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1. Background 

After completion of the study on vacuum sewerage system in Chiang Mun and Lam Chiang 
communities in the Old City of Chiang Mai, Chiang Mai Municipality expressed their interest 
in the vacuum technology and requested the GIZ Urban Nexus project to explore 
opportunities for effective implementation of vacuum sewerage systems along Huay Kaew 
Road, which is a new urban area next to the north of the Old City moat. Although being one 
of the most expensive areas in the city, there is a lack of an effective sewage system. A 
number of establishments along the road illegally connected their domestic sewers to the 
municipal storm drain under the pavement. This drain does not only remove excess rain 
from Huay Kaew Road, but also delivers water from the irrigation canal to fill the Old City 
moat. The wastewater discharge worsens the quality of the water in the moat, which is one 
of the city's most famous landmarks. This study aims at analyzing the existing wastewater 
management and demonstrates potential solutions for improving the quality of the water in 
the moat sustainably.  

Map 1: Population density of Chiang Mai Municipality, 2012 
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Source: http://cendru.eng.cmu.ac.th/ 

2. Huay Kaew Road in General 

 

      
                        Huay Kaew Road in 1985                                        Huay Kaew Road in 2015 

 

Huay Kaew is a 4-lane asphalt concrete road, located on the National Highway No. 1004 in 
Chiang Mai. The distance of the road is approximately 4 km, starting from Kruba Srivichai 
Monument near Huay Kaew Waterfall to Chang Hua Rin, a northwest corner of the Chiang 
Mai Old City moat.  The road is also a linkage between the Chiang Mai’s Central business 
districts to a world class tourist destination, the Doi Suthep Temple. 

“Huay Kaew Road” name was derived from the position of the Huay Kaew Waterfall, the 
starting point of the road. The fresh water of the waterfall flows through a ditch along Huay 
Kaew Road to the Old City moat and ends at the Ping River. In the past, Huay Kaew Road 
was in the outskirt of the city, flanked with rice fields. After the establishment of Chiang Mai 
University in 1964 and the successful tourism development in Chiang Mai, the areas along 
the road have been urbanized rapidly with basic infrastructure such as water supply, 
transportation, communication systems, electrical systems, etc. The high population density 
has increased concentration in this area, up to 7,500 people per km2. Consequently, various 
types of residential and commercial developments have grown in vertical expansion.  Huay 
Kaew is one of Chiang Mai’s most important roads for economic development nowadays. 
The vacant land along the road can cost up to THB 150,000 per m2. There are still some 
existing government buildings although the land value is high.  

 

   

   Mid-rise/high-rise residential buildings 
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                                     Mixed-use complex                                         Shopping mall 

      

                                        Polytechnic college                                        Government building 

       

                                                             Retail                                                         Restaurant 

       

                                                           House                                                        Town house 
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3. Sanitary survey results 

A sanitary survey has been conducted during February 4 to 15, 2015 to analyse the existing 
situation related to sanitation and wastewater aspects in the selected pilot area. Students of 
the Chiang Mai University were recruited to conduct interviews in Thai language.  

Map 2: Locations of septic tanks, modern septic tanks, water wells and flood areas 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The study area is the north side along Huay Kaew Road, approximately 14,000 m2. During 
the survey 82 establishments were interviewed. A majority of the establishments are 
residential buildings – 10 hotels/dormitories/condos, 2 mixed-use complexes including 
residential zone and 43 landed houses with average 2 storeys. There are many kinds and 
sizes of commercial buildings providing services to the residents and tourists, ranging from a 
shopping mall to 10 retail stores/home offices as well as 7 restaurants with an average 113 
seats. Interestingly, many government offices and public facilities related to education were 
built in the study area (i.e., Office of Non-formal Education, Regional Education Office No.1, 
The Office of the Welfare Promotion Commission for Teachers and Educational Personnel 
(OTEP), Chiang Mai Non-formal and informal Education Library, Chiang Mai Vocational 
College).  
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To estimate the total amount of the wastewater in the study area, it can be calculated 
through the number of inhabitants which directly influence the quantity of wastewater 
produced. The survey shows that there are at least 870 residents living in the studied area. 
The average water consumption rate for permanent residents is calculated with 200 
liters/person/day1. This means that the residents living in this area produce more than 
174,000 liters/day (174 m3) of grey water2 per day.  

