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Siège Merlebach (Vouters) colliery 

 

Figure S 1: Cross section of the Siège Merlebach (Vouters) colliery in France. 

 

Figure S 2: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated with 
UNESCO equation) of the flooded Vouters 2 shaft at the Siège Merlebach (Vouters) colliery in France. 
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Siège Merlebach (Simon 5) colliery  

 

Figure S 3: Cross section of the Siège Merlebach (Simon 5) colliery in France. 

 

Figure S 4: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated with 
UNESCO equation) of the flooded Simon 5 shaft at the Siège Merlebach (Simon) colliery in France. 
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Kukla and Jindřich colliery 

 

Figure S 5: Cross section of the Kukla and Jindřich colliery in Czech Republic. 

 

Figure S 6: Temperature profile (measured), electrical conductivity profile (measured) and density profile (calculated with 
UNESCO equation) of the flooded Kukla shaft at the Kukla colliery in Czech Republic. Levels accordingly to different available 
cross section. 
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Figure S 7: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated with 
UNESCO equation) of the flooded Kukla shaft at the Jindřich II colliery in Czech Republic.  
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Hermann colliery 

 

Figure S 8: Cross section of the Zeche Hermann colliery in Germany. 

 

Figure S 9: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated with 
UNESCO equation) of the flooded Hermann 1 shaft at the Zeche Hermann colliery in Germany. 
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Figure S 10: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) of the flooded Herman 2 shaft at the Zeche Hermann colliery in Germany. 
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Velsen colliery 

 

Figure S 11: Cross section of the Velsen colliery in Germany. 

 

Figure S 12: Temperature profile (measured), electrical conductivity profile (measured) and density profile (calculated with 
UNESCO equation) of the flooded Gustav 2 shaft at the Velsen colliery in Germany. 
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Glückaufsegen colliery 

 

Figure S 13: Cross section of the Glückaufsegen colliery in Germany. 

 

Figure S 14: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) of the flooded Glückaufsegen 3 shaft at the Glückaufsegen colliery in Germany.  
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Friedlicher Nachbar colliery 

 

 

Figure S 15: Cross section of the Friedlicher Nachbar colliery in Germany. 

 

Figure S 16: Temperature profile (measured), electrical conductivity profile (measured) and density profile (calculated with 
UNESCO equation) of the flooded shaft 2 at the Friedlicher Nachbar colliery in Germany. 
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San Vincente colliery 

 

Figure S 17: Cross section of the San Vincente colliery in Spain. 
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Figure S 18: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) of the flooded El Entrego shaft at the San Vincente colliery in Spain. 

 

Figure S 19: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) of the flooded El Sorriego shaft at the San Vincente colliery in Spain. 
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Horden colliery 

 

Figure S 20: Electrical conductivity profile (measured) of the flooded S40 Horden South Shaft at the Horden colliery in Great 
Britain. Reproduced with the permission of © The Coal Authority 2024. All rights reserved. 

  

electrical conductivity, mS/cm

20 40 60 80 100

d
e

p
th

, m

0

50

100

150

200

250

300

350

Pre-Pumping
2000
Pumping 2003-12
Pumping 2004
Pumping 2005-10
2006



15 
 

Merkur lead mine 

 

Figure S 21: Cross section of the Merkur lead mine in Germany. 

 

Figure S 22: Temperature profile (measured), electrical conductivity profile (measured) and density profile (calculated with 
UNESCO equation) of the flooded Weidtman shaft at the Merkur lead mine in Germany. 
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Straßberg fluorspar mine 

 

Figure S 23: Cross section of the Straßberg fluorspar mine in Germany. 
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Figure S 24: Electrical conductivity profiles (measured) of the flooded Flour shaft at the Straßberg fluorspar mine in 
Germany. 

 

Figure S 25: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) from 1997, 1998 and 1999 of the flooded Flour shaft at the Straßberg fluorspar mine in Germany. 
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Figure S 26: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) from 2000 and 2003 of the flooded Flour shaft at the Straßberg fluorspar mine in Germany. 

