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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 32°F 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 (q,) in Btu/h.ft*:

Go = qs+ qm + Ay (qe + qn) (D

Btu
where ¢, qu» A:, e, qn are sensible heat transferred to the snow (%.), heat of fusion (latent heat flux) (m.), ratio of snow-free
g Jt

Btu
area to total area (dimensionless), heat of evaporation (hf—z.), and heat transfer by convection and radiation(from snow-free
St

Btu .
surface) (—.), respectively.
h.ft

The sensible heat g to bring the snow to 32 °F is:

s = scpp (32 —ta) /1 @
where s, ¢, p, tq, € qare rate of snowfall (inches of water equivalent per hour), specific heat of snow (0.5 3:;), density of water
equivalent of snow (62.4 Ibs/ft?), air temperature (°F) and conversion factor (12 in/ft), respectively.

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

qs = 2.65(32 — tq) 3)
The heat of fusion g, to melt the snow is:

Gm = shy p/c “
Where h¢is enthalpy of fusion for water (143.5 Btu/Ib).

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

qm= 746s 5)
The heat of evaporation q. (mass transfer) is (for hydronic):

Ge = hyg (0.0201V + 0.055) (0.188 — pgy) (6)

where hg, V, p,, 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 gy, (convection and radiation) is (for hydronic):

qn = 11.4(0.0201V + 0.055) (tf — tg) 7
where tis water film temperature (°F), usually taken as 33°F.
The solution of the general equation for q, 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 Relative Precipitatio Wind
e (°C) Humiditv(% n velocity(km

Annual 3.6 52 306 -
Average

Annual 29 - - 50
average

Annual -30 - - -
average

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.
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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.
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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 (3/4for 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, C,= 0.5, p= 62.4, t,;= - 23.8, ¢;= 12

So from (2) we have:
qs=0.24 x 0.5 x 62.4 x (32-(-23.8) ) /12

qs= 34.81

Or for hydronic (hot water) (equation (3)) we have:
qs=2.6 X 0.24 x (32-(-23.8))
qs=34.81
Then we have hy= 143.5 therefore from (4) we have :
m=0.24 x143.5 x 62.4 /12
qm=179.08
or for hydronic (hot water) (equation (5)) we have:
qm= 746 x 0.24
qm=179.04
Also we have values of V and Hyg, which are V=111.84, Hg= 1075.8 Btu/Ibm and for p,, we know that
O=py/pg
We have @=59.5% and p,=0.0062 psia at t=-22°F from the thermodynamic tables therefore we have (1psi=2.036 in Hg):
P.=p,=0.595 x 0.0062 x 2.036
P,=0.0075 inHg
Therefore from (6) we have:
q.=1075.8 x (0.201 x 111.84 + 0.055) x (0.188 — P,,)
q.=4375.85
And we have t= 33 so from equation (7):
qv=11.4(0.0201 x 111.84 +0.055 x(33- (-23.8) )
qi=1061.24
We assume that don’t have any snow-free area therefore A, =0 so finally from (1) we have:
qo=34.81+179.04
qo=213.85 Btu/h.ft2

q, 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 (q,) 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:

o 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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Snow Melt System Design Report

Project 553123
Decemier 7, 2013

Project Information

Prjects 553123
Hame: SMWe Sabalan Geomermal Pliot Power Plant
Location: ‘Zapalan Andebll

Mobes:

Design Conditiens and Summary

Load Calouiasion Method Maruy Total Tubing Lengths: Taotl Snow Melt Load 3,333,550 Bmmr
Fluld Type: 50% Fropyiens Ghel WiggaFEX Sarmer 2247 1t
Total Flowrate: 254.7 WIGPM iz (Coll)
Max. Head Loss: 2430 fwaker
Design Temp. Drog: o F Tatal Clruits: &1
Total Area: 15,098 o Tatal Manffaidz: =
Total Tubing Valume: 20652 UG
Giycol Vokume (50%): 10345 U2G
Snow Melt System Design
Snow Melt
Total Area 1.zE0m Tuzirg: WisgaPEX Bamier Design Load 235,248 Bwhr
Heated Area: 1,380 1 Uz (cail) Downward Loss: 14,762 Btumr
Comstructicn: Snow Mait - Concrets Tietal Crruls L Tokal Heat Load: 30011 Bmwhr
Sian Dapth: s Ang. Gircult Lergeh: 145 ® {User Specified Load)
Tetal Length 1305 &
Ang. Tube Spacng: 2 In
Min Supely Tem: 118 °F

See end of report for important Motes and Disclaimers.

CONCLUSION

Page 1 af 14

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 °F (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.



Najafabadi, Sarikhani and Radmehr

ACKNOWLEDGEMENTS
We would like to thank Mr. I. Ghaderi and Dr. S. Porkhial one for their assistance most sincerely.

REFERENCES
John W. L: PAVEMENT SNOW MELTING (2000)

ASHRAE Handbook,. Heating, Ventilating, and Air-Conditioning Applications, Chapter 46 Snow Melting, American Society of
Heating, Refrigerating and Air-Conditioning Engineers, Inc., Atlanta, GA(1995)

ASHRAE Handbook, Fundamentals (2009)
ASHRAE HANDBOOK, HVAC Applications (2011)

