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Forord

Denne rapport er en del af fyrtarnsprojektet "Smart Re-design of Drinking Water Production”,
som blev udfert i perioden 2018 - 2022 og finansieret af projektdeltagernes egenfinansiering
samt den offentlige stgtteordning Miljgteknologisk Udviklings- og Demonstrationsprogram
(MUDP) under Miljgministeriet. Projektets formal er at re-designe vandbehandling ved en dyb
forstaelse og en radikal nytaenkning af vandbehandlingsprocessen. Da projektet omhandler
helt almindelig dansk vandbehandling, er projektets resultater relevante for alle danske vand-
forsyninger.

Fyrtarnsprojektet er formidlet gennem 12 rapporter, samt en serie konferenceindlaeg, tidskrifts-
artikler, og seminarer. Desuden er en reekke Igsninger demonstreret ved fuldskalaanlaeg pa
hhv. Osterbyvaerket syd for Aarhus og Lundevaerket nord for Odense.

Baggrund

| Danmark er drikkevandsproduktion baseret pa grundvand. Grundvandet behandles ved en
ret enkelt proces, der kaldes for "normalbehandling” (Karlsen og Serensen, 2014). Denne pro-
ces bestar af iltning af vandet efterfulgt af en biofiltrering med gravitations- eller trykfiltre. Bio-
filtrering indebzerer en kompleks blanding af fysiske, kemiske og mikrobiologiske elementer.
Da det indvundne grundvand ofte er kemisk reduceret, kan vandet indeholde oplgste stoffer
som jern, ammonium og mangan, der skal fiernes/omdannes. Avanceret vandbehandling kom-
mer kun pa tale, hvis der ogsa er behov for at fijerne f.eks. gasser (svovlbrinte, methan, ag-
gressiv kuldioxid), hardhed, arsen eller pesticider. | Danmark anvendes hverken chlor eller an-
dre former for kemisk desinfektion under behandling eller distribution af vandet.

Biofiltrering er hjertet af normalbehandling af drikkevand i Danmark. Design og drift af biofiltre-
ring har dog ikke eendret sig vaesentligt i mere end 100 ar. Manglende proces- og mikrobiolo-
gisk viden kombineret med en konservativ tilgang har medfert, at videreudvikling af biofiltrering
har veeret begraenset, og at filtre har vaeret betragtet som en black box. Nye og billigere mikro-
biologiske analyser, sofistikerede pravetagningsmetoder, at-line malinger og andre fremskridt
har nu abnet denne black box i vandbehandlingen og gjort det muligt at undersage, forsta og
manipulere processen i hgjere grad end for.

Projektorganisation
Projektet blev udfart af syv partnere og to underleverandarer, se FIGUR 1 nedenfor:
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Felgegruppe Projekiejer
Miljestyrelsen, DANVA, Aarhus Vand
Danske Vandvaerker A/S

Styregruppe Projektledelse & Kvalitetssikring
En reprzsentant fra administration
hver partner 'VIA University College

Aarhus Vand
A/S

Dansk Kvarts Industri Amphi-Bac

VIA University College

A/S ApS

FIGUR 1. Diagram over projektorganisation.

Projektets falgegruppe og styregruppe bestod af falgende personer:

Folgegruppe Styregruppe

Bolette D. Jensen, Miljgstyrelsen (formand) Flemming Fogh Pedersen, Aarhus Vand
Dorte Skreem, DANVA Finn Mollerup, VandCenter Syd

Robert Jensen / Henrik Hermansen, Danske Jens Kristensen, Vand og Teknik
Vandveerker Claus Hove Sgrensen, Dansk Kvarts Industri
Flemming Fogh Pedersen, Aarhus Vand (pro-  Sgren Bastholm Olesen, Amphi-Bac
jektejer) John Kristensen, NIRAS

Loren Ramsay, VIA University College (pro- Loren Ramsay, VIA University College
jektleder)

Projektets arbejdspakker og rapporter

Projektet er inddelt i arbejdspakker og rapporter, se nedenfor. Arbejdspakkerne og rapporterne
er identificeret som "abne” eller "7kommercielle” for at tydeliggere, hvornar resultater frit formidles
til hele branchen og hvornar resultater holdes internt blandt de relevante partnere af hensyn fil
kommercielle interesser.

Arbejdspakke 1: Etablering af designgrundlag (aben)
Rapport 1: Indsamling af vandbehandlingsdata
Rapport 2: Merkur: Web-baseret platform til vandbehandlingsdata

Arbejdspakke 2: Tekniske forseg (aben)

Rapport 3: Flytning af filtermediekorn under returskyl
Rapport 4: Jernfjernelsesdybde i biofiltre

Rapport 5: Biostimulering med ammonium

Rapport 6: Jernfiernelse i returskyl

Rapport 7: Filtermediers gangtid
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Arbejdspakke 3: SmartSand (kommerciel)
Rapport 8: Udvikling og produktion af SmartSand (fortrolig)

Arbejdspakke 4: SmartArkitektur (aben)
Rapport 9: Vandbehandlingsmodel

Arbejdspakke 5: Fyrtarnsdemonstration i fuldskala (aben)
Rapport 10: Demonstrationsanlaeg ved Jsterbyvaerket
Rapport 11: Demonstrationsanlaeg ved Lundevaerket

Arbejdspakke 6: Projektledelse
Rapport 12: Sammenfatning
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Sammenfatning

Denne rapport omhandler Merkur: web-baseret platform til vandbehandlingsdata og er Rap-
port 2 af 12 om fyrtarnsprojektet "Smart Re-design of Drinking Water Production”. Formalet
med Rapport 2 er at dokumentere denne platform. Desuden er formalet at identificere Design,
Drift og Performanceindikatorer (DDP-indikatorer), der kan sammenlignes mellem vandveer-
ker, hvorved forstaelse for drikkevandsproduktion fremmes.

En landsdeekkende opggrelse over den aktuelle drikkevandskvalitet viser, at der i januar 2019
forekommer knap 500 overskridelser af vandkvalitetskrav pa de danske vandvaerker. Over
halvdelen af disse skyldes utilstraekkelig vandbehandling frem for utilstraekkelig grundvandsbe-
skyttelse, darligt grundvandskvalitet fra naturens hand eller forureninger af distributionsnettet.
Hermed baerer vandbehandlingsanleeg en stor del af ansvaret for uacceptabel drikkevands-
kvalitet.

For at finde arsager til overskridelser er der behov for monitering af vandbehandlingsproces-
sen. | Danmark samles mange vandkvalitetsdata i den landsdeekkende database Jupiter. Dog
er langt hovedparten af prgverne udtaget ved boringer og ved distributionsnettet (tidligere af-
gang vandveerk), da lovgivning kraever det. Meget fa pregver udtages i forbindelse med selve
filtreringsprocessen til indlaesning i Jupiter. Motivationen for Rapport 2 er derfor en kombina-
tion af disse to faktorer: 1: At uacceptabel drikkevandskvalitet langt hen ad vejen skyldes util-
straekkelig vandbehandling og 2. At netop vandbehandling mangler moniteringsdata for vand-
kvalitet.

Performanceindikatorer er ofte anvendt i vandbranchen, isaer produktbaserede indikatorer
med fokus pa gkonomi. En litteraturgennemgang viser dog, at der ikke tidligere er defineret
tekniske indikatorer for vandbehandling, der kan bruges under danske forhold. | Rapport 2, ud-
vides performanceindikator-begrebet til det mere retvisende Design, Drift og Performanceindi-
kator (DDP-indikator). Rapporten identificerer seks faktorer, der kendetegner den gode DDP-
indikator. Desuden identificeres fem potentielle barrierer mod implementering af DDP-indikato-
rer. Endelig gives eksempler pa 14 specifikke DDP-indikatorer, der kan anvendes i forbindelse
med drikkevandsbehandling i Danmark.

Merkur er en aben, web-baseret relationel database til vandbehandlingsdata udviklet i forbin-
delse med dette projekt. | dens nuveerende version er databasen programmeret i FileMaker 14
platformen og omfatter otte hovedtabeller og en raekke stgttetabeller. Brugerfladen omfatter en
login-procedure, der muligger, at det aktuelle vandveerk fremhaeves i diverse visualiseringer.
Der er udarbejdet 21 standardgrafer. Data fra de 10 deltagende vandveerker tilhgrende Aarhus
Vand og VandCenter Syd er indlaest i databasen og kvalitetssikret.

Jo flere vandveerker, der deltager i Merkur, jo mere retvisende bliver de forskellige indikatorer.
Derfor er der behov for at aftale permanent hosting af databasen samt indlemme flere vand-
veerker. Merkur har potentiale bade i Danmark samt internationalt i lande med lignende drikke-
vandsbehandling.
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1. Introduktion

Formalet med Rapport 2 er at dokumentere skabelsen af en aben, web-baseret platform til
strukturering, lagring, visualisering og deling af indsamlede vandbehandlingsdata med tilhg-
rende metadata. Den resulterende nationale database er navngivet "Merkur”, kommunikations-
guden i den romerske mytologi. Merkur skal indeholde en skattekiste af informationer for vand-

forsyninger, radgivere og forskere, der vil basere vandbehandlingsbeslutninger pa evidens.

Der er mange krav til en god produktion af drikkevand, herunder hgj vandkvalitet, stor behand-
lingsrobusthed, brugervenlige produktionsmetoder, minimalt vandspild, lavt energiforbrug samt
lave omkostninger til anlaeg og drift. Vandbehandlingsdata har en vigtig rolle at spille for at op-
fylde disse krav og kan bruges i vandbehandlingsprocessen bade til problemlgsning, optime-

ring, design og innovation.

| denne rapport omtales fglgende emner:
1. Opgerelse af drikkevandskvalitet i Danmark.
2. Fastlaeggelse af Design, Drift og Performanceindikatorer (DDP-indikatorer).
3. Design af Merkur databasen.
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2. Aktiviteter

| dette kapitel angives en oversigt over de aktiviteter, der blev gennemfart i dette studie.

21 Opgorelse over overskridelser af drikkevandskvalitetskrav
Formalet med denne aktivitet er at fastlaegge den aktuelle status for Danmarks drikkevands-
kvalitet. Overskridelser af kvalitetskrav blev opgjort pa basis af et udtraek af alle malinger i Ju-
piter databasen den. 10. jan. 2019. Arbejdet bestod af en datavask (i forbindelse med overfgr-
sel af data til en datawarehouse) samt en raekke automatiske og manuelle forespgrgsler.
Overskridelser af vandkvalitetskrav er en af de motiverende faktorer for udvikling af den nye
nationale database.

2.2 Fastleeggelse af DDP-indikatorer

Formalet med denne aktivitet er at give et bud pa, hvilke DDP-indikatorer, der kan bruges af
driftoperatgrer til gennemfarelse af evidensbaserede beslutninger om drift, af ingenigrer til de-
sign af vandbehandlingsprocesser samt af personale til vurdering af vandbehandlingens per-
formance. Indledningsvis blev faktorer, der er vigtige for gode vandbehandlings performance
identificeret. Derefter blev forskellige forhindringer for implementering af DDP-indikatorer gen-
nemgaet. Endelig blev et bud pa specifikke, anvendelige DDP-indikatorer givet.

23 Design af databasen

Formalet med denne aktivitet er at designe en relationel database til vandbehandlingsdata. De
forskellige opgaver i denne aktivitet vises nedenfor:

Software: Et fgrste skridt var at vaelge databasesoftware.

Tabeller, felter og relationer: Herefter blev hovedtabellerne bestemt, navngivet og programme-
ret, herunder de indbyrdes relationer mellem tabellerne. Desuden blev en raekke stgttetabeller

bestemt. Endelig blev datafelterne i hver tabel fastlagt og programmeret.

Brugerflade: Opgaver i forbindelse med brugerfladen inkluderer programmering af log-in (evt.
til at opna adgang til forskellige niveauer af rettigheder) og menupunkter.

Visualisering af data: Et antal grafer, der vises i databasen, blev fastlagt. Hver graf blev desig-
net og programmeret.

Datainput og kontrol: Indsamlet data fra de 10 vandvaerker blev indtastet i Merkur. Derefter
blev data kontrolleret for at sikre mod fejl.
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3. Drikkevandskvalitet i
Danmark

Det siges, at Danmark har noget af verdens bedste drikkevand (Miljgstyrelsen, 2018). For at
opna sterre indblik i dette udsagn, blev et gjebliksbillede over overskridelser af drikkevandets
kvalitetskrav opgjort pa landsplan. Til dette formal blev alle malinger af drikkevandspraver i
den offentlige og landsdzaekkende boringsdatabase "Jupiter” (tabellen PLTCHEMANALYSIS)
anvendt.

3.1 Fremgangsmade ved opgerelsen

Fremgangsmaden ved opgarelsen omfattede en indledende datavask i forbindelse med, at
data blev overfgrt til et datawarehouse. Herefter blev overskridelser identificeret ved at stille en
reekke automatiske udveaelgelsesforespargsler i en ngje-planlagt reekkefelge ind i dataware-
house. Hermed var det muligt at opggre vandvaerkernes aktuelle overskridelser af drikkevan-
dets kvalitetskrav. Opgearelsen er udfert pr. stof og pr. vandveerk og gaelder kun for den sene-
ste udferte maling (for hvert stof pa hvert vandveerk). Hermed er historiske overskridelser ikke
medtaget i denne opgerelse.

| det felgende angives fremgangsmaden ved opgearelsen. Placeringen af de omtalte data i Ju-
piter angives i parentes som fglger: (TABEL/Felt).

3.1.1 Datavask ved overfarsel til datawarehouse

| forbindelse med overfarsel af data til en datawarehouse struktur blev falgende udveelgelser
udfert:

1. Manglende enheder (PLTCHEMANALYSIS/Unit): Poster uden enheder blev ikke
overfgrt til datawarehouse.

2. Analysedubletter (DRWCHEMANALYSIS): Ved dubletter (poster med hver deres
AnalyselD, med samme SamplelD, Amounts og Units), der skyldes forskellige veer-
dier i felterne AnalysisMethod, DetectionLimit, og AnalysisLocation, blev den post,
der har den hgjere AnalyselD udvalgt, mens posten med den lavere AnalyselD ikke
blev overfgrt til datawarehouse.

Desuden blev fglgende tilpasninger udfert:

1. Enhedsomregning (PLTCHEMANALYSIS/Unit og PLTCHEMANALYSIS/Amount):
Amounts, der har enheder af samme type (fx mg/L og ug/L) blev omregnet saledes at
alle Amounts med samme type fik samme enhed

2. Virksomhedstype (DRWPLANTCOMPANYTYPE/CompanyType): Da hvert plant kan
have mere end én CompanyType registreret over tiden, blev kun den seneste Com-
panyType overfgrt til datawarehouse.

