)

Figure2[7 Physical mappinglin/standalone[System Tayout
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Installations

Figure2 8 presentsithe[proposedimplementation [6flthe INGMS. Tt Consists [0f fwocomplete
installations[ofTthearchitecture [and falhumber[ofT$tand[dlonelapplications[for custodians,
enablingthem to[prepare new[imodule["datasetsand[‘configuration "updates. The two
completelinstallations [arehosted by CIS,[possibly[in[PeterboroughlorLeeds.[The[Online
system/is[the[fproduction/system” ised by lisers/and[custodians [forOperational [groundwater
management(assessments. The[Dffline(testing) systemisised by [custodians(for festing[and
acceptance ofmew module(datasets, Configuration tipdates &tc.

Online (production) Offline (test)
Leeds/Peterborough Leeds/Peterborough

[ ]
— ]

(EA &[outside)

[ ]
1 [
Custodians
(EA offices)

Figure 2 (8 Highlevel wiew 0flthe proposed implementation[0f INGMS/at[EA

2.3 System[Infrastructure

Details[oflthecurrentINFFSinfrastructure, together (Wwith[the [proposals (for [the INGMS [pilot
phaselinfrastructure(are[dontained withinlthe [Hardware [and Infrastructure Design.
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3 High[level[$olution[¢omponents[forlNGMS

ThisSection[describes [theldesignoflthe key [components. [Issues arelidentified [for[future
discussion.'Wherethe ¢omponent(is part oflthe ‘¢urrent INFFSSystem, [the [functionality [is
described, landany majorodifications required @refidentified.

3.1 Server[¢omponents

3.1.1 System[Controller/Dispatcher

Item Details

KeyFunctionality e Dispatchlofitasks/totheMModuleControllersvia JMS.

e  Monitoring[oflthe dispatched fasks.

e Datalmanagement((focallpoint/forprocessldccess/tocentral [datal]
store)

Architecture Description e Setloflindependent[Javalprocesses.[(i.e. not[managedEJBs[étc.)
Theluseloflthe[J2EE[WebLogiclinfrastructurelis[used[only[to
providetherequired IMS [ayer.

e Thel¢ommunications withModule Controllers/andthick[clients
isivialIMS.

e Canlbel implemented[ lon[la distributed [ larchitecture[(i.e.  ithe
components/thatmakeup(thelcontroller ¢an(teside on different
physical servers).

e  Thelplatform/isnotrestricted to HPdr[(WebLogic.

Changesfrom INFFS ThelSystem!controller/Dispatchermust/belabletohandlelexecution
Implementation templates that/defineany(rtequired (tun[fime Status(messaging. [ These
will becdontained within[the(existing TaskProperties.xml [payload.

Issues 0

3.1.2 Central[§torage

Item Details
KeyFunctionality Storage oflsystem(data((task 1ist, [status, [donfigurations/étc.)
Actslasalrepository [for;
e Modulel|datalset! Jidentification[ Itemplates[ |(incl.[linput[data
displays)
e  Module/datasets
e  Moduleboundarycondition(datasets
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e  Modulelrun(dutput/datasets(complete)

e Modulelrun(dutputidatasets((subsets)

e  Whatliflscenarios

e Rawloutputigeneration/templates

e Datalslicing/and [postprocessingtemplates
o  Preldefined(report/templates.

e  Reportloutputlfiles.

e Modeller’sILogbook

Architecture Description Implemented vialOracle/database(s)and/file storage.

Changesfrom INFFS TheINGMS [system[willnot[tequirethe[taw [output[from[the[Module
Implementation runs/tolbelstored inlitsmative[form.[ The proposalis that[the[datalis
extracted (from(the[raw(file, handed over(as(grid time(series (pi_map
stacks.xsd)[and [stored within[the[Oracle[database.[ This[will [(provide
theladvantage[in[that[the[¢xtraction ofldata[from[the[¢entral [System
(either(to[clients(drthe[Shell [servers)(danbe controlled [and restricted.

See[IDatal IManipulationJutilities forJthe[Jdatal slicing[Jand [post[]
processing/templates.

Thelfollowing ipdates to ‘thedatatodel [are required:

[ Conceptlofl Standard/common[ datasets, Wwhichlare[fairly[static
and(rarely [need re[Synchronising tothe local [data stores.

[ Userlspecificldatasets[(bothlinput andloutput), (which[are[more
transient/in Mature.

[l Requirements[ for[ tapacity[ management/ (based[ on[ quotas[ for
users)

[J  Userlspecificlaccess/toldatalsets

[ Structured[modeller’s[ logbook [ which[lis automatically( filled

wherelpossible
Issues Storing raw [utputlover toarchive
3.1.3 Central[archive
Item Details
Key Functionality Acts(dslanarchivefor|dritical thodule runs

*[1 Run'timellogbylexecutableoficritical thetaldatal(no lin/output)
*[] Modeller’sllogbook(seebelow)

*[1 Allimodulelinput(datalsets((incl. nativelfiles)

*[1 Allimodulelobjectidodel(executable)

*[] Allimoduleloutput(datalsets((incl. native(files)

Architecture Description Implemented(vialOracledatabase(s)and file[storage.

Changesfrom INFFS For[jurisdictional [teasons, the INGMS [drchive (may [heed[toholdat
Implementation leastlone mativeloutput file[tovalidateany rerun.

Seeldentral(storage(sectionlabove[fordetails0f fransfersétc.
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Issues Thelarchivelmay [be/combination 0oflhard [disk from(the(latesthodule
run [versions [and Hard [disk [or [tape [for [the 0lder Versions
Legallvequirements|should'belanalysed by EA

Explanatory Critical hoduleruns|are:

Standard|Scenarios

*[] Naturalised[(zerolabstraction)

[} Historical

(1 FullyLicensel(predictive)

*[] Recent[Actual(baseline)

Other

*[1 EAlapproved(Climatelchangelscenarios

*[] Essential(calibrationruns((other(thanhistorical).

3.1.4 Synchronisation[Code

Item

Details

Key Functionality

Provides/theinderlying mechanism(for(synchronisation(ofithe data:
e Betweenltheldentral System(and the[ShelllServers
e Betweenl/thelcentrallsystem andtheOperator(clients

Architecture Description

Set[oflAPIs/usablebybothMaster(Controller/components/and FEWs
components.

Changes from INFFS e  Morelselectable(criterial(by hiser/dataset/output).
Implementation e Breakinguploflarge(datalitems(into[smaller(components
e  Additional [IAPI[ functionality [ for[ direct! component JMS

messaging[(to[lbeused [Jaspart[Jofl ithereal [time[status
messaging)

Issues 0

3.1.5 Access[and[Security

Item Details

Key Functionality Needto/determine key functionality.

Forlthe(pilot/itishould be keptvery simple:
e  Segregatelisers
e Only2[roles=custodian/and Wiewer
e Limitedtole[management((creationloflaccounts/assignment
oflrolesletc.)
e Datalaccess(restrictions(on(datalsetlevel lonly

ArchitectureDescription

Changes[] from] NFFS
Implementation

Thelfacility[already [exists[to[stamp[all ‘messages [with[aiserldand
henceltrack [Operations|gtc..

Additional [ lcomponents|lare[ required( to[ Jprovide[ Juser landIrole
management (includinglinterfaces).

Updatesto [datamodel tolincluding ‘tagging(ofldatasetswithroles(and
theirldccesslrights.
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Modification[ ofl datal accessl and[ synchronisation[tolincludeluser!(]
specificlrestrictions.

Issues

Datalaccess!testrictions within(aldata(set((is[this[a[realistic fequest(?
how il itiwork [in [practice(?)

3.2 Shell[server[(FEWS[instance) ¢omponents

3.2.1 Synchronisation[¢ode

Seelsection(3.1.4

3.2.2 Adapter

Item

Details

Key Functionality

Theladapters provide[anlinterfacebetween NGMS [ (vialthe[NFFS
Published Interface)land third Party thodules/(see Figure[311)

ArchitectureDescription

e  Onlthe[NFFSIside, the[ General [ Adapter convertsI NFFS[data
objectslinto[XML[(according to thelpublished linterfaceformat)

e Onlthelmodule(side, thethe[ XML/files[are/¢converted in[native
datalformats By [the Module[Adapter

e  ThelGeneral[ Adapter( kicks[offl the[ éxport/import[activities[ as
well asthehodule runlitself

e Adaptersishould(beldevelopedas/separate[components((.exelor

Jar)

Changes from NFFS e Adapter!(structures.can(be obtained from INFFS [but(theladapters
Implementation themselves(havetobeldeveloped.
Issues o Ifithe/sourcelcodelofithe dcomputational Corelislavailable, [itlis

recommended (thatthe dorelisthigrated [to the [(OpenMl linterface
standard [((www.openmi.org).

When both[groundwater(dodes and [rechargelcodes support this
interface, [process|interaction (dan belsimulated, hence bringing
integrated(datchmentthodelling d(large step [forward.
Algenericthoduleladapter(can supportthe (donversions between
NFFSIpublished linterface(and the[OpenMI linterfaces.

e Adaptersiarel generallyldeveloped[by[the modulelownerbutlin
caseloflthelgroundwater(modules[the[Softwarelis[often freeware
orlowned by EA.

o [tlis[foreseen(that(slight(differentversions[oflmodulelcores((e.g.
Modflow  VKDland Modflow[96)[¢an(belhandled[by[thelsame
module @dapter. Thelpilot(should [prove this

e  Thelpilot/shouldlindicate whether extraldatalsize reduction is
needed By havingladapters [that/control(basic[dutput(generation
(parameters, [timeframeletc.).

Inlthis[dase, @nladditional femplate(Raw [QutputGeneration
Template)(is[needed. The moduleddapter will use the content/of
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thistemplateto [create(the thodel [Control [file

e Unresolved[during[thelpilot[3vill[temainthel questionwhether
NGMS [ shouldl enforce humerical [ datal exchange[ through[ PI[]
formats( (grid[ timel series)[in[ casel twol modules/ can! run[in
sequence (with[dative dutput(being [taken (aslinput

run

MCIlcomponents

!

General Adapter((GA)

datalflow legend

«— FEWS blobs

f
. <« -» published interface[(XML)
1
v —— native moduleldataformat
Module [Adapter((MA)
module MOdUI? module
. (computational
input(files outputifiles
core)
control flow

Figure3[1 Therole0f[Adapters as/datatranslators Within the NFFS

MCIicomponents

!

run

General Adapter((GA)

f

1
v

(MA)

P1_OpenMI Adapter

!

}

data(flow legend

«— FEWS blobs

<« -» published interface[(XML)
—— OpenMI datalflows

OpenMIicompliant
computational core

OpenMIicompliant
computational core

Figure3[2[Therole0flAdaptersasidatafranslators When introducing the [OpenMI @pproach
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3.2.3 Module

Modules(areleéxternal fothe[systemlandlinterface Wiathe odule [ddapters. In(the framework
oflthe NGMS, they[dare @assumed o funonldWindows [platformbutmay@lso funfinder(other
operating[systems.

3.2.4 Module[Execution[Controller

Item Details

KeyFunctionality TheModuleExecution Controllers(teside[on(the[Shell [servers. They

provide the thanagement(oflthe execution [0flthe hodules.

o Initiateléxecutionoflthe fask((vialdbatchlor(Script file).

e Obtainl[] status[] information[] and[] report[] backl[] tol] task
controller/dispatcher.

e Accommodatethanual linterruption

e Accommodate( Jautomated[ Jinterruption[in lcasel the[Jexpected
computationfimelis/éxceeded (orlin[c¢ase the [éxpectedloutput(file
sizelisléxceeded.

ArchitectureDescription | e  Probablymotlthe/éxistingMCProxy[But(afiew[component that(is
calledvialthe[FEWs(General [Adapter.

e Requiresladditional [ configuration[ file[ (Execution Template)to
managelogginglinformation(.

o  Willlutilise(the new[fStatusMessage” [functionality [fo (feed (back
information tothe dentral [System[through IMS

Changesfrom INFFS Allow[intermediate[ status[ messaging [ and [ imanual "interruption[or
Implementation automated [interruption when(athresholdlisléxceeded.
Issues Firstversion(developed (in the pilotphase

3.2.5 Datafslicing[API[{(Data[inanipulation[iitilities)

Datalanipulation hitilities perform(a pre [defined [Gperation0n [the Taw [Gutputidataset (which
isltheresultloflamodule run).

TheKkey Toleloftheldatamanipulation iitilities(are foénsure that/donly manageablesized [data
selectionsare[downloaded[toany[¢lients, and[that[the[large tesultsdatalsets andinput
configurations femain on the dentral System.

Operations(¢an/belexecuted on Shell[servers, on(thel¢entral [System uinder[the[¢ontrol [df[the[system
controller/dispatcher(and(onthethick[client, tolallow [Operation in(alstand [alone thode.

| Item | Details
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Key Functionality

Datalslicing:[Selection(oflalsubset(ofithe datal(byparameter, [time
frame, [spatial [éxtent/location)

ArchitectureDescription

Datalslicingmodule [performs(dperations(on a/selected [output
dataset(thatlis(@vailablein NGMS [format|(i.e. Working[directly
onlthelcentrallorlocal(datalstore).

