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Uvod

Tato zprava shrnuje hlavni vysledek 1. aktivity projektu Mokotran za posledni rok feseni. Na zakladé
predchoziho teSeni projektu a vysledku zroku 2015 byl zpracovan Technicky popis komponenty
Communicator uvedeny v ndsledujici kapitole, podrobnéjsi informace o programové realizaci je moZno nalézt
v pfiloze MOCO Technical Solution (anglicky jazyk). Priklad s navodem k pouZiti je zamérfen na popis
konfiguracnich soubor( véetné prikladu, ktery odpovida situaci reSené v ramci Aktivit 2 a 3.

Technicky popis

Komunikacni rozhrani mezi transportnim a reakénim modelem je koncipovano v trojvrstvé architekture.
Prostfedni vrstva (Communicator) ma za ukol zpracovani vlastni logiky prenosu dat o transportovanych
chemickych latkach, jejich ukladani v databazi pfedpocitanych hodnot a vyhodnoceni podminek jejich dalsiho
vyuziti v kombinaci s volanim reakéniho modelu. Prvni vrstva prebira data z transportniho modelu a vraci
hodnoty po volani reakéniho modelu, tieti vrstva fesi komunikaci s modelem reakénim, predani vstupnich
hodnot pro vypocet a nacteni vystupnich hodnot reakéniho modelu. Bylo vytvoreno feSeni pro kombinaci
transportniho modelu FEFLOW a reakéniho modelu Geochemist’s Workbench (GWB). Schéma prace tohoto
doplniku pro FEFLOW je na obrazku:
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Komponenta Communicator pracuje se tfemi vnitfnimi funkcionalitami. Prvni feSi inicializaci reakéniho
modelu GWB podle sloZek transportovanych v modelu FEFLOW, druhd ma za ukol v kazdém ¢asovém kroku a
v kazdém uzlu FEM sité volani modelu GWB a tfeti uzavird komunikacni kanaly po skonceni simulace FEFLOW
modelu.
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Redeni je zaloZeno na algoritmu, kdy v kazdém &asovém fadku a v ném v ka?dém elementu (ve FEFLOW
v uzlu) prostorové sité je volan reakéni model s koncentracemi slozek pevné i kapalné faze, které jsou
vysledkem michani feSeného transportnim modelem. Soucasné je vypoctena situace ukladana do databaze a
pomoci SQL pfikazd definovanych v databdzovém schématu je vyhodnocovano v nasledujicich ¢asovych
fadcich, jestli neni moiné vypocet nahradit vysledkem z databaze. Schéma datového modelu MOCO
realizovaného v prostiedi PostgreSQL je v priloze MOCO Technical Solution. Algoritmus podobnosti je
realizovan pomoci SQL prikazli uloZenych v podadresafri SQL ve sloZce, kde je instalovdana komponenta
Communicator. Je tak umoZnéna jeho uZivatelskd formulace bez nutnosti programatorskych zasahl do
instalovanych knihoven DLL. Do tabulky moco.input_component jsou ukladany hodnoty koncentraci slozek
posilanych do reakéniho modelu. V tabulce moco.output_component jsou k dispozici vystupy z reakcéniho
modelu. Procedura moco.f _get_rank pocitd normu vzdalenosti vektoru hodnot koncentraci slozek od
referen¢niho bodu. Novému vektoru hodnot je vypocCtena norma vzddlenosti a porovnana snormami
pfedchozich vektorl uloZenych vdatabazi. Jestlize tato nova hodnota je dostatecné blizko nékteré
z predchozich, tak misto volani vypoctu reakéniho modelu jsou do transportniho modelu vraceny hodnoty
z databaze. Funkce moco.f_search_outputs hleda v prikladu vzdalenost diff definovanou jako kosoctvercova
norma, editaci souboru moco.SQL v podadresari SQL je mozné definovat jinou normu (Euklidova, ¢vercova,
...) podle potieb uZivatele. Uplny vypis SQL piikazl je uveden v ptiloze MOCO Technical Solution. Cela
instalace komponenty, vzorovych XML soubor(l a SQL pfikaz( potfebnych ke generovani datového ulozisté je
k dispozici ke stazeni na strankach projektu MOKOTRAN.

Komunikace uvnitf vrstev komponenty je konfigurovatelné pomoci XML souborl, popis odpovidajicich
Sablon XSD je predmétem nasledujiciho textu.



XSD sablona vrstvy ReactionModuleGWB

attribute form default: unqualified
element form default: qualified

targetNamespace: DHI.ContaminantsMobility

Elements

ReactionModuleGWB

element ReactionModuleGWB

diagram n=1:Application

nz1:GWBInitCommands

nz1:GWBSetCommands

ReactionModuleGWB [ —=—=H

nz1:GWBCloseCommands

nzl:nputComponents

I N A R R N

nz1:0utputComponents

element ReactionModuleGWB/Application

diagram = attributes

nz1:Application
ppicaton B

attribute ReactionModuleGWB/Application/@name




element ReactionModuleGWB/GWBInitCommands

diagram

n=1:GWBInitCommands EI—(—“-—:EI—FI‘IM :GWEBInitCommand ”

1.0

element ReactionModuleGWB/GWBInitCommands/GWBInitCommand

diagram

|§|'|51:GWEInitCommand ”