3.1.2 Automatiske udvalgelser

Den indledende udveelgelse af aktuelle overskridelser blev gennemfart automatisk ved hjaelp
af nedenstaende kriterier.

| databehandlingen sikres det, at der ikke opstar dubletter af data pa baggrund af forskellige
veerdier i irrelevante felter i de anvendte tabeller fra Jupiterdatabasen. Det betyder at hvor alle
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relevante felter er ens, men der angives forskellige veerdier i felter som eks. AnalysisResultl-
dentifier, UpdateDate, InsertDate og Laboratory fastholdes antallet af reekker ved udvaelgelse
af antallet af unikke raekker i outputtabellen.

1. Virksomhedstype (DRWPLANTCOMPANYTYPE/CompanyType): Til at identificere
relevante anlaeg blev der kun medtaget tre virksomhedstyper, nemlig: "vandforsy-
ning”, "private feelles vandforsyningsanlaeg” og "offentlige feelles vandforsyningsan-
laeg”. Hermed blev "husholding 1-2 hustande”, "markvanding”, og mange andre virk-
somhedstyper sorteret fra.

2. Geografi (DRWPLANT/Yutm32euref89): Til at identificere relevante anlaeg blev der
yderligere udeladt alle anlaeg med nordkoordinater > 6.450.000 m. Hermed medtages
anlaeg i Grenland ikke, og der fokuseres alene pa anlaeg i Danmark.

3. Stoffer/parametre (PLTCHEMANALYSIS/CompoundNo): | skrivende stund er den se-
neste "tilsynsbekendtgarelse” fra august 2018 (Miljg- og Fadevareministeriet, 2018).
Kun navngivne stoffer (eller parametre sdsom pH) i denne bekendtgerelse, hvor der
er angivet et kvalitetskrav, blev medtaget i opg@relsen. Listen findes i Bilag 1.

4. Afskeeringsdato (PLTCHEMSAMPLE/Sampledate): | opggrelsen er der kun interesse
for overskridelser pa aktive vandvaerker. Derfor blev der fastsat afskaeringsdatoen
1/1/2011, se TABEL 1.

5. Udladelse af alle aeldre analyser giver en ekstra sikring af, at inaktive vandveerker
ikke indgar i opggrelsen. Hyppighed, hvormed enkelte parametre males varierer af-
haengig af stof og vandvaerkets produktion. Den mindste hyppighed er én gang hver
tredje ar for sakaldt "Gruppe B” stoffer og vandvaerker, der producerer mindre end 10
m3/dggn. For ikke at udelukke aktive vandvaerker blev de tre ar fordoblet (i tilfeelde af,
at en enkelt prgvetagning blev glemt) og der blev tillagt yderligere to ar for evt. lang-
som indberetning og frigivelse i Jupiter. Hermed blev afskeeringsdatoen ca. 8 ar for
udtreeksdatoen.

6. Detektionsgreense (PLTCHEMANALYSIS/Attribute): Det kan haende, at en parameter
har en detektionsgraense, der er hgjere end kvalitetskravet. For malinger under de-
tektionsgraensen, kan man ikke vide, om malingerne repraesenterer en overskridelse.
Derfor blev disse poster udelukket fra opgerelsen. | praksis blev malinger, hvor der
star "<” i feltet "Attribute” samtidig med amount > kvalitetskravet derfor udelukket.

7. Ravandsprgver (SAMPLE/PltChemSampleRemark): Opgerelsen geelder kun rent-
vandsprgver. Ved fejl er enkelte ravandspraver i Jupiter registreret som rentvands-
prever. Derfor blev alle praver, hvor ordene "ravand” eller "boring” optraeder i feltet
PltChemSampleRemark udelukket fra opgarelsen. Hermed risikeres der fejlagtigt at
udelukke praver fra forsyninger, hvor ravand fra boringer pumpes direkte til forbru-
gere uden behandling.

8. Seneste maling (SAMPLE/Sampledate): For hvert vandveerk blev alle malinger for et
bestemt stof - undtaget den seneste - udelukket fra opgarelsen.

9. Overskridelser (PLTCHEMANALYSIS/Amount): Kun prgver, hvor feltet "amount” er
hgjere end kvalitetskravet for den pageeldende stof/parameter blev identificeret som
en overskridelse.

10. Nedlagte vandveerker: Anlaeg som har ordet "Nedlagt” i deres navn frasorteres

11. Aktive vandvaerker (COMPANY): Anlaeg, der formodes at veere inaktive blev udeluk-
kede. For at identificeres som formodet inaktiv skal felgende kriterier opfyldes samti-
digt: WWRCATCHMENT/Indvindingsmaengde for 2017 = null, INTAKECATCH-
MENT/Indvindingsmaengde for 2017 = null, DWRPLANT/Status = Inaktiv, CATCH-
PERM/Tilladelse slutdato aeldre end 2019, BORECATCHCOND/Tilladelse slutdato
eeldre end 2019.

12. Under detektionsgraense: Kun praver, hvor Attribute # "<” blev medtaget.
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3.2 Resultat af udvalgelsen

TABEL 2 viser det tilbagevaerende antal poster i Jupiter-tabellen "PLTCHEMANALYSIS” efter
hvert af ovenstaende kriterier blev anvendt. P& udtraeksdatoen var der over 9 millioner malin-
ger i alti tabellen. Opggrelsen identificerede i alt 490 aktuelle overskridelser, se TABEL 1.

TABEL 1. Udvaelgelseskriterier (der er anvendt i den angivne reekkefalge) og antal tilbagevae-
rende poster til fastleeggelse af antal overskridelser. Har vi tal for spgrgsmalene?

Nr. Kriterier Resultater, Resultater,
Udtraeksdato: 10/01/2019 udelukket resterende

Datavask

1 Alle poster i tabellen PLTCHEMANALYSIS - 9.181.465

2 Unikke kombinationer af SMPLAEID, COUNDNO, ATTRIGUTE, AMOUNT og UNITi 13.176 9.168.289

PLTCHEMANALYSIS tabellen

& Manglende enheder i tabellen PLTCHEMANALYSIS 134.650 9.033.639

Automatiske udvalgelser

1 Virksomhedstype Kun vandveerker medtaget 1.637.139 7.428.245

2 Geografi Anlaeg fra Grgnland udelukket 59.569 7.368.676

3 Stoffer/parametre Kun stoffer, som fremgar af tilsynsbekendtgarel- 3.546.614 3.822.062
sen medtaget

4 Afskeeringsdato Ingen gamle data medtaget 2.325.444 1.496.618

5 Detektionsgreense Resultatet udelukket hvis amount < detektions-  113.950 1.382.668
greense & amount > kvalitetskrav samtidig

6 Ravandsprever Praver som ikke er drikkevand udelukket pa ba- 2.090 1.380.578
sis af prevetagningskommentarer

7 Seneste maling Kun den nyeste maling for hvert stof og hvert 1.201.194 179.384
vandveerk medtaget

8 Overskridelser Kun malinger hvor amount > kvalitetskrav er 177.976 1.408
medtaget

9 Nedlagte vandveerker Kun plants som ikke har "Nedlagt” i navnet 17 1.391

10 Aktive vandveerker Meget sandsynligt inaktive plants fiernes 425 963

11 Under detektionsgreense Kun overskridelser, hvor Attribut # "<” er medta- 473 490
get

FIGUR 2 nedenfor viser resultatet af opgarelsen af aktuelle overskridelser i dansk drikkevand.
Stofferne er rangeret efter dem, der hyppigst overskrider.
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FIGUR 2. Parameter, der hyppigst overskrider drikkevandskvalitetskrav.

3.3 Vurdering

De parametre, der hyppigst overskrider drikkevandskvalitetskrav, kan inddeles i fire typer:
vandbehandling, naturlige, miljgfremmede og ledningsnet. Stoffer i kategorien "Vandbehand-
ling” stammer fra grundvandet, men bgr kunne fiernes ved normal vandbehandling. Stoffer i
kategorien "Naturlige” stammer ligeledes fra grundvandet, men fiernes ikke ngdvendigvis ved
normal vandbehandling. Stoffer i kategorien "Miljgfremmede” er menneskeskabt, enten som
resultat af forurening af utilstraekkeligt beskyttede grundvand eller fra anleegstekniske udfor-
dringer. Stoffer i kategorien "Ledningsnet” finder vej ind i vandledninger eksempelvis ved led-
ningsbrud eller i forbindelse med oversvemmelser. Stoffer i FIGUR 2 er opdelt i TABEL 2 ne-
denfor.

TABEL 2. Kategorier og Igsning for stoffer, der hyppigst overskrider vandkvalitetskrav.

Kategori Stofeksempler Eksempler pa lgsninger
Vandbehandling ammonium, mangan, turbi-  Velfungerende normal vandbehandling
ditet, jern

Naturlige NVOC, pH, arsen Ny kildeplads, avanceret vandbehandling

Miljgfremmede DPC, DMS Grundvandsbeskyttelse, oprensning af foru-
rening, ny kildeplads, avanceret vandbe-
handling

Ledningsnet E.coli, kim 22 Hygiejniske ledningsreparationer og skylnin-
ger

Denne inddeling i kategorier er vigtigt, da den angiver, hvor lgsningen til overskridelser skal
s@ges. Som det ses af FIGUR 3, baerer vandforsyningernes normale vandbehandling den
starste del af ansvaret for overskridelser af drikkevandskvalitetskrav i Danmark. FIGUR 3 ne-
denfor viser inddeling af overskridelse efter arsag-
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FIGUR 3. Oversigt over antal overskridelser og arsager hertil.
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4. Design, drift og
performanceindikatorer

Performanceindikatorer (PI) bruges til at evaluere organisationers succes inden for omrader
lige fra uddannelse til sundhed. Inden for drikkevand er PI typisk begraenset til det finansielle
domaene, f.eks. produktionsomkostninger per produceret m? eller det meget brugte energifor-
brug pr. m3 (kWh/m3). Yderligere domaener sasom de tekniske aspekter omkring vandbehand-
lingsprocessen har faet mindre opmaerksomhed. Undersggelserne, der er beskrevet her, foku-
serer pa dette domaene med henblik pa at fremme den tekniske forstaelse for vandbehandling
og det ultimative mal at kunne re-designe vandveerker.

Pl'er er typisk produktbaserede snarere end procesbaserede. Imidlertid er det procesbaserede
Pl'er, der er ideelle til at give operatgrerne det ngdvendige vaerktgj til gennemfarelse af evi-
densbaserede beslutninger. Selvom flere undersggelser har set pa tekniske Pl'er for vandbe-
handlingsprocessen, blev der ikke fundet undersggelser med fokus pa drikkevandsbehandling,
hvor der anvendes grundvandskilder og biofiltrering. Blandt relevante referencer er IWA
(2002), EBC (2020), DANVA (2020), de Goede et al (2016).

Ud over indikatorer, der fortaeller om et vandvaerks performance, kan der udvikles indikatorer,
der forteeller om vandvaerkets design og drift. Tilsammen kaldes disse her for design, drift og
performanceindikatorer eller DDP-indikatorer for at fremhaeve, at anvendelse af disse indikato-
rer spaender over design og drift af vandbehandlingsanlaeg savel som deres performance. |
dette kapitel bliver faktorer, der er vigtige for gode DDP-indikatorer identificeret og barrierer
mod brug af DDP-indikatorer gennemgaet. Endelig er specifikke indikatorer beskrevet.

4.1 Krav til den gode DDP-indikator

Det farste skridt, nar der skal veelges indikatorer, er at identificere hvilke generelle faktorer, der
er vigtigst for valget (se FIGUR 4). Nedenfor beskrives disse faktorer.

En god DDP Indikator bgr, for at den giver veerdi for vandforsyninger:

1. give indsigt i et essentielt aspekt af vandbehandlingsprocessen, sasom behand-
lingseffektivitet, drikkevandskvalitet, energiforbrug, mv.

2. udvise stor variation mellem forskellige vandvaerker, da der er begraenset laering at
hente, hvis variationen er lille. Nar en ny DDP-Indikator er fastlagt og malt, ses ofte at
variationen mellem vandvaerker indsnaevres over tid, da personale leerer af hinandens
praksis og implementerer forbedringer.

3. ber kunne pavirkes ved implementering af gode beslutninger. En PI, der beskriver et
aspekt, hvor der ingen mulighed for pavirkning er, har ikke sa stor en vaerdi.

4. veere kvantificerbar ved hjelp af objektive malemetoder med specifikke enheder.

5. pege vejen frem mod en specifik lesning, der kan forbedre DDP-Indikator-vaerdien.
En DDP-Indikator, der er sa generel, at den ikke indebeerer et vink om, hvad skal aen-
dres, har mindre veerdi.

6. balancere omkostninger og fordele. De omkostninger og kraefter, der kraeves for at
indsamle Pl-data (dvs. prgveudtagning og analyse) bar ikke veere stgrre end de po-
tentielle fordele ved den indsigt, der opnas.
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Disse faktorer er visualiseret i FIGUR 4 nedenfor:

1. Bekriver en
essentiel aspekt

6. Potentielle
fordele overskygger
udgifter til
dataindsamling

2. Udviser variation
mellem

behandlingsanlzeg

En god
DDP-indikator

3. Kan influeres
gennem gode
beslutninger

5. Specifikt nok til at
feed forward mod
en l@sning

4. Kvantificerbar
saledes at et mal
kan fastsaettes

FIGUR 4. Faktorer, der definerer den gode performanceindikator.

4.2 Barriere mod brug af DDP-indikatorer
Der kan forekomme flere forhindringer, der virker som barriere mod implementering af Pl'er.
Disse barrierer omtales nedenfor:

1. Der er i gjeblikket ingen lovgivning, der kreever indsamling af data om vandbehand-
ling. Derfor kan indsamling af disse data opfattes om ungdvendig. Da den lovgiv-
ningsmaessige driver savnes, er brug af Pl'er et frivilligt tiltag.

2. De mest relevante tekniske Pl'er for vandbehandlingsprocessen er hidtil ikke fast-
lagte.

3. | Danmark er der ingen systematisk opbevaringssted, hvor vandbehandlings-Pl'er
er hjemmehgrende. Den landsdaekkende Jupiter-database for data om borings- og
vandkvalitetsdata er i verdensklasse, men vandbehandlingsdata er ikke en del af da-
tabasen. For at vaere af veerdi for behandlingsprocessen skal der f.eks. indsamles
samhgrende data fra indlgb og udlgb af hver enhedsoperation, og de ngdvendig me-
tadata skal medtages.

4. Indsamling af vandbehandlingsdata indebarer omkostninger og kraver mand-
skabsressourcer, hvilket kan veere en barriere.

5. Der er behov for en kritisk masse af deltagende vandvaerker for at sikre en gyldig
benchmark, for at muligggre et forum til deling af data og for at gge bevidstheden om
de potentielle fordele ved maling af DDP-indikatorer til vandbehandling.

4.3 Udvalgte DDP-indikatorer

Nedenfor beskrives et udvalg af specifikke DDP-indikatorer, der har veerdi for drikkevands-
branchen i Danmark. | takt med, at der opnas flere erfaringer med brug af DDP-indikatorer,
forventes denne liste at blive udvidet og tilpasset. TABEL 3 er en liste over disse indikatorer
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sammen med veerdier fra de 10 undersegte vandvaerker. Hver indikator er tildelt mal pa tre ni-
veauer: grgn (acceptabel veerdi), gul (opmaerksomhed anbefales) og rgd (kan kraeve hand-
ling).

