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Annex B – BIOCHLOR-ISO User’s Guide 

1. Introduction 

This step by step user’s guide is aimed to show the functioning of the Freeware Software for Compound-
Specific Isotope Analysis (CSIA) BIOCHLOR-ISO version 2015 for data analysis for remediation assessment 
(Höhener et al., 2015). The Software is an integrative approach to better constrain the extent of total 
chloroethene degradation in groundwater samples. It is based on fitting of measured concentration and 
compound-specific stable carbon isotope data to an analytical reactive transport equation simulating steady-
state plumes in two dimensions using an EXCEL spreadsheet. The fitting also yields estimates of degradation 
rates, of source width and of dispersivities.  

This software allows to interpret and evaluate the concentrations and isotope data in order to assess 
remediation processes at a contaminated site. The User’s Guide shows the necessary steps to achieve results 
applying the approach to a synthetic case. In the benchmark case, the true extent of degradation is well 
known and data come from real field cases known from literature. 

Real data from a contaminated site was used at last to verify and demonstrate the program’s functionality, 
advantages and limits applying to a real case with lower measurement data.  

2. Using BIOCHLOR-ISO for remediation assessement 

The Freeware Software for CSIA data analysis is attached to this manuscript or available online is the first of 
the three spreadsheets from the “Appendix A. Supplementary data” attached to the manuscript of Höhener 
(Höhener et al., 2015), available at the link:  

https://www.sciencedirect.com/science/article/pii/S0169772215300280?via%3Dihub 

This initial version contains default data values that need to be replaced with the correct values . 

The Freeware Software is divided into 7 sheets, but the first sheet to examine is the “New User Tour” (Figure 
1), where a concise guide of the Freeware Software is present. 

 

https://www.sciencedirect.com/science/article/pii/S0169772215300280?via%3Dihub


1 

 

 

Figure 1 – Front page of the sheet “New user tour” 

The remaining worksheets are “Data+Fitting”, where the users can enter the input and read the outputs; 
“Figures”, where output graphs are shown; “Legal limits”, where tables of contaminants limits (PCE, TCE, 
DCE and VC) in different countries are present; “References”, where list of references of the documents; 
“Data+FittingCase2”, where the users can insert the input and read the outputs of the Benchmark case 2; 
“FiguresCase2”, where output graphs of the Benchmark case 2 are shown. 

 The Benchmark case 1 is implemented in the software attached, therefore worksheets “Data+FittingCase2” 
and “FiguresCase2” (attached to (Höhener et al., 2015)) are not present, because they discuss two real cases. 
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Mandatory properties for the freeware software for CSIA 

Before implementing correct values in the freeware software for CSIA, it is mandatory to verify: 

 The version of Microsoft Office: software not supported by previous versions of Microsoft Office 
2010; previous versions are therefore not recommended. 

 The presence of the solver tool; 

The solver tool (if installed) is found in the upper right angle of the tool bar "Data" (to the right hand 
side of the menu list on the top row, third last menu). If solver tool does not show up, it must be 
activated: 

I. Go to Menu File, and chose “Options”, that is the second last line; 

II. Click on “Add-Ins (Complements)”, that is the second last choice; 

III. Go to bottom of windows, after “manage”: choose “Excel Add-ins” from the drop down 
menu and click “Go...”; 

IV. Now a new window opens and here tick only “Solver Add-in Component” (no tick “Euro 
Currency Tools”, “Analysis tools” and “Analysis tools – VBA”) and click “OK”; 

V. Return to “Data” toolbar and find the solver add-in in the right hand side of the menu list. 

For a full description of this tool, the users need to refer to “Help” (F1). Whereas, for screenshots of 
installation, users can look at the link: 

http://www.addictivetips.com/windows-tips/microsoft-office-excel-2010-solver-add-in/ 

The solver tool should contain already information on objective, variable cells and constraints (as 
shown in Figure 2); users can see them clicking on “Solver” in the right hand side of the menu bar of 
“Data”. 

