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Personal introduction ...
Record on water chemistry

* 1979 - 1980 : KIWA (now KWR)
- KIWA report and computer program aggressive water
» 1980 - 2000 : DHV (now RHDHYV)
- Patent softening Amsterdam (Graveland cs)
« Publication / HP41 program on CaCO3 equilibrium
* Publications / presentations (H20 - JAWWA — Las Vegas)
- Design and build over 40 water treatment plants, wordwide
» 2000 - present : TU Delft (part-time)
« BSc / MSc — education
+ OpenCourseWare (2007 - 2014)
 Aquatic Chemistry 4 Eng (2011 - now) o || e
+ Online MSc (2012 - 2014) oy reE——
+edXMOOC (2013-2014)  oow |
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AC4E — Our focus points

Education Research Process control

_ ([~ ¥
PHREEQC PHREEQC PHREEQC
jnside jnside jnside

Practical applications for drinking water, waste water and industrial water
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PhreegXcel - PHREEQC in Excel
with Stimela.dat )ﬁ'
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Starting with PHREEQC
for water treatment

P.J. de Moel
1.C. van Dijk
W.G.J. van der Meer
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Challenge the future
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PHREEQC

Development since 1980

|/ 2 PHREEQC Welcome Page X | -
€« C A | [ wwwbrr.crusgs.gov/projects/GWC_coupled/phreeqc/ kg = | =
i Apps (@ Memory upgradesfr.. \7 vriendschap [ Mediciin [® Headboard @ Amazon.com Shopp... [ ReSharper Free Trial .. l

< USGS ]

\
science for a changing world

PHREEQC (Version 3)--A Computer Program for Speciation,
Batch-Reaction, One-Dimensional Transport, and Inverse
Geochemical Calculations

Information:

@ PHREEQC Abstract

@ _[Phreeqc Modules (COM/DLL/Library) Abstract
@ _Phreeqcl Fact Sheet FS-031-02 (PDF)

@ _Online Version 3 User's Guide

@ Notes for training course: Geochemistry for Groundwater Systems 2011 (Geochem2011.tgz, PowerPoint and examples, 180M)

Current Versions:

@ PHREEQC Release notes

@ Installation For Win32 Batch Version

@ _Installation For Linux Batch Version

@ _Installation For MacOS(Intel) 10.6-10.10

Other Resources:

&
\\"‘ Discussion forum: Search for answers, ask a question
@ FAQ--Frequently Asked Questions about PHREEQC and Phreeqcl
@ _Mail Archive--Questions and answers about PHREEQC, Phreeqcl, and Netpath
@ Reports using PHREEQC and PHAST
@ Appelo's home page: Information, examples, and training courses
@ Mike Mueller's PHREEQPY home page: Using PHREEQC in Python

|5H - _Redox — Equilibrium - Calculations
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PHREEQC

pH - Redox - Equilibrium Calculations

» 25 elements C Ca Mg Na etc
» 21 redox states C(+4) C(-4) etc
» 180 species C(+4) : CO2 HCO3 CO3 etc
C(-4) : CH4 etc
e 72 solid phases CaCO3 Fe(OH)3 etc AQUATIC
» 8 gas phases CO2 H2S etc “f-“
* + Exchange eq. (ion-exchange)
* + Surface eq. (activated carbon)
» + Rates (kinetics)

» 8 databases (+ Stimela.dat)

Aquatic Chemistry (Stumm & Morgan) in your laptop
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PHREEQC

Freely available

[’ 2 PHREEQC Welcome Page x | _—— - e —

&« C A D wwwbrr.cr.usgs.gov/projects/GWC_coupled/phreeqc/

Description of Input and Examples for PHREEQC

i Apps @ Memory upgradesf.. (> Omnisys M Medicijn Headboard @, Amazon.com Shopp... [ ReSharper Free Trial... Version 3—A Computer Program for Speciation,
2 . = Batch-Reaction, One-Dimensional Transport, and

Download: Inverse Geochemical Calculations

> e P o £ 5 Chapter 43 of
The Free Software Foundation's gunzip is necessary to uncompress the UNIX tar files available below. However, some World Wide Web Section A. Groundwater
browsers automatically uncompress retrieved files. Thus, running gunzip as stated in the installation instructions may be unnecessary. Book 6, Modeling Techniques