4.3.1 Filterudnyttelse

Filterudnyttelse udtrykker i procent, hvor meget et filteranleeg udnyttes (baseret pa vandveaer-
kets aktuelle arsproduktion) sammenlignet med en teenkt situation, hvor vandveerkets filtre be-
lastes mest muligt (dvs. maksimum flow pa filtret, 24/7). Da der er behov for pauser i produk-
tion til returskylleprocessen, kan 100% udnyttelse ikke opnas i praksis. Veerdier kan variere fra
langt under 50% for veerker, der er overdimensioneret (eller som har for lille en rentvandstank
til at udligne forskelle mellem indvinding og udpumpning) til 98% for et grundlastveerk, hvor
indvinding og udpumpning er stort set ens 24/7. Indikatoren er hermed en kombination af bade
maks. filterhastighed ved spidsbelastning samt stilstand, f.eks. om natten.

1.095.000m®

ar 0 — 00
TS0 211 S5 X 100% = 50%

t d X ar

4.3.2 Filter footprint

Filter footprint giver en indikation af, om vandvaerket i teorien er under- eller overdimensioneret
i forhold til den aktuelle produktion. Den beregnes som det filterareal i m?, der bruges for at
producere 1 mio. m3ar. Bemaerk, at denne indikator ser bort fra ravandets kvalitet (man vil for-
vente et starre filter footprint, jo vanskeligere ravandet er at behandle). Da trykfiltre ofte har et
lagtykkelsef/filterareal-forhold, der er 2-4 gange sterre end gravitationsfiltre, vil man alt andet
lige forvente ca. 2-4 gange mindre areal footprint for trykfiltre. Typiske veerdier for gravitations-
filtre er 50-100 m? (per 108 m3/ar). Denne indikator er derfor teet besleegtet til den foregaende
Filterudnyttelse, blot med filterarealet medtaget i beregningen.

171 m? N 105m3
2.850.000m3 ar
ar

= 60m? (gravitationsfilter)

4.3.3 Maksimum filterhastighed (eng: Max. Hydraulic Loading Rate —
HLR)

Filterhastighed udtrykkes i m/t og beregnes ved at dele flowet for et filter med det samme fil-
ters areal. Filterhastigheden har faldet pa mange anleeg i de senere artier i takt med, at vand-
forbruget er dalet. Hermed er den aktuelle filterhastighed ofte lavere end anlaegget var dimen-
sioneret til. Generelt bruges en hgijere filterhastighed i trykfiltre end i gravitationsfiltre. For lav
en filterhastighed kan fremme ugnsket kagefiltrering mens for hgj filterhastighed kan medfare
meget stor opstuvning i gravitationsfiltre. Til denne indikator bruges den maksimale filterha-
stighed, der beregnes ud fra det sterste flow, der anvendes i mindste en time pa en normal

dag.
40 m3
2 _Zm
20m2 ~ t

4.3.4 Minimum Empty Bed Contact Time (EBCT)

EBCT opgives i minutter og er proportionel il filirets flowhastighed og tykkelsen af det aktive
filterlag. Den udtrykker en fiktiv opholdstid for vandet i filtret ved at antage, at der intet filterme-
dium er (herfra kommer det engelske udtryk "empty bed”). Fordelen med EBCT frem for den
aktuelle kontakttid (som er noget kortere) er, at man ikke behgver at have en ngjagtig maling
af porgsiteten til at beregne stgrrelsen. Indikatoren "minimum EBCT” fortzeller om den aktuelle
drift er inden for et omrade, hvor man vil forvente, at ammonium kan né at blive omsat. Indika-
toren beregnes ved at dividere et udvalgt filters aktive volumen (dvs. eksklusivt bzerelaget)
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med det maksimale flow for samme filter. Minimum EBCT skal naturligvis veere starre for ra-
vandskvaliteter med meget ammonium. Minimum EBCT for bade gravitationsfiltre og trykfiltre
er typisk i starrelsesorden 10-30 minutter.

49,77m? x 1,40m 60min

250 m3 "
t

=17 min

4.3.5 Gangtidens produktion (eng: Unit Filter Run Volume — UFRV)
Gangtidsproduktion udtrykkes i m3/m? og er den maengde vand, der gennemigber et filter mel-
lem to returskyl delt med det samme filters areal. Gangtidsproduktion kan naturligvis variere
med ravandets indhold af jern, med ligger ofte i stgrrelsesorden 200-300 m3/m?. Trykfiltre, der
generelt har en starre filterhastighed og dermed dybdefiltrering kan udvise veesentlig hgjere
gangtidsproduktion.

5000m®  312m’
16m? =~ m?

4.3.6 Gangtidens jernbelastning

Denne DDP-indikator kvantificerer den maengde jern, som et kvadratmeter belastes med inden
filtret returskylles. Den beregnes ved at gange ravandets gennemsnitlige jernkoncentration
med det antal m3, det aktuelle filter behandler pa en gangtid og dele dette produkt med det ak-
tuelle filters areal i m2. En tommelfingerregel siger, at man skal kunne fierne mere end 1 kg
Fe/m? filterareal fgr der skal returskylles, men denne veerdi opnas sjeelden i virkeligheden.

0,80gFe 9 5000m3 N 1 250gFe
m3 gangtid = 16m? ~  m?

4.3.7 Maksimal ammoniumbelastning (volumetric loading rate)
Ammoniumbelastning er et udtryk for filtrets aktuelle belastning og tager hgjde bade for ra-
vandskvalitet og den maksimale flowhastighed pa et filter. Den opgives i g ammonium per time
per m? filtermedium. P& engelsk kaldes indikatoren "volumetric loading rate”. Den aktuelle
veerdi @ndres hver gang man skifter mellem ravandsboringer med forskellige sammenseetning
eller aendrer flowet til filtret. Den maksimale stofbelastning beregnes ved at gange stofkoncen-
trationen i ravandet med det maksimale samlede flow gennem vandvaerket og dele med vand-
veerkets totale aktive filtervolumen. En maksimal belastning beregnes for andre parametre sa-
som jern og mangan. Veerdien for ammonium ligger typisk i stgrrelsesorden 0,5-2,0 g/t/m® me-
die.

0.24 gNH]  250m* 1 _ 0,9gNH}
m3 t 3x16m2x 1,4m t m3medie

4.3.8 Hastighedskonstant for ammoniumfjernelse

Hastighedskonstanten for ammoniumfjernelse er en meget central DDP-Indikator. Der udar-
bejdes indledningsvist en graf af In C mod t for ammoniumkoncentration ned igennem filter-
dybden. "C” angives i mmol/L mens "t” angives i minutter (beregnes ud fra den aktuelle flowha-
stighed, porgsiteten samt dybden under toppen af filtermediet af prevetagningshanen).

Herefter udvaelges den samling af intervaller (minimum 3 dybdeintervaller af 10 cm’s tykkelse)
med den hurtigste fiernelse (i.e. den stejleste del af profilkurven), se eksemplet nedenfor. Det
valgte dybdeinterval skal yderligere opfylde krav til, at intervallets indlgbskoncentration er
stgrre end 0,05 mg/L (dvs. In C > -5,9) og at 10% eller mere af intervallets indlabskoncentra-
tion fiernes i intervallet.

Der antages stoffjernelsen er proportionel til indlgbskoncentration i fgrste potens (1. ordens
fiernelse). En hastighedskonstant udregnes ved hjaelp af linezer regression som den rette lin-
jes heeldning. Herved er hastighedskonstanten uafhaengig af indlgbskoncentration. Veerdier
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angives som absolutte vaerdier i enhederne min™' og varierer for ammonium ofte fra 0,1 — 1,0
min-'. Hastighedskonstant for stoffjernelse kan ogsa beregnes for stoffer som jern og mangan.

4.0
4.5
=
=
2 5.0 .
£ y =-0.1509x - 2.8797
o R? = 09493
=
5.5
6.0
0 5 10 15 20

Tid (min)

FIGUR 5. Beregning af hastighedskonstant for ammoniumfjernelse.

4.3.9 Filtermediets coating

Nar ravandet bestar af jern- og manganholdigt grundvand, dannes en coating pa filtermedie-
kornene gennem arene. Coatingen kan males i % som vaegtforskellen mellem tgrrede korn far
og efter afsyring, delt med den afsyrede vaegt, se nedenstaende ligning. Der er malt vaerdier
op til ca. 40%, athaengig af vandkemien, returskylleproceduren samt antal ar filtermediet har
veeret i drift.

2,62 — 1,93 g medie % 100% = 35%
1,93 g medie
4.3.10 Filtermediets uensformighedstal
Uensformighedstal (eng. = Coefficient of uniformity — Cu) beskriver bredden af filtermediets
kornstgrrelsesfordeling. Det beregnes ved at dele 60%-fraktilen i mm (deo) med 10%-fraktilen i
mm (d10). Resultatet er dimensionslgst. For at opna gode hydrauliske egenskaber i et drikke-
vandsfilter enskes korn, der er sa ens i stgrrelse som muligt og tallet ma gerne veere < 1,5.
Men tallet kan stige mod 2,0 med filtermediets alder - i takt med at nogle korn slides mens an-
dre far en coating. Hvis filtret bestar af to medier og er lagdelt, kan tallet variere med dybde.
Men hvis disse to medier er blevet blandet i filtret, vil tallet vaere hgjere for hele filtret. Her an-
vendes tallet for filtermediepraver udtaget fra et dybdeinterval pa 0-20 cm.

UO—ZOcm -

2,3mm_21
1,1mm

4.3.11 Returskyllets effektivitet

Returskyllets effektivitet sammenholder den meengde jern, der ophobes pa et filter i Igbet af en
gangtid (i g Fe/gangtid) med skyllevandsforbruget (i m®) for returskylning af samme filter. Be-
regningen udfares ved at gange ravandets jernkoncentration med antal m?, der gennemligber
filtret pa en gangtid og dele resultatet med skyllevandsforbruget for samme filter. Typiske veer-
dier er 50-200 gFe/m3 skyllevand.

2,1gFe 9 5000m3 N gangtid ~ 90gFe
m3 gangtld 116m2kyllevand m?kyllevand
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4.3.12 Filtermediets ekspansion

Filtermediets ekspansion under et returskyl med vand (uden samtidigt luftskyl) er en funktion
af filtermediets densitet og kornstgrrelse samt skyllevandshastigheden. Denne DDP-Indikator
udtrykker, hvor meget bedet med filtermedie ekspanderer (i % af det aktive lag) under retur-
skyl med vand alene, se eksemplet nedenfor. Mange vandvaerker i Danmark opnar begreenset
filtermedieekspansion, dvs. < 15%.

10cm
120cm

X 100% = 8%

4.3.13 Rentvandstankens reserve

Rentvandstankens reserve udtrykker (i timer), hvor meget reserve der findes i en fuld rent-
vandstank, forudsat et middeltimeforbrug (arsforbrug delt med 365 og 24). For meget reserve
medfarer gget risiko for stagneret vand i tanken med risiko for efterveekst af kim, mens for lille
reserve gger risikoen for at Igbe tor f.eks. i tilfaelde af ekstraordineert stort forbrug ved brand.
Et eksempel pa beregning ses nedenfor. Vaerdier ligger ofte i intervallet 5-10 timer, men der
findes underdimensionerede tanke med en reserve pa fa timer og overdimensionerede tanke
med en reserve pa flere dggn. Det understreges, at en reserve pa et antal timer (med middel-
timeforbrug) raekker til et meget kortere tidsrum under en spidsbelastning.

ar 365d 24t

3x———x X
A50m” X e 000m® X & X d

6,0t

4.3.14 Rentvandstankens udnyttelse

Rentvandstankens udnyttelse udtrykker (i %) i hvor hgj grad rentvandstankens volumen bliver
udnyttet pa en daglig basis. Den defineres ud fra den laveste vandstand pa en typisk dag (i
cm) og den maksimale vandstand (i cm), der kan veaere i tanken. Hvis for lidt af rentvandstan-
kens volumen udnyttes, er det sandsynligt, at der i perioder med hgjt vandforbrug skal anven-
des et ungdvendigt hgijt flow pa filtrene for at felge med forbruget (i stedet for at forskelle i
dag- og natforbrug udjaevnes i produktionen). Lav udnyttelse af rentvandstanken medfarer
ogsa sterre risiko for stagneret vand i tanken. Ved for hgj udnyttelse er der risiko for, at man
kan komme til at mangle vand til returskyl, brandslukning eller forsyningssikkerhed generelt.

385cm — 115cm

0 = 709
385em X 100% = 70%

TABEL 3. Oversigt over udvalgte DDP-Indikatorer for de 10 vandvaerker.

Indikatornavn Enhed Malte vaerdier fra 10 vandvaerker Malvzerdier
Min 10% Median 90% Maks Gul Red
1 Filterudnyttelse % 22 24 50 63 79 <50 <30
2 Filter footprint m?filterareal 48 48 59 93 101 >50 >80
109m3 /ar
3 Maksimum filterha- m/t 2,8 8.3 4,7 6,3 15,3 <4 <3
stighed
4 Minimum Empty min 10 13 17 24 28 <15 <10
Bed Contact Time
(EBCT)
5 Gangtidens pro- m®m? 163 170 218 344 559 <250 <200

duktion (UFRV)

6 Gangtidens jemnbe- 9F¢ 160 180 260 700 820 <300 <600
lastning m?

Kommentar

Produktion i forhold til
maks. filterhastighed 24/7

Kun gravitationsfilter
Ser bort fra ravandskvali-
tet

Maks. veerdien gaelder for
et trykfilter

Skal veere starre, hvis ra-
vandet indeholder meget
ammonium

Ser bort fra ravandskvali-
tet; hgjere for trykfiltre
end gravitationsfiltre

Kun gravitationsfiltre
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5. Design af databasen

Databasen Merkur er en aben, webbaseret relationel database til vandbehandlingsdata udvik-
let pa FileMaker 14 Platformen. FileMaker bestar af en databasemotor og en grafisk greense-
flade til Windows og Mac. Ved udvikling af Merkur blev der anvendt Jupiter terminologien i den
udstraekning, det gav mening. | dette kapitel beskrives Merkurs design.

5.1 Tabeller og deres indbyrdes relationer
Der findes otte hovedtabeller i Merkur, som alle er forbundet med én-til-mange relationer. Ho-
vedtabellerne og deres relationer ses i FIGUR 6.

Company

Backwash
procedure

Results
-

FIGUR 6. Hovedtabeller i databasen Merkur.

Hver hovedtabel er beskrevet i det fglgende. Bilag 2 er en liste over tabellernes felter og tabel-
lernes primaere nggler.

1. Company: Denne tabel angiver data om forsyningerne. Navnet "Company” stammer
fra Jupiter terminologi. En forsyning kan drive flere vandvaerker.