DatalslicingOperation lihstructionslareprovidedin(a/populated
datalslicingtemplate (XML [0bject) that/is[provided (as[part/ofithe
workflow (or [task run

Operations canbelexecuteddn(Shelllservers, onlthe dentral
system inder(the[control 0flthe [system(dontroller/dispatcherland
onlthelthick/client, [folallow[operation/in(alstanddlone mode.
TheDatalSlicershould belimplemented(aslan API[(separate
module) foruselthroughout the[system. Tt[dould still[Be ised By
FEWs/butlactslonlthelbcalldata/storedirectly.

Itlcould bellinked to 'synchronisation, lile. [@liserrequestingdata
set/doesn’tineed to kick off'atask [to[get/the(data. This[Giveslthe
possibility [forlan(dasier move tolalthinclient(in [the future.

ChangesfromNFFS e Tollprevent[ lcomplex[ changes! itol lexisting[ 'modules, [ Jal lnew
Implementation dedicated (and[dptimized) module will(belddded
e Moreldetails(ih[Section[0
e AlJUserllinterface[ will [ lbel [developed[ to[Ispecify[ the[slicing
operation By [populate slicing templates
Issues First(version(developed (ih the pilotiphase

3.2.6 Post[processing[nodule[(Data[manipulation[iitilities[}

Item

Details

Key Functionality

Performlalpre/defineddatalaggregation(dperation on(al(sliced)(dutput
datalset((which(isthe [result(oflalmodule run).
Thelavailableoperations/will ihclude:

predefined[operations[to[ generatel groundwater[ specificl graphs
andmaps|(e.g. [stream [@ccretion, [groundwater unitbudgets(etc)
Basic[ Istatistical [ Joperations | |(average, I minimum, /maximum.
standarddeviation,ldccumulation)

Basic[ comparison[Joperations/ [(difference, [ Jproportion, [ ‘change
overltime/location)

ArchitectureDescription

The[NFFS[modulesfor[Datal Transformationand[Interpolation
canl bel pre/¢onfigured[ toidol theljob[ with[ non[ or[ minimal
extension

Datalis/availablein NGMS [format, and[will be directly(extracted
from/thel(local) data(store

By/default, the[utility Would [belexecuted onthe[Shell [server.[and
thelthickclienttolallow[operation(ih [alstand[alonehode.
Thelstatistical/comparison(dataloperations(specification((and[the
typelofltarget(file) will (bel contained[within[theléxisting[ XML

WL[] [Pelft[Hydraulics[&[Tessella
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configuration files (0fithe NFFSmodules.

ChangesfromNFFS e Addldontourthappinglibraryto NFFS
Implementation
Issues e Moduleladaptersmeed(tolprovide Wector/datalto [€nable Horizontal

viewson[groundwater [unitbudgets.
e Reusinglthelexisting[NFFSmodules[does[not[(yet) allow[liser
defined(donfigurations [for [post/processing

3.2.7 Data[lmport/Export[Utilities

Item

Details

Key Functionality

e Importlthe/eéxternal(datasets/into thecentralsystem(for(storage.

e  Exportldata/from[the(central system [to @[defined location.

e Allow(thelarchivingoflmoduletunldatal(input/andoutput)tola
definedlocation.

o Allow( thel exporting[ ofl weblcompatible[ reportsl tolal defined
location

ArchitectureDescription

Byl default,[thelutility would[bel éxecuted [on[thel ¢central [system[to
perform[operations on(thelappropriateldataset/ (under(the ¢ontrollof
thelsystem/controller/dispatcher((vialalscheduledtask).

Thelexport utility[Wwouldhave[to[takelintolaccount!the[potentially
largeldata(files(sizes.[Limits[would[havelto be placed on[what(size
files ¢ould [belexported and (whether[alternative imechanisms/should
belputliniplace.

Inlthe[NFFS[implementation, archivinglislachieved by allowingla
limited " number[ ofl forecast! f‘packages”( (input! files, outputl files,
module(configurations/etc.) to[belstored within [the [central [data[store.
These arelretrievable by the tisers for futurelanalysis.

ChangesfromNFFS
Implementation

Forlthe INGMS, [the [key (module datasets[(inputand output) that Wwill
belused by [thesystem[for[processinglor(display (Will belstored(in[the
Oracleldatabase. [Datathatlis[dnly utilized By [the hodule [ddaptertay
belstored @s[(compressed) flat files.

e Alc¢ontour[mapping(libraryneeds(tobeladded tolaccommodate
productionofiShapes

e  Exportifacilities iieedto Beldxtended tb [Accommodate (dataexport
in/Shapeland/orExcel format

Issues

Thell pilot[] should[] indicatel ] the[] preferred( ] storage[ | mechanism
(table/Blob)lin(the[Oracle(database

WL[] [Pelft[Hydraulics[&[Tessella
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3.2.8 Report[Generator[(web[tompatible)

Item

Details

Key Functionality

Thel]Report[] Generatorl] produces [ web[¢compatible[ | pre[formatted
reports(at(the request0fithe(central [dontroller/dispatcher ((viala task).

Transfer(to(the [EA web(server will (be(a[manual [action(accordingto
EA publication[procedures. [ The[web!pageslare(static[(they[provide
minimal iserinteractionvialthebrowser).

ArchitectureDescription

e During(thelpilot,(the web(server!(is[foruselinternally [within[the
EA.

o Itlislikelyto[behosted on(thetegular(server hardwareused by
the[EAsinet((i.e. mot/dldedicated weblserverplatform).

Changesfrom INFFS Reportcontent[optionsand[teport[formats dre/¢onfiguration ¢changes
Implementation rather|than thodifications [to/the[components.
Issues

3.2.9 Module[Execution[Controller

Item

Details

Key Functionality

TheModule[Execution[Controllers(tesideon[the[Shell[servers. [ They

provide the thanagement(oflthe €xecution [0flthe hodules.

e Initiateléxecutionoflthe fask[(vialdbatchlor(Scriptfile).

e Obtain[] status[] information[] and[] report[] back[] to[] task
controller/dispatcher.

e  Accommodatethanual linterruption

e Accommodate( Jautomated[ Jinterruption[in lcasel the[Jexpected
computationfimelis/éxceeded (orlin[c¢ase the [éxpectedloutput(file
sizelislexceeded.

Architecture Description

e Probably[not(thelexisting MCProxy [But(dnew component|(that[is
calledvialthe[FEWs(General [Adapter.

e Requiresladditional [ configuration[ file[ (Execution Template)to
managelogginglinformation(.

o  Willlutilise(the new[fStatusMessage” [functionality [fo (feed (back
information [to [the[central [systemthrough IMS

Changesfrom INFFS Allow [ intermediate( status| messaging and[ manuall interruption/ or
Implementation automated [interruption when(athresholdlisléxceeded.
Issues Firstversion(developed (in the pilotphase
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3.3 Operator[Client[(FEWs[instance)imodules

3.3.1 User{Interface[(thick[¢lient)

Item

Details

Key Functionality

Thelthick dlient(dacts ds the(maininterface to the [System[for(the users.

A number oflkey [functions are[provided:

e Definelabstraction/locations

e  Modifyboundary(dondition(datasets

e Selectlreportitypes

e  Definewhatliflscenarios

e Defineldatalsliceltemplates

e  Selectlpost[processingoptions

e  Selectimodulel(and odule datasets)[package tb lexecute.

e  Submitlpackageltobelexecuted

e  Select[ subsets[ of module! results( (includes[ selecting[ previous
output(runs)

e ViewIsubsetslofithodel lresults

e  Modifymodule(datasets((limited; indefined)

e  Modify[boundaryl]condition[]datasets[ | (pre(defined[Itypel]of
changes)

e  Modifyboundary(dondition(datasets

e Downloadltoduleldatasets

e Upload/donfigurationtipdates

ArchitectureDescription

e Javaldlient.

e  Localldatalstore/(file(anddatabase)

o  Usel bfl IMS[tolsynchronisel requested [ datal from!thel central
system

ChangesfromNFFS
Implementation

A mumberofmew [GUI pluginswill belintroduced(after(thepilot)to
provideldedicated hiser [interface(support

Thelfollowing dew [plugins are @xpected:

e  AbstractionLocator

e SliceLocator

e  ExecutionSpecifier

e Datalmanagement/system/administration

Plugins: [to beladapted

e GridDisplay - [ddd ModuleDataSet Browser functionality
Additionalle[plgins[Will[(be[needed [fotanage dataldownloads, tuns
etc.

Issues

User/role(specificlrestrictions/to(datalaccess

3.3.2 Logbook

WL[] [Pelft[Hydraulics[&[Tessella
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Item Details
KeyFunctionality Modelljournal/logbook[holding [imetalinformation["about a[module

run. Ttwillbecome(part(oflandrchived Module(run, @ndlis[populated
by[dombination [éfmanual [éntry[(at[Operator(client)[and[automation
(at'ShellServerlorMC)

ArchitectureDescription Flat[datalstructurelin [ XML, [supported by a[GUI for[datalentry, as
welllasalsetloflfunctions tolaccommodate[@automated filling.

ChangesfromNFFS New
Implementation
Issues Will ot (Be [partofithe(pilot

3.4 External[Client[¢omponents

3.4.1 User{Interface[(thin[¢lient)[}Simple[teportViewer

Item Details

KeyFunctionality Thel thin[client[ (browser[ based)[ provides/ alteduced! functionality
interface [tb [themodelling(system. The Basic functionalityincludes:

o  Selectlpreldefinedreports

e Viewpreldefinedreports

e  Downloadireldefined reports

Architecture Description Static[ web[ pages[are( served[ byl the /Apache web[ server[ tol the
browsers.

The[Web[Application[server (Report[_publisher)‘copies( the prel]
formatted(reports(tolalpre[defined (directory structure.

Changes[] from[] NFFS | ¢ Reportllocations
Implementation e Reportformats
e  Weblpagelformat

Issues Reportformatswillbeconfigured during/the [pilotiphase.

3.5 Template/configuration[éxtensions

This(section[definesthe ipdates(to [the Wariousconfiguration/template files.

3.5.1 Raw[éutput[generation[template

IfTtheraw [output[generation by moduleTunsputs Too muchtequests‘onldisk ¢apacity,a
solutionmightbelintroduced fo manage [theloutputproduction. inlthisSolution, [ faw [dutput
productiontemplateispopulated [forCeachmoduleFunwiththe Coutputparameters and
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temporal[Settings [as tequired. [The (modulefadapter Wwill Chave [to[convert[the[datalinthis
templatelinto the module Gontrol file0f the [Gomputational [core.

Theraw [Gutputgeneration femplate will(have(fo [Cover:
e Variable

e Verticaldayers

e Timeframel(begin,(eénd,step)

o Fileformat

e Destinationffiles

3.5.2 Data[Slicing[template

Tolaccommodatel datalslicing, [ user[ definedinstructions[should[belprovided[to the[Data
Slicerodule. Thelinstructions[Wwill (be ¢aptured (by [(populating (a(DatalSlicing ‘template,(il.e.
an XML Tconfiguration file which Meeds(to[dover:

o thenputTimeSeriesSet[(gridfimeseries)

o the@utputTime(SeriesSet(gridfime series)

o the(Spatialléxtentlofltheslicel(griddell Centre[points(thatlarepartofithelslice)
o theTemporalléxtent((startidate,[énd[date, step)

Inclusion/exclusion Tule

Inlthoseldases Where [polygons/aredefined, the followinglin/exclusion rulewillldpply:
AlllgellsiWwithlal¢ell [¢entreinsidethe [polygonboundary [arelincludedlin thelslice.All [cells
havingtheiricelllGentreoutside(the [polygonboundarylareléxcluded.

More(details/are providediniSection(0

3.5.3 Post[processing[template

Postprocessing [templates(are mormal (XML [¢onfiguration(files for the Data[Transformation
moduleand(the Mnterpolationmodule.

3.5.4 ModuleExecutionController{¢onfiguration[file

AssociatedWwithdachModulelis'@aModuleExecutationConfiguration XML file. This
configuration file[dontains thelinformation required by the ModuleExecutionController fo
monitor/and(dontrolthe @ssociated odule. Itincludes thefollowing information:

e Pathtomodulelexecutable

e PathltoltheModule statusfile(or funtimelogging file)

e Frequencylofistatusichecking

e  Modulelstatus[Mask[TTMask[for[status(file[parsing(i.e. What[tolook forlinthe
Modulelstatusfile)

e  Modulelinterruption Mask MMask [for[status file parsing

e Modulelinterruption 4/Action(to be [performed on/detecting [thelinterruption pattern.

e Return/codeltoltheGeneral[Adapter

WL[] [Pelft[Hydraulics[&[Tessella 3-12
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3.6 Interfaces

The NGMS willfequire Mo mew [published linterfaces.
The NGMS willfequirevarious fiew (XML ¢onfiguration files(see previoussection).
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4 System|dperation

4.1 NGMS[Workflows

Thislsection|provides|alhighllevelldescriptionofithe lmajorivorkflow(scenarios in NGMS.
Workflowsare tisedfoldefine Togical[SequenceslafTfaskssuchastunninglalmodule,slicing
data, [postprocessingdatalétc. [TheWworkflow Simplydefines fhelsequenceWwith[Which(the
configuredthodules(are [fo berun. Workflowanalysisplays alcrucial foleinSystemdesign(as
it[dlearlyidentifiesthe todules o Berun, Whileldach moduleshould befed With [fhe elevant
data.

