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Personal introduction ...
Record on water chemistry

= 1979 - 1980 : KIWA
« KIWA report and computer program aggressive water
= 1980 - 2000 : DHV
» 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
e 2000 - present : TU Delft (part-time)
« BSc / MSc — education
* OpenCourseWare (2007 -)
» Aquatic Chemistry 4 Eng (2011 -)

’ Onllne MSC (2013/2014) Q CTB3365x: Introduction to Water Treatment
° edx MOOC (16 Sept) OCW Learn about Urban water services, focusing on basic drinking wat
5 . . .
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PHREEQC — Our focus points
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PHREEQC
jnside

R
snside

 Practical applications for drinking water and wastewater

]
TUDelft
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PHREEQC “in the cloud”

Blackboard Learn X ﬂh ﬁ ﬁ:)}
NG 2 Home | [2] Hep [0 Login
-

Tupelft=-.

B e R B e —

Activities + PHREEQL online (doud version] © Drinking waster - Conductivity + Charge balance

Elm == S -
» Aquatic ; E Drinking water - Conductivity + Charge balance
Chemistry for :

Engineers
peticthone hvikaloo Conductivity (EC) + Charge balance
[ Prerecuisiees | |
EC
- - Fill in water quality data

| e |

- Wait a faw saconds for (updated) output

m

- optional: Change input values and re-Run Phreage

Preraquisites
Lectures
[ Aciities | =q
- optional: if email-address is filled: Send Excel file (full version) by email
- optional: if email-address is not filled: Download and Save Excel file (full version)
imer

I General
Temperature t il 5 &
i Oxygen 0 malL s
I pH 751
Conductivity (EC 20 © C) mS/m 0
| Cations
Calcium Ca ma/L e
' Magnesium Mg ma/L 530
Sodium Nz ma/L 47
Potassium K ma/L 21
* Anions
&> I Hydrogen carbonate HCO:  mg/L i
Chleride «l ma/L £ |
i Mitrate NO: ma/L i
Sulfate SO, mall 7
=l
S— l

e Demo http://drinkwater.citg.tudelft.nl/AquaticChemistry

] . . .
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PHREEQC in Excel

cChemistry_DrinkingWaterxdsm - Microsoft Exce
Home Insert Page Layout Formulas Data Review View Developer Acrobat -
BRI 10 C A [ = =g ) (| Eminsert s || E
- A A == =||® = Wrap Text General & ﬁ
Bl &1 )| &) | _ 2 B e . 27 A
Paste B 7 U~ - - =|[[| = M & Center = - 0 .00 Conditional Format Cell Sort & Find &
- F il | I — | 1€ e ‘% %o |56 5% Formatting = as Table = Styles = ElFormat~ | 2~ Filter+ Select -
Clipboard ™ Font = Alignment (F] Mumber = Styles Cells Editing
B6 (2 I | Drinking water ¥
A I B [ € D El F [6] H I
1 |AQUATIC CHEMISTRY for Engineers v20120819
2
5
4 =
: =
6 Module Drinking water 1
7 with water quality check for macro parameters
8
9 Phreege Input for all phreege_ wt.dat parameters for aerobic water (no inpuf of C{-4), S{-2), N(0) and pe)
10
11 Sample description |Oldeholtpade, produced drinking water ( 26 April 2011 ) |  Assumption:
12 mg/L =mg/kgs =mg/kgw  Drinking water:
13 Basic data Temperature t SE 11,5 <25 ‘C ML
14 Oxygen 02 mg/L 1.0 0,34 mmol/kgw »2 mg/L ML
15 pH - 79 >70 <95 hL|
16 Conductivity (EC 20 °C) mS/m 38.4 384 pSlem <125 (20°C} mS/m ML
17 Conductivity (EC at t °C) 3.2 (conversion ISO 7888 / EN 27888)
18 Total dissolved solids (TDS residue) mg/L - L
19 Cations|Calcium Ca mg/L 40,5 1,01 mmol/kgw Tot. Hardness = 1 mmol/L ML
20 Magnesium Mg mag/L 5,30 0.22  mmol/kgw Tot. Hardness = 1 mmol/L ML
21 Sodium Na mg/L 49,7 2,16 mmol/kgw < 150 mg/L L
22 Potassium K mag/L 2.0 0,05  mmol/kgw - ML
23 Iron Fe mg/L 0,01 0,00 mmolikgw <020 mg/L L
24 Manganese Mn mag/L 0,00 0.00  mmol/kgw < 0.05 mag/L ML
25 Ammonium hH4 mg/L 0,03 0,00  mmolikgw <020 mg/L hL|
26 Aluminium Al pgil 0.2 0.00  mmol/kgw - ML
27 Barium Ba pgil 9,58 0,00  mmol/kgw - ML
28 Cadmium Cd pa/l 0,00 0,00 mmolikgw <5 pg/L ML
29 Copper Cu pgil 216 0,00  mmol/kgw < 2000 pg/L ML
30 Lead Pb pa/l 01 0,00 mmolikgw <10 pg/L ML
31 Lithium Li pa/l 0,00 mmol/kgw - ML
M 4 » M| AquaticChemistry .~ Run_Control “Input -~ Output . phreeqc.out ~ Messages %] oo m
[[Reooy | B3 [EEE S —
= Demo ?
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PHREEQC

