NABOPATOPUA XMMUNYECKOW TEPMOANHAMUKI
XUMUYECKNW GAKY/IBTET MIY UMEHWU M.B.JJOMOHOCOBA

PHREEQC:
BO3MOX>XHOCTWU N NPUMEPDI

320 seconds

millimoles per liter
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Obwasa nHdbopMauns 1D
a USGS
science for a changing world PhreeqC =

* pH-REdox-EQuilibrium

* PhreeqC « PhreeqE (1980)

* OCHOBHOWN OOBLEKT -
BO4Hble paCcTBOpPbLI

* OYyHKUUNMN:

1) pacyeT XMMUYECKNX U ha30BbIX
paBHOBECUNA;

2) pacyeT KWHETUKWN peakuwni;

3) 1D andpcpy3ms;

4) NHBepCHoe reoXxMMunyeckoe
MooenupoeaHue (inverse modeling).

David L. Parkhurst



ObLwas nHgpopmMaLuuns T,

TBepable

dhasbl

(B T.u. TBEPAbIE
paCTI?Opr)

MoBepXHOCTY BoaHas dasa asoBast

dasza
A
Qomo@wewm@

Jlorvka pac4yéTa HanoMMHaeT NOCTaHOBKY peasibHOro 3KCnepmuMeHTa.




CxeMa paboThl 1D

Database
Input ——— Input

SOLUTION 1
units mol/kgw
-water 1
Na 0.5
Cl 16.5
Ca 8

> PhreeqC > Output

BJIOK - KJIlo4eBOe C/1I0BO U

HekoTopasa MHpopmMaumna noa

HUM: nobaBneHne peareHToB.,

yKa3aHue Tuna npouecca nan

Kakux-nnbo ero napameTpos

* (T, p), TepmoonHamMmmyeckumne
BEJINYNHBLI N NpoYyee.

* [lpnMepbl KAO4YeBbIX CJIOB:

* SOLUTION,
REACTION_TEMPERATURE;

* SOLUTION SPECIES, PHASES,
PITZER.



O 6a3ax OaHHbIX

SOLUTION_MASTER_SPECIES

=
#element species alk gfw gfw_element
b
E e- 0.00 0.000000 0.000549
0 H20 0.00 18.015280 15.999400
H H+ 0.00 1.007391 1.007940
Ca Ca+2 0.00 40.0769%03 40.078000
cl Cl- 0.00 35.453549 35.453000
K K+ 0.00 39.097751 39.098300
Mg Mg+2 0.00 24.303%03 24.305000
Na Na+ 0.00 22.989221 22.989769
S 504-2 0.00 96.063697 32.065000
Li Li+ 0.00 6.540 6.941
Lewem
PHASES
#unst Solid Species #i#usn#y
Anhydrite

1 Ca(504) = +1.00 Ca+2 +1.00 504-2

log k -4.420

# datatype: LOGK298, datatype si unit: -

# internally calculated, calculation mode: CR

# datatype category: R (Reaction Data)

# evaluation data quality, data class, data source: -1, -1, -1
# ref. state data

# DFG298 = -1322039.785727 J mol-1, calculation mode CRLOGK
# DFH298 = -, NotYetDetermined

Cevw>

FHESEARARAEEAEs PITZER BLOCK #u##u###Ha#aHntnHaHgniatntnin i utntyannnanis
PITZER

-redox FALSE

-macinnes FALSE

spEprrpastEsEy all beta0 values BHfSHEERTHHIHHETEEREHEERRREREH SRR AR IS Y
-BO

Cat+2 cl-
-22971638.598298

# Aatatuna: TDT  datatuna ci nnits

1) thereda.de

2) 6a3bl, NocTaBnsieMble BMecTe
C NporpaMmmMom

3) pe3ynbTaThbl paboTbl BHYTPU
nabopaTtopun

0.3065449714743 523608.18638425 2228.557995242 -4.19718%0564676 0.0¢€



XnMmn4yeckme paBHoBecusa B pacTBope

SOLUTION 1
-water 1
-units
Mg 1
S 1
pH 7 charge

mol/kgw

# kg

pH

pe

Activity of water

Ionic strength (mol/kagw)
Mass of water (kg)

Total alkalinity (eqg/kg)
Total carbon (mol/kg)
Total c02 (mol/kg)
Temperature (°C)
Electrical balance (eq)

Percent error, 180*(Cat-|An|)/(Cat+|An]|)

Species

H+

OH -

H2

Hz20
Mg(2)

Mg+2

Mg(OH)+
5(6)

