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ABBREVIATIONS

BDOC Biodegradable dissolved organic carbon

MSRT Multi-species reactive-transport

PFOA Perfluorooctanoic acid

PFOAAmMS Perfluorooctaneamido ammonium salt

PFOAB Perfluorooctaneamido betaine

THMs Trihalomethanes

TOC Total organic carbon

NOMENCLATURE

K Half-saturation constant (mg/L)

T; Temperature-dependent shape parameter (°C)

T Temperature of delivered water (°C)

X, Biofilm density as a function of time (CFU/cm?)

Ry Hydraulic mean radius (m)

Topt Optimal temperature for microbial activity (°C)

X, Biofilm microbial density as a function of time (CFU/m?)

Xp Planktonic microbial colony count as a function of time and axial
dimension (CFU/mL)

Y, Yield coefficient for chlorine corresponding to chlorine-PFOAB
reactions (mg/ng)

Y, Yield coefficient for chlorine corresponding to chlorine-PFOAAmMS
reactions (mg/ng)

Vi Reaction yield coefficient corresponding to THMs formation from
organic matter (Lg/mg)

Yrq Yield-coefficient for PFOA formation from chlorine-PFOAB reactions
(ng/ng)

Yr, Yield-coefficient for PFOA formation from chlorine-PFOAAmMS

reactions (ng/ng)

Y, Yield coefficient for TOC/BDOC corresponding to chlorine-
TOC/BDOC reactions (mg/mg)

Yy Yield coefficient for microbes corresponding to chlorine-microbial

biomass reactions (CFU/mg)



k inact

kmort

Umax,a

.umax,b

Second-order rate constant corresponding to chlorine-PFOAB reactions
(L/mg/h)

Second-order rate constant corresponding to chlorine-PFOAAmMS
reactions (L/mg/h)

Second-order rate constant corresponding to chlorine-TOC/BDOC
reactions (L/mg/h)

Second-order rate constant corresponding to chlorine-microbial biomass
reactions (L/mg/h)

Microbial deposition rate constant (1/h)

Microbial detachment rate coefficient (m.h/g)

Mass-transfer coefficient for chlorine (m/h)

Resistance factor signifying additional resistance of biofilm
microorganisms to chlorine-induced mortality

Microbial growth inactivation constant (L/mg)

Microbial mortality rate constant (1/h)

Wall decay coefficient for chlorine (m/h)

Maximum specific growth rate of biofilm microbes (1/h)

Maximum specific growth rate of planktonic microbes (1/h)

Shear stress caused by pipe flow velocity at wall (g/m.h?)
Concentration of residual chlorine as a function of time and axial
dimension (mg/L)

Concentration of THMs as a function of time and axial dimension (pg/L)
Concentration of TOC as a function of time and axial dimension (mg/L)
Concentration of BDOC as a function of time and axial dimension
(mg/L)

Concentration of PFOAB as a function of time and axial dimension
(ng/L)

Concentration of PFOAAmMS as a function of time and axial dimension

(ng/L)

Microbial growth yield coefficient (CFU/mg)
Dead microbial fraction getting converted as BDOC after cell lysis
(mg/CFU)
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x
2,4,6-TCA
2,4,6-TCP
Ex,

Eyf

Ypf

Time (h)

Flow velocity (m/h)

Distance along the axial direction (m)

2,4,6-trichloroanisole

2,4,6-trichlorophenol

Temperature coefficient corresponding to 2,4,6-TCP degradation
Temperature coefficient corresponding to 2,4,6-TCA formation

Pipe material dependent constant concerning 2,4,6-TCP bioconversion
(ng/mg)

Reaction yield coefficient concerning 2,4,6-TCP bioconversion (L/CFU)
Concentration of 2,4,6-TCP as a function of time and axial dimension
(mg/L)

2,4,6-TCP degradation constant (1/h)

Concentration of 2,4,6-TCA as a function of time and axial dimension
(ng/L)

Microbial activation rate constant concerning 2,4,6-TCP bioconversion

(L/CFU)



S1. Governing Equations of EPANET-C MSRT Modules
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Table S1. Values of the reaction rate coefficients reported in the literature and used in EPANET-C.

