Nomenclature and list of model equations
Nomenclature
	
	Cross sectional area of pipe (Water), []

	
	Thermal diffusivity, []

	
	Lateral area to the pipe, []

	
	Air exchange coefficient, []

	
	Width of water surface, []

	
	Chezy coefficient, []

	
	Heat capacity (Water, Pipe, Soil), []

	
	Diameter (Nominal, manhole), []

	
	Radial and tangential temperature transfer, []

	
	Gravitational force, []

	
	Water depth (Pipe, at manhole above the outlet pipe), []

	
	Index in radial and tangential coordinates 

	
	Thickness factor (Pipe, Soil), []

	
	Correction factor (free surface, plunging flow), []

	
	Strickler friction coefficient, []

	
	Equivalent length, []

	
	Total number of tangential sectors, []

	
	Total number of radial layers (Pipe, Soil), []

	
	Total number of observations

	
	Nusselt number, []

	
	Ambient pressure, []

	
	Prandtl number, []

	 
	Heat flux/area (Water-pipe wall, water-air, evaporation, pipe, pipe-soil, soil), []

	
	Heat flux/ volume (Metabolism), []

	
	Radial distance/coordinate from the center of the pipe, []

	
	COD degradation rate, []

	
	Reynolds number, []

	
	Hydraulic radius, []

	
	Sewer slope, []

	 
	Temperature (Water, Pipe wall, Pipe, Soil, Boundary, Ambient, In-sewer air ), []

	
	Time, []

	
	Volume, []

	
	Volumetric flow rate (Water), []

	
	Spatial coordinate in the longitudinal direction, []

	
	Given measured variable

	
	Given modeled (estimated) variable

	
	Heat transfer coefficient (Pipe wall), []

	
	Thickness (Pipe, Soil), []

	
	Residual of given variable, []

	
	Angle between inflow and outflow pipes, []

	
	Wetted tangential segment, []

	
	Thermal conductivity (Water, Pipe, Soil), []

	
	Head loss coefficient, []

	
	Density (Water, Pipe, Soil), []

	
	Ambient relative humidity, []

	
	Perimeter (Wetted), []



List of equations
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Water temperature balance in TEMPEST model
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One dimensional mass balance of St. Venant equations
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One dimensional momentum balance of St. Venant equations
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Hydraulic friction resistance used in equation (3)
	
	(4)



Parsimonious temperature balance equation inspired in equation (1).
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Heat flux at the interface water-pipe wall
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Heat transfer coefficient of equation (6)
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Parsimonious temperature balance equation for conduction of heat in the radial and tangential direction of the pipe and surrounding soil. 
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Volume of a control element (mesh element in Figure 1)
	
	(9)



Longitudinal rea of a control element
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Radial heat transfer at interface water-pipe wall (at  of the wetted perimeter) 
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Radial heat transfer at interface water-pipe wall (at  and any ) 
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Heat diffusivity of pipe and soil
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Tangential heat transfer by conduction in the pipe and soil
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Radial distance of a control volume (mesh element in Figure 1)
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Tangential distance of a control volume (mesh element in Figure 1)
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Heat flux at the interface water-pipe for continuity conditions
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Heat flux at the interface pipe-soil for continuity conditions
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Equations (19) to (24): equations used in the calibration and verification of the parsimonious model.
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