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Introduction 

Besides various other cities in Asia, Chiang Mai is being one of the partners within the project 
“Integrated Resource Management in Asian Cities: The Urban Nexus”, financed by the Ger- 
man Federal Ministry of Economic Cooperation and Development (BMZ) and implemented by 
the German Agency for International Cooperation (GIZ). 

With an estimated number of 10 million visitors in 20171, Chiang Mai is the most popular des- 
tination among tourists in the northern part of Thailand. Besides an annually growing number 
of tourists leading to an increased discharge of wastewater from the overflows of the septic 
tanks of hotels, guest houses, apartments, restaurants and residences, the organic and solid 
waste from fresh markets in particular, causes a deterioration of the ecological and hydrologi- 
cal conditions of the Mae Kha canal in Chiang Mai. Moreover, this rapid growth leads to the 
fact that the septic tanks get filled more frequently requiring an adequate monitoring and 
maintenance i.e. a regular emptying of the septic tanks, by the individual owners. Unfortu- 
nately, by experience not every owner of the establishment takes proper care. 

In Chiangmai there is a combined and open sewerage/storm water system. A pipe network is 
only partially existent. The combined and open sewerage/storm water system enhances clog- 
ging and flooding as soon as unwanted organics or solids enter the open canals or heavy rain 
showers occur, respectively. Moreover, the use of conventional septic tanks contaminates 
groundwater in two ways. The one is that the overflow, which might be untreated because the 
tanks are not emptied regularly, gets into the storm water drainage system and there it leaks 
through cracks in the concrete pipes into the soil. Another way is that fecal matters on the 
ground of the septic tanks infiltrate into the groundwater as the septic tank has no bottom or 
the bottoms of sealed septic tanks are corroded (after 3 – 6 years). 

Alarmingly, septic tanks and groundwater wells are often located next to each other, in partic- 
ular within the walled city leading to the contamination of the water from the wells. 

Moreover, only an estimated 20% of the population of Chiangmai is connected to the existing 
sewerage network system discharging the waste water into the Waste Water Treatment Plant 
in Pa Dad. 

Hence wastewater management has become a grave and urgent issue in Chiang Mai. 

The Mae Kha, flowing through Chiangmai on more than 20 km, has become an open sewer 
line instead of a storm water stream which could be used for agricultural purposes or as trans- 
portation route that potentially serves as a tourist attraction instead. The contamination of the 
Mae Kha affects the livelihood of the people in Chiang Mai living close to the Mae Kha canal. 

The Muang Mai market – the biggest wholesale market in Chiangmai - is one of the main 
polluters of the Mae Kha canal. A feasibility study on the sewerage problems and possible 
innovative solutions for the wastewater management within and around this market has been 
conducted recommending the implementation of a vacuum sewerage system.2 

 
 
 
 

1 The Government Public Relations Department http://thai- 
land.prd.go.th/ewt_news.php?nid=4749&filename=index (Accessed on 11.10.2018). 
2 See “Preliminary Study on Muang Mai Market: Overview of Waste Water Management problems and 
Preliminary Recommendations”, GIZ Integrated Resource Management in Asian Cities: the Urban 
Nexus, December 2015 
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One of the main problems is that the Mae Kha is not supplied and diluted by any other fresh- 
water body than by a storm water ditch which comes from the irrigation canal in the west of 
Chiang Mai and which is regulated by a water gate. The Mae Kha is a canal and therefore 
does not rise from a natural spring. In Figure 0.1 it is shown that the amount of freshwater flow 
to the Mae Kha is rather small, at least during the dry and hot season. The canal is filled with 
more water during the rainy season. 

However, if the Chiang Mai Municipality decides on implementing a separated waste water 
and storm water drainage system, whereby rainwater and waste water are separated, it must 
be considered that the Mae Kha might dry up entirely. Therefore, a way of supplying the Mae 
Kha with freshwater should be guaranteed and included in the design for a comprehensive 
waste water system in Chiang Mai. Hence it is recommended to implement a separate system 
by installing a pipe in or under the Mae Kha. Due to the potential small flow of water during the 
dry season, it is recommended to modify the Mae Kha canal in consideration of this seasonal 
minor water flow. An example of this is shown in Figure 0.2. 

