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Objective

® Incorporate PHREEQC “kinetics tools” to
AMDTreat 5.0+

v Fell oxidation tool that utilizes established rate
equations for gas exchange and pH-dependent iron

oxidation and that can be associated with commonly
used aeration devices; and

v Limestone dissolution tool that utilizes established
rate equation for calcite dissolution and that can be
adjusted for surface area of commonly used aggregate
particle sizes.
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BIMODAL pH FREQUENCY DISTRIBUTION
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Anthracite AMD

25

3.0

35 4.0 4.5 5.0 55

6.0

O pH, field
| pH, lab (aged)
pH increases after
“oxidation” of net alkaline
water (CO, outgassing):
HCO; = CO, (gas) + OH-

6.5 7.0 75 8.0 8.5

2.0

Bituminous AMD

25

3.0

pH decreases after “oxidation”
of net acidic water (Fe
oxidation and hydrolysis):
Fe?*+0.25 0, + 25 H,0 —
Fe(OH), + 2 H*

35 4.0 4.5 5.0 55
pH

6.0

O pH, field
m pH, lab (aged)
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TREATMENT OF COAL MINE
DRAINAGE
A|3+
FezuiEess
Passive M2+ Active
e —————————

Increase pH/oxidation Increase pH/oxidation
with natural substrates & with aeration &/or
microbial activity industrial chemicals

Reactions slow Reactions fast, efficient

Large area footprint Moderate area footprint

Low maintenance High maintenance

Iron Oxidation Kinetics are pH Dependent
(abiotic and microbial processes can be involved)

-2 EXPLANATION

T 4 Abiotic; rates to pH 7
‘-_.‘ p 2~ Cpact=150mgL - PP— from STUMM and MORGAN (1996)
— =9 o

=) o Gl Uncertain transition to

é 8 f\ pH-independence

8 R S

s Chact=15mgL--.,, 4.

%n -104 Bacterial; rates to pH 3

= pH-independent from PESIC et al. (1989)

-12 T T T r : Extrapolation of PESIC et al.
2 3 4 5 6 7 g e (1989) rates

pH
Fig. 3. Rate of Fe(Il) oxidation versus pH based on abiotic and biological rate laws (Kirby et al., 1999)

** Cyact IS CONCeNtration of iron-oxidizing bacteria, in mg/L, expressed as dry weight of bacteria (2.8E-13 g/cell or 2.8E-10 mg/cell ).
The AMDTreat Fell oxidation kinetic model uses most probable number of iron-oxidizing bacteria per liter (MPNbact).

Cpae = 150 mg/Lis equivalent to MPNbact = 5.3E11, where Cbact = MPNbact -(2.8E-10).
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Abiotic Homogeneous Fe(IT) Oxidation Rate
(model emphasizes pH)

Between pH 5 and 8 the Fe(lh

Minutes i ; .
oxidation rate increases by
— O 100x for each pH unit
oF s increase.™
Days At a given pH, the rate
o) increases by 10x for a 15 °C

increase. Using the activation
energy of 23 kcal/mol with the
Arrhenius equation, the rate
can be adjusted for

Months

logk (in 5'1]

temperature. /

log ky; = log ky, + Ea /(2.303 * R) - (1/T, - 1/T,)

L 1 1
2 3 4 5 6 7 89 At [0,] = 0.26 mM (pO, = 0.21 atm) and 25°C.
: pH Open circles (o) from Singer & Stumm (1970),
*Extrapolation of homogeneous rate law: and solid circles (o) from Millero et al. (1987).

-d[Fe(I)]/dt = k;-[Fe(1)]-[O,] - [H*]?

k, =3 x 10-12 mol/L/min Dashed lines are estimated rates for the various

dissolved Fe(lIl) species.

Effects of
O, Ingassing and CO, Outgassing
on pH and Fe(IT) Oxidation
Rates

Batch Aeration Tests
at Oak Hill Boreholes
(summer 2013)

Aerated H,O, Addition

\
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PHREEQC Coupled Kinetic Model of CO, Outgassing &
Homogeneous Fe(II) Oxidation—Oak Hill Boreholes

pH
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Log (Po; (atm))

CO, Outgassing is Proportional to O, Ingassing
(model specifies first-order rates for out/in gassing)

—d[C]/dt = kuca'([c] - [C]s)