Graphical User Interfaces

Platform Processor File names Size Notes
phreeqci-3.1.7-9213.msi 13M || Executable, source, database files, examples, PDF documentation E
Windows 32-bit Notepad++ interface -- || Appelo’s Notepad+ + interface to PHREEQC version 3 E
PHREEQC for Windows -- || PHREEQC for Windows Home Page 1

Batch Versions

Platform Processor File names Size Notes
32-bit phreeqc-3.1.7-9213.i686.tar.gz 20M || Executable, database files, examples, PDF documentation Techniques and Methods 6-A43
Linux 64-bit phreeqc-3.1.7-9213.x86 64.tar.gz 20M || Executable, database files, examples, PDF documentation
I U.S. Department of the Interior
Source phreeqgc-3.1.7-9213.tar.gz 12M || Source, database files, examples, PDF documentation U.S. Gealogical Survey.

MacOS(Intel,0S Executable (Intel), database files, examples, and PDF

-bi ¢ =9.1./- A <
10.64) 64-bit phreeqgc-3.1.7-9213.dmg 14M o neatiog
Windows 32-bit phreeqgc-3.1.7-9213.msi 3.3M || Executable, source, database files, examples, PDF documentation Descrpon of input and Earmpes for
Version 3--A Computer Program for Speciation, |
Modules Batch Reaction, One-Dimensional Transport, |
and nverse Geochemical Calculatons_ S
Platform Processor File names Size Notes = O T
modeling with ||
Any Any iphreeqc-3.1.7-9213 tar.gz 6.5M || Source with configure and VS2005 project file |
IPhreeqc-3.1.7-9213-vs2005-win32.7z || 18M || Static and Dynamic (DLL) Libraries (VS2005)
32-bit
IPhreeqc-3.1.7-9213-vs2005-win32.zip || 31M [ Static and Dynamic (DLL) Libraries (VS2005)
Windows
IPhreeqc-3.1.7-9213-vs2005-x64.72 22M | Static and Dynamic (DLL) Libraries (VS2005)
64-bit
IPhreegc-3.1.7-9213-vs2005-x64.zip 39M || Static and Dynamic (DLL) Libraries (VS2005)
32-bit IPhreeqcCOM-3.1.7-9213-win32.msi 2.9M || COM Server, CHM documentation
Windows COM
64-bit* IPhreeqcCOM-3.1.7-9213-x64.msi 3.1M || COM Server, CHM documentation
* -- Both 32-bit and 64-bit COM versions should be installed on 64-bit versions of Windows e |
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PHREEQC
Latest release PHREEQC: 1.5 months ago

r =

/ B STATUS OF PHREEQC PRC x '\ — - — - - 4
« C A [ wwwhrrcrusgs.gov/projects, -coupled/phre
1 wwwhbrr.cr.usgs.gov/projects/GWC_coupled/phreeqc/status.htm e =
<« C AN DO gs.gov/projects, _coupled/phreeqc/ e Al 51 Apps @ Memory vpgrsdest | (0 Omniys B Medicn [8] Peadbosre »
Apps @ Memory upgradesf.. () Omnisys [ Medicijn [® Headboard 8. Amazoncom Shopp.. [RY ReSharper Free Trial... L S P
y 27, 2

Version 3

STATUS OF PHREEQC PROGRAMS D
February 10, 2015: Batch PHREEQC for Mac (version 3.1.7, SVN 9213) is available

February 10, 2015: Mac version of PHREEQC, version 3.1.7, svn 9213

The batch versien of PHREEQC (3.17. svn 9213) has been compiled for Mac computers. s Ipheeege “any” dizteibution waz sizzing file fiml.n for Windosz

Fixed IPhreeqc. An error occurred when an empty String was seat to
IPhreeqe from Fortran.

Version

Janwary 21, 2015

January 28, 2015: New releases of PHREEQC, Phreeqcl, and IPhreeqc, version 3.1.7, svn 9213
An error occurred when an empty string was sent to IPhreeqc from Fortran.
January 21, 2015: New releases of PHREEQC, Phreeqcl, and IPhreeqc, version 3.1.6, svn 9191

Two mmmitialized variable bugs have been fixed (NameDouble and cxxPPassemblage). and a mussing file for Windows compilation of IPhreeqe has been added to the “any™ distribution. syt
Fixed {nitialization of Namedouble.

