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Confort 15 is an implemented version of Conflow numerical model (Mastin and Ghiorso, 2000) using updated rheological constitutive equations concerning both the liquid viscosity and crystal-bearing rheology. Moreover, decompression rate calculations are implemented, using Vesicle Number Densities (VNDs) obtained from the textural analyses and Toramaru (Toramaru, 1995, 2006) decompression rate meter.
[image: Macintosh HD:Users:silviacampagnola:Desktop:manuale:Confort15logo.tif]Confort 15 can be applied to all natural magma compositions, also including the peralkaline melts excluded in the original version. Furthermore, the crystal-bearing rheology is improved by computing the effect of strain rate and crystal shape on the rheology of natural magmatic suspensions and expanding the crystal content range in which rheology can be modeled compared to the original Conflow model (Conflow is applicable to magmatic mixtures with up to 30 vol% crystal content).
Confort 15 is written in Fortran 90 and can be operated on any platform that has such a compiler.
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Section 1: Confort 15 implementations
Conflow is described in detail by Mastin and Ghiorso (2000) and advantages of the modeling procedure toghether with the shortbacks and limitations of it are described in detail there and in Campagnola et al., ***. 
[bookmark: _Toc280883604]Rheology
In our modified version of Conflow (hereafter Confort 15), the liquid viscosity is calculated using the GRD model (Giordano et al., 2008) which predicts the non-Arrhenian temperature dependence of viscosity for naturally-occurring silicate melts at atmospheric pressure (105 Pa). The temperature dependence of viscosity (η) is modeled by the Vogel–Fulcher–Tammann (VFT) equation
	
	
	(1) 


where is the temperature in Kelvin,  is a constant independent of composition and  and  are adjustable parameters.
The compositional dependence of viscosity is taken into account in the  and  parameters as linear combinations of oxide components (mol%) and several multiplicative oxide cross-terms:
	
	
	(2) 

	
	
	(3) 


where the  and  are combinations of mol% oxides for  and  respectively. The 17 unknown coefficients (, , , ) are used to compute the values of  and  for any individual melt composition (for details see Giordano et al., 2008). Although this model is able to accurately predict the viscosity of metaluminous and calcalkaline magmas, substantial deviations take place for peralkaline compositions.
For this reason, we adopt the Di Genova et al. (2013) parameterization for peralkaline melts, based on a modified Vogel–Fulcher–Tammann equation, accounting for the effect of water and composition. In the Fortran subroutine, we introduce a simple agpaitic test: if the SiO2 is greater than 59% and at the same time the ratio between alkali (Na2O+K2O) and Al2O3 exceeds unity (1), the test is satisfied and Confort 15 utilizes the Di Genova et al. (2013) equation:
	
	
	(4) 


where A is a constant independent of composition and has a value of −4.55 Pa s (as in Giordano et al., 2008),  are fitting parameters, T is the absolute temperature,  is the water concentration in mol% and  is the alkali excess in mol% (for details see Di Genova et al. 2013).
In Confort 15, also the parameterization of particle suspension viscosity is implemented. We insert Vona et al. (2011) equation, which takes into account not only the crystal content, but also the crystal shape and the strain-rate undergone by the suspension, as all are demonstrated to play primary roles in influencing the transport properties of magmas. In particular, the relative viscosity () is expressed as:
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where  is the applied strain rate,  is a constant equal to 0.06 and  represents the maximum packing fraction.
The values of are calculated on the basis of the average aspect ratio using the equation by Mueller et al. (2010):
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which has been calibrated to empirically fit their data on analog suspensions containing monodisperse particles of fixed aspect ratio. We calculate the average aspect ratio  according to the following equation (Vona et al., 2011):
	
	
	(7) 


where  and  are the crystal fraction and the mean aspect ratio of phase .
In our new Confort 15 program, we are able to insert up to three different crystal phases with the relative crystal density and aspect ratio of each phase and calculate the multiphase rheology according to Vona et al. (2011) equation.
Due to its functional form, Vona et al. (2011) equation can be used only for , as viscosity increases exponentially toward infinity as the crystal-volume fraction approaches . In the case where  exceeds , Confort 15 considers the Costa et al. (2009) model, that takes into account the shear rate () dependence of the suspension rheology. The relation between relative viscosity and the solid fraction is given by: 
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where 
	
	
	(9) 


with  =  where , ξ, γ and δ are empirical parameters that depend on the deformation rate and B is the Einstein coefficient. Although this model can successfully predict the multiphase rheology of suspensions containing  = 0.1-0.8 isotropic particles for a wide range of strain rates, it can produce appreciable errors when the aspect ratio of the solids increases.