WithinINGMS [the followingWworkflowshave Beenlidentified.

1. RunModule/Adapter

2. RunDataSlicer

3. Run[PostProcessor

4. RunReport(Generator

5. Archivelesultsi(notidescribed)

Alliworkflows[dan [berun(separate [dr(ih [the following Wworkflow[domposites (1142, [11+2+3°,
‘142+3+4° ['R+3°,[R+3+4°,[B+4”.
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4.1.1

Run[Module[Adapter[workflow

Figure41 fillustrates [the[general workflow [fo Tun[@hodule Viald thodule@dapter. This
workflow Will be iimplemented for Modflow96, Modflow VKD, 4R, EA fechargecodeland

possiblydthers. [Section xxx [Will [discussthe [fun fime[Statusmessaging [@spects ihthore

detail.

adRun(MAworkflow ~

MS=ModuleServer(FEWS(instance)
MCi=Master(Controller
MEC=ModuleExecution(Controller
MA=ModulelAdapter
GA=General/Adapter
OC=OperatorClient

1.IMCidispatches
taskto GA

parallel

2.[GAexport

1.[Centralsystem(MC)isynchoniseswith Tocal [data
store’ofiIMStothand overinput((module(datasets,
boundaryconditionsetsiandexecutionlinstructions

stream

3.IMA[conv ertsboundary
conditionset(TS'and/orP)
tonativ e format

4. MAkicks of
module(run

5./Moduleproduces(log

2a.'moduledatalset 2b. boundary condition 2c./diagnostics
+ \ (nativeformat, zipped) sets((TS/and/or(P) request

iterative

Ve

6.Runitime [status ' messaging

6a.MAcatcheslog/file,
abstracts diagnostics info

Onltheflylactivity
(new)doneona

filelandloutput results

7..MAconv erts (native
outputtolNGMS Pl format

8.[MAlexportsoutput((in
NGMS Pl format)

9./GAlimports results to
local(datastore

andlexports diagnostics
onithe flytora/defined
destination((directory/disk)

G

regularidiscrete CPU
timelinterval basis

6b.[MECIgrabs onthe fly

diagnosticsand hands it
back/tothe(server

: @ 6¢.IMCisynchronisesionthe fly
: diagnostics'to[OC

MSsynchronisesilocal datalstorewith
centralsystem(MC)to’handoveriresults

Figure[4[1 [Activity sequence [fo fun Module[Adapter workflow
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4.1.2 Run[Data[Slicer[Workflow

Figure4 2 fillustrates [the BasicWworkflow forthe Data(Slicer.Thedetailsarelgiven/in [section
0

od/Run(Data Slicerworkflow /

Centralsystem [(MC)(synchroniseswith(local [data(store (of
MStohandoveridataandexecutionlinstructions

1.[DataSlicer((Data
Transformationimodule)iimports
datafrom(local datastore

Datalislhandledlinigriditime(series

2.DataSlicer Sliceltemplatesiare(defined(usinga
(DataTransformationmodule) polygonlorigrid withtrue/false values
executes(slicingoperations

3./DataSliceriexports (data
subsetstolocal data/store

MSsynchroniseswithcentral [system
(MC)itolhandoverisliceddatalsets

Figure4 2 [Activity [Sequencefo fun DataSlicer workflow
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4.1.3 Run[Post[Processor[workflow

Figure[43illustrates the Workflow for[postiprocessingdatafrom sliced imoduleoutputto
groundwater(specific/datalSets, ready [for(display.

ad\Run\Post\Processor\workflow/

MSsychronises/local [datastore(with(central (system (MC)
tolhandioveridatalsubsetsiandexecutionlinstructions

1./DataTransformation
module [importsdata from
localdatastore

v

2.Data(Transformationmodule
executespostprocessing
instructions

3./Data(Transformation
moduleexports (data to
localdatastore

MSisynchroniseslocal [datastore (with (central system [(MC)
tolhandloveriprocessed/dataresults

Figure4 3 [Activitysequence fo runPost[Processor workflow

Thefollowing [postprocessing(dctivitiescan be Performed by [proper instruction [0fthe
DataTransformationmodule:

Temporal [@veraging

spatial [dveraging

Differences for(oneparameter between currentfunland [@referencedatalsetfor(entire
grid

DifferencesBetween[two [parameters0flalsingle run

Accumulation oflparameter[fime(series(at/selectedlocations
duration/exceedance(curve [foroneparameter(dat(selected locations
transientWater[budget [for[predefinedlareal(accounting forstoragechange, [stream flows,
abstractions, rfecharge, [groundwater flows)

accumulativeWater budget(for predefined [@rea(accounting(for(storage change, [stream
flows, [@bstractions, fecharge,[groundwater [flows)
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e stream/accretion(over periodfor/predefined/river
e winterbourne(signature(dver(period for[predefined river(stretch

Ifithelgroundwater oduleproduces horizontal wector(fields @s @lcombined(setof’scalar

outputs, [theldataTransformationthodulecan(also Belapplied[fo[generate:

e horizontal [projection(ofigroundwater flow[overperiodlin[predefinedlayer atpredefined
location

o groundwater(flow [Passing the Boundary [6flgroundwatermhanagement units

Appendix[A [provides/aldetailed [@verview [0fpseudo(scriptsto generatethe required [data
setsfor(the Warioustypes ofreports

4.1.4 Run[Report[Generator[workflow

Figure (4[4 fllustrates the workflow [thatlis[@ssociated[fo [generating the Web[dompatible
contentlofreport(thatlis€xported [folan [external [destination.

ad/Run[Report/Generator workflow/

MSsynchronisesilocal [datastore(with (central system (MC)
tolobtainldatalandlinstructions

1.[Report/Generator
queries(localdatastore
forirelev antidata

2.[Report/Generator
produces HTML ¢content

3.[Report(Generator
saves(resultito’external
destination((disk)

Stop

Figure[4[4 [Activity sequence 0f[RunReportGenerator workflow
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4.2 High[levellinteraction

This[section[providesarhigheveldescription ofThowthe [ NFFSTarchitecture[operates[in
typical [@perational(scenarios. [tl@lsoldescribes How [an INGMS limplementation thay [differ.

4.2.1 Submission[6fla[model[tun[én[the[¢entral[$ystem

NFFS:

Model Funslé¢anbe$ubmittedfo fhel¢entral[System forlexecutionlatal$pecific[fimelorTas
soon(as(possible”. Details[dfTthe [fasks o beperformed aredefined [onthe client@pplication
(viaTthelselection[6ffwhich Workflow [fo un, Warious[éxecution [Options(étc.) @and Then [Sentfo
thecentral(system forScheduling.

Note thatlaModuleTunfis orefhanjustéxecuting[ISISétc. WVarious[dther [postprocessing
modulescan(alsoBeincorporatediintofthe workflow/and are hiandledlin the[SameWway.

Tasks[¢anbel$ubmitted Vialthethick¢lient[{Operator[Client) or[VialalWwebbased [System
Administration[Interface. The[Master[Controller[é¢omponents((Task[Manager[étc.) have[the
responsibility [ofTadding [altask [fo[the[¢urrent listfand[énsuring that[it[is[dispatched [folan
appropriateShellserverforleéxecution.

Waster Controller Senver Forecast Shell Senver
Task Manager
O Listener System FS Listener ME Listener
Reporter
Task List Ta Tz
H : Launcher Chaser T T T
: schedulfe task : : : :
H | |
| TR i 1 1
is F5 tas] o
' : taunch F 5 fask H ; =0
; [is Sysrpt tasi] | o
! Taunich spsipt tasq H b ) | |
| [is synch tasig: | -
LI Taunch synch 125k | : : :
. H hedule thsk ' H | H
= : ! ! ] !
. rhatk task mplte ! ! ! !
o= 1 : : = ;
. : mak task run bomplet ' ' : :
o= 1 : o 3
. | mank tas mplet
= ] | H :
- get task rdue fi mpletio H |
analyse task mn list !
tack n
. m. Magém hung H
= | ! :
| | [is FS tal; -
| LJ Will F& task =

Figure4[5 Interaction Between[the systemcomponents during[the submission(ofiafask folaShell [Server
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NGMS differences:

AlmodifieduserCinterface[Wwill Cbeprovidedto[generatethe Cappropriate‘task/workflow
package”.This(is[all[generated Behind thescenes; [the iserWill [Select Various [Options[(e.g. [in
thelcaseldfladdinganabstractionthey Willselect(its Tocation étc.) vialalgraphical finterface.

Datalslicinglandpostprocessing options Will Betreated Tike any[other module, file. theycan
belincludedlin@workflow [(both[pre definedland [dynamic)and éxecuted OnlaShellserver.
(Theuserlinterface[converts theVarious[Options intothe Raw [Qutput Generation Template,
DataSlicing[Templateletc. [d@s@ppropriate).

4.2.2 Execution[éf[the[model[fun[én[a[Shell[server

NFFS:

Details0fTthe fask To Belexecuted @reSentfbtheldppropriateShell Server Viald[IMS essage.
WhatldetermineswhetheraShell $erver[is appropriate[ormot[dependsmponamumber of
configurablelfactors, Suchlashowbusy the serverfis, Whetherthe modulelisallowed fo Tfun
on(thatparticular(server(étc.

OnftheShellserver, @amoduleGontroller (MCListener) Waits for IMS thessages [and [fakes [the
appropriateaction.[ If[the[messagel[is[to[perform[almodelfun, anlinstance (0f[FEWSI[is
instantiatedand[ passed[alteferencel to[thel appropriate workflow[ packagelthat must[be
executed. FEWslwillook[tolits[Tocal [datastore[for the [dontents [0flthe Workflow in [question.
FEWslwillléxecute the [ workflow, [starting[up[the[appropriate inodules [Vialthe [General[dand
Modulelspecificladapters. [All[datasets/are[3ourced [from[the[Shell[server’s(local [datalstore,
whichlisfegularly[te[synchronised (with[the[central[System. [Usually, the firstfask [the [FEWs
will indertakelisto[check with the[central [System [Whether[ithas[the mostrecent(data,[and [if
not, lit(will[perform(alsynchronisation.

Notelthat[FEWsWill uisethe/datalthat(is[availablelin[theTocal [datalstore, it[does Mot[Hequest
specificldatasets[(by mame, [fype étc.) from theldentral [data store(alslight Variation[fo this[is
thel[download(oflapproved [forecasts [(from(thecentral [datalStore [fothe [DperatorClientTocal
datalstorelatthe request/ofitheser).

Thelmoduleadaptersensurethat[the data flowinglinlandoutCof themodulesis[in[the
appropriateformat[{and(stored [in[the[¢orrect[location). In[addition, (the[adapters allow(the
passingoflstatusinformation back [fothe [FEWs from [the thodules.

Onl¢ompletionloflthe[Moduleéxecution,the moduletesultsdataset(is[stored[in the[local
datalstore.Thisfis ThenSynchronised Back To [the [dentral [System[folallow [dissemination GfTthe
results.

Loglentries(dre[synchronised from theShell[ServersTocal(datalstorefo the central(datalstore

onla[fegularBasis[duringthe moduleléxecution. ThemainldatalSynchronisationfakesplace
at'thelend oflthe hodule run.
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MC components data(flow legend
I «— FEWS blobs
General Adapter((GA)
MC H o
o L <« —» published interface ((XML)
1
SS n v —— native moduledataformat
Module[Adapter((MA)

Module
module ) module
. (computational
input(files outputffiles
core)
control flow

Figure@[6[Adapter(role'sduringaimodulerun
NGMS differences:
Theloperational [Tfequirements “ofl theINGMS [indicate[the heed Tfortwoldistincttypesof
datasets:

e Commonl(oristandard)(datasets
These[would befairly[static, (probablyonly [¢changing évery[6[months or(so. They
would be theldefinitiveldatasets, [accessible(Fread Only”)foa@ll users.

e Userl(custodian(oriiser)Specificldatasets
Thesewouldbetheldatasets(thatldre createdinmormal [day(fo[dayoperations.They
includebothinputland/outputidatasets.

Thelproposal(is[thatlin[hormalloperation, aluiser[would makelahumberloflmodule tuns
(modifying/adding[abstractions(étc.), until[finally [settling ‘on[thelagreed [inputandoutput
datasets. Thel[¢ustodian[would[thenhave[the functionality [fo[promotelany[TUser[Specific”
datasets[into[the[Common/Standard [datasets[area,[allowing[their[(readonly) [use[by other
users[0flthe NGMS. [The (User[Specificldatasets¢ouldhavelalow [tetention [period [(weeks?)
tolmaintain(system [capacity [(this might[belthe dasejustlon[theShellservers, file. [the [datasets
remain(on(the(central [Server(=+[subject(fothe users(datalspacelimits[=+butlarefemoved from
theldatalstores(onthe[Shelllservers. Ifithey Were fequiredldgain(on [the[Shellservers, [duetold
user(te[tunning[aninvestigation[étc,.[The[Shell[servers(wouldhavelto [te[synchroniselthat
dataset[prior(to thelexecution [0flthe odule.)