December 18, 2014: New releases of PHREEQC, Phreeqcl, and IPhreeqc, version 3.1.5, svn 9113

version

Decesber 18, 2014
Several bugs have been fixed. and a new Basic function (DIFF_C. diffusion coefficient for an aqueous species) has been added Warnings reported by CRAN for the R version of
PHREEQC have been fixed. An error that caused mcorrect inferface files for Netpath has been corrected. A bug related to switching among multiple sets of KINETIC reactants was fixed. An

error cccurred if USER_PUNCH had no Basic commands associated with 1t

August 20, 2014: New releases of PHREEQC, Phreeqcl, and IPhreeqc, version 3.1.4, svn 8929 svn 9073

Three bugs were corrected: (1) The time was not reset when a batch kinetic sinmlation was followed by a transport simulation (2) The acentric factor for H2(g). and the uncoupled redox 3 L
equivalent. Hdz(g). had the wrong sign: the correct factor is -0.225. (3) A mixing calculation with gases (undocumented GAS_PHASE_MIX) treated the molar volumes as an extensive variable
instead of an infensive variable.

August 6, 2014: IPhreeqc ported to R. New releases of all PHREEQC and PHAST programs, svn 8914

PHREEQC can now be run in R by using methods derived from IPhreeqc. The “phreeqc™ package for R can be downloaded from CRAN (http://cran r-project.org). Help and a series of
examples are available to get started.

PHREEQC updates. Systematic elimination of memory leaks. unitialized variables. variables set and not used, and other errors detected by Valgrind and Visual Studio. The current
version fixes several bugs and makes modifications: (1) error reading a dump file that had a SURFACE_RAW definition using -no_edl: (2) incorrect relative dielectric constant calculation: (3) PH RE E E 1980
Basic function LK_SPECIES revised to use the equation defined in SOLUTION_SPECIES: (4) isofope uncertainties in INVERSE_MODELING and default values for H and O redox states:

(5) mternally defined reactants with negative user numbers are no longer DUMP d: (6) modifications o meet R requirements for I'O: (7) error 1 redefinition of a SIT or Pitzer parameter: (8)
incorrect pressure in a muxture of gases: and (9) NULL pomter under some conditions when an element of a gas component was mussing from the system.

IPhreeqc updates. Modifications for R version. Systematic elimination of memory leaks. unrtialized vanables. variables set and not used, and other errors detected by Valgrnind and Visual

Studio.
PHAST updates. Fixed a bug that occurred when an element in a gas phase was missing from the system. PH RE EQC v1 ( 199 5)

! March 17, 2014: New users’ forum at http://www.phreeqcusers.org

A PHREEQC user’s forum has been established at http:/'www phreeqcusers org. Use the forum to search for answers. ask questions. answer questions. post PHREEQC input examples.
and describe research nsing PHREEQC and PHAST.

| March 3, 2014 (SVN8538): PHREEQC, Phreeqcl, and IPhreeqc, Version 3.1.2; Phast Version 2.4.6; and Phast4Windows, version 1.0.8 PH RE EQC V2 (1999)

PHREEQC, Phreeqcl, IPhreeqc:

-I Modified TRANSPORT to allow unequal cell sizes in diffusion caleul Inding mul diffusion (MCD). PH RE EQC v3 (20 1 3)
TUpdated Li molar volume in pitzer.dat, Amm dat, and phreeqc.dat.

The lngic for connecting nointe in TISFR_GRAPH wac revicad and vellow swac aliminated ac a grash color hecance it wac difficnlt t0 ces on come monitare
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PHREEQXCEL
Excel with IphreeqcCOM for Windows + Stimela.dat

H ©- = Lab_2_1.xlsm - Excel ? B - 0O %
HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  DEVELOPER  TEAM Sign in

- jl v

=
=

W o0 = @ e L0 RO =

14
15 Input I'\.. Aquatic Chemistry
= for engineers

2 PHREEQQ Database

| Run_Contrd Input. Database 0 hreeqc.out‘ Output / Messages | ()] [+« | [
M -———+ 100%

Volume 1

Starting with PHREEQC
for water treatment

£.3. de Moel
3.C. van Dk
W.G3. van der Meer

’?U Delft & Q‘ .
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Waterbedrijf
Groningen

Drinking water - De Punt
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Drinking water - De Punt Waterbecr

