Water Quality Analysis Using AquaChem

Introduction
to

fiiathem

So Far - So Good

Site investigation completed

Hydrogeologic setting
understood

Sampling plan developed
Samples collected

Lab data evaluated
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Water Quality Analysis Using AquaChem

What Now?

Evaluate Impacts
Compliance Assessment

Citizen’s Complaint
Investigations

Prepare Technical Reports

How Can | Do This?
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Water Quality Analysis Using AquaChem

Ainiatiem

Software package designed
specifically for graphical and
numerical analysis and
modeling of geochemical
parameters.

What Can [iiiifkiEi Do?
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Water Quality Analysis Using AquaChem

Time Series Plot - Bitsui Well
Ma (mol) SaupleIDd BITSUI-1
£000 Date 10/18/1995
Ph 8.9
Cond 20°C (n3) 17800
4800 DS (110 °C, mg/l) 14200
3600+ Cations (mesl) (megsL)
Nat+ 4.860E+03 2. 114E+02
24001 A E + 2.000E+01 5.115E-01
Mo+ 2. 7O0E+01 2.22Z1E+00
Catt+ 5.600E+0L1 Z.T94E+HI0
12004 Mot §.000E-02 2.912E-03
i Anions {mesL) (megsLy
185 1 - 2. SLOE+00 1.321E-01
Cl- 1.950E+D3 5. SO0E+DL
s04-- 6.850E+03 1.426E+02
HCO3- 1.0L0E+D3 1.8656E+HIL
L
C03-— 1.0B0E+02 3. GO0E-+00
—
Lithinée 2
¥ (m) 1
302000 103 samples, concentrations in g/l
254000 < - - DR
ﬂadzr*c?J Min Meax Aversge  St. Dev. Dev. CoeffVart Sawple No
208000 - - - " Ha 120.0 5700.0  3315.485 1106.742 33.381  98.0 103
I ca 3.6 570.0 86,735 120,141 138,515  99.0 102
N iy 11 240.0 40.957 56728 139.188  100.0 103
155000 - c1 45.7 3160.0  1617.907 #£77.63z $4.245  99.0 103
504 4.5 11400.0  3343.782 3699.8  110.647  100.0 101
110000 - bl 6.6 8.9 7.702 0.923 11.984  26.0 103
62000 + T i i
480000 S57000 634000 711000 788000 865000 - ST E TlSTICS —

Temporal Trend Analysis

Time Series
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Water Quality Analysis Using AquaChem

Changes in Concentration Over Time

Time Series Plot

SampleID  Site

Geology WIYPE Index HiGrowp

BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITEUI-1
BITSUI-1
BITEUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-2
BITSUI-2
BITSUI-2
BITSUI-2
BITSUI=-2
BITSUI-2
BITSUI-2Z
BITSUI-2
BITSUI-2Z
BITSUI-2
BITEUI-2Z
BITSUI-2
BITSUI-Z
BITSUI-2Z
BITSUI-Z
BITSUI-3

Wa-Ca-504-HCO3 0007 (010 Shows changes in

Na-504-C1 0001 {01)
Ha-£04=CL 000z (01)

wesacy  oo0s (o) concentration (mg/l) over

Ha-S04-CL 0004 (01)

Na-304-C1 0005 (01} i
= o | | time.

Bitsui Wells - S04 Time Series Plot .
Current version can only
create a plot for one

parameter at a time.

S04 (mofly

- i —
185 396 SAT TAE 999 1100

Spatial Trend Analysis

Map Plot
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Water Quality Analysis Using AquaChem

Map Plot
“Snapshot” in Time

Displays the sampling
i o] position in Cartesian
e Swe | Gl W e e coordinates.

Acg-Alb-1  Alb -Kp Ca-Na-804-CL 0003

Aeq-ilb-2 Al -Kp Ca-Na-S04-C1l-HC 0014

Acq-ilb-3  Alb -Kp Ca-Na-504-C1 0025 H

s B S S Can import and overlay
Hp

Acq-klb-5  Albe Ca-Na-50¢-C1-HC 0012

ferks Ap ol an AutoCAD. Dxf file as a
ey base map.

Jb-Schd 8y Lthinée 2
Ieb-Seh-4 & ’
Ieb-Sch-5 S 0200
Brb-Sch-é 5 H
Beb-Seh-7 8 254000 4 -l

Can display locations of
sample locations.