Currently FEW Slassumes that(dll the'datasets[are present(intheTocal [datalstore file. thefask
doesn’tlspecify [What[datasetsfousefor[thisfmodulefun.This Tequires[modification[such
that(specific/datasets/can berequested. The durrent/Synchronisation/APIis[based on fimeand
the[TaskRunID. InTNGMS this[mightmotbe[sufficient, [there[Willheed[fo be additional
criterialtequired o tiniquely identify the Tequired[Subsetof'data. Examples(are,

¢ GetldatasetX ratherthan(get(datasetfrom 2 hours(ago

WL[] [Pelft[Hydraulics[&[Tessella 4_8



National[Groundwater[Modelling[3ystem[{CCN[2005/03) Q3986.05 January[31,2006
Phase[2[3[IPetailed[3rchitectural[design
Architecture[[[Design[[Pocument Version[].0

e SeclectldatasetsbBasedlonfiserid(and [specificthodules.
The pattern(is(in [place(already within INFFS [forthis[@nhancement.

Inlordertolallow more(¢ontrol [of(the[éxecution[ofTModulesand to[provide theability[fo

obtain[real [fime[ feedback on[the[progress ofl Modulelexecutionalhew[component, the

ModuleExecutionController[lis " required. [t resides lon[the[Shell[lserversland Thas[the

responsibility [oflstarting the (appropriate odule, following(atequestfrom the [FEWS[(via

thelgeneral(adapter). The[ModuleExecutionController(provides(thefollowingfunctionality

(seelFigured(7);

o Instantiates/the@ppropriate Module

e QueriestheModules/dutputTog for[status/information

o Communicates[status/information [to theSystem vVialdmew [direct[JMS [thessaging fstatus
message” functionality ((APT).

e Respondsliblalikill module” [command[(issuedvialthestatusmessage” functionality).

MCIcomponents
1= ¥ General Adapter(GA) statusimessage (JMS)
1
PIXML) 1 n MC

v ;
SS
K d Module

IR CETIEA ALY Execution Controller
I
¥ 3

[

module
outputifiles

module
input(files

run query logfile

(at(discretelintervals)

Module
(computational core)

Figure@[7 ModuleExecutionController's [folein[amodule fun

Figure[4 8 llustrates[thesetting[[incasethe openMI[isutilized Tas[(aldataexchange
mechanism. DDependenton theldapabilitiesdfthe [computationalGore, Water Balance [érrors(or
convergencedatamight(directly Beasked from fheldore withoutfinterferenceoflalogfile.
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MCIcomponents
i = General Adapter((GA) status message (JMS)
1
PI(XML) ! run "\ run MC
Modul SS
PI_OpenMI Adapter(MA) « '« odule
Execution Controller

-
-

—~

OpenMIicompliant | | _ | log
computational core query log(file(s)
(atidiscretelintervals)
|_ OpenMIicompliant run

computational core

Figure4[8 Moduleexecution(controller's role with[@penMI dompliantdodes

AMmumberofltheMINGMS modules((e.g. Modflow)dperate inder the[principleoflaTcontrol
file”.Thismativefileprovidesinformation [fo fthe odule related o lits[€xecution, ile. iumber
offime[steps, convergence(criterialetc. Thelpilotiwillhavefolindicate(ifTdatalsizes Hecome
too[arge,thus(tequiringadditional [¢ontrol Con[the butput[generation. [In[this[theModule
Adapter[dynamically willThave fol¢reatethis ‘control[file”. t[doesthis[With[theaid [ofTa
number 0f Xml femplatesthatlare@ssociated Wwith the [particular Task run:

e ExecutionTemplate

e RawQutputGeneration Template
Theldetails/6fltheabovelare[coveredin/Section[3.5.

4.2.3 Viewing[éf[datasets[and[imodel[fun[fesults[by[theliser:

NFFS:

The'thick[¢lient[(Operator[Client) utiliseslits[dwn [local[datalstore [for[the [presentation and
analysis[of(themoduleldatasets[(inputland[output). The[datasets(are[synchronised from(the
central [system[both[on(altegular[(everyfew[seconds)andlad hoclbasis. Users[can[select
specific(datasets(that(dre(stored [on(the ¢entral [Systemandthen[c¢hoosefo[download themfo
thellocal datalstore.

NGMS differences:

Within[INFFS, [themajority [oflthe[datalis[downloaded [automatically [fo[thel¢lient[{current
forecasts,[latestCweather detailsetc.). [ForCNGMSthis[isunlikelyto[betherequired
functionality, ostldownloadswill [be driven By [the liser, [they [dctually Wequestfo[download
alspecificldataset[(input(ofloutput) or postprocessed Mesults.This Will require [@n @ppropriate
GUL
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4.2.4 Data[Synchronisation

NFFS:

DatalSynchronisation(fakes[placebetweenthel¢entral [datalstorelandTocal[datalstores.[The
local data storesmay [bellocated[onthe[Shell Serversandthe [Operator[¢lients. Details[of
whereSynchronisationfakes place(and What(dan e Transferred(is[detailed Below:

MC < ShellServer
Thel$ynchronisation betweenthe Master[Controllerfand[Shell (serversis‘handled (byEwo
main/domponents:
FSListenerTesidesonthe Master[Controller(server. dtsrolefincludes:
o Receiveldatamessages((both(requests/andiploads)(from(the[Shell[Server ds partof
the[Shell [Server’s[synchronisation.
e ReceiveleventlalertsfromtheShellServer.
e ReceivellbgmessagelentriesfromtheShellServer.
e Receivefaskicompletionmessagesfrom(theShell Server.

MClListener resides(onthe[Shellserver. ItsToleincludes:
o Accepting(task(dispatch(requests/from(the MC.
e Startinga[Forecast[Shell fohonourthe request.
e Respondingffolqueries fromthe MClonthelstatusofitheSS.

Master Controller Senver Forecast Shell Server
FS Listener MC Listener
Task System
Mznager Manitar
FS Listener C Pending FS Task
' ' B Listener Task Run Runner
| mankctask sc H f Qusue
launch FS task H '
. l add task un .
. schédule task
o -
. mank tisk complete

Figure[49 Interaction betweenthe Master(Controller[Serverand the MC Listenerresiding(on/the Shell [Server
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MC < [Operator (thick client)

ThelSynchronisationbetween the Master[Controller[Serverfand[the(thick '¢lient[{Operator
Client)[is[implementedVialan[OC Listeneronthe Master[Controller(Server,[and the[FEWs
componenttaking ise6fla dommonNFFS[SynchronisationAPl(seeFigure4[10).

Currently theldatalsynchronisation(is[based on:

e Timeframel((i.e. all[dataBefore[0r Between [aSetlofldates)

e TaskRunIDI(alldatalassociated With @[particularfinstancedflatask Tun)

e Modifiers((includeSync(level On[fime(series, [Severity, Source0f Tog [éntries Etc.)

e Named[tablebasis
Alpatternexists (withinCthe CcurrentCimplementation Cto Callow Ceasy Cexpansion Cloflthe
synchronisation(options.

NGMS differences
Thefollowingtipdates [fo the[Synchronisation APl @rel@xpected:
o DistinctionbBetween synchronisation0filcommon and iser(specific datasets.
o Intelligent[handlinglof(¥erylarge[datalSynchronisations[(break uplinto[appropriate

size[“’chunks”)
Operator Client Wordstation taster Controller Server
OC Listener
Operator Ta
Client Mana ger

scheduls task

Figure[4[10 Interaction between the Master[Controller[Serverland the@perator Client
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4.2.5 Report[Generation

NFFS

Within[INFFS, thegeneration[ofa feport(is justlanother fask [that[can Be dispatched from[the
central [System fo@a[Shell [Server. The reports are based [on donfigurable femplates(and donsist
of THTML. TheFreportsare ket to[be produced "automaticallyaftera forecast[Tunand
transferred/fo(the INFFS web(server.

NGMS differences:
WithinINGMS [the[initial [fequirement[is [for[a manual [process ofldistributing [teports. The
processfisidetailedfih fthelsteps Below:

Theiser[generatesareport[within tTheOperatori¢lient,Hasedon the Feport[¢onfigurations
and(theldatasets thatleéxistfin[fheirTocaldatalStore.

Thelgenerated HTMLTeportfisithen Saved(fbaispecified Tocationandthencopied By Themiser
tothe@ppropriateTocation forlihclusion/in the @ppropriate intranetSite.

4.2.6 Central[Storage

NFFS

Alcentral [@Dracleldatabaselis uised [fo store[fime[seriesdata(and [ddditional [System [Operational
specific(data).It[Operates[on[d[“Rolling[Barrel” [concept; [different fime[series [fypes/Canhave
different(retention (periods((typically[3[30[days). After[this[periodthe[datalis[temoved [from
the[8ystem.[Thelfime[series themselveslare[stored[as[BLOBS. TheMaster[Controller[and
central[storage[¢omponentsknow [nothingabout/the[content[6flthese ('TBLOBS” [(other[than
the metaldatathat(islassociated With[@ach[blob). Theylare(discrete, [indivisibleentities, Wwhich
arelonly [processed by [@[FEWSIclient(eitherthe/enduser/client(ordnlaModulelsever).

NGMSdifferences
Thelmetaldatalassociated [ with[tecords[Wwill[tequire modification[to[teflect/ the[different
method 0fworking.

Within NGMS [there [are[two mhain[differencestb [the[storage:

e Datasetslare(splitfintothosethathave(longlifetimes’andlarethoughtfolbelstandard
orBaseline(datasets(and(those(that(dre iser[Specific, Which thay haveldmuch(shorter
retention [period.

e [tfslikelythat[éachldatasetWill(belfagged Wwith[details[oflthe[group/rolethatis
allowed(dccess. [This[changeTisalso tequiredinltheTocal [datalstores.

4.2.7 User[Accessi[Management[and[Control

NFFS

Currently [(with(NFFS [therelis mo [User[Access[tanagement[or [¢ontrol [(withinthe [Operator
clientlitself.[Therelis[dccess[control [fo the ise[ofthe[application[and [theltegion that(dan be
selected.
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NGMS differences

NGMSrequires theladdition0fldccessdontrol [fo [datasets Stored Within[the[system(ds Wwell(as
limiting [thefunctionality [theycanmakeuiselof.[Aluser’sCmembership oflalgroup(and
associated Tole) Willldetermine:

e  Whatlactivitiesthey(canperform viathe OperatorClient

e  Whichldatasetsthey(dan(selectlaspartioflathodule fun

e  Whichldatasetstheycan/selectlaspartiofiany(dataslicingor(postprocessing(tasks
e Whichldatasets theycanldownload [tothe local [Operator(client

e  Which(datalsetsthey[can [viewand tanipulate Withinthe localldatalstore

Additional datalstructures(to/contain:
e Userolemapping
e RolelaccessTightsapping

Infaddition, Mipdates [aredequired [fo [d mumberlofTtheéxisting/datalstructuresfolinclude(tole
access[driteria.[Theldonfigurationldand Managementloflthe user/role/access permissions Wwill
requireMew Miser(interfaces/and/@ssociated modules.

Thedatamanipulation[routines [iwill [also[requireimodification [Jto[linterrogate[laccess
permissions [prior(folany/datasetidccess.

4.2.8 Archiving

NFFS
InltheINFFS, [theusermanually(selects @ [forecastfobeldrchived. [The[system[@utomatically
identifies(all (the [input[fime[Series that wereuised [fo[¢reatethatforecast.[This[datalisthen
copiedandlstoredlaslalcomplete[¢ompressedtecord. [ This actionlis[performedonlalShell
server.

NGMS differences:

Alsimilarprocess/is(tequired[for NGMS. However, [the[typeloftecords foltetainand their
contents(will (beldifferent. [Tt[is[dlsolikely that thelinterface(to(select(the(tecordsfolarchive
willlalso requiremodification.
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4.3

Lowl[level ¢omponent[interaction[$cenarios

This[Sectionprovides(aldescription0fThow [thelindividual domponentsin(the [System interact

to[performspecific(scenarios. Tt(ists the[components(involvediandldescribes(theirbehaviour
usingfext/pseudocodeland@ppropriatediagrams.

4.3.1

Submitting[a[task[from[the[dperator(¢lient

MostlofTthelactions[tobeperformed by the Tiserfare[covered by thefollowing$ection
PerformingModuleruns, dataslicing, postprocessing €tc. fake the formof:

1. Thehisermaking@mumber/ofiselectionsvia@GUI

2. Thel¢lient[applicationprocessing(theselselectionsand[¢reating the@ppropriate
task"andtask [properties [information[(executiontemplate, faw dataltemplate
etc.).

3. Thel¢lient[submitting[thetask[{and[fask [properties)tothel¢entral [$ystem for
processing. [lTheexisting TaskProperties. XML filescan[beusedtocontain
information on [raw(dataoutput,(datalslicing/and [postprocessingoptions.

4. Centrall[system[processingland[dispatching[theltask tolanlappropriate[Shell
server

5. Shelllserverléxecutingtask(vialahodulelandadapters)
6.

Results[returned [fo thelcentral [System
7. Clientinformed[ofleéxecution(status.