Groningen

Inname Mengbekken Coagulatie Dubbellaagsfitratie
Drentsche AA  Grofrooster Met 2 bellenbeluchters Microzeven

enbeluchting na lamellen

[ M 02
v02
Oz
o pH
PROL PRO3 t
PRO4
ol o 020
PRO2 PROS
02
- Vo1
Adtief-kooffiltratie UVdesinfectie Langzame zandfiltratie Cascade beluchting Distributie
Per straat 2 reactorenin serie: FLO1 (<L2F 1) isgesloopt Pompbuffers Reinwaterberging Distributiepompen

(op12 juni 2013 uit bedriff genomen)

‘teruglevering Nietap,
max. 15 minmij

ca.03minmj
ingesteld dagpatroon,
geen nachturen

ca.60 minmé/j

]
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Drinking water - De Punt

INSERT

A3l - fr

A B c E F

PAGE LAYOUT FORMULAS

=Simulaties!AA7

4
= |Datum Drentsche
& |19 maart2015 dagnr Aa

7 |donderdag 14
8
s

10 |Doseringen
11 |HCI- PAC - NaOH mg/l

16 |Gepresenteerde dag 14
17 | Selecteer andere dag

18 |6-mrt
19 | 7-mrt
20 |&-mrt
21 |s-mrt
22 | 10-mrt
23 | 11-mrt
24 |12-mrt
25 |13-mrt
26 | 14-mrt
27 | 15-mrt

ACAE_Lab_2_2.xlsm - Excel

DATA REVIEW VIEW DEVELOPER TEAM
G H | J K L ]
Meng- Coagulatie Dubbel-
bekken Sedimentatie laags

filtratie
[ HCI T PAC ] [ 02 [ Hspo4]
50 66 0,0 0.0
pH=7.4 flUVeff) >8  »002

N

Actief-
kool
filtratie

o

Ultra
Violet
desinf.

P

Q

Langzame

zand-
filtratie

R

Cascade
beluchting

[ HaoH ]

?TE - 0O X

Sign in|

v

s T L[
Rein
water
opslag

-3, verschil

S1= 0,00

28 [18-mrt
29 [17-mrt
30 [18-mrt
31 [19-mrt

COoOO0000000

@

48 |Waterkwaliteit (berekend)
49 | Temperatuur

50 |Troebelheid FTU
1 |pH -
52 | Zuurstof mg/L.
53 | Zuurstof-verzadiging %
54 |UV-absorptie (254nm) -im
56 | Saturatie-Index sl -
57 | Saturatie-pH pHs -
=2 [Flektr Qaleid \arm 200 Fovo0

» UitPGIM Simulaties

maim

KwaliteitControl

pHs
HCl NaoH [[1823
PH 84 — —
82 < X
80 =
78 —
76
74 T
7.2
70 XX %=
58
pH=74 SI=0,0
min max
223 6 (3 (3 6 6 (3 3 6 (] (3
220 92 8.2 05 06 03 03 03 03 03 03
772830 [787 742 701 7,01 7,01 7.01 7,01 7,01 823 823 |
7712 18 18 12,5 12,5 12,3 123 12,3 12,3 12,5 125
126%  126%  133%  133%  131%  131%  131%  131%  133%  133%
26 50 47 47 15 15 15 13 13 " " 1
01506 017 075 130 430 1,30 130 430 130 0,00 0,00
s 314 817 831 831 &1 31 831 831 823
X 273 23R 2R 9RA 2RA 28R 7MA  7RA ans s
Dashboard Mengbekken pre ... (@ [

mg/l
106 108

min max
003

756 8,24
813

1012

0304

22 38 hd

Waterbedrijf
Groningen

Modeling for

‘day-average’ values

10 process/sample points
31 water quality parameters

14 days

4,340 numbers / batch

Selected per day
for presentation

]
TUDelft

NISYS
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Drinking water - De Punt

H ©- s
HOME INSERT

Pas -

fe
A B c

1
2 |De Punt - Opperviaktewater

Processen

PAGE LAYOUT

FORMULAS

Drentsche

Stimela_DePunt_OppZuivering_bewerk_PdMxlsm - Excel

DATA REVIEW VIEW DEVELOPER

Dubbel-
laags
filtratie

Coagulatie
Sedimentatie

TEAM

Actief-
kool
filtratie

Ultra
Violet
desinf.

