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1.1 Foreword

Bhutan has been making steady progress in the Water and
Sanitation and Hygiene (WASH) Sectors and the progress has
been faster in the last few decades. While WASH facilities in
the rural part of the country are normally constructed by the
households as subsidy free, the Royal Government of Bhutan
has been investing significant budget for establishment of WASH
facilities such as sewer network and wastewater treatment plants
in the urban towns in the country as safe water and sanitation are
basic needs for humans. These WASH facilities cost millions and
hence careful planning and selection of appropriate technologies
use is very important to avert resource wastage. Furthermore,
as Bhutan graduates from Least Developed Countries (LDC)
category, prudential use of limited resources have become even
more important.

Presently, different kinds of wastewater treatment plants have
been built across the country which are mostly implemented as
an initiative of the Local Governments until now. While some
technologieshavebeen functioning well, therearealsoshortcomings
with most of the technologies. These are mainly due to absence
of knowledge or guidance to select appropriate technology for the
particular local conditions. In addition, these are also aggravated
by lack of timely operation and periodic maintenance.

The National Sanitation and Hygiene Policy, 2020 (Policy objective
2) mandates the Local Governments (Dzongkhags, Gewogs
and Thromdes) to collaborate with the parent agency to explore
low-cost sanitation technological options to prevent haphazard
implementation of sanitation technologies in the country.
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This guideline has been developed with the objective to provide
guidance in selection of the locally appropriate Sanitation
technologies that will contribute to proper functionality and
sustenance of the facilities. Additionally, it will also help planners,
program managers, implementers, and decision makers to make
informed choice of the technologies.

It is envisaged that this guideline will not only provide firsthand
tool for selection of the most locally appropriate  sanitation
technologies but will also contribute immensely to achieving
particularly SDG goal 6.2 of achieving adequate and equitable
sanitation and hygiene for all and end open defecation, paying
special attention to the needs of women and girls and those in
vulnerable by 2030.

I would like to thank all the stakeholders involved in contributing
to the formulation of this guideline “National Guideline for
Sanitation Technology.”

g

~

Karma Dupchuk
DIRECTOR
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1.2 Introduction

The vision for the National Sanitation Policy, 2020 is a “Healthy,
happy and a productive society” which can be achieved only through
availability of adequate sanitation facilities, proper treatment
of the wastewater and regular operation and maintenance of the
sanitation systems.

Safely managed sanitation services and hygiene facilities benefit
not only public health and hygiene but can also accelerate economic
growth, enhance people’s dignity, and create a better future for
all. An improved sanitation and wastewater treatment system can
reduce contamination of ground water and the environment.

However, the current practice of sewage management system,
septic tanks, transport, and disposal of sludge in Dzongkhag
Thromdes (district municipalities) is a major concern due to the
absence of guidelines and standards for sanitation technology
options. In addition, there is no dedicated site for the treatment
and disposal of sludge. In many cases, it is often left to the truck
(cesspool) driver to find a site to get rid of the sludge.

Most of the existing sewage treatment plants in Dzongkhags and
Thromdes are in non- functional state causing the effluents to
be discharged into the rivers and streams. This poorly managed
sanitation not only pollutes the environment but also attribute to
emission of greenhouse gases. This is due to the lack of resources
for the maintenance of sewage treatment plants and its complex
service chain. It is important to note that the provision of physical
structures is only the beginning of the solution to the on-going
challenges of operation and maintenance of sanitation facilities.
Therefore, there is a need to enhance the effectiveness of sanitation-
related service delivery through sustained coordination between
the Thromdes, the service providers and the end-users through
the adoption and implementation of the National Guideline on
Sanitation Technology, 2023. Therefore, while planning, it is very
important to carry out cost-benefit analysis of the technology and
also very important to consider life cycle costs for sustainability of
the facilities.
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Process followed for development of the
National Guideline for Sanitation Technology

Stakeholder consultation is a key step to understand the need,
issues and gaps that is expected to be addressed in the guideline.
Therefore, following process was followed for development of the
guideline.