Development since 1980
A %PHRE-EQC Welcome Page x \({F Elees

G' ﬁ [ wwwhbrr.cr. usgs gov’aro ects/GWC_coup ec,’ahreecc, el =

scfenca for a changing world

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

Information:

@ PHREEQC Abstract

@ IPhreegc Modules (COM/DLL/Library) Abstract

@ Phreegcl Fact Sheet F5-031-02 (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) 10.4-10.8

Other Resources:

@ FAQ--Frequently Asked Questions about PHREEQC and Phreeqgcl

A Maoil Archivin, _Nuisctinne ond cncuware ohnt e HDEENC Nhrannc T _ond Matnath 5

pH - Redox — Equilibrium - Calculatlons
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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

» 72 solid phases CaCO3 Fe(OH)3 etc

= 8 gas phases CO2 H2S etc

- + Exchange eq. (ion-exchange)

e + Surface eq. (activated carbon)

- + Rates (kinetics)

» 8 databases

Aguatic Chemistry (Stumm & Morgan) in your laptop

'i';U Delft Aquatic Chemistry for engineers 7
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PHREEQC

Freely available

« C A | [ wwwbrr.crusgs.gov/projects/GWC_coupled/phreeqc/ 7
Download:

The Free Software Foundation's gunzip is necessary to uncompress the UNIX tar files available below. However, some
World Wide Web browsers automatically uncompress retrieved files. Thus, running gunzip as stated in the
installation instructions may be unnecessary.

Graphical User Interfaces

Platform Processor File names Size Notes

hreead-3.0.6-7757.msi 13M Executable, source, database files, examples, PDF

i documentation
palEibns peDE Notepad++ interface -- || Appelo's Notepad++ interface to PHREEQC version 3
PHREEQC for Windows -- || PHREEQC for Windows Home Page
' Batch Versions B
Platform Processor File names Size Notes
32-bit phreeqc-3.0.6-7757.i686.tar.gz 14M || Executable, database files, examples, PDF documentation
Linux 64-bit phreeqc-3.0.6-7757.x86 64.tar.gz 14M || Executable, database files, examples, PDF documentation
I Source phreegc-3.0.6-7757.tar.gz 6.4M || Source, database files, examples, PDF documentation =
MacOS(Intel) || 64-bit phreeqc-2.18.3-5570.dmg 2.6M gzzstﬁsgitﬂ?e') gatahaseifles fexamplesgantiini
Windows 32-bit phreeac 3.0.6-7757.msi 2.3M ggisl:;sELEa,t‘ziurce, database files, examples, PDF
Modules
I Platform Processor File names Size Notes
Any Any iphreeqc-3.0.6-7757.tar.gz 1.3M || Source with configure and VS2005 project file
IPhreeqc-3.0.6-7757-vs2005-win32.7z || 12M | Static and Dynamic (DLL) Libraries (VS2005)
ol IPhreegc-3.0.6-7757-vs2005-win32.zip | 25M || Static and Dynamic (DLL) Libraries (VS2005)
AL IPhreegc-3.0.6-7757-v52005-x64.77 16M || Static and Dynamic (DLL) Libraries (V52005)
\ e IPhreegc-3.0.6-7757-vs2005-x64.Zip 32M || static and Dynamic (DLL) Libraries (VS2005)
[y ryin, 32-bit IPhreegcCOM-3.0.6-7757-win32.msi 2.9M || COM Server, CHM documentation
B 64-bit* | [PhreeqcCOM-3.0.6-7757-x64.msi 3.0M || COM Server, CHM dacumentation