Can interpret spatial
trends in chemical or
physical characteristics
using proportional
symbols or by plotting
Pie, Stiff or Piper
diagrams.

“Fingerprinting”
Water Samples
Multiple Parameters

Pie Chart
Stiff Diagram
Schoeller Diagram
Ternary Diagram
Piper Diagram
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Water Quality Analysis Using AquaChem

Pie Chart
“At-a-glance” Relative Concentrations
of Each Parameter

fi -l X
SampleID Site Geology WTYPE Index HGroup
M- Midecontinent Ha-Ca-HCO3 0601 (01) .
L pe e Area of the circle
Wos  Mscomcimn Nadosncos 0005 (06 represents the total ionic
MC-6 Midecontinent Ca-Na-Mg-HCO3-$ 0006 (06) .
= o] concentration (meg/l).
MC-2 PIE CHART Subdivisions of the area

represent proportions of
the different ions.

Stiff Diagram
Characterizes Water Chemistry

" =10 x| .
swpremn  sice Geotoay e Tndes Wororn Analyses in meg/l are plotted
S — e — on four parallel horizontal lines.
MC-3 Midcontinant Na-S04-HCO3 0003 (03}
HC-4 Hidecontinent Na-S04-HCO3 0004 (04) .
s mlaseeies Caa-Hg-E003-5 0005 (06) Concentrations of up to four
b =0 cations and anions can be
MC2  STIFF DIAGRAM plotted, one each to the left or
" “ right of the center zero axis.
ca Heos Resulting points are connected
to give an irregular polygon
g S04
pattern.
O R R Stiff patterns can be a
relatively distinctive method of

showing water-composition
similarities and differences.
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Water Quality Analysis Using AquaChem

Schoeller Diagram
Line Plot That Characterizes Water

HC-1
MC-2
HME-3
ME-<
MC-E
HE-6

Hideont inent Na-Ca-HC03 0001 {01} . . : .
aecoamens w0z 0| | Semi-logarithmic diagram that
Mideont inent Na-504-HC0Z 0008 (03} . .
Mideontinent Ta-804-HC03 0004 (o4} represents major ion analyses
Mideont inent Na-504-HCO3 0005 (05}
Mideontinent Ca-Na-Mg-HCO3-5 0006 (06) in meq/'_

G il

Demonstrates different
oncentraton (el hydrogeochemical water types
| P on the same diagram.

Number of analyses plotted at
one time is limited.

Actual parameter

O N S concentrations are displayed.
Mg Ca Na+kK CI S04 HCO3

Shows Groupings of Cations or Anions

Ternary Diagram

i =] |
SampleID Site Geology WIYPE Index HGrowp .
He-1 Hidcontinent Na-Ca-HC0Z 0001 (01} Used to determine the
-0 Pl we s Tasbemny 0005 (6) relationship between the
HC-4 Midcontinent Ha-504-HCO3 0004 {043 .
Hc-s Hideontinens Na-504-HCO3 0005 {05} concentratlon Of three
He-§ Midcontinent Ca-Na-Mg-HCO03-§ 0006 {06)

= ~1ol x| different parameters in

multiple sample records.
Mg L Displays relative
- ) concentrations of each
= parameter with respect to
y the sum of the
e concentrations of each
o e il parameter.

TERNARY DIAGRAM Each vertex represents a

concentration of 100%.
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Water Quality Analysis Using AquaChem

Shows Groupings of Water Types
P ——— ] Major ions are plotted as
e TS e R N cation and anion
MC-2 Midcontinent Na-204-HCO2 o002 (02) . .
A e Na-soiHcos 0004 (00 percentaggs in meg/lin
e TR CaNa-HgHO03-5 0008 (06) two base triangles.
=lolx] .
= Total ions are are set to
equal 100%.
O mC1
s Data points in the two
e trlangles.are projected to
Sl central diamond.
7 ‘ Allows comparison of a
R D D large number of samples.
Ca Ma HCO3 cl
PIPER DIAGRAM Shows clustering of
samples and water type.
Piper Diagram
X Mined

-
Mined and Background A water sample that is a mixture of

+ Background two end members (mined and
background) will lie in a straight
line between both end members on
all three parts of the Piper
diagram.

Concept has drawbacks. Post-
mixing reactions (l.e., dissolution,
ion exchange, precipitation) may
obscure the mixing trend.

