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ABSTRACT  

The Sabalan geothermal field is a high-temperature area under development.  Geothermal exploration was started in 1975 by the 

Ministry of Energy of Iran.  After revolution in 1979 in Iran, it was stopped, and it was started again in 1998 by SUNA – the 

Renewable Energy Organization of Iran.  Three deep exploration wells and two shallow reinjection wells were drilled in 2002-2004 

in three sites A, B and C, by SUNA beside the preparation of two sites D and E for new drilling.  This area is about 16 km southeast 

of the town of Meshkinshahr.  There is an overall potential for the generation of about 200 MWe over the greater prospect area.  

SKM (main consultants 1998-2006) assesses that commercial geothermal power generation can be achieved at Sabalan at a 

levelised cost of electricity of less than 5 USc/kWh.  SUNA is planning to drill thirteen new wells, and build a 50 MWe power 

plant, when these wells will be drilled.  As the first part of project, SUNA will build a pilot power plant in order to confirm, that a 

geothermal power plant can be operated in Iran.  Moshanir was the consultant for civil work 1998-2006 and since 2006 the 

consortium of Moshanir, EDC and Lahmeyer was selected as main consultant for geothermal field that the new drilling was started 

since of 2008 till 2011.  In this stage 5 deep wells were drilled and one of the previous well was be deeper. 

Well NWS-6D is the sixth drilled well in the second stage of exploration and third to be discharged.  This well was flow tested in 

the time period of 7th September to 31th may in 2011 

In this paper we discuss the designing of a hydronic snow melting system in above mentioned project.  The snow melting system 

designing is presented based on criteria established by ASHRAE and supposed to be designed only for main access road from the 

administration building to the power house in the site of this geothermal pilot power plant, Geothermal energy is supplied to system 

through a heat exchanger so It is a closed cycle type and the fluid which is required for this system is supplied from a heat 

exchanger.  The heating water which will be used in heat exchanger will be supplied from the silencer and separator drain.  For 

designing the snow melting system we need to know about the location and the climatic condition of the power plant site which 

designing depends on such as the rate of snow fall, air temperature, relative humidity and wind velocity.  Piping materials are cross 

linked polyethylene (PEX) tubing and applicable fittings due to corrosion Problems.   

1. INTRODUCTION  

Snow melting using geothermal hot water and steam has been demonstrated in several countries, including Argentina, Japan and the 

United States.  Snow melting in industrial applications is used where safe, clean and easy access is critical.  These installations 

include sidewalks, roadways and bridges.  Most commonly it is done with a glycol solution, hot water or steam being circulated in 

pipes within or below the area, using either heat pipes or geothermal fluids, however, in one instances hot water has been sprinkled 

directly onto it.  In this paper we discuss the designing of the snow melting system in the Sabalan Geothermal Power Plant project. 

 

Figure 1.Snow Melting Implementation in Iceland 

2.  DESIGN CRITERIA 

Designing factors for snow melting systems depend on four atmospheric factors: (1) rate of snow fall, (2) air temperature, (3) 

relative humidity, and (4) wind velocity (ASHRAE Handbook, 1995).  The snow melting system must first melt the snow and then 

evaporate the resulting water film.  The rate of snowfall identifies the heat required to warm the snow to 32oF and to melt it.  The 
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evaporation rate of the melted snow from the road is affected by the wind speed and by the difference in vapor pressure between the 

air and the melted snow.  Since the vapor pressure is established by the relative humidity and temperature of the air, and as the road 

surface temperature is usually fixed, the resulting evaporation rate varies with changes in air temperature, and wind speed.  