There are also significant total numbers of sanitary wares in the establishments such as 
2750 toilets, 2504 showers and 2228 basins & sinks. These numbers of sanitary wares 
follow the numbers of rooms with the same tendency. As hotels/dormitories/condos have the 
highest number of rooms at 985 in total, the large numbers of basic sanitary fittings i.e., 
flushing toilets, showers, basins and sinks are 1,029, 1,021 and 1,062, respectively. 
Similarly, the mixed-use complex with 724 rooms have 1,322 toilets, 1,244 showers and 771 
basins/sinks. It is noteworthy that these large residential developments have significant 
numbers of bathtubs (271 in hotels/dormitories/condos and 587 in mixed-use complex and 
23 in other establishments). The average bath uses 135 to 190 liters of water, whereas a 10-
minute shower with a low-flow showerhead only uses 96 liters.3 These bathtubs produce 
additional grey water up to 168,720 liters. In addition, washing machines which are one of 
the most water-consuming appliances (155 liters of water per load on average4) are used 
popularly among the residents. This means even more grey water is produced in the area 
(approximately 11,935 liters per day from at least 77 washing machines in the study area). 
Unfortunately, there is no appropriate sewerage system along Huay Kaew Road to drain and 
treat the wastewater.  This huge amount of wastewater hence partially flows to the storm 
drain along the road to the Old City moat resulting in contaminated surface water. It is 
important to note that these large developments are not suitable to the vacuum sewerage 
system due to enormous volumes of wastewater produced in the residential and commercial 
schemes tending to be high rise buildings. This situation requires multiple collection 
chambers in the system, which is very costly. 

New septic tanks constructed from synthetic material are being used commonly for better 
effective onsite wastewater disposal systems for both grey and black water.5 Nowadays 
there are 58 modern septic tanks installed in the study area. However, a majority of the 
establishments are still using old septic tanks, made of bricks and concrete – 180 tanks, 
almost half of them owned by the houses. As most of these old septic tanks are neither 
constructed nor maintained properly, they leak bacteria and other contaminants into the 
groundwater causing problems especially when they are installed in close vicinity to water 
wells.  Because of the density of septic tanks built around the establishments, the soil's 
natural purification function is failing. On the other hands, the large developments that have 
a lot of users like hotels with more than 60 rooms, condominiums with more than 100 rooms 
and mixed-use complex/shopping mall with more than 5000 m2 constructed compact 
wastewater treatment using biological treatment for domestic wastewater by extended 
aeration process. They are able to treat up to 100 m3 per day, depending on their 
requirements.  

People in Chiang Mai traditionally consumed water from wells. However, only 10 wells are 
still used by households in the study area nowadays because the quality of the groundwater 

                                                            
1 Provincial Waterworks Authority_2004 
2 Grey water is untreated household wastewater from bathroom sinks, showers, bathtubs, and laundry 
machines. _www.epa.gov/WaterSense/docs/water efficient_landscaping_508.pdf._ Retrieved on 
2015-02-06 
3 http://www.gracelinks.org/437/water-saving-tips-in-the-bathroom 
4EPA Green Building, http://www.epa.gov/greenhomes/Basement.htm_Retrieved on 2015-02-06 
5Black water is toilet flush water and sometimes including kitchen sink wastes. Dr. Nicholas J. 
Ashbolt, Senior Research Microbiologist, NERL, EPA ORD.  
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has worsened in Chiang Mai.  The multi-storey buildings prefer using underground water 
because the water is free of charge and the investment costs of pumping installation are 
lower than the costs of tap water supply in the long run. Consequently, these development 
pay for water consumption only THB 9,015 per month on average. For the small 
developments in the study area like houses, retail stores/home offices, the average monthly 
payment for water is THB 638 and THB 268 respectively, higher than the average payment 
in Chiang Mai province (THB 197 per household)6.       