 The correct operation of the solver: the window containing variable cells and constraints must be 
equal to Figure 2; if different, verify that in “Control Panel  Change date time or number format 
 Additional settings” the decimal separator is the “.” and not the “,”. 
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Figure 2 – Example of the solver tool implemented in the “Data+Fitting” worksheet 

Parameters implementation for BIOCHLOR-ISO 

The main worksheet of the freeware software for CSIA is “Data+Fitting”, where all the inputs have to be 
entered for the correct execution of the solver. A helpful coloured legend (Figure 3) is implemented in this 
worksheet to better understand if the cell type is a mandatory input, an optional input or a calculations cell. 

 

Figure 3 – Fields colour code 

Be aware that colour intensities of calculated and measured cells are indicative of highest concentrations and 
enrichment.  
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In this example, the worksheet “Data+Fitting” was filled of random data and the users will find all the 
analytical passages and the correct input data (for benchmark case 1) to apply and run the software within 
this paragraph. The “Data+Fitting” worksheet is divided into several “zones” and the users need to enter 
parameters values only in Zone 1, 2, 3 and 4 (marked with yellow cells). 

 In Zone 1 (named “measured isotope data”), enter the data concerning the distance where the 
water sample was taken (in meters) and the relative isotopic ratio measured for each contaminant. 
Replace the default data values entered in the excel file attached to this manuscript with the data 
entered in Figure 4. In specific, the values corresponding to the “X coord”, “PCE”, “TCE”, “cis-
DCE” and “VC” need to be replaced. When available, you have the possibility to enter the isotopic 
trans-DCE, 1,1-DCE and ETH ratios. The “Y coord” reproduces the distance of the sampling point 
from the centerline of the plume: if Y=0, sampling points are along the centerline of the plume. 

 

Figure 4 – Measured isotope data of the benchmark case 1 in downgradient sampling points 

 In Zone 2 (named “chemical data”), entering the distance of each sampling points is not necessary, 
because the worksheet automatically refers to those in zone 1, but it is necessary to enter the 
detected concentration values (in mg/l) as in Figure 5, related to the “PCE”, “TCE”, “cis-DCE” and 
“VC” columns. When available entering concentration values in “trans-DCE”, “1,1-DCE” and 
“ETH” columns is possible but not mandatory.  

 
Figure 5 – Measured concentration values of the benchmark case 1 in downgradient sampling points 
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 In Zones 2b (“chemical data”) and 2c (“molar percentages”), entering data is not necessary, 
because implemented calculations allow to achieve both the molar concentrations at each 
sampling point for contaminants and the percentages of each contaminant related to the total. 

 In Zone 3 (“isotope parameters”) entering the hypothesized enrichment factors (εi), the isotopic 
signatures (𝛿𝛿 𝐶𝐶013 ) and the concentrations (expressed in mM) detected in the source is mandatory 

 In the case the initial concentrations of the source is known and expressed in mg/lit has to be 
converted in mM for the BIOCHLOR-ISO calculations. The concentration in mM/l are obtained 
dividing the concentration in mg/l by the gram formula weight of the compound as follows: 

𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃 =
𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃

165.8
 𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇 =

𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇
(165.8 − 34.4)

 𝐶𝐶Σ𝑇𝑇𝑇𝑇𝑇𝑇 =
𝐶𝐶Σ𝑇𝑇𝑇𝑇𝑇𝑇
96.9

 𝐶𝐶𝑉𝑉𝑉𝑉 =
𝐶𝐶𝑉𝑉𝑉𝑉
62.5

 

Where the denominator represents the gram formula weight of the compound. 

Enter in the Excel sheet the correct data shown in Figure 6.  

