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Figure 5.8: Interpreted Overall Results for Vertical Profile of Heat Plume for SW Monsoon – Spring Tide 
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Figure 5.9: Interpreted Overall Results for Vertical Profile of Heat Plume for SW Monsoon – Neap Tide 

 

 

 

 

Excess Temperature Isolines  
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Figure 5.10: Interpreted Overall Results for Plan View of Heat Plume for NE Monsoon – Spring Tide 
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Figure 5.11: Interpreted Overall Results for Plan View of Heat Plume for NE Monsoon – Neap Tide 

 
 
 
 

Excess Temperature Isolines  



Environmental Impact Assessment (EIA) for  Water Solutions Pvt. Ltd. 
Waste Management Project at Thilafushi Island  Effluent Dispersion – Model Rerun - Final Report 
 

 
                          July 2020 

 
32 

 

 
 

Figure 5.12: Interpreted Overall Results for Plan View of Heat Plume for SW Monsoon – Spring Tide 
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Figure 5.13: Interpreted Overall Results for Plan View of Heat Plume for SW Monsoon – Neap Tide 

Excess Temperature Isolines  



Environmental Impact Assessment (EIA) for         Water Solutions Pvt. Ltd. 
Waste Management Project at Thilafushi Island                        Effluent Dispersion - Model Rerun - Final Report 
 

   
  July 2020 

 
34 

One Outfall instead of Three Outfalls 

What would be the result, if all three outfall flows are combined together and discharged 

through one single outfall? Although this is not the real case, this system was also simulated in 

the near field model to compare the effect relative to the three single outfalls. 

Same as the previous simulations, four scenarios, (i.e. two monsoon conditions and two tidal 

conditions) were also considered in this simulation. Accordingly, 3D views of heat plume 

dispersion for different scenarios are given in Figures 5.14 to 5.17 and plan views, elevations 

and graphs of excess temperature vs downstream distance are given in Annex B.    

 

Figure 5.14: Effluent Discharged at Near-Field Region for Combined Single Outfall (NE 

Monsoon – Spring Tide) 

 

Figure 5.15: Effluent Discharged at Near-Field Region for Combined Single Outfall (NE 

Monsoon – Neap Tide) 
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Figure 5.16: Effluent Discharged at Near-Field Region for Combined Single Outfall (SW 

Monsoon – Spring Tide) 

 

Figure 5.17: Effluent Discharged at Near-Field Region for Combined Single Outfall (SW 

Monsoon – Neap Tide) 

 

The excess temperatures at the boundary of the near field were extracted from the model 

results for every scenario of combined single outfall case and they are presented in the table 

below.  
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Table 5.3: Excess Temperatures at Near Field Boundary for Combined Single Outfall 

Sc. ID Monsoon Tide 

Current Condition Excess 
Temperature at 

Edge of Near Field 
(K) 

Speed 
(m/s) 

Direction 
(Deg. N) 

NE_S 
North-East 

Spring 0.2 271 
0.118 

 

NE_N Neap 0.1 280 0.244 

SW_S 
South-West 

Spring 0.22 280 0.107 

SW_N Neap 0.1 277 0.240 

 

5.3.4 Discussion 

 
According to the results of the above scenarios, the excess temperature of 3K is decreased 

significantly down to 1K within the first meters for both the neap and spring tide conditions. As 

the outfalls release the hot water plume perpendicular to the shoreline, the excess temperature 

in the vertical direction and along the shoreline is uncritical (1K to 2K) in the direct vicinity of the 

outfall. Current speeds are high during spring tide which results in a higher initial dilution, i.e. in 

lower temperatures in the near field, but in a more extended mixing zone of the heat plume 

which yet reveals lower excess temperatures compared to the neap tide. 

The interpretations of isolines overlaying to represent three single outfalls show that mixing of 

heat plume in near field region is very low for neap tide condition. According to the results of 

vertical profiles, the mixing takes place only after the excess temperature reduces to 0.1 K. 

However temperature isolines overlap for less than 0.5 K for spring tide condition, 

comparatively high current at outfall would be the reason for that mixing, but the plume reduces 

its temperature within a short distance and when it reaches the near field boundary the excess 

temperature reduces up to 0.03 K.  