2: $tart FEWS (TaskRuniD rdng

3 Requerst Local Data store S\Jlnchronisationo

-

ey
[N

.

9

[
[l

.

Central Data MC(Task | MCProxy | | FEWS General Module Module
Store Manager T T Adapter Adanter (Modflow)

I I I I

1:9rend Workflowe packaged) : | | |

| | | |

-~ | | | |

T I I

| k-

|

Workflow package includes the appropriate Qutput

ternplates (these could be contained in theTask
Froperies.xml).

- Raw data output {fram module)
- Data Slicer processing template
- Post Processing template

being executed.

Qutput templates include one or mare of the fallowing:

Which templates are required depends upan the module

[

|
A
‘Records t hiati
é} ecords us‘,\rnc rallseo
|
|
|

ModulelD may already be
presentin the local
datastore and therefor a
synchronisation is not
required.

|
Q
|

. I
N

Workflow pravides a ref.
to the required module
datasets. &
synchronisation maybe
required to getthem inta
the local datastore.

Figure@[11[TaskSubmission
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4.3.2 Module[Execution[and[Control

4.3.2.1 Task[Dispatch

Thelcentral [ Master[ Controller components Chave[ the responsibility [ for[schedulingand
dispatching[fasks[fotheShellservers.

Thelprocess/toldispatch@ltasktolaShell(serveris(asfollows:

'

| 7 dtart FEWS (TaskRuniD r

I
Tr————o
o

| ]

3 Requerat Local Data store S\,Jlnchronisationo

i

=
[INN

[ |

Y
4}: Records to S‘{fnChFBr'l]iSBO

|

[ \ '
.
[ | ™.

| [ \

' | .
| i

Co
| ] N
! N
1
1

-

L
ModulelD may already be
presentin the local
datastore and therefor a
synchranisation is naot
required.

|

1. Thelrequest/tolexecutelaldefined(task(is sentvia[IMS [from the[dentral(system fothe
ShelllServer.[ This[imessagel alsol tontains[ al“TaskProperties” [ configurationl file,
whichlis currently Cunused [in[NFFS [butcouldbelised[ by [NGMSto[ contain
information on(datalslicing,post[processing|etc.

2. TheMCProxy[domponentdesponds(fothetask[fequestlandlinstantiates [FEW S with
thel@ppropriate feferencetothe defined task[(whichhasbeen(synchronised [from the
centralfo theTocal [datalstore(atlan€arlier(stage).

3. FEWslprocessesland éxecutes(theldssociated workflow.

Central Data MC(Task MCProwy | | FEWS General Module Module_
Store Manager] : Adapter Adapter {odfow)
1: 9|rend Warkflow package

i

- JWUrkﬂow package includes the appropriate Qutput
T =~ fternplates ithese could be contained in theTask
FProperies.xml).

Output templates include one or mare of the following:
- Raw data output (from module)

- Data Slicer processing template

- Post Processing termplate

heing executed.

\hich templates are required depends upan the module

Workflow provides a ref.
to the required module
datasets. A
synchronisation mavybe
required to get therm into
the lacal datastore.

Figure[4(12(Taskdispatching

Currently GinTNFFS, thelsystemassumes(thattheldatasetslarelalready [presentlin[thelocal
datalstore, [.e.[it[s motpassedanléxplicitTeference[fothe datasets [that(are Hequired forthe
moduleJexecution. JThereTmay[Ibe[Jan[JenhancementItoJadd JalJstep[toJprovide1“re[]

synchronisation[on[demand”fo [minimisethe @mount[ofbackground [Synchronisation that(is
required.

WL[] [Pelft[Hydraulics[&[Tessella

4-16




National[Groundwater[Modelling[3ystem[{CCN[2005/03) Q3986.05 January[31,2006
Phase[2[3[IPetailed[3rchitectural[design

Architecture[[I[Pesign[Pocument

Version[].0

4.3.2.2 Task[Execution
Taskléxecution takes[placeprimarily[on(a[Shell [Server. Thelsteps thatlfakeplacelare(detailed

below:
1.
2.

WL[] [Pelft[Hydraulics[&[Tessella

FEWSiislinstantiated [following(d[Task Dispatch((seeldbovelsection).
FEWSIinstantiates [the[General [Adapter, [passing[details [0fTthe [fequired Moduleland
Boundary[Condition[datasets.

TheGeneralladapterinstantiatesan [@ppropriate Module[Adapter.

Thelmodule Adapter[creates[the appropriateinputfiles[(in[the[module’shative
format)(in'the[tequired[locationsfor(the[Module.It[mayalsol ¢reate the [tequired
control file, which sets [the@xecution [dptions forthe mhodule.

TheGeneral Adapter(instantiates@dModuleExecutionController[(providing (details[0f
the['modulein[question, [ together with[alreferencel to[the appropriate module
execution control(configuration/(file).

TheModuleExecutionController(instantiates [the fequired Module[(whichthen loads
therequired inputfiles and [proceedswith [@xecution).

Execution[monitoring takes place[ by[the[ ModuleExecutionController[{see hext
section)

On[Modulelexecution[¢ompletion[(indicated [(by theModuleExecutionController),
the[General CTAdapterobtains[theltesultingoutput[data(it[is[converted fromthe
Modules mativeformatviatheMModuleladapter).

FEWSstoresthe [results[lin[theTlocal datalStore, iwhich Clis Cthen Csubsequently
synchronised With fhecentral [datalstore.
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[
[
"

Data includes:

- Reguired Module dataset(s)

- Boundary Condition dataset(s)

- Execution template

- Outputtemnplate(s) (depending on the module)

Central Data FEWE General
store Adapter

1:8end data( |

hiodule

|

I f

! K

| ; | 2 =screates Module Adapter)
‘

‘ r

|

|

1

Adapter

3 Send Datagy

y

4: =<creates = ModuleExecutionController(

12: Regiest Local Data store Syﬂnhrqmsatinno

P — - - - - - — — - — 7

LI ModuleExecutionController |

‘ g: ==create==

|
6: Send Datal)

[

=~
N
|

|

|

|

|

\

|
7: Beny Data)

& Send Datag)

9: Send Data) |

Madule Adapter converts
native format to NGMS
format

B et

11: Execution Complete)

|
10: ChEcks status of moduled

|
!

1

I

|
|
|
1
|
|
|
|
|
|
|
|
1
|
[
|

X

Module performs i
processing

See other diagrarms far

the monitoring of the
module sxecution

- JModule Adapter converts I

data into native format for
the module in question
(Some rmodule adapters
will instantiate the
module as well)

Module adapter extracts
(or receives) output fram
the module

The

InoduleExecutionContraller

checks the status of hte
module whilstitis executing

Figure4[13[Tasklexecution/(onlalShellserver)

4.3.2.3 Monitoring[Module[Execution

TheModuleExecutionControllerichecks(the@xecution(statusoflthe hodule.This[canbe
performed 0nanad ocbasis(asaresponsefoaspecific requestfrom(the client)(drlas(a
regularlévent.Dependingiipon the Module, thisihformationay [be dbtained by parsing(a
defined Gutput/logfilelorrequesting thestatus [directly from/the odule.

Associated withgachModule,is[@aModuleExecutationConfiguration XML file. This
configuration file[dontains Thelinformation required by the ModuleExecutionController fo
monitorand(controlthe @ssociated odule. Itincludes thefollowing information:

Pathto odulel@xecutable

Pathfothe Modulestatus file[(or funtimebgging file)
Frequency(ofistatuschecking

Modulestatus Mask MM ask [for[status file parsing((i.e. Wwhat To Took for [ih the
Modulelstatusfile)

Modulelinterruption Mask MMMask [for(status file parsing
Modulelinterruption=Action fobeperformedon(detecting[the interruption pattern.
[J Return(dodeltbthe General [Adapter

[ R

O ad
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The™™oduleExecutionController[communicates With the[¢entral [System Vialthe[direct [ IMS
Status Cmessaging [(ratherthanthe “method CofTisynchronisation). This[allows[real [fime
feedback(to[thelsystem[{and iser) of thelStatusCoflthe ModuleFun. This[¢ommunication
mechanism/lis[alsousedfo[providethelability [fotequestthehalting[ofTamoduletun({see
next(section).

Thelprocess/dfiéxecution monitoring is detailed Below:

1. TheCOOModuleExecutionController JparsesJthe [ IModules[Istatus outputfile. J'The
frequency [ofTthis (parsing fogether with[thelcriterialofwhat[foextract[is[¢ontained
withinfthe@ppropriatemodule@xecution/control/donfiguration(file.

2. ThelstatusCinformationCis[fedbacktolthe central (system[Wvialthe “new [T‘status
message” [functionality [{this[is[aldirect(imessage tather[than[Viallocal [datalstore

synchronisation).
Central ModuleExecution Module
System Cantroller (M odflow)
[ [ [
|1: Request Module statusg |
—— Depending on the module, this may b
==~ Jbe accessing the modules native
log file.

The Module Controllerthen needs

I

I

I

I

: 2. Return Module Statusg

| to check the module execution
| status against the
I

I

I

I

I

I

ModuleExecutionContrallers
3: Pdrse Module status() canfiguration file, and if required

momme——eo L __ | hattthe module
- send back the ongoing ststus
information

4. Return Module Status
r _ 0 The status infarmation is sent back I

T —

via a direct JMS status message.

L

Figure4[14Monitoring lof moduleléxecution

4.3.2.4 Halting[Module[Execution

AtOtherequestJofTtheDclient[(or Jif the Dinterruption CcriteriaCcontained DwithinCthe
ModuleExecutationConfiguration[filehasbeenimet) the ModuleExecutionController[will
attemptfo [Stop themodule. This process may [be repeated @ Mumber/offimes.

Dependinglon(the Thodule, [itay bepossiblefoperform[asoft” [Stop,ile. issue@particular

commandto ThalttheCexecution. “Failing[this, (theTModuleExecutionController Cwill Cbe
required o Maltlthe@ssociatedprocess.
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Central ModuleExecution Module
Systemn Cantroller (M odfl o)
! : 1: Halt execution() !
Depending an the module, this may I
_ {be accessing the modules native
=7 og e,
T2: Reguest Module statls) |
. -

B Return Module Status(
L

|
| 3 Return Module Status |

| -

4: Phrse Module Status(

DR

5: Halt executidng

- 1

[
1|
1
]
1
I
[
L
.
I
I
L]
1
I
|
I
i
I

D

The status checkis used to confirm Dy
that the module has actually been
halted.

times) if the madule fails to stop.

Repeat request (a configurable number of

A a final measure, the process itself can be
halted. This information is fed back to the
central system as part ofthe status message.

The status infarmation is sent back
wia a direct JME status message.

Figure[4(15Halting(ofimoduleléxecution

4.3.3 View[dataset[dn[¢lient[(selected[from[local[dlata[$tore)

Thelapproachlis(fo hitiliselaldialogfo [displaytheldontents[oflthe Tocal [datalStore((iin@[similar
approach(fofhatiised by theForecastManager inMNFFS). Theldialogwillldnly [display Those
datasetsWhichthelcurrentfiserhaspermissionfolaccess.

Client
Application | _

Local

datastore

-
-

| 1: Request Dataset)
1

2. Return Datasetd

1 Display datasetd)

u

User selects a dataset

- that is already contained

“within the local datastore
(GLI indicates datasets

stored lacally and those

stoed centrally)

Figure4[16Viewing[theldatalset/onlanDperator Client
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4.3.4 View[dataset[dn[¢tlient[(selected[from[¢entral[datastore)

Thelapproachis(toutilisealdialog[toldisplaythe[¢contents[ofTthe ¢centralldatalstore[(in[a
similar[approachtolthat[usedby[the[ForecasttManager [in[NFFS).[The dialog[villConly
displaythoseldatasets Which the [currentiiserhaspermission b [dccess.

Client Local

datastore

1: Regudst Datasetd)

=
Ll

OCPro

.
"

(L
IJzer selects a dataset
thatis in the central
datastare (GU indicates

I
|
|
|
datagets stored locally |
|
|
|

and those stored
centrally)

lJses the direct

synchronisation AP o
requestthe specific data
ras dane currently with
forecasts in the MFFS)

Central
datastore

2 Request Dataset)

3 Return dataset)

4 Return Cataset)

|
D< 5 Store dataset) |

|E: Reguest display of dataset) |

7. Return Datasetd

7.1: Display dataset)

-

———:—q—:—ﬁ —

f¢
u

Figure4[17View[datasetbyoperator[Clientwithdatalsetsresidinglin/dentral [data store
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4.4 Handling[the[data[¢ube[in[]NGMS

4.4.1 Mapping[groundwater[iodel[dlata[to[NFFS[formats
The[groundwater[data[¢ube

Groundwater imodels[typically [representalgroundwater [system[is[represented in[three
dimensions(asBeingldlayered(system[0firegular Orfitregular 2D [grids.[Eachigridicell liolds(a
numberJof[variables J(model Jparameters, Cinput[variables, JoutputJvariables[Jand Cstate
variables), Where some ofTthem[are[Static[and [othersare [dynamic[over[fime. Most[inodel
parameters(do varyfromgrid [ell b grid(dell.