Use with caution.

a0 60 40 20 20 40 EBO 80
Ca Na HCO3 ¢l
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Water Quality Analysis Using AquaChem

Correlations

X -Y Scatter Plot
Histogram

X-Y Scatter Plot

Correlates One
Parameter to Another

|6

SampleId

Site

Geology WIYPE Index HGrowp

BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-1
BITSUI-Z
BITSUI-Z
BITSUI-Z
BITSUI-2
BITSUI-2Z
BITSUI-Z
BITSUI-Z
BITSUI-Z
BITSUI-Z
BITSUI-2
BITSUI-Z
BITSUI-Z
BITSUI-Z
BITSUI-2

Ha-Ca-S504-HCO3 0007 (01}
Ha-504-C1 0001 (01}
Ha-804-C1 000Z (01}

bl ] =] |
Scatter Plot Example

Cl (mg/)
4000 -

OB
* B 2
v B3
| eets
* BR_S
* 616
A KFE3

0 1200 2400 3600 4800 6000
Ma (mg/l)

Simple approach to the
interpretation of
hydrochemical data.

Creates multiple plots of
ion relationships.

Regression analyses can
be quickly performed to
obtain average molal
ratios for all data or
selected group of data.

Ha-HCO3-TL OS2 (021
—

TIPS Training Programs
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Water Quality Analysis Using AquaChem

Histogram
Frequency Distribution

Checks the population
of data within a given
range of values.

Compares all samples
Freauency (courts) from to a given
oo parameter.

] Allows a large number
o of samples to be
represented without
; the diagram becoming
0 2000 4000 6000 B0CO 10000 too difficult to
S04 (mgd) R
interpret.

Graphing
Important Concept

Graphing of water analysis
is a study technique and
not an end in itself.

(Hem, 1985)
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Water Quality Analysis Using AquaChem

Database Reports

 Data Report

* Detailed Record Report

» Tabulation Relative to
Water-quality Standards

Data Report

[Database: C:YAmquaChemibitsui.HC3
SampleID BITSUI-1
Date 1/20/1998
Fh 8.9
Cond 20°C (u3) 24800
TDS (110 °C, mg/l) 15200
Cations (me/l) (meq/1)
Na+ 3. T50E+03 1.631E+02
K+ 1.B630E+HDL 4. 169E-01
Mg+ 3. 250E+01 2. 67T4E+00
Catt 6. 560E+DL 3. 273E+H00
Mn++ 2. 490E-01 9. 064E-03
Fe++ Z.000E-01 7. 163E-03
Batt 3.000E-02 4. 369E-04
Anions (mgs1) (meg/l}
F- 2. 490E+00 1.311E-01
Cl- 1.830E+D3 5. 162E+HDL
504-- 6. 450E+03 1. 343E+02
HCO3- 7. 650E+HIZ 1.254E+01
CO03-- 1. 700E+02 5. 666E+00
Uncharged (me/l)
Al tot .27
Az tot .029
H3BO3 9.52

TIPS Training Programs
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Water Quality Analysis Using AquaChem

Detailed Data Report

—
GauplelD ¢ BITSUI-1
Location H
dice H
Sampling Date : 1/20/1998
Gealogy :
Watertype : Na-3504-Cl
Sum of Anions (meqsl) 1 204.2506
Sum of Cations (meg/l) : 169.4952
EBalance: Po-RLE0E
Measured TDS {mg/1) 1 15200.0
Calculated TDE{mg/l) : @306.7
Hardness 1 omeqSl °f ° wg/l CaC03
Total hardness : 5.95 29.74 16.65 297.4
Permanent hardness 0.0 0.00 0.oo 0.0
Temporary hardness : 5.95 29.74 16.65 297.4
Alkalinity i1zl 31.03 50,97 910.3
(1 "f = 10 mg/l CaC03/1 1 "g = 10 mg/l Cad)
Major ion composition
nosl mmol /1 meg/1 meqs
Nat+ 3750.0 1863.114 163.114 43.643
K + 16,3 0.417 0,417 011z
Catt £5.6 1.637 3.273 0.878
Mo+ 32.5 1.337 2.674 0.715
C1l- 1330.0 51.818 51.818 13.811
504-- 6450.0 67.148 134.297 35.933
HCO3- 765.0 12.539 12.539 3.355

Tabulation Relative to
Water Quality Standards

HampleIl i BITRUI-1
Location g
Site H
Gampling Date 1 1/20/1993

Drinking Water Quality Requlations:

