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[bookmark: _GoBack]I. Extended Diversity analysis
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Alpha Diversity computation and the Principal Coordinate Analysis on Beta Diversity matrices were performed in R using phyloseq (Version 1.23.1) (McMurdie and Holmes, 2013) and vegan (Version 2.4-5) (Oksanen et al., 2017). Prior to diversity analysis, the OTU table was subsampled to the same sequencing depth (1067 seqs/sample). Bray-Curtis dissimilarity and Jaccard index were computed with the vegdist function in the R package vegan. The equation for Bray-Curtis dissimilarity was d[jk] = (sum abs(x[ij]-x[ik])/(sum (x[ij]+x[ik])))), and that for Jaccard index was 2B/(1+B), where B is Bray–Curtis dissimilarity. A binary transformation was specified in the computation for Jaccard index. The UniFrac distances (i.e. weighted and unweighted) were computed with the phyloseq package. The phylogenetic tree for the representative sequences of  97%-OTUs was supplied with a Relaxed Neighbor-Joining tree constructed with the Clearcut algorithm implemented in Mothur (Sheneman et al., 2006).  A normalization on the weighted UniFrac distances were applied so that the distance values range from 0 to 1 independent of branch length values (Lozupone et al., 2007; Bryant et al., 2008).  The implementation of neutral model fitting is adapted from previous studies (Burns et al., 2015; Sloan et al., 2007) and can be found at https://uofi.box.com/s/70prcn9zkkbw210ka4t64cwp79vl8qhv. 
II. Kinetics Modelling
A. Calculation for chlorine decay
Chlorine is consumed by the bulk reactions (water phase) and wall reaction (pipe wall). Governing equation (mass balance) for chlorine is:

With the boundary condition:
                                                                               at pipe inner surface      
In which
c - chlorine concentration, .
t – time, .
Dc – diffusion coefficient of chlorine molecule, .
kb – bulk reaction constant, .
N0,c – chlorine consumption at pipe walls
 – vector that indicates the direction that perpendicular to the pipe wall.
kw – wall reaction constant, ; the reaction constant is taken from a pilot distribution system study with aged pipe lines(Arevalo, 2007).

(1) The term on the left hand side of the governing equation (for mass balance) represents the change of chlorine concentration. (2) The first term on the right hand side of the equation represents the change of chlorine concentration due to diffusion (diffusion term, or flux term). (3) The second term indicates the change due to bulk reaction (reaction term); the decay of chlorine in the bulk is considered as a first order reaction, based on previous reports(Arevalo, 2007; Dukan et al., 1996). (4) The boundary condition represents that the wall reaction occur at pipe wall (the flux is all from wall reaction); based on previous research the decay of chlorine at pipe walls is affected by the bulk chlorine concentration(Arevalo, 2007).

B. Numerical simulation for cell count
B1. Governing equations
Similar with chlorine concentration, the governing equation (mass balance) for cell concentration and the boundary condition for the wall reactions (detachment of microbes from biofilms) are:

With the boundary condition:
                                                              at pipe inner surface      
In which 
X- bacterial cell count,
Dx – Diffusion coefficient of bacterial cells,
Y – growth rate constant of bacteria, 0.24 h-1. This value is taken from biofilms from a drinking water treatment process3
S – bio-useable carbon (substrate) in the water. In this calculation, it is assumed constant, and the value is 1.74 mg/l based on the GC measurement of methane concentration in the local distribution system4. 
k – natural death rate constant of bacteria, 0.06 h-1, taken from biofilms from a drinking water treatment process3. 
a,b – constants to control influence of chlorine on cell growth. In this calculation a =100, b = 0.01 was assumed based on the experiments from Albrich and Hurst5.
d – detachment rate, it is set to be , based on a biofilm detachment study on monoculture biofilms (Pseudomonas sp.)6.

(1) The term on the left hand side of the governing equation (for mass balance) represents the change of cell count. (2) The first term on the right hand side of the equation represents the change of cell count due to diffusion (diffusion term, or flux term). (3) The second term indicates the change due to bulk reaction (reaction term); three processes are considered for the cell count change in the bulk: (a) growth of the bacteria (); (b) natural death of the bacteria (); (c) death of bacteria due to chlorine inactivation (, the exponential expression is derived based on the mechanism of oxidative inactivation of monoculture in suspension (Escherichia coli) by hypochlorous acid5). (4) The boundary condition represents that cells detach from the pipe wall (the flux is all from detachment from wall); the reaction adopts an exponential term similar to the cell inactivation reaction, because the cells is confronted by chlorine inactivation upon detachment.
It should be noted that the diffusion of bacterial cells in water is extremely low (). For the numerical calculation here, such a low diffusion coefficient will introduce oscillations (Gibbs phenomenon)7. For the purpose of stable computation, the diffusion coefficient was boosted as a common practice in diffusion simulations and   was chosen arbitrarily. This approximation will not influence the simulation on the diffusion along the axial direction of the pipe, the main interest of this model, though it would affect diffusion in the cross section perpendicular to the axis of the water pipe.
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