To start, a consultation was done with Water and Sanitation
Division (WSD), Department of Engineering Services (DES)
of Ministry of Works and Human Settlement (MoWHS) and
subsequently term of reference (ToR) for consultancy service was
developed. Request for Proposal (RFP) was announced openly
to invite potential consultants. Following the selection process,
the consultant was fielded to discuss and collect data on different
existing sanitation technologies in the country.

The draft guideline was also presented to SNV colleagues and
comments incorporated. Further, it was presented to stakeholders
(9 Districts and 2 Thromdes) and their comments have been
incorporated. The draft guideline was also presented to the
Director, DES, MoWHS and engineers of WSD their comments
have been incorporated. The final draft guideline was also shared
with UNICEF, Ministry of Health (MoH), Religion and Health
Project, Dratsang Lhenthog and WSD and further with SNV global
experts and all comments have been incorporated.

1.3 Objectives

The objectives of the National Guideline for Sanitation Technology,
2023 are to:

1. Assist in selecting the best solutions for on and off-site sewage
management technology.

2. Provide quick guidance to sanitation planners and Thromde/
Dzongkhag engineers.
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Sanitation Technology in
Practice

here are many technological alternatives for sanitation,
ranging from conventional options to advanced
technologies. It is often difficult to select.

the most appropriate technology from a set of available alternatives
for the location. Therefore, it is important to consider other factors
such as: user preferences, capital, operational and maintenance
costs; land/space requirement; climatic conditions; power supply;
availability of skilled technicians, supervisors, and laboratory staff
for the installation and operation of the machinery and its parts.

Low-cost sanitation facilities, such as pit and ventilated pit
toilets, pour flush with single or twin pits, eco-san and aqua privy
models and septic tanks with soak pits are common sightings in
schools and institutions across the country, including urban and
peri-urban areas. The following sections describe the sanitation
technology that are in the country.

National Guideline for Sanitation Technology




2.1 Ventilated Improved Pit (VIP)

VIP is an improved version of the pit latrine (Figure 1). The two
key factors that differentiate VIP from a pit latrine is its ability to
reduce odours and maintain low fly populations. The continuous
airflow through the ventilation pipe vents odours and the fly screen
on top of vent pipe traps the flies as they escape towards the light.

@ Flyscreen

Air (Vi enilation)

Vent pipe

Figure 1. Ventilated Improved Pit
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2.2 SaTo Pan (Safe Toilet)

The SaTo pan can be fitted on a wooden, mud, or reinforced concrete slab and placed
over the pit (Figure 2). In order to keep flies and other insects from coming into contact
with human waste directly, the SaTo pan uses mechanical and water seals to close off pit
latrines from the open air. It also eliminates the unsightly appearance and odours from
open pit latrines and reduces the volume of water required to flush. The portable SaTo
pan prevents the freezing of water, unlike other water closet pans.

RRY

Self-sealing
trap door

Seal shuts out flies, other
insects and odors

Figure 2. SaTo (Safe Toilet) pan

2.3 EcoSan (Ecological Sanitation)

The EcoSan is based on the principle of recovery and recycling of the nutrients from the
urine to create valuable resource for agriculture. The Ecosan system is also known as a
urine-diverting dry toilet or Urine Diverting Dehydrating Toilet (UDDT). The structure is
raised above the ground to reduce the contamination of ground and surface water (Figure
3). It has two vaults used alternatively. It is suitable in areas with high ground water table.

Figure 3. EcoSan (urine-diverting dehydrating toilet)
The separate urine is collected in a suitable container such as 15-20 liters plastic jerry can

and used as liquid manure. The container should be emptied every 1-2 days and urine is
to be diluted before use. Alternatively, the outlet of the urine pipe can be connected to a
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soak pit to dispose off the urine to the soil. Small amount of wood ash or other materials
sand or saw dust should be added through the drop hole after each use and the lid should
be covered.

Itis important to sweep and clean the toilet floor weekly with disinfectants (use of excessive
water to be avoided), check fly screen on the top of the vent pipe every six month.

2.4 Pour Flush with Single or Twin Pit

Pour-flush with offset either single or twin pits is commonly used across the country
(Figure 5). Since the access to the pit is concealed, it is safer for the users especially for
children and elderly. It is more pleasant to use since the excreta is concealed.