504-2

HS04-

Iterations

Gamma iterations
Dsmotic coefficient
Total H

Total O

Unscaled
Molality Activity

5.117e-87 2.329e-07

1.501e-07 4.202e-08

4.254e-25 4.254e-25

5.551e+01 9.812e-01
1.000e+00

1.000e+00 5.470e-02

1.623e-06 4.650e-07
1.000e+00

1.000e+00 5.470e-02
1.261e-06 1.173e-006

Pl
BAODDWUNOOE RO A

.633
. 0006
.981
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.08
.333e-10
.08

0.52808

1.110169e+02
5.950844e+01

Charge balance

Unscaled

Log Log
Molality Activity
-6.291 -6.633
-6.824 -7.377
-24.371 -24.371
1.744 -0.008
-0.000 -1.262
-5.790 -6.333
-0.000 -1.262
-5.899 -5.931

Unscaled

Log

Gamma

-0.
-B.
.00
.000

342
553

.262
.543

.262
.032

mole V
cmi/mol

.00
(0)
(8)
18.07

(0)
(9)

(0)
(0)



PacyeT cnctemMbl COJIb-BO LA

SOLUTION 1
-water 1
-units mol/kgw
K 2
S1
pH 7 charge

EQUILIBRIUM PHASES 1

Arcanlite 0 100 # 100 moles

REACTION TEMPERATURE 1
-5.0 105.0 in 23 steps

SELECTED OUTPUT 1
-reset
-file
-pH
-temperature
-molalities

# kg temp

-5.000
0.000
5.008

18.000

15.000

20.000

25.000

30.000

35.000

40.000

45.000

50.000

55.000

60.000

65.000

70.000

75.000

B0.000

85.000

00.000

95.000

100.000
185.000

false
K2504.sel

true

true

K+ S04-2 HS04-

m_K+
7.4117e-01
8.4352e-01
9.4826e-01
1.0548e+00
1.1625e+00
1.2710e+00
1.3799e+00
1.4887e+00
1.5969e+00
1.7040e+00
1.8096e+00
1.9129e+00
2.0136e+00
2.1112e+00
2.2052e+00
2.2955e+00
2.3818e+00
2.4641e+00
2.5425e+00
2.6172e+00
2.6884e+00
2.7566e+00
2.8240e+00

m_S04-2
3.7058e-01
4.2176e-01
4.7413e-01
5.2738e-01
5.8124e-01
6.3550e-01
6.8994e-01
7.4433e-01
7.9844e-01
8.5201e-01
9.0478e-01
9.5646e-01
1.0068e+00
1.0556e+00
1.1026e+00
1.1477e+00
1.1909e+00
1.2320e+00
1.2712e+00
1.3086e+00
1.3442e+00
1.3783e+00
1.4120e+00

17

m_HS04-
4.3288e-08
6.3924e-08
9.2972e-08
1.3323e-07
1.8819e-07
2.6216e-07
3.6042e-07
4.8931e-07
6.5641e-07
8.7069e-07
1.1427e-06
1.4846e-06
1.9105e-06
2.4366e-06
3.0813e-06
3.8656e-06
4.8131e-06
5.9503e-06
7.3074e-06
8.9176e-06
1.0819e-05
1.3052e-05
1.5661e-05



China

mol/kg Bu, Li, Zhang, Guo, Wang, Sun, Deng (2015)
m(Li2S04) [m(K2S04) |[Solid phase T, K PhreegC
1.533 1.014 Li2SO4*K250# 288.15
1.497 1.038 Li2S0O4*K2502# 288.15
0.382 1.061 K2504 288.1522727
0 1.024 K2504 288.15 0.581
0.641 1591 K2504 323.15
0.634 1.598 K2504 323.15
0.364 1.659K2504 323.15/27277
0 1.642 K2504 323.15 0.956
Lin, Zeng, Zheng, Sang, Yu (2007)
m(Li2S04) |rn(K2504] Solid phase T, K PhreeqC
3.214 0Li2S0O4*H20 273.15 3.275
3.358 0.136 Li2S0O4*H20 273.15
3.312 0.145 Li2SO4*H20+ 273.15
3.163 0.213 Li2S0O4*K250# 273.15
1.483 0.576 Li2S0O4*K2502# 273.15
1.437 0.574K2504 273.15
1.339 0.56 K2504 273.15 0OK!
0 0.422 K2504 273.15 0.422