Chiang Mai Municipality 
Sanitary Survey, 04.02-15.02.2015 

 
 

Huay Kaew Road 

Area (m2) ≈  14,000  

Number of residents ≈  870 

Number of establishments interviewed Total Total rooms Total seats 

Hotels/Dormitory/Condos 10 985 N/A 

Mixed-use complex 2 724 N/A 

Schools/Library/Church 4 62 N/A 

Government offices 4 83 N/A 

Restaurants 7 N/A 793 

Retails/Home offices 10 31 N/A 

Shopping malls/Markets 2 Don't know N/A 

Houses 43 161 N/A 

Total  82 2046 793 

 

Sanitary ware  Toilets Showers Bathtubs Urinals 
Basins 
& sinks 

Washing 
machines 

Hotels/Dormitories/Condos 1029 1021 271 88 1062 23 

Mixed-use complex 1322 1244 587 38 771 Don't know 

Schools/Library/Church 76 3 9 57 65 3 

Government offices 98 72 0 11 89 1 

Restaurants 39 12 0 6 35 4 

Retails/Home offices 34 30 7 3 34 6 

Shopping malls/Markets 21 0 0 9 16 0 

Houses 131 122 14 23 156 40 

Total 2750 2504 888 235 2228 77 

 
Number of septic tanks Concrete Plastic Common treatment 

Hotels/Dormitories/Condos 38 24 4 

Mixed-use complex 0 0 2 

Schools/Library/Church 19 2 0 

Government offices 8 13 0 

Restaurants 19 0 0 

Retails/Home offices 12 3 0 

Shopping malls/Markets 0 0 1 

Houses 84 16 0 
Total 180 58 7 

                                                            
6 Office of Commercial Affairs Chiang Mai, 2008 
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Average of monthly payment for 
water (THB) 

Number of water wells 
/underground water in use 

Hotels/Dormitories/Condos 9,015 5 

Mixed-use complex Don't know 1 

Schools/Library/Church 1,125 1 

Government offices 2,000 1 

Restaurants 2,125 1 

Retails/Home offices 638 1 

Shopping malls/Markets 4,000 0 

Houses 268 10 
 

4. Water testing results 

Table 1: Water Quality Testing, Chiang Mai Municipality 

    
Before improving the protection 

of effluent: 10 Mar 2015 
After improving the protection 

of effluent: 24 Mar 2015 

  Sample Source Sample Source 
Parameter Unit 1 2 3 4 5 1 2 3 4 5 

Temperature oC 23 23 23 23 22 24 24 25 25 25 

pH  - 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

DO mg/L 3.49 1.68 2.90 3.69 1.95 6.58 3.15 7.38 4.16 1.81 

BOD mg/L 4.34 15.20 6.33 6.45 20.10 3.09 4.23 3.69 3.76 10.80 

Source: Department of Water Analysis, Chiang Mai Municipality 

Source 1: Rainwater open ditch next to irrigation canal  
Source 2: In front of Chiang Mai Polytechnic College  
Source 3: Kum Rin Intersection 
Source 4: Chaeng Hua Rin (Northwest corner of Old City Moat) 
Source 5: City Moat 
 

Besides the interviews of the sanitary survey, GIZ Nexus team and Chiang Mai Municipality 
also investigated the wastewater effluent to the storm drains along Huay Kaew Road by 
analyzing the water quality through sampling. There are 5 strategic locations of the 
samplings located on the Map 3, starting from the junction connecting the irrigation canal 
from Mae Chok Luang reservoir with the rainwater ditch to the storm drain in front of Chiang 
Mai Polytechnic College. Then, the drain goes downward to the Old City moat by passing 
through Kum Rin Intersection and Chaeng Hua Rin. The water quality tests were conducted 
prior and before the Municipality improved the protection of the effluents in order to compare 
and measure the change of the water quality especially in the Old City moat, which is usually 
used for the Water Festival on Thai New Year’s day (Songkran). 

The results of the water tests in Table 1 show that the samplings had almost the same 
temperature of 23 degree on 10 March, when the wildfire smoke covered Chiang Mai. 
Consequently, there was an increase of the water temperature approximately 1-2 degrees 
because the smoke vanished before 24 March. The surface water standard of Thailand 
indicates that water temperature should not be higher than 3 degrees of air temperature. The 
average temperature during daytime in Chiang Mai were 33 degree in March 2015. 
Therefore, the temperatures of the water are within the standard. This means the 
temperatures will not limit the availability of dissolved oxygen for aquatic life. In terms of pH, 
which is a factor used to measure the acidity and alkalinity of water values for pH fall on a 
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scale ranging from 0 to 14. All of the water samplings have pH of 7, which is neutral and 
within the surface water standard. 