The results in Table 5.3 show that an increment of excess temperature at near field boundary 

for the combined one outfall case compared to the three outfall system. High flow rate would be 

the reason for this temperature increase.  

 

5.4 Far Field Modelling  

As discussed earlier two models were used to assess the dispersion pattern of the heat plume, 

one for the near field and one for the far field. The use of the semi-empirical length scale model, 

CORMIX, for the near field is described in Section 5.3. 

As the turbulent plume travels further away from the discharge location, the jet characteristics 

become less important and three dimensional treatment of thermal dispersion is nearly changed 
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to two dimensional treatment. Then in order to simulate the current phenomena, it is possible to 

use two-dimensional models. MIKE 21 Hydrodynamic Model combine with Thermal Dispersion 

Tool has been used for hydrodynamic and thermal dispersion simulation in far field region.  

5.4.1 Input Data 

All input parameters used in local hydrodynamic model (as given in Chapter 4) were used for 

thermal dispersion modelling. Therefore two different monsoonal conditions (South-West and 

North-East) and two different tidal conditions (Spring and Neap) were taken into consideration 

in the simulation. In addition, heat plume discharge boundary for far-field simulation was 

established using the near-field model (CORMIX) results. The excess temperature was 

extracted in near field boundary from CORMIX model and given as an input data for MIKE 21 

HD thermal dispersion model. Even though single outfall was simulated in the near field model, 

effect of all three outfalls were taken in to far field model. The excess temperature extracted for 

different scenarios are given in Table 5.4. 

Table 5.4: Input Excess Temperature for Far-Field Model 

Sc. ID Monsoon Tide 

Current Condition 
Input Excess 

Temperature for 
Far- Field Model (K) 

Speed 
(m/s) 

Direction 
(Deg. N) 

NE_S 
North-East 

Spring 0.2 271 0.039 

NE_N Neap 0.1 280 0.114 

SW_S 
South-West 

Spring 0.22 280 0.036 

SW_N Neap 0.1 277 0.112 

 

5.4.2 Model Results and Discussion 

Scenarios with neap tidal condition shows higher influence with their high input temperatures at 

near-field boundary and low current speed relative to the spring tide.   

As an example Sc. ID: NE_N has been used for further discussion which resulted in the highest 

excess temperature at the near field boundary among considered four scenarios. Figure 5.18 

and 5.19 show the temperature variation in 2D plain for this high influence scenario when 

current directed westward and eastward respectively. According to the results, 0.03K excess 

temperature transfer around 1km range from the discharge point for both cases. However 0.03K 

excess temperature is a very low temperature and negligible in coastal environment. Therefore 

thermal dispersion is very high even in a high influence scenario and it will be a very low effect 

to the coastal environment. Thermal dispersion plots for all scenarios are given in Annex C.  
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Figure 5.18: Thermal Dispersion towards West at Scenario  NE_N 

 

Figure 5.19: Thermal Dispersion towards East at Scenario  NE_N 

Temperatures at 10m and 20m depths next to the middle outfall (HWO2) location were 

extracted from far field model results. The locations and coordinates of the extracted points are 

given below.  
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Table 5.5: Coordinates of Results Extracted 

Locations 

 

 

Figure 5.20: Excess Temperature Extracted 

Locations 

 

The maximum temperatures obtained through extracted results for different scenarios are given 

in Table 5.6. Even though extracted points are very close to the middle outfall (both points are 

located around within 10m distance from HWO2), excess temperature values are not 

significantly high. The maximum values are even less than the near field boundary excess 

temperatures for every scenario. Heat plume projections are directed to the seaward, but the 

extracted points are located at the other way, hence high temperatures would not transfer to the 

north side of outfalls. Therefore the direction of heat plume projections would be the reason for 

low maximum temperatures in the north side of the outfalls.   