Elapsed time (hr)

exponential, asymptotic approach to steady state

y =2.43x+0.00
R?=0.96

# kLa [02] vs. kLa [CO2]

0.0000

0.0001 0.0002 0.0003 0.0004 0.0005 0.0006

1st Order CO, outgassing rate constant (1/s)
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Estimated CO, Outgassing & O, Ingassing Rate
Constants for Various Treatment Technologies

Table 8.4 Values of rate constants for CO  owlgassing and € ; ingassing used for kinetic models

Temper- C0O; Outgas 0, Ingas
L s K o8 K p28
(°C) (s logls’) logimin®) (s} logls') logimin®)
Treatment Systems
Maelstrom (Sykesville, Trent, St.Michaels) 20 0.03 -1.52 0.26 0.06 -1.22 0.56
Surface Aerator (Renton, Rushton) 20 0.001 -3.00 -1.22 0.002 -2.70 -0.92
Mechanical Aerator (Lancashire) 20 0.0006 -3.22 -1.44 0.0012 -2.92 -1.14
Aeration Cascade/Level Spreader (Silver Cr) 20 0.01 -2.00 -0.22 0.02 -1.70 0.08
Rip-rap Spillway/Ditch (Silver Cr, Pine Forest, 20 0.005 -2.30 -0.52 0.01 -2.00 -0.22
Pand (Silver Cr, Pine Forest, Lion Mining, Flight93) 20 0.00001 -5.00 -3.22 0.00002 -4.70 -2.92
Wetland (Silver Cr, Pine Forest, Lion Mining) 20 0.00001 -5.00 -3.22  0.00002 -4.70 -2.92
Dak Hill Aeration Expts.
Aerd 20 0.0005625 -3.25 -1.47 0.001125 -2.95 -1.17
Aer2 20 0.0002475 -3.61 -1.83 0.000495 -3.31 -1.53
Aerl 20 0.0001508 -3.82 -2.04 0.000302 -3.52 -1.74

AerD 20 0.0000169 -4.77 -2.99 3.3BE-05 -4.47 -2.69

*Gas mass-transfer rate corrected to 20°C per Rathbun (1938, Eq. 56) using the expression
kL,a_20 = kL,a_TC /(1.02417TC-20)}.
kLa_TC = kL,a_20 * {1.0241%(TC-20)).

kL,a_20 = (LN((C,-C,)/(C,-C))/t) / (1.0241(TEMPC-20)) ‘\yhere C is CO, or O,.
Dissolved O,, temperature, and pH were measured using submersible electrodes.
Dissolved CO, was computed from alkalinity, pH, and temperature data.

New Iron Oxidation Rate Model for "AMDTreat"
(combines abiotic and microbial oxidation kinetics)

The homogeneous oxidation rate law (Stumm and Lee, 1961; Stumm and Morgan, 1996),

expressed in terms of [0,] and {H*} (=10-"H), describes the abiotic oxidation of dissolved Fe(ll):

-d[Fe(l))/dt = k,[Fe(ll)]-[O,]-{H*}*?

The heterogeneous oxidation rate law describes the catalytic abiotic oxidation of sorbed
Fe(Il) on Fe(lll) oxyhydroxide surfaces at pH > 5, where (Fe(lll)) is the Fe(lll) oxyhydroxide
concentration expressed as Fe in mg/L (Dempsey et al., 2001; Dietz and Dempsey, 2002):

-d[Fe(ll))/dt = k, (Fe(Ill)) -[Fe(ll)]-[O,]-{H*}"

The microbial oxidation rate law describes the catalytic biological oxidation of Fe(ll) by
acidophilic microbes at pH < 5 (Pesic et al., 1989; Kirby et al., 1999):
~d[Fe(I)]/dt = Ky, - Cpact “[Fe(I)]-[0,]{H"}

where k,,, is the rate constant in L3/mg/mol?/s, C,, is the concentration of iron-oxidizing
bacteria in mg/L (dry weight), [ ] indicates aqueous concentration in mol/L.
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New Iron Oxidation Rate Model for "AMD Treat"—
PHREEQC Coupled Kinetic Models of CO, Outgassing
& Fe(IT) Oxidation

i Formi o8 ® . . . H
Kinetic variables can be adjusted,
RowGP 100 including CO, outgassing and O,
e st st ime ot ingassing rates plus abiotic and
Rz 17 TimeSecs: 26800158 hrs microbial Fell oxidation rates.
A 0047 [¥] FellOxidation TimeSecs 28800
Bt Aer3: k_copa = 0.00056 s
pH 64 klsCO2  0.0006 CO, outgassing rate in sec!
g } @ Aer2: k, copa = 0.00022 s