APPENDIX
Hame-Shie Sabalan Geothermal Pllol Power Plamt Snow Melt Syg,tgm Degign Rgmrt
Project#:353123 Decemoer 7, 2013
Snow Melt
Total Amea 1,378 Tubirg: VisgaPEX Barrier Design Load: Btwhr
Heated Anea: 1,37TEME 1™ il Downaard Loss: Bfuhr
Comstruction: Smow Meit - Concrets Total Circuts 18 Toksl Heat Liosd: Bhuhr
Slab Dapth: 3.8In Awg. Clrcult Lergth: 133 ® [User Spectied Load)
Tokal Length 1972 &
Avg. Tube Spachg: E In
Min Supply Temn: 117 "F
Snow Melt
Total Area 1,220 Tubing: ViegaPEX Eamier Design Load: 0,883
Heated Anea: 1,2201F 1427 {Call} Downward Loss: 13,043
ComsruCton: Srow Mait - Concrets Tezal Srouts 14 Toral Heat Load: 273,306 Emahr
Siab Dapth: 3.8n Awg. Clrcult Length: 133 ® [User Spectisd Load)
Tickal Length 1742 ®
Avg. Tube Epacing: B In
Min Supply Temp: 1T °F
Snow Melt
Total Area 1075 Tukbing: ViegaPEX Earrier Design Load: 228,948 Biuhr
Heated Area: 10701 1027 (Cil) Dowmaard Loss: 11,447 Btwhr
Comsiruction: Srscw Meit - Concrete Total Srruks 12 Tiokal Heat Lioad: 240,354 Stuhr
Slab Depih: 3.5In Awvg. Circult Length: 13 ® {User Spectied Load]
Total Lengih 1,518 ®
Avg. Tube Epachg: E In
Min Supply Temp: 118 °F
Snow Melt
Total Area 1,07=1 Tubing: ViegaPEX Eamier Design Load: 25,856 Biuthr
Heated Anea: 107S 1427 (| Gl Dowrmaard Loss: 11,455 BStumr
Comsruction: Srow Meit - Concrets Total Grouts 2 Tokal Heat Load: 241,351 Btuhr
Siab Depth: 280n Avg. Clrcult Lengeh: 134 [User Specified Load)
Tokal Length 1,500 =
Avg. Tube Spacing: 5 In
Min Supply Temn: 113 "F
See end of report for important Notes and Disclaimers. Fage2ofia
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Mame:ShWe Sabalan Geothermal Mot Power Pant Snow Melt System Design Report
Pmject #353123 December 7, 2013
Snow Melt
Total Areac 1,511 Tubing: ViegaPEX Eamier Design Load: 323,256 Btuhr
Heated Area: 1,511 1 coily Dowmward Loss: 15,183 Smhr
Consfruction: ncw Meit - Concrets Tokal Crouks: & Total Heat Load: 333,415 Stuhr
Slab Depth: 3.5In Awg. Clrcult Lengeh: 142 ® Usar Spectied Load)
Total Length: 2115 7
Avg. Tube Spacing: % In
Min Supply Temp: 119 *F
Snow Melt
Total Areac 1729 Tubing: VisgaPEX Earrizr Deslgn Load: 359,833 Buhr
Heated Area: 1,725 127 (ol Dowmsard Loss: 18,452 Stwhr
ComsTuction: Sncw Mait - Concrete Total Srcuks: ie Total Heat Load: 358,325 Smmr
Siah Depth: 35m Avg. Clrcult Lengeh: 143 ® [User Spectied Load)
Tokal Length: 2377 ®
Avg. Tube Spacing: % In
Min Suppiy Temp: 118 "F
Snow Melt
Total Areac 1,742 1 Tubing: ViagaPEX Bamier Design Load: 372,574 Smmr
Heated Area: 1,742 12 (Gl Downward Loss: 18,629 Stuhr
Construction: Srcw Meit - Concrete Total Crouks: 18 Total Heat Load: 331,202 Swhr
Slab Depth: 3810 Mg, Clrcult Lengeth: 188 = ser Specified Load)
Total Length: 2438 ®
Avg. Tube Epacing: 5 In
Min Suppiy Temp: 118 *F
Snow Melt
Total Area: 1,337 Tubing: Vi=gaPEX Eamier Design Load: 25,851 Swuhr
HEated Ares: 1,337 12 (Gl Downaard Loss: 14,285 Swmhr
Construction: o Meit - Concrete Total CrcuRs: 14 Tokal Heat Load: 300,185 Smuhr
Slab Depth: 3.5In Awg. Clrcult Lengeh: 141 ® sy Sperfied Load)
Tofal Lengthc 1,838 &
Avg. Tube Spacing: % In
MWin Supply Temp: 118 *F
See end of report for important Motes and Disclaimers. Page 3of 14
MameShine Sabalan Geothenmal Pllot Power Plant Snow Melt System Design Report
Project £553123 December 7, 2013
Snow Melt
Total Areac 1,391 Tubing: ViegaPEX Bamier Design Load: 257,588 Buhr
Heated Area: 1,380 1 27 il Dowrmaard Loss: 14,578 Btwhr
Consiruction: o Meit - Concrete Total Crouls: 14 Tokal Heat Load: 312468 Stuhr
Siab Depth: ER-10] Avg. Circult Lengeh: 145 o [User Speciisd Load)
Total Length: 1,882 =
Avg. Tube Spacing: % In
Min Suppiy Temp: 113 °F
Snow Melt
Total Area: 1,232 Tubing: ViegaPEX Eamier Design Load: 2E35TE Btuwhr
Heated Anea: 1,232 127 (Sl Dowrnaard Loss: 13,178 Btwhr
Comsfruction: Snow Mait - Concrete Total CruRs: 2 Total Heat Load: 278,757 Bmuhr
Ziab Dagth: 35 Avg. Clrcult Lengeh: 138 = [User Spectfisd Load)
Tokal Length: 1,667 &
Avg. Tube Spacing: 5 In
Min Supply Temp: 119 F
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Mame:Shiie Sabalan Geothemmial Filot Powsr Pant