= —- Both 32-bit and 64-bit COM versions should be installed on 64-bit versions of Windows l

'i';U Delft Aquatic Chemistry for engineers 8




PHREEQC
Batch version (text) - since 1980/1995

PHREEQC Windows / Linux / Mac

input

l

equation solver

!

output

Aquatic Chemistry
for engineers

'i';U Delft Aquatic Chemistry for engineers 9




PHREEQC

Graphical user interface - since 2001

PHREEQCI

equation solver

!

output

Windows

Aquatic Chemistry
for engineers

]
TUDelft
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PHREEQC
Modules (COM / VS ) - since 2011

IPHREEQC

Excel / Matlab / VS

input

l

equation solver

!

output

Aquatic Chemistry
for engineers

L

| ,.; ?HR.EJEQC

]
TUDelft
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PHREEQC
Latest release PHREEQC: 3 month ago

--_-‘ﬁ-_-- . W [E=E

| BB STATUS OF PHREEQC PR( X

Dty
i

= C A [ wwwbrrcrusgs.gov/projects/GWC_coupled/phreeqc/status.htm

STATUS OF PHREEQC PROGRAMS

] »

August 1, 2013: NetpathXL 1.4.0

August 1, 2013 (SVN 7869): NetpathXL 1.4.0

NetpathXL was revised to implement the method of Han and Plummer for groundwater carbon-14 age dating (Han. L F . and Plummer, L N | 2013, Revision of
Fontes & Garnier’s model for the mitial 14C content of dissolved mnorganic carbon used in groundwater dating: Chemical Geology, v. 351, p. 105-114.) By selecting
“Do Ravleigh calculations?” and “Model for initial C14™ from the Edit screen, it is possible then to generate an Excel spreadsheet that calculates the Han and
Plumnmer model. All data are plotted, and adjustments can be made to the Tamers Point and the isotopic composition of the UZ gas and solid carbonate phases.

NetpathXL and DBXL were updated to allow use of .xlsx files in addition to .xls files.

June 4, 2013 (SVN 7757): Optimizations and bug fixes for PHREEQC 3.0.6, Phreeqcl 3.0.6, and IPhreeqc 3.0.6

PHREEQC: Version 3.0.5 intreduced a bug m DELETE that cccurred when at least two DELETE kevwords were read in a run. Fixed a bug with fixed
pressure gas, where the volume was 1.0 even when no moles of gas were present in the gas phase. Minor optimizations that minimize initialization of Peng-Robinson
gas data.

May 31, 2013 (SVN 7748): Optimizations and bug fixes for PHREEQC 3.0.5, Phreeqcl 3.0.5, and IPhreeqc 3.0.5

PHREEQC: Optimizations relative for equilibrium phases using pointers instead of lookup function with speedup up to a factor of two in some cases. Other
optimizations for SURFACE calculations to limit use of stdmap find, elimmate stremp’s, and skip mverse setup when not needed, and a few others. Minor fix to Peng
Robinson. Fixed bug if SOLUTION_MODIFY set a concentration to zero. Removed a lower limit on ionic strength.

IPhreeqe: Now has latest version of PHREEQC with corresponding optimizations.

Phreeqcl: Updated to latest PHREEQC. DUMP was not handling data cotrectly and was missing the file and append options. DELETE was modified to

cotrect errors.