1.0

element ReactionModuleGWB/GWBSetCommands

diagram

n=1:GWBSetCommands E]—[—-H—:EI—F n=1:GWBSetCommand

element ReactionModuleGWB/GWBSetCommands/GWBSetCommand

diagram

|§ns1 :GWBSetCommand |

element ReactionModuleGWB/GWBCloseCommands

diagram

n=1:GWBCloseCommands EI—(—--—:EI—FHM ‘GWBCloseCommand

element ReactionModuleGWB/GWBCloseCommands/GWBCloseCommand

diagram

|§|'|51:GWECIDSECDmmand |

element ReactionModuleGWB/InputComponents

diagram

ns1:nputComponents [T']_(_..._:E|_| ns1:nputComponent
1.0




element ReactionModuleGWB/InputComponents/InputComponent

diagram 3 attributes

nzl:inputComponent [ﬁj—

1.0 E unit= E

containsValue

attribute ReactionModuleGWB/InputComponents/InputComponent/@id
attribute ReactionModuleGWB/InputComponents/InputComponent/@description
attribute ReactionModuleGWB/InputComponents/InputComponent/@units

attribute ReactionModuleGWB/InputComponents/InputComponent/@containsValue

element ReactionModuleGWB/OutputComponents

d'agram nz1:0utputComponents E'_(_'"_E_' nz1:0utputComponent

1.0

element ReactionModuleGWB/OutputComponents/OutputComponent

diagram O attributes

nz1:0utputComponent [Tt_ll]—

1.0 command

attribute ReactionModuleGWB/OutputComponents/OutputComponent/@id
attribute ReactionModuleGWB/OutputComponents/OutputComponent/@description
attribute ReactionModuleGWB/OutputComponents/OutputComponent/@command

attribute ReactionModuleGWB/OutputComponents/OutputComponent/@units




TransportModuleFEFLOW

attribute form default: unqualified
element form default: qualified

targetNamespace: DHI.ContaminantsMobility

Elements

TransportModuleFEFLOW

element TransportModuleFEFLOW

dlagram nzi:0utputComponents
TransportModuleFEFLOW [{]—(—--—

nz1:nputComponents

element TransportModuleFEFLOW/OutputComponents

diagram ns1:0utputComponents [%]—(—--—:EI—| n=1:0utputComponent

1.0

element TransportModuleFEFLOW/OutputComponents/OutputComponent

diagram (3 attributes

|id
nz1:0utputComponent [=]—
L2 Oupucomponent

1.0

attribute TransportModuleFEFLOW/OutputComponents/OutputComponent/@id
attribute TransportModuleFEFLOW/OutputComponents/OutputComponent/@description

attribute TransportModuleFEFLOW/OutputComponents/OutputComponent/@units




element TransportModuleFEFLOW/InputComponents

dlagram nz1:nputComponents [Tl:l—[—--—:EI—| nz1:nputComponent
1.0

element TransportModuleFEFLOW/InputComponents/InputComponent

diagram B sttribtes |

1:InputC t =]+

1.0

attribute TransportModuleFEFLOW/InputComponents/InputComponent/@id
attribute TransportModuleFEFLOW/InputComponents/InputComponent/@description

attribute TransportModuleFEFLOW/InputComponents/InputComponent/@units




XSD Sablona vrstvy Communicator

attribute form default:  unqualified
element form default:  qualified

targetNamespace: DHI.ContaminantsMobility

Elements
Communicator

element Communicator

diagram

n=1:LogFile

Communicator EI—(—-H—:EI—

n=z1:ResultFile

n=1:TransportModule

A LT

nz1:ReactionModule

1.0

element Communicator/ComputedStorage

diagram

& sttributes
Assembly

Config String

attribute Communicator/ComputedStorage/@Assembly

attribute Communicator/ComputedStorage/@Name

attribute Communicator/ComputedStorage/@ConfigString




element Communicator/LogFile

diagram -
& sttributes

nz1:LogFile =]

attribute Communicator/LogFile/@filePrefix
attribute Communicator/LogFile/@dateFormat
attribute Communicator/LogFile/@fileSuffix

attribute Communicator/LogFile/@logDetails

element Communicator/ResultFile

diagram -
=] attributes

writeCells

nz1:ResultFile -4 | -==mmmmmnms

attribute Communicator/ResultFile/@writeCells
attribute Communicator/ResultFile/@filename

element Communicator/ResultFile/WriteCell

diagram

B atiributes




attribute Communicator/ResultFile/WriteCell/@id

element Communicator/TransportModule

diagram
9 B atiributes

name

type

n=1:TransportModule xmlFilelame

—--—jEI—' nz1:TransportComponents

attribute Communicator/TransportModule/@name
attribute Communicator/TransportModule/@type

attribute Communicator/TransportModule/@xmIFileName

element Communicator/TransportModule/TransportComponents

diagram L
ns1:nputComponent

nz1:TransportComponents $—(*:E—(JE} 1.0
1.0

- nz1:0utputComponent

1.0

element Communicator/TransportModule/TransportComponents/InputComponent

diagram
9 B attributes

nz1:nputComponent [T:l]_

1.0

attribute Communicator/TransportModule/TransportComponents/InputComponent/@id

element Communicator/TransportModule/TransportComponents/OutputComponent

diagram
9 B atiributes

nz1:0utputComponent [TE_I']—

1.0

attribute Communicator/TransportModule/TransportComponents/OutputComponent/@id




element Communicator/ReactionModule

diagram
9 B atiributes

name

type

n=1:ReactionModule [Tt_l'] xmiFileName

1.0

—-H—jEI—| nz1:ComponentMappingWithTr...