 
 

Figure 0.1: Ditch that connects the irrigation canal with the Mae Kha. The photo was taken in 
July 2018 when there is the hot dry season in Thailand. 
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Figure 0.2: Example of how the Mae Kha canal could be modified into a stream. 

The starting point of the Mae Kha’s contamination is situated in the northern part of the city 
centre at the location of the superhighway. As the Mae Kha contains 99.6 % sewerage at least 
50 % of the Mae Kha’s sewerage could be diverted to be treated at the Wastewater Treatment 
Plant in Pa Dad by installing a single water gate.3 

The creation of a data basis is a crucial aspect to create a technically, and also a financially 
feasible concept. Data together with a comprehensive evaluation of the field site together build 
the foundation of any technical solution. Hence the GIZ Nexus Project gathered the required 
data for an adequate future sustainable sanitary and wastewater treatment concept during a 
technical mission to Chiang Mai beginning of October 2018. 

 
 

Bridge Repair Work 

Moreover, the mission also drew the attention of Chiangmai City decision makers to the fact 
that the conditions of the bridges crossing the Mae Kha canal are worrisome. While 
examining the Mae Kha canal in detail, the reinforcement bars of the reinforced concrete 
under the bridges was visible and extremely corroded. This was the case of almost all the 
bridges. Sub- sequently, the need of a renovation of these bridges should be addressed in 
due course. 
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1 Status-quo of the Study Area and of the Mae Kha as a Waste Water Canal 
The aim of the study was to gain detailed information on the profile of the Mae Kha Canal in 
order to give adequate recommendations on the improvement of the sewerage system in the 
Chiang Mai Municipality. As can be seen on the map of the topography of the study area in 
Figure 1.1., the city of Chiang Mai is confronted with a special situation. Since the Old City 
Centre was constructed on a plane level, there is no natural slope which a prerequisite for an 
adequate drainage system. Instead, rainwater and the overflow of the septic tanks trickle off 
into the soil into the groundwater or are led to and released into the Mae Kha. Especially the 
wastewater coming from the Muang Mai Market causes major pollution of the Mae Kha canal 
with organic matters. 

 
 

Figure 1.1: A topographic map of the city of Chiang Mai. The Old City Centre is an entirely flat 
area where water is prevented from flowing off naturally due to the old walls sur- 
rounding the Old City reaching up to 7 below surface. Due to this, the implementation 
of a gravity system is rather inapt in that area and alternative solutions are needed. 

 
 

In the western part of Chiang Mai, an irrigation canal runs from the north to the south and 
collects the rainwater which runs off the hills of the Doi Suthep. On the one hand, this canal 
safes the city from being flooded but on the other hand, it prevents the Mae Kha from being 
enriched with freshwater from time to time. Due to this, the high contamination of Mae Kha’s 
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water, caused by the households’ waste water and the Muang Mai market’s water that contains 
high organic load, cannot be diluted naturally. In the very north of the city center, the Mae Kha 
is dry and only supplied by the storm water coming from the irrigation channel which is regu- 
lated by a water gate. However, apart from that the irrigation canal disconnects the Mae Kha 
from natural water bodies. 

The Old City with its flat terrain is situated in between the irrigation canal in the west and the 
Mae Kha in the east. This walled old city center is characterized by narrow roads, a reduced 
accessibility to connect and empty septic tanks, a high-water table and a high number of tour- 
ists. Its sanitation system is a combined surface storm water and wastewater drainage with 
septic tanks. Since there is no natural slope an alternative technical solution instead of man- 
aging wastewater by a gravity sewerage system should be considered. 