 

Figure S 27: Electrical conductivity profiles (measured) of the flooded Ü539 raise at the Straßberg fluorspar mine in 
Germany. 
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Figure S 28: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) from 1997, 1998 and 1999 of the flooded Ü539 raise at the Straßberg fluorspar mine in Germany. 

 

Figure S 29: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) from 2000, 2002 and 2003 of the flooded Ü539 raise at the Straßberg fluorspar mine in Germany. 
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Meggen mine 

 

Figure S 30: Cross section of the polymetallic Meggen mine in Germany. 

 

Figure S 31: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) of the flooded Sicilia shaft at the polymetallic Meggen mine in Germany. 
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West Rand gold mine #8 Shaft 

 

Figure S 32: Cross section of the West Rand gold mine #8 Shaft in South Africa. 

 

Figure S 33: Temperature profile (measured), electrical conductivity profile (measured) and density profile (calculated with 
UNESCO equation) of the flooded #8 Shaft at the West Rand gold mine #8 Shaft in South Africa. 
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Leopold-Louise iron ore mine 

 

Figure S 34: Cross section of the Leopold-Louise iron ore mine in Germany. 

 

Figure S 35: Temperature profile (measured), electrical conductivity profile (measured) and density profile (calculated with 
UNESCO equation) of the flooded Otto Wolff shaft at the Leopold-Louise iron ore mine in Germany. 
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Hancock copper mine 

 

Figure S 36: Cross section of the Hancock copper mine in the United States of America. 

 

Figure S 37: Temperature profiles (measured) and electrical conductivity profile (measured) of flooded shaft 2 at the 
Hancock copper mine in the United States of America. 
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Georg iron ore mine 

 

Figure S 38: Cross section of the Georg iron ore mine in Germany. 

 

Figure S 39: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) of the flooded shaft II at the Georg iron ore mine in Germany. 
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Stahlberg iron ore 

 

Figure S 40: Cross section of the Stahlberg iron ore mine in Germany. 
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Figure S 41: Temperature profile (measured) of flooded shaft 2 at the Stahlberg iron ore mine in Germany. 
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Urgeiriça uranium mine 

 

Figure S 42: Cross section of the Urgeiriça uranium mine in Portugal. 

 

Figure S 43: Temperature profile (measured), electrical conductivity profile (measured) and density profile (calculated with 
UNESCO equation) of the flooded St Barbara shaft at the Urgeiriça uranium mine in Portugal. 
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Metsämonttu mine 

 

Figure S 44: Cross section of the polymetallic VMS mine Metsämonttu in Finland. 

 

Figure S 45: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) of the flooded MSD shaft at the polymetallic VMS mine Metsämonttu in Finland. 
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Figure S 46: Temperature profiles (measured), electrical conductivity profiles (measured) and density profiles (calculated 
with UNESCO equation) of the flooded MS2 shaft at the polymetallic VMS mine Metsämonttu in Finland. 
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Aijala mine 

 

Figure S 47: Cross section of the polymetallic Aijala mine in Finland 

 

Figure S 48: Temperature profile (measured), electrical conductivity profile (measured) and density profile (calculated with 
UNESCO equation) of the flooded Aijala mine main shaft in Finland. 
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Georgi Unterbau silver-copper mine 

 

Figure S 49: Cross section of the Georgi Unterbau silver-copper mine in Austria. 

 

Figure S 50: Temperature profiles (measured) of the flooded Blindschacht at the Georgi Unterbau mine in Austria. 
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Figure S 51: Temperature profile (measured), electrical conductivity profile (measured) and density profile (calculated with 
UNESCO equation) of the flooded Blindschacht at the Georgi Unterbau mine in Austria. 
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Groverake fluorspar mine 

 

Figure S 52: Cross section of the Groverake fluorspar mine in Great Britain. 
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Figure S 53: Temperature profile (measured), electrical conductivity profile (measured) and density profile (calculated with 
UNESCO equation) of the flooded No 2 shaft at the Groverake fluorspar mine in Great Britain. 
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Roudný gold mine 

 

Figure S 54: Cross section of the Roudný gold mine in Czech Republic. 