attribute Communicator/ReactionModule/@name
attribute Communicator/ReactionModule/@type

attribute Communicator/ReactionModule/@xmlFileName

element Communicator/ReactionModule/ComponentMappingWithTransportModule

diagram L
—| n=1:ComponentTran2Rea

1.0

—| nz1:ComponentinRea

n=1:ComponentMappingWithTr... E]—[—-H—:E—(—*’E}E—
1.0

—| nz1:ComponentReaTran

1.0

—| nz1:ComponentOutRea

element
Communicator/ReactionModule/ComponentMappingWithTransportModule/ComponentTran2Rea

diagram -
2] attributes

n=1:ComponentTran2fRea [ﬁ]_
1.0 tmQutld

attribute
Communicator/ReactionModule/ComponentMappingWithTransportModule/ComponentTran2Rea/@rml
nid

attribute
Communicator/ReactionModule/ComponentMappingWithTransportModule/ComponentTran2Rea/@tm
Outld




element Communicator/ReactionModule/ComponentMappingWithTransportModule/ComponentinRea

diagram -
B attributes

nz1:ComponentinRea
> 3

attribute
Communicator/ReactionModule/ComponentMappingWithTransportModule/ComponentinRea/@rminid

element
Communicator/ReactionModule/ComponentMappingWithTransportModule/ComponentRea2Tran
diagram -
& sttributes
nz1:ComponentRea2Tran [ﬁ]_
1.0 tminid

attribute
Communicator/ReactionModule/ComponentMappingWithTransportModule/ComponentRea2Tran/@rm
Outld

attribute
Communicator/ReactionModule/ComponentMappingWithTransportModule/ComponentRea2Tran/@tml
nid

element Communicator/ReactionModule/ComponentMappingWithTransportModule/ComponentOutRea

diagram -
= sttributes

1:C tOuth
ns1:ComponentOu ea[T']— —

attribute
Communicator/ReactionModule/ComponentMappingWithTransportModule/ComponentOutRea/@rmOu
tid




Navod k obsluze

Pro spravny béh komunikace mezi transportnim a reakénim modelem je nutné zavést indexy odpovidajicich

sloZzek obou systém(. Tento proces byl realizovan pomoci samostatnych XML konfiguracnich soubort podle

Sablon podrobné popsanych v nize uvedenych tabulkach, jejich technicky popis je uveden v predchazejici

kapitole. Jak jiz jejich nazev napovidd, tak uvedeny priklad odpovida transportnimu modelu v prostredi
FEFLOW a reakénimu modelu v GWB. Uvedeny postup ale je mozZno realizovat i pro jina prostiedi — napf.
MODFLOW a PHREEQ. Konfigurac¢ni soubory jsou ddle vyuzZity pro definici ptikazd spousténi béhu reakéniho
modelu, jeho inicializaci, tak aby byla pfislusné instance zavedena v pamétovém prostoru dostupna po celou

dobu béhu modelu transportniho, a jeho ukonéeni souvisejicim s uvolnénim pamétového prostoru na konci

celé simulace.

ReactionModuleGWB.xsd

GWSBInitCommands

Inicializa¢ni ptikazy

GWBSetCommands

Prikaz béhu

GWBCloseCommands

Prikazy ukonceni

InputComponent

id

description

units

containsValue

Zavedeni
indext sloZek
vstupujicich
do reakcniho
modelu

Prikaz/popis

jednotky

true or false

OutputComponent

id

description

command

units

Zavedeni
index sloZek
vystupujicich
z reakcniho
modelu

Popis

Prikaz

jednotky

TransportModuleFEFLOW.xsd

OutputComponent

id

description

units

Zavedeni
indexu sloZek
vystupujicich z
transportniho
modelu

Jméno slozky

jednotky

InputComponent

id

description

Zavedeni
indext sloZek
vracenych zpét
po vypoctu
reakce

Jméno sloZky




Communicator.xsd

OutputComponent id

Seznam index( sloZek vystupujicich z transportniho modelu
InputComponent id

Seznam index( sloZek vracenych zpét po vypoctu reakce
ComponentTran2Rea | rminlid tmOutld

Mapovadni sloZek transportniho modelu tmOutld na sloZky
modelu reakéniho rminld

ComponentinRea

rminld

Virtudlni slozky, nepreddvaji se hodnoty, umoZnuje zaddvat
podminky vypoctu

ComponentRea2Tran | rmOutld tminld
Mapovani sloZek reakéniho modelu rmOutld na sloZzky modelu
transportniho tminid

ComponentOutRea

Vypoctené hodnoty z reakéniho modelu, které je uZitecné
zobrazovat v modelu transportnim

Ptiklad XML souborl pro slozeni vody (Na+, K+, Ca++, Mg++, Fe++, Mn++, Cl, SO4--, HCO3-, UO2++) je
v nasledujicich tabulkach. Vypocet pH a Eh je exportovan zpét do prostiedi FEFLOW a je tak umoznéno

pracovat s Casovym i prostorovym rozloZzenim téchto hodnot ve standardnim prostfedi FEFLOW GUI. Teplota

roztoku je do reakcniho vypoctu exportovana z prostiedi FEFLOW, s vyhodou je vyuZita i moznost simulace

rozloZeni teplotniho pole pomoci jeho nastroji. Hodnoty pH jsou v ptikladu poditany podle elektroneutrality

dopoéitdvané na bilanci H*, Eh je v pfikladu FeSeno vypoétem zaloZenym na bilanci O,. Konfiguraéni

mechanismus umoziuje i zadavani podminek potlaceni rovnovah vici vybranym minerallim (v GWB prikaz

suppress). Komunikaci mezi komponentou a GWB lze sledovat v log souboru. Detail vypist Ize nastavovat

v atributu logDetails elementu <LogFile> ve schématu Communicator.xsd v péti moznych Urovnich

e Errors, Warnings
e BasicMessages

e TransportStepMessages

e CellMessages

e BasicComponentMessages




Ptiklad vypisu log file:

20:55:35: Communicator> Communicator> Logging started.

20:55:35: Communicator> Communicator> Result file writing initialized with writeCells = 'list'.
20:55:35: Communicator> Communicator> Reading configuration of transport module.
20:55:35: TransportModuleFEFLOW> Init> Successful.