2.  Waterworks: Denne tabel angiver data om de undersggte vandvaerker. Ud over link til
Company samt oplysninger om vandveerkets geografiske placering, findes oplysnin-
ger om type af filtrering (tryk eller gravitation, enkelt eller dobbelffiltrering) og beluft-
ningsmetode.

3. Locations: Denne tabel angiver den placering pa en Pl-diagram, hvor prgven eller
malingen hgrer hjemme.

4. Tanks: Denne tabel angiver data om kapaciteten af rentvandstanke, udferselsmateri-
ale og min./maks. vandstand i tankene.

5. Filters: Denne tabel angiver de undersggte filterbassiner/filterbeholdere med hensyn
til dimensioner og de indsatte filtermedielag.

6. Backwash procedure: Denne tabel beskriver bl.a. de forskellige trin i returskylleproce-
duren, skyllevandsforbrug og hvilken trigger anvendes til at udlgse et returskyl.

Miljgstyrelsen / Rapport 2: Merkur: Web-baseret platform til vandbehandlingsdata 23



7. Samples: Denne tabel angiver prgvetypen (vand, skyllevand eller filtermedium), dato
og klokkeslaet for prgvetagning samt diverse meta-data.

8. Results: Denne tabel angiver vaerdien af selve maleresultaterne, enheder, evt. "<”
tegn, m.m.

Ud over disse hovedtabeller findes fglgende stottetabeller: History, Parameters, Municipality,
Labs.

5.2 Brugerflade

En udfgrlig brugermanual (Merkur System User Manual) findes som Bilag 3.

Bruger adgangsniveau:
1. Hgj: man kan se grafer, skifte mellem hvilken vandvaerk fremhaeves i gul pa grafer,
indtaste/aendre data, downloade data
2.  Mellem: man kan kun ses grafer og kun med 1 vandveerk fremhaevet i gul
3. Lav: man kan kun ses grafer, og ingen vandvaerker er fremhaevet i gul

Medlemsniveau:
1. A: Vandveaerket bidrager bade med Vingesus data samt felt/lab-data
2. B:Som A, dog uden dybdeprofiler (normalt fordi der er tale om trykfiltre uden haner
pa filtersiden
3. C:Vandveerket bidrager kun med Vingesus data (dvs. uden prgvetagning og analyse)
Hver graf har et flag, der forteeller hvilke medlemsniveau den skal vaere tilgaengelig for

Adgang til Merkurs brugerflade fas ved login pa hjemmesiden www.ceath.merkur.com. Der er
mulighed for login som fglger:
1. Forsyning: giver adgang til grafer om det aktuelle vandveaerk samt sammenlignings-
grafer, hvor det aktuelle vandvaerk er fremhaevet.
2. Udefra: giver kun adgang til sammenligningsgrafer uden fremhaevning.
3. Administrativ: giver adgang til at skifte frit mellem det vandveerk, der er fremhaevet.

Efter login praesenteres man for et skeermbillede med ti faneblade, hvor de farste syv indehol-
der en reekke grafer (i parentes):
1. Anlaeg (arsproduktion)
2. Hydraulik (filter footprint)
3. Vand (dybdeprofiler med Fe, Mn, NH4, Oz, pH, redox)
4. Filter (enkelt/dobbelt, gravitation/tryk, filterudnyttelse, hydraulisk belastning/volume-
trisk)
Filtermedie (kornstarrelsesfordeling, coating profil)
6. Returskyl (skylleeffektivitet, tidsserie med Fe og turbiditet, bed ekspansion, ekspan-
sion/fribord-forhold)
7. Rentvandstank (reserve, udnyttelse)
8. Detaljeret data (grunddata samt mulighed for data download)
9. Min konto (skift af kodeord, valg af sprog)
10. Log ud

o

5.3 Visualisering af data
Der er udarbejdet 21 grafer til fremvisning i Merkur. Der er 11 grafer, der sammenligner data
fra forskellige vandvaerker og yderligere 10 grafer, der viser data fra det aktuelle vandvaerk.

Der er anvendt histogrammer, punktdiagrammer og lagkagediagrammer.

Bilag 4 Description of graphs in Merkur giver en beskrivelse af alle graferne i Merkur.
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5.4 Vandbehandlingsdata i Merkur

Metoderne, der blev anvendt til indsamling af prgver og malinger, er beskrevet i Rapport 1 om
"Dataindsamling”. Data for 10 vandvaerker blev indlaest i Merkur og kontrolleret for fejl. | skri-
vende stund ligger der over 200 resultater i tabellen "Results” for hvert vandvaerk. Hertil kom-
mer mange andre informationer om vandvaerket.

| en traditionel database identificeres prever ofte med en lokalitet (f.eks. et boringsnummer el-
ler en adresse) og en dato (med klokkeslaet). | Merkur databasen findes mange resultater, der
ikke passer til denne simpel form for identifikation. Flere resultater i Merkur er grupperet i se-
rier. Eksempler inkluderer tidsserier med skyllevandsprgver (hvor der udtages praver hver 30
sekunder under et skyl) og dybdeprofiler (hvor vand- og filtermedieprgver udtages i hhv. 10 og
20 cm intervaller). | Merkur terminologien kaldes hver serie for en "sample”, ligesom hver en-
keltstdende maling (non-series) kaldes for en "sample”.

Resultater i Merkur kan ogsa adskille sig fra en traditionel database i de metadata, der skal
veere forbundet til resultaterne. Her taenkes f.eks. pa hvilket flow var geeldende nar et seet jern-

profilpraver blev udtaget.

Merkur indeholder ogsa en del data, der er beregnede. For eksempel er alle DDP-Indikatorer
beregnede. TABEL 3 viser en oversigt over DDP-Indikatorer.
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6. Perspektiver

Den primzere malgruppe for Merkur er det tekniske personale pa vandbehandlingsanleeg i
Danmark. Denne gruppe har brug for data til at kunne tage beslutninger baseret pa evidens. |
takt med, at flere vandvaerker bidrager med data til Merkur, vil databasen fa stgrre betydning
for andre malgrupper. Her kan der f.eks. veere tale om entreprengrer og radgivere, der desig-
ner vandvaerker, kommuner, der fgrer tilsyn med drikkevandskvalitet og forskere, der belyser
vandbehandlingsprocessen. Merkur kan veere med til at skabe et faelles sprog til at tale om
vandbehandlingsudfordringer. En frugtbar vandbehandlingsdialog kan fremmes f.eks. ved en
tilbbagevendende Merkur-forum.

For at blive en succes i fremtiden er der behov for deltagelse af flere vandveerker end de nu-
vaerende 10. Jo flere vandveerker, jo staerkere og jo mere retvisende bliver de forskellige drift,
design og performanceindikatorer. For at sikre Merkurs udbredelse er der ogsa behov for at
fastlaegge en finansieringsmodel til hosting og vedligeholdelse af databasen.

Pa den lidt laengere bane kan Merkur udvides til ogsa at omfatte udenlandske vandvaerker
med lignende forhold (dvs. vandbehandling baseret pa grundvand og bicfiltrering). Relevante
lande og omrader inkluderer f.eks. Holland, Nordtyskland, Baltikum, Canada.
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Lister over stoffer
med drikkevands-
kvalitetskrav

Bilag 1.

Fra Bekendtgerelse 1068 af 23. august, 2018.

Standatcode | Stofnavn Kategori Kvalitetskrav Enhed
3670 1,2,4-triazol Nedbrydningsprodukter 0,0001 mg/I
2688 2,4-dichlorphenol Nedbrydningsprodukter 0,0001 mg/|
3548 2,6-DCPP Nedbrydningsprodukter 0,0001 mg/I
2712 2,6-Dichlorbenzamid Nedbrydningsprodukter 0,0001 mg/|
4014 2,6-dichlorbenzosyre Nedbrydningsprodukter 0,0001 mg/|
2690 2,6-dichlorphenol Nedbrydningsprodukter 0,0001 mg/I
3538 4-CPP Nedbrydningsprodukter 0,0001 mg/|
3011 4-nitrophenol Nedbrydningsprodukter 0,0001 mg/I
1584 Acrylamid Materiale monomerer 0,0001 mg/|
3503 Aldrin Pesticider 0,00003 mg/I
1501 Aluminium Uorganiske sporstoffer 0,2 mg/I
1011 Ammoniak+ammonium Hovedbestanddele 0,05 mg/l
4536 AMPA Nedbrydningsprodukter 0,0001 mg/I
1506 Antimon Uorganiske sporstoffer 0,005 mg/l
1511 Arsen Uorganiske sporstoffer 0,005 mg/I
4515 Atrazin Obligatoriske pesticider 0,0001 mg/|
3505 Atrazin, desethyl- Nedbrydningsprodukter 0,0001 mg/|
3506 Atrazin, desisopropyl Nedbrydningsprodukter 0,0001 mg/l
3507 Atrazin, hydroxy- Nedbrydningsprodukter 0,0001 mg/|
9944 Bentazon Obligatoriske pesticider 0,0001 mg/I
9824 Benz[a]pyren PAH-forbindelser 0,00001 mg/|
662 Benzen Olieprodukter 0,001 mg/l
1531 Bly Uorganiske sporstoffer 0,005 mg/l
1536 Bor Uorganiske sporstoffer 1 mg/l
1545 Bromat Halogenholdige omdannel- | 0,01 mg/I
sesprodukter
1546 Cadmium Uorganiske sporstoffer 0,003 mg/l
380 Carbon,org,NVOC Hovedbestanddele 4 mg/I
1583 Chlorat Halogenholdige omdannel- | 0,05 mg/|
sesprodukter
1591 Chilorid Hovedbestanddele 250 mg/l
1582 Chlorit Halogenholdige omdannel- | 0,05 mg/|
sesprodukter
2002 Chrom Uorganiske sporstoffer 0,05 mg/l
9255 Clostridium perfringens, Mikrobiologiske parametre | O antal/100
sporer ml
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2012 Cobalt filt Uorganiske sporstoffer 0,005 mg/l
9052 Coliforme Bakt. MP Mikrobiologiske parametre | O antal/100
mi
654 Cyanid, total Uorganiske sporstoffer 0,05 mg/|
3755 Deisopropyl-hydroxyatra- Nedbrydningsprodukter 0,0001 mg/|
zin
Desethyldesisopropyl-at- Nedbrydningsprodukter 0,0001 mg/|
razin (DEIA)
3754 Desethyl-hydroxy-atrazin Nedbrydningsprodukter 0,0001 mg/I
4696 Desphenyl-chloridazon Nedbrydningsprodukter 0,0001 mg/|
2627 Dichlobenil Obligatoriske pesticider 0,0001 mg/|
4510 Dichlorprop Obligatoriske pesticider 0,0001 mg/I
3756 Didealkyl-hydroxy-atrazin Nedbrydningsprodukter 0,0001 mg/|
3134 Dieldrin Pesticider 0,00003 mg/I
2628 Diuron Obligatoriske pesticider 0,0001 mg/|
9186 E.coli Mikrobiologiske parametre | 0 antal/100
mi
9357 Enterokokker Mikrobiologiske parametre | O antal/100
mi
1585 Epichlorhydrin Materiale monomerer 0,0001 mg/I
3573 Ethylenthiourea Obligatoriske pesticider 0,0001 mg/|
61 Farvetal-Pt Hovedbestanddele 15 Pt mg/l
2701 Fluoranthen PAH-forbindelser 0,0001 mg/I
2022 Fluorid Hovedbestanddele 1,5 mg/l
flygtige organiske chlor- Oplgsningsmidler - chlor- 0,001 mg/|
forbindelser holdige
3592 Glyphosat Obligatoriske pesticider 0,0001 mg/|
3136 Heptachlor Pesticider 0,00003 mg/I
3137 Heptachlorepoxid Pesticider 0,00003 mg/|
3597 Hexazinon Obligatoriske pesticider 0,0001 mg/I
2041 Jern Hovedbestanddele 0,2 mg/l
8999 Kimtal Mikrobiologiske parametre | 200 antal/ml
9037 Kimtal 22 gr Mikrobiologiske parametre | 200 antal/ml
2061 Kobber Uorganiske sporstoffer 2 mg/|
11 Konduktivitet Hovedbestanddele 2500 uS/cm
2071 Kviksglv Uorganiske sporstoffer 0,001 mg/l
2086 Mangan Hovedbestanddele 0,05 mg/l
4511 MCPA Obligatoriske pesticider 0,0001 mg/I
4512 Mechlorprop Obligatoriske pesticider 0,0001 mg/|
3611 Metalaxyl Obligatoriske pesticider 0,0001 mg/I
4717 Metalaxyl-M Obligatoriske pesticider 0,0001 mg/|
Methyl-desphenyl-chlori- Nedbrydningsprodukter 0,0001 mg/I
dazon
3683 Metribuz-desamino-di- Nedbrydningsprodukter 0,0001 mg/|
keto
3617 Metribuzin Obligatoriske pesticider 0,0001 mg/I
3684 Metribuzin-desamino Nedbrydningsprodukter 0,0001 mg/|
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3685 Metribuzin-diketo Nedbrydningsprodukter 0,0001 mg/|
N-(2,6-dimethylphenyl)- Nedbrydningsprodukter 0,0001 mg/|
N-(methoxyacetyl)alanin
N-(2-carboxy-6- Nedbrydningsprodukter 0,0001 mg/|
methylphenyl)-N-(meth-
oxyacetyl)alanin