ThelSemanticsoflaldataValueWithinlalgroundwatermodel thus can befidentified by:
e itsivariable,ldxpressed

e itsltime,@xpressed/inlabsolutefime orierlativetime@gainst@TO

e itsiSpatialTocation [(expressedinX,y,zl0rX,y,layer).

Atlthe[thoment, [theTarger odelshaveld horizontal ‘extend [0f[350 X 350(cellsland[Some[10
layers[in(the(vertical.[Regular(simulationstun[30[yearswith[a[monthly [fime[step [(i.e.[360
steps).[This[equals’somel441,000,000(datavalues[per parameter[(assumingtheparameter
applies(in(all Tayers).[With[Some[10[output[parameters, thecubeholds(Some[4 [billion[data
values[whichlis teflected in[thelsize ofltheloutputlfile[(few[Gigabytes).[Zip [compression
bringsthefile(size down by afactor(5[10.

Aslalgroundwatermodeller(islonly linterestedin[a[portion [0f(this[data, [datalslicing[will [be
applied[tolteducelthelsize[dfl dataltubes being Synchronised between[thelserver and(the
Operator[Clients.[However, (before[discussing[the[datalslicingalternatives, [it[is [tequired to
understand ‘themapping ofthe [groundwaterthodel datalinto the NFFS [formats.

The[available[NFFS[data[formats

Tolhandlethoseldatal$ets the INFFS/NGMS Coffers(the following[dataltypes[see[NFFS,
DelftFEWS, [Published Interfaces,v.2.5]:
e static/datal(metaldatalfixed(in/thedonfiguration)
— alllspatial metalinformation:
o locations/(pi_locations.xsd),lindicating[the X,y,z[positionoflalpointlbcations
o gridl¢elll¢entrepoints[(pi_cells.xsd),lindicating[the[X,y,z[positions[oflgrid(¢ell

centress

o branches[{pi_branch.xsd)indicating[the[X,y,z,[position[ ofl the[vertices[bfla
polylinefeature

o polygons[(pi_polygons.xsd), indicatingthe X,y,z[position[ofltheVertices ofla
(closed)polygon(feature

e dynamicldatal(mixtureofimetaldataland Walues):

— parameters((pi_parameters.xsd),[definitionfixed, SingleValuesthay e manipulated
by INGMS
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— timelSeries
o timelseries(atpredefined locations((pi_timeseries.xsd)
o maplstacks[(timelseries at[predefined[grids) (metaldatalin[pi _mapstacks.xsd,
values/inBinary [formatPCRaster, WSGSBIL/BSQ/BIPor[ESRIASCIIigrid)
o time/event(series oflpolygons/(pi_polygons.xsd)((e.g.tolandleflood maps)

Given/[those[lcapabilities, [ the [INGMS [typicallywill [lbe implemented[ by handling[Jall
numerical [data[values(as(a[grid[fime[series; évenifthey(are[static[parametersthat vary [over
spacebutnotlover(time[(e.g. [¢onductivity). Only, inodule [parameters(that[do motvaryover
spaceland fime might(Beldealtwith [@salstatic thodule [parameter.

Proposed[inappinglinto[a[¢onfiguration

Withinthe NFFS/NGMS, thedataflow ik [predefined inthe[configuration. For(éach[software
module, [the[¢onfiguration[identifies[Which[datalseténtersthe[moduleand Which[datalset
leavesthemodule[see[INFFS, (DelftFEWS[Configuration[Guide, ¥.0.4 [or Tater]. [These[data
setslare[typically [definedas TimeSeriesSets[Where eachfime3eries $et[is[identified(i.e.

predefined) by:
e a[Modulelnstancelidentifier, i.e. anlidentifierfo(a[¢onfigured modulethat[produced the
data

e a[Rarameter(identifier

o a[llocationlidentifier,ile.placeholderforlapredefined point, Branch,grid, polygon

o a[ltimeSeriesTypel|(external[Thistorical, Jexternal Jforecasting, [ ]simulated[ historical,
simulated forecasting)

e aftimelstep,possiblyalrelativetime((to(TO)

TheltimeSeriesType(acts(ds(a/flagindicating (how ‘the(datalsetshould behandled. The loutput
produced by algroundwater model Twill (in[INGMStypicallybe[handled "assimulated
historical (for[previous Tuns) [dr[Simulated forecasting [(for the Currentrun).

Tolidentify [theldatalsetWithinld[configuration, [@éach [parameter Will have d fimeSeriesSetfor
eachlgrid(layer. [Provides(alfypical identification0flafimeSeriesSet.

<timeSeriesSet>

[J <modulelnstanceld>ModflowVKD WestMidlandsWorfe</modulelnstanceld>
[J  <valueType>scalar</valueType>

[J <parameterld>Xflux.out</parameterld>

[l <locationld>AquiferLayer(1</locationld>

[l <timeSeriesType>external Historical</timeSeriesType>

[ <timeStepnit="week" multiplier="52"/>

[ <relativeViewPeriod init="week" start="148"[end="36"/>

[J <readWriteMode>readlonly</read WriteMode>

</timeSeriesSet>

Figure@418Tllustration6fl@ifypical fimeSeriesSetlidentification

TheTocationIDisdTeferencelfo lany definition(oflthe spatialléxtent(horizontal [and Vertical),
e.g.[algrid dells/dentrepoint(definitionordpolygon definition.

Aslalgridleelll¢entreldefinitionholdsall[¢oordinates[(X,y,z)[ofTalgrid[point,[a[Variety [of

options[isfavailabletoldefine[alimodel [grid. Forlexample, algroundwater ‘model Svith[3
aquiferlayers(canbeldefined (i) by onegrid(dellGentre[point(definition Whichholds(all igrid
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points,[or[{ii) by [threelgrid ¢ell[centrepoint[definitions, eéach definitionholdingldne Tayer
andhaving[anotherTocationld for@achTayer.

Infthe(firstlcase, [fhe model WwillThavelone[fimeSeriesSet perparameter. [Inthesecond ¢ase,
the[modelWwillThave[3 [fimeSeriesSetsper[parameter, Wwith[aldifferentlocationld [for ¢ach
modellayer.[In[this[¢ase, the[timeSeriesSetlidentification of TwillCbe havelasimilarlset
identified With TocationldFAquiferLayer(2’and[oneWwithTocationld FAquiferLayer(3’

4.4.2 Data[slicing[$olution[directions

Aslindicated,thelconceptiofidatalslicing[is [proposedfo [shrinktheSize[0fthe[datalsets [Being
synchronizedbetweenthe[Serverfand[the Operator Client WhilelTetaining[theability[to
inspect(datalatfiser(defined [Slices.DataslicingTefers o the Teductionlofthe [Size [ofloutput
data, by [selectingthetelevant[parameter, vertical[éxtent[(i.e. layers), horizontal [éxtent[and
temporal €xtent.

Twolsolution/directionsHaveBeenidentified

1. Utilize[theCNFFSDataTransformation Cmodule"andpossibly [the TNFFSTinterpolation
modulefoapplyiiserdefined/datalslicing onpredefined Tocation[definitions

2. Developlamew Data Slicing[moduleWhich[¢anhandleuser defined[grid [definitionsfo
created[sliced(griditime(Series((e.g. alsliceldefined [as(a/grid 0f35 X35 cells).

Solution 1 [is[Based Onthe factthat INFF S haslextensive [facilities[fordatathanipulation iising
the[DataTransformationmoduleand[the Interpolationimodulel (see[ NFFS[Configuration
guide,[Section[6.2[dnd[6.3). UsingthoseINFFSmodules, [datalslicing[¢anbelapplied[ifTthe
datalmanipulations(are¢ompletely[predefined[in/terms[oflinputandloutput[timelseries, as
welllas[theldataloperations tolbe[performed. Thelinputlandloutputlis/fixedin[terms[of
parameters, locations[and timel[span, but(is felative[toTO, the[current forecastmoment.

Afterlintensivelassessment, [ $olution[1has[been(tejected [ for thelfollowingteasons. Both
existing(NFFS[modules[aretather[tomplexmodules, developed andloptimized[for other
purposes. Theydonotlallow flexibleinstructions[tolaccommodate ‘$patial temporal "data
slicing, whileit[will e [difficult[fo [accommodate [Vertical [or[diagonal slicing. [Functionality
extension(istejectedfrom the perspective[ofthelinstalled Based[(liveINFFS[in[dperation)(as
thelcodelcomplexity.

ThereforelithasBeenchosen(fofocus(on(solution(2, dsthisldllows[development[ofla tility
whichlis[optimized forhigh $peed[slicing[df(large data cubesWith[largeflexibility[in the
spatialland femporal [definition Gfftheslice femplate.

4.4.3 Data[Slicer[dlesign

The ™NGMS DataSlicerWill Beldeveloperids@anlAPlthatBeléxecuted atthe Operator[Client,
theMMasterControllerCortheShell[Server.[As[theDatalSlicerlis [(potentially [interesting for
NFFSTasiwell,itWwouldbemice ifTit[is Ppossible o Predefinefits instructionsin@fixed XML
configurationfile.
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Toltombine alpredefined (XML I[¢onfigurationfile(with Caflexible [slicedefinition, the
following [patternHasbeenlapplied(see Figured19).

ad/DataSlicing /

Operator(Client(OC)

; - . -
Slicelocato = | WorkflowSpecifier = X aDisplay = |
fegds

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
i i
1 displaysidata \
1 1
1 1
| «datastore[(OC)» spedifies «datastore (OC)» 1
1 . 1
! SliceTemplates SlicedModuleOutput '
i i
1 1
1 1
1 1
1 1
: i
"""""""""""""""""" Workflow refi+ SliceTemplateld + Raw ModuleOutputid + = N
synehoctomc (%) SiicedOutputid () swehmcrooc

ModuleController (M

«datastore (MC)» feedsld
RawModuleOutputSets

«datastore (MC)»
SlicedOutputSets

«datastore (MC)»
SliceTemplates

Raw OutputSelector
selects/Raw Outputito

feeds$ld be'sliced

' feedsiID H
! «datastore (MC)» !
| SelectedRawModule Output !
""""""" SynchiMCi{ol8S ~ [T T T T T T T T T T T T T A SynchiMC 0SS | T AN e s e

@g (template) (data) SynchiSSito MC
mmmmmm e S L T e e N

ShellServer((SS)

«datastore[(SS)»
SlicedOutputSets

!

)
1
1
1
1
1
1
)
1
1
1
1
i
| SlicedOutputHandleristores
| slicedloutputunder!its mew Id
)
1
1
1
1
)
1
)
1
1
1
1
1

1

1

A |

DataSli

. I«dat::;:.)re :.SS)»I execites Iscl?;ing «datastore (SS)» E
Selectedslicellemplatel operation SlicedModuleOutput i
1

_____ D\ -] S —— e e

1b 0,2.a&2.b,3 4

Figure419Proposedidetailed(design(for(dataislicing Wworkflow [and [synchronisation

«datastore[(SS)»
SliceTemplates

TemplateSelector
selects
SliceTemplate from
set

«datastore[(SS)»
SelectedRaw ModuleOutput

0. Thel]predefined[] XML [¢onfiguration[] file[] of(] the[] DataSlicer[] contains[] (dummy)
placeholders forthe[RawModuleOutput, the[SliceTemplateandthe [SlicedOutput.

1. a)AIGUIplugin(defines(alSliceTemplateandladds[it(to(the[¢ollection SliceTemplates.
b)[Whenlexecutinglaldatalslicing[workflow, TemplateSelector[(anassistant[¢lass)Wwill
feedtheDataSlicer[withthe[¢orrecttemplate by [populating (the[SelectedSlice Template
placeholder[basedon[thel[SliceTemplateld[it[teceives as[part[ofl the Wworkflowsfask
properties.

2. a)lTheldatabaseldfitheMNGMS will Hold[collections (0f[lRawModuleOutputSets(i.e.fime
series)that(areproduced By [Onehoduleddapterrun
b) Whenlexecuting(aldataslicingWworkflow, tThe[RawOutputSelector((ana@ssistant/class)
willfeed theMataSlicer Wwith the CorrectlinputBy Populating fthe
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SelectedRawModuleOutputplaceholder based onthe [RawModuleOutputld fitreceives(ds
part(oflthe Workflows(fask [properties.
3. TheDataSlicerican(do/its job asthe[dummy placeholdersiarereplaced by referencesfo
actualldata
4. After(theDataSlicerhas[done[itsjob, an[assistant[¢lass,the SlicedOutputHandlerwill
label[J the[D SlicedModuleOutput[l with[] the[] metalinformation[] held] by[J the
SlicedModuleOutputID.

WhileFigure419hintsthatlaction2bisléxecuted By [dn MC¢omponent, thisaction might
wellBeldone by @ Shell Server.

4.4.4 Data[slicing[¢onfiguration

With(fegard(folthe MDatalSlicing[configuration, [theiain(dolelis played by solcalled[Slicing
templates. [Figure4 20 provides(alpossiblelayoutlofitheldssociated [configuration(file. Tobe
considered/duringimplementation(is thequestion shouldthesliceExtentBe[dombined fWwith
input/output TimeSeriesSetinformation[?”