20:55:35: TransportModuleFEFLOW> ProvidedComponents> Successful.

20:55:35: TransportModuleFEFLOW> RequiredComponents> Successful.

20:55:35: Communicator> Communicator> Transport module loaded successfully.

20:55:35: Communicator> Communicator> Reading configuration of reaction module O.
20:55:36 :  ReactionModuleGWB> Init> Opening GWB application through a pipe with result 1.
20:55:36: Sending command> reset

20:55:36: Sending command> delxi = 1 linear

20:55:36: Sending command> print off

20:55:36: Sending command> plot off

20:55:36 :  ReactionModuleGWB> Init> Successful.

20:55:36 :  ReactionModuleGWB> ProvidedComponents> Successful.

20:55:36 :  ReactionModuleGWB> RequiredComponents> Successful.

20:55:36: Communicator> Communicator> Reaction module 0 loaded successfully.

20:55:36:  Communicator> Communicator> Successful.

20:55:37: Communicator> DoExchange> Time step index: 1

20:55:37: Communicator> DoExchange> Node index: 1

20:55:37:  TransportModuleFEFLOW> GetValues> Successful.

20:55:37 : Sending command> time start = 0 day, end = 1E-10 day

20:55:37 : Sending command> temperature = 13.2 C

20:55:37: Sending command> H20 =1 free kg

20:55:37 : Sending command> balance on H+

20:55:37 : Sending command> suppress Dolomite Dolomite-dis Dolomite-ord Ferrite-Ca Ferrite-Cu Ferrite-Dicalcium
Ferrite-Mg Ferrite-Zn Goethite Hematite Magnetite Siderite U02.25 UO2.25(beta) UO2.3333(beta)
20:55:37 : Sending command> Na+ = 8.2 mg/|

20:55:37 : Sending command> K+ = 1.4 mg/|

20:55:37 : Sending command> Ca++ = 23.5 mg/|

20:55:37 : Sending command> Mg++ = 5.8 mg/|

20:55:37 : Sending command> Fe++ = 1E-11 mg/|

20:55:37 : Sending command> Mn++ = 1E-10 mg/|

20:55:37 : Sending command> CI- = 5.34 mg/|

20:55:37 : Sending command> SO4-- = 60.2 mg/|

20:55:37 : Sending command> HCO3- = 98 mg/|

20:55:37 : Sending command> UO2++ = 0.001 mg/|

20:55:37 : Sending command> O2(aq) = 1.278E-12 mg/|

20:55:37 : Sending command> go

20:55:37:  ReactionModuleGWB> SetValues> Successful.

20:55:37 : Requesting result> concentration Na+; units> mg/|
20:55:37 : Response returned> 8.20000000000001

20:55:37 : Requesting result> concentration K+; units> mg/|
20:55:37 : Response returned> 1.4

20:55:37 : Requesting result> concentration Ca++; units> mg/|
20:55:37 : Response returned> 23.5000000000004

20:55:37: Requesting result> concentration Mg++; units> mg/!
20:55:37 : Response returned> 5.80000000000014

20:55:37 : Requesting result> concentration Fe++; units> mg/|
20:55:37 : Response returned> 1.00000000000016E-11
20:55:37 : Requesting result> concentration Mn++; units> mg/|
20:55:37 : Response returned> 1.00000000000002E-10
20:55:37 : Requesting result> concentration Cl-; units> mg/|

20:55:37 : Response returned> 5.34000000000001
20:55:37 : Requesting result> concentration SO4--; units> mg/|



20:55:37 : Response returned> 60.2000000000014

20:55:37 : Requesting result> concentration HCO3-; units> mg/|
20:55:37 : Response returned> 98.0000000000051

20:55:37 : Requesting result> concentration UO2++; units> mg/|
20:55:37 : Response returned> 0.00100000000000012

20:55:37 : Requesting result> concentration 02(aq); units> mg/|

20:55:37 : Response returned> 1.27800000000022E-12

20:55:37 : Requesting result> pH; default units

20:55:37 : Response returned> 6.23053864244329

20:55:37: Requesting result> Eh; units>V

20:55:37: Response returned> 0.647737338758893

20:55:37:  ReactionModuleGWB> GetResults> Successful.

20:55:37 :  TransportModuleFEFLOW> SetResults> Successful.
20:55:37: Communicator> DoExchange> Node index: 2

20:55:37 :  TransportModuleFEFLOW> GetValues> Successful.
20:55:37 : Sending command> time start = 0 day, end = 1E-10 day
20:55:37: Sending command> temperature = 13.2 C

20:55:37: Sending command> H20 =1 free kg

20:55:37 : Sending command> balance on H+

20:55:37 : Sending command> suppress Dolomite Dolomite-dis Dolomite-ord Ferrite-Ca Ferrite-Cu Ferrite-Dicalcium
Ferrite-Mg Ferrite-Zn Goethite Hematite Magnetite Siderite U02.25 UO2.25(beta) UO2.3333(beta)
20:55:37 : Sending command> Na+ = 8.2 mg/|

20:55:37 : Sending command> K+ = 1.4 mg/|

20:55:37: Sending command> Ca++ = 23.5 mg/|

20:55:37 : Sending command> Mg++ = 5.8 mg/|

20:55:37 : Sending command> Fe++ = 1E-11 mg/|

20:55:37 : Sending command> Mn++ = 1E-10 mg/|

20:55:37 : Sending command> CI- = 5.34 mg/|

20:55:37 : Sending command> SO4-- = 60.2 mg/|

20:55:37 : Sending command> HCO3- = 98 mg/I

20:55:37 : Sending command> UO2++ = 0.001 mg/|

20:55:37 : Sending command> O2(aq) = 1.278E-12 mg/I

20:55:37 : Sending command> go

20:55:37:  ReactionModuleGWB> SetValues> Successful.