Element Heasured Recounended Maximum
pH 8.9 6.5- B.5 < 9.5
Cond 24900 < 400 < 1250
TDS 15z00 < 1500
Na 3750 < zZ0 < zZo0
K 16.3 < 10 < 12
Hg 32.5 < 30

M 0.249 < .0z < .05
Fe 0.2 < .05 < .2

F 2.49 < 1.5
c1 1830 < 25

504 6450 < 25 < 250
Al 0.27 < .05 < .2

Irrigation water:

Conductiwvicy = 24900 ui igroup C4: Very high salinity water)
Sodium Adsorption Ratio [3AR) 1 94,59

Exchangeable sodium ratio (ESR) : 27.43

Magnesium hazard (MH) : 44,96

TIPS Training Programs
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Water Quality Analysis Using AquaChem

Table

=101 %]

\

DEIN[Sampleil_ [Date [oH  Jcord Jtos Na [k [WMg  [ca  [Mn  [F= [Ba  [F [l [504 [N03 [moz
7 BITSLI-1 B/211998 85 868 120 235 M7 565 0z o3 05 58 558 261
1 |BTSUK 3985 87 17A00 14200 4980 2 46 A1 <05 <05 26 1890 6780
27 BITSUI-1 41271995 88 18100 14200 4870 54 34 56 084 =05 =5 264 2050 BESO
3 |BTSUK SADMD95 B8 25000 14200 4830 23 28 45 1 <05 <5 271 290 Ti00
4_ BITSUI-1 10M8M18985 88 17600 14200 4860 20 27 56 08 =05 =5 251 1950 GBS0
5 |BmSUM 1oM99E 88 17800 14700 5040 (20 32 (83 A4 <05 03 439 1980 6990
B |BTSUM 4mMS8 88 16800 13200 3980 210 M9 270 38 45 <5 218 1800 6570
87 BITSLI-1 /271998 89 19300 15300 5180 184 315 511 12 25 03 262 2310 7460
10 |BTSUA 3A2AET 88 19200 15400 SOTF 323 336 516 14 4 04 281 23 7580
? BITSUI-1 101997 88 18500 15000 5050 3 307 B44 19 el 03 2 1980 7040
13 |BTSUA 1201008 84 24000 15200 S0 163 325 656 249 2 03 249 1830 6450
T BITSUI-1 3/26/ 998 88 19600 14600 4360 @ 21 28 a2 391 35 04 274 1750 G200
15 |BMSUM oMensed 88 17500 4480 |21 (295 (882 |28 |03 |05 |25 1750 | 7150
F BITSUI-1 GME2000 88 18300 14800 5700 | 45 34 a8 25 2 045 24 1800 7800
T BITSUL2 3/211995 g 8080 5050 1940 7 15 36 = 02 =05 289 9 MED T
18 |BTSUlz 4Tames 8 8110 | 5020 | 2110 (13 27 66 <02 <05 27 (178 1220 48
1T BITSUI-2 5191995 8 12100 5010 2080 16 3 &6 = 02 =05 289 175 1220 28
20 |BTsUiz 1onEness | 8 7T 4910 1980 7 18 86 <02 <05 24z 169 1170 17
T BITSUI-2 /21996 78 7580 5020 2050 54 26 B4 = 02 =05 286 266 M50 45
22 |BiTSUL2  4mM995 |82 7950 |SO10 1930 | 587 | 207 |601 (<02 (<05 2B 161 | 1250 | 247
T BITSUI-2 /271996 8 7980 5160 1880 547 184 461 < M o3 289 174 1260 823
25 |BTSULZ  1M0ASOT |79 BDMD | 5130 2220 | 743 207 521 <01 (<03 293 168 1270 | 7O
ERE L B000 | 5080 | 2002 643 21 487 <0 <03 312 175 1154 | W
? RAITSHI-2 RMAM 97 A Fann AN Man R @ A5 = & = N7 PRI 171 1A0 A8

r

Why Statistics ?