Ak 150 factrkC02 1 Adjustment CQ, outgassing rate L) AL _ 1
[7] Estmate TIC factrk02 2 Adjustment O,|ingassing rate (x kLaCO2) Fell Aerl:k copa =0.00011 s
T 0 facirkiFe 1 Adjustment abjotic homogeneous rate L€ | Aer0: Ki cor@ =0.00001 st
S04 400 factrk2Fe 0 Adjustment abjotic heterogeneous rate
a 78 bactMPN  5.30E+11 Iron oxidizing Bacteria, microbial rate
Ca e SlecPPT 0.3 Calcite saturat\oh limit ) Addition Of H O and recircu|ation Of
Mg 64 H202mmol 0 Hydrogen peroxide added 2 2
N 50 faceizi2 | rausment o202 e Fl|| simulated. Constants temperature
o goton ospecty Fell recrcuation corrected. Options to estimate Fe2 from
w o [ Fe and pH plus TIC from alkalinity and

[#] Plot Dis. Metals ] Plot Ca. Acidity [C] Plot Sat Index pH ComputeS net aC|d|ty, TDS, SC’

“multply Fe.mg by 0.0030 to get [4202] and precipitated solids.

Revised AMDTreat Chemical Cost Module —
Caustic Titration with Pre-Aeration (Decarbonation)
PHREEQC Coupled Kinetic Models of CO, Outgassing & Fe(IT) Oxidation

oE PHREEQ Test = = =
Original option for no aeration, plus new
= e option for kinetic pre-aeration (w/wo
1 Eximte 2 Petbe Guick Lne hydrogen peroxide) that replaces
_— (@) Caustic Soda .. A .
. original equilibrium aeration.
“ 2 ) Not Aerated
Mn 41
pH 572 @ Pre-ferated TmeSecs 762 Durdtjon of pre-aeration in sec @
Ak 628 klsCOZ  0.02 ¥ CO, outgassirjg rate constant in sec! -
[7] Estimate TIC factrkC02 1 Adjustment 0, outgassing rate (x kLaCO2) PHREEQTitration_StMichaels.exe
TC 682 factrk02 2 Adjustment Q,|ingassing rate (x kLaCO2)
S04 1100 H202mmol 0 Hydrogen perpxide added*
L Rl Adusmen g 0, Allows selection and evaluation of key
L= o S variables that affect chemical usage
b B efficiency.
TempC 154
SCuS/cm 1879 [ GenemteOupx |
0o o [¥/] Plot Dis. Conc. ] Plot Sat Index
*multiply Fe.mg by 0.0090 to get [H202]




New Module For AMDTreat —

PHREEQC Coupled Kinetic Models of CO, Outgassing
& Fe(IT) Oxidation, with Caustic Pre-Treatment

R S dleeE B . X
' ] (;ption to adjus:in\t\ali;H with caustic Vanable CO2 OUtgaSSIng and 02
I CIR o ingassing rates apply. Can choose to
Fe 160 @ irats me . v g . .
e ) Pebl Gk lime adjust initial pH with caustic. The
S required quantity of caustic is reported
A o010 [#] FellOxidation TimeSecs 72000 . .
e in units used by AMDTreat.
pH 61 kLaCO2  0.00001 CO, outgassing rate
Ak 107 factrkCO2 1 Adjustment CO,|outgassing rate ! ;I
[¥] Estimate TIC factrk02 2 Adjustment O, ingassing rate (x kLaCO2) C tic+Fell
T 0 facrkiFe 1 Adjustment abigtic homogeneous rate austicrret.exe
S04 560 factrk2Fe 1 Adjustment abigtic heterogeneous rate
a o4 bactMPN 53E=11  Iron oxidizing bacteria Kinetic Variab|es’ inc|uding CO2
Ca 120 SlecPPT 03 Calcite saturatign limit . . .
LB om0 arogen perodceaicca OUIG@SSING @Nd O, ingassing rates plus
Na 130 factr ko2 1 adustment o202 rate— gbjotic and microbial Fell oxidation
TempC 145 [C] FellRecirculated  Felll 2000 R
R e rates, can be adjusted by user. In
o o addition to caustic chemicals, hydrogen
Mremnes B o Boca peroxide and recirculation of Felll solids
*multiply Fe.mg by 0.0090 to get [H202] Can be Simulated.