20:55:37 : Requesting result> concentration Na+; units> mg/|
20:55:37 : Response returned> 8.20000000000001

20:55:37 : Requesting result> concentration K+; units> mg/|
20:55:37 : Response returned> 1.4

20:55:37 : Requesting result> concentration Ca++; units> mg/|
20:55:37 : Response returned> 23.5000000000004

20:55:37 : Requesting result> concentration Mg++; units> mg/|
20:55:37 : Response returned> 5.80000000000014

20:55:37 : Requesting result> concentration Fe++; units> mg/|
20:55:37 : Response returned> 1.00000000000016E-11
20:55:37 : Requesting result> concentration Mn++; units> mg/|
20:55:37 : Response returned> 1.00000000000002E-10
20:55:37 : Requesting result> concentration Cl-; units> mg/|
20:55:37 : Response returned> 5.34000000000001

20:55:37 : Requesting result> concentration SO4--; units> mg/|
20:55:37 : Response returned> 60.2000000000014

20:55:37 : Requesting result> concentration HCO3-; units> mg/|
20:55:37 : Response returned> 98.0000000000051

20:55:37 : Requesting result> concentration UO2++; units> mg/|
20:55:37 : Response returned> 0.00100000000000012
20:55:37 : Requesting result> concentration 02(aq); units> mg/|

20:55:37 : Response returned> 1.27800000000022E-12
20:55:37 : Requesting result> pH; default units



20:55:37 :
20:55:37 :
20:55:37 :
20:55:37:
20:55:37 :

20:58:18 :
20:58:18 :
20:58:18 :
20:58:18 :
20:58:18 :
20:58:18 :
20:58:18 :
20:58:18 :
20:58:18 :

Response returned> 6.23053864244329

Requesting result> Eh; units>V

Response returned> 0.647737338758893
ReactionModuleGWB> GetResults> Successful.
TransportModuleFEFLOW> SetResults> Successful.

Communicator> ~Communicator> Result file closed if created.
TransportModuleFEFLOW> Close> Closing TransportModuleFEFLOW.
TransportModuleFEFLOW> Close> Successful.
Communicator> ~Communicator> Transport module closed successfully.
ReactionModuleGWB> Close> Closing GWB application.

Sending command> quit
ReactionModuleGWB> Close> Successful.
Communicator> ~Communicator> Reaction module 0 closed successfully.
Communicator> ~Communicator> Successful.



Priklad XML souboru ReactionModuleGWB

GWBInitCommands

reset

delxi = 1 linear

print off
plot off
GWBSetCommand go
GWBCloseCommand quit
InputComponents OutputComponents

id description units containsValue id description command units
101 | time start =0 day, end = day true 201 | concentration Na+ concentration Na+ mg/I
102 | temperature = C true 202 concentration K+ concentration K+ mg/I
103 | H20=1 free kg false 203 concentration Ca++ concentration Ca++ mg/I
104 | balance on H+ false 204 concentration Mg++ concentration Mg++ mg/I
105 | SUPPIESS wovvevereerrereesreeeeanes false 205 concentration Fe++ concentration Fe++ mg/I
106 mg/I true 206 concentration Mn++ concentration Mn++ mg/I
107 mg/| true 207 concentration Cl- concentration Cl- mg/I
108 mg/| true 208 concentration SO4-- concentration SO4-- mg/I
109 mg/I true 209 concentration HCO3- concentration HCO3- mg/I
110 mg/I true 210 concentration UO2++ | concentration UO2++ mg/I
111 mg/| true 211 | concentration O2(aq) | concentration O2(aq) mg/I
112 mg/| true 212 | pH pH
113 mg/| true 213 Eh Eh \Y
114 = mg/I true
115 UO2++ = mg/I true
116 mg/| true




Pfiklad XML souboru TransportModuleFEFLOW

OutputComponents InputComponents

id description units id description
1001 step endtime day 2001 Na+
1002 temperature C 2002 K+
1003 Na+ mg/| 2003 Ca++
1004 K+ mg/| 2004 Mg++
1005 Ca++ mg/I 2005 Fe++
1006 Mg++ mg/I 2006 Mn++
1007 Fe++ mg/I 2007 Cl-
1008 Mn++ mg/| 2008 SO4--
1009 Cl- mg/I 2009 HCO3-
1010 SO4-- mg/I 2010 Uo2++
1011 HCO3- mg/I 2011 02(aq)
1012 UOo2++ mg/| 2012 pH
1013 02(aq) mg/I 2013 Eh




Priklad XML souboru Communicator

TransportComponents ComponentMappingWithTransportModule
InputComponent | OutputComponent | ComponentTran2Rea | ComponentinRea | ComponentRea2Tran | ComponentOutRea

id id rminid tmOutld rminid rmOutid tminid rmOutid

2001 1001 101 1001 103 201 2001

2002 1002 102 1002 104 202 2002

2003 1003 106 1003 105 203 2003

2004 1004 107 1004 204 2004

2005 1005 108 1005 205 2005

2006 1006 109 1006 206 2006

2007 1007 110 1007 207 2007

2008 1008 111 1008 208 2008

2009 1009 112 1009 209 2009

2010 1010 113 1010 210 2010

2011 1011 114 1011 211 2011

2012 1012 115 1012 212 2012

2013 1013 116 1013 213 2013




V XML souboru Communicator.xml lze v elementu <ResultFile> fidit vystup do pomocného vystupniho
souboru mezivysledk( Results.xml. Je mozZno zde nastavit, z kterych element( je tento mezivystup ukladan a
v jaké podobé.