May 14, 2013 (SVN 7711): Bug fixes for PHREEQC 3.0.4, Phreeqcl 3.0.4, and IPhreeqc 3.0.4

PHREEQC: Added new basic function KIN_TIME, which givs the time interval in seconds of the last kinetic integration period;
KIN_DELTA("xxx")VKIN_TIME will give the average kinetic rate over the time interval for reaction xx. Phreeqel Fixed bug that caused no warnings to be
included in the output file or output screen.

April 30, 2013 (SVN 7671): Bug fixes for PHREEQC 3.0.3, Phreeqcl 3.0.3, IPhreeqc 3.0.3, Phast 2.4.4, and Phast4Windows 1.0.6

PHREEQC: fixed errors in GAS_PHASE, -fixed_pressure used the sum of the input pressures instead of the defined total pressure in some cases, set upper
limits in PR calculations; revised Basic function LK_SPECIES; logic for printing status line revised; fixed bug in SOLUTION_SPREAD, mass of water was not read +

'i';U Delft Aquatic Chemistry for engineers 12




PHREEQC
Why is it so successful (in geohydrology) ?

PHREEQC is the ‘de facto’ standard in geohydrochemistry

 Freely available

= Active and continuous development

= Scientific base, fully traceable

» Adapted to newest scientific knowledge

« Users can modify and extend the basics

= Active interaction between developers and users
e Large growing user group (mostly scientists)
 International assessment and recognition

'i';U Delft Aquatic Chemistry for engineers 13




PHREEQC

Why is it not (yet) used in water treatment ?

PHREEQC is hardly/not known in water treatment

* Requires above average skills in water chemistry

» Redox potential is not known/used as chemical concept in treatment
e High threshold for starters

» Absence of scientific literature on water treatment with PHREEQC

« Absence of educational material on PHREEQC for water treatment

« Requires modification for practical application (N-chemistry)

% . . .
TUDelft Aquatic Chemistry for engineers 14




PHREEQC

Why is it accessible now ?

PHREEQC is now accessible for our SE students

« Applied in PhD Weren de Vet + Doris van Halem (groundwater)
» Applied in MSc Harmen van der Laan + Laia Moré Roca +

Jink Gude + Amir Haidari + Do Phi Bang
e Applied in BSc Tim van Dijk

Aquatic Chemistry
for engineers

» Available as module for MatLab and Excel
(since April 2011)
» Self study course TU Delft Sanitary Engineering:
Aquatic Chemistry for engineers e
(since September 2011) B

'i';U Delft Aquatic Chemistry for engineers 15




PHREEQC

Basics: all elements — pe — pH - temperature

e elements (not species):
 Ca, Fe, C, S, Petc

V
ZrINbMo|Tc
TalW

Rf|DbiSg

La|Ce|Pr|NdPmSm|EulGd|Tb DylHnLEr_ TmYb|Lu
Ac|ThlPal U Np|PuAmCm(Bk |Cf [EsFmMdNojLr
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PHREEQC

Basics: all elements — pe — pH - temperature

e elements (not species):
 Ca, Fe, C, S, Petc

Fe:
30
* pe (redox state): oo g e
 natural water : pe = -8 -15 20_\3\20_\§
« with Oxygen: pe > 12 . 1
 pH (acidity): o -
* natural water : pH = 6 -8 s, e “’3‘5) i :
» CO, — HCO, — CO, ofro . :
» temperature: 5 2
* natural water : temp = 0-25°9C ~10 — ~<E0H)
BRI

pH

PHREEQC gives all species, and Sl for all solids and gases

'i';U Delft Aquatic Chemistry for engineers 17




PHREEQC

Basics: green area for water treatment

» acid — base
* new pH after dosing and/or reactions

Fe:
30
° gases 2o @ | 8 10 Mag s
* solubility e |3
. H,O = ||
* gas phase (bubbles / air) .
7 ;)\()\\\ -
= precipitation/dissolution H reine .
» CaCOg, Fe(OH), etc 0 H:0 z
. . Hx =~ o _ =
» CaCO; (limestone filtration) -5+ T -
~10 = \EG£OH)2(S)
= = = Fe(S) \\\"\
= modelling kinetics e S S T T