[bookmark: _Toc280883605]Decompression rate calculations
A Confort 15 further improvement with respect to previous modeling consists of the characterization of decompression rates as inputs, calculated via the Vesicle Number Densities per volume (VNDs, i.e. number of vesicles per unit volume of melt) obtained from the textural analyses of the erupted products. VNDs represent the integrated result of bubble nucleation through time and provide information on bubble nucleation and can provide essential information on the style of ascent and magma decompression rates (Toramaru, 1989, 1995, 2006; Cashman and Mangan, 1994; Klug et al., 2002). VNDs depend strongly on magma properties such as surface tension (melt-vapor and crystal-vapor) and volatile diffusivity, as well as on the timescale available for vesicles to nucleate (i.e. decompression rate) (e.g. Hurwitz and Navon, 1994; Toramaru, 1995). If magma properties are known, VNDs can be translated directly into decompression rates. As in Mourtada-Bonnefoi and Laporte (2004), Cluzel et al. (2008) and Shea et al. (2011), this conversion is achieved using the equations presented in Toramaru (2006): 
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where  is the initial water concentration at the saturation pressure, and  represent dimensionless parameters (Toramaru, 1995) defined as: 
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where  is the decompression rate,  is the Boltzmann constant,  is the volume of water molecules in the melt taken as 2.6×10-29 m3,  is the initial pressure,  the temperature in Kelvin,  the surface tension and  the water diffusivity depending primarily on temperature and dissolved water content in melt (e.g. Zhang and Behrens, 2000). In order to capture the decompression rates corresponding to the final stages of rapid ascent prior to fragmentation (Toramaru, 1995; Shea et al., 2011), we only used number densities calculated for the smallest size range. In other words, we did not consider in the calculation larger vesicles that may have experienced expansion and possibly coalescence. 
Thus, in all equations for the calculation of the decompression rate, the initial pressure and water contents need to be reset at values corresponding to late-stage nucleation. Taking into account the porosity of the selected vesicle size range, we can recalculate the water content at porosity , , by rearranging the equilibrium model presented in Gardner et al. (1999) as demonstrated by Shea et al. (2011): 
	

	
	(14) 


where  is the original initial water content,  is the molecular weight of water,  is the molar volume of water in the vapor phase, and  the magma density. 
[bookmark: _GoBack]After all necessary parameters are obtained, curves of  vs. are used to determine the decompression rate that best matches different surface tension . The surface tension  is the most difficult parameter to estimate, as it depends on several factors such as chemical composition of the melt, water content and temperature. Effective surface tension in different compositions, such as dacites, rhyolites and phonolites, spanning between 0.01 and 0.1 N/m have been reported in literature (Bagdassarov et al., 2000; Mangan and Sisson, 2000; Mourtada-Bonnefoi and Laporte, 2004; Massol and Koyaguchi, 2005; Shea et al., 2011). 
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Section 2: Running the model
Confort 15 reads from the ASCII input file “conin”, which resides in the same directory and can be edited using any text editor. The file appears as follows:
[image: Macintosh HD:Users:silviacampagnola:Desktop:manuale:fig 1.tiff]
The right-hand side of each line explains (briefly) what each parameter represents.
Parameter explanations that require somewhat more information are followed by asterisks, with supplemental information on following lines. 
Detailed information for parameters already present in Conflow is reported in the software manual (Mastin and Ghiorso, 2000, http://pubs.usgs.gov/of/2000/0209/pdf/of2000-0209.pdf).

Parameters inserted in the new Confort 15 version are the following:

· Rheology-parameters (see section 1.1)
The melt composition was improved adding several component oxides (MnO, P2O5, F2O-1) useful to calculate viscosity using the new formulations.
The user could insert up to three different crystal phases with the relative crystal density and aspect ratio of each phase. These values are used to calculate the crystal-bearing viscosity according to new formulations.

· Decompression rate-parameters (see section 1.2) 
1. Bubble Number Density (BND) for smallest vesicle sizes (cm-3), derived from independent textural analysis. In the case in which the user don’t want to use the BND-based decompression rate may write '0' in this line.
1.  The bubble-melt surface tension (N/m), the most difficult parameter to estimate for decompression rate decompression rate calculations. Based on literature data, different values of surface tension could be utilized in simulations as a function of anhydrous liquid composition and water content.
1.   The water diffusivity D (m2/s), which depends primarily on temperature and dissolved water content in melt (e.g. Zhang and Behrens, 2000).

The last 37 lines of the input file contain the names of variables that can be written to the output file for each depth. The user must specify seven variables to be written out. For each variable to be written out, enter a number at the beginning of the appropriate line corresponding to the column in the output file where this variable will appear. 

Once the program is started, it will first write out on your screen:
You calculated the dpdt using Toramaru formulations. Your resulting dpdt is:       0.5883E+00MPa/s
     Do you wish to continue? (y/n): 
If you enter 'y', the program will calculate the pressure gradient on the base of your Bubble Number density (and hence your decompression rate). If you enter 'n', the program will continue without taking into account your resulting decompression rate. The user may also decide not to take into account the Bubble Number Density-based decompression rate writing '0' in the “conin” input file in the “Bubble Number Density (BND) for smallest vesicle sizes (cm-3)” line.  