4743 N,N-dimethylsulfamid Nedbrydningsprodukter 0,0001 mg/I
(DMS)

2096 Natrium Hovedbestanddele 175 mg/|

2101 Nikkel Uorganiske sporstoffer 0,02 mg/I

1176 Nitrat Hovedbestanddele 50 mg/l

1051 Nitrit Hovedbestanddele 0,1 mg/I

2695 Pentachlorphenol Chlorphenoler 0,00001 mg/|

41 pH Hovedbestanddele 8,5 pH enhe-

der

41 pH Hovedbestanddele 7 pH enhe-

der

4779 Radon Radioaktivitetsindikatorer 100 Bq/l

2106 Selen Uorganiske sporstoffer 0,01 mg/|

4516 Simazin Obligatoriske pesticider 0,0001 mg/|

452 Simazin, hydroxy Nedbrydningsprodukter 0,0001 mg/I

2142 Sulfat Hovedbestanddele 250 mg/|
sum af organiske chlor- Oplgsningsmidler - chlor- 0,003 mg/|
forbindelser holdige
sum af PAHer PAH-forbindelser 0,0001 mg/I
sum af pesticider Pesticider 0,0005 mg/I
sum af PFAS PFAS-forbindelser 0,0001 mg/I
sum af trihalomethaner Oplgsningsmidler - chlor- 0,025 mg/|

holdige

1586 Sum chlorit/chlorat Halogenholdige omdannel- | 0,05 mg/|

sesprodukter

2226 Selv Uorganiske sporstoffer 0,01 mg/I

422 Terbut.azin,desethyl Nedbrydningsprodukter 0,0001 mg/|
total indikativ dosis Radioaktivitetsindikatorer 0,1 mSv/ar

2245 Tritium Radioaktivitetsindikatorer 100 Bq/l

46 Turbiditet Hovedbestanddele 1 FNU

9946 Vinylchlorid Materiale monomerer 0,0005 mg/I

2251 Zink Uorganiske sporstoffer 3 mg/|

Miljgstyrelsen / Rapport 2: Merkur: Web-baseret platform til vandbehandlingsdata




Bilag 2. Liste over Merkurs
tabeller og felter

Table name Field name Data Pri- Forei | Calcu-
type mary | gn lated
Key Key field
Company (T01) | Company_Key_Field Autoln- | X
teger
Fields=8 Company_Name Text
Address Line 1 Text
Address Line 2 Text
City Text
Paerovince Text
Postal Code Text
Country Text
Waterworks Waterworks_Key_Field Autoln- | X
(T02) teger
Fields=80 General information Text
Waterworks_Name Text
Waterworks_Number Integer
Address Line 1 Text
Address Line 2 Text
City Text
Province Text
Postal Code Integer
Country Integer
Company_Key_Field Integer X
Municipality Integer
Comment_General_Merkur Text
Comment_General_Vingesus Text
Contact Information Text
Name First Text
Name Middle Text
Name Last Text
Email Text
Phone Text
Name First Alt A Text
Name middel Alt A Text
Name Last Alt A Text
Email Alt A Text
Phone Alt A Text
Name First Alt B Text
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Name middel Alt AB Text
Name Last Alt B Text
Email Alt B Text
Phone Alt B Text
Map and Image Information Text
Coordinate_X Real
number
Coordinate_Y Real
number
Lattitude Real
number
Longitude Real
number
Builder Text
Builder_Descript_Other Text
Image Contai-
ner
Aeration information Text
Aeration_Type Text
Aeration_Depth Real
number
Aeration_Other_Description Text
Aeration_Lines Integer
Reaction_Basin Text
Reaction_Basin_Size Integer
Comment_Aeration Text
Filter Information Text
Filtration_Type Text
Filtration_Other_Description Text
Filtration_Single_Double Text
Filtration_Lines Integer
Number_of First_Filters Integer
Total_Number_of_Filters Integer
Filtration_Underdrain Text
Filtration_Underdrain_Other_De- Text
scription
Filter for this investigation Text
Comment_Filtration Text
Filter_Key_of Interest Integer
Filter Media Information Text
Comment_FilterMedia Text
Backwash Information Text
AirFlow Text
AirFlow_scour_metric Real
number
AirFlow_with_water_metric Real
number
WaterFlow Text
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WaterFlow_alone_metric Real
number
WaterFlow_with_air_metric Real
number
FlushFrequency Text
FlushFrequency_metric Real
number
Backwash_Run_Time_Volume Real
number
Comment_Backwash Text
Tank Information Text
Tank for this investigation Text
Comment_Cleanwater_Tank Text
Tank_Key_of_Interest Integer X
Other Text
PI Diagram Contai-
ner
Result1_of Interest Integer
Result2_of Interest Integer
Result3_of Interest Integer
Back- Backwash_Key Field Autoln- | X
wash_Proce- teger
dure (T02.1)
Fields=10 Timestamp Datefti
me
Waterworks_Key_Field Integer X X
Step_Number Integer
Activity Text
Duration Se-
conds
Flow_Rate Water Real
number
Flow_Rate_Air Real
number
Backwash_Trigger Text
Volume_of Water_Used Real
number
Locations Location_Key_Field Autoln- | X
(T03) teger
Fields=13 Waterworks_Key_Field Integer X
Use this location in graphs Integer
Sample_Key_Field Integer X
Local Identifier Text
Unit_1_Type Text
Unit_1_Number Integer
Unit_1_Connection Text
Unit_2_Type Text
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Unit_2_Number Integer
cLocationToDisplay Integer
Filter_Key_Field Integer X
Tank_Key_Field Integer X
Filter (T04.1) Tank_Filter_Key_Field Autoln-
teger
Fields=23 Waterworks_Key_Field Integer X
Filter_Line_Number_from_Vingesus | Integer
Filter_Number Integer
Fore_or_After_Filter Text
Filter_Width Real
number
Filter_Length Real
number
Filter_Diameter Real
number
cFilter_Area Real
number
Active_Medium_Depth Real
number
Method_of_Determination_of Ac- Text
tive_Medium_Depth
Layer_1_Medium_Type Text
Layer_1_Medium_Thickness Real
number
Layer_1_Medium_Grain_Size High Real
number
Layer_1_Medium_Grain_Size_Low Real
number
Layer_2_Medium_Type Text
Layer_2_Medium_Thickness Real
number
Layer_2_Medium_Grain_Size_High Real
number
Layer 2 Medium_Grain_Size_Low Real
number
cSingle_Dual_Media Integer
cActive_Filter_Volume Real
number
Medium_Placement_Year Integer
Comment Text
FilterMedia Filter_Media_Key_Field Autoln-
(T04.2) teger
Fields=9 Filter_Key_Field Integer X
Waterworks_Key_Field Integer X
Layer_Number Integer
Layer_Type Text
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Layer_Depth Real
Number
Layer_Grain_Size_Minimum Real
Number
Layer_Grain_Size_Maximum Real
number
Year Integer
Tank (T04.3) Tank_Key_Field Autoln- | X
teger
Fields=11 Waterworks_Key_Field Integer X
Tank_Line_Number_From_Vingesus | Text
Tank_Number Integer
Max_Level Real
number
Min_Level Real
number
Alarm_High Real
number
Level_Stop Real
number
Level_Start Real
number
Alarm_Low Real
number
cTank_Utilization Real X
number
Sample (T05) Sample_Key_Field Autoln- | X
teger
Fields=21 Waterworks_Key_Field Integer X
Sample_Type Text
Location_Key_Field Autoln- X
teger
Medium Text
Description Text
Sample_Timestamp Date/ti
me
cSample_Year Integer X
Use this data Integer
Sampler_Name Text
Remarks Text
Metadata Text
Timestamp_of_Last_Backwash Datefti
me
cMinutes_Since_Last_Backwash Real X
number
Flow_including_Flow_Before Real
number
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Flow_Rate Real
number
Christmas_Tree_Vertical_Offset Real
number
Christmas_Tree_Distance_from_In- | Real
take number
Christmas_Tree_Dis- Real
tance_from_Edge number
Wells_Running Text
Default_Lab_Key for_Sample Integer
Result (T06) Result_Key_Field Autoln-
teger
Fields=16 Sample_Key_Field Integer X
Parameter_Key_Field Integer X
Waterworks_Key_Field Integer X
Use_This_Data Integer
Lab_Key_ Field Integer X
External_ID Text
Seconds
Depth Real
number
Low_Depth Real
number
High_Depth Real
number
Low_Grain_Size Real
number
High_Grain_Size Real
number
Attribute Text
Amount Real
number
Remarks Text
Parameters Parameter_Key_Field Autoln-
(T06.1) teger
Fields=6 Description Text
Unit Text
Short_Name Text
Maksimum_Preferred_Value Real
number
Remarks Text
Labs (T06.2) Lab_Key_Field Autoln-
teger
Fields=10 Name Text
Contact_Person Text
Contact_Person_Email Text
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Contact_Person_Phone Text
Address_1 Text
Address_2 Text
Postal Code Text
City Text
Country Text
History (T07) History_Key_Field Autoln- | X
teger
Fields=15 Waterworks_Key_Field Integer X X
Year Datelti
me
This_is_the_most_recent_year Integer
Recent_Year_Error_Message Text
Annual_Production_Volume Integer
Maximum_Hourly_Flow Real
number
Daily_Production_Max Real
number
Daily_Production_Min Real
number
cFilter_Utilization Real X
number
cTotal_Filter_Area Real X
number
cFilter_Footprint Real X
number
cTotal_Tank_Volume Real X
number
cAverage_Tank_Utilization Real X
number
cTotal_Tank_Reserve Real X
number
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Merkur System

Jser Manual

Merkur is a web-hosted computer system developed for VIA University College’s MUDP project, “Re-design drinking

water production”. VIA University College designated staff serve as the Project Leaders.

The system was built for the project by CEATH Company. CEATH Company also serves as the hosting organisation and

the Merkur system administrator.

This document contains information for users about how to use the system effectively.

Accessing Merkur

1. Ensure that your computer is connected to the Internet
2. Open any modern browser

3. Browse to http://merkur.ceath.com

4. Click the Login button

Note:

e You may also browse to a secure connection, https://
merkur.ceath.com .However, you may have to tell your
browser that you “trust” the Merkur web site.

e Whether or not you browse to a secure site initially,
Merkur will switch to a secure site with a valid SSL
certificate.

Logging In
1. Enter your user Account in the first line of the Login box

2. Enter your Password in the second line of the Login box
3. Click the arrow at the bottom of the Login box

Note:

e If you do not know your user Account or Password, click
the X'in the upper right corner of the Login box to close
the box.

e Then see If You Forget Your Password below.

Merkur System User Manual
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Merkur 0.3

Welcome!

Click the Login button to enter your Account Name and Password.

If you've forgotten your Account Name or Password, click the Help button.

A Login @ | Need Help

Merkur 0.3

Welcome!

Click the Login button to enter your Account Name and Password.

X

If you've forgotter button.

Enter your Account and Password

A Login |

Put some Danisl -
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If You Forget Your Password
Click the | Need Help button

2. Enter the email address that is associated with your user
Account e N —

i Click the Login button to enter your Ac i
3. Click the arrow at the bottom of the | Need Help box preferred languagd English |
If you've forgotten your Account Nam
4. An email will be sent to your email address containing

Merkur 0.3

instructions for logging A Login @ | Need Help 2:;::;,
5. Follow the instructions in that email for logging on Espafiol
Put some Danish here about the sys
Note: ]
e You must use the email address associated with a valid
user Account.

e If you do not have an account, or if you do not know the email address associated with your account, you must
contact the Merkur system administrator to have your password reset manually.

Managing Your Account
1. Click the My Account tab

' Merkur 0.3 VIA University College

first name last name

first name last name | CEATH Developer last logon was on 1/7/2019 4:17:31 PM

password was last changed on 3/15/2018 3:30:48 PM
organization = GEATH Company

<> Change Password

preferred language English

2. To change your name, enter a new first and/or last name
3. To change your organisation name, enter that name in the box indicated
4. To change your password, click on the Change Password

button Change My Password X
. . . :’h\ease enter g Pev:hpassv:?yd. Remember -
5. In the resulting box, enter a new password (enter it twice) T T
6. Then click the arrow at the bottom of the password change et oo v o 172015 4171 1
bo)( ‘ password was last changed on 3/15/2018 3:30:48 PM

45 Change Password
Enter the password a second time.

7. To change your preferred language, click on the preferred
language box ! T
8. Select a new language from those available in the drop »>

down box
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Note:

e The My Account tab shows the last time your user account was used to log on to Merkur. It also shows the last
time your password was changed. Note that times are Eastern US time, where the Merkur server is located.

e Always follow good security protocols and do not share your password. Also take care where you write it down; it
should not be easily accessible by anyone except you.

e You should change your password immediately if you believe it has been compromised in some way.

e When changing a password, the only requirement is that the two passwords match.

e When changing languages, be patient. Merkur must find and replace all text in one language with your newly
selected language, and this can take a bit of time

Accessing Graphs

1. To access a graph of data about your waterworks, click on the Comparison Graphs or the Advanced Graphs tab
2. Then click on a specific graph to display it

' Merkur 0.3 VIA University College

CEATH Developer / @sterbyvaerket

Annual Production
Backwash Efficiency

Select a different waterworks —> [T re S

Annual Production

@
@
Bed Expansion ®
. 5.000.000
Bed Expansion Ratio @®
- ravit!
Filter Footprint ® . 9! Y
N M pressure
A O 4.000.000 @sterbyvaerket
Filter Utilization ® ~
~m
Filtration Type ® 5
Full Tank Reserve 0] § 3.000.000
Treatment Train (O] %
2
@ a
Use of Cleanwater Tank ® § 2.000.000
c
<
1.000.000
0

' Merkur 0.3

VIA University College

CEATH Developer / @sterbyvaerket

Select a different waterworks -

Backwash Iron Concentration

@
Beckwash Turbkity) @ Backwash Iron Concentration (@sterbyvaerket)
Grain Size Distribution [O] 1.000
@ \
Sand Profile 0] 900
Water Profile - Fe ® \
- 800
Water Profile - Mn ® \
p 700
Water Profile - NH4 ®
Water Profile - 02 ® g oo N
Water Profile - pH [0} E 500 \
Water Profile - redox [O] -§- 400 \\
300 \
200 N\
100 N
N\
0 —J

100 200 300 400 500 600 700 8607 7 900 1.000

Time (sec)



Note:

Merkur System User Manual

The Comparison Graphs are graphs that display all waterworks in the Merkur system, comparing one with another
on a specific measurement.
The Advanced Graphs are focused more on your individual waterworks, displaying data collected at your facility.

wn
|

A small letter “i” in a circle (for Information) is displayed

Annual Production

to the right of each graph title. You may click on that

Backwash Efficiency

Additional Information
information circle to display more information about the Bed Expansion oo 01 x
ra h Bed Expansion Ratio
. Graph d i
g p Filter Footprint Trzipgraﬁc éc?r:f):res waterworks by annual drinking
Not all graphs are available to all users. Graphs that Fiter Use Pl e e b
. X . Filter Utilization . - "
are not available to you will be a light gray color. See — e A o Sl
Access Level under Understanding User Management Ful [Tank Rosorvo Value of graph _
. To provide an overview of the size of
. . Treatment Train waterworks included in the database.
beIOW for more |nformat|on. e LT T d +  To make It possible to determine if certain
benchmarking resuits are more typical for certain
The section below, Overview of the Graphs, provides watenwors sizes.

more detailed information about each graph in Merkur

and its utility for waterworks operators and others.

Note that the header bar contains your name (your first

name and last name as entered on the My Account tab)

along with the name of the waterworks being displayed.

This information is important for some specific users who may be able to access more than one waterworks. It is
important to know which waterworks is being displayed in the graph.
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Overview of the Graphs

This section describes each graph in Merkur and its significance for waterworks.