Iffthe(SlicingTemplate[contains [a[tfeference fo [the[Spatial Extent, [this[will (be[no [problem. [If
the[spatial [éxtent[definition[(i.e.[the[¢oordinates) arelincluded [in this[femplate, [it[size[Wwill

grow/drastically.

<slicingTemplates>

[J  <slicingTemplate templateID="">

[0 0O <InputtimeSeriesSet>

0 0O 0O <inputParameterld="myinputiparameter"/>

0 0O 0O <location]D="mymodel grid[definition:/>

0 0O <sliceExtent>

00 [0 0O <spatialExtentlspatialExtentld="My user(defined(slice/grid definition"/>
0 00 0O [0 /lspatialExtentldrefersitoldigrid(definition/according(fopi cells.xsd
0 0O 0O <temporalextent[femporalExtentld="SliceAreaTemplate">
0o o o o <start=""/>

O 0O 0O 0O <end=""/>

O 0o 0 0O <unit="">

0O 0O 0O 0O <multiplier=""/>

0 0O 0O </temporalExtent>

[l [ </sliceExtent>

0 [ <Output>

[ [0 [0 <timeSeriesSet>

[0 0O 0O <outputParameterld="mylinputparameter"/>

0 0O 0O <locationld="myuser[definedislicegrid[definition"/>

[l </slicingTemplate>

<slicingTemplates>

Figure(4[20Possiblelayout/ofithe(SlicingTemplate XML [¢onfiguration(file
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A [Pseudo[post|[processing[$cripts

Thisl@appendix[describesthe postprocessing/scriptsthatiare Mecessary o [fransform

MODFLOW [output, [stored inthe INGMS [format, [fo [datasets that/can e tised fo[create

tables, [charts[or thaps foriise ih[reports.

Starting[point(is[the@ssumption [fhatlall inputmMecessary [fo funthe modulelandGutputidata
created By [the thodulelare(stored inlthe NGMS [in the NGMS [format.

TableExamplelofiomenclature0ftheised parameters

MODFLOW [parameter NGMSI(parameter Report(parameter name
name name
H1 [atltime #(2? H1 _(t#,allllocations) Groundwater(level at time #
H1 (ldocation##,@llif’s) | Groundwater/levellatILocation ##
TRANS X2[m®? TX2 (alllocations) Transmissivity [0flaquifer2
etc.

Table2Llistloflused [parameters andsymbols

Symbol Explanation

t# start[offimelperiod

i end oflfime[period

dt time[sStep

locL location[IL

LocRP location[P 0flriver R

areaA arealA

layerN numberN(oflayer(ingroundwatermodel

diff difference

2refR compared/to[Reference

CBX Centreloflcell (boundary perpendicular(to X [direction [(grid [
orientated)

CBY Centreloflcell boundary perpendicular oY [direction [(grid [
orientated)

<location>id number[6fTocation

S sum

d direction

~m magnitude

ot atlalspecified fime

_tHitdt overaspecified period and forspecified fime step

_locL forlalspecified location

_locRP forlalspecified/riverlocation

_areaA forlalspecified @rea

_layerN for(dispecifiedlayer

RPs startinglocationPsof’alSection 0friver R

RPe ending/locationPeloflalsection ofriver[R

perc percentage

count counter

L length

D saturated [thickness

v magnitude[dfvector

~POR porosity
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Parameter Explanation

<Par.name>_locL

Valueldf'd[parameter for(aspecified lbcation

<Par.name> t locL

Valueloflalparameter(dt/alspecifiedtime for(a'specified
location

<Par.name>_ t#:t##;dt locL

Timeserieoflvaluesidver(aspecified periodforalspecified
parameter

<Par.name>_average t#:t##;dt_locL

Averagevalueoflaparameter over(aspecified (periodfor(a
specifiedTocation

<Par.name1> <Par.name2> diff t#:t##;dt locL

Time serielofivaluesiofidifferences between(to [parameters
forlalspecified location

<Par.name>_diff2refR_t#:t##;dt locL

Timeserie6flvalues(ofichangesoflaparametersicompared fo
alreferencelcondition forldlspecified Tocation

<Par.name> sumSV_t#:t##;dt locRP

Time/serieloflsum of spatial Values overlalspecified period

Duration[curves:
DQR _perc_count locRP
DQR_count locRP

Percentage(oflexceeded [values for(a[parameter:
percentage
exceeded value

Transientbudgets:

Timeseriesofisums for@specified/areaof:

QRCH_s_t#:t##;dt_areaA
GWFLOW s t#:t##;dt_areaA
DSTOR s _t#:t##;dt_areaA
QSTR s t#:t##;dt areaA
QAB s t#:t##;dt areaA

QRCH._t areaA recharge

DSTOR t areaA changelin[storage

QSTR t areaA stream(flow

QAB_t areaA abstractions

GWFLOW t areaA groundwater flow

Budgets: Sums/over(alspecifiedperiod(ofifor alspecified(area:

recharge
changelin[storage
stream flow
abstractions
groundwater flow

Streamldccretion:
QSTRA t locRP

Timelserieofisum oflriver(dischargeover alspecified river[]
section(at/dspecifiedtime ipstreama/specified river location

Winterbourne Signature:
HSTRW _t_locRP

Situation [ih which(thegroundwaterlevellies@bovethe
bottomIevel oflthe river(ormot)atldspecified fimeforla
specifiedriver(location

Vector(fields:
HGWFLOW d t layerN locL

HGWFLOW m t layerN locL

Horizontal [projection(of/groundwater flow Velocity:
directionloflprojectedvector
magnitudelofiprojectedVector

Flows Between GMUs:

CBXid locLidl locLid2

CBYid locLidl locLid2

CBXid L

CBYid L

CBXid layerN_D

CBYid layerN_D

CBXid layerN_V

CBYid layerN_V

CBXid layerN POR

CBYid layerN POR

locL_GMUID

CBXid_GMU

CBYid GMU

FLCBXid GMU_t N

FLCBYid GMU t N

FLCBXid GMU t

FLCBYid_GMU_t

GMUFLOW_d_t#:t##;,dt CBGMUidl_CBGMUid2
GMUFLOW_m_t#:t##,dt CBGMUidl _CBGMUid2

FlowsBetween GroundwaterManagement [Wnits:

ID [oflcentreofboundary perpendicularfo X(direction,
respectively Y [direction, Between locLid 1 enlocLid2
Lengthloflcell Boundary

Thickness((saturated) oflayerN[at(cell (boundary
Velocity ofigroundwaterflow [in layerN [over(cell (boundary
Porosity ofTayerN(at/dell(boundary

IDoflthe GMU atIacation L

definition(offlow between GMUslat(cell houndary

(flow from[GMUid1 fo[GMUid2)

flux Between (GMUsin TLayerN (at(cell[boundary
(from(GMUid1 to[GMUid2)

flux Between GMUsover(all Tlayers (@t(cell (houndary
(from/GMUid1 [fo[GMUid2)

direction, respectively tagnitude6fvector 6f(groundwater
flow Between GMUid 1 land GMUid2

Different(fypesofidataloccur:
e GridparametersVersuspointparameters;
e Timelseries Wersus/donstantvalues.
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InlordertoBelable tb Wiew dreportparameteron [thescreen, the following [activities Have [fo
bemindertaken:

e LoadeportfemplateWithParameter mame #;

o Loadlthelassociated NGMS [datalSet;

e [Loadltheldesiredlegend(set;

e Show/onfthescreen(map,graphidrable).

Two thain types0f INGMS [parameter sets(are distinguished:

1. Directparameter Sets: odule ihputand moduleldutputidataSets;

2. Derived[parameter(sets: [fransformed from(moduleinputiand hodule[outputidatalsets by
means 0flsome sort/ofldalculation.

Toldreateldlderivedparameter(Setione(dr thore fransformations(are Mecessary.These

transformations(have(to e predefined(in [post[processing [Scripts (atIeast forthefime Being).
The/'scripts(tocreate thederived [parametersare/described below.

Table3RostprocessingScriptsto ‘createdatalsets forreporting[purposes

Report/parameter Necessary script
Modulelihput parameter //ITX2(consists\of values|thatlarelconstantin time!(time=lindependent)
(TX2 locL) 0

Moduleloutputiparameter | //[H 1 Values'atltime#/forithelentire grid
(H1 t# locL) 0

Moduleloutputiparameter: | //[H ] fimelserie betweenfime#andfime##with step'dt(default’l)atlocationL
HI1 t locL 0

Averageparameter: //'H 1averagelbetweentime #and time ##with step dt(default[l) forithelentire|grid
H1 average t#:t##;dt_loc | DolforlallTocL

L [ loadM1 _t# locL

(1 HI _sum locL=MH1 t# locL

[ count=[1

Do Wntil E=t## step dt

[ load™1 t locL

J H1 sum_locL=MH1 sum locL=#MH]1 t locL

[ count=[dount=1

End(do

H1 average t#:t##;dt locL=MH1_sum_locL /[dount
[ store[H1 average t#:t##;dt locL

Endido

Ooooood

Difference parameter: //differencelbetween H 1 land H?2fromfime #(fo[fime ##With step dt|(default(l) [for the éntire
H1_H2 diff t locL grid

Doffor(allfocL

[0 Do [from[t=t#until f=t##[stepdt

[J [ loadMI1 t locL

[J [ loadM2 _t locL

00 0 H1 _H2 diff t locL=MH1 t locLZMH2 t locL

0 [0 store1 H2 diff t locL

[0 Endldo

Endldo
Difference [parameter: //differencelinlH 1 between|currentiscenarioland reference set R |from time #(to time ##with
H1 diff2refR t locL stepdt (default'l) for(thelentireigrid

Doffor(alllocL

[l Do from [t=t#intil [E=t##(step(dt

[J [ loadH1 t locL

[J [ loadM1 _refR t locL

[0 [0 H1 diff2refR_t locLEMH1 t locL=MH1 refR t locL
0 [0 store[H1 diff2refR t locL

(1 Endldo

Endido
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Addmplspatial values //wiver flowl(OR)fromtime #to time ##withstep dt(default[1) for location RP|(river R
parameter: pointP)
QR_sumSV_t locRP DeterminelallTocations Il that(aretipstream[0fpoint RP

Do [from t=t#until t=t##(stepdt
[0 QR _sumSV _t locRP=0

[l QR_RP=0

[0 QR_LE=0

[J loadlQRIV1 t locRP //

0 etc. /!

[ loadQRIVn_t locRP /7

load[(QDRAIN_locRP /7

loadlAREA_locRP /7

[0 QRIV_t locRP=QRIVI t locRP=L..#QRIVn t locRP

[0 QR_RPEIQRIV_t locRPFHI(QDRAIN_t locRP*AREA_locRP)
[J  DofforlallTocL nipstream RP
g
1
1

[ loadQRIV1 t locLl] //
Oetcm O O O O/
[) loadQRIVn_t locLl //
[J load[QDRAIN t locL[//
[J load/AREA locLl1[] //
[0 [0 QRIV_t locLEQRIVI t locLELL.#QRIVn_t locL

0 [ QR _LEQR _LHFHQRIV t locL#{(QDRAIN t locL*AREA locL)
(1 Endldo
g
g

QR _sumSV_t locRP=(QR_RPHIQR L)Idt
store[QR_sumSV _t locRP

Endldo
Durationparameters: //durationl¢urve: tiver flow(QR) léxceedance [fromtime#/fo time ##With|step|dt|(default])
DQR_perc_count_locRP forllocation RP|(river R pointP)
DQR_count_locRP Determinelriverflowvalues //

countmax/=[0

Do [from T=t#until t=t##(stepdt

[0 loadQR t locRP

[J countmaxZcountmax (1

Endldo

count=[0

Dohintillcount =[countmax

L count=[count#1

[l DQR_perc count locRP=[100*[count/Icountmax
[ determineMaxValue QR t locRP

[0 DQR count locRP=MaxValue QR t locRP
[ removeMaxValue QR t locRP

[J storeQR _perc count locRP

[J storeDQR_count locRP

Endldo
TransientBudget //transientater'budget'during period'betweentime#land fime ##With|step|dt (default])
parameters: forpredefinediareal4
QRCH._t_areaA DetermineallTocations Il that(lie within/area A
DSTOR_t areaA
QSTR t areaA //storage'change
QAB t areaA Dolfor(alllocLwithinlareaA
GWFLOW _t areaA [0 load/AREA locL /7

[0 loadSCI1 _locL /7

0 etc. //

[J load[SCn_locL //

[ loadH1 t#[dt locL //

0 etc. /"

[ loadHn_t#[dt locL

Endldo

Do [from [E=t#until [B=t## step(dt
[J DSTORE t areaA=0

[ DolforlalllocL within[areaA
[ [ loadH1 t locL  //
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0 0O etc. //

0 [ loadHn_t locL  //

[0 [0 DSTORI1 t locLEFSC1 locLH[(H1 _t locL=MH]1_tidt locL)#AREA locL
0 ete.