* to be developed in our research

'i';U Delft Aquatic Chemistry for engineers 18




PHREEQC

Basics: element — redox states - species

100% f
0% ==t e I B e L e pe
% 6 4 2 0 2 4 & B 10 12 14 16
{in water) Aquatic Chemistry
for engineers
100% T —
ﬂ% E T . Ir ! : . T T . 1 y F‘
0 2 4 6 8 10 12 14 pH ! rside
Starting with PHREEQC 3
Species Fe(OH}; (s) Fe(OH), e
(atpe =0, ) Fupert = Q.
5 . . .
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PHREEQC

Basics: all equilibriums, full mass balances

PHASES 1atm
gas (or EQUILIBRIUM_PHASES)
(optional) I:Clr GAS_PHASE}
1 kg of H20
SOLUTION temp 25C
(or SOLUTION_SPREAD) pH 7.0
pe 4.0
1kg/L
PHASES 10 mol per solid

(or EQUILIBRIUM_PHASES)

'i';U Delft Aquatic Chemistry for engineers 20




PHREEQC
Drinking water in PHREEQC

et Lt st thun
Sreherirereeg 60 - " , - =
W it % File Edit View Options Window ﬂefr.i%
& %
Pompatstion | b Okdehatpade
Powimwater Uitgsand = N
D@ @28 &Rk m
Pertode AN - NRT 2011
J Run...
Terperetas inwh < 1mno s ns 13 -1 nitial conditions T "
Dt ot 13 102 123 1 20 - : = :
Trosetrg FIE i i e 18 i JForwardandlnversemodellng &" @ H ey & e
Lusgwm pry ot 18 bt T8 13 150 s —
= L i e o ® M JPrintingand numerical method 5 %3 18 lH 7= | A
Corsmesris T E = =
= e = ! JStmchlometry and thermodynamic data &? &— x¥ %3
Calsdigwarmogen | A1 *C V) Lo sta s =1 13 = i
osebsbeeds : i an e 13 Ml SOLUTICH 1 =
rasaistiur e egme =t =t < 4 - =
P athows e wat ot 1" s e 13 @ fl units mg/L
pe— ol » » . 7 ey redox 0(-2)/0(0)
St g 804 a3 a3 83 1 150 i density 1,
Plaiurn (Nl <a e o r ' g -
u.nuo,n.-:: ﬂ ‘;i .1: ‘;: : ! i water 1
st L] pe 14
Gy (G|, e maruneen gl w41 HE we 13
[p—— n
=~ ¥ Wi im " v am temp 1
Tetua Hardhes o L] [+ L] 13 o(0) 11.3
Ameronun g e wn i g s % am pH T.8
L= - g - e
et st ' o o ] b+ ! Mlkalinity 188 as HCO3
—_— Cl 28
Ilrw [Fa), rw serore mot =001 “an wan 4 o200
Nargmen (W), ne ssrsiren ol ) <0008 o & 060 ot 8.3 as 504 = . .
R s e - © R = * - Na 47.2 Aquatic Chemistry
[ —— ot g 10 g 1 wy i ® 2 -
Buadurr: (B, ne msruucen gt
i e N s ca 38.1 for engineers
c.mun?n._w-. : Mg LI
Waagar {Cail, = warzaren ot H({-3) 0.01 as NH4
o g e e ot oo oo oma L L
- p— - N(+3) 0.005 as NO2
el (M), 8 werirs ugt H({+5 TG HO3
e (S8, e s ot o b i " = (+5) as
Cpmkin womn et < < 2 1 - Fe 0.005
Fluarde gt oo agr aar 1 1t Mn 0.0025
Miaurminatert 435 el e Pt a a0 T . P Al 1 ug/L as Al
Uvartcen it 1 " n 1
Tt Crgasinch Kooste! (TOC) ..g:‘ a4 az a8 2 $ L= 0.5 ug/L as As
[Fr—— f—— u A o 1 P B 14.3 ug/L as B =
Calforman X7 C e 100 i «t «t a 13 [ ¥ Hg 0.024 ug/L as Hg
n-—-.:. eobrron ® = = = # Se 0.05 ug/L as Se —
Aacarscren 36 T et it a p H - ¥ o 1 ug/L as CN Starting with PHREEQC 3
Awmecre 37 T e 0 i 0.07
— o ENT]| =)
Lo e hicede 11 vempesiaki st rmaareLns; eerpaTOesde < #| s
= hief guemdcaide ven Aolorvegetel 77 °C i barskend st germatieide ook de noee 1 sas
Pagine T van 2 a0 Ready — /A:
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PHREEQC