Project %:553123

Snow Melt System Design Report

Decamber 7, 2013

Manifold Summary

Manifold Name #Clrcuits | Flowrals | Head Loss | Requirsd | Supplied | Max Tamp. Manifold Type
Tamp. Temp. Drop
Manitoid 1 7 1002 19.2 "7 113 EL Stainiess Stesl - Shut
OmSalancing, 1-1147
Manifoid 2 3 1327 208 116 113 31 Stalniess Stesl - Snut
OmSalancing, 1-1447
Manitoid 3 k] 14.69 243 118 113 E Stainiess Stesl - Shut
OffSalancing, 1-1/4”
Manitoid £ k] 14.54 247 118 113 E Stainiess Stesl - Shut
OmSalancing, 1-1447
Manifoid 5 [ 563 248 7 113 3 Stainiess Stes! - Shut
OffBalancing, 1-1/4”
Manitoid 5 [ 565 242 118 113 EL Stainiess Stesl - Shut
OffSalandng, 1-1447
Marifoid 7 & 10u1a 264 118 113 3 Stainiess Stesl - Shut
OffBalancing, 1-1/4”
Manifoid 3 a 1265 25 7 113 3 Stainiess Stesl - Shut
OmSalancing, 1-1147
Marifoid 3 & E&1 258 119 113 30 Stainiess Stesl - Shut
OmEalancing, 1-147
Marifoid 10 a 1250 235 119 113 3 Stainless Stesl - Shut
OmSalancing, 1-1147
Manitoid 11 [ 555 232 118 113 30 Stainiess Stesl - Snut
OmSalancing, 1-1147
Marifoid 12 7 1004 135 7 113 3 Stainless Stesl - Shut
OffSalancing, 1-1/4”
Manitoid 13 7 10.58 234 17 113 31 Stalniess Stesl - Snut
OmSalancing, 1-1147
Manitoid 14 [ = 253 118 113 EL StEiniess Stesl - St
OffBalancing, 1-1/4”
Manitoid 15 [ 855 233 "7 113 EL Stainiess Stesl - Shut
OmSalancing, 1-1147
Marifoid 1€ 7 11.65 256 118 113 30 Siainiess Stesl - Shut
OffBalancing, 1-1/4”
Manitoid 17 7 11.68 256 118 113 E Stainiess Stesl - Shut
OffBalancing, 1-144”
Marifoid 16 7 11.43 247 118 113 30 Stainiess Stesl - Shut
OmSalancing, 1-147
See end of report for important Motes and Disclaimers. Pagecof 14
WamesShANe Sabalan Geothemmal Mot Power Mant Snow Melt System Design Report
Project #:553123 Decemper 7, 2013
Marifoid 15 7 1116 3.3 118 119 30 Siainiess Siesal - Shut
OffSalancing, 1-1.47
Manifoid 20 7 11.55 247 112 113 30 Stainless Stesl - Shut
OffBalancing, 1-1.4"
Manioid 21 7 1195 26.6 118 119 3 Stainiess Siesl - Shut
OifSalancing, 1-1/4"
Marifoid 22 7 11.24 . 119 113 30 Stainiess Stesl - Shut
OifSalancing, 1-1/4"
ManiToid 23 5] 2.59 23 118 119 Y Stainiess Siesl - Shut
OffBalancing, 1-1.4"
Total 151 254.67 26.6 119 - - -
Tubing Circuit Details
Manifold 1
Clrcult Arsas Served Total Tube Anea Tuling Flowrata Head Temp Load
Lengtn Spacing Coversd Logs Drop
A-120 Snow Mt 127 & B2 ViegaPEX Barmer 1/27 {Coll) 1.3 13.E 3 (31) 1E.428
A-121 Snow Meit 135 5 =] ViegaPEx Barmer 1/2° {Coll) 1.51 17.1 3 (31) 20,109
A-122 SN0oW Mt 124 9 B2 ViegaPEX Bamer 1/27 (Coll) 1.3 13.4 30 [31) 16,428
A-123 SNOW Mt 123 9 BS ViegaPeX Bamer 1/27 (Coll) 1.43 148 30 [31) 15,015
A-124 Snow Mt 126 9 B3 ViegaPEX Bamer 1/27 (Coll) 1.40 13.B 30 [31) 18574
A-125 ‘Snow Mt 1356 9 B9 ViegaPEX Barmer 1/27 (Coll) 1.50 15.8 30 [31) 19,5892
A-125 SNOoW Mt 131 9 B3 ViegaPtX Bamer 1127 (Coll) 1.41 2.5 30 [31) 16,725
Total - ooa 583 - 10.02 17.1 133,171
= M besic for il Bibing ofly
See end of report for important Motes and Disclaimers. Page € of 14
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Hame-SkiWe Sabalan Geothermal Pllot Power Plant