(1 [J DSTORn t locLESCn_locL[(Hn_t locL=MHn_ tidt locL)*AREA locL
[0 [J DSTOR t locL=MSTORI1 t locL#[..#MSTORn t locL

[0 [J DSTOR t areaAEMSTOR t areaAFDSTOR t locL

[0 Endldo

[ store[DSTOR t areaA

Endldo

//stream [flow /7

Do [from T=t#until t=t##(stepdt
[J QSTR_t areaA=[0

(1 DofforlalldocL withinlareaA

0 [0 loadiQRIV1 t locL  /

0 lete. //

0 O loadlQRIVn t locL  //

0 O QSTR_t locL=(QRIV1_t locLHFLL.#QRIVn_t locL)Idt
0 [0 QSTR_t areaAFQSTR_t areaAFQSTR t locL

1 Endldo

[ store[QSTR areaA

End(do

//labstractions /7

Do from [E=t#until B=t## step(dt

0 QAB_t areaA=0

[0 DofforlallTocL Within[areaA

0 [ loadiQABI _t locL 7/

0 [0 etc. /

[J [ loadlQABn_t locL //

0 [0 QAB_t locLE(QABI1 t locLHL..#QABn t locL)®[dt

0 0 QAB_t areaAEQAB t arecaAFQAB _t locL

(1 Endldo

[J store[QAB t areaA

Endido

recharge

Do [from T=t#until t=t##(stepdt

[J QRCH_t areaA=[0

[ Do from[t=t#until f=t##[stepdt

[0 [ loadQRCH t locL  /

[0 0 QRCH_t areaAEQRCH t areaAFQRCH t locLFAREA locLdt
[0 Endido

[J store[QRCH t areaA

Endido

//lgroundwater flow

Do [from T=t#until t=t##(stepdt

[J load/QRCH t_areaA

[J loadDSTOR t areaA

[ load/QSTR t areaA

[ loadlQAB t areaA

0 GWFLOW t areaAEQRCH _t areaA=MDSTOR t areaAZQSTR t areaA
o oo oo 00D oo o0 0D 2QAB t areaA
L storelGWFLOW_t arecaA

Endido

Budget[parameters:
QRCH_s_t#:t##;dt_areaA
GWFLOW _s_t#:t##;dt
_areaA
DSTOR s _t#:t##;dt area
A

QSTR s t#:t##;dt areaA
QAB_s_t#:t##;dt_areaA

//Water budgetover|periodbetweentime#.andtime ##With|step dt (default(1) for
predefined|area' A

Determine all locations(L[that(lie within/darealA

/

storagechange

DSTOR s areaA=[0

Do(for(allfocLwithinlareaA

[J load/AREA locL //

[ load[SCI1_locL /7
0 etc. a
[ loadSCn_locL /
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0 loadH1 t#ldt locL //
[ loadM1 t## locLlT] //
0 letc. a

loadn_t#[dt locL //
loadMn_t## locL /

[0 DSTORI locLZISC1 locLH[(H1 t## locLBMHI1 t#[dt locL)*AREA locL
[ ete.

[J DSTORn_locLZ[SCn_locLF(Hn t## locL=MHn_ t#ldt locL)*AREA locL
J DSTOR locLEMSTOR1 locL#[.. #MSTORN locL

[0 DSTOR s areaA=IDSTOR s areaAFISTOR locL

Endido

storeMDSTOR _s_t#:t##;dt arcaA

//stream flow /

QSTR s_t#:ti#;dt areaA=M0

DofforallfocL withinlareaA

0 QSTR_locL=D

[ Do from[t=t#until f=t##[step[dt

[0 loadQRIV1 t locL //

0 [etc. a

[ loadlQRIVn_t locL //

1 QSTR_locL=IQSTR locLH(QRIV1 t locL#[l..*QRIVn_t locL)(dt
(1 Endldo

[0 QSTR_s_ t#:t##;dt areaAFIQSTR s t#:t##;dt_areaAFIQSTR locL
End(do

store[QSTR s_t#:t##;dt_areaA

//labstractions

QAB_s_t#:t##;dt arcaA=0

Dolfor(alldocL WwithinlareaA

1 QAB_locL=0

[ Do from[t=t#until f=t##[stepdt

0 [0 loadiQABI t locL  /

0 O etc. V4

0 O loadlQABn_t locL

0 O QAB_locL=QAB _locLF(QABI1 t locL#L..#QABn_t locL)dt
[0 Endldo

0 QAB_s t#:t##;dt_areaA=QAB_s_t#:t##;dt_areaAFQAB_locL

Endido

storc[QAB_s_t#:t##;dt_arecaA

//Wecharge

QRCH_s_t#:t##;dt_areaA=10

DofforallTocLWithinlareaA

0 QRCH_locL=M0

[0 Do from[t=t#until f=t##[stepdt

[ O loadlQRCH t loc //

[0 [0 QRCH_locLEIQRCH_locL#IQRCH_t locL*[AREA locL[*[dt

1 Endldo

[0 QRCH._s t#:t##;dt areaA=QRCH s _t#:t##;dt areaAFQRCH locL
Endldo

store QRCH_s_t#:t##;dt_areaA

// groundwater flow //

load[QRCH_s_t#:t##;dt_areaA

loadSTOR s t#:t##;dt_arecaA

loadQSTR s_t#:t##;dt arecaA

load QAB_s_t#:t##;dt_arecaA

GWFLOW _s_areaAEIQRCH_s_t#:t##;dt areaAZIDSTOR s t#:t##;dt areaA
0O OO0 0O O O 0O BQSTR s tht#H#dt areaAFQAB s t#:t##;dt_areaA
store GWFLOW _s t#:t##;dt arecaA

Stream(dccretion //Isttream accretion overperiodlbetweentime#and time ##Wwithstep dt|(default'1) [for

parameter: predefinedviver|Rstarting|from viverpointRPs, éndinglatriver pointRPe

QSTRA _t locRP Determinelindownstream(order allipoints (P that(lielonriver R [starting fromRPsleénding at
RPe

Do from [E=t#intil [t=t## step(dt
] QSTRA_t locRP=I0
[]  Dolfrom1ocRPs[forlall locRPmintil TocRPe
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0 loadQRIV1 t locRP

0 etc. /7

[ loadQRIVn_t locRP //

[1 QSTR_t locRP=[(QRIVI t locRPH[L..#QRIVn_t locRP)*(dt
[1 QSTRA t locRPZIQSTRA t locRPHIQSTR t locRP

[ storeQSTRA t locRP

Endido

Endldo

ooooo

o

Winterbourne [Signature
parameter:
HSTRW _t locRP

//5vinterbournelsignatureloverperiod betweenltime#and time ##hwith|stepdt|(defaultl) for
predefined\river Rstarting|from river point RPs, endinglat river\point R Pe
Determinelindownstream(order all ipoints (P that(lielonriver R [starting fromRPslénding at
RPe

Do [from t=t#until t=t##(step dt

[l HSTRW_t locRP=[0

[l DolfromIocRPs/forlalllocRPmuntillocRPe

(1 [J loadH1 t locRP /7

[0 [ loadRIVBOT locRP /7

0 0 iffH1 t 1ocRPZRIVBOT locRPithen HSTRW t locRP=(1
0 O O elseSTRW_ t locRP=0

0 O storelHSTRW _t locRP

) Endldo

End(do

Vector(field [parameters:
horizontal[projection
HGWFLOW d t layerN
_locL

HGWFLOW _m_t layerN
_locL

//\horizontal\projection of groundwater flowlover period between time #and time ##Wwith
step!dt!(default'l)lin'layerNlatllocation|L

Determinelall locations L. [for Wwhich the Wector fields mustbe [determined((this[Can[be [the
entire(grid)

Do [from [E=t#until [B=t## step(dt

[1 DolforlalliselectedlocL

[ O DofforlallTayerN

0 0O O store GWFLOW _d_t layerN_locL

0 0O O store MHGWFLOW_m t layerN locL //
(1 [J Endido

[l Endldo

Endido

Flows between GMUs
parameters:
GMUFLOW_d_t#:t##;dt
_CBGMUidl_CBGMUid
2
GMUFLOW_m_t#:t##;dt
_CBGMUidl_CBGMUid
2

// groundwater flowloverthe'borderof Groundwater Management Units(GMU overperiod
betweentime#and time##withstep dt|(default]l)

DetermineVector fieldsforialllayerN //

//ldentres|ofidell boundaries

Determinel(thelocations [and IDs 0flthe [centres[0fTthe [Gell Boundaries:

[J CBXid_locLid1 locLid2=[IDloflcentreloflboundary perpendicularto X direction
betweenllocLid1 enlocLid2
[J CBYid_locLid1 _locLid2=[IDIloflcentreloflboundaryperpendiculartolY [direction
between(locLid1 lenlocLid2

Recalculatelthe Wector fields fromthe[dell Centresto [the cell houndary [Gentres /7

//lengthlof'celllboundarysegments
Dolforall[CBXid

[l Determine[(CBXid L /"

[ store[CBXid L

Endldo

Dolforiall[CBYid

[ DetermineCBYid L /7

[J store[CBYid L

Endido

//'dalculate parameterivalueslinicentreloficelllboundaries
Do(for(all layerN

[l DolforalllCBXid

[J [ Calculate[CBXid layerN D /
[] [ store[CBXid layerN D
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0 O Calculate[CBXid layerN V

0 O store[CBXid layerN V

[0 [ Calculate[CBXid layerN POR  //

[J [ store[CBXid layerN POR

[J Endido

DofforalllCBYid

[0 Calculate[CBYid layerN D /7

0 store[CBYid layerN D

[ Calculate[CBYid layerN V /7

[ store[CBYid layerN V

[ Calculate[CBYid_layerN_POR  //

[J [ store[CBYid layerN POR

[J Endido

Endido

//assign GMUTID'to cell centres

DofforfallfocL

J  Determinefor(allGellsthe ID 0flthe (GMU [the[dentre[ofthe cell i5situated in

[ storellocL_ GMUID /"

Endldo

//selectlonlydelllboundarieslare partlof GMU[boundary

Determinel(thelcell boundaries that(lie Between tivo [different(GMUs (or Between @ [(GMU [and
amonGMU Iarea

Dofforall[CBXid

iflfocLid1=[no(Gell”then

[0 CBXid GMUEN0”_to_"locLid2_ GMUID

elsefifllocLid2 =["nolcell”then

[0 CBXid_ GMUElbcLidl GMUID” _to 0

else

[l CBXid_ GMUEl(lbcLidl GMUIID” _to locLid2 GMUID

endlif

iflfocLid] GMUIDE(bcLid2 GMUID then

[ storelCBXid GMU

end[if

Endldo

DolforlalllCBYid

[ ifllocLid1=["no(cell”then

(1 [0 CBYid GMUZ0”_to "locLid2 GMUID

[J elselifllocLid2 =["nolcell”then

0 0 CBYid GMU=locLidl GMUID” to "0

0 else

0 0O CBYid GMUZlocLidl GMUOD”_to_"locLid2 GMUID
0 endfif
a
a

ooooood

OooOoo

0 iffocLidl_GMUIOD=docLid2 GMUID then
store[CBYid_ GMU
[ endif
End(do
//ldetermine'boundaryfluxes forleach celllboundarythatlispart'oflalGMU boundary, for
eachltimestepland|foriéach/layer
Do [from T=t#until E=t##(stepdt
0 Doffor@llCBXid GMU
J O FLCBXid GMU t=0
[0 [ DofforialllayerN

0 [ O loadiCBXid L Vi

0 0 0 loadlCBXid layerN D Vi

0 0O O loadlCBXid layerN V /7

0 0O O loadlCBXid layerN POR /7

0 O O FLCBXid GMU_t N=(CBXid L*(CBXid layerN D*/CBXid layerN V
0 00 OO0 00000 0O 00 0 *CBXidlayerN POR)™dt
0 O O storeBLCBXid GMU t N

T O [ FLCBXid GMU_t=FLCBXid GMU_t#FLCBXid GMU_t N

[0 [ Endido

[J [ storelFLCBXid GMU t

[l Endldo

O

DofforalllCBYid GMU
1] [ FLCBYid GMU /=0
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0 O DofforlallTayerN
0 0O O loadlCBYid L /7
0 0O O loadlCBYid layerN D /7
[J loadCBYid layerN V Vi

[ loadCBYid layerN POR /7

[0 FLCBYid GMU t NE(CBYid L*CBYid layerN DXICBYid layerN V
0 00 00 O 0 O ®CBYid layerN POR)*dt

0 store BLCBYid GMU t N

0 FLCBYid GMU_t=FLCBYid GMU_t#FLCBYid GMU t N

Endido

store FLCBYid_GMU t

1 Endldo

Endido

//ldetermine'boundaryfluxes forleach celllboundarythatlis part'oflal GMU boundary
Calculatetheaverage Walues[over the [period [ [fo TH## /

Ooooood
OoooooOod

Addlthevalues(0flthe flows between [the same GMUs /

//\presentationof (GMU fluxes(at'centrelof eachlboundary between two GMUs
Deteminelthe (dentre[0fthe Boundary between two GMUs

storethedalculated (added) Walues/atltheselocations:

[0 storelGMUFLOW _d_t#:t##;dt CBGMUidl CBGMUid2

[0 storelGMUFLOW_m_t#:t##;dt CBGMUidl CBGMUid2  //
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