The advantage of a twin pit is that the user can use the pit alternatively. When one pit
is full, the user can close that pit and switch to the other one, by then the faeces in the
unused pit gets dried and can be disposed.

Inspection
chamber

Figure 4. Pour-flush with twin pit
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2.5 Sanitation Technology Options
The choice of Sanitation Technology options depends on:

1. Site condition, like land area available, temperature, soil condition, groundwater,
and wind direction

Affordability

Capacity to operate and manage it

User preferences

Access to the sanitation market (goods and services)

Reuse options

2.
3.
4.
5.
6.
7.

National Guideline for Sanitation Technology
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On-Site Sanitation

In Bhutan, about 75-80% of the population uses on-site (or
decentralized) sanitation. The onsite sanitation system involves a
septic tank for partial treatment of sewage.

On-site Sanitation (commonly known as septic tank systems) are
installed on the premises or properties of individuals that are not
served by piped sewer systems. This system treats sewage within
the premises of its generation and are also termed non-sewer
sanitation. It can be broadly categorized as:

1.  Conventional septic tank with soaking options like soak pit
and dispersion trenches, leach pits

Improved septic tank,
Package septic tank-contact aeration type system, and

Upflow anaerobic filter.

S

Biogas system (earlier biogas program also had option of
linking toilets in the digester)

The two end-products of primary sewage treatment (effluent and
sludge) are described in section on the treatment process with on-
site sewage treatment and faecal sludge management.
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3.1 Conventional Septic Tank with Soak Pit / Line
Drains

A conventional septic tank system comprises of three major components: a septic tank,
connecting pipes, and an absorption/infiltration (soak pit) or trench.

The septic tank is a watertight double chambered tank, and the sewage flows through a
pipe into the chamber. The tank is primarily a settling tank where the organics contained
in the sewage settles and decomposes by anaerobic bacteria.

The heavier matter settles at the bottom of the tank to form sludge and lighter float to the
top and form a scum layer, both of which must be periodically removed to ensure smooth
operation of the system. The clear water formed in between the scum and sludge flows
into a soak pit or line drain.

Most of the septic tanks in Bhutan are built at site (cast-in-situ), mostly without a soak pit
in urban areas due to lack of space. The effluent from the septic tank is directly discharged
into the natural environment, causing water contamination, can result in adverse impact
on public health.

3.1.1 Soak Pit

A soak pit is also known as a soakaway or leach pit. It is a covered, lined, or unlined pit
filled with brickbats or gravel that allows effluent from the septic tank to slowly soak into
the ground. For soak pits to function properly, soil conditions must be suitable for the
infiltration of effluent from septic tanks.

access cover
) a
N/ N

Ventilation Space

Clear Liquid

Figure 5. Septic tank connected to soak pit

For further reference, refer your septic system manual of MoWHS
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3.1.2 Dispersion Trenches

Dispersion trenches consist of relatively narrow and shallow trenches (about 0.5 - 1 m
deep and 0.3 — 1 m wide) excavated to a slight gradient of about 0.25%. The effluent
from the septic tank is led into a small distribution box from which several such trenches
could radiate out as shown in Figure 6. While proposing dispersion trenches, factors such
as permeability of the soil, ground water table depth, and the low-lying area should be
considered. Any hazard or threat to the environment and public health should be avoided
at all costs.

R 0
Ventilation Space

Clear Liquid

Figure 6. Septic tank connected to dispersion trenches
Refer waste prevention and management regulation 2016 for selecting the location.

The approximate cost for the construction of a septic tank is detailed below: Capex: Nu
40,000 — 100,000*

Opex: Nu 8,000 to 10,000 (desludging every 2 years depending on the size of the septic
tank).

Area Required: 10-20 sqm.

*Depending on the number of users (15-100) as per the BSR 2021 (Bhutan Schedule of
Rates).

National Guideline for Sanitation Technology




3.2 Improved Septic Tanks
3.2.1 Upflow Anaerobic Filter

It comprises of a watertight tank with two or more chambers in series containing several
layers of submerged filter with stone media or burnt bricks (half bricks) and the effluent
from the first chamber is introduced from the bottom as shown in Figure 8.