Table 5.6: Maximum Excess Temperatures at Extracted Points 

Sc. ID Monsoon Tide 

Maximum Excess 
Temperature (K) 

10m 
Depth 

20m 
Depth 

NE_S 
North-East 

Spring 0.020 0.021 

NE_N Neap 0.036 0.038 

SW_S 
South-West 

Spring 0.016 0.017 

SW_N Neap 0.065 0.073 

 

  

 
 

 

 
 
  

Location 
Coordinate 

Lat Long 

10m Depth 4°10'47.56"N    73°26'15.58"E 

20m Depth 4°10'47.37"N     73°26'15.55"E 
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6 SUMMARY AND CONCLUSION 

• In order to find out thermal dispersion in coastal environment for outfall of hot water 

plume of a proposed incinerator at Thilafushi Island, a set of numerical model simulation 

was carried out for different monsoon and tidal conditions.  

• Measured data as well as reliable predicted data were utilized as model inputs, and 

analysed them before applied to the model. 

• MIKE 21 SW model was used to establish the wave condition at site for different 

monsoon periods (South-West and North-East) and MIKE 21 HD model was used to 

obtain the current condition at discharge location. Further both spring and neap tidal 

conditions were simulated separately; and about 0.2m/s and 0.1m/s average current 

speed were obtained at the discharge point for spring and neap tide respectively. Wave 

condition was not significantly affected on current condition at discharge point. 

• Two modelling system were used thermal dispersion modelling, namely CORMIX model 

for near-field dispersion and MIKE 21 HD coupled with thermal dispersion tool for far-

field dispersion.  

• According to the near-field model results, 

o Excess temperatures at the near field boundary for the neap tidal conditions 

(around 0.11 K) were higher than for the spring tidal conditions (0.03 K) 

o A high temperature reduction was observed within a few meters from the 

released point.  

o Heat plume mixing of three outfalls shows the overlay interpretation for spring 

tidal condition, but it happens within a short distance from the release point and 

eventually, the excess temperature reduces up to 0.03 K at near field boundary.  

o Higher excess temperatures (0.11 to 0.24 K) at the near field boundary were 

observed in the combined single outfall case compared to the three separate 

outfalls system. The high flow rate would be the reason for that result.      

• Results obtained from near-field model were used as input parameter for far-field model.  

• Far-field model results represent the temperature spreading in 2D plain for different 

scenarios.  

• According to far-field model results, 

o Same as the near-field model, scenarios with the neap tidal condition show some 

influence compared to the spring tidal situations. 

o High spreading of heat is also observed in the neap tidal condition but however 

spread excess temperature values are small and it would not significantly impact 

coastal environment.  

o Maximum excess temperatures extracted shoreward to the outfall are not 

significantly high. Even though extracted points are very close to the middle 
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outfall (both points are located around within 10m distance from HWO2), heat 

plume projections are directed to opposite way (towards deep sea). Therefore 

the direction of heat plume projections would be the reason for low maximum 

temperatures in the north side of the outfalls.   
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ANNEX A 

Near Field Model Results  

Plan Views & Elevations of Heat Plume and  

Excess Temperature vs. Downstream Distance Graphs 
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Figure A.1: Plan View - Effluent Discharged at Near-Field Region (NE Monsoon – Spring Tide) 

 

 

Figure A.2: Elevation - Effluent Discharged at Near-Field Region (NE Monsoon – Spring Tide) 
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Figure A.3: Plan View - Effluent Discharged at Near-Field Region (NE Monsoon – Neap Tide) 

 

 

 

Figure A.4: Elevation - Effluent Discharged at Near-Field Region (NE Monsoon – Neap Tide) 
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Figure A.5: Plan View - Effluent Discharged at Near-Field Region (SW Monsoon – Spring Tide) 

 

 

Figure A.6: Elevation - Effluent Discharged at Near-Field Region (SW Monsoon – Spring Tide) 
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Figure A.7: Plan View - Effluent Discharged at Near-Field Region (SW Monsoon – Neap Tide) 

 

 

Figure A.8: Elevation - Effluent Discharged at Near-Field Region (SW Monsoon – Neap Tide) 
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Figure A.9: Excess Temperature vs Downstream Distance (NE Monsoon – Spring Tide) 

 

 

 