Basics: concentrations as mol/kgw

= Solution in kgw

* not Liter change with temperature
* not kg solution change by formation/use of H,O
< Amount in mol:
* not mg stoichiometric reactions
¢ not mmol equilibrium constants
= Concentrations:
* input amountas g/ mg / ug or mol / mmol / umol Aquatic Chemistry

for engineers

* input as /L (with density in kgs/L) or /kgs or /kgw
 output always as mol/kgw

» [Concentrations] and {Activities}:
« [Ca] =40 mg/L = 1 mmol/L = 1 mmol/kgw R —
« {Ca} = gamma * [Ca] EEE.

'i';U Delft Aquatic Chemistry for engineers 22




PHREEQC

Basics: data flow

& PHREEQC Interactive
User input data
xX.pqi PRINT SELECTED OUTPUT
USER_PRINT USER_PUNCH
phreegodat
ophionad:
different dofubose PHREEQC equation solver
XX.pgo lined
output
selecled.out tabulated
{optional) output

Input {Excel-sheet)
aptional: xxpe

Database (Excel sheet)
aptional:
- different dotobase

- external dolobose

phreegc.oul { Excel sheel)

Qutput [Excel-sheel)

Aquatic Chemistry
for engineers

L
3 -
i(REREEQC

jrside

Vislume 1

Starting with PHREEQC 3

L e Haad

L. v Dok
WEGD, van dr Maar

Fubelft - Q..

]
TUDelft

Aquatic Chemistry for engineers
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PHREEQC

Basics: kinetics in phreeqc.dat

« Calcite (CaCO;) (precipitation / dissolution)
* PWP model (Plummer, Wigley, Parkhurst), 1978
» Rate =f (temp H* CO, Sl-calcite)
 dMass = Rate x Area x Timestep

= Organic C (oxydation)

- e S
» Additive Monod kinetics i w-X U=, K. +S | |
 Rate =f (O, NO; SO,) Aq}'ﬁf'ﬁncg?ﬁ.'f;f:”
 dMass = Rate x Mass x Timestep
 plus Pyrite, K-feldspar, Albite, Pyrolusite
= own models in user input L
5 . . .
TUDelft Aquatic Chemistry for engineers 24




PHREEQC Interactive

Basics: files

PHREEQE Tnberactive - [Phege] B 0 e om0 | = | 5] |-

PHREEQe \
Aquatic Chemistry

database.dat for engineers

'i';U Delft Aquatic Chemistry for engineers 25




PHREEQXCEL

Basics: files

';alclum':amonatmturatlun_\-a:umuﬁm Mliciosoft Excel ‘ ‘

Wiew Dreveloper

Herobet

PHREEQXCEL

input.pqi

Run..

| i _[’HREEQC
'nsldﬂ

| phreeqc.log

database.dat

144+ ¥| AquaticChamistyy - Run_Contol - Input -~ Oueput - phreegr.out
Reany | F3

“ Masmges | Ditebass

gl

Aquatic Chemistry
for engineers

Starting with PHREEQC 3

L e Haad

L. v Do
WEGD, van dr Maar

'?U Delft ==

]
TUDelft

Aquatic Chemistry for engineers
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PHREEQXCEL