Peg, (atm)

Limestone Dissolution Rate Model for AMD Treat

10—

0.8k

06k

05—

03

02

T I
| 1= (kyays * Ky*ayacos: + Ka*ayo)
*I" = Kg*acaz*ancos.

("PWP" model emphasizes pH and CO,)

1 T

H

According to Plummer, Wigley, and \
Parkhurst (1978), the rate of CaCO,

dissolution is a function of three forward
(dissolution) reactions:

CaCo, + H* —» Ca?* + HCO; K,
CaCO, + H,0— Ca2* + HCO, + OH K,

and the backward (precipitation) reaction:

EXPLANATION
(@) kit = Kadycop + ka0
@ Kody,ca? = Kidy + Kyl g

(@) kydy,p = Koty + kally co2

Ca2* + HCO; — CaCO, + H* y

Although H*, H,COz*, and H,0 reaction with calcite
occur simultaneously, the forward rate is dominated by
a single species in the fields shown. More than one
species contributes significantly to the forward rate in
the gray stippled area. Along the lines labeled 1, 2, and
I 1 | . | 1 | 3, the forward rate attributable to one species balances
&0 LT T 90 100 that of the other two.
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Limestone Dissolution Rate Model for AMD Treat
(generalized expression corrects for surface area)

Appelo and Postma (2005) give a generalized rate expression for calcite dissolution that

considers physical characteristics of the system as well as solution chemistry:

where A calcite surface area, V is volume of solution, Q is saturation state (IAP/K = 108lec),

R=ke(A/V)s(1-Q)n

and k and n are empirical coefficients that are obtained by fitting observed rates.

For the “PWP” model applied to 1 liter solution, the overall rate becomes:

Plummer and others (1978) reported the forward rate constants as a function of temperature

R = (Ky*ays + Kp*aacos: * Kaalzo) * (A) (1 - 10(n*Sicc))

(T, in K), in millimoles calcite per centimeter squared per second (mmol/cm?/s):
logk,=0.198-444 /T
logk,=2.84-21771T

log k;=-5.86-317 /T for T < 298; log k; =-1.10 1737 / T for T > 298

Limestone Dissolution Rate Model for AMD Treat
(surface area correction for coarse aggregate)

Surface area for various coarse {bold

sizes

ly used In i

beds; 2NS used in cubitainers).

Gradation Number Weight (g} Particle Dimensions (cm) Particle Surface Area (cm*2)| Unit Surface Area (cm*2/g)
Rectan- Rectan-
Average Long Inter- Short  Average e =
AASHTO PA Particle Axis siate Axis Axis ::llunr‘ Sphere Ellipsoid ::Ilal Sphere Ellipsoid
R-5 22160.145) 45.72 2288 1334 27 3818.25 234226 2862.08 018 0.1 0.13]
R4 7113133 30.48 16.51 B.89 18.63 1841.93 1089.98 1318.11 0.26 0.15 0.19)
R-3 1185.522 16.51 B.89 508 1016 55161 32429 39561 0.47 0.27 0.33
1 4 341.978| 8.89 6.35 381 635 220.03 12668 155.24) 067 037 0.45)
3 3A 78.166 5.08 EE-1 254 381 83.87 45.60 56.39| 1.07 0.58 0.72]
5 9771 254 1.9 127 19¢ 20.97 11.40 14.10| 218 147 1.44)
57 2B 3.257 2.54 1.27 0.635 1.48 11.29 6.90 8.25 3.47 212 2.53]
2NS 8.771 254 1.9 127 191 2087 11.40 14.10| 218 147 1.44)
67 2 1.832 1.91 0.95 0635 1.16 7.26 4.26 528 3.96 2.32 2 88
NS 1.221 1.27 085 0635 085 524 2.85 3.52] 4,29 233 768
7 1.221 1.27 085 0635 085 524 285 352 429 233 2,89
8 0.382 085 079 03175 069 262 1.49 1.70 687 380 4 ad)
1B 0.382 0.85 0.78 03175 068 262 1.49 1.70) 5.87 3.80 4 44]
Particle dimensions were estimated on the basis of ranges for graded repored in of Protection,
2000, Ergsion and sediment pollution cantrol program manual: k Dept. E | Py Bureau of