Annual Production

what it shows

how the data is obtained/derived
why it is significant

Backwash Efficiency

what it shows

how the data is obtained/derived
why it is significant

Bed Expansion

what it shows

how the data is obtained/derived
why it is significant

Bed Expansion Ratio

what it shows

how the data is obtained/derived
why it is significant

Filter Footprint

what it shows

how the data is obtained/derived
why it is significant

Filter Use

what it shows

how the data is obtained/derived
why it is significant

Filter Utilization

what it shows

how the data is obtained/derived
why it is significant

Filtration Type

what it shows

how the data is obtained/derived
why it is significant

Full Tank Reserve

what it shows

how the data is obtained/derived
why it is significant

Treatment Train

what it shows

how the data is obtained/derived



why it is significant

Use of Cleanwater Tank
what it shows

how the data is obtained/derived
why it is significant

Backwash Iron Concentration
what it shows

how the data is obtained/derived
why it is significant

Backwash Turbidity

what it shows

how the data is obtained/derived
why it is significant

Grain Size Distribution (not complete)
what it shows

how the data is obtained/derived
why it is significant

Sand Profile

what it shows

how the data is obtained/derived
why it is significant

Water Profile - Fe

what it shows

how the data is obtained/derived
why it is significant

Water Profile - Mn

what it shows

how the data is obtained/derived
why it is significant

Water Profile - NH4

what it shows

how the data is obtained/derived
why it is significant

Water Profile - Oz

what it shows

how the data is obtained/derived
why it is significant

Water Profile - pH

what it shows

how the data is obtained/derived
why it is significant

Water Profile - redox



what it shows

how the data is obtained/derived

why it is significant

Annual Production

Filter Utilization

Use of Cleanwater Tank

Filter Use

Filter Footprint

Full Tank Reserve
Treatment Train
Filtration Type

Bed Expansion

Bed Expansion Ratio
Backwash Efficiency
Water Profile - Fe
Water Profile - NH4
Water Profile - Mn
Water Profile - O2
Water Profile - redox
Water Profile - pH
Sand Profile

Backwash Iron Concentration

Backwash Turbidity

Grain Size Distribution

Merkur System User Manual

Comparison Graph
Comparison Graph
Comparison Graph
Comparison Graph
Comparison Graph
Comparison Graph
Comparison Graph
Comparison Graph
Comparison Graph
Comparison Graph
Comparison Graph
Advanced Graph
Advanced Graph
Advanced Graph
Advanced Graph
Advanced Graph
Advanced Graph
Advanced Graph
Advanced Graph
Advanced Graph
Advanced Graph

© o N O o b~ O DN

N N -4 4 4 a4 a4 a4 a4
- O O 0O N O o »~ w N =+ O

> r» » » »r » » » >» > ©0 > > O 0 O O @ O O
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Understanding the Graph Contents
Note:

In the Comparison Graphs, your waterworks will be shown in yellow. The other waterworks will be shown in green
(and, if a second color is needed for some graphs, blue). You can always identify where your waterworks stands in
comparison with the other waterworks.

Some graphs include a legend identifying the meaning of the different colors, and also identifying the yellow data
point as “your” waterworks by name.

By default, waterworks other than your own are anonymous. In other words, you are not able to specifically identify
them by name or number. However, some users have an ability that allows them to identify other waterworks. This
is done through a “can view organizations” flag. If this flag is turned on for your user account, you will see a number
identifying each waterworks on a Comparison Graph. A number is assigned to each waterworks and is used
consistently throughout the Merkur system. A report identifying waterworks by number is available from the Project
Leaders.

If the “can view organizations” flag is set for your user account, you will also see a “Select a different waterworks”
drop down menu in the upper right corner of the screen. This can be used, both on the Comparison Graphs tab
and on the Advanced Graphs tab, to change which waterworks is being viewed. On a Comparison Graph, selecting
a different waterworks from the drop down list has the effect of changing which waterworks is indicated by the
yellow color. On an Advanced Graph, selecting a different waterworks changes the data being displayed to that
waterworks.

On the Advanced Graphs, the waterworks being displayed is included in the title of the graph.
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Entering Data

The Enter Data tab is only available to VIA University College users. See Understanding Access Groups below for more
information.

The Enter Data tab allows a user to enter data for a specific waterworks. Capabilities include:

e Adding a new waterworks

e Entering or editing general information about the waterworks such as the parent company with which it is
affiliated and the type of filtration it employs

e Adding a new parent company or editing data about an existing parent company

e Adding locations from which data samples may be obtained

e Adding or specific editing information about those sample locations, such as the size of a filter or the
capacity of a clearwater tank

e  Creating a new sample

e Entering or editing specific data from that sample, including importing a series of data points obtained from
a sample

e  Entering or editing the steps involved in a backwash procedure at the waterworks

e Entering or editing an image representing the Pl diagram for the waterworks

VIA University College

Advanced Graphs Enter Data My Account Logout
Waterworks/Location Sample and Data Backwash Procedure Pl Diagram
3 Waterworks Name  Holmehavevaerket Filtration Type @ gravity pressure coordinate X | 575493.55
® single double triple 735.!
Company | VandCenter Syd 9l Pl coordinate X | 6127735.04
air diffuser cascade air injection other Latitud 55.5754936
Contact 1 Name  Claus Paludan Hynkemejer Aeration Type raifuser ¥ ect g auee
Email Aeration Depth cm Longitude | 12.6127735
R Annual Max Hourly
Holmehavevaerket Emall Year  Pproduction (m3) Flow (m3/h)
VandCents
BndGentarSyd Contact 3 Name v 2017 3,544,258 200.0
Email
Municipality

Comments

Locations from which data can be obtained

Cleanwater Tank 1
Cleanwater Tank 2
Filter 1

Filter 2*

Filter 3

Filter 4

Filter §
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To Add a New Waterworks

Click on the Add a New Waterworks button in the bottom of the list of waterworks.
In the box that displays, enter the name of the

waterworks.
- Enter data for this new Waterworks.
Enter the parent company name by selecting it from
the drop down list. Note that, if a new parent
company needs to be added to the list, click in the
company box again (to make the drop down list go
away) and manually enter the name of the new parent Municipality

company. In the future, the new company name will 5 Cancel © Save

be included in the drop down list.

Enter the municipality by selecting it from the drop

down list. Note that, if a municipality needs to be added to the list, click in the municipality box again (to make the
drop down list go away) and manually enter the name of the new municipality In the future, the new municipality
name will be included in the drop down list.

Click the Save button.

To Select a Different Waterworks

1.
2.

Click on the name of the waterworks in the left hand column.
The selected waterworks will be highlighted. All actions will pertain to this waterworks until a different waterworks is
selected.

To Search for a Specific Waterworks

1.
2.
3.

Type some text in the Search box at the top of the list of waterworks.

Click on the magnifying glass icon to the left of the Search box.

Any waterworks name containing the text that you type will be displayed and the others will be eliminated from the
list.

To return to displaying all waterworks in Merkur, click the X button to the right of the Search box.

To Add Information about a Specific Waterworks

1.
2.

Ensure that the waterworks of interest is highlighted in the left hand column.
You can add or update the following information:

e  Waterworks name

e  Parent company

e Contact names and email addresses at the parent company (up to three)

e Municipality

e Comments about the waterworks

e  Filtration type (gravity or pressure; single, double or triple)

e Aeration type (air diffuser, cascade, air injection, or other)

e  Aeration depth (in cm)

e XandY coordinates for the geographic location
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e Latitude and longitude for the geographic location

Note:

e There is no Save button to click once a waterworks has been created. Your data is automatically saved when you
enter it.

e This screen displays History data showing the year, annual production, and maximum hourly flow. This data can
also be updated, but new history records cannot currently be created.

e The check box to the left of the year in the History table indicates which year should be used for building graphs.
This allows new data to be entered each year with the old data kept for historical or trend analysis. Only one year
should be checked at a time Checking more than one year will result in erroneous data being displayed on some
graphs.

To Add a New Location

Locations are physical locations within a waterworks from which a sample may be obtained. Most frequently, these are
filters and clearwater tanks. But they can also be wells, aerators, softeners, and even sewers. In addition, a location can
be a “pipe” that connects two elements (for example, the connection between a filter and a clearwater tank). Adding a
new location allows the user to create any location within the waterworks for which data may be obtained and entered
into Merkur.

. Ensure that the Waterworks/Location tab is selected toward the top of the screen.
2. Click on the Add a New Location button at the bottom
of the list of locations. Enter data for this new Location.
3. Inthe box that displays, enter the name of the
location. This name can be any text that is commonly
and locally used to identify the location within the

waterworks. For example, “western clearwater tank” e ® no connaction
aerator production

or “blue pipe in the ceiling” are perfectly acceptable as f"‘f’ gase
softener

descriptions. tank

X . X . sewer
4. Indicate what type of location this is: well, aerator,
filter, softener, tank or sewer. If the location is a “pipe”
indicate the “upstream” or “first” element that the pipe % Gancel © save

connects.

5. Give the location a number. This can be any number,
but is most commonly used to more precisely designate the location. For example, a 3 could be entered for the
third filter in a row of six.

6. If the location is an element (well, aerator, filter, softener, tank or sewer), leave the default “no conversion” selected. If
the location is a “pipe,” select either “production” (indicating that the output of the element you just entered is
considered “good” or “useful”) or “waste” (indicating the output is considered to be “bad”).

7. If you select “production” or “waste” (in other words, this is a “pipe” location), Merkur displays a second element to
the right with arrows indicating the flow from the left element to the right element.

8. Just as you did for the left element, describe the right element, indicating its type and number.

9. Click the Save button.



To Add or Update Data About a Location

Once a location has been added, information about the location should be added to Merkur. The information needed
depends very much on the type of location it is. For example, filter locations require very different information from
clearwater tank locations.

1. Ensure that the Waterworks/Location tab is selected toward the top of the screen.
2. Click on the location from the location list toward the bottom of the screen and ensure it is highlighted.

Filter 01
Filter 02
Filter 03
Filter 04
Filter 05
Filter 06
Filter 07

Locations from which data can be obtained

Cleanwater Tank 1

Cleanwater Tank 2 filter 8
Filter 08*
Layer 1 Layer 2
Filter Width | 3.41 Filter Medium Type | antracit kvarts
Filter Length | 5.86 Filter Medium Thickness | 40 110
Filter Diameter Medium Grain Size (high) | 4 1.8
Medium Grain Size (low) | 2 14

Active Medium Depth 150

Method of Determination of Year of Medium Placement | 1985
Active Medium Depth

© Add a new Location X! Use this data to build graphs.

3. If the location is a Filter location, enter or update the following data:

Filter width and length, if the filter is rectangular in shape, or diameter, if the filter is circular, in meters
Active medium depth in centimeters

Notes about the method for determining the active medium depth

For each layer (up to two) of the filter medium:

e  The filter medium type

e The thickness of the medium (in cm)

e The high and low grain size (not sure of the dimensions here)

The year the filter medium was placed into service

Locations from which data can be obtained

Filter 1
Filter 2*
Filter 3

tank 1

Cleanwater Tank

Tank Capacity | 760
Tank Material
Minimum Level | 20

Maximum Level | 385

© Add a new Location X Use this data to build graphs.

4. If the location is a Tank location, enter or update the following data:
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e Tank capacity (in m3)

e Tank material (this is a free-form field, it can be any text desired)
e Minimum level of the tank (in cm)

e  Maximum level of the tank (in cm)

5. If the location is some other type of location, enter or update the data as indicated.

6. For each location, you can check a box indicating if the location is to be used when building graphs. Note that
some graphs should focus on an individual location in a series (for example, a specific filter from which data was
obtained in a series of six). Failing to indicate which location of a type (usually only one) should be used for graphing
purposes can create unpredictable results in some graphs.

Note:
e There is no Save button to click once a location has been created. Your data is automatically saved as you enter it.

To Add a New Sample

Samples in Merkur require a careful explanation. Often a sample is thought of as a collected representative specimen,
such as water collected in a flask from the overflow of a filter during a backwash operation. From that single collection
flask, one might run several tests, such as iron concentration or turbidity.

In Merkur, a sample can mean that kind of collection. It can mean the collection of a single container of some material
that is then analyzed for one or more attributes. In Merkur, however, “sample” can also have a broader meaning. For
example, if water is collected during a backwash operation every minute over the course of the operation, a series of
flasks would be used, one for each minute during the process. All of those individual flasks together are considered to
be one sample — a sample series, collected over time. Thus a sample can be a single collection, but it can be a series
of collections as well.

A different kind of sample series is related to position. For example, filter media might be obtained from different depths
in a filter. An individual flask would be used to gather filter media from a depth of 10 cm, 20 cm, 30 cm, and so on. As
with a backwash operation, that series of flasks are considered to be one sample, but this time the sample is a series
based on depth in the filter.

Another positional series is related to filter bed Enter data for the sample being collected.

expansion during a backwash procedure. Instead

of gathering material at different depths in the filter,

the backwash slurry is collected at different heights

depth profile 1)

above the top of the filter bed as it is being NG e serie
expanded by air and/or water. Again, this is a e
single sample, even though there are different e eediun
containers of backwash slurry obtained from =

different heights. In other words, this is a bed
expansion series.

Further, a sample might not actually be a physical
specimen the can be collected in a container. It
might simply be a measurement, such as the

X Cancel © Save




amount of water used during a backwash procedure, or the freeboard height in a specific filter. In Merkur, these types of

samples are called non-series samples to differentiate them from series samples such as time series, depth profiles, and

bed expansion series.

10.

11.
12.

Ensure that the Enter Data tab is selected at the top of the screen.
Ensure that the waterworks with which you want to work is selected on the left side of the screen.
Click on the Sample and Data tab toward the top of the screen. This displays a list of the samples already in Merkur
for the selected Waterworks, if any.
Click on the Add a New Sample button at the bottom of the list of samples.
In the box that is revealed, select the type of sample that is being added.

e depth profile — used for a series of collections of filter media at varying depth in a filter

e time series — used for a series of collections over time, such as during a backwash procedure

e bed expansion series — used for a series of collections of filter media slurry collected during a backwash

procedure at different heights above the filter bed

e non-series — used for all other data collections that are not one of the three series types
Select the medium of the sample that is being added.

e water — broadly used for any aqueous sample

e filter medium — used when the actual filter medium grains are collected

e  backwash slurry — used when the collection involves the mixture of water and filter medium stirred up

during a backwash procedure

e other — used when none of the above three categories apply
Select the location from which the sample was obtained. Merkur will provide a drop down list of locations that have
been set up for this waterworks. Thus, prior to entering information about a specific sample, it is important that the
location within the waterworks has first been created.
Enter the timestamp when the sample was collected. The “watch” icon to the right of the timestamp field can be
clicked to insert the current server date and time (which is based on eastern US time). If you want to manually enter
some other time, make sure the syntax matches the following: MM/DD/YYYY hh:mm:ss, where MM is the month,
DD is the date, YYYY is the four digit year, hh is the hours, mm is the minutes, and ss is the seconds. Note that the
date syntax follows the US month-then-day format rather than the European day-then-month format.
Enter the name of the sampler. Merkur maintains a list of all previous samplers, making it easy to select a sampler
from the drop down list that is revealed. Alternatively, you can enter a new name by clicking in the field box again
and typing in the name.
Enter the name of the default lab where the testing of this sample will occur. Merkur maintains a list of valid labs that
can be selected from the drop down list that is revealed. The Merkur system administrator must add any new labs
that you need added. Note that this is the default lab; you can override the lab for individual results analysis.
Optionally, enter any remarks about this particular sample.
Click the Save button.



To Add Results for a Sample

In Merkur, the specific measurement from a sample is called a result. An individual sample can have many results,
because one might measure the iron, manganese, oxygen, ammonium, and other concentrations from a single flask.
Further, when the sample is a sample series, multiple measurements might be taken from each individual flask in the
series. Thus a large number of results can be recorded for an individual sample, especially if the sample is a series.