Pro analyzu citlivosti propojeni FEFLOW - GWB jsou v Results.xml kdispozici elementy
<ReactionSpentTime>, <SpentTime> a <StepSpentTime>. VSechny ukladaji ¢as v sekundach. Prvy obsahuje
udaj o dobé, na jak dlouho bylo vdaném FEFLOW uzlu a v daném ¢asovém radku predano fizeni procesu do
GWSB, je tak uchovéna c¢asova hodnota, kterd ma znazornovat vlastni dobu vypoctu simulace GWB pro jednu
danou konfiguraci vstupnich koncentraci a poZadované doby kinetické simulace (typicky délka casového
kroku transportu ve FEFLOW).

Element <SpentTime> uklada udaj o dobé spotfebované na provadéni vlastnich algoritmd Communicatoru,
tj. rozhodovani o nahrazeni vypoctu nactenim Udaju z databaze predpocitanych hodnot vcéetné pfipadnych
databazovych operaci vyhleddvani, ¢teni a ukladani. Na rozdil od pfedchazejiciho udaje je zde tak uchovanai
doba, kterou simulacni proces stravil ve vypoctu interakce (v nasem pripadé GWB nebo prace s databazi).

Element <StepSpentTime> uklada udaj o dobé, na jak dlouho predal FEFLOW Fizeni procesu do komponenty
Communicator, tj. véetné dob spotifebované na konverzi dat mezi potfebnymi formaty a doba potiebna
k pfenosu dat z FEFLOW do GWB (databaze) a zpét.

B attributes
i
B attributes

Communicator [—} == -1

attributes

B attributes

Frsi ‘ReactionSpentTime

Ensi :StepSpentTime




MOCO Technical Solution

Introduction
This technical solution solves the communication task between transport module (FEFLOW) and several
reaction modules in common way (in our case only GWB).

Solution

Communication of modules is handled through “Contaminants Mobility” FEFLOW Plug-in. Plug-in code is
written on C++, but mixed-language programming is used inside. Plug-in PreSimulation() function is used for
communicator initialization based on configuration files. Communication take place in PostTimeStep()
function of plug-in.

FEFLOW Simulator External Plugin

t=0 | > PreSimulation() .
> PreTimeStep() I
=

»  PreFlowSimulation() I

h
PostFlowSimulation() I

h

| Flow Simulation |I

A
PreMassSimulation() I
h

| Mass Simulation |I
PostMassSimulation() I
E PreHeatSimulation() I

v
»| PostHeatSimulation() I

h 4

L4

h 4

h 4

h 4

| Heat Simulation |I

r

=4
t=t+l | PostTimeStep() I
PostSimulation() I

v

FEFLOW application is used also for results presentation in standard way. Computed value storage used for
speedup return from chemical module. Computed values can be stored in Postgre database.



analysis Business Workflows /

FEFLOW Application

User
]

X

FEFLOWscreen =

Visualized
data

simulation

|
FEFLOWPlug-In = ™ IDisposable

Communicator
ez - —— 3

«link»

Chemical Application

«use»

Computed values storage

Configuration

FEFLOW model is needed for simulation process. Corresponding configuration files should be prepared.
Configuration data should relate to model chemical species and reaction module. Computed value storage
defined in communicator configuration xml file if needed.

cmp Configuration /

«resource»
Communicator XML config file

AN

«resource» «resource»
Transport module XML config file Reaction modules XML config files




Classes and interfaces

All behaviors of solution defined in interfaces. Classes implement correspond interfaces. This provides to
developers a big flexibility in implementation.

class ContaminantsMobility /

«interface»
CMCommunicator::ICommunicator

Dispose() : void
GetResultsFromReaction(int) : double[]
GetValuesFromTransport(int) : double[]
Init(string) : void
SetResultsToTransport(doublel]) : void
SetValuesToReaction(int, double[]) : void

+ o+ o+ o+ o+ o+

«property»
+ TransportModulePackage() : ITransportModulePackage

</

- /
IDisposable «interface»
CMCommunicator::Communicator CMCommunicator::IComputedStorage
- _computedStorage: IComputedStorage = null @ K F'_‘:gs_tor;lgeo& void
- _inputXmlDocument: XmlDocument (i ETe) S
| _tirEeSteplndex: int=0 + SearchValues(int, doublel]) : doublel]
| :tmp: TransportModulePackage + StoreValues(int, int, double[], doublel[]) : void
+ Communicator() A
- ~Communicator() :
+ DoExchange() : void
+ GetConcentration(int, double[]) : void ComputedPostgre::ComputedStoragePostgre
+ GetResultsFromReaction(int) : doublef]
+ GetValuesFromTransport(int) : double[] - _dbConnection: IDbConnection
+ Init(string) : void
- NextStep() : void + ClearStorage() : void
+ SetConcentration(int, doublel]) : void - ~ComputedStoragePostgre()
+ SetResultsToTransport(doublel]) : void + Init(string) : void
+ SetValuesToReaction(int, doublel]) : void + SearchValues(int, doublel]) : double[]
«property» + StoreValues(int, int, double[], double[]) : void
+ TransportModulePackage() : ITransportModulePackage ® 1

|
«use»
¥ ) .

|

|

|
«use»

|

«use» . Computed values storage
1 «use»

1 1.*
| I I |
«interface» «interface»
Interfaces::ITransportModule Interfaces::IReactionModule

+ Close() : void + Close(): void
+ GetChangedTimeStepValues(int, double[]*) : void + GetResults() : double[]
+ GetNumberOfElements() : int + Init(string, string) : void
+ GetValues(int) : double[] + ProvidedComponents(IComponent[]*, IComponent[]*) : void
+ Init(string) : void + RequiredComponents(int[], int[]) : void
+ InitializeTimeStepValues(int, double[]) : void + SetValues(double[]) : void ==
+ ProvidedComponents(IComponent[]*, IComponent[]*) : void
+ RequiredComponents(int[], int[]) : void
+ SetResults(double[]) : void oo