PacyeT nsotepMmnyeckoro cpesa
TPEXKOMMOHEHTHOWN CUCTEMBI

SOLUTION_SPREAD
-units mol/kgw
-water 1 # kg

-temperature 25

Number Li K 5(6) pH
1 7.0000 0.0000 3.5000 7 charge
2 7.0000 0.1450 3.5725 7 charge
3 7.0000 0.2900 3.6450 7 charge
S
19 7.0000 2.6100 4.8050 7 charge
20 7.0000 2.7550 4.8775 7 charge
21 7.0000 2.9000 4.9500 7 charge
22 0.0000 2.9000 1.4500 7 charge
23 0.3500 2.9000 1.6250 7 charge
24 0.7000 2.9000 1.8000 7 charge
S e
40 6.3000 2.9000 4.6000 7 charge
41 6.6500 2.9000 4.7750 7 charge
42 7.0000 2.9000 4.9500 7 charge
EQUILIBRIUM_ PHASES 1-42 16
LithiumPotassiumSulfate @ @
Arcanite @ @ 14
LithiumSulfateMono @ @
12
END
RUN_CELLS = 1
-cells 1-42 E
-~ 0.8 -
é mm W M SHCTIEpUMEHT
% 0.6 s HEUAMEHOE MPHWETIDHEHWE ANA pPacueTa
-
0.4 "
|
0.2 m
-
0 =
W 0.5 1 15 z 2.5 3.5

m{Li2504), molkg



TBepOble pacTBOpPbI U ra3sbl v,

ipeanbHble:
MPOM3BOJIbHOW
KOMMOHEHTHOCTH

peanbHble

]

TBepAable
pacTBopbI

/7 PeasibHble:
NOJSIMHOMbI

]

[a3bl
(V = const nnu
P = const)

A

[yrreHxamma;
TONbKO GUHapHbIe

-~

PeasibHble:

> YpaBHEHME
[NMeHra-PoobunHcoHa

10



[Tpnmep: pacTtBopuMocTb CO2 B BOAE |D

100C

CO2 cancentration, in moles per kilogram water

" i M M 1 M M N M L i M M L 1 " A M M i & M A &
0 100 200 300 400 500
Pressure, in atmospheres

11



[TpyMmep: TBepOble pacTBOpPLI |D

TITLE Example 10.--Sclid solution of strontianite and aragonite.

PHASES
Strontianite
SrC03 = C0O3-2 + Sr+2
log k -9.271
Aragonite
CaC03 = C03-2 + Ca+2
log k -8.336
END

SOLID SOLUTIONS 1
Ca(x)s5r(l-x)Co3

-compl Aragonite 0
-comp2 Strontianite V]
-Gugg_nondim 3.43 -1.82
END
SOLUTION 1

-units mmol/kgw
pH 5.53 charge
Ca 3.5832
C T.864
EQUILIBREIUM PHASES 1
coz2{g) -0.01265 10
Aragonite
SAVE solution 1
END
-
# Total of 0.00001 to 0.005 moles of SrCO3 added
-
USE solution 1
USE scolid solution 1
REACTION 1

SrCo3 1.0
.005 in 500 steps 12



Log(moles) Log(mole fraction) Log(mole fraction)

Log(moles)

[TpyMmep: TBepOble pacTBOpPLI

T L T T
-1 L
2L
= r SrCO,
4 A -
_5 1 1 1 1
o T === T — T
Ll \_
-2 L _ G-ﬂ-i -
s
3 = -
B
_4 1 1 1 1
2 T T T T
-2+ —
= — CaCoO, -
SrCo, C
_10 1 1 1 1
-2 | | | | T
at _ -
- .
—4 "II — — Solid 1, 0.0048 mole fraction SrC Oy -
| Solid 2, 0.8579 mole fraction SrC Oy
|
5 L \ -
| D
& 1 1 Py 1 !
le-5 1e—4 1e-3 0.01 0.1 1.0

SrCO5 added, in moles

10.0

13



NMpumep: KNHEeTUKa okmcneHuns Fe** —
aTMOCEpPHbIM KNCNOPOOOM |D

dmj.e )
1E:l 2
= (291694 133¢12 4> P Jm B
dt ( ¢ € o 0 Fe™*
SOLUTION 1
pH 7.0
pe 10.0 02(g) -0.67
Fe di 0.1
Na 10.