 

Figure S 55: Temperature profile (measured), electrical conductivity profile (measured) and density profile (calculated with 
UNESCO equation) of the flooded Aleška shaft at the Roudný gold mine in Czech Republic. 
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Table: Observations about the topmost (first) intermediate 
Table 1: Observations about the topmost (first) intermediate layer at 52 profiles (with two or three water bodies). Horden 
S40 South Shaft excluded as no cross section available. Shaft profiles in alphabetical order. 

mine, shaft name, date of measurement comment 

Aijala (2016) 1st intermediate layer at 1st connected level, 
convection loop possible 

Georgi Unterbau, Blindschacht (2001) 1st intermediate layer at 2nd connected level, 2nd 
intermediate layer with greater differences of electrical 
conductivity between the water bodies, 2nd 
intermediate layer at level 70 where convection loop 
possible 

Grube Georg, Georg Schacht 2 (2006) intermediate layer and connected level not at the same 
depth, but probably wrong depth of profile or levels (in 
that case it can be assumed that 1st intermediate layer 
at 3rd connected level, convection loop possible)  

Grube Georg, Georg Schacht 2 (2008) intermediate layer and connected level not at the same 
depth, but probably wrong depth of profile or levels (in 
that case it can be assumed that 1st intermediate layer 
at 3rd connected level, convection loop possible)  

Grube Georg, Georg Schacht 2 (2009-05) intermediate layer and connected level not at the same 
depth, but probably wrong depth of profile or levels (in 
that case it can be assumed that 1st intermediate layer 
at 1st connected level), extreme change of depth 1st 
intermediate layer within 1 year 

Grube Georg, Georg Schacht 2 (2009-07) intermediate layer and connected level not at the same 
depth, but probably wrong depth of profile or levels (in 
that case it can be assumed that 1st intermediate layer 
at 1st connected level), extreme change of depth 1st 
intermediate layer within 1 year 

Grube Merkur, Weidtmann-Schacht 1st intermediate layer at deeper connected level 
(approx. level 8 in 340 m depth), convection loop 
possible 

Hancock Mine, Shaft 2 (2017?) 1st intermediate layer perhaps at 2nd connected level, 
depths level with depth profile not clear 

Horden, S40 South Shaft (2000) no statement possible (no cross section available) 
Horden, S40 South Shaft (2004) no statement possible (no cross section available) 
Horden, S40 South Shaft (pumping 2000) no statement possible (no cross section available) 
Meggen, Sicilia Schacht (1998-03) 1st intermediate layer at 2nd connected level, 

convection loop possible 
Meggen, Sicilia Schacht (1998-09) 1st intermediate layer at 1st connected level, 

convection loop possible 
Metsämontu, MS2 (2017) 1st intermediate layer at 1st connected level 
Metsämontu, MS2 (2018) 1st intermediate layer at 1st connected level, 

connection to other shaft, 2nd intermediate layer with 
greater temperature and electrical conductivity 
differences between the water bodies and at level 
where convection loop possible 

Metsämontu, MSD (2016) 1st intermediate layer at 1st connected level 
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mine, shaft name, date of measurement comment 
Metsämontu, MSD (2017) 1st intermediate layer not at connected level, 2nd 

intermediate layer at 1st connected level 
Metsämontu, MSD (2018) 1st intermediate layer at 1st connected level 
Rosice-Oslavany coal basin, Jindřich II  
(2004) 

1st intermediate layer at deeper connected level 
(approx. 500 m depth, 4. or 5. level) 

Rosice-Oslavany coal basin, Jindřich II  
(2005) 

1st intermediate layer at deeper connected level 
(approx. 470 m depth, 4. or 5. level)  

Rosice-Oslavany coal basin, Jindřich II  
(2006) 

1st intermediate layer at deeper connected level 
(approx. 480 m depth, 4. or 5. level) 

Rosice-Oslavany coal basin, Jindřich II  
(2007) 

1st intermediate layer at deeper connected level 
(approx. 560 m depth, 4. or 5. level) 

Rosice-Oslavany coal basin, Kukla (2004) probably 1st intermediate layer at 1st connected level 
(if depths level or depth profile slightly adjusted) 