Figure A.10: Excess Temperature vs Downstream Distance (NE Monsoon – Neap Tide) 
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Figure A.11: Excess Temperature vs Downstream Distance (SW Monsoon – Spring Tide) 

 

 

 

Figure A.12: Excess Temperature vs Downstream Distance (SW Monsoon – Neap Tide) 
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ANNEX B 

Near Field Model Results for Combined Single Outfall 

Plan Views & Elevations of Heat Plume and  

Excess Temperature vs. Downstream Distance Graphs 
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Figure B.1: Plan View - Effluent Discharged at Near-Field Region for Combine Single Outfall (NE 

Monsoon – Spring Tide) 

 

 

Figure B.2: Elevation - Effluent Discharged at Near-Field Region for Combine Single Outfall (NE 

Monsoon – Spring Tide) 
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Figure B.3: Plan View - Effluent Discharged at Near-Field Region for Combine Single Outfall (NE 

Monsoon – Neap Tide) 

 

 

 

Figure B.4: Elevation - Effluent Discharged at Near-Field Region for Combine Single Outfall (NE 

Monsoon – Neap Tide) 
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Figure B.5: Plan View - Effluent Discharged at Near-Field Region for Combine Single Outfall (SW 

Monsoon – Spring Tide) 

 

 

Figure B.6: Elevation - Effluent Discharged at Near-Field Region for Combine Single Outfall (SW 

Monsoon – Spring Tide) 
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Figure B.7: Plan View - Effluent Discharged at Near-Field Region for Combine Single Outfall (SW 

Monsoon – Neap Tide) 

 

 

Figure B.8: Elevation - Effluent Discharged at Near-Field Region for Combine Single Outfall (SW 

Monsoon – Neap Tide) 
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Figure B.9: Excess Temperature vs Downstream Distance for Combine Single Outfall (NE 

Monsoon – Spring Tide) 

 

 

Figure B.10: Excess Temperature vs Downstream Distance for Combine Single Outfall (NE 

Monsoon – Neap Tide) 
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Figure B.11: Excess Temperature vs Downstream Distance for Combine Single Outfall (SW 

Monsoon – Spring Tide) 

 

 

Figure B.12: Excess Temperature vs Downstream Distance for Combine Single Outfall (SW 

Monsoon – Neap Tide) 
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ANNEX C 

Heat Dispersion in Far Field (MIKE 21 HD) 
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Figure C.1: Thermal Dispersion towards West (NE Monsoon – Spring Tide) 

 

 

Figure C.2: Thermal Dispersion towards East (NE Monsoon – Spring Tide) 
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Figure C.3: Thermal Dispersion towards West (NE Monsoon – Neap Tide) 

 

 

Figure C.4: Thermal Dispersion towards East (NE Monsoon – Neap Tide) 
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Figure C.5: Thermal Dispersion towards West (SW Monsoon – Spring Tide) 

 

 

Figure C.6: Thermal Dispersion towards East (SW Monsoon – Spring Tide) 
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Figure C.7: Thermal Dispersion towards West (SW Monsoon – Neap Tide) 

 

 

Figure C.8: Thermal Dispersion towards East (SW Monsoon – Neap Tide) 
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Noise Level Measurement

Noise level was measured to establish baseline at five locations: NQ1, NQ2, NQ3, NQ4 and NQ5 by Water

Solutions on 25th August 2019 using hand held sound level meter at Thilafushi. Ambient noise levels were

measured during the day time from 10:00 am to 12:00 pm and during the night from 10:00 pm to 12:00 pm at 5

locations (see map). The day time was considered as 7:00 a.m. to 10:00 p.m, while the night time was considered

as 10:00 p.m. to 7:00am.

Station Name Station Coordinates Monitoring rationale

NQ1

(Thilafushi)

4°10’26.4 N

73°28’59.9 E

The station was selected as it represents a major industrial location of the

island and is also located close to the harbour. The location lies north of the

proposed facility on the opposite side of the lagoon.

NQ2

(Thilafushi)

4°10’56.6 N

73°26’53.3 E

The station was selected as it represents a major industrial location of the

island. The location lies east of the proposed facility on the opposite side of

the lagoon. The location has various industrial activities in its proximity

NQ3

(Thilafushi)

4°10’58.3 N

73°26’09.6 E

This station was selected as it is located near the boundary of the proposed

WTE facility.