Cl 10. charge
EQUILIERTUM PHASES 1
02 (g) -0.67
RATES
Fe di ox
-start
10 Fe_di = TOT("Fe_di")
20 if (Fe _di == 0) then goto 200
30 p o2 = SR("02(g)")
40 moles = (2.91e-5 + 1.33el2 * (ACT("OH-"))"2 * p o2) * Fe di * TIME
200 SAVE moles
-end
EINETICS 1
Fe di ox
-formula Fe di -1.0 Fe_tri 1.0
-steps 100 400 2100 10800 21600 5.04e4 B.64ed4 1.728e5 1.72Beb 1.728eb 1.728eb
-step divide le-4

14



Mpumep: KNHEeTUKa okucaeHns Fe** —
aTMOCMPEepPHbIM KNCJTIOPOAOM |D

- Phreeqc USER_GRAPH 1 Example = x )

Oxidation of Ferrous Iron

[—0— Fe[2) —o— Fe(d) —— pH |

120 . : . , , 7

1{:":' T I I T ............. P ............. ...........

80 k............; PP ' e P ey S S SRR 6

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

Micromole per kilogram water

20 bk s S .....

Time, in days

15



Kak ¢ 3Tum paboTtaTb? T,

1) GUI (Windows) - user friendly:

nocTpoeHue rpamnKos;

NoOCKa3KW,

Notepad++ PhreeqC (Windows); To e, HO eLlé:
noacBeTKa CMHTaKcuca,

aBTofonoNHeHue

N npo4yee.

2) KOHCOMIbHLIE eepcMn - MMHUMMaJIN3IM

(Windows, Linux, MacOS).

3) Ncnonb3oBaHME B CTOPOHHUX NMporpaMmax:

BbI30B Moaynen Phreeqc u3 nporpamMm Ha CKpUNTOBLIX
A3blKaXx;

IPhreeqc - 6ubnmnotekun onsa C++, C, Fortran;
COM-monynu (Windows); Bei3oB 13 Visual Basic, Python,
MATLAB, Excel etc.

16



[TogpobHOCTH

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

Information:

@ PHREEQC Abstract

@ PhreegcRM

@ |Phreeqc Modules (COM/DLL/Library) Abstract
Qf’hreeqcl Fact Sheet FS-031-02 (PDF)

< Online Version 3 User's Guide WWW b rr. C r- u Sg S . g OV/

@ User Rights Noiice
@ Notes for fraining course: Geochemistry for Groundwater Systems 2011 (Geochem2011.1gz, PowerPoint and examples, 180M)

Current Versions: prOjeCtS/GWC_COU pled/
e phreeqc/

@
aQ
@ PHREEQC Readme--MacOS Batch Version For 10.7-10.12
Q
Q

Phreeqc Readme
PhreeqcRM Readme

Other Resources:

@ Discussion forum: Search for answers, ask a guestion

@ FAQ--Frequently Asked Questions about PHREEQC and Phreeqc!
@ Mail Archive--Questions and answers about PHREEQC, Phreeqcl, and Netpath
@ Appelo's home page: Information, examples, and training courses

@ Mike Mueller's PHREEQPY home page: Using PHREEQC in Python

Features:

(0,0)

USERS.ORG

Welcome, Guest. Please login or register, [ ] e

Did you miss your activation email?

— s

Login with username, password and session length

i —

, phreeqcusers.org
How to use phreeqcusers 5 Posts e
Please read these notes before posting. 5 Topics e e o
Introduce yourself
Use this space. yeur modeling y interests, cbjectives, as wel as a ::'P"f" ( 3 ﬂ| e C b M O >K I I O
Short bio If you would Iike. =
About 4 Posts e I IOO6 LI—I|a I bCSI C
Read about why the forum was set up. 3 Topics in Donations

‘on September 25, 2017, 10.57:57 AM

Donate to support PhreeqcUsers
)3 We rely on your donations to keep the website running. If you have found this website of value, and can spare any 1875 Redirects B O O M
amount to keep it running, please consider a small donation. Even a couple of £/8/€ will make a big difference.

News about PHREEQC 23 Pasts. mm:,;%p;xm‘m
News about PHREEQC (including modifications and releases) 21 Togics

on November 22, 2017, 08:46:27 FM



PhreeqC: pocTtonHcTBa/HepoCTaTKN |7

- MHTYUTUBHOE 3aJaHne BXoaHon nHopMaLmn;

- MHOI0 BO3MO>XXHOCTEWN;

~ OT3bIBYMBbLIN aBTOP MNPOrpamMmsil;

-~ CKOpOCTb paboThl;

— OTKPbITbIN NCXOOHbLIN KOA: NPU XXeNnaHnu
MO>XHO 000aBUTb Apyrne Mmoaenu;

- TMBOKOCTb (B T.4. 3a CHEeT NCNOJ/Ib30BAHUS
BASIC-koga BO MHOrnx 6nokax);

- TOJZIbKO BOOHbI€ PacCTBOPbI;
- 0e3 KOppeKTHbIX T/4 AaHHbIX NPaKTUYECKN
becnosesHa.

18
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