The number of guesthouses and restaurants have boomed during the last years. Hence, the 
surface drainage system that collects the rainwater is often clogged due to an increasing 
amount of sedimentation, soap, grease in the grey water coming from these establishments 
and entering the Mae Kha. This is due to the upturn of sealed areas, such as parking places, 
walkways, roads etc. easing the access to these establishments. Due to this, the water cannot 
infiltrate into the ground but runs off over ground into the open canal drainage system. Moreo- 
ver, a negligible slope of the canals and inadequate operation & maintenance deteriorate the 
situation.4 

To the east of the walled city the Mae Kha canal runs from the north to the south, which func- 
tions as an open wastewater canal that prevents the wastewater from the western part of 
Chiang Mai to flow into the Ping river (see Figure 1.1). 

The Mae Kha receives the overflow of the septic tanks and the sewage water coming from the 
Muang Mai Market. 

Another wastewater discharger is the ice factory which is located at the West Mae Kha (north 
of the walled city) which eventually joins the Mae Kha canal. As the energy for the cooling of 
the ice is produced by an ammoniac absorption cooling machine, wastewater which contains 
ammonium and sodium dichromate enters the Mae Kha5. These elements minimize the dis- 
solved oxygen (DO) in the water which is required to biodegrade organic load i.e. no natural 
self-purification of the Mae Kha can occur. 

Apart from that, the West Mae Kha contains untreated wastewater from the area west to the 
walled city, which deteriorates the water quality of the Mae Kha canal even more. 

To the south of the walled city, the two branches of the Mae Kha, the Western Mae Kha (see 
Figure 3.1 in Chapter 3) and the Eastern Mae Kha canals, flow together and eventually enter 
the Wastewater Treatment Plant (WWTP) in Pa Dad. Since there are no households directly 
connected to the sewerage to the WWTP as the overflow of the septic tanks flows mainly into 
the Mae Kha, it receives a daily wastewater load of roughly 8,000 m3/day6. Hence it uses only 
about 16 % of its installed capacity of 50,000 m3/day. The WWTP uses sedimentation basins 
for water treatment only. 

 
 
 
 

4 Report by the GIZ on “Preliminary Study on Vacuum Sewer System”, p. 6, July 2015. 
5 Report by the FiW on “Innovative Wastewater Solutions”, p.17, March 2017. 
6 Report by the FiW on “Innovative Wastewater Solutions”, p. 17, March 2017. 
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2 Strategy of the Study Mission and Findings 
Chiang Mai Municipality expressed their interest in the technical assistance of the GIZ Nexus 
project to improve the wastewater management by developing a sustainable concept for the 
entire sewage system within the Chiang Mai Municipality including a concept for the rehabili- 
tation measures on the Mae Kha canal in particular. 

Therefore, the GIZ mandated a team of experts of the FiW Aachen to design a comprehensive 
technical solution for the sewerage system along the Mae Kha canal in Chiang Mai Municipal- 
ity. In order to come up with such a technical design data is needed. A detailed summary of 
the required data was generated in collaboration with the FiW and is depicted in Figure 2.1. 

 

 
Figure 2.1: Detailed description of the predefined data prepared in collaboration with the FiW 

at RWTH Aachen 
 
 

The findings of the mission are supposed to help gaining a better understanding of the current 
physical situation along the Mae Kha Canal. Thereby a sustainable and, as requested by the 
Chiang Mai Municipality, also a low-maintenance solution for the rehabilitation of the Mae Kha 
and for the sewage system within Chiang Mai in general is recommended based upon a solid 
data base. 

The main data of interest were the profile of the Mae Kha, particularly the longitudinal ones. 
By having the information on the longitudinal profiles, each of the geodetic heights of the canal 
are given whereby changes of the profile of the canal are known. This information is needed 
when planning a structural modification of the profile. Apart from that the material of the canal’s 
bed, the number of inlets into the Mae Kha and which kind of water, meaning whether they 
transport domestic waste water or mainly rainwater from the streets, were important findings. 
The Chiang Mai Municipality cooperated in helping to find and gather these data. An already 
existing map of the Mae Kha’s profiles supported the GIZ Nexus Project’s effort. After matching 
the map with the real structural conditions along the Mae Kha, it was adjusted, and eventually 
adapted to the specific task on giving appropriate recommendations on technical measure- 
ments for the rehabilitation of the Mae Kha. Additionally, a photo documentary of each of the 
sections was conducted to provide a better picture of the conditions along the canal. Figure 
2.2 shows the map in total and an example of one of the sections, respectively. 
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Figure 2.2: Map of the profile of the Mae Kha in total and in sections as an example. 
 