Convection and radiation loss from the melted snow depends on the film coefficient and the difference in temperature between the 

surface and air.  The film coefficient is just a function of wind speed, and since the road temperature is fixed, convection and 

radiation losses vary with changes in air temperature and wind speed (ASHRAE Handbook, 1995).  Chapman (1952) derives and 

explains equations for the heating requirement of a snow-melting system.  Chapmanand Katunich (1956) derive the general 

equation for the required road heat output (qo) in Btu/h.ft2:  

 

𝑞𝑜  =  𝑞 𝑠 +  𝑞𝑚  +  𝐴𝑟 (𝑞𝑒  +  𝑞ℎ)        (1) 

where qs, qm, Ar, qe, qh are sensible heat transferred to the snow (
𝐵𝑡𝑢

ℎ.𝑓𝑡2
.), heat of fusion  (latent heat flux) (

𝐵𝑡𝑢

ℎ.𝑓𝑡2
.), ratio of snow-free 

area to total area (dimensionless), heat of evaporation  (
𝐵𝑡𝑢

ℎ.𝑓𝑡2
.), and heat transfer by convection and radiation(from snow-free 

surface) (
𝐵𝑡𝑢

ℎ.𝑓𝑡2
.), respectively.    

The sensible heat 𝑞𝑠 to bring the snow to 32 oF is: 

𝑞𝑠  =  𝑠 𝑐𝑝 𝜌 (32 − 𝑡𝑎) / 𝑐1         (2) 

where s, 𝑐𝑝 , ρ, 𝑡𝑎 , 𝑐 1are rate of snowfall (inches of water equivalent per hour), specific heat of snow (0.5 
𝐵𝑡𝑢

𝑙𝑏.℉
), density of water 

equivalent of snow (62.4 lbs/ft3), air temperature (℉) and conversion factor (12 in/ft), respectively. 

For hot water (hydronic) systems, the above reduces to: 

𝑞𝑠  =  2.6 𝑠 (32 − 𝑡𝑎)          (3) 

The heat of fusion qm to melt the snow is: 

𝑞𝑚  =  𝑠ℎ𝑓  𝜌 / 𝑐1          (4) 

Where hf is enthalpy of fusion for water (143.5 Btu/lb). 

For hot water (hydronic) systems, the above reduces to: 

𝑞 𝑚 =  746 𝑠          (5) 

The heat of evaporation qe (mass transfer) is (for hydronic): 

𝑞𝑒  =  ℎ𝑓𝑔 (0.0201 𝑉 +  0.055) (0.188 − 𝑝𝑎𝑣)       (6) 

where hfg, V, pav are heat of evaporation at the film temperature (Btu/lb), wind speed (mph), and vapor pressure of moist air (inches 

of mercury), respectively. 

The heat transfer qh (convection and radiation) is (for hydronic): 

 𝑞ℎ  =  11.4 (0.0201 𝑉 +  0.055) (𝑡𝑓  −  𝑡𝑎)        (7) 

where tf is water film temperature (oF), usually taken as 33oF. 

The solution of the general equation for qo for the required road heat output, requires the simultaneous consideration of all four 

climatic factors: wind speed, air temperature, relative humidity, and rate of snowfall (ASHRAE HANDBOOK, 2011 and John W. 

L,2000). 

 Annual averages or maximums for the climatic factors should not be used because they are most likely not to occur 

simultaneously.  It is thus necessary to investigate the various combinations that might occur at a site, based on several year’s worth 

of data, to determine the critical combination that is most likely to be experienced (ASHRAE Handbook, 1995). 

Design climatic conditions and required weather data are collected as follows: 

3. CLIMATIC CONDITIONS 

The climate in the area is relatively dry, especially during the summer months. 

The site is exposed to severe winter weather, including very high wind speeds of up to 180 km/h.  Winter temperature has been 

measured as low as -30°C.  The barometric pressure is 0.75 bar in site E.  Table 1 shows some climate data on well site. 
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Table 1: Summary of weather data 

 Temperatur

e (°C) 

Relative 

Humidity(%

) 

Precipitatio

n 

(mm) 

Wind 

velocity(km

/hr) Annual 

Average 

 

3.6 52 306 - 

Annual 

average 

maximum 

29 - - 50 

Annual 

average 

minimum 

-30 - - - 

 

3.1 Temperature 

The temperature fluctuations in the project area are large oscillating from -30°C in January to +35°C in June and July.  The average 

monthly temperature in the project area is shown in Figure 20. 

Figure 2.Temperature variation in the project area   Figure 3.Monthly average relative humidity 

 in the project area 

3.2 Humidity 

The humidity in the area is not very high due to high elevation and cold climate.  The annual mean relative humidity in the study 

area is 59.5%.  The monthly average relative humidity in the project area is shown in 03. 