 

Figure 6 – Isotope parameters detected in the contaminant source 

The entered values are highlighted in yellow color, whereas the grey columns (alpha and R0+Rref) 
reproduce the calculations of the program to achieve the fractionation factor (α) and isotope ratios (R0 
+ Rref), by means of formulas: 

𝛼𝛼 =
(1000 + 𝜀𝜀𝑖𝑖)

1000
 

𝑅𝑅0 + 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟 =
𝛿𝛿 𝐶𝐶013

1000 ∙ (𝑅𝑅0 + 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟)��������������� + (𝑅𝑅0 + 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟) 

 In Zone 4 (“transport parameters”), the implementation of the real groundwater flow velocity 
value (yellow cell) is mandatory and is calculated as: 

𝑣𝑣 =
𝑘𝑘 ∙ 𝑖𝑖
𝜃𝜃

 

where k is the hydraulic conductivity, i the hydraulic gradient (calculated as ratio between two 
hydraulic heads and related distance) and θ the effective porosity. Here, the users have to replace the 
value of 365 m/yr with the value of Figure 7. 
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Figure 7 – Transport parameters 

The longitudinal and transverse dispersivities, as source width (highlighted with green cells), are the 
results of a fitting procedure executed by the excel solver. The implementation of the  initial values is 
mandatory and, following the run of the solver, values will be automatically updated. The transverse 
dispersivity value needs to be always inserted as 1/10 of the longidutinal dispersivity value (Gelhar et 
al., 1992). In grey cells the correct values of dispersivities and source width are reported (20, 2 and 30 
m). 

 
 Zone 5 (“fitting”) includes the parameters needed to the fitting procedure. Here, the measured 

and modelled isotope ratios values (5a) are compared: measured values are the same entered in 
Zone 1, whereas the first value entered (grey cell in Figure 8) is the isotope ratio of the source; 
where the values are missing, the “na” value appears; modelled values are calculated as function 
of ki, Ω(Ki,x,y),Ωh(Ki,x,y), Ωi and (R0+Rref)i for PCE, TCE, ΣDCE and VC (Figure 8). For the 
formulas see the supporting information attached (Hohener et al., 2015).  

 

Figure 8 – Comparison between measured and modelled isotope ratios 

Always in Zone 5, the users need to implement positive values for constant rates (green cells in 
Figure 9): for initial guesses, values of 4, 3, 2, and 1 y-1 for PCE, TCE, DCE, and VC were 
implemented and copied down vertically in all fields in columns “k PCE”, “k TCE”, “k DCE” and 
“k VC”. These values will be automatically changed by the worksheet after running the solver 
(fitting procedure). Be careful that identical numbers in one horizontal line create failure of 
calculations. After the solver run, the fitted values of the constant rates are shown in green cells, 
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as reported in Figure 9. In the blue cells no values need to be entered by users, because these cells 
are related to the calculations needed by the solver algorithm.  

 

Figure 9 – Degradation constant rates, average constant rates and calculation of objectives for isotope fitting 

 In Zone 5b, measured and modelled concentrations values are compared: measured values are the 
same entered in Zone 2; where the values are missing, the “na” value appears; modelled values 
are calculated as function of ki, Ω(Ki,x,y), Ωh(Ki,x,y) and measured concentrations for PCE, TCE, ΣDCE 
and VC (Figure 10). For the formulas see the supporting information attached to (Höhener et al., 
2015). A least squares approach is used to minimize the difference between modelled and 
measured parameters. 

 

Figure 10 – Measured and simulated concentrations 

 In Zone 6 (“objectives”): measured concentrations are compared to concentrations modelled by 
the exact analytical Biochlor model and the sum of squared errors are reported in blue cell named 
“Concentrations” (cell Z4 and Figure 11). Measured isotope ratios are likewise compared to a 
"Isotope-Biochlor" model and squared errors sums are reported in cell “Isotopes” (cell Z5). The 
two objectives are then added to the best objective (cell Z7 = “Z objective”), as in the equation 5 of 
manuscript (Höhener et al., 2015). “RMSE Transport” is the Sum of error for the three parameters 
longitudinal and transverse dispersivity and source width, whereas RMSE B% is the error  for the 
prediction of biodegradation beyond Vinyl chloride, B%fitted. Fitting using the solver function 
aims at finding the parameters which give the lowest value in the Z objective cell. Alternatively, 
if concentrations are hard to fit, only isotope ratios may be fitted. They hardly depend on source 
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width and transversal dispersivity. The results of the fitting are controlled on the worksheet 
figures and in Zone 7.  