o x
Sign in)

Cascade
beluchting

Rein
‘water

opslag

Langzame
zand-
filtratie

10 | Doseringen

Verandering kwaliteit
d Al (Sachtoklar)

d Al (mengbekken )
25 |dFe

dMn

d Turbidity

4 UV absorptie

d ortho-PO4

30 |d NH4 (omzetting)
31 |4 DOC (absorptie)
d DOC (omzetting)

% van dosering

% van ruw water
% van ruw water
% van ruw water
% wan ruw water

% wan ruw water

35 Uitwisseling omgevingslucht
RQtrap 1
RO trap 2
RQtrap 3
RQ ruimte

Samenstelling lucht
Zuurstof

44 | Stikstof

45 |Koolzuur

45 | Waterdamp

47

48

49

pa-02 atm
pa-N2

pa-Co2
pa-H20

atm
atm

b UitPGIM Simulaties

% van effluent coagulatic = 15 /m (setpoint Sachioklar dosering) nt

ma/l, met vaste waarde na coagulatie
mg/l athankelijk van temperatuur
bij deze verwijderingen UV en DOC:

Buiten

Totaal
-98,55%

99,9%

99,9%

-99,2%

-97,2%

of modsl op basis vanfyests verhouding UVDOC 2 -23,0% (i

S5 c
uwpoc

750  m3h

0,208
0,790
0,000397]
0,018

‘Coagulatieruimte
0,206
0,782
0,002727]
0,009

KwaliteitControle

1,016 1,000

bij RQtrap = 1,25 en RQruimte = oneindig : pH = 7,07

Dashboard

Mengbekk

-90,0%

-98,0%
-0,80
0,00

400 Nm3/h per ventiiator
2 |aantal (10f2)

Cascaderuimte indikfactor cascade

Waterbedrijf
Groningen

Removal efficiencies
from historical data

4 removal processes
2 gas exchange processes

10 water quality parameters
4 gas/air quality parameters

Biological TOC conversion
depends on water
temperature

Parameter to be
determined/modified

by process engineer

(yearly ?)

Future: self learning system

]
TUDelft

NISYS
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Drinking water - De Punt