The upflow anaerobic filter can either be a separate unit or constructed as an extended
part of septic tanks.

The Process

In the first chamber, the separation of three layers; scum, sludge, and clear water. Scum
floats at top of the liquid in the tank, sludge settles at the bottom, and clear water (middle
layer). The partially treated clear water is introduced to the filter media from the bottom.
Then the dissolved and non-settleable solids are removed by anaerobic digestion through
close contact with bacteria attached to the filter media.

AAccess Cover Access Covery ) Vent

Liquid Level

Figure 7. Upflow Anaerobic Filter

The final effluent from the upflow filter will be discharged at least 30 to 45 cm above
the ground level. A dispersion mound (out of sand) can be constructed at this location.
Flowers/plants to be planted along the area for evapotranspiration.

Where is it suitable?
e This technology is suitable for locations with limited land because its typically

constructed underground.

e In places with dense soil, a high-water table, and space constraint, the upflowfilter
can be used for secondary treatment of septic tank effluents. These conditions also
prevent soil absorption or the leaching system for effluent disposal.
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« Anaerobic filters can be designed as anaerobic digesters to recover the biogas
produced. Sludge carryover is controlled with a multiple-chamber septic tank. 70% of
Biological Oxygen Demand (BOD) removal is expected through this technology. The
site should be accessible for desludging services

Pros & Cons of Upflow Anaerobic Filter
Pros

Vv Resistant to organic and hydraulic shock loadings

v No requirement of energy
v Low operating cost

vV Requires small area

v Long service life.

Cons

v Low reduction in pathogens, solids, and organics
Vv Effluent and sludge require further treatments.

v Regular desludging must be ensured.

Upflow anaerobic filter
Land requirement: 10 m2
Capex: Nu. 70,000 - 120,000,

Opex: Nu. 10,000 every two years for desludging and cleaning.

3.3 Package Septic Tank -Contact Aeration Type
System

Itisanimprovement of the septic tank system. While the septic tank creates an environment
with minimal free oxygen in the wastewater, the aeration system is designed to introduce
oxygen into the wastewater. This system allows a conducive environment for the bacteria
to break down the solid wastes quickly and efficiently. Unlike other conventional septic
tanks, package septic tanks need power supply for aeration and therefore requires more
operation and maintenance services.

This system is developed in line with well-established Japanese on-site treatment systems
known as Johkasou. It is made up of Low Linear Density Polyethylene (LLDPE) and can
be easily installed.
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The Process

Similar to an anaerobic septic tank, the pre-treatment chamber allows lighter FOG (fat,
oil, grease) to float while heavier materials sink to the bottom. At the bottom, the settled
sediments undergo additional degradation (anaerobic deterioration), forming a sludge
layer. With the help of a continuous diffusion of controlled air supply from a blower, the
clear water (middle layer) with suspended solids, enters the aeration compartment, which
has a high specific surface area (100 m2/m3) and fixed film plastic media to retain a high
mass of aerobic microorganisms to degrade the organic matter in the sewage.

3.3.1 Johkasou Systems - Advanced On-site Sewage

This treatment system is similar to other advanced packaged systems available as a
decentralized wastewater treatment solution.

A schematic diagram of Johkasou Systems is given below:

Circulation

(Sedimentation and o
Separation|chamber) l

Desludge Desludge

Figure 8. A schematic diagram of Johkasou Systems

Johkasou is an on-site compact sewage treatment plant. This is developed in Japan
and adopted by households/groups of households which are not connected to the main
sewerage systems. It is usually installed underground as a single compact tank.

There are five functional chambers: sedimentation, anaerobic, aeration, storage, and
disinfection.