(I\ (®)

ContaminantsMobility:: FEFLOW Application ContaminantsMobility::Chemical Application




Main class Communicator contains transport and reactions modules. It holds definition of one transport and list

of reaction modules.

class CMCommunicator/

IDisposable

Communicator

_computedStorage: IComputedStorage = null
_inputXmlDocument: XmlDocument
_rmplList: ArrayList

_timeSteplindex: int=0

_tmp: TransportModulePackage

ReactionModulePackage

pairedRmIn: bool ([])
pairedRmOut: bool ([])
pairedTmIn: bool ([])
pairedTmOut: bool ([])
rea2Tran: int ([])

rm: IReactionModule
rminProvided: IComponent ([])
rmInRequired: int ([])
rmOutProvided: IComponent ([])
rmOutRequired: int ([])
tran2Rea: int ([])

+ Communicator()

- ~Communicator()

+ DoExchange() : void

+ GetConcentration(int, double[]*) : void

+ GetResultsFromReaction(int) : double[]

+ GetValuesFromTransport(int) : double[]

+ Init(string) : void

- NextStep() : void

+ SetConcentration(int, doublel]) : void

+ SetResultsToTransport(double[]) : void

+ SetValuesToReaction(int, double[]) : void

«property»

+ TransportModulePackage() : ITransportModulePackage

- dmp -_rmpList
-_tmp
TransportModulePackage
+ tm: ITransportModule +
+ tmiInProvided: IComponent ([]) +
+ tmiInRequired: int ([]) +
+ tmOutProvided: IComponent ([]) +
+ tmOutRequired: int ([]) +
+
- getOnlyRequiredComponents(IComponent[], int[], string[]) : IComponent[] +
+ GetRequiredComponents(IComponent[]*, IComponent[]*) : void +
«property» L
+ InProvided() : IComponent[] i
+ InRequired() : int[] fi
+ OutProvided() : IComponent[]
+ OutRequired() : int]] i
+

TranslateDym2Rea(double[]) : double[]
TranslateRea2Dym(double[]) : double[]

Dynamic view, sequence diagram
Sequence diagram provide a view on interaction between a parts of solution.

Communicator initialization take place in PreSimulation() method of FEFLOW plug-in.




sd FEFLOW Simulation /
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|
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1

S|

32
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:
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I
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:
|
|
|
|
e
:
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Communicator initializes transport and reaction modules based on xml configuration files. It also initializes
computed storage with database connection if needed.

sd FEFLOW Simulation/
Communicator «interface» «interface» «interface» «interface»
ITransportModulePackage| ITransportModule IReactionModule IComputedStorage
oo oo
I [ [ [ [ computed values
| | | | | storage
| | | | | |
[] Init( | | | !
9 >|::] | | |
ProvidedComponents() . | |
X g >| | |
RequiredComponents() _______.__-7--- CommunicatorFEFLOWPIugIN.xmlﬁ | |
! Init0 = == - ' !
! | - | |
| ProvidedComponents(), .t -~ [.I] | |
:RequiredCorpponents() : [ : :
: In||t() T | Connection() I
| | | | | ﬁ
| | | | | |

Time step loop controlled by FEFLOW plug-in via PostTimeStep() method. This method used by
communicator for:

e Getting species concentration and boundary data such as temperature, time step from transport
module

e Check if computed set of values exists for current concentrations and boundaries, if needed

e Put current concentrations and boundaries to reaction modules, if needed

e Store computed values, if needed

e Set back results from reaction modules to transport module



Communicator

«interface»
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«interface»
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o0

«interface»
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«interface»
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| storage
1

ClearStorage()
T
|

DELETE()

l

loop by Nodes /
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g

SearchVaIués() :double

alt Values not found A
|

|
L
|
SetValues() |
GetResults() :double :
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INSERT()

)

SetReshltsO

GetChangedTimeStepValues()

I

Complete sequence diagram:
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Computed value storage
Database structure designed for storing computed values.

dm Computed values storage/

’ moco.input_component
+FK_input_component_computed put P D

«column»

*pfK computed_id: bigserial

(computed_id = id) *PK component_index: integer
<EK» *  value: double precision

+PK_computed «PK»
jm———————— =>{+ PK_input_component(bigserial, integer)
moco.computed D ! e e
j p : +  FK_input_component_computed(bigserial)
«column» | /I'\
*PK id: bigserial | |
g reaction_module_id: integer : |
e node_index: integer |
node_rank: double precision - __ «procedure» «procedure» |
*  can_delete: boolean = true moco.computed_update f—— => moco.f_get_rank :
«use»
|
«PK» [I\ |
+  PK_computed(bigserial) | |
«index» <_ ____________________________ 1 | :
+ in_computed(integer, double precision) : : |
«trigger» | cUser :
+  tr_computed_update() | ; |
|
I I !
| [ '
+PK_computed | | |
«procedure»
(compute\d_id =id) moco.f_search_outputs
«FK» T
|
|
+FK_output_component_computed |
|
|
moco.output_component D :
«column» :
*pfK computed_id: bigserial |
*PK component_index: integer e e — ]

3 value: double precision

«PK»
+  PK_output_component(bigserial, integer)
«FK>»
+  FK_output_component_computed(bigserial)

Moco.lnput_component table used for store input values which sets to reaction model. Output from
reaction module is stored in moco.output_component table. Few database procedures are created to make
easier search correspond computed values. Procedure moco.f_get_rank calculates node rank based on node
input values. Procedure moco.computed_update updates node rank based value returned by

moco.f_get rank procedure. Procedure moco.f_search_outputs search for outputs based on inputs.