Najafabadi, Sarikhani and Radmehr

Snow Melt System Design Report

Pmojact #:353123 December 7, 2013
Manifold 2
CIncult (Areas Serded Total Tubg Ared Tubing FlowTata Head Tamp Load
Lemgin Spacing Coversd Loss Drop
A1 Snow Misit 144 £ & ViegaPEX Barmer 1127 {Coll) 1.54 13.E 0 (3) 20,522
A2 Snoaw Mt 140 5 50 WiegaPTx Bamer 1727 {Col) 1.53 13.0 ETEL] 20,235
A3 Snow Mt 137 9 88 WiegaPEx Bamer 172" {Coll) 1.51 17.2 (3 20,057
Al Snoay Misit 135 9 BE 1.49 15.5 = (31) 15,524
A-S Snow Meit 132 5 BT 1.47 155 1 (31) 158,591
laa] Snow Mt 131 9 B6 1.45 15.5 (3 18,355
AT Snow Meit 13 E, BS 1.44 15.1 H[3) 158,126
AS Snow Mt 131 9 B4 1.42 148 (31 16,533
A0 Snow Misit Lk £ E3 1.40 145 0 (3) 1E,651
Toial - 1,212 TBS - 13.27 13.6 176,321
= i b Fo el fubing ey
Manifold 3
Clrcult (Areas Served Total Tubsg Ares Tubing Flowrats Head Temp Load
Length Spacing Coversd Log= Drop
A-11 Snow Ml 145 9 =] VisgarEx Bamer 1127 1.61 20.3 3 (307 21,332
A-12 [ Snow Misit 146 £ ] ViegaPEX Bamier 112 1.65 5 30 (300 21,958
A-13 Snoaw Mt 143 5 5] WiegaPtX Bamer 12 1.63 204 30 (30 21,602
A-14 Snow Mt 143 9 57 ViegaPEx Bamer 112 1.63 20.5 EA e 21,688
A-15 Snow Mieit 141 = ] 1.62 2.0 30 [30) 21,458
A-1G Snow Mieit 133 5 B 1.58 19.0 0 (30 21,087
A-17 Snow Mt 145 9 58 WiegaPEx Bamer 172" {Coll) 1.66 216 (3 22108
A-18 Snow Meit 142 E, a7 WiegaPEx Bamer 112" {Coll) 1.64 2.7 3 (30 21,734
A-13 Snow Ml 147 9 99 VisgaPEx Bamer 1727 (Coll) 1.67 =0 3 (307 22,142
Toital - 1,283 868 - 14.69 =0 185,192
= M boss for deeuil bing ooy
See end of report for important Motes and Disclaimers. Page Tof 14
Name-ShiWe Sabalan Geothermal Pllol Power Pant Snow Melt System Design Report
Project #:553123 December 7, 2013
Manifold 4
[EL=TH Ereas Served Toid Tube Erea Tubing Flowrats Head Temp Load
Length Spacing Caoversd Loss* Drop
A-20 Enow Meit 142 B o5 ViegaP=x Barmier 112 |Col) 1.60 138 =0 [30) 21,278
A1z Enow Wit 143 B B Wiegarex Barner 112 (Col) 161 =00 30 [30) 21,572
A-123 Snow Meit 144 B 55 iegaP=X Bamer 127 (Col) 1.65 211 0 [30) 21,5915
A-123 Snow Mieit 140 B 54 Wi2gaPEX Bammer 1127 (Col) 1.58 13.2 0 [30) 21,175
A-130 Snow Wit 142 B B ViegaP=x Bammer 1127 (Col) 1.62 0.1 ETED] 21,542
A-131 Enow Meit 147 B = WegaPEX Barer 1127 (Col) 1.68 2.3 30 (30) 232 344
E=ES Sniow Meit 133 B 52 iegaP=X Bamer 1127 (Col) 1.56 18.5 0 [30) 20,756
A-133 Snow Meit 147 B 55 ViegaP=x Barmer 1127 (Col) 1.65 216 0 (30) 21,532
A-123 Snow Mieit 141 B 53 WiegaPEX Bammer 1127 (Col) 1.57 13.8 0 [30) 20,504
Total - 1,285 560 - 14.54 =23 183,133
T Head kus Mo croull tubing onfy
Manifold 3
Clircult Areas Served Tota Tube Area Tubing Flowrats Head Temp Load
Length Spacing Coversd Loss Drop
A-10 Snow Mieit 145 B 85 Wi2gaPEX Bammer 1127 (Col) 1.61 20.3 0 [31) 21,340
=3 Enow Meit 143 B = WegaPEX Barer 1127 (Col) 1.67 2.4 30 (31) 232 237
== B 135 B B Wiegarcx, Barner 112 (ol = 25 30 (3] 21,556
A23 Snow Meit 142 B S iegaP=X Bamer 127 (Col) 1.61 135 0 [31) 21,396
A-2a Snow Mieit 133 B 53 WiegaPEX Bamer 1127 (ol 1.5 13.8 0 (31) 20,958
A28 Snow Mieit 140 B 53 WiegaPEX Bammer 1127 (Col) 1.57 18.8 0 [31) 20,538
Toal E ES1 573 - ) 2.4 128,735
T Head kus Mo croull tubing onfy
Manifold &
Circut Areas Served Tota Tube Area Tubing Flowrats Head Temp Load
Length Spacing Caoversd Loss* Drop
AZs ErE 140 B 5 ViEgaPTH, Barmer 112 (ol ] 8.7 ETEL] 20,793
=3 Enow Meit 137 B Bl WegaPEX Barer 1127 (Col) 1.53 176 30 (31) 20,346
= Snow Meit 147 B =) iegaP=X Bamer 127 (Col) 1.67 215 0 [31) 22 152
=] B 741 B ES ViegartH Barmer 12 |Col] = =01 e 21,555
A-30 Snow Mieit 143 B 57 WiegaPEX Bammer 1127 (Col) 1.64 20.6 0 [30) 21,752
=1 Enow Meit 143 B 3 WiegaPEX Barer 1127 (Col) 1.63 0.4 30 (30) 21,653
Toal E ESO 571 - 265 21.5 128,251
T Head kus Mo croull tubing onfy
See end of report for important Motes and Disclaimers. FPage B af i
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Najafabadi, Sarikhani and Radmehr