Management. Document No. 363-2134-008, 180 p. (tables 9 and 10A),

Plummer, Wigley, and Parkhurst (1978) reported unit surface area (SA) of 44.5 and 96.5 cm?/g for “coarse” and “fine” particles, respectively,

used for empirical testing and development of PWP rate model. These SA values are 100 times larger than those for typical limestone
aggregate. Multiply cm?/g by 100 g/mol to get surface area (A) units of cm?/mol used in AMDTreat rate model.
Surface area computed for various geometric forms:
Sphere: 4pi*(Average of Axes/2)°2
Rectangular Prism: 2*(Long Axis*Short Axis)+2"(Long Axis®Intermediate Axis)+2"(Short Axis Intermediate Axis)
Ellipsosd: (pi*D"2)/S, where
Velume computed for same geometric farms:
Sphere: 4/3"pi*(Average Axis/2)"3

Rectangular Prism: (Long Axis*Short Axis*Intermediate Axis)

D=2"(volf{4/3pi}}"{ 1/3)

$=1.15-0.25E

Ellipsoid: 4/3°pi* (Long Axis/2*Short Axis/2*Intermediate Axis/2)
For ellipscid sphere, this reduces to 0.5236"Long Axis*Short Axis*Intermediate Axis
Santomartine and Webb (2007, AG, 22:2344-2351) estimated volume of ellipscid as 0.6*volume of rectangular prism of same dimensions.

E=Long Axis/D
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New Module For AMDTreat —
PHREEQC Kinetic Model of Limestone Dissolution

roach

& Forml =B R

TimeSecs 72000 is 20 hrs

FowGPM 100 [¥] LimestoneDiss TimeSecs 72000

Fe 197 SAcc D.45%+02 Surface area , dm?/mol **

[T Estimate Fe2 EXPcc D67 Equilibrium apg

Fe2 197 M/MOce  1.00 Mass available

A 0.047

Mn 36 **Multiply surface area (SA) in cm?/g

H 58 by 100 to get SAcc in cm?/mol.

Al 37

[T] Estimate TIC

TiC 398

S04 400

a 79

Ca 79

Mg 64

Na 50

TempC 15.1

SCuS/em 820

o o1 (o Smmic R i)

[¥] Flot Dis Metals  [¥] Plot Ca, Acidtty  [¥] Plot Sat Index

Calcite dissolution rate model of
Plummer, Wigley, and Parkhurst (PWP;
1978). Empirical testing and
development of PWP rate model based
on “coarse” and “fine” calcite particles
with surface areas of 44.5 and 96.5
cm?(g, respectively.

iy
Limestone.exe
Surface area and exponential
corrections permit application to larger
particle sizes (0.45 to 1.44 cm?/g) used
in treatment systems.

New Module For AMDTreat —
PHREEQC Coupled Kinetic Models of Limestone
Dissolution & Fe(II) Oxidation

Rate models for calcite dissolution, CO,
outgassing and O, ingassing, and Fell
oxidation are combined to evaluate

&l Form! o8] ®
FlowGPM 630 [7] LimestoneDiss ~ TmeSecs 14240
Fe 140 SAccDIS 0.72e-02  Surfacearea
[] Estimate Fe2 EXPecDIS 067 Equilibrium ap|
Fe2 140 M/MOcc  1.00 Mass available
A 0.0 [¥] FellOxidation TimeSecs 47015
Mn 31 [¥] Use LimestoneDiss Effluernt
pH 579 klscoz 0oooos  CO, outgassing
Ak 26 facrkCOZ 1 Adjustment C
[¥] Estimate TIC factrk02 2 Adjustment O
TIC 4225 factrk1Fe 1 Adjustment ab
504 330 factrk2Fe 0 Adjustment ab
a 40 badtMPN 530E+11  Iron oxidizing
Ca 56 SlecPPT 03 Calcite saturat]
Mg 51 H202mmol 0 Hydrogen per
Na 74 factrkh2o2 1 Adjustment to|
TempC 1163 [l FelllRecicuiated  Felll 2000
SCuSkem 700
D Eer.

[¥] Plot Dis. Metals  [] Plot Ca, Acidty [ Plot Sat Index

oach

possible reactions in passive treatment
systems.

ate
outgassing rate I : |

ingassing rate (x kLaC02) . .
Limestone+Fell_PineForest.exe
tic homogeneous rate

tic heterogeneous rate

.me  Can simulate limestone treatment

weaised followed by gas exchange and Fell

"™ oxidation in an aerobic pond or aerobic
wetland, or the independent treatment
steps (not in sequence).

cteria

4/10/2017
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PHREEQC Coupled Kinetic Models Sequential Steps
Caustic + Limestone Dissolution + Fe(IT) Oxidation
Pine Forest ALD + Aerobic Wetlands

e = 1]

