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—. HUF ZKEE S R RE IR AR

1. HEAS: H1: 1HERRE2K, KMk,
2. IKEEREE: IIpidig; BEABANAERPS;
3. BXH E(Jﬁ‘vﬁ =i

(1) ﬁ%ﬁéﬁﬂﬁﬁﬁ%ﬁ

(2) #EHIERFIpH

(3) IMAMEERAF P EACKE IR [ B A AL AE F
(4) ALEA 7R UA R 40 B S B0 MM 22 e DLE
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4. BHYLH: R E S TeN 14 F 1 J 2R R ;
i BRI nl:. 1EER{FEpH < 2.0;
TOCH#r: HIH,SO,f#pH < 2.0;
SHEALERZHT: MCUCl,KH;

AsSTER 7 Hr: 110.25M EDTA;

WY T B (2-5°C) ;
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. HTFKEER BT

1. IC: FEBEF (HCO, M) ;
2. AFS: As. Hg. Se. Sb%;
3. ICP-AES: £&RBtE;

4. GC: BR-FHERBEFIY;
5. LC: AGETEREFID;

6. ICP-MS: 1%&%75%
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1 BARH & P Rk 5

7K P A BB T PR E T A T 2R TR

AH: EAMMNIRE, ns A AHEFHAEFRNELLERE
(meg/L) . Na*s K ASEHE, ERN/PMFE5%; tiNat+KAHHE
B, ENFTEHRBLTE.

AR SZm=5Zm,




2 TG R P — S EERNRE

BB EEAE (TDS) . RSB EE A AT EE, NEKHE

BERBTWET 12MHCO, S &

Nat+K*: ERHr+, Na+K2itHE, HitEh%ER:

(Na® + K*)(meg/L)=>n_—(Ca* + Mg* )(meqg/L)

(Na™ + K')(mg/L) = 25x (Na™ + K7 )(meqg/L)




B BREBRATEME, E TR SRR

S (CaCO A Img/LE)=(Ca*" + Mg*") x50

TDS: WRKBRAITERPAELNAITDSE, MRETDSH
WEAE, DRI TDSSZIE M .




3 MRIHKIR T % R IR I

Hikl:

HpH<8.348}, KEAMERFAMHICOZ, FAERX
ERIpHAE 2T, W52 COL2 F 3 BRI 58 7 1= A il Y
MERCO.2; FIkE, HpH>8.34Kf, KENHTEEEPAMN
HILH,CO;. WRDSITERAFFE LBRRIIE, WU
pPHERC O, 2A1H,CO, il B 5] fE .
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Fi5E2:

&R, W PREpHMHCO, « CO2 MRS R
SEIE e

=0

HJ DAFE -

WMRSERY, HCO2RH, WA PLEEvHESKHpH,
KW H 5 eMpHE BAHED K.




—IKFEEA PTG RWT (mg/L) -

8.84 | 25C

ATE | w0 Jas e ]ws]er] @0 [0

AR T4 A0 FE 2 2 P SRR R S 3
25CTF, pK,=10.33.

[CO; ] 10 61

H = —lgK, =lg—x——+10.33
P 9 IR, 960 316

[HCO, ]
=-1.494+10.33=38.838




4 HEeRBAFE

E—Eﬁﬁﬁflﬁ?*m, Na'H & EERRTKHEER, MR
PR EFO, WatraReER .

iH_J;T7J<F3EI’JNa+jNa+ + KI—RAETE, WRHAZ
HEOL, AN ITEREHIR.

HS5BBEMREMAR (TDS) ERIFHIMHIM:
TDS (mg/L) =KX HS (mS/cm) KAHNZE% (0.55—0.75)
HE (mS/cm) =100 X (HEFEMHBEFERIESE/F
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BONRRAHI B LB R B, R T AR Z T K2 5 =¥
TIBUKEE B IEAHTIRUK AR BRRBA: K. &K .

¥EK: YnalYe=0.85; [CI])/[Br]=300

BEBEIEK: YNalVo=1;  [CIJ[Br]>300

R REBFAHEK GRRIEK) ¢ Yya/¥e<0.85; CI/Br <300
GE: yImeqg/D

WAL A WK AR IR K & 7K E HIVE AR .
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Schoeller plot
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(=) EERIERI
AT TR ML R BK AL R R, PR BT, B
FEIRERAES

ek (g / L)YSAR RS> (g/L) M (g/L)wT(OC)pHD(L/s)

BH 2 Fmeq% >10%)| |

o oA ARRSKIINERS, BEHITHZE ERE N

- —HRREHHESEERIXEE REREFKEFERME TSR ASE
4H 5y

- KHRERE. HRBSEAENE S, WK T EERAEF (>510%) ,
XBF, EEXFEATH;

o« SRS HBA—RN0/L, REBUHESBEESHIS, 1BRE=
3.7Bq.
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NO49.73 HCOZO.13CI18.8

M PH,

w Ca63.9M921.1(Na T K)15.1




8.3 i T /K4 AR

e 1 Introduction —. fEr
There have recently been H R KA S,

tremendous advances In
guantitative modeling of
chemical processes In
the subsurface. A prime
motivation for this is the
need, for both regulatory
and practical purposes,
to predict the
consequences of human
activities such as waste
disposal and mining.
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The predictions are usually based on:

* A Hydrological model, which describes
the movement of water.