 

It became clear that there is not only one single technical method for Chiang Mai to solve its 
overall sewerage problem, but different sections of the drainage area of the Mae Kha will re- 
quire different technical solutions. The key to a sustainable solution is therefore an integrated 
system approach, which combines the traditional gravity sewer system with an innovative vac- 
uum sewer system. Apart from that, it is recommended that a solution considering the given 
and natural conditions is a more sustainable one, compared to a strongly artificial modification 
of the canal’s profile, which would mean an extension of the concrete bed. A less artificial 
modification (“nature based solution”) is the creation of river meadows that serve as flood plain 
and retention areas along the Mae Kha (“meadowing countryside”) during the rainy season,
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whereas during the dry season they can be used as recreation area. This idea considers also 
the growing tourism sector of Chiang Mai and opens the chance for Chiang Mai to become 
one of the upcoming “smart green cities” in Thailand in the near future.7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7 OECD (2015): „Green Growth in Bangkok, Thailand“. http://www.oecd.org/greengrowth/green- 
growth-in-bangkok-thailand-9789264237087-en.htm (accessed on 10.11.2018). 
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3 Proposed Recommendations for the Rehabilitation of the Mae Kha 
Based on the findings made during the study mission, the GIZ Urban Nexus project developed 
a roadmap with numerous measures to be taken to rehabilitate the Mae Kha canal. Each of 
the proposed solutions to be implemented jointly within an integrated, holistic approach, are 
described below. Maps are added and match each of the descriptions for a better understand- 
ing of the scale of each of the proposed solutions and their specific position along the Mae Kha 
canal. It is recommended that before connecting the walled city to the sewerage system out- 
side of its walls, it should be made sure that this system is functioning and is being maintained 
adequately. 

 
 

Figure 3.1: Recommendation “1” - Extension of the existing gravity sewer line up to the ice  
factory. 

 
 

Recommendations in detail (1-4) 
 
 

1. Extension of the existing gravity sewer line until it reaches the ice factory. 
Due to this measure, it can be ensured that the discharge of the ice factory does not 
trickle down into the soil contaminating it and the groundwater. Apart from that, the run 
off from the waste water and the rainwater from the upper drainage area in the north of 
the walled city (see yellow area) is collected by this gravity sewer and eventually chan- 
neled towards the WWTP located south of the walled city. 
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Figure 3.2: Recommendation “2“ – Piping of the small Mae Kha in order to reduce the organic 

load flowing in from the Muang Mai Market. 
 
 
2. Piping of the small Mae Kha in order to lead the wastewater from the Muang Mar- 

ket, which is characterized by a high amount of organic load, directly into the 
“main” Mae Kha canal. 

Since the water coming from the market is highly contaminated and identified as one of the 
main polluters of the Mae Kha canal, besides the ice factory8, it needs to be prevented from 
flowing into the Mae Kha. The piping of the connection from the market to the Mae Kha aims at 
reducing the organic load which comes from the market and is discharged into the canal. 
Currently, there is an open ditch which can be closed by a gate, that connects the market with 
the Mae Kha. The gate is opened most of the time in order to divert the water from Muang 
Mai Market. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8 Report by the GIZ on “Peliminary Study in Muang Mai Market”, December 2015 and Report by the 
FiW on “Innovative Wastewater Solutions”, March 2017. 
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Figure 3.3: Recommendation “3” – Pilot area of vacuum sewage system in the north-eastern 

part. This will be then connected to a gravity sewer pipe which will be positioned next 
to or under the Mae Kha and leads to the collector at pumping station P5. The exact 
position of the gravity sewer line, whether next to or under the Mae Kha, still needs 
to be clarified. 