HName-She Sabalan Ceothermial Pllot Powear Piamt

Snow Melt System Design Report
Diecember

Projact #553123 T7.2013
Manifold 7
ELETH Areas Served Total Tube s Tulbdng Flowrats Head Temp Load
Length Spacing Coversd Loss Drop
[(A-32 Snow hsit 43 9 103 WiegaPEX Barmer 1127 {Coll} 1.74 3.5 30 (30 23,082
433 Snow Mt 143 o 100 WiegaPEx Bamer 172" (Coll) 1.69 226 0 (31) 22,490
432 Snow et 143 o 101 WiegaPEx Bamer 1727 (Coll) 1.71 231 30 (31) 22653
| A-35 Snow heit 143 o 104 WiegaPEx Barier 1127 (Coll) 1.71 232 0 (31) 22,656
[(A-dE Snow hsit 143 £l ES WiegaPEx Barmier 1127 {Coll) 1.60 13.5 30 (31) 21,321
| 4-23 SO Mt 143 o 55 WiagaPEx Bamer 172 (Coll) 1.65 30 (31) 21,924
| Toeal - BS7 507 - 10.10 134,147
[T ——
Manifold &
[ Clrcult Areas Senvad Total Tube e Tulng Flowrats Head Temp Load
Length Spacing Coversd Loss™ Drop
| A-35 SO Mt 145 o 25 WiagaPEx Bamer 172 (Coll) 1.60 203 30 (31) 21,286
| A-37 Sniow Mt 143 o o4 WViagaPEx Bamer 1/2° (Coll) 1.58 19.5 0 (31) 21,025
== Snow hsit 140 £l £ WiegaPEx Barmier 1127 {Coll) 157 137 30 (31) 20,5613
| A-33 Snowe Mt 141 o 25 WiagaPEx Bamer 172" (Coll) 1.60 19.7 F0(31) 21,316
A-40 Snow et 138 o 23 WiegaPEx Bamer 1727 (Coll) 1.57 185 30 (31) 20,813
221 B 133 o o2 WiagaPEx Bamer 1727 (Coll) 1.55 13.1 0 (31) 20,577
Snowe Mt 142 o S WiegaPEx Bamer 112" (Coll) 1.59 19.4 0 (31) 21,092
443 Snow Mt 143 o o4 MiegaPEx Barmer 1727 {Coll) 1.59 19.6 30 (31) 21,112
ToEl - 1,130 745 - 1265 203 168,058
BT T ———
Manifold 9
ELETH AreEs Semied Total Tube Emec Tulkng Flowrans Head Temp Load
Length Spacing Coversd Loss™ Drop
| A-72 Snow et =] o Ll WiegaPEx Bamer 1727 (Coll) 018 02 30 (30 413
(273 B 143 o 101 WiagaPEx Bamer 1727 (Coll) 1.71 23.3 ] 22776
[(A-TS Snow hsit 43 9 10 WiegaPEX Barmer 1127 {Coll} 1.7 3.0 30 (30 22,674
| A-T5 SO Mt 143 o 100 WiagaPEx Bamer 172 (Coll) 1.69 226 30 (30 22,434
A-134 B 143 o 09 WiagaPEx Bamer 1727 (Coll) 1.67 21 30 (30) 22,134
| A-135 Snow heit 143 o Ll WiegaPEx Barier 1127 (Coll) 1.65 27 30 (30 21,554
[ Tosal - 763 510 - 8.61 23.3 114,450
See end of report for important Motes and Disclaimers. Fagaafis
Namec5hWe Sabalan Geothesal Pllot Power Plant Snow Melt System Design Report
Project#:553123 Decemper 7, 2013
Manifold 10
[Clncult Lreas Servad Total Tube Area Flowrata Head Temp Load
Lengtn Spacing Coverad Loss™ Drop
A-4s ‘Enow Meit 142 O o5 1.60 20.0 =0 (31) 21,282
A5 B 140 9 53 1.57 13.E 0 [(31) 20,675
A4S ‘Enow Meit 145 O oF 1.65 21.1 =0 (31) 21,5350
A-dT Snow Meit 141 o ] 1.62 20.0 0 (31) 21,483
A-S0 B 137 9 S 1.57 13.8 20 [30) 20,905
A-S1 Snow Meit 140 o oF 1.654 20.2 =0 (300 21,767
A-S2 SroW Misit 145 o 56 1.63 20.9 30 (31) 21,658
A-S3 Snow Meit 147 o ] 1.62 20.8 0 (31) 21,438
Total - 1,140 TE3 - 1290 21.1 171,361
= Hoad ko for dicul lubing only
Manifold 11
Clrcult Areas Servad Total Tuba Area Tubing Flowrats Haad Tamp Load
Length Spacing Coverad Loss™ Drop
A-136 Snow Mieit 145 9 En WegaPex Barmer 1727 {Coll) 1.63 20.9 0 (30 21,718
A-137 ‘Enow Meit 142 O e 1.62 0.1 =0 (300 21,475
A-144 Snow et 13 L, &5 1.60 183 30 (30) 21,735
A-125 Enow Meit 138 O 53 1.55 18.E =0 (30) 20,535
A-145 Snow Meit 13 o 52 1.56 18.4 =0 (300 20,756
A-147 ‘Snow Mt 140 9 53 1.57 13.E =0 (30 20,674
Todal - B2 366 256 20.5 127,350
= Haad lotd for Gecil lubing ofly
Manifold 12
[EL=T Areas Seriad Total Tube Area FlowTats Haad Temp Lioad
Length Spacing Coverad Loss Drop
A58 Snow Meit 116 o T4 1.25 10.5 0 (31) 16,534
A-S3 Snow Mieit 123 9 ES 1.43 145 30 [31) 15,048
A0 ‘Enow Meit 136 O S0 1.82 7.3 =0 (31) 20,245
A1 Snow Misit 130 o ET 1.47 157 30 (31) 18,543
A2 Enow Meit 131 O By 1.45 15.6 =0 (31) 15,423
A3 Snow et 132 L, ES 145 15.5 30 (31) 18,322
AEd ‘Snow Mt 132 9 ES WegaPex Barmer 1727 (Coll) 1.44 154 0 [(31) 15,135
Todal - s07 354 - 10.04 17.3 133,387
= Hoad koo for dicul lubing only
See end of report for important Notes and Disclaimers. Fage 10 of 14
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Najafabadi, Sarikhani and Radmehr