NQ4

(Thilafushi)

4°10’57.3 N

73°25’59.4 E

This station was selected as it is located west of proposed WTE facility. The

area has less development and less activity during the day time.

NQ5

(Thilafushi)

4°10’57.3 N

73°26’14.4 E

This station was selected as it is located at the proposed WTE facility.

Figure: Locations where noise was monitored for the baseline assessment.
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Table: Summary of Noise Quality Results for Thilafushi

S. No Locations

Noise Level dB (A)

Day Time

Noise Level dB (A)

Night Time

NQ1 Thilafushi 65.1 53.7

NQ2 Thilafushi 64.2 51.8

NQ3 Thilafushi 56.3 50.0

NQ4 Thilafushi 56.0 48.9

NQ5 Thilafushi 54.6 49.0

The ambient noise levels were moderate to high considering the international standards. The higher background

noise can be attributed to the roar from the sea, windy conditions and closely packed industrial areas and

movement of boats. Thilafushi was quitter during the night as there are no activity on the island.
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Noise Level Measurement

Additional Noise level was measured at two locations: NQ3 and NQ4 by Water Solutions on 6th and 7th October

2019 using hand held sound level meter at Thilafushi. Ambient noise levels were measured every hour for 24

hours at each locations.

Station Name Station Coordinates Monitoring rationale

NQ3

(Thilafushi)

4°10’58.3 N

73°26’09.6 E

This station was selected as it is located near the boundary of the proposed

WTE facility.

NQ4

(Thilafushi)

4°10’57.3 N

73°25’59.4 E

This station was selected as it is located west of proposed WTE facility. The

area has less development and less activity during the day time.

Figure: Locations where noise was monitored for the baseline assessment.
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Table: Noise Measurement Results for Thilafushi

The ambient noise levels were low considering the international standards. The background noise can be attributed

to the roar from the sea, windy conditions areas and movement of boats. Thilafushi was quitter during the night

as there are no activity on the island.

Date Time NQ3 NQ4

6/10/2019 7:00 50.1 52.4

6/10/2019 8:00 54.4 54.3

6/10/2019 9:00 55.7 56.2

6/10/2019 10:00 56.5 56.8

6/10/2019 11:00 57.1 55.4

6/10/2019 12:00 56.8 57.4

6/10/2019 13:00 57.4 56.4

6/10/2019 14:00 57.3 55.9

6/10/2019 15:00 56.7 55.4

6/10/2019 16:00 56.8 56.1

6/10/2019 17:00 51.3 54.3

6/10/2019 18:00 49.4 49.4

6/10/2019 19:00 50.1 48.9

6/10/2019 20:00 49.6 48.6

6/10/2019 21:00 49.3 48.3

6/10/2019 22:00 50.1 48.5

6/10/2019 23:00 50.3 48.3

7/10/2019 0:00 50.1 48.1

7/10/2019 1:00 50.1 48.1

7/10/2019 2:00 50.3 48.3

7/10/2019 3:00 50.8 47.8

7/10/2019 4:00 50.2 48

7/10/2019 5:00 49.5 49.1

7/10/2019 6:00 49.8 49.3

Noise Level dB (A)
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Date of Sample Received: 
Date of Testing Started: 
Date of Report Modified: 
Date of Testing Completed: 
Sample Description: 

(7419)080-0561A(S) Water Solutions (Pvt) Ltd 1$0U:C 17'1�5 
TLCt!�.(11 May 16, 2019 Page 1 of 4 MA. Faseri, 1st Floor, Ameenee Magu, Male, Maldives Apr 03, 2019 Apr 03, 2019 May 16, 2019 May 16, 2019 

Sample Received as: Approximately 500ml x 3 Nos. of Water sample contained in two sealed plastic bottles & one glass bottle respectively 
Sample Identified by the Client as: Ground Water Thilafushi GW 1 

Sample Drawn By BVCPS NO 

Report Number 
(7419)080-0561 
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