 

Figure 11 – Measured and modelled concentrations of contaminants 

 In Zone 7 (“calculation of overall dechlorination”), no need to implement any parameters but the 
percentage of the overall dechlorination of cloroethene is calculated. Different approaches are 
used to calculate the parameter B(CE): 

o Aeppli et al. (Aeppli et al., 2010) quantify in situ transformation rates based on 
groundwater dating and isotope mass balances; they introduce the target BΣ(CE), to 
designate the percentage of dechlorination of parent cloroethen beyond vinyl chloride to 
non-chlorinated breakdown products (see the parameter “B%CE” in Figure 12).  

o Höyng et al. (Höyng et al., 2015) developed an alternative approach without the use of 
isotope data when concentrations of a non-reactive tracer are known (see the parameter 
“B True %” in Figure 12) 

o Höhener et al. (Höhener et al., 2015) take example from both previous approaches and 
calculate the target using both isotope and concentrations data, starting from the set of 4 
degradation rates constants for each monitoring well (see the parameter “B fitted %” in 
Figure 12); they also replace Ω(ki,t) with Ω(ki,x,y) which is a solution for a 2D reactive transoirt 
at steady state. 

The formulas of each approach are discussed in (Höhener et al., 2015): see Equations 1a, 1b, 1c, 1d, 2, 
3a, 3b and 4. 

Be careful because if negative B% values are calculated, something is wrong in the fitted parameters. 
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Figure 12 – Parameters of the overall dichlorination of chloroethene 

 Zone 8 is optional and is only a space where users can enter detailed site specification 

 In Zone 9 (“numerical integrations of eq S4”) no need to enter values, because the section introduce 
all the calculation for different Ω parameters (Figure 13), that are reactive transport equations for 
the heavy isotope species. 

 

 

Figure 13 – Table of the Ω parameters 
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Run of the solver 

After all zones are filled, the users can run the solver tool (upper right angle of the tool bar "Data", as in Figure 
2), targeting Z objective (cell Z7) in Zone 6. The variables are: degradation rate constants (cells Z19:AC28) in 
Zone 5b, dispersivities and source width in Zone 4 (cells V4, V5 and V6). Now, the users can check the graphs 
on worksheet figures. If the graphs are the same as those discussed in “Results and graphs” paragraph, the 
correct operations were executed. 

If the results are not similar the users can try these procedures: 

 Verify that all degradation rate constants are correct and do not show unusual values (for instance 
values greater than 50 or lower than 0.004); if unusual values present, a manual correction setting 
typical rate constants in the same column is needed and then the users can re-run solver tool. 

 Repeat all the needed manual corrections and run the solver again, until the longitudinal 
dispersivity does not change any more. 

 Estimate transversal dispersivity as 1/10 of longitudinal and re-run solver tool until the Z objective 
does not decrease anymore.  

Users can check graphs again and look at the fitted results in Zone 4 (transport parameters), Zone 5 (constant 
rates) and Zone 7. If the values don’t fit again, running the solver for many times until the Z objective will no 
longer change is suggested. 

 
Results and graphs 

After implementing the correct data and running the solver (almost 3 times until Z objective is not varying 
anymore), the users must analyse the worksheet “Figures”, which reproduces the outputs of the software. 
Figure 14 case (a) shows the real concentrations values of each contaminant compared with the modelled 
concentrations downgradient of the source along the distance. The modelled data fit very well the 
experimental data. Moving away from the source, PCE and TCE decrease along the distance, whereas DCE 
and VC slightly increase. 

Figure 14 case (b) shows the real isotope ratios of each contaminant compared with the modelled isotope ratios 
downgradient of the source along the distance. Even in this case, the modelled data fit very well the 
experimental data. Therefore, the chosen enrichment factors correctly reproduce the curve slopes and are 
within an acceptable value range according to the literature (from -4 to -25). 

Figure 14 case (c) shows the total chloroethene degradation for different approach. The target “B% fitting” and 
“B% true” curves are correctly overlapped and are within the interval of “B% Aeppli minimum” and “B% 
Aeppli maximum”. For this benchmark case, the degradation of chloroethene increases moving away from 
the source. “B% true” can be calculated only when the tracer values are present, otherwise the section related 
to “B% true” (AS34:AY52) can be deleted (as shown in field case examples). 