A chemical model, which describes the
the behavior of solutes Iin the water.
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Aqueous geochemical
modeling began more than
30 years ago as an attempt
to apply more quantitative
techniques to the
Interpretation of water-rock
Interactions.

There must be nearly 100
computer programs
mentioned In the literature
that can calculate chemical
processes for agueous
solutions, and these have
been applied to a wide
variety of problems.
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—~ Concepts

« Model: a testable idea, « R, fexf—A4

hypothesis, theory, or & 1) ) i A] DL
combination of theories AL A B B8 T
that can provides new )RR —Fh BE
insight or a new W ISR T AEYE |
interpretation of an old Bk, Bk
problem (Nordstrom, WwHE A

1994).



 Chemical model: a
theoretical construct
that permits the
calculation of

ohysicochemical

oroperties and
orocesses of
substances (such as
the thermodynamic,

Kinetic, and quantum

mechanic properties).

« fLEERRAL: fR—
Pl DL &
V)i B AL 2
AR B I A
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sl 15 A =T
JIEHD) RS
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« Geochemical (or
hydrogeochemical)
model: a chemical
model developed for
geological systems.

e Speciation: the
equilibrium distribution
of agueous species
among free ions, ion
pairs, and complexes
(an integral part of
phase distribution, mass
transfer, and reaction-
path calculation)

+ HUERILEBOK IO
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« Phase distribution: the <« Mafh: WHHEZE
equilibrium distribution  AHZH % 1 P47 40 A7
of components among
two or more phases.

N.

. Mass transfer: transfer ° M= Bl PAHER
of mass between two 2 HH R ) o =
or more phases, such ¥, W Y0 AR

as precipitation or '?/)L{E (bR T AN
dissolution of minerals FPEETDLAN, 5
(similar to phase TAZELL)

distribution except that
equilibrium is not
required).



* Reaction-path o REDBRH: 074
calculation: a selected g5 ok ) v i
sequence of mass B —2H 3k S 1 R B
transfer calculations fhitE,

that follows defined
phase boundaries or
reaction boundaries.

. Mass transport: solute ° BEER: HiA]

movement by fluid 5l IIIARIEE) .
flow.

« Reaction transport: « RMIER: A

combined mass ST R L e
speciation with fluid FEERNEE.

flow.



=. Types of geochemical
models

» Mass equilibrium model (5 &)

DL 5% o6 R A AE 2 (species) N T 44,
A= (mass) . BEE (energy) il B faf
(charge)~y1E %&£ (the conservation law) ) &
b B, SRR K R AR AE T 20 AN
AFEE AL




XA MR R

WATEQ, WATEQF, GEOCHEM #
EQ3%. EAITH T 3KM. ik i =11
AL A HE, S B4 R S MK 2 43 11
FAETE . YRR 71 FE 1A B - A #e A
Ta] B2 VR IR B ) AR, B Husk A S S UFE
AR B A 2O i H S A A [E AR S Y
WA BOHAT THE




mass-transfer model (Jfi &= LA )

T AE % (thermodynamics) 1 2
N 5] 772 (reaction kinetics) &l -, u@ ‘
HILRAAENLI, KRB =E. EX
NEMK, BIFERIRKAEFEIK-E1E R
T Joa B A A =

\
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 mass-transport model (i =i )

A T AR AR, A

%ﬁ%\&ﬁﬂﬁ%ﬁﬁﬁ%%ﬁ Zin

SRR R AR B, BirE IR W) /KIE

72 BT

DL H AR T A H — S ] BV 5
CHEMTRN. CPT. DYNAMIC.
CHMTRNS. PHAST &%,

THAE RS M R ok, B2 T A
3, FRENMEEENETEN, A
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/4. Some common geochemical
codes and their applications

(1) PHREEQC. MINTEQA2. WATEQA4F%%
= FEHAREIRE ) N EE DR
1) JeERAKF AL
2) YIRFEE—n] ge /KR UTE T H ALY -
3) MR Ll B IR S FH—IR & 5 17K =2 A4y Eh, pHAT
SHE
4) K—aHE/EH =
a. IE [l (Forward Modeling): 48l AT fE & AE HIVE IR S5 TTTE
bt SR BAEREFER, HitHEHBEBSTTED) . Y5
MRz AT B AR P P 28 =
b. MLl (Inverse Modeling): Z/b it 2k k{2215, 11 &
2 8 R s A2 /KA 22 B AR A B MR AL 272 S .



» Forward modeling involves taking a
solution composition and
determining what minerals are in or
near equilibrium with the solution. It
iIncludes reaction path modeling,
which tracks the evolution of water In
response to chemical reaction with
minerals, surfaces, or mixing.