What is being measured for an individual result is called, in Merkur, a measurement parameter. Merkur includes a large
but limited number of parameters, defining what specifically might be measured as a part of a data collection effort for a
waterworks. The number of these parameters may increase over time as Merkur expands, but this method of being very
specific about which parameter an individual results is measuring helps ensure that there is never any confusion about
what the data represents.

When adding results, the type of sample (depth profile, time series, bed expansion series, or non-series) and the sample
medium (water, filter medium, backwash slurry, or other) makes a difference as to how results are entered. Thus the data
entry screens for entering results in Merkur will differ, depending on the sample type selected.

The following table shows the valid combinations of sample type and medium that Merkur accepts. The table also
indicates the collection methodologies used by VIA University College in collecting various kinds of samples. You can
learn more about the vapors collection methodologies from the VIA University College staff.

bed expansion

depth profile series

Christmas Tree

filter medium Proton Pack

CamSizer

individual flasks Organ Pipes

backwash slurry

observation
measurement

waterworks reporting

Ensure that the Enter Data tab is selected at the top of the screen.

2. Ensure that the waterworks with which you want to work is selected on the left side of the screen.

3. Click on the Sample and Data tab toward the top of the screen. This displays a list of the samples already in Merkur
for the selected Waterworks.

4. Click on the sample with which you want to work in the list of samples. If no samples are listed, use the procedure
to add a new sample before attempting to enter results.

5. The screen that is revealed will be based on the combination of sample type and medium. Each type will be
discussed below.

Merkur System User Manual page 15 of 23



To Add Results for a Depth Profile Water Sample
These results are commonly obtained using VIA University College’s “Christmas tree” technology.

Waterworks/Location Sample and Data Backwash Procedure Pl Diagram
Samples depth profile: water
(Samples can be for a single data
element, or for a series of data elements Location | fiter 2 Remarks
such as multiple sample collections over )
time or at different depths.) Timestamp | 7/30/2018 12:00:00
Name of Sampler | pitte Andreason Seborg
time series
filter 2 Flow Rate Lab
i gy meort multple resuts
non-series from the clipboard.
filter 2
Sample ID for the Lab Depth (€M) atrribute  Amount  Unit  Parameter
depth profile filter medium 1.390 mg/L Fetotrd
filter 2 Niveaubestemt 0 0 1.160  mg/L Fe tot
non-series Niveaubestemt 15 7 mg/L Fe tot
filter 2 Niveaubestemt 14 17 0.4189 mg/L Fe tot
Niveaubestemt 13 27 0.357 mg/L Fe tot
Niveaubestemt 12 37 0.137 mg/L Fe tot
Niveaubestemt 11 47 0.120 mg/L Fe tot
Niveaubestemt 10 57 0.110 mg/L Fe tot
Niveaubestemt 9 67 0.094 mg/L Fe tot
Niveaubestemt 8 77 0.083 mg/L Fe tot
Niveaubestemt 7 87 0.070 mg/L Fe tot
Niveaubestemt 6 97 0.060 mg/L Fe tot
Niveaubestemt 5 107 0.066 mg/L Fe tot

6. Information about the sample is shown at the top of the screen. This information can be updated if an error is
found.

7. The lower part of the screen shows information about the individual results for the sample. The data shown
includes:

e Sample ID for the Lab — This is an optional free form text field that can used to identify the individual
sample/result combination.

e Depth — The depth (in cm) from which the sample was obtained.

e Attribute — Optionally used to modify the amount. Typically this might be the less than (<) or greater than
(>) symbol.

e  Amount — The actual measurement for the result.

e Unit — The unit of measure for the result. Note that the unit is provided automatically by the parameter
and is not modifiable.

e Parameter — The thing being measured. (See the discussion above about parameters under To Add
Results for a Sample.) Note that this is not modifiable.

You may modify Sample ID for the Lab, Depth, Attribute and Amount if an error is found.

8. Because there can be a large number of results for a sample, you may optionally select a parameter in the
Parameter box above the Parameter column. Selecting a parameter from the drop down list of parameters will limit
the results that are displayed to only that parameter. Display all results again by deleting the entry in the Parameter
box.
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10.

11.
12.

13.

14.

15.
16.

To import at “batch” of data (that is, an entire series of results of a single parameter for this sample), ensure that your
data is in the proper format. This is best accomplished by preparing a spreadsheet containing the data in three
adjacent columns:

e Column A — Sample ID for the LAB

e Column B — Depth

e Column C — Amount
The data should be lined up in rows, one row for each depth. Merkur can handle as many rows as needed.
In the spreadsheet, select the three columns and all of the rows containing data. Then, in the spreadsheet software,
execute a Copy command. This will place the data in your computer’s clipboard.
In Merkur, click on the Import Multiple Results from the Clipboard button.
This will open up a data entry box. First, select the parameter you are

importing from the drop down list of parameters.

Select the type of import you are doing. For a depth profile water sample,
select “depth”. D

Click inside the Import box and execute a Paste command. This will place seconds
depth
depth range
grain range

the contents of your clipboard (the data you copied from the spreadsheet)
into this box. Scan the data to make sure the data you expected has been
pasted in. (Note, for example, that there should be an invisible “tab”
character between each column of data with an invisible “return” character

Import

at the end of each row.)
Click Save.

Merkur will then process the batch of data, creating a Result entry for each os
ave

row in your data. This may take some time, depending on the volume of
data. Once the data has imported, review it to make sure that it has
imported as expected.
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To Add Results for a Depth Profile Filter Medium Sample
These results are commonly obtained using VIA University College’s “Proton Pack” technology.

Waterworks/Location Sample and Data Backwash Procedure PI Diagram
Samples depth profile: filter medium
(Samples can be for a single data
element, or for a series of data elements Location | fiiter 2 Remarks
such as multiple sample collections over
time or at different depths.) Timestamp | 7/30/2018 12:00:00
Name of Sampler | pitte Andreason Seborg
time series
fiter 2 Lab  Eurofins
= gy Import multiple resuls
non-series from the clipboard.
filter 2
Parameter
depth profile Depth (cm)
filter 2 Sample ID for the Lab Lo Hi  Attribute  Amount  Unit Parameter
0 10 20 3416 % Coating %
20 30 40 3093 % Coating %
non-series 40 50 60 3563 % Coating %
filter 2 60 70 80 3037 % Coating %
80 90 100 3250 % Coating %
100 110 120 2744 % Coating %

6. Information about the sample is shown at the top of the screen. This information can be updated if an error is
found.

7. The lower part of the screen shows information about the individual results for the sample. The data shown
includes:

e Sample ID for the Lab — This is an optional free form text field that can used to identify the individual
sample/result combination.

e Depth Lo — The low end of the depth (in cm) of the range from which the filter media sample was
collected. Note that, here, low means the smaller number. In terms of depth, this would be physically
above the high number.

e Depth — The depth (in cm) to be used when graphing this data. Typically this is the midpoint between the
Lo and the Hi depths.

e Depth Hi — The high end of the depth (in cm) of the range from which the filter media sample was
collected. Note that, here, high means the larger number. In terms of depth, this would be physically
below the low number.

e Attribute — Optionally used to modify the amount. Typically this might be the less than (<) or greater than
(>) symbol.

e Amount — The actual measurement for the result.

e Unit — The unit of measure for the result. Note that the unit is provided automatically by the parameter
and is not modifiable.

e Parameter — The thing being measured. (See the discussion above about parameters under To Add
Results for a Sample.) Note that this is not modifiable.

You may modify Sample ID for the Lab, Depth (Lo, mean and Hi), Attribute and Amount if an error is found.
8. Because there can be a large number of results for a sample, you may optionally select a parameter in the
Parameter box above the Parameter column. Selecting a parameter from the drop down list of parameters will limit
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10.

11.
12.

13.

14.

15.
16.

the results that are displayed to only that parameter. Display all results again by deleting the entry in the Parameter

box.

To import at “batch” of data (that is, an entire series of results of a single parameter for this sample), ensure that your

data is in the proper format. This is best accomplished by preparing a spreadsheet containing the data in four

adjacent columns:

Column A — Lo Depth

Column B — Hi Depth

Column C — Depth (typically midway between the Lo and Hi depths)
Column E — Amount

The data should be lined up in rows, one row for each depth. Merkur can handle as many rows as needed.

In the spreadsheet, select the four columns and all of the rows containing data. Then, in the spreadsheet software,

execute a Copy command. This will place the data in your computer’s clipboard.

In Merkur, click on the Import Multiple Results from the Clipboard button.

This will open up a data entry box. First, select the parameter you are
importing from the drop down list of parameters.

Select the type of import you are doing. For a depth profile filter medium

sample, select “depth range”. Parameter

Click inside the Import box and execute a Paste command. This will place seconds

depth

the contents of your clipboard (the data you copied from the spreadsheet) depth range

into this box. Scan the data to make sure the data you expected has been
pasted in. (Note, for example, that there should be an invisible “tab”

grain range

Impor

character between each column of data with an invisible “return” character

at the end of each row.)
Click Save.
Merkur will then process the batch of data, creating a Result entry for each

row in your data. This may take some time, depending on the volume of

© Save

data. Once the data has imported, review it to make sure that it has
imported as expected.
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To Add Results for a Time Series Sample
These results are commonly obtained by periodically collecting backwash slurry samples in individual flasks during a
backwash procedure.

Waterworks/Location Sample and Data Backwash Procedure Pl Diagram
Samples time series: backwash slurry
(Samples can be for a single data
element, or for a series of data elements Location | fiter 2 Remarks
such as multiple sample collections over
time or at different depths.) Timestamp | 8/2/2018 12:00 PM
Name of Sampler | pitte Andreason Seborg
ez -
_ C ey
non-series
filter 2
depth profile Parameter
fiiter 2 Sample ID for the Lab Time (sec) Atftribute Amount  Unit Parameter
depth profile filter medium Luft mg/L Fe backwash
filter 2 Vand - Prave 1 730 414 mg/L Fe backwash
non-series Prove 2 750 296.000 mg/L Fe backwash
filter 2 Prove 3 780 145.000 mg/L Fe backwash
Prove 4 810 24.400 mg/L Fe backwash
Preve 5 840 1.230 mg/L Fe backwash
Prove 6 870 0.425 mg/L Fe backwash
Prove 7 900 0.284 mg/L Fe backwash
Prove 8 930 0.254 mg/L Fe backwash
Preve 9 960 0.207 mg/L Fe backwash

6. Information about the sample is shown at the top of the screen. This information can be updated if an error is
found.

7. The lower part of the screen shows information about the individual results for the sample. The data shown
includes:

e Sample ID for the Lab — This is an optional free form text field that can used to identify the individual
sample/result combination.

e Time — The time (in seconds) after the process began at which the individual sample was collected.

e Attribute — Optionally used to modify the amount. Typically this might be the less than (<) or greater than
(>) symbol.

e Amount — The actual measurement for the result.

e Unit — The unit of measure for the result. Note that the unit is provided automatically by the parameter
and is not modifiable.

e Parameter — The thing being measured. (See the discussion above about parameters under To Add
Results for a Sample.) Note that this is not modifiable.

You may modify Sample ID for the Lab, Time, Attribute and Amount if an error is found.

8. Because there can be a large number of results for a sample, you may optionally select a parameter in the
Parameter box above the Parameter column. Selecting a parameter from the drop down list of parameters will limit
the results that are displayed to only that parameter. Display all results again by deleting the entry in the Parameter
box.
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10.

11.
12.

13.

14.

15.
16.

To import at “batch” of data (that is, an entire series of results of a single parameter for this sample), ensure that your
data is in the proper format. This is best accomplished by preparing a spreadsheet containing the data in three
adjacent columns:

e Column A — Sample ID for the LAB

e ColumnB — Time

e Column C — Amount
The data should be lined up in rows, one row for each timed collection. Merkur can handle as many rows as
needed.
In the spreadsheet, select the three columns and all of the rows containing data. Then, in the spreadsheet software,
execute a Copy command. This will place the data in your computer’s clipboard.
In Merkur, click on the Import Multiple Results from the Clipboard button.
This will open up a data entry box. First, select the parameter you are

importing from the drop down list of parameters.
Select the type of import you are doing. For a time series sample, select
“seconds”. Parameter

Click inside the Import box and execute a Paste command. This will place seconds

the contents of your clipboard (the data you copied from the spreadsheet) Zzs:: oS

grain range

into this box. Scan the data to make sure the data you expected has been

Import

pasted in. (Note, for example, that there should be an invisible “tab”
character between each column of data with an invisible “return” character
at the end of each row.)

Click Save.

Merkur will then process the batch of data, creating a Result entry for each os
ave

row in your data. This may take some time, depending on the volume of
data. Once the data has imported, review it to make sure that it has
imported as expected.
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To Add Results for a Bed Expansion Series Sample
These results are commonly obtained using VIA University College’s “Organ Pipe” technology. Currently the organ pipe
data is expressed as a single number (the height) and is entered as a non-series result (see below).

In the future, Merkur may be expanded to receive multiple rows of bed expansion series data.

To Add Results for a Non-Series Sample

These results are obtained by a variety of methods, including direct observation, measurement of a parameter, accepting
data reported by the waterworks to the researcher, and others. Currently the “Organ Pipe” data is reported as a single
non-series number.

‘ Merkur 0.3 VIA University College

Comparisol phs Advanced Graphs Enter Data My Account

Kastedvaerket

Q _ Q Waterworks/Location Sample and Data Backwash Procedure PI Diagram

Samples non-series: other
(Samples can be for a single data

element, or for a series of data elements Location | fiter 2 Remarks

such as multiple sample collections over

time or at different depths.) Timestamp | 7/30/2018 12:00:00

Name of Sampler | pitte Andreason Seborg

time series

filter 2 Parameter Attribute  Amount Unit Sample ID for the Lab
Filterbed i 14 cm
Fribordhejde Fribordh 23 cm
g 3
depth profile water Gangtid (m3) Gangtid 1880 m
filter 2 Backwash water volume per Backwas 304 m*

Kastedvaerket depth profile filter medium
Aarhus Vand filter 2

non-series other
filter 2

6. Information about the sample is shown at the top of the screen. This information can be updated if an error is
found.
7. Currently non-series data must be added by the Merkur system administrator.

Understanding Access Groups

User accounts in the Merkur system are divided into two groups: waterworks users and VIA University College users.

Waterworks Users

Waterworks users have access to the two pages of graphs, the Comparison Graphs and the Advanced Graphs. All
available graphs within the system are displayed on these to pages. These pages allow the waterworks user to display
graphs showing their waterworks in comparison to all other waterworks in the Merkur system (Comparison Graphs) or
specific series data from their own waterworks (Advanced Graphs).

Not all users will have access to display data for every graph. Access depends on the user’s access level (see
Understanding User Management below).
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VIA University College Users

VIA University College users have access to one additional page, the Data Entry page. The Data Entry page allows the
user to enter and update individual data results for a specific waterworks. In this way, VIA University College user can
keep data for the waterworks updated as new information becomes available.

Understanding User Management

These additional ways of managing users are controlled by the Merkur system administrator. Each of the following also
affect the way the system works for individual users.