EH ©- s Stimela_DePunt_OppZuivering_bewerk PdM.xlsm - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER TEAM
P125 -
& & o o 3 F G H ! i x L m u o 3 @ 3 s T u v
58
50| % Raw water (h
51
62 | SOLUTIOM_SPREAD
&3 -units mall
64 reda i) 70250 then " elae "O[-ZRO[O"
&5 -urater 1 #hg water
Fan g 1uglg) -0.5513 #Sislogipaloal0.208) 08613
Ak Hg 1Higlg) 01024 #Sl-loalpa)-lea(0.7) -o1024
LTRE -pe # default
63
0 nambar  temp K al Fe Mn =31 Alkaliniey €1 M5 (M3l 3E) F
7 2K ugllazplazFe  sibn  s:N aiHCO3 sCl  asM  asH
1 13501 S4T. 52058 141 ik Ot ysn 1001
i
="
it
6 [TMLE  Caleslation pe and pH at ficld temperatare
i LSE zolution 1 | EQUILIBRIUM_PHASES 1 i REACTION_TEMPERATURE 1; 3000
5 TIWLE  Caleslation GCPP
i USE colution 1 | EQUILIERIUM_PHASES 2  Calite
a0
51| 8 Water treatment
&2
55 TME  Dosing HEI
&4 LISE zolution 1 FREACTIONA JHZ1 105 EIIE mmoles
a5
55 TME  Coagelation  Docing and removal Sachtok ddos. WEHZF(STOR(OMNID Remorl: % dosing —
& USE zolution  REACTION 1 MCHGS[SO‘]DMS[OH]!&S AlOHE DSSDOB W.2%4438 mmoles
58 |TME  Coagel Remoral raw water compounds Uk o).l Al o Pau) Do s Fou) e
& USE colution ﬂmc‘num  AILOH)3 Donsas Fa(OH)3 +LOFI33: ; Mn02 =000, FESITHD Do FDBEOY :Uwab  THIGD :PO4  SDOUSS 10 mmales
a0 TLE it bui
El USE solution 5 (GAS] PHASE! -llxeLplu::urenplu::wu'ﬂo yolume 140008 1 ; temperature L4 (02(g)  GREAO0E ;Meglg) 1THI00C ; CO2(g) GINOSSE  H2O() 1.0¥EIGEH
52 |TME  Coagel Acration 3t otflo Atration: inctcase supqen, decreoze corbon dioride, ncrensetdetrense irogen | o o S
= LS oo B G PHAGE & ficsd_precenra, procears 106 i wabie (BB amparsine 51100 0a(g)  GE0R0E ;Megra) TIEHONY ; Coig) WA ;HeO(g) HBGHE
a4
35 TME  Dosing O2 + HIPOL temaval HIPD not included
k) USE solution 3 REACTION1 0.00000 ; HIPO4 G.0E0000 10 mmalez
a
3 | TTLE d raw w ) PO R MG ) BocRan e -
REACTION 1 m[nn)e nnnm n[nn]e SEODESL ; MnO2  10.00008 ; Turk Doc ~ COUMBESI;Uveb  -IEAEDGO ;PO4 OGS 10 mmoles
100 TLE ration Cowrersion NHA et inert NHA in redon-NHE = N[-3] for »m.nqmdmonmmm»
o S REACTION 1 (IM-3IHE -10 NHG g BOOETE mmoles
02 | TTLE sion DOC Convert nert Doz with D2 inko CO2
103 FREACTIONA iDec -0 0z = BOOGOD mmelss
I
05 TTLE  AC filtratios  Remoral Sytt) Pl Rar) WA o) Do (gt Ban) ot _—
105, USE solution nmc‘num Al(on]a mmes Fe(OH)S D003 Mn02  SQLODAG0 :Turb  -DOJELS :Doc  -DOMIER: :Lhab HLODEAT ;1.0 mmalaz
07 TTLE  AC filtration  Cosrersion DOC onvert inert Do with D2 into GO
105 LISE zolution & JREACTION1; D -0 2 ooz 10 DO mmeles
03
o # uy
[
n2 | TILE Remoral and raw wat, J_ ek Raw), Mnfk Raw) Do [:% aw] ate
13 & (REACTIONT:  ANOH)3 DOWGT Fe{OH)3 0000005 MnD2  “0,00000 :Twb QDA ;Doc  -OODES2 :Uvab  A3S000K:PO4  CHODEOT (10 mmales
e TILE Coarersion DOC Convert inert Doc with D2 into 502
13 1 JREACTION1; D -0 0z 0 ooz BOOGOD mmelss
i3
0T TTLE  Aeration cascade compartments N . - s -
13 USE solution ced_preszure ; prezsure 100; volume  LOEH 11 emperature xS iO2(g) TLEGSONE ;Meglg) 0.75000T ; CO2(g) TibMeEH ; Han) dpdEnoa
" TTE  Ae Aeration: incroass oxygen, desrezes cirbion diecids, mcln.ufde:rn.emkmqun
120 T rabmion fized_prozsurs ; -prezsure 100 wolume  Z00HIG0 3 ;-remperature E§ O2(g) DTS cMalg) 075207 : CO2g) MOGS0H H2O(G) O.0MHEY
21 TTLE  Acration i Aertion: nercase oxygen,decrenss esrbon dioride, mcl(mtﬁd(crtn,mmtmqm
122 salution E} GAS‘ PHASE! -llxeLplu::urenplu::wu'ﬂo “valume 2000 ;-tamparature 5§ 02(g) NS ;Malg) 07B20E ; CO2(g) MGS0H HRO(G) O.0MHI4
125 TTLE  Acration step Aerstion: incrcase oxygen, decresse sarbion diozide, incrsnseldecrsaze nitragen
= USE coltion  ® | GAS_PHASE & fizad_prassare ; -preszurc 100 -valums T ——— §:1:101 s oalq) Igim'.mg[g] 78802 : Coarg) WBAY0H :Heale) T
125
126 [TTLE  Dosieg MaOH  Required dose for S
127 zolution & ENUIUBR\UNLPHASESQ i Caleire TL.00G0: NaOH 0.01
125 TTLE  Calealstion CCPP
123 LISE zolution E] EQUILIBRIUM_PHASES 2 i Caleite
150
1
4 » .| Dashboard Mengbekken Proces Run_Conf R abase phree ... 1