Name:Shiie Sabalan Geothermal Pilot Power Fant Snow Melt System Design Report
Projact #:553123 Decemer 7, 2013
Manifold 12
CIncult AreEs Senvad Total Tubs Ared Tubing Flowrata Head Tamp Load
Length Spacing Coverad Loga™ Drop
A-ES Snow Meit 137 z =] WiegaPEX Bammer 102" (Coll) 1.50 17.0 3 31) 18,535
A-E5 ‘SNOoW Misit 132 E B& ViagaPEx Bamer 112" {Coll) 1.45 155 3 31) 18,314
AT ‘Snow Mieit i= z B4 WiegaPEX Bamer 127 [Coll) 1.42 146 33 1E,53E
A58 Snow Meit 132 z Br WiegaPEX Bamer 1:2° (Coll) 1.47 16.0 3 31) 15,534
A ‘Snow Mieit 137 E ] ViegaPEX Bammer 112" {Coll) 1.5 176 331 20,231
A-T0 Snow Meit 143 z 23 WiegaPEX Bammer 102" (Coll) 1.58 185 3 31) 20,938
A-T1 Snow Melt 143 9 ) ViegaPEX Bamer 162" (Coll) 1.62 212 2 (31) 21538
Todal - =] 626 - 10.53 2.2 140,515
= Hiad foah fowr el uibing only
Manifold 14
CIncult AreEs Senvad Total Tubs Ared Tubing Flowrata Head Tamp Load
Length Spacing Coverad Loga™ Drop
A-145 Snow Meit ] z 1 WiegaPEX Bamer 1:2° (Coll) a.1s 02 30 (30) 2 468
A-150 ‘SO Meit 143 9 100 WiegaPEx Bamer 1127 (Coll) 1.69 225 3 (31) 22504
A-151 ‘Snow Mieit 143 z 100 ViegaPEX Barmier 112" {Coll) 1.68 prae R 33 22477
A-152 Snow Meit 143 z == WiegaPEX Bammer 102" (Coll) 1.67 5 3 31) 22 241
A-153 ‘Snow Mieit 143 E = ViegaPEX Bammer 112" {Coll) 1.66 20 331 22,006
A-154 Snow Meit 143 z -rs WiegaPEX Bammer 102" (Coll) 1.64 ME 3 31) 21,770
Total - 763 a5 - a5 225 112,456
= e b for ersuil Bibing ok
Manifold 15
\Clncuil Areas Served Total Tube Area Tubing Flowrate Head Temp Load
Length Spacing Coversd Loss™ Drop
A-155 ‘SNoW Misit 146 I == ViagaPEx Bamer 112" {Coll) 1.63 1.0 3 31) 21,668
A-156 Snow Meit 144 z = WiegaPEX Bamer 1:2° (Coll) 1.62 204 30 (31) 21478
A-157 ‘SO Meit 4 9 ES WiegaPE=x Bamer 1127 (Coll) 1.60 19.6 30 [31) 21243
A-158 ‘Snow Mieit 140 z =4 ViegaPEX Barmier 112" {Coll) 1.5 1a.1 33 21,007
A-153 Snow Meit 140 z 23 WiegaPEX Bammer 102" (Coll) 1.56 187 3 31) 20,771
A-180 ‘SNOoW Misit 141 E &z ViagaPEx Bamer 112" {Coll) 1.56 18.8 3 31) 20,708
Total - B53 SE5 - 9.5 20 126,875

 Humind b foor clvcuil tubdng orly

See end of report for important Motes and Disclaimers. Page 11 of 14
Namez5iWe Sabalan Geothermal Pilot Power Plant Snow Melt System Design Report
Pmject#553123 December 7, 2013
Manifold 16
Clrcult Areas Serdad Total Tubs Area Tubing Flowrats Head Temp Load