Roudný, Aleška (2005-07) 1st intermediate layer at 1st connected level, 
convection loop possible 

Roudný, Aleška (2005-12) 1st intermediate layer at 1st connected level, 
convection loop possible 

San Vicente, Pozo El Entrego (2008-12-
16) 

1st intermediate layer at deeper connected level 
(around level 6, approx. 250 m), but depth profile data 
not very clear, 1st intermediate layer also possible 
around 75 m depth (≙ 3rd connected level where 
convection loop possible) 

San Vicente, Pozo El Entrego (2008-12-
29) 

1st intermediate layer at deeper connected level 
(around level 6, approx. 250 m),, but depth profile data 
not very clear, 1st intermediate layer also possible 
around 75 m depth (≙ 3rd connected level where 
convection loop possible) 

Siège Simon, Simon 5 (2009) 1st intermediate layer at 1st connected level, 
convection loop possible 

Straßberg, Flour Schacht (1992) 1st intermediate layer at 1st connected level 
Straßberg, Flour Schacht (1994-12) 1st intermediate layer at 2nd connected level, 

connection to other shaft 
Straßberg, Flour Schacht (1995) 1st intermediate layer at 2nd connected level, 

connection to other shaft 
Straßberg, Flour Schacht (1996-01) 1st intermediate layer at 1st connected level 
Straßberg, Flour Schacht (1996-07) 1st intermediate layer at 1st connected level 
Straßberg, Flour Schacht (1997) 1st intermediate layer at 1st connected level 
Straßberg, Flour Schacht (1998) 1st intermediate layer at 1st connected level 
Straßberg, Flour Schacht (1999) 1st intermediate layer at 1st connected level 
Straßberg, Flour Schacht (2003) 1st intermediate layer at 2nd connected level, 

connection to other shaft 
Straßberg, Ü539 (1993-05) 1st intermediate layer at 2nd connected level 
Straßberg, Ü539 (1993-08) 1st intermediate layer at 2nd connected level 
Straßberg, Ü539 (1993-12) 1st intermediate layer at 2nd connected level 
Straßberg, Ü539 (1994-07) 1st intermediate layer at 2nd connected level 
Straßberg, Ü539 (1994-12) 1st intermediate layer at 2nd connected level 
Straßberg, Ü539 (1995) 1st intermediate layer at 2nd connected level 
Straßberg, Ü539 (1996) 1st intermediate layer at 2nd connected level 
Straßberg, Ü539 (1997) 1st intermediate layer at 2nd connected level 
Urgeiriça, St Barbara (2019) 1st intermediate layer at deeper connected level, 

probably open connection to outflow at shaft P4 
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mine, shaft name, date of measurement comment 
West Rand, Shaft No 8 (2016) 1st intermediate layer at 2nd connected level 

(convection loop possible), 2nd intermediate layer 3rd 
connected level (connection loop possible) 

Zeche Glückaufsegen, Glückaufsegen 3 
(1997) 

probably 1st intermediate layer at 1st connected level 
(not exact, but measurement inaccuracies can be 
assumed) 

Zeche Glüclaufsege, Glückaufsegen 3 
(1989) 

1st intermediate layer at 2nd connected level, 
stratification might have "moved up" between 1989 
and 1997 

Zeche Hermann, Hermann 1 (1994) 1st intermediate layer at 1st connected level, 
connection to other shaft, 1st connected level very 
deep in mine 

Zeche Hermann, Hermann 1 (1998) 1st intermediate layer at 1st connected level, 
connection to other shaft, 1st connected level very 
deep in mine 

Zeche Hermann, Hermann 1 (2003) 1st intermediate layer at 1st connected level, 
connection to other shaft, 1st connected level very 
deep in mine 

Zeche Hermann, Hermann 1 (2016) 1st intermediate layer at 1st connected level, 
connection to other shaft, 1st connected level very 
deep in mine 

Zeche Hermann, Hermann 2 (1990) 1st intermediate layer at 1st connected level, 
connection to other shaft, 1st connected level very 
deep in mine 

Zeche Hermann, Hermann 2 (1994) 1st intermediate layer at 1st connected level, 
connection to other shaft, 1st connected level very 
deep in mine 

Zeche Hermann, Hermann 2 (1998) 1st intermediate layer at 1st connected level, 
connection to other shaft, 1st connected level very 
deep in mine 
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Glossary 

CF (cold freshwater) water body: The CF water body is the uppermost water body in a flooded shaft, 

which is located above the intermediate layer. Due to its physico-chemical properties (usually lower 

temperature and lower mineralisation), it differs from the water bodies below the intermediate layer. 