Various types and sizes of Johkasou units are available from small residential units to
large commercial units.
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Classification according to Treatment Capacity (Johkasou)

Package -Type

Small-Scale Medium - Large -Scale
Scale

Upto 50 people 51to 1500 500 t0 5000
Peopic people

Source: Image courtesy of Japan Education

Center of Environmental Sanitation

A brief sketch of Johkasou is given below:

. . Air lift pump
Sedimentation it arats

Separation

Source: Datki Axis

R et g

Figure 9. Johkasou systems Unit
The Process

This is a complete sewage treatment made with highly durable Fibre reinforced
polymers (FRP). It works on both anaerobic and aerobic biological treatment principles
and processes. Three primary treatment procedures make up Johkasou: preliminary
treatment, main treatment, and advanced treatment (if required) including disinfection
operations.

e Preliminary Treatment process: The influent wastewater is screened to get rid of
things like sticks, rage, and other insoluble items. Then lurches into the sedimentation
chamber, where sedimentation and gravity-based floating separate the particles.
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Main treatment process: The waste from the sedimentation and separation chamber
enters an anaerobic filter chamber where anaerobic microorganisms break down
the contents of the organic material. Aerobic microorganisms continue to degrade
it in the moving bed bio reactor (MBBR) chamber before it enters the sedimentation
chamber.

Advanced treatment process: This process removes chemical oxygen demand (COD)
- related contaminants and phosphorus from the biologically treated sewage by
means of flocculation sedimentation, sand filtration, activated carbon absorption,
and dephosphorization.

Disinfection process: This process disinfects E. coli and other bacteria to make
effluent water safer.

Pros & Cons of Johkasou system

Pros

v Short installation time and early realization of the effects
v Johkasou-treated water and sludge are easy to reuse
v Low maintenance cost

vV Resilient to climate change and

v Requires minimal area.

Cons

v High initial investment cost

v Requires periodic Operation and Maintenance

vV Requires uninterrupted Power Supply and

v High transportation charges.

Capacity: 100 KLD — 2 MLD Area

Land requirement: 20 m2 — 240 m2

Refer: Daikiaxis.in India (Johkasou)
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Table 2. Comparison of On-Site Sewage Treatment Systems

Conventional On-Site Sewage Compact On-Site Sewage
Treatment Treatment
Septic Tank AE;’::?)‘&C Package §eptic tank -Contact
Filter eration Type System
vV Resistant to organic and hydraulic shock V' Short installation time and early
loadings. realization of the effects.
v No power required. v Johkasou-treated water and sludge
Pros v Low operating cost. are easy to reuse.
vV Requires less area. v Low maintenance cost.
v Long service life. v Resilient to climate change.
v Lower Capital Cost (Septic tank is cheaper v Requires less area.
thanUpflow anaerobic filter). vV Good effluent quality.
v g;);:l Irl;l((:isl.lctlon in pathogens, solids, and vV High .Initia.l Investr'{lent Cost. .
v Effluent and sludge require more treatment V' Requires lh 1g}.1er trlaluned and skilled
and /or appropriate discharge. y personnel to Insta .
. Periodic Operation and Mainte-
Cons v Regular desludging must be ensured.
v Low effluent quality needs secondary treat- y nance. .
. . . Requires uninterrupted power
ment such as soak pit or dispersion trenches). 1
v Upflow anaerobic filter has better effluent y i}lpﬁ }[7 rtation ch
quality than septic tank. 161 transportation charges
vV Where there is smaller space, it is recommend-
ed to use communal septic tank with soak pit |V It is available in small, medium,
or dispersion trenches/Niimi trench model. and large scales. Suited for Individ-
Example: Mongar Town with Communal Soak ual households, hotels, and Institu-
Notes pit and Lhuntse Town with Communal Septic tional buildings in small towns.*
Tank. v Suitable for cold climatic condi-
vV Suitable for cold climatic conditions with tions with underground installation
underground installation, concrete cover, and and mud or straw insulation.
mud or straw insulation.

* Johkasou Systems - Advanced On-site Sewage Refer: Daikiaxis.in India (Johkasou),
Arvind Envisol Ltd - Industrial Wastewater Treatment Solutions, India. (Installed Wastewater treatment system in Royal

Academy, Pangbisa, Paro and Quarantine Centre in Samtse).
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Off-Site Sewage Management

Urban wastewater, often known as sewage, typically consists of a
combination of home wastewater from sinks, baths, washing machines,
toilets, industrial wastewater, and rainwater runoff from roads and other
surfaces.