Length Spacing Coversd Loes*™ Drop
ADd Snow Misit 140 5 B4 WiegaPTx Barrier 112" {Coll) 1.58 132 3 21,101
A-GS Snow Mieit 145 5 100 WiegaP=x Barrier 1727 {Coll) 1.68 2.1 (3 22347
AST 'SNoW Misit 144 g 5} WiegaPEx Barrier 112" (Coll) 1.67 214 303 22123
A-133 'SNow Misit 143 g 5E ViegaPEX Barrer 172" {Coll) 1.65 21.0 30 (30 21,956
A-13 ‘SNoW Mieit 145 g L] ViegaPEX Barrer 172" {Coll) 1.65 2210 30 [30) 2223
A-140 Snow Misit 149 £ 101 ViegaPEX Barrer 1727 {Coll) 1.7 32 30(30) 22 BG5S
A-141 Snow Mieit 143 9 100 ViegaPEx Barrier 112" {Coll) 1.68 226 3030 22351
Toial - 1,015 688 - 11.65 232 154,336
= Hiid o fof Sreull lubing ofly
Manifold 17
Clrcult Areas Servad Total Tubsg Area Tubing Flowrata Head Temp Load
Length Spacing Coverad Losst Drop
AT Snow Misit 143 5 =] WiegaPTx Barrier 112" {Coll) 1.62 204 3 21,545
A-Ta Snow Mieit 143 5 99 WiegaPTx Barrier 1727 {Coll) 1.67 216 EaTE ] 22147
A-T3 SNowW Misit 142 9 99 VisgarEx Barmer 1727 {Coll) 1.67 214 30 [30) 22148
A-Sil 'SNow Misit 144 g w9 ViegaPEx Barrier 112" (Coll) 1.67 214 3030 22148
A-g1 ‘SNoW Mieit 145 g L] ViegaPEX Barrer 172" {Coll) 1.67 216 30 [30) 22148
A2 'SNow Misit 149 g 101 ViegaPEX Barrer 112" {Coll) 1.71 232 30 (30) 22683
A-E3 Snow Misit 149 = 100 ViegaPEX Barrer 112" {Coll) 1.68 .5 30 (30) 23,354
Toial - 1,018 (] - 11.68 232 186,175
= b for deeuil tibing ooy
Manifold 18
Clrcult Areas Servad Total Tube Area Tubing Flowrata Heaad Temp Load
Length spacing Coverad Loes*™ Drop
A-SS ‘Snow Misit 148 9 99 ViegaPEX Barrer 1127 {Coll) 1.67 =0 030 22124
A-E8 Snow Mieit 135 9 o ViegaPEx Barrer 1727 {Coll) 1.5 17.5 (30 20,406
A-Ta Snow Mieit 47 5 100 WiegaPTx Barrier 112" {Coll) 1.68 =3 (3 22,395
A-S] 'SNoW Misit 142 g - WiegaPEx Barrier 112" (Coll) 1.6 206 303 21,799
A0 ‘SNoW Mieit 141 g 3 ViegaPEx Barmer 1127 (Coll) 1.62 200 30 [30) 21,554
A2 'SNow Misit 144 g 5E ViegaPEX Barrer 172" {Coll) 1.65 21.1 30 (30 21,951
A-03 Snow Misit 143 = &7 ViegaPEX Barrer 162" {Coll) 1.63 .5 30 (30) 21,676
Total - oo a7 - 11.43 23 151,907
= M bk fior cFeiil tibdng oy
See end of report for important Notes and Disclaimers. Page 12 of 14
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Najafabadi, Sarikhani and Radmehr

Mame:Shie Sabalan Geothemmal ot Powar Pt Snow Melt System Design Report
Prject #353123 Decemier 7, 2013
Manifold 19
[Circult Areas Sarved Total Tube Area Tubing Flowrats Haad Temp Linad
Length Spacing Coversd Loes™ Drop
A0 | Snow Misit 138 o 24 ViegaPEX Bamier 1127 [Coll) 1.8 13.0 (30 21,112
== [Snow Mieit 143 E Enl ViegaPEX Bamer 1027 [Coll) 163 206 30(30) 21,632
| A-05 | Snow Mieit 13 9 24 ViegaPEX Bamer 127 |Coll) 1.60 19.2 30(30) 21222
(A-114 [Snow Meit 143 9 568 ViegaPEx Bamer 12" |Coll) 1.65 205 30(30) 21,941
[(A-115 [Snow Mieit 13 E Ex] ‘ViegaPEX Bamer 1:2° |Coll) 1.57 13.3 30(30) 20,835
A-115 Snow Misit 143 9 24 ViegaPEX Bamer 12" |Coll) 1.60 19.3 30(30) 21,208
(A-117 | Snow Misit 135 9 50 ViegaPEX Bamer 1:2° [Coll) 1.53 17.4 3030 20,268
Todal - 573 G360 - 1116 20.5 145,278
= Haidd o for cizisl libing only
Manifold 20
(Clrcult Areas Served Total Tube Area Tubing Flowrats Head Temg Load
Length spacing Coversd Loas™ Drop
| A-05 | Snow Mieit 140 9 55 ViegaPEX Bamer 127 |Coll) 1.60 19.5 30(30) 21,269
=i [Sniow Misit 133 o 25 ‘ViegaPEX Bamier 102" (Col) 1.61 13.4 (3] 21,383
A58 | Snow Misit 145 o 101 ‘ViegaPEX Bamier 112" (Col) 1.70 23 (30 22605
=] | Snow Misit 143 E ==l ViegaPEX Bamer 1:2° |Coll) 1.68 26 30(30) 2231
(A-100 | Snow Misit 140 o 7 ViegaPEX Bamier 112" [Coll) 1.65 20.5 (3] 21,878
A-101 | Snow Misit 143 o 56 ‘ViegaPEX Bamier 112" (Col) 1.66 212 (30 22097
A-102 | Snow Miit 143 9 56 ViegaPEx Bamer 102" (Coll) 1.66 21.1 30 22.000
Total - 593 684 - 11.56 =23 153,552
= Fimad ious for el iibing oely
Manifold 21
ELET Areas Senved Total Tubs Area Tubing Flowrats Head Temp Lixad
Length Spacing Coverad Loss™ Drop
A-103 | Snow Misit 14 o 56 ‘ViegaPEX Bamier 112" (Col) 1.66 212 (30 22026
[(A-104 [Snow Meit 143 E) 102 ViegaPEx Bamer 12" |Col) 1.73 236 30(30) 22939
(A-105 | Snow Misit 148 o 102 ViegaPEX Bamier 1127 [Coll) 1.73 234 0 (30) 22933
(4113 | Snow Misit 145 o 101 ViegaPEX Bamier 1127 [Coll) 1.71 227 (30 22688
(A-119 [Snow Mieit 143 E] 103 ViegaPEx Bamer 1:2° |Col) 1.74 241 30(30) 23,171
(A-142 [Snow Meit 145 9 101 ViegaPEx Bamer 12" |Coll) 1.70 226 30(30) 22627
A-153 | Snow Miit 148 o 100 ViegaPEX Bamier 112" [Col) 1.0 227 30 22532
Total - 1,031 T8 - 11.95 241 158,915