4. DESIGNING THE SNOW MELTING SYSTEM 

On the power plant plan (figure 4) the layout of the plant is shown.  The area which is supposed to be designed for snow melting 

system is hatched. 

 

Figure 4: Power Plant Layout 

Hydronic system design includes selection of the following components: (1) heat transfer fluid, (2) piping, (3) fluid heater, (4) 

pump(s) to circulate the fluid, and (5) controls.  With concrete slabs, thermal stress is also a design consideration. 

The Advanced Snow Melt Control is typically used in medium to large size residential, commercial and industrial areas, building 

entrances, parking ramps and lots, emergency entrances.  Use this control when accurate ice and snow detection is required.  

Ensures energy savings of up to 80% compared to thermostatically controlled systems 
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 In the first step of the designing our system we should choose the level of the system.  We should consider the customer’s intention 

and expectation of the snow melting system to select the correct design criteria level.  There are 3 levels: 

Level 1 Residential 

• Designed to keep the surface completely free of snow 95% of the time 

• Occasional snow or ice buildup may occur 

• Typically 5/8” Pextron tubing with 9” spacing (1/2” for small areas) 

 Common applications: 

• Residential applications 

• Driveways 

• Sidewalks 

• Hot tub areas 

 

Level 2 Residential/Commercial 

• Designed to keep the surface completely free of snow 98% of the time  

• Typical level selection for most cases 

• Typically 5/8” Pextron tubing with 6” or 9” spacing (3/4”for large areas) 

Common applications: 

• Commercial and light commercial applications • Public access areas to buildings 

• Handicapped ramps 

• Commercial stairways 

 

Level 3 Industrial/Critical 

• Designed to keep the surface completely free of snow 99% of the time 

• Advanced Snow Melt Control for sensitivity 

• System must melt snow with no accumulation 

• Typically 5/8” Pextron tubing with 6” spacing (3/4” for large areas) 

• System idling often needed for quick response 

Common applications: 

• Critical applications 

• Hospital emergency ramps 

• Helipads 

• Access areas for emergency vehicles (fire stations, etc.) 

• Areas deemed critical for public safety 

In summary Chapman (1957) classifies snow melting installation according to type as Class I, II or III.  These types are described 

as follows: 

Class I (minimum): residential walks or driveways, interplant ways or paths 

Class II (moderate): commercial sidewalks and driveways; steps of hospitals 

Class III (maximum): toll plazas of highways and ridges; aprons and loading area of airports; hospital emergency entrances. 
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Considering the Client’s expectation our system will be assumed as level 3(Class III). 

 In the second step of the designing we should calculate the Snow melting load. 

 

5. CALCULATING THE SNOW MELTING LOAD 

We use the equation which is mentioned in DESIGN CRITERIA section.  Our data for this project due to the plans and climatic 

conditions are s= 0.24, Cp= 0.5, ρ= 62.4, ta= - 23.8, c1= 12 

So from (2) we have: 

qs= 0.24 × 0.5 × 62.4 × (32-(-23.8) ) /12 

qs= 34.81 

 

Or for hydronic (hot water) (equation (3)) we have: 

qs=2.6 × 0.24  × (32-(-23.8) ) 

qs= 34.81 

 Then we have hf = 143.5 therefore from (4)  we have : 

qm= 0.24 ×143.5 × 62.4 /12 

qm= 179.08 

or for hydronic (hot water) (equation (5)) we have: 

qm= 746 × 0.24 

qm= 179.04 

Also we have values of V and Hfg which are V=111.84, Hfg= 1075.8 Btu/Ibm and for pav we know that  

Ø=pv/pg 

We have Ø=59.5% and pg=0.0062 psia at t=-22oF from the thermodynamic tables therefore we have (1psi=2.036 in Hg): 

