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Title: Detailed PCE Exposure Calculation

The Webler-Brown and EPANET flow models determine the water flow rate which is combined with PCE leaching parameters to calculate the relative delivered dose (RDD) as a measure of PCE exposure. PCE concentrations vary depending on the length of pipe from the source (well or storage tank), the type of pipe it passes through (lined or unlined) and the water flow rate. The RDD is dependent on known pipe characteristics, such as piping configuration, pipe diameter, and age of the ACVL pipe leading to the subject’s home during the residence period. The RDD does not have meaningful units, but rather is a relative measure of the mass of PCE delivered to a home. 

To calculate the RDD, pipes are divided into segments (s) at nodes (i), or points where water use can occur and exposure levels can be calculated over a given time period (t1- t2). As developed by Webler-Brown, a concentration function, i(t), for PCE is integrated over the exposure period and multiplied by the household water use (q) as shown in the following equation [1, 2]: 


The concentration function, i(t), is the leaching function of PCE up to node i divided by the water flow rate in the pipe leading to it. The leaching function describes the movement of the PCE through the vinyl liner integrated over the pipe surface and normalized to the time of pipe installation. It assumes that there is a finite amount of PCE in the liner, a uniform distribution of the liner along the pipe length, and a uniform starting amount of PCE in the liner. It also assumes that, because water is always flowing, PCE leaches without reaching a steady-state. Based on prior laboratory experiments and theoretical justifications, a model of Fickian diffusion reduces to a simple exponential relationship with a rate constant (r) of 2.25 years. The amount of time since the pipe installation date (ts) determines the amount of PCE available to leach at a given time. The initial concentration (C1s) and pipe surface area (pipe diameter (Ds) and length (Ls)) also determine the quantity of PCE available to leach [1, 2].  The initial PCE concentration (Cs1) is assumed to be constant and is dropped during the actual calculation due to its uncertainty.

[bookmark: _GoBack]The second part of the RDD equation addresses the water flow rate leading to a given node (Qi-1). It is mathematically shown as the difference between the flow entering the main pipe (Qo) and the flow that serves all residences located beyond it. Each residence is represented by the same water flow rate (q). For example, if a pipe has eight residences along it and there are two residences at each node, there are a total of four nodes. The first pipe segment has enough water flow for all eight residences (Qo=8q). The flow for next pipe segment is for six residences (6q), the next four residences (4q) and the next two residences (2q). Assumed constants for these parameters were incorporated into the calculation when we converted the RDD to an actual concentration of PCE for our validation study [3]. More details on this calculation are provided in our prior validation study [4]. Prior analyses used the manual Webler-Brown method but improvements in technology enabled us to refine the water flow model using the automated EPANET program.   
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