Unconfined aquifer Confined aquifer

Recharge

Artesian Artesian

boreho
borehole (flowing

aN=Aler [Forum




Q1B [ BRI VF 2 g, ity YI7E
R € KA TR R VA REYE . TEREE . PPUT A RER
TBe A 1 RR) &gt R AERIK—& M EAR

M55

Q1 (Al R S AR KPR E 7K — [ MR
TR B A 2720 0 A0 ot B A%

QO XFIE [ ERA SR 5, EZ e XS BL R =Ff
PIR AT

(1) BAHR D
(2) R R R ARV AL
(3) SAHA -




* Inverse modeling involves at least two
solution compositions and calculates
geochemical reactions that account for the
observed changes in chemical
composition of water along a flowpath.
PHREEQC adds to this combination the
ability to describe kinetic parameters and
one-dimensional advection and dispersion.



Unconfined aquifer Confined aquifer

Recharge

Artesian Artesian

boreho
borehole (flowing
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* The acronym PHREEQC stands for
PH (pH), RE (redox), EQ
(equilibrium), C (program written in
C).



1.~ Examples of geochemical
modeling (PHREEQC)

A. Aqueous species and saturation
iIndex

B. Equilibration with Pure Phases

C. Mixing



A. Agueous species and
saturation index

Solution 1
units ppm
pH 8.22
pe 8451
density 1.023
temp 25.0
redox O(0)/O(-2)
Ca 412.3
Mg 1291.8
Na 10768.0
K 399.1
Fe 0.002
Mn 0.0002 pe
Si 4.28
Cl 19353.0
Alkalinity  141.682 as HCO3
S1(9) 2712.0
N(5) 0.29 gfw 62.0
N(-3) 0.03 as NH4
U 3.3 ppb N(5)/N(-3)

0(0) 1.0 02(g) -0.7



» AJueous species

Speciles

U(3)

4)

1+3

Molality
0. 000e+000

0

000e+000

1. 327e-0Z1

I(0H)5-

U (0H) 4
U(0H) 3+

1 (0H) 2+2
TOH+3
n(s04)z
Ja04+2

+d

TC1+3

U6 (0H) 15+9

—

2
7
5
a
0
0
0
0

La2Te-021
. 183e-025
.B7le—-030
. 213e-035
. 000e+000
. 000e+000
. 000e+000
. D00e+000
. D00e+000
a

000e+000

1.961e-018

uoz+

1.

961e-0183

1.437e-008

02 (C03)3-4
0z (C03)2-2
02 Co3

02 0H+
T0ZHIS104+
n0zZ+2

102804
Jozcl+

oz (304)2-2
(00232 (0H) 2+2
(702) 3 (0H) 5+

1.
LO7le—009
L 214e-012
.013e-013
. 237e-015
.6d1e-016
L 17Ee-016
. B79e-017
. 09¥e-017
. 4858e-021
. Td3e-023

[ T e T s T v T e Y i N ot Y e T i

24 9e-003

Log

Log

Actiwity Molality Actiwvity

0.

o D O D D = | Moh

TN BT« T T S T = s B S o I

000e+000

L F20e-022
. 5h3e-025
. 736e-030
. B30e-035
. D00e+000
. 000e+000
. 000e+000
. D00e+000
. D00e+000
. D00e+000

. 466e-018

. 173e-010
. 475e-010
.078e-011
. 505e-013
. 916e-015
. 138e-016
L 37Ee-016
.415e-017
. B8le-018
. TBEe-02Z
.294e-023

-B1.

—Z0.
-24,
—Z9.
-34.
-40.
-44.
—-45,
-48.
-486.
177,

-17.

-7,

—&.
-11.
-12.
-14.
-15,
-15,
-16.
—-16.
—-20.
—22.

476

877
B61
115
483
256
al3
601
921
936
47h

YO8

911
684
036
696
481
439
930
OBy
509
B05
241

—BZ,

—21.
—-24.
—29.
-34.
-41.
-44.
—46.
-48.
-48.
—-187Y.

-17.

-4,

-4,
—-10.
-12.
-14.
—-15.
—-15.
-16.
-17.
-21.
—2Z,

412

004
593
241
788
392
445
106
941
ovd
TOZ

834

951
189
953
822
407
944
261
193
014
110
36T







B. Equilibration with pure

phases

 Temperature dependence of solubility
gypsum and anhydrite

Pure water:

pH 7.0

temp 25.0
Minerals: gypsum and anhydrite
Temperature: 25~75



—— si anhydrite

—— S1 gypsum
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C.

MiXing

Solution 1 Seawater - Solution 2 Rain water
units mg/zL . units malL
pH 8. .
pe 8.451 PH
density  1.023 * temp 25.0
temp 25.0 . Ca 0.384
redox O(0)/0(-2) . Mg 0.043
ca S . Na 0.141
Mg 1291.8 .

Na 10768.0 £ 0.036
K 399.1 ° Cl 0.236
Fe 0.002 . C(4) 0.1
Mn 0.0002 pe : S(6) 13
© e © N 0208
Alkalinity ~ 141.682 as HCO3 NE) 0.237
S(6) 2712.0

N(5) 029 gfw 62.0

N(-3) 0.03 as NH4

U 3.3 ppb N(5)/N(-3)

0(0) 1.0 02(g) 0.7

45 # estimated

CO2(g) -3.5




e Mix 70% Rain water and 30% seawater