Values Range Value Used in
Model Parameter Notation Unit Reported in the Reference
. EPANET-C
Literature

Second-order rate constant
corresponding to chlorine-TOC/BDOC ken L/mg/h  0.148-0.180 Kiene et al. [1] 0.164
reactions
Second-order rate constant
corresponding to chlorine-microbial k. L/mg/h  0.015-0.018 Abokifa et al. [2] 0.016
biomass reactions
Second-order rate constant
corresponding to chlorine-PFOAB ky L/mg/h  0.003-0.050 0.02
reactions
Second-order rate constant
corresponding to chlorine-PFOAAmMS k, L/mg/h  0.003-0.080 0.03
reactions
Yield coefficient for chlorine 75 % 107625 x Abhijith and Ostfeld [3]
corre.sponding to chlorine-PFOAB Y; mg/ng 1'0,5 ' 8.5x107°
reactions
Yield coefficient for chlorine 6

. . 7.5 x107°-3.0 x s
corresponding to chlorine-PFOAAmMS Y, mg/ng 10°5 2.0x10
reactions

Abhijith and Mohan [4]; Camper
Wall decay coefficient for chlorine k., m/h 3.7 x1074-0.052 [5]; Munavalli and MohanKumar 3.7 x107*
[6]

Maimom specifc growth rateof L im 0051512 1512
Maximum specific growth rate of tmaxa 1M 0.003-0.029 Bois et al. [7] 0.003

biofilm microbes




Values Range

Model Parameter Notation Unit Reported in the Reference Value Used in

. EPANET-C
Literature
Half-saturation constant K mg/L 0.05-1.20 Billen et al. [8] 0.195
Microbial growth yield coefficient Y CFU/mg 5.0 x10"-1.5x10°  Bois etal. [7] 7.0 x 107
. . . .. . B Abokifa et al. [2]; Bois et al. [7];

Microbial growth inactivation constant Kinact L/mg 0.05-5.0 Munavalli and MohanKumar [6] 0.35

Yield coefficient for microbes

corresponding to chlorine-microbial Y, CFU/mg 3.4 x10%7.4x10% Boisetal. [7] 3.4 x108

biomass reactions

Dead microbial fraction getting 3.0 x 10719-3.0 x 10

converted as BDOC after cell lysis a mg/CFU 751 Dukan et al. [9] 3.0 <10

. . . Bois et al. [7]; Munavalli and
Microbial mortality rate constant kmore 1/h 0.003-0.065 MohanKumar [6] 0.023
Microbial deposition rate constant kaep 1/h 0.020-1.512 Bois et al. [7] 0.2
-10_

Microbial detachment rate coefficient Kget m.h/g }09_;: 107719 Schrottenbaum et al. [10] 1.9 x 10710

Yield coefticient for TOC/BDOC

corresponding to chlorine-TOC/BDOC Y, mg/mg  0.44.88 Clark [11] 0.98

reactions

Reaction yield coefficient corresponding Clark [11]; Clark and Sivaganesan

to THMs formation from organic matter Y hg/mg 3.68-188.20 [12] 112435

2,4,6-TCP degradation constant a, 1/h 2.0 x 1074-0.002 0.002

Microbial activation rate constant 4 4

concerning 2,4,6-TCP bioconversion b L/CFU 5500-5.5 < 10 3.5 710

Reaction yield coefficient concerning 43 x107°4.3 x Abhijith and Ostfeld [13] 5

2.4,6-TCP bioconversion a2 L/CFU 1077 4310

Pipe material dependent constant

concerning 2,4,6-TCP bioconversion Yoy ng/ng 0.163-1.049 0.163

Yield-coefficient for PFOA formation =000 180,55 Abhijith and Ostfeld [3] 036

from chlorine-PFOAB reactions




Values Range

Model Parameter Notation Unit Reported in the Reference Value Used in
) EPANET-C
Literature
Yield-coefficient for PFOA formation
from chlorine-PFOAAmMS reactions Ye1 ng/ng 0.26-0.55 0.41




River

Lake ¥, Ji31

J123

J147
\ Ji61

%

Tank 2 ‘

3255,

Figure S1. Schematic of North Marin Water District WDS or EPANET Example Network 3 (Test network 1).
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Figure S2. 24-h variations in TOC concentrations simulated with EPANET-C Modules 1, 2, 3, 4, 12, 14, 24, 124, and
1234 at network locations (a) J123, (b) J161, (¢) J147, (d) J255, (e) J131, and (f) Tank 2 of Test network 1.
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