Without proper treatment, the daily wastewater we produce would harm
the water ecosystem and pose a threat to public health. Organic material
(carbohydrates, lipids, and proteins), bacteria, and chemicals are present
in untreated sewage. These compounds are broken down by bacteria
that are naturally present in water, but they do so by using the oxygen
dissolved in the water. It is possible that there would be insufficient
oxygen for fish and other aquatic life to thrive if there are substantial
and uncontrolled untreated discharges of urban wastewater. Therefore,
to save the ecosystem from these consequences, organic compounds are
removed during wastewater treatment.

Sewage treatment facilities in settling much of the solid matter (Primary
Treatment) using bacteria that digest and breaks down organic
substances (Secondary Treatment). In some cases, Tertiary Treatment is
required to protect sensitive environment.

The diagram below illustrates different treatment processes:

Figure 10. Typical Wastewater Treatment Process
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4.1 Sequencing Batch Reactor System
Process Description

The sequencing batch reactor (SBR) system is a sequential suspended growth (activated
sludge) process in which the major steps occur in the same tank in sequential order
as shown in Figure 12. SBRs can be designed and operated to enhance the removal of
nitrogen, phosphorus, and ammonia, in addition to removing the Total Suspended
Solids (TSS) and Biological Oxygen Demand (BOD). The intermittent flow (IF) SBR
accepts influent only at specified intervals and, in general, follows the five-step sequence.
To optimize the performance of the system, two or more batch reactors are used in a
predetermined sequence of the operation. The major components of the SBR include the
batch tank, aerator, mixer decanter device, process control system (including timers)
pumps, and piping. Aeration may be provided by diffused air or mechanical devices. SBRs
are often sized to provide mixing well and operated by the process of control timer (Now
by the SCADA system). The decanter is a critical element in the process. Several decanter
configurations are available, including fixed and floating units. The key to the SBR process
is the control systems, which consist of a level sensors, timers, and microprocessors.

Five stages of Treatment Process

o Fill,
L. . Input
»  Mixing and aeration, l
o Settle, 1. Fill
e Decant,
o Idle.
| 5. 1dle | K
Time
4. Draw
Decant
Output

Figure 11. Sequencing Batch Reactor design principle
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Figure 12. Sequencing Batch Reactor flow diagram

Pros:

v Compact: All of the unit operations and the processes take place in single reactor
basin

v Modest footprint

v High treatment efficiency

v No Need for a final sedimentation tank, multiprocessing takes place in a single
reactor basin (about 100 m2 /1000 m3).

Cons:

v High capital cost

v Skilled manpower required to operate

vV Higher level maintenance with automated switches, sensors, and valves

v Requires uninterrupted power supply.

SBR treatment plant at Jungzhina, Thimphu

Capital cost: Nu 40.8 million

Opex: Nu 13 lakh per annum

Area covered: 15 decimals (only treatment plant area) Capacity: 1 MLD

(Source:Data collected from Thimphu Thromde-2022)
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4.2 Activated Sludge Process
Process Description

The activated sludge process is an aerobic suspended-growth process that maintains
relatively high population of micro-organisms (biomass) by recycling back the biomass
to the treatment process.

The biomass converts soluble and biodegradable organic matter and some inorganic
compounds into cell mass and metabolic end products. The biomass is separated from
the wastewater by settling in a clarifier for recycling.

The primary treatment to remove settleable solids and materials is usually provided by a
septic tank or sedimentation tank.

The basic system consists of several interrelated components (as shown in Figure 14)

v Aeration tank containing microorganisms in suspension in which the reaction takes
place

v Air diffuser placed at the bottom of the tank

v A clarifier to separate the biomass from the treated effluent and collect settled
biomass for recycling to the aeration basin.

Secondary  Filtration Dis-

Sedimentation  Aeration Tank ! A
infection

Grit Clarifier

Screen

Influent

b — —p-Effluent

TAir

| Return Activated Sludge (RAS) | Waste Activated Sludge (WAS)

=

Figure 13. Activated Sludge Process
Pros:

v There is minimal effect on the performance (due to normal variations in
wastewater characteristics and seasonal changes)

v Requires minimal space/land.

Cons:

v High recurring cost

v High energy consumption
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v Performance is adversely affected due to interruption in power supply even for a
short period

vV Foaming, particularly in the winter season, may adversely affect the oxygen transfer
affecting performance significantly.

vV Requires elaborate sludge digestion/drying/ disposal arrangements.