Then, if the total of melt component oxides differs by more than 0.1% from 100%, you will receive the following error message:

total of component oxides does not equal 100%. 
Adjust automatically? (y/n)

If you enter 'y', the program will adjust the weight percent of each oxide proportionately so that the total equals 100%. If you enter 'n', the program will stop and you must edit the input file and try again.


At this point, Confort 15 prints the input values to the output window and then the fragmentation criterion and the viscosity equations, which it chooses according to your data. 

Next, the program will begin calculating flow properties from the bottom to the top of the conduit as described in Mastin and Ghiorso (2000). Once the program completes its calculations, one could open the output file and plot our selected parameters results. 

Included in the zip file is a list of subroutines and what they do. Moreover, a text file named “Confort 15 routine” is included, which gives an idea of which subroutines are dependent on which other subroutines. It is a useful tool to facilitate the execution of the program, providing a possible subroutines order to compile the Fortran codes and to produce and run the executable file.

Closing comments
In the related paper “Confort 15: an implemented version of Conflow numerical model using updated rheological constitutive equations. Application to the Pantelleria Green Tuff and Etna 122 BC eruptions.” (Campagnola et al., ***) the program was applied to two natural cases in order to evaluate and quantify how much these upgrades affect the conduit dynamics during magma ascent: the Pantelleria Green Tuff eruption, a peralkaline rhyolitic ignimbrite and the Etna 122 BC eruption, a Plinian basaltic eruption.
Those who are interested in collaboration on improvements are encouraged to contact the authors (e-mail at silvia.campagnola@hotmail.it).
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PARAMETER EXPLANATIONS:
name of output file
specify conduit diameter (dian) or pressure gradient (pgrd)
initial, final pressure (MPa)
iteration numbers
initial velocity (n/s)
initial temperature (C), itemp (1=const T, 2=variable T)
sp. heat of crystals (J/kg K]
h20 content (wts)
vesiculation parameterss
initial, final depth (n)
conduit diameter (n) at bottom, top
gravitational acceleration (m/52)

Weight % 5102 (anhydrous)
Weight % A1203 (anhydrous)
Weight % Fe203 (anhydrous)
Weight % Fe0 (anhydrous)
Weight % Mn0 (anhydrous)
Weight % Mg0 (anhydrous)
Weight % Ca0 (anhydrous)
Weight % Ti02 (anhydrous)
Weight % Na20 (anhydrous)
Weight % K20 (anhydrous)
Weight % P205 (anhydrous)
Weight % F20-1 (anhydrous)

(plg)  PHASE 1: volume % crystals, crystal density (ko/m3), ar

0,'3100,"3 (cpx)  PHASE 2: volume % crystals, crystal density (ko/m3), ar
0, 310, 1.76 (ox)  PHASE 3: volume % crystals, crystal density (ko/m3), ar
2ge1s bubble number density for smallest vesicle sizes (cn-3)wrrr
0,035 surface tension (N/m)

20-12 diffusivity volatile D (m2/s)

0.7 volume fraction gas at which fragmentation occurs

1 fragnentation criterion (1=vfgas, 2=strain-rate)

NOTES ON INPUT PARAMETERS:
siteration #=2 if the velocity is to be adjusted automatically to reach
sonic velocities at the exit (valid only if icalc= 18 ), or

1 if no adjustment is desired.

#svesiculation p.= 2 if gas exsolution is to stop after fragmentation
1'5f not

#4x1=vigas = constant we++if no dp/dt calculation using Toramaru formulations is desired, please write 0
2=mixture viscositysstrain rate > 25 GPa
3-=mixture viscositysstrain rate > 0.01velastic modulus of celluar solid
a=fragmentation at eta ¥ dvdz % stress concentration around bubble wall > 250 MPa

Output Parameters:
List of variables to be written out. Enter a number in the
first colunn indicating the column # where this variable will be written
in the output file. You can write out up to seven variables.
x-sectional area (n2)
Mach number
2 pressure (HPa)
Tog Reynolds number
mixture density
tine (s) since entering conduit
velocity (n/s)
volume fraction gas
Tog viscosity (Pa s)
2 (depth, meters)
dlx-s area)/dz, meters
Tog pressure (HPa)
dpdz (pressure gradient, Pa/m)
Tog dz (vert. step size, m)
£ (friction factor)
ganma (Cp/Cy for gas phase)
mf (mass fraction exsolved gas)
am (mass fraction magna)
© (Universal Gas const. % n)
rhof (gas density)
sv (sonic velocity (n/s)
tenperature (C)
enthalpy of mixture (k1/ko)
cp (sp. heat) of gas (K)/kg C)
3 conduit radius(m)
dissolved h2o (wtw)
cp (sp. heat) of melt (Kl/kg C)
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