Pav=pv=0.595 × 0.0062 × 2.036 

Pav= 0.0075   in Hg 

Therefore from (6) we have: 

qe=1075.8 × (0.201 × 111.84 + 0.055) × (0.188 – Pav) 

qe=4375.85 

And we have tf= 33 so from equation (7): 

qh=11.4(0.0201 × 111.84 + 0.055 ×(33- (-23.8) ) 

qh= 61.24 

We assume that don’t have any snow-free area therefore Ar = 0  so finally from (1) we have: 

 qo = 34.81 + 179.04  

qo = 213.85 Btu/h.ft2 

qo is our the heat output requirement .  These values do not include back and edge heat losses; they must be added to get final heat 

output requirement 

6. BACK AND EDGE HEAT LOSS 

Back and edge heat loss is the percentage of heat lost through the back and edge of the snow melt area.  Back and edge heat losses 

may add up to 40% to the snow melting load, depending on: 

1- Construction, 2- Insulation, 3- Exposure, 4- Operating temperature, 5- Ground temperature 
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By Multiplying the snow melting load (qo) by the adjusting multiplier we can calculate the actual snow melting load.  Most of 

designer companies suggest a multiplier with a value of 1.05 for projects Full Below but No Edge Insulation which is our case.  

Therefore the actual snow melting load will be: 

 qo actual= 213.85 

In the third step of the designing we should calculate the Tube Spacing. 

7. TUBE SPACING 

Decreasing the tube spacing will allow the snow melting system to operate at lower fluid temperatures while meeting the heat 

output requirements.  We choose the following values for spacing: 

Circuit spacing 9 " 

Circuit offset from the wall 3" 

Circuit entry spacing 5" 

8. HEAT TRANSFER FLUID 

Not only because Glycols (ethylene glycol and propylene glycol) are the most popular in snow-melting systems but also because of 

their moderate cost, high specific heat, and low viscosity; ease of corrosion control we choose them as our Heat Transfer Fluid 

Automotive glycols containing silicates are not recommended because they can cause fouling, pump seal wear, fluid gelation, and 

reduced heat transfer.  The piping should be designed for periodic addition of an inhibitor.  Glycols should be tested annually to 

determine any change in reserve alkalinity and freeze protection.  Only inhibitors obtained from the manufacturer of the glycol 

should be added.  Heat exchanger surfaces should be kept below 140°C, which corresponds to about 280 kPa (gage) steam.  

Temperatures above 150°C accelerate deterioration of the inhibitors (ASHRAE Handbook,2009).  We used the 50% Glycol Fluid 

type due to it’s freezing point (about Freezing Point (°F) and our climatic conditions. 

 

 Figure 5.Snow Melting Implementation in Iceland 

9. DESIGNING THE SNOW MELTING SYSTEM WITH LOOP CAD 2013  

We will use the Loop cad 2013 with to design snow melting system and to draw in needed drawings.  Loop cad is an industry 

standard software for the creation of professional circuit layout drawings.  The Professional Edition includes Residential Heat Loss 

Calculations (ASHRAE and CSA options), Hydronic Calculations (temperatures, flows, head losses), Snow Melt Design and Load 

Calculations, 3D CAD Views and OEM Software Add-ons for fully integrated design and quotations features. 

Here are the results of the designing with aforementioned software.  The remaining of the results are in the appendix due to the 

longsome of the results. 

 

mk:@MSITStore:C:/PROGRA~1/Avenir/LOOPCA~1/LoopCAD.chm::/RadiantHeating/Heatloss/ASHRAE_Disclaimer.htm
mk:@MSITStore:C:/PROGRA~1/Avenir/LOOPCA~1/LoopCAD.chm::/RadiantHeating/Heatloss/CSA_Disclaimer.htm
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CONCLUSION 

As it is shown in the results for each case, the required flow rate and source temperature to be supplied is calculated and based on 

our brine it is possible to provide the needed temperature and flow rate for the system.  It should be mentioned that the equipment 

for implementation limit our design.  For example the maximum temperature that can be used in pex al pex tubes is 150 ℉ (or 160) 

or the maximum flow rate of a manifold which can be used is 18 US GPM(or according to some manufacturer 22).  Also total 

length of tubes should be lower than 150 ft.  These recommendations are suggested by some of the snow melting equipment 

manufacturers and it is tried that the design complied with these suggestions. 
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