Alternative terms are upper water body, top layer, near-surface water body, fresh (ground-) water 

body, clear water zone, shallow sourced water, less mineralized water, meteoric water, freshwater cap 

or freshwater lens (Henkel and Melchers 2017; Kindermann 1998; Kories et al. 2004; Ladwig et al. 1984; 

Mugova and Wolkersdorfer 2022; Nuttall and Younger 2003; Rosner 2011; Sanders & Thomas Inc. 

1975; Wolkersdorfer 2008). 

Convection: Convection occurs when heat is conveyed through the movement of a heated fluid like air 

or water. In natural convection, this occurs because most fluids tend to expand when heated, 

becoming less dense and consequently rising due to increased buoyancy. As molecules absorb heat, 

they speed up, causing expansion and upward movement. Upon cooling, they condense, becoming 

denser and descending once more, completing a cycle of circulation (Oertel et al. 2017; Rennie and 

Law 2016). 

Convection cells: Convection cells are patterns of fluid motion characterized by circulating currents 

driven by convection. These cells arise from the interaction between buoyancy forces and gravity, 

resulting in the upward movement of warmer fluid and the downward movement of cooler fluid, 

generating circulation patterns. Convection cells can vary in size and shape. Smaller cells in a flooded 

mine shaft are also called “bales” (American Meteorological Society 2024; Kories et al. 2004). 

Convection loops: Convection loops refer to a pattern where convection currents circulate in a closed 

loop system. These loops often occur in stratified environments or near heat sources, where 

temperature gradients induce buoyancy-driven flow patterns. In flooded mines the geometry of the 

loop is defined by the connection between mine shafts, horizontal or inclined galleries and mine voids. 

The heat source is provided by the geothermal gradient (Bau and Torrance 1981a; b; 1983; Mugova 

and Wolkersdorfer 2022; Wolkersdorfer 2008). 

Density stratification: Density stratification refers to the vertical layering of water masses within a 

water body based on differences in density, mainly caused by variations in temperature and 

mineralisation. Denser, or higher mineralised fluid sinks to the bottom, while less dense water rises to 

the surface, creating horizontal boundaries or interfaces between the layers. This stratification results 

in distinct water bodies with different physico-chemical properties. Density stratification can occur in 

natural lakes, pit lakes, seas or oceans, boreholes but also in flooded underground mines (Berthold 

2009; Blanc and Anschutz 1995; Boehrer and Schultze 2008; Findenegg 1933; Geller et al. 2013; 

Mugova and Wolkersdorfer 2022). 

Thermal stratification: Thermal stratification refers to the vertical layering of water in a lake, reservoir, 

or other water body based on temperature differences. In a thermally stratified water body, distinct 

layers with varying temperatures form, typically with warmer water near the surface and cooler water 

at greater depths. This stratification occurs due to differences in the heating and cooling rates of water 

at different depths, as well as the effects of sunlight, wind, and thermal conductivity. Thermal 

stratification mostly occurs in natural lakes or pit lakes with up to three different layers (epilimnion, 

metalimnion, hypolimnion; Boehrer and Schultze 2008). 

Double diffusive flow/convection: Double diffusive flow or convection refers to a coupled process in 

fluid dynamics, particularly relevant in the context of mine water movement, where both heat and 

salinity transport mechanisms interact simultaneously. It occurs when heat and salinity diffuse at 
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different rates within a fluid medium, where heated water usually diffuse more readily than 

mineralised (salinity) water. This effects the vertical density gradient in opposite directions (Brandt and 

Fernando 1995; Huppert and Turner 1981; Radko 2013; Rubin and Atkinson 2001). 