With respect to dissolved oxygen (DO), which is the amount of gaseous oxygen dissolved in 
an aqueous solution and biological oxygen demand (BOD), which is the amount of oxygen 
that aerobic aquatic organisms could potentially consume in the process of metabolising all 
the organic matter available to them7, the water quality status on 10 March compared to 
those on 24 March is different as shown in Table 1. On 10 March, the status was in the class 
5 of the surface water standard, which means the water can be used just for transport 
(please refer to Annex 1). When compared to the status on 24 March, the qualities of the 
water samplings were significantly improved. At the water sampling source 1, there is a high-
rise residential development at the junction of the irrigation canal. The local residents 
informed that the wastewater is discharged to the rain water ditch during night time. The 
Municipality enforced the development spontaneously to treat the wastewater first before 
discharging. Then, the quality of the water was recovered: the level of DO concentration 
increased by almost double from 3.49 mg/L to 6.58 mg/L and the level of BOD concentration 
decreased 4.34 mg/L to 3.09 mg/L.  

Next, the water in front of Chiang Mai Polytechnic College had confronted a highly 
deteriorated water quality problem due to the intensive wastewater effluent. The wastewater 
from illegal connections from buildings along Huey Kaew Road starting from Kruba Srivichai 
Monument connected with the storm drain transports the clean water from the irrigation 
canal at the junction in front of the college. As a result of this, the DO concentration was less 
than 1.68 mg/L only and the BOD was up to 15 mg/L. The Municipality decided to improve 
the effluent protection, which is an existing sandbag wall by replacing damaged sandbags 
with new sandbags as a short-term fix. This time, the quality of the water improved 
significantly. The critical levels of DO concentration of 1.68  mg/L and BOD concentration of  
3.15  mg/L on 10 March raised up to the class 4 of the surface standard at 3.15 mg/L and 
4.23 mg/L on 24 March, respectively. 

The water sampling at Kum Rin Intersection has better quality after the improvement of the 
sandbag wall for effluent protection. The DO concentration was improved significantly 
increasing by 4.48 mg/L. The reasons of the increase are not only the improvement of the 
effluent protection, but also the increased volume of the water at the junction together with 
the high slope of the drain in this area creating more oxygen dissolved in the water by rapid 
movement.  This water sampling has a lower BOD level from 6.33 mg/L to 3.69 mg/L, similar 
to the water sampling at Chaeng Hua Rin (6.45 mg/L. to 3.76 mg/L.). Unlike Kum RIn 
Intersection, the DO concentration at Chaeng Hua Rin went up by 0.47 only because of the 
lower velocity.  

The area of the Old City moat after Chang Hua Rin is a meeting point where the storm 
drains pallerel to Huay Kaew Road end. After the combination of the wastewater from a 
problematic illegal sewer connection from Kad Suan Kaew8, the water quality in the area 
exacerbated tremendously. The DO concentration decreased from 3.69 mg/L (before flowing 
to the moat) to 1.95 mg/L (after flowing into the moat), which is a critical level of the surface 
water standard’s class 5. Moreover, the BOD concentration increased more than three times 
from 6.45 mg/L to 20.10 mg/L. The high concentration of BOD affected aquatic organisms in 
the Old City moat. Thus, the Municipality again installed new sandbags for preventing the 

wastewater of Kad Suan Kaew into the moat. The BOD concentration alleviated significantly 
to 10.80 mg/L. However, the DO concentration showed no significant change because the 
water in the moat is quite stable as the flow of the water is fully controlled by sluice gates. It 
is noteworthy that the Municipality chose to use sandbags instead of sluice gates to control 

                                                            
7 http://water.epa.gov/type/rsl/monitoring/vms52.cfm 
8 http://www.kadsuankaew.co.th/?lang=en 
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the water flow in the drains because the Municipality experienced that the sluice gates got 
rusty easily after using them for a short while. 