Input+output in Excel

—' - ¥
A ] % ] (T ] " )
1 ACAIATIC CHEMISTIY bor Enginesss
1 -
i |
4
3
4 ewdebs Dby Watds (B ) " A
r Db w8 gt s sy b DI040 [ 20U
.
¥ e —
- Lrund gt g BT wnd FOT -
n
L]
0 Bemphe e T 1
"
"
W Miaske dube e T T [~ EE | BLE T
(] i M ] (] .
" z
) == e N e
L (T ytoet dhowpbond sl [1sndmll T eyl L L E
o - RE=s] Lo
:1]' et ! * il
M ey [-51 =
) .- N -ﬁ' 'g' _=._
M K My = L (i foid
ar - . g1 w L ]
]
i i R T | [ ] el
= ik ] =l an o —
3 o NE et [T [T} ey
a [ e et e [ .
4 |l S N W— TN Lgoo ) el

BLE
..m.
=

s .,'g. . Aquatic Chemistry
8 G| == for engineers
E -.' ] A l’ A
b | (pHrEEQC
H = : ilﬁ-‘de
ir‘; M ﬂti c ,'“:;_;mm Starting :::-:memc 3
.. ) uatic Chemi
E:; ‘?U Delft = for engln“rg m """" wr_:i:EFuu
PR AguaticChemistry - Run_Control - input  Output - phreege.cut  Mesooes | Database '?UDeIft = (.1
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PHREEQC

Drinking water in PHREEQC - in the

cloud

Conductivity (EC) + Charge balance

Steps to do:

- Fill in water quality data

- Press Run Phreage

- Wait a few seconds for (updated]) output

- optionzl: Change input valuwes and re-Run Phresge

General

Temperature t o g
Oreygen O mafL
pH

Conductivity (EC 20 @ C) mSm
Cations

Calcium Ca mafL
Magnesium Mg ma/L
Sodium e mafL
Potassium K ma/L
Anions

Hydregen carbenate HCO. mg/L
Chloride Cl ma/L
Mitrate MO mafL
Sulfate SO, ma/L

E} Drinking water - Conductivity + Charge balance

- optionzl: if email-address is filled: Send Exczl file (full version) by email
- optionzl: if email-address is not filled: Download and Save Excel file (full version)

74
78

Fun Phresgc

Overall parameters

Cartions

Anigns

Conductivity [EC at t)

Total dissolved solids [TDS)
Ionic strength

Total hardneszs

Redox conditions
pe [electron activity)
Redox potentizl
Correctness checks

Charge difference

meq/kgw
meq/kgw
mS/m
ma/L
mmol/kgw
mmol/kgw

my

meq/kgw

Percentage error [100%(Cat-|An|)/{Cat+|&n])

EC ratio, calculated/measured

pH change by electron balancing [Phreeqgc)

Carbon equilibrium

pH (Hydrogen activity)
Alkalinity

Tetal inorganic carbon [TIC)
Cioz

HCO -

Cioy 2-

dpH by 0.1 mmel HC! )/ kgw
Buffer capacity

Calcite equilibrium

51 (calcite)

Equilibrium-pH (pHs or pH-Langelier)

Calcite Precipitation Potential

Calcite Precipitation Potential at 60 C

meqg/kgw

mmol/kgw
mmol/kgw
mmol/kgw
mmol/kgw

mmoel/kgw /pH

mmol/kgw
mmol/kgw

Calcite Precipitation Potential at 100 C mmel/kgw

E-mazil addrazs {optional):

Ran Pheegc

4,61
4,26
314
339
5,7
1,23

3,34

D.18
7,73
0,03
0,20
0,48

Downioad i Mall Excel
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PHREEQC

Nitrogen - Equilibrium vs Kinetics

15

pe

NH4 N2 NO2 NO3

100%

90% r

80%
70%
60%
50%
40%
30%
20%
10%

Aquatic Chemistry
for engineers

5
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Vislume 1

Starting with PHREEQC 3

Fubelft - Q..
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100%
90%
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60%
50%
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30%
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10%

PHREEQC
Nitrogen - Inert NH4 / Inert N2

] ) s O3

* Modified database for water treatment: phreeqc_wt.dat
e Inert N : Namm as inert NH,* / Nga as inert N,
* To be expended for water treatment kinetics

AW

Aquatic Chemistry
for engineers

]
TUDelft
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Examples
Calcite equilibrium

Phreeqc:

Calcite equilibrium (Tillmans, T =10 C, ISb = 0.5 mmol/L)