Internal waves: Internal waves are wave-like disturbances that propagate within a stratified fluid 

medium, typically occurring at the interface between layers of different densities. Unlike surface 

waves, which propagate along the water-air interface, internal waves travel within the water column, 

are caused by density variations within a fluid and induce vertically sheared motion, causing 

displacement of water parcels (Lerman et al. 1995; Rubin and Atkinson 2001). 

Intermediate layer: An interlayer is a usually thin layer between two homogeneous water bodies and 

is observed in flooded mine shafts between the cold freshwater and the warm mineralised water body 

or between different warm mineralised water bodies. The intermediate layer can remain stable and 

not change its position for decades. Only minor exchange between the water bodies below and above 

the intermediate layer is caused by molecular diffusion (Czolbe et al. 1992; Mugova and Wolkersdorfer 

2022; Rüterkamp 2001). 

Laminar flow: Laminar flow is a characteristic fluid motion, observed in both gases and liquids, where 

the fluid moves smoothly in predictable paths. It maintains constant velocity, pressure, and other flow 

properties and is commonly observed at low flow rates or in highly viscous fluids, where internal 

friction dominates and suppresses turbulent fluctuations, resulting in predictable flow behaviour 

(Chapman 1981; Holland and Bragg 1995). 

Level: A level is a horizontal passage or roadway that is excavated at a particular elevation within an 

underground mine. Levels are typically constructed to provide access to ore bodies, facilitate 

transportation of materials and equipment, and allow for the movement of miners and machinery 

throughout the mine workings. These passages are often interconnected with vertical shafts, ramps, 

or other access points, forming a network of tunnels and galleries within the mine. Levels may vary in 

size and configuration depending on the specific mining method, geological conditions, and 

operational requirements of the mine (Burghardt et al. 2017; Herrmann and Bucksch 2013; Thrush and 

Bureau of Mines 1968). 

Mine void: A mine void is an underground or open pit cavity or space created by mining activities, 

typically through the extraction of minerals, ores, or other geological resources. These voids can vary 

in size and shape depending on the mining method used and the geological characteristics of the 

deposit. Mine voids may serve various purposes, including storage of waste materials, accommodation 

of mining infrastructure, or as pathways for ventilation, drainage, or transportation within the mine 

workings (Cooper 2018; Glencore 2019; Thrush and Bureau of Mines 1968). 

Staircase profile: A staircase profile refers to a distinct pattern observed in vertical temperature and 

salinity profiles within oceanic or other water bodies. This profile, often termed a thermohaline 

staircase, is characterized by a series of well-mixed water bodies separated by sharp interfaces with 

high gradients in temperature and mineralisation. These staircases are primarily a result of double 

diffusive convection processes and turbulent mixing occurring in water bodies, where variations in 

temperature and salinity/mineralisation lead to the formation of water bodies with different densities. 

Staircase profiles may exhibit alternating layers of less dense water overlain denser water, forming a 

visually distinct pattern resembling a staircase when viewed on depth profiles. When turbulent 

diffusivity surpasses that of double diffusion, staircases are unable to form (Radko et al. 2014). 

Turbulent flow: Turbulent flow is a dynamic form of fluid motion, observed in both gases and liquids, 

characterized by irregular fluctuations and mixing as well as chaotic patterns. It entails continuous 

changes in the speed and direction of the fluid at various points and typically occurs at high flow rates 
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or in the presence of obstacles. Turbulent flow arises from the interaction of inertial forces and viscous 

forces within the fluid, leading to the formation of eddies, vortices, and turbulent structures that 

enhance mixing and transport of momentum, energy, and substances (Chapman 1981; Holland and 

Bragg 1995). 

UNESCO density equation: The UNESCO equation refers to the 1978 agreement among 

oceanographers to use conductivity as the universal method for estimating the salinity of seawater. It 

improved accuracy by tracking all ions present in seawater, rather than focusing on chloride alone. 

UNESCO formally approved this method and included the 1978 Practical Salinity Scale in their 1980 

equations for calculating seawater density, known as EOS-80 (Fofonoff and Millard Jr 1983; IOC SCOR 

and IAPSO 2011). 
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