= i o for izl liblng ooy

See end of report for important Motes and Disclaimers. Page 13 14
Name:Shine Sabalan Gegthemmal Filot Power ant Snow Melt System Design Report
Prjert #553122 December 7, 2013
Manifold 22
Clrcult Argas Served Total Tube Arsa Tubing Flowrats Head Temp Load
Length Spacing Coversd Loss* Drop
A-S4 Snow Meit 133 9 o3 WiegaPEX Barrier 112" [Coll) 1.58 18.7 0 (30) 20,934
A-55 Snow Meit 141 9 o7 WiagaPEX Bamer 127 (Coll) 1.63 202 30 (30 21,708
A5 Snow Meit 137 9 &5 WiegaPTX Barrier 172" {Coll) 1.61 13.3 3 (30) 21,420
AST Snow Meit 133 9 o6 WiegaPEX Barrier 112" [Coll) 1.682 196 0 (30) 21,556
A-T4 Snow Meit 135 9 B WiagaPEX Bamer 127 (Coll) 1.58 18.3 30 (30 21,052
A-105 Snow Meit 13 9 ] WiegaPTX Barrier 112" [Coll) 1.62 19.8 0 (30) 21,538
A-ATT Snow Meit 137 o o4 WiagaPEX Barrier 102" (Coll) 1.58 18.7 30 (30 21,007
Toal - 6L 565 - 11.24 202 149,338
= Huid besich o Gzl bl g ody
Manifold 23
Clrcult Lreas Senved Tota Tube Arsa Tubing Flowrats Head Temp Load
Length Spacing Cioverad Loss*™ Drop
A-108 Snow Meit 140 9 o6 WiegaPEX Barrier 112" [Coll) 1.63 20.0 0 (30) 21,654
A-109 Snow Meit 135 9 55 WiagaPEX Bamer 127 (Coll) 1.60 188 30 (30 21,240
A-110 Snow Meit 135 9 24 WiegaPTX Barrier 172" {Coll) 1.3 18.6 3 (30) 21,132
A-111 Snow Meit 135 9 o4 WiegaPEX Barrier 112" [Coll) 1.59 18.8 0 (30) 21,189
A-112 Snow Meit 137 9 B WiagaPEX Bamer 127 (Coll) 1.59 188 30 (30 21,138
A-113 Snow Meit 133 9 24 WiegaPTX Barrier 172" {Coll) 1.55 18.8 3 (30) 21,018
Total - E22 SET - 2.8 20.0 127,412

Hd e for cirewil tublng only

Disclaimers
The caiouished values shown in this report are based on the dats Input by the user of the softsars. Inaccurate or smonecus dats input wil nesult In Inaccurals or sronecus results. You are siongly advised o review al Input dats
carstuly, and o have te caicuisisd resufls reviesed by an axperienced Reating profeszional i© ensue easonableness and sultsbiity for your appiicagon.

A R0 EWELRT WELL WIS BOFTAANE INC. [AWERIRT) DIT TS AF FILIATES BE LUARLE UKDER AMY CORTRACT HEGUGENCE, STRICT LUASILITY DRt OTHER LEGAL
SPECLAL OF PUNITVE DARAGES WHATSDEVER INCLLE BT T UBMAITED TO, DAMAGES FOR LOSE OF BUSINDEE PHCE BUSINDSE INTERRLPTION, LD
HAS BEEN ACWSED OF THE POSSIBLITY OF SUCH CRMAGES. AV B CUMULATTVE LIASILITY FROM ANY CALSE RELATED TO OR AMISING FIOM THE USE THIS
TO NO GREATER THAN THE AMOUNT OF FEES FAID TO AVERIN UNCER THE SOFTWARE LICERSE AGREEMERT

ALITASLE THEDITT FOIT S CORSECUENTIAL, INCIDENTRL, ORI
BUSHEESE MNPOIMWATION ON DATA AND THE LIKEL EVEN I SLCH
EPORT, AND REGARDLESS OF THE FORM OF THE ACTION, SHALL BE LIMITED

See end of report for important Notes and Disclaimers. Page 14 of 14
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Najafabadi, Sarikhani and Radmehr

Snow Melt Panel Schedule

Project #:553123
Diecember 7, 2013
Project Information
Project® 553123 Motes:
Name: ShWie Sabaian Geohernd Fliot Power Flant

Location: Sabalan Andebll

Design Conditions and Summary

Load CalculaSion Method: Maraal Total Enow MeE Load: 3,383 550 Bhuhr
Flukd Typs: 50% Fropyiene Gliyco

Tickal Flowrats: 2547 U3GPM

Max. Head Loss: 2430 fwaber

Design Temp. Dropc oo *F

Total Area: 15,098

Radiant Panel Details

Panel Type #1 - Snow Melt - Concrete

Embedded Layer Thickness:  3.91n
Tube Depth (Embagded Layar):  1.71n
Embedded Laysr R perinche 0,14 “FA=hoBausn

Iresuiaon R 10.0 -1 "Fibiu
Spacing: 9h
Fastenar Piastic 7ip Tes
Floomians:
Snow Mt 15,0331
bote Tiibe dapih & from lig of by i o tha Hilag

See end of report for important Notes and Disclaimers.

15

Page 102