* Job is to determine spatial and

temporal changes in concentration

— Data noise

— Measurement Errors
Anomalous data points

e But have to deal with:

— Multiple stresses on the system

TIPS Training Programs
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Water Quality Analysis Using AquaChem

Statistical Tools

Mean (Average)
Standard Deviation
Variation Coefficient
Correlation Coefficient

Statistical Report
i
SampleID Site Geology WIYPE Index HGroup
BITSTUI-1 Na-Ca-504-HCO3 0007 (0L}
BITSTUI-1 Na-304-C1 ooal (0oL}
BIT3UI-1
BITSUI-1 P ;@ﬁ
EITEUI-1 103 samples, concentrations in ng/l
BITSUI-1
BITSUI-1
EurHn=l Min Ma Average 5t. Dev. Dev. CoeffVark Sample No
el (2 120.0 5700.0  3315.485 1106.742 33.381  98.0 103
Trrene e 3.6 570.0 86.735  120.141 138,515 99.0 102
erremrr  |MO 1.1 240.0 40,757 56.729 139,165  100.0 103
prreui-l |F! 45.7 3160.0  1617.907 &77.632  54.245  99.0 103
f—— 50 1 4.5 11400.0  3343.782 36898.8 110,647  100.0 101
1 6.6 8.9 7.702 0.923 11.984  26.0 103
BITSUI-Z
BITSUI-Z
BITSUI-Z
BITSUI-Z
BITSUI-Z
BITSUI-Z
BITSUI-Z
BITSUI-Z
BITSUI-Z
gi;zgi_i Close Save Print
BITSUI-Z
BITSUI-Z Na-HCO3-C1 o0zz (0E)
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Water Quality Analysis Using AquaChem

Geochemical Modeling using
PHREEQC Interface

B ~lo/x

Solion | Reaction| Phase | Gas Phase | Mic | Exchange | Sisface| Transpot| Inverse Model| Acufer| Bun | Summary |

Desciption  [Fuas water
Select solution [1

Concentrations | pHipe]
& Start wih pure water

€ Modeled solution

o)
€ Use record hiom Dalabase fe)
Ma
- Na -
K K+
Fe Fes2
M
A
Ba
s
El
a

Bemert_[M.Spec |Conc. [Unit |Phase. ]ﬂ

Defauit Uit [rat 5 Frosal
: e |

Add solutionfs) Smwﬂup\ll Emwlnputl Clear cmel Heip | ]

PHREEQC

* Program based on an ion pairing aqueous model
and is used to calculate:
- pH

Redox potential

lon exchange

Surface reactions

Mass transfer (e.g., solution or precipitation of minerals)

* Can also use PHREEQC to perform inverse
modeling to estimate the chemical changes that
occur as a water sample evolves along a flow path.
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Water Quality Analysis Using AquaChem

hem PHREEQC Interface

 Comes with the PHREEQC executable file
(phreeqc.exe)

* Three thermodynamic database files
(phreeqc.dat, wateq4f.dat and minteq.dat)

» BEFORE using PHREEQC download and
read the detailed users manual

* Users manual and source code may be
downloaded from:
ftp:/lbrrecrftp.cr.usgs.gov (connect as anonymous)
http://water.usgs.gov/software/phreegc.html
Also see Chpt. 7 in the AquaChem User’s Manual
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Water Quality Analysis Using AquaChem

Bitsui 1 6/21/96

B0 B0 40 20 20 40 60 &0

Ca Na HCO3

Major ion cowmposition

nysl mmolsl e
Na+ 1z20.0 S.22 5.
E + 2.35 0.06 a.
Catt+ 56,5 1.41 2
Mo+ 11.7 0.451 a.
Cl- La.8& 1.653 1.
204-- 261.0 2.717 &
HCO3- 123.0 Z.018 i

Cations

Meq/l %

Na 522 58

Ca 282 31

Mg 096 11

9.00 100

Anions

- Cl 166 18

¥ | so04 543 60

Ei HCO3 2.02 22

Eg% 9.11 100
016

100% SO4

2% HCO3

58% Na
11% Mg
100% G4 ::|\100% CcL
100% N
0 18% ClI
31% Ca 100% HCO3

TIPS Training Programs
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Water Quality Analysis Using AquaChem

Class Exercise

Hand Calculate
Piper Diagram

o=l

ANSWER KEY - PIPER DIAGRAM

Cations Anions
Meg/l % Meg/l %
Na 441 27 cl 1.4 10
Ca 7.3 47 B0/ B0 [go4 37 25
Mg 40 26 HCO3 9.5 65
20 0

47%Ca Mg
e 10%Cl
26% Mg
A0 40
5% S04
20, Py ’

g 040 20 20 B0 80
Ca Ma HCOZ Cl
27% Na

65% HO3
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