denciy  Dxg
n

0000 10xafal

+ SAWE colution

+ SAVE colution

+ SAYE zolution

+ SAWE colution

§ SAVE colution

+ SAWE colution

+ SAVE zolution
+ SAWE colution

+ SAVE colution

+ SAYE zolution

AVE colution

AVE zolution

+ SAWE colution

+ SAWE colution
+ SAVE colution

+ SAVE colution

+ SAWE colution

titg

1higlg) 01024

1 {END

JEMD
H {END
3 {EMD
3 {END

JEMD
3 {EMD
4 {END
H {END
H {END
H {END
3 {EMD
3 {END
1 {EMD
1 {END

{END
& {END
& {END
& JEND
a {END

JEMD

? @ - 0O X
Sign in
v

i) A0 A0 [o

* Dezaription

z

*

= Simulation 1

#* Simulation H

= Simulation s

# Simulation 4

# Simulation H

#* Simulation 6

# Simulation 7

= Simulation s

#* Simulation b

# Simulaticn 0

#* Simulation "

# Simulation 12

# Simulation [

#* Simulation "

# Simulation [

#* Simulation 1

# Simulaticn "

#* Simulation 1

# Simulation 1

= Simulation 20

#* Simulation 2

# Simulation 22

M -—4——+ %

Waterbedrijf
Groningen

PHREEQC input code

Simulation per day

Orange cells:

Raw water quality

from reservoir

(from sheet Mengbekken

Yellow cells:
Process parameters
(from sheet Proces)

1-3 program code lines
per treatment process
(22 PHREEQC calculations)
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Drinking water - De Punt Waterboar
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Drinking water - De Punt

H - i Stimela_DePunt_OppZuivering_bewerk_PdM.xlsm - Excel T EH - O X
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Waterbedrijf
Groningen

Daily export from
process computer
(automated)

14 days
‘day-average’ values

Each day:

8 water quality parameters
(measured by lab)

27 online water quality
parameters/location

9 online flow measurements
(water)

13 online flow measurements
chemicals)

672 numbers / batch

]
TUDelft

NISYS

Aquatic Chemistry for Engineers

16




s,
oo .
: 00y
3.
SOTTS. T

oyt te®
wes®

Drinking water - De Punt "

H ©- B Stimela_DePunt_OppZuivering_bewerk_PdMxdsm - Excel T EH - 0O %X
HOME ~ INSERT ~ PAGELAVOUT  FORMULAS ~ DATA  REVIEW  VEEW  DEVELOPER  TEAM |»

Mo - 8 Simulations per day

14 days
‘day-average’ values

Model input for:
Water flows
Chemical flows

Calculated:

Dosing levels

pH at actual temperature
0O2-saturation (%)

pHs (setpoint NaOH)

Graphical presentation
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Drinking water - De Punt

H - B Stimela_DePunt_OppZuivering_bewerk_PdMadsm - Excel ? B - 0O
HOME ~ INSERT  PAGE LAYOUT DATA  REVEW  VIEW  DEVELOPER

a1 - fe
A e o o e r
T

pHenSl (-]

Troebelheid (FTU)

Zuurstof (mg/l)

e Vurandaing incang+ OUF —s— Varamdaing o AIF

W (/m)

e coines

................

D S S S W
[ S i S S—— —
P

M =as= SSSS SN

===

Zuurstof (mg/l)

Bl | .
i
4 v .| Simulatie KwaliteitControle WlDa: ... ()

aglse
gt .
e
- .y
}.
.
P
s
e

Waterbedrijf
Groningen

Quality control for
operators

14 days overview

‘Green zones'
for acceptable values

Accessible for modifications
by operators, supervisors,
process engineers, etc...

- no specific skills

- NO proprietary equipment

Graphical presentation
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waterJnet
Drinking water - Weesperkarspel s

Amsterdam_

Drinking water treatment plant‘
Weesperkarspel

Pre-treatment
Loenaarveen

Source

. Bethunepolder
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waterJnet
Drinking water - Weesperkarspel 4

/innovation| - ST and Total Hardness (TH)

Winning Waterleidingplas Loenderveen Weesperkarspel Drinkwater

Bethune polder

Datum 2012 (e 1 | 2 [ 3 T 4 [ 5 T & [ 7 1 L8 T 9 1]
pH-cor Snelfiitr. Ozon  Onthar pH-cor Kool pH-cor Zuurstof LZF
NH4-ox
Setpoint parameter Sl TH S|
Setpoint waarde - mmol/kgw i : 11949006
Berekende waarde - mmol/kgw 1,49
Effluent reactor TACC mmolkgw 0,15
Dosering HCI NaOH HCI NaOH
Berekende hoeveelheid mmolkgw 0,888 | 0.194 [0.196
mg/kgw 16 36 71 8