Figure 14 case (d) shows the isotope mass balance. The modelled results fit very well the measured values. 
The isotope signatures (measured and modelled) increase along the distance, proving that biodegradation 
processes take place in the specific time considered. Otherwise, if the biodegradation did not occur, the graph 
would have showed a horizontal line, i.e. no change in time and space of the isotopic signature. 
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Figure 14 – Output graphs of the Freeware Software for CSIA analysis 

All the modelled results fit very well the experimental data because of the completeness of the entered data 
related to the benchmark case 1: 8 isotope ratios and 8 concentration values downgradient the source were 
available. Generally, sampling many measurement points along the center line of a contamination plume is 
difficult. 

The other outputs returned after 3 run of the solver are the transport parameters and degradation constant 
rates. To analyse them, users need to return to the worksheet “Data+Fitting” and read the green cells in Zone 
4 and 5 (as shown in Figure 15). They fit with the true values entered as comments by the authors in the Excel 
file.  

Looking at the Z objective, that is very low (0.00000305) and does not vary again after new run of the solver. 

 

Figure 15 – Output values of the Freeware Software for CSIA analysis 
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Synthetic operating guide 

Here, a summary of each operation that a user needs to carry out: 

I. Open the Biochlor Excel file; 

II. Verify the Microsoft Office version; 

III. Verify the presence of the solver; 

IV. Verify the correct operation of the solver by means of variables and constraints analysis; 

V. Replace each fake wrong data values with the correct ones (yellow cells in Zone 1,2,3 and 4); 

VI. Run the solver tool once (it is found in the upper right angle of the tool bar "Data”) and save the 
solution by clicking ok in the next window;  

VII. Verify the values of Z objective and run the solver tool again, look at the value if varies or not 
(maybe necessary 3 run of the solver); 

VIII. Verify graphs and fitted results (green cells in Zone 4 and 5). 

IX. Save the file as “Biochlor2015_filled.xls”. 
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3. Examples of application of BIOCHLOR-ISO to Benchmark case 1 

Using the file “Biochlor2015_Filled” related to the Benchmark case 1, where all correct values and graphs are 
implemented, users can modify the groundwater flow velocity in order to analyse how the results will change. 
Here the suggestions: 

I. Into the worksheet “Data+Fitting”, the users have to replace the groundwater flow velocity in cell 
V3 (now 109.5 m/yr) to its double (219 m/yr). 

II. Into the worksheet “Figures”: the fitted curves (modelled lines) do not match the experimental 
data (points) in any graph (Figure 18). Now a new fitting of degradation rate constants and 
transport parameters is necessary. 

 

 

Figure 16 – Output graphs of benchmark case 1, when the groundwater flow velocity varies 

III. Again, into the worksheet “Data+Fitting”, users need to run the solver tool once and save the 
solution by clicking ok in the next window. 

IV. Looking at the degradation rate constants in the worksheet "Data+Fitting" (in cells Z19-AC28), 
users will find the values reported in Figure 19: 
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Figure 17 – Values of degradation rate constant after the first run of the solver 

V. Looking at graphs in worksheet "Figures", the users can see that modelled curves fit much better 
than before the experimental data (Figure 20). 

 

Figure 18 – Output graphs of benchmark case 1, after the first run of the solver 

VI. Returning to the worksheet "Data+Fitting", users have to read the value of Z objective (cell Z7): 
0.001476. Run solver tool once more and check again the value (now Z objective is equal to 
0.00000251). The results are once better than before because running the solver with better guess 
of initial parameter values. Users need to repeat this procedure until the Z objective value keeps 
constant as well as the graphs. The output of unknown parameters (after 3 run of the solver tool) 
is shown in Figure 21.  
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Figure 19 – Output values of benchmark case 1, after three runs of the solver 

VII. Close the excel file and save as “Biochlor2015_Filled_v” 

The graphs show good accordance between modelled and experimental data and new value of 
degradation constant rates and transport parameters are achieved. To obtain a good fit between the 
modelled and experimental data in the case of doubled groundwater flow velocity, is also necessary to 
double the degradation constants rates, as calculated by the solver. 
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