Status

Individual user accounts can be active or inactive. This gives the Merkur system administrator the ability, at the direction
of the Project Leaders, to activate or inactivate individual user accounts. An account that has been inactivated is no
longer allowed to log on to the Merkur system.

The Merkur system administrator can also create new user accounts as directed by the Project Leaders.

Access Level

Each graph on the Comparison Graphs and Advanced Graphs pages are keyed with an access level: A, B, or C. Each
user is than given a designated access level, providing access to a limited set or all graphs. A is the most limited access
level. Access level A users only have access to graphs designated as A graphs. Access level B users have access to
both A and B designated graphs. Access level C users have access to all graphs.

This feature gives the Project Leaders the ability to designate which graphs should be seen by which users. The plan is
to have the project evolve to the point that some waterworks join at a very basic level (A), while others join at higher
access levels (B or C). Further, C level graphs most likely will require collection of very detailed data by VIA University
College itself, so the C access level would be reserved for waterworks from which such data has been obtained.

Can View Organizations

Each waterworks is given a waterworks number that is consistent throughout the system. Where appropriate, these
numbers can be indicate on graphs, particularly Comparison Graphs, so that data points on the graph belonging to

individual waterworks can be designated. However, it may be appropriate to only allow some users to view the data
point is their own organisation’s, leaving the other data point on the graph, but anonymous as to their source.

Each user can be identified as one that can view other organisations or that cannot.
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Bilag 4. Description of graphs
in Merkur

Comparison graphs

In all comparison graphs, your own waterworks is shown in yellow. Graphs are shown in al-
phabetical order.

Annual Production (Arsproduktion)

Annual Production
5.000.000

M Gravity
M Pressure
Dalumvaerket

4.000.000

3.000.000

2.000.000

Annual Production (m3)

1.000.000

Graph description
This bar chart compares waterworks according to annual drinking water production. Gravity
filters are shown in green, and pressure filters are shown in blue.

Value of graph

» To provide an overview of the size of waterworks included in the database.

» To make it possible to determine if benchmarking results are more typical for certain water-
works sizes.

Backwash Efficiency (Skylleeffektivitet)

Backwash Efficiency
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Iron Load per Filter Run (g/m2)

Graph description

This scatter plot shows how much backwash water is used (per square meter filter area) in
comparison to how much iron has been removed during a single filter run (between one back-
wash and the next). The Y-axis sums the water used in the water-only step and water/air-com-
bined step (if used).
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Value of graph
- To show how efficient the backwash is
- To give an indication of the iron concentration in the backwash water

Bed Expansion (Bedekspansion)

Bed Expansion
100 =

904
B0 =
70
60 =
50 =

40+

Bed Expansion (cm)

304

Graph description

This bar chart shows the height to which filter media is lifted during the backwash. It is meas-
ured using an “organ pipe” fixed in place on the top of the sand bed prior to backwashing. The
Y-axis gives the height of the allest organ pipe into which media grains fell during backwash.

Value of graph
- To determine if the filter media is sufficiently expanded to enhance cleaning during
backwash
- To enable comparisons between bed expansion, medium grains and water flow

Bed Expansion Ratio (Bed-ekspansionsforhold)

Bed Expansion Ratio
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0
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Graph description
This scatter plot shows the ratio between bed expansion during backwash and the available

freeboard built into the filter.

Value of graph
- To determine if there is risk of losing filter media to the trough during backwash
- To determine if the filter bed design creates an unnecessary volume of backwash wa-
ter following backwash that must be discharged before good water quality can be ob-
tained
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Filter Footprint (Filter footprint)

Filter Footprint
50.000 =

40.000=
30.000 =
20.000 =

10.000 =

Annual Production per Filter Area (m3/m2)

0+

Graph description

This bar chart shows how much water is produced on an annual basis per m2 filter area (and
is therefore the reciprocal of filter footprint). Note that this graph ignores the fact that water-
works with poor raw water quality would be expected to show lower values. Note also that
pressure filters are expected to have higher values than gravitational filters (made possible
due to higher filter velocity and thicker media layers).

Value of graph
- To give an indication of whether the waterworks is over-dimensioned

Filter Use (Filterudnyttelse)

Filter Use

Max. Flow (m3/h) per filter

10 12 14 16 18 20 22 24 26 28 30
Active Filter Volume (m3) per filter

Graph description

This scatter plot compares individual filters between waterworks to see how much flow can be
put onto a certain amount of sand. When double filtration is used, the sum of the active filter
volumes in both filters is used. Note that this graph ignores the effect of raw water quality. For
example, raw water with high ammonium concentrations would naturally call for more sand
than raw water with low ammonium concentrations. The maximum hourly flow is defined as
the maximum flow sustained for at least one hour per weekday.

Value of graph
- To determine if the volume of the filter medium is larger than typical (over dimen-
sioned) or smaller than typical (under dimensioned). These judgements must then be
compared to the treatment difficulty of the actual raw water quality.
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Filter Utilization (Filterudnyttelse)

Filter Utilization
100 =

90 =
80—

70=

Acceptable Utilization

5p= Low Utilization

Filter Utilization (%)

Graph description

This bar chart shows the drinking water production balance by comparing the annual produc-
tion to the potential maximum annual production assuming the maximum filtration flow is main-
tained 24/7. Note that the need for production stop for backwashing is ignored, meaning that
100% production is never possible. The maximum filtration is defined ass the maximum flow
sustained for at least one hour per weekday. The area above the red line represents accepta-
ble filter utilization and is only obtainable for waterworks where production is virtually continu-
ous for 16 or more hours per day. A continuous (Danish = grundlast) waterworks can reach
approximately 98% utilization The area below the line represents low utilization where lowering
the maximum hourly flow should be considered, assuming there is sufficient clean water tank
capacity.

Value of graph
- To identify waterworks with potential for lowering the maximum hourly flow (which
can improve water quality).
- To identify waterworks with potential to produce more drinking water, if needed.

Filtration Type (Filtertype)

Filtration Type

1
(10.0%)

9
W cravity (90.0%)

B Pressure

Graph description
This pie diagram classifies the participating waterworks as to whether they are gravity filters or
pressure filters.

Value of graph
- To provide an overview of which waterworks are included in Merkur.
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Full Tank Reserve (Reserve i rentvandstanken)

Full tank reserve

Reserve (h)
~
1

Graph description

This bar chart shows how many hours of reserve capacity that the waterworks have, assuming
that the clean water tank is full, that no additional water is produced and that water is con-
sumed at the annual average rate.

Value of graph
- To show if the risk for stagnated water in the clean water tank is too high due to a
large tank capacity.
- To show if there is too little drinking water reserve in a filled clean water tank in case
of fire.

Treatment Train (Behandlingsraekke)

Treatment Train

1
(10.0%)

9
B single Filtration (90.0%)

M Double Filtration

Graph description
This pie diagram classifies the participating waterworks according to whether single or double
filtration is utilized.

Value of graph
- To provide an overview of which waterworks are included in Merkur
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Use of Clean Water Tank (Udnyttelse af rentvandstanken)

Poor usaI I

Target

Use of Cleanwater Tank

Drop in Water Table (%)
w
S
1

90 Reserve

100 T T T T T T T T
5 2 10 8 9 4 7 3 6 1

Graph description

This bar chart shows the water level in the clean water tank measured as the minimum level
experienced during a one-week period. Depending on circumstances, a value of 80% or so
should not be exceeded to ensure adequate water in case of fire and for backwashing filters.

Values below 50% or so indicate that more even flow could be achieved.

Value of graph

- To determine if the clean water tank is being used to even out day and night water

production and give the lowest possible maximum hourly flow.

- To determine if there is likely to be a lot of stagnant water in the clean water tank.
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Advanced graphs

Advanced graphs show results for one waterworks only. Graphs are shown in alphabetical or-
der.

Backwash Iron Concentration (Skyllevandets jernkoncentration)

Backwash Iron Concentration (Dalumvaerket)
100

a0
B0 i
70

60

Iron (mg/L)
o

0 1.000 2.000 3.000 4.000 5.000
Time (s)

Graph description
This time series shows the iron concentration in water samples collected manually once or
twice a minute from a backwash at one of the participating waterworks.

Value of graph

- To assist in optimizing the backwash procedure by indicating whether the backwash
continues long after the iron oxides are removed or whether the backwash water is
still heavily influenced at the end of the backwash.

Backwash Turbidity (Skyllevandets turbiditet)

Backwash Turbidity (Dalumvaerket)
1.000

900
800
700 ll
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500

Turbidity (NTU)
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0 1.000 2.000 3.000 4.000 5.000
Time (s)

Graph description
This time series shows the turbidity in water samples collected manually once or twice a mi-
nute from a backwash at one of the participating waterworks.

Value of graph

- To assist in optimizing the backwash procedure by indicating whether the backwash
continues long after the turbidity is removed or whether the backwash water is still
heavily influenced at the end of the backwash.
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Grain Size Distribution (Kornstgrrelsesfordeling)

Grain Size Distribution

100

90
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Grain Size (mm)

Graph description
This cumulative distribution graph shows the grain size in filter medium samples collected at
various depths at one of the participating waterworks.

Value of graph

- To show the interval of grain sizes in a filter. Due to coating with iron oxides, grain
sizes often increase over time. Fragile media grains such as anthracite may break
(attrition) thereby decreasing the grain size over time.

- To determine if the grain size in a filter is stratified. Smaller grains may mobilize to the
top of a filter during backwash. In dual media, larger and less dense anthracite may
remain at the top of a filter. The backwash process may also cause mixing such that
any stratification is destroyed.

Sand Profile (sandprofil)

Sand Profile (Dalumvaerket)

Depth (cm)

Coating (mass/total mass in %)

Graph description

This depth profile shows results from sand samples collected over 20 cm intervals from one of
the participating waterworks using special sampling equipment. Depth in the filter starts with
the top of the filter medium as 0. The graph point shows the middle of the depth interval that
was sampled. In this graph, the relative mass of the media grains coating to the total mass
(media grain plus coating) is shown in percent.

Value of graph

- Visualizes the stratification of the filter media. The coating may be greatest at the top
of the filter. This is because iron (which causes the coating) is removed near the top
of the filter and that the density of coating is greater than that of quartz, which may
mobilize grains with more coating to the top of the filter during backwash.
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Water Profile — Fe (Vandprofil - Fe)

Water Profile - Fe (Dalumvaerket)
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Graph description

This depth profile shows results from water samples collected at 10 cm intervals from one of
the participating waterworks using special sampling equipment. In this graph, the concentra-
tion of iron is shown in mg/L. The drinking water criteria is shown as a red line. Depth in the
filter starts with the top of the filter medium as 0.

Value of graph

- Visualizes removal through the depth of the filter.
- The steepest part of the curve can be used to determine the maximum volumetric re-
moval rate.

Water Profile — Mn (Vandprofil - Mn)

Water Profile - Mn (Dalumveerket)
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Graph description

This depth profile shows results from water samples collected at 10 cm intervals from one of

the participating waterworks using special sampling equipment. In this graph, the concentra-

tion of manganese is shown in mg/L. The drinking water criteria is shown as a red line. Depth
in the filter starts with the top of the filter medium as 0.

Value of graph

- Visualizes removal through the depth of the filter.
- The steepest part of the curve can be used to determine the maximum volumetric re-
moval rate.
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Water Profile — NH4 (Vandprofil — NH4)

Water Profile - NH4 (Hovedveerket)
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Graph description

This depth profile shows results from water samples collected at 10 cm intervals from one of
the participating waterworks using special sampling equipment. In this graph, the concentra-
tion of ammonium is shown in mg/L. The drinking water criteria is shown as a red line. Depth
in the filter starts with the top of the filter medium as 0.

Value of graph
- Visualizes removal through the depth of the filter.
- The steepest part of the curve can be used to determine the maximum volumetric re-
moval rate.

Water Profile — O2 (Vandprofil — O2)

Water Profile - 02 (Dalumvaerket)
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Graph description

This depth profile shows results from water samples collected at 10 cm intervals from one of
the participating waterworks using special sampling equipment. In this graph, the concentra-
tion of oxygen is shown in mg/L. The drinking water criteria is shown as a red line. Depth in the
filter starts with the top of the filter medium as 0.

Value of graph
- Visualizes removal through the depth of the filter.

- The steepest part of the curve is generally the layer where ammonium is being re-
moved most rapidly.
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Water Profile — pH (Vandprofil - pH)

Water Profile - pH (Dalumveaerket)
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Graph description

This depth profile shows results from water samples collected at 10 cm intervals from one of
the participating waterworks using special sampling equipment. In this graph, pH measure-
ments are shown. Depth in the filter starts with the top of the filter medium as 0.

Value of graph

- Visualizes pH changes through the depth of the filter.
Water Profile — Redox (Vandprofil - redox)

Water Profile - redox (Dalumvaerket)
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Graph description

This depth profile shows results from water samples collected at 10 cm intervals from one of
the participating waterworks using special sampling equipment. In this graph, the redox value
is shown in mV. Depth in the filter starts with the top of the filter medium as 0.

Value of graph

- Visualizes changes in redox through the depth of the filter.
- The greatest redox increase is often seen at the depth where the majority of iron has
been removed.
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Merkur: Web-baseret platform til vandbehandlingsdata

| Danmark er drikkevandsproduktion baseret pa grundvand, der behandles ved en
enkel proces, der bestar af iltning af vandet efterfulgt af en biofiltrering med gravitati-
ons- eller trykfiltre. Herved fjernes eller omdannes jern, ammonium og mangan.
Design og drift af biofiltrering, som er hjertet i vandbehandlingen, har ikke aendret sig
vaesentligt i mere end 100 ar. Fremskridt i pravetagning og maleteknikker i forbin-
delse med biofiltrering har imidlertid medfert ny viden og mulighed for at undersgge,
forsta og manipulere de kemiske, mikrobiologiske, fysiske og procesteknologiske ele-
menter i drikkevandsbehandling. VVandkvaliteten er under pres, og der er en erken-
delse af, at mange af de nuveerende overskridelser af vandkvalitetskrav pa landsplan
kunne undgas ved en bedre vandbehandling.

Projektets formal er at re-designe vandbehandling fra bunden ved radikal nytaenkning
af drikkevandsproduktionen, hvormed der kan ske en optimering af nye og eksiste-
rende vandveerker, herunder reduktion af vandspildet ved returskyl, forkortelse af ind-
karingen af nye filtre samt stgrre baeredygtighed i drikkevandsproduktion.

Projektet har resulteret i formulering af 18 "redesign-principper”, der handler om de-
sign og drift af drikkevandsbehandling. Principperne blev testet ved fuldskala demon-
stration af ny filterbeholderdesign samt ny indkgringsprocedure med SmartSand.
Endvidere blev principperne udviklet pa basis af ny viden om jern- og ammoniumfjer-
nelse samt returskylleprocessen. Projektet har desuden pabegyndt udvikling af den
abne dataplatform "Merkur” til vandbehandlingsdata samt en matematisk model til at
belyse virkningen af forskellige filterkonstruktioner.
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