4 influencing processes in the treatment

!I';U Delft ( 2 eve Aquatic Chemistry for Engineers 20




Drinking water - Weesperkarspel

waterJnet

/innovation| - ST and Total Hardness (TH)

Winning

Bethune poider

Setpoint parameter
Setpoint waarde
Berekende waarde
Effluent reactor TACC

Dosering
Berekende hoeveelheid

4 influencing process|

pH-cor Sn|
NH
- mmolkgw 2]
- mmol/kgw [
mmol/kgw
HCI
mmolkgw
mg/kgw 16

Waterleidingplas Loenderveen

Dosage (mmol/kgw)

Simulated acid-base dosages DWTP Weesperkarspel

—&—HCl| Reservoir  —#—NaOH Softening

—o—HC| Softening  —#@—NaOH Activated carbon

[

i e e e e v e

]
TUDelft
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Aquatic Chemistry for Engineers

Further information

OpenCourseWare website =
e http://drinkwater.citg.tudelft.nl/AquaticChemistry raees

e http://www.omnisys.nl | ==m ...%?
Contains
e Lectures
» Readings

» Activities (Labs and Tests)
* New developments

 Database stimela.dat i
(phreeqc.dat for Water Treatment, updated) DO

!I';U Delft ( 2 eve Aquatic Chemistry for Engineers 22
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http://drinkwater.citg.tudelft.nl/AquaticChemistry

PHREEQC

Drinking water in PHREEQC — in the

cloud

B Drinking water - Conductivity + Charge balance

Conductivity (EC) + Charge balance

Steps to do:

- Fill in water guality data

- Press Run Phresge

- Wait a few seconds for (updated]) output

- optionzl: Change input values and re-Run Phreege

- optional: if email-address is filled: Send Excel fila (full version) by email

- optional: if email-address is not filled: Download and Save Excal filz {full version)

General
Temperature t oc 1.5
Oxygen 0, ma/L 1
pH 7.3
Conductivity (EC 20 ® C) mSm e
Cations
Calcium Ca mafL 405
Magnesium Mg ma/L 530
Sodium Nz mafL 457
Potassium K ma/L 0
Anions
Hydrogen carbonate HCO: ma/L <53
Chloride Cl mafL 28
Nitrate N ma/L 78
Sulfate SO, mafL 78
Fiun FrEsa:

Flan Fhmesac
Overall parameters

Cations meq/kgw 4,61
Anions meq/kgw 4,26
Conductivity (EC at t) mS/m 31.4
Total dissolved solids (TDS) ma/L 339
Ionic strength mmol/kgw 5.7
Total hardness mmoel/kgw 1,23
Redox conditions

pe [electron activicy) 13,92
Redox potentizl m 785
Correctness checks

Charge diffarence meq/kgw 0,34
Percentage error {100%[Cat-|An|)/{Cat+|&n]) 3,85 %
EC ratio, calculated/mezsured 1,01
pH change by electron balancing [Phreeqgc) 0,000
Carbon equilibrium

pH (Hydrogen activity) 791
Alkalinicy meq/kgw 3,256
Tetal inorganic carbon [TIC) mmoel/kgw 3,34
COz mmel/kgw 0,10
HCO; - mmol/kgw 3,19
Co; 2- mmoel/kgw 0,01
dpH by 0.1 mmel HO /' kgw -0,28
Buffer capacity mmol/kgw /pH 0,258
Calcite equilibrium

51 (calcite) 0,18
Equilibrium-pH (pHs or pH-Langelier) 7,73
Calcite Precipitation Potential mmol/kgw 0,05
Calcite Precipitation Potential at 80 C  mmol/kgw 0,20
Calcite Precipitation Potential at 100 C mmel/kgw 0,45

E-mazil addrazs {optional):

Downicad i kall Excel

]
TU Delft NISYS

Aquatic Chemistry for Engineers

23




Aquatic Chemistry for Engineers

Modeling water treatment trains and processes
with PHREEQC

2 April 2015

Delft
I D e I ft University of
Technology