Installation

Setup package provided for installation. Contaminant mobility folder contains binary files, configuration files
in CMConfig folder after installation. Stored result and log files saved in corresponded folders after
simulation run. DHI.ContaminantsMobility.FEFLOWPIugin.dll is contaminants mobility FEFLOW plug-in.
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DHIL CentaminantsMebility. ComputedPostgre.dll
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DHL ContaminantsMaobility. Common.dll

XML configuration files
Configuration files are located in CMConfig folder.

CommunicatorFEFLOWPlugIN.xml
Detailed information can be found in Communicator.docx.

TransportModuleFEFLOWCaCO3.xml
Detailed information can be found in TransportModuleFEFLOW.docx.

ReactionModuleGWBCaCO0O3.xml
Detailed information can be found in ReactionModuleGWB.docx.

SQL
Database installation requires in case of using computed storage. Set of sql command provided to initialize
database structure for computed storage can be found in SQL folder (moco.SQL).




-- Generated by Enterprise Architect Version 7.5.848
-- Created On : 09 10 2015
-- DBMS  :PostgreSQL

-- Drop Tables, Stored Procedures and Views
DROP TABLE IF EXISTS moco.computed

DROP TABLE IF EXISTS moco.input_component
DROP TABLE IF EXISTS moco.output_component

7

-- Create Tables
CREATE TABLE moco.computed (
id bigserial NOT NULL, -- Autoincremented index
reaction_module_id integer NOT NULL, -- Reaction module identifier
node_index integer NOT NULL, -- Index of node for which precomputed data is stored
node_rank double precision, -- Rank of stored data for node
can_delete boolean DEFAULT true NOT NULL
)
COMMENT ON COLUMN moco.computed.id
IS 'Autoincremented index'
COMMENT ON COLUMN moco.computed.reaction_module_id
IS 'Reaction module identifier'
COMMENT ON COLUMN moco.computed.node_index
IS 'Index of node for which precomputed data is stored'
COMMENT ON COLUMN moco.computed.node_rank
IS 'Rank of stored data for node'

CREATE TABLE moco.input_component (
computed_id bigserial NOT NULL, -- Identificator of computed record
component_index integer NOT NULL, -- Input component index
value double precision NOT NULL -- Input component value
)
COMMENT ON COLUMN moco.input_component.computed_id
IS 'ldentificator of computed record’
COMMENT ON COLUMN moco.input_component.component_index
IS 'Input component index'
COMMENT ON COLUMN moco.input_component.value
IS 'Input component value'



CREATE TABLE moco.output_component (
computed_id bigserial NOT NULL,
component_index integer NOT NULL, -- Output component index
value double precision NOT NULL -- Output component value
)
COMMENT ON COLUMN moco.output_component.component_index
IS 'Output component index'
COMMENT ON COLUMN moco.output_component.value
IS 'Output component value'

-- Create Primary Key Constraints
ALTER TABLE moco.computed ADD CONSTRAINT PK_computed
PRIMARY KEY (id)

ALTER TABLE moco.input_component ADD CONSTRAINT PK_input_component
PRIMARY KEY (computed_id, component_index)

ALTER TABLE moco.output_component ADD CONSTRAINT PK_output_component
PRIMARY KEY (computed_id, component_index)

-- Create Indexes
CREATE INDEX in_computed
ON moco.computed (reaction_module_id, node_rank)

7

-- Create Foreign Key Constraints

ALTER TABLE moco.input_component ADD CONSTRAINT FK_input_component_computed
FOREIGN KEY (computed_id) REFERENCES moco.computed (id)

ON DELETE CASCADE

7

ALTER TABLE moco.output_component ADD CONSTRAINT FK_output_component_computed
FOREIGN KEY (computed_id) REFERENCES moco.computed (id)
ON DELETE CASCADE

7

-- Create Stored Procedures
CREATE OR REPLACE FUNCTION moco.computed_update()
RETURNS trigger AS
SBODYS
BEGIN



select into NEW.node_rank moco.f_get_rank(NEW.reaction_module_id, VARIADIC array(select value from
moco.input_component where computed_id = NEW.id order by component_index));
RETURN NEW;
END;
SBODYS
LANGUAGE plpgsql VOLATILE
COST 100;
ALTER FUNCTION moco.computed_update() OWNER TO postgres;

7

CREATE OR REPLACE FUNCTION moco.f_get_rank(IN module_id integer, VARIADIC arr double precision[])
RETURNS double precision AS
SBODYS
SELECT sum(52[i]) FROM generate_subscripts(52, 1) g(i);
SBODYS
LANGUAGE sql VOLATILE
COST 100;
ALTER FUNCTION moco.f_get_rank(integer, double precision[]) OWNER TO postgres;

7

CREATE OR REPLACE FUNCTION moco.f_search_outputs(IN module_id integer, VARIADIC arr double precision[])
RETURNS SETOF moco.output_component AS
SBODYS
select moco.output_component.* from moco.output_component,
(
select moco.computed.id, abs(moco.computed.node_rank - moco.f_get_rank(51, VARIADIC (52))) as diff from
moco.computed
where
moco.computed.reaction_module_id = 51
order by diff
limit 1
) as row
where computed_id = row.id and diff < 1e-9
order by component_index;
SBODYS
LANGUAGE sql VOLATILE
COST 100
ROWS 1000;
ALTER FUNCTION moco.f_search_outputs(integer, double precision[]) OWNER TO postgres;

7

-- Create Triggers
CREATE TRIGGER tr_computed_update
BEFORE UPDATE
ON moco.computed
FOR EACH ROW
EXECUTE PROCEDURE moco.computed_update(E'\\x');