5. Conclusions 

From the macro perspective, the critical problem of the quality of the water in the Old City 
moat is the inability of Chiang Mai to manage wastewater so as to ensure no illegal 
wastewater discharge to the moat. In both planning and operating, the existing wastewater 
management system is divided and ineffective, while law enforcement remains unspecified 
because of the lack of clarity in wastewater legislations, particularly legal actions against 
illegal wastewater discharge and wastewater regulations of tariffs. The consumption of water 
in all sectors (e.g., household, commercial, tourism, etc.) keeps increasing as the 
urbanization and economy in the study area expand, but no appropriate wastewater sewage 
and treatment system is available in the area. The wastewater effluent causing pollution to 
the moat is directly affecting the tourism sector, a major economic factor in Chiang Mai. 
Chiang Mai Municipality considers the Old City moat a very vital part of the most important 
Chiang Mai’s event, the Water Festival (Songkran). Every year the municipality alleviates the 
severely polluted water in the moat temporarily before the festival starts by conducting tests 
and using sandbags to seal potential wastewater connections to the storm drains. Moreover, 
chlorination is used to kill bacteria and parasites in the water. This is a very short-term 
solution and it is time for the Municipality to recognize problems and initiate reforms relating 
to wastewater management.   

Physically, to improve the quality of water in the moat in the long run, the Municipality will 
need to prevent any wastewater to be discharged not only from Huay Kaew Road, but also 
from the surrounding areas of the moat. It can only be done by building a new effective 
sewerage network. The vacuum sewerage system, however, is not the appropriate solution 
to the context of urban development along Huay Kaew Road due to dense and high rise 
buildings and settlement structures. This would imply costly multiple collection chambers for 
the large buildings, if vacuum sewer were applied. As there is some slope, the gravity sewer 
system is recommended. In addition, the Municipality should prepare for a holistic budget 
system to support both costs of installing and operating the effective sewer network and 
wastewater treatment plants of the whole Chiang Mai Municipality, a close coordination of 
government agencies which are responsible for wastewater management (i.e., Office of 
Natural Resources and Environmental Policy and Planning, Pollution Control Department, 
Wastewater Management Authority of Chiang Mai Province,  Department of Wastewater 
Management of Chiang Mai Municipality and neighboring municipalities) and a high level of 
local engagement in order to establish a sustainable wastewater management system in 
Chiang Mai. 

 



 

 

 

 

 

Map 3: Drainage network and locations of collected water samples 
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Source 1: Rainwater open ditch next to                Source 2: In front of Chiang Mai                                         
irrigation canal                                                        Polytechnic College 
 

       

Source 3: Kum Rin Intersection       Source 4: Chaeng Hua Rin 
 

 

                           Source 5: Old City Moat 
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Annex 1: Thailand surface water standard - National Environmental Board, 1995 

Parameter Units Statistics 
Standard Value  

Class1 Class2 Class3 Class4 Class5
1. Colour,Odour and 
Taste - - n n’ n’ n’ - 

2. Temperature 
C° - n n’ n’ n’ - 

3. pH - - n 5 to 9 5 to 9 5 to 9 - 

4. Dissolved Oxygen 
(DO) 

mg/l P20 n 6.00 4.00 2.00 - 

5. BOD (5 days, 20°C) mg/l P80 n 1.50 2.00 4.00 - 

 

Classification Objectives/Condition and Beneficial Usage 

Class 1 Extra clean fresh surface water resources used for :  
(1) conservation not necessary pass through water treatment process 
require only ordinary process for pathogenic destruction  

(2) ecosystem conservation where basic organisms can breed 
naturally 

Class 2 Very clean fresh surface water resources used for :  
(1) consumption which requires ordinary water treatment process 
before use  
(2) aquatic organism of conservation  
(3) fisheries  
(4) recreation 

Class 3 Medium clean fresh surface water resources used for : 
(1) consumption, but passing through an ordinary treatment process 
before using  
(2) agriculture 

Class 4 Fairly clean fresh surface water resources used for :  
(1) consumption, but requires special water treatment process before 
using  

(2) industry 
Class 5 The sources which are not classification in class 1-4 and used for 

navigation. 
Source: Pollution Control Department 

 