—e— 5I=40.3
i 51=-0.2
—m— Equilibrium_pHs

0 05 1 15 2 2.5 3 3.5 4 45 5
Ca (=HCO3/2) (mmollL)
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Examples
Dissolution rate CaCO3 (Lime stone filtration)

Phreeqc:
Rate models (pCO2 = 0.01 atm) with modified A/V (1.0/1.4/2.1 dm2/L)
200
—4— Cond_PWP
—im pH_PWP
—m— Cond_lura_poly
—g— PH_Jura_poly
Cond_Baker_paly
150 . pH_Baker_poly
—4— Cond_Chou
o —si pH_Chou
o
3
100 &
c
®
3
50
0
0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
Time (sec)
5 . . .
TU Delft Aquatic Chemistry for engineers 32




Examples

Precipitation rate CaCO3 (no seed material)

Phreeqc:
Highly oversaturated - Calcite precipitation at A/V 475 resp 4750 dm2/L i

-

£ i i

© 5 |

O i ’

3 ': ': 6
0 12 24 36 48 60
Time /1000 s

<3 . . .
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Examples
pH for different treatment methods

Phreeqc:

Calcite equilibrium (Tillmans, T =10 C, ISb = 0.5 mmol/L)

—4— Equilibrium_pHs

e CaCO3

—a— CO2-degas

—4— NaCH

— Ca(OH)2
MaCo3

—e— NaHCO3

—e Ca(HCO3)2

0 1 2 3 4 5 6 7 8 9 10
HCO3 (=2 *Ca) (mmoliL)
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Examples

pH for different treatment methods (2)

Phreeqc:
s Eyenwicht ss=——=CaC03 e (0 2-degas s a0H
me C3(OH)2  =====Na2C03 e===NaHC03 ====(Ca(HC03)2
10,0 —+
9,5 \
z WV +—8a " | - .. . —
a Afzettend L
j
0,0 1,0 20 30 40 50 6,0 7,0 80 90 10,0
HCO3 ( =2*Ca ) mmol/L
5 . . .
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Aquatic chemistry for engineers
Status 20

Waterchemie voor drinkwater
modeleren met PHREEQC

Completed:
» Waterchemistry for drinking water (H20-Dutch)

« OCW website: Aquatic Chemistry for engineers
» Volume 1: Starting with PHREEQC

= 9+ Excel sheets / PHREEQC “in the cloud” =

[ear—
R DEEd R éR ®m
R =

| Aquatic Chemistry
! for engineers

ioms 6 014 R e 1%

Formard and imverse modeing UF @ § -

i

I
i

1|

]
!

i !

=

Fupelit= Q...

[E—
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Recent and future developments

Summer school 2012
= Conference for drinking water treatment experts
» Cases with PHREEQC for drinking water

Further development
= Volume 2: PHREEQC for drinking and waste water
e Volume 3: Water treatment in PHREEQC

Aquatic chemistry for engineers

2
TUDelft

hisd

Aansiatend op enze aankendiging i de nieuwstrief van jond 8. necfges wil u graag wit voor de Summerschoos:
afvalwater

PHREEGC voor dink- en.

mmmmmmm haol
Waterchemie voor ingenieurs

PHREEQC voor drinkwater

<3 . . .
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Aquatic chemistry for engineers
Treatment processes

Drinking water

= Acid/Base dosing

= Aeration and gas transfer
» Fe/Mn/NH4/CH4 oxydation (redox reactions) |k ..
- Precipitation/Crystallization
= lon-exchange (exchange equilibrium)
 Activated carbon (surface equilibrium)
 Membrane filtration (scaling)

TR & - (1 e P ]

Waste water

= Aeration and gas transfer

* Biological conversion (chemistry)
* PO4/Heavy metal removal
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Aquatic chemistry for engineers
Further information

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

Contains

» Lectures

e Readings

 Activities (Labs and Tests)
= New developments

» Database stimela.dat
(phreeqc.dat for Water Treatment, updated)
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Questions?
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PHREEQC / PHREEQXCEL for water treatment

12 September 2013 Peter de Moel — TU Delft
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