[Z]  Add Chemical to Fix Initial pH 7.3

il © 00 © CaDHR O NaOH
Fe 140 Limestone and Fell Kinetic Constants
@ Estimate Fe2 EXPccDIS 067 M/MOecc 100
Fe2 140 factrkC02 1 fatrk02 2
A 00 factrkife 1 factrk2fe 0
Mno 31 bactMPN  53E=11 SlecPPT 03
pH 679 H202mmol 0 factrkhZo2 1
Ak 2% 7] Felll Recirculated?
[] Estimate TIC  Step Time(s) kLaCO2(1/5) Shcciem/mel) Temp2(C) Fellling)
TE 423 1 14240 000001  072+02| 1163 0

! 504 330 2 60 002 a 116 0

1 a 40 3 47015 0.00002 o 12.16 5
ca 5 4 15 0.001 0 1216 0
Mg 51 5 28814 000003 0 1215 3
Na 74 & 15 (7 ] 215 0
TempC 1163 7. 21972 0.00002 0 1204 0
SCuS/em 700 & 15 002 a 12.04 0
TS = % wE om0z 0 1188 0
T i Plot Dis. Metals [] Plot Ca, Acidity [] Plot Sat Index

| Generste Sequential Kinetics Output |

Sequential steps: Pre-treatment with
caustic and/or peroxide and, for each
subsequent step, variable detention
times, adjustable CO, outgassing rates,
limestone surface area, temperature,

and Felll.
&y

Caustic+LS+Fellseq_PineFor151212.exe

Can simulate active treatment,
including chemical addition or aeration,
or passive treatment, including anoxic
or oxic limestone bed, open (limestone)
channels or spillways, aerobic
cascades, ponds, and wetlands.

PHREEQC Coupled Kinetic Models Sequential Steps—
Pine Forest ALD + Aerobic Wetlands

Caustic+LS+Fellseq_PineFor151212.exe

Treatment
ALD
Riprap
Pond
Cascade
Wetland
Cascade
Wetland
Cascade
Wetland

PineForest_Field_151212t.xIsx - Shortcut.Ink
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PHREEQC Coupled Kinetic Models Sequential Steps
Caustic + Limestone Dissolution + Fe(IT) Oxidation
Silver Creek Aerobic Wetlands

.:.EI

%

a5 FormSequential
FlowGPM 750
Fe 200
Estimate Fe2
Fe2 200
A 019
Mn 285
pH &M
Ak 455
Estimate TIC
TC 298
s04 150
a 40
ca 47
Mg 283
Na 26
TempC 1212
SCuSfom 502
TDS 250
Do 01

7] Add Chemical to Fix Iritial pH 7.3
) Ca0 @ CaDH2 () NaOH
Limestane and Fell Kinetic Canstarts
EXPcc 067  MMiss 100
factrkCO2 1 facrk02 2
facwkife 1 facrkZfe 0
bactMPN  53E+11 SlooPPT 0.3

H202mmol 0 factrkh2o02 1

[] Felll Recirculated?

Step Timefs) kLsCO2(1/s) SAcolom2/mol) Temp2(C) Fellljng)

1 407 0000001 0 13310
) 0005 ] ST
3 493122 0000001 O 1783 5
) 0.005 ] 1841 0
5 242859 0000003 O )
6 120 0.0075 072e+02 2445 o
7 112429 0000005 0 55 0
8 120 00075 07202 2445 0
5 141927 0.000005 o 2897 o

[ Generate Sequential Knetics Ouput |
[7] Plot Dis. Metals [7] Plot Ca, Acidity [7] Plot Sat Index

Sequential steps: Pre-treatment with
caustic and/or peroxide and, for each
subsequent step, variable detention
times, adjustable CO, outgassing rates,
limestone surface area, temperature,

and Felll.
&y

Caustic+LS+Fellseq_SilCr160808.exe

Can simulate active treatment,
including chemical addition or aeration,
or passive treatment, including anoxic
or oxic limestone bed, open (limestone)
channels or spillways, aerobic
cascades, ponds, and wetlands.

PHREEQC Coupled Kinetic Models Sequential Steps—

Treatment
Pond
Aeration
Pond
Aeration
Pond
Riprap
Wetland
Riprap
Wetlnd

Caustic+LS+Fellseq_SilCr160808.exe

Silver Creek Aerobic Wetlands

1

&

SilverCrk_Field_160808t.xIsx - Shortcut.Ink
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