 
 

3. Installation of vacuum sewerage waste water collection system as an adequate 
solution for the waste water management within the walled city (“3”). 

A vacuum sewerage system does not require a gravity slope and is also suitable for being 
implemented on confined space. Hence, it is a system suitable to be implemented within the 
walled city which is characterized by narrow streets. By using the vacuum sewerage 
technology, the digging of deep excavations, which is common when building a gravity pipe, is 
not required. Moreover, the vacuum sewerage system is especially apt for waste water 
collection in flat terrain as it is the case within the walled city. 
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If a vacuum sewerage system is applied it would be technically easy to separate different kinds 
of waste water streams. Either all the municipal waste water could be led to the sewerage 
system outside of the walled city or grey and black water could be separated. Another ad- 
vantage of the vacuum sewerage system is that it is modular. Considering the growing number 
of hotels and guest houses within the old city a modular system, which can be scaled up simply, 
is therefore an adequate option. 

The vacuum sewerage system will be connected to the existing gravity sewer line outside of 
the walled city, which leads to a collector at pumping station 5, eventually. From P 5 the water 
is then pumped to the pumping station P10, from which it is led to the WWTP in Pa Dad. 

 
 

Figure 3.4: Recommendation “4” – Divide the junction of the western and eastern Mae Kha canal 
branches which eventually lead to the collector. 
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4. Separating the western and eastern Mae Kha Canal branches in the south of the 
walled city letting it flow separately towards the WWTP in Pa Dad. 

The canal behind the junction cannot cope with the water flowing in from the northwest- ern and 
north-eastern parts of the city. This is due to an under-maintained area of the junction, which 
is blocked by solid waste but also due to a negligible slope which results in a reduced velocity 
of the water flow. Consequently, in the southern part of the junc- tion, a lake of waste water 
has accumulated (see Figure 1.1). The aim is to leave the water flowing according to its 
natural conditions, by this to relieve the junction and pre- vent the area around it from flooding 
or from accumulating the wastewater. Hence a more accurate and controllable water flow 
towards the WWTP could be guaranteed. 
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4 Conclusion 
The aim of the study mission was to clarify the physical conditions of the profile of the Mae 
Kha in the Chiang Mai Municipality. The Chiang Mai Municipality asked the GIZ Nexus Project 
for technical advice and assistance to improve the waste water management in their city by 
developing a concept for solving their sanitation problem in the entire Municipality but particu- 
larly by developing a concept for the rehabilitation of the Mae Kha canal. 

The GIZ Nexus Project went on a mission to collect respective data. Due to a successful re- 
search on the current state of mappings of the Mae Kha, an already existing map of the canal’s 
profile was very helpful. During the mission, the map was matched with the real conditions 
along the canal and appropriately corrected in accordance to the task. The Chiang Mai Munic- 
ipality ensured access along the canal and cooperated with the GIZ Nexus Project in gathering 
the missing data. Eventually an adequate data basis was gathered, analyzed and summarized, 
providing the basis for the recommendations below: 

The following recommendations were made: 

1. The extension of the existing gravity sewer line up to the ice factory. 
2. A piping of the small Mae Kha in order to reduce the organic load flowing in from 

the Muang Mai Market. 
3. Implementing a pilot area of a vacuum sewerage waste water collection within 

the north-eastern part of the walled city. This system can then be connected to 
an existing gravity sewer pipe which is positioned in or under the Mae Kha and 
leads to the collector at pumping station P5. 

4. Dividing the junction of the western and eastern Mae Kha canal branches which 
eventually lead to the collector. 

 
 

Besides these recommendations for an improved sewerage system with special emphasis on 
the Mae Kha canal, the GIZ Nexus Project documented the alarming condition of the several 
bridges which cross the Mae Kha canal. Almost all of the bridges showed extremely corroded 
reinforcement which might lead to dangerous failures when heavy vehicles are crossing these 
bridges. This issue was addressed and communicated to the Chiang Mai Municipality which 
agreed on observing this problem and showed interest in taking counter measures once 
budget is made free for renovating the bridges. 

 