Activated Sludge Process (ASP) treatment plant Lungtenzampa, Thimphu
Capital cost: Nu 58.23 million for 2 MLD Opex: Nu 18 lakhs per annum.
Area covered: 20 decimals (registered area — 68 decimals) Capacity: 2 MLD

(Source:Data collected from Thimphu Thromde-2022)

4.3 DEWATS (Decentralised Wastewater
Treatment Systems)

In contrast to a septic tank, the baffled reactors work so efficiently that there is complete
digestion of solids and typically no need for frequent emptying or cleaning.unlike septic
tanks.

The quality of treated wastewater that emerges into the polishing pond is suitable for
landscape applications. The reed bed system in the filter part can be a good landscape
feature with plants like Acorus offering lush green look.

In addition, the DEWATS approach reports an 80 to 85% reduction in BOD and COD,
80% reduction in phosphates and 60% reduction in ammonia from the input wastewater.

DEWATS aims to use local materials in design but at the same time adheres to strict
technical standards. The whole treatment process of wastewater can be completely
gravity-driven without any requirement of power supply/energy. The process eliminate
issues like power outages, load shedding, or even unintentional motor or pump shutoffs
etc.

DEWATS is based on four treatment systems:

v Sedimentation and primary treatment in sedimentation ponds or septic tanks

vV Secondary anaerobic treatment in baffled reactors (baffled septic tanks) or fixed bed
filters

Vv Tertiary treatment in subsurface horizontal flow sand filters with reed beds

v Secondary and tertiary aerobic /anaerobic treatment in ponds.
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Primary
treatment
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Settler Biogas digester (BGD)
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Secondary
treatment

Inocalation of wastewater vith scthva sudge

Anaerobic —T —- T
digestion

Anaerobic Filter (AF)

Aerobic and
facultative
decomposition

o

p. OUITCR?

Horizontal (or verticle) Gravel Filter (HGF/VGF)

T Y
Advanced

Secondary Polishing Pond (exemplary)
treatment

Various combinations of above mentioned treatment modules are possible
and widely used.

Figure 14. Treatment modules for DEWAT System

DWATS in Samtse

Capital cost: Nu 15 million

Opex : Nu 5,000-8,000 per year for cleaning
Area requirement: 1.5 acres

(Source:Data collected from Samtse Municipality-2022)
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Pros:

v Low maintenance

vV No electricity required

v Can be constructed with local materials

vV No mechanical or electrical components required
vV No requirement of highly skilled technicians.
Cons:

v Larger area /space required

v High initial construction cost
v The treatment process is slow.
\

Colder the climate, lower is the efficiency of the technology

4.4 Submerged Aerated Fixed Film Bioreactors

Submerged Aerated Fixed Film Bioreactors are cost effective method of wastewater
treatment technology used in commercial and residential sewage sanitation / wastewater
treatment. The wastewater from the sedimentation enters the tank where media is
engineered to have a high surface area to boost biofilm formation while also allowing the
wastewater to flow through the system.

The biological degradation takes place in the aerated fixed-film reactor where the oxygen
is supplied in the form of atmospheric air and distributed via a system of diffusers. The
degradation process of dissolved organic material is carried out by the microorganisms
growing on the submerged filter surface.

Submerged Aerated Fixed Film Bioreactors ECO-Line package STP, Taba, Thimphu
Capital cost: Nu 33.08 million

Opex: Nu 19 lakh per annum* Area requirement: 20 decimals Capacity: 1 MLD

*Total Cost: Nu. 38.92 million of this Nu. 5.8 million is for operation and maintenance for

three years under DBOT contract.

(Source:Data collected from Thimphu Thromde-2022)
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Eco-line package STP
Pros:

Compact
Produces relatively small volumes of sludge
Quick to install

Modular can be enlarged easily

<0<

Available in the market.

Cons:

Requires continuous power supply
Requires electrical and mechanical equipment
Spare parts are expensive (need to be imported)

Can have problems with foam production

<0<

Requires skilled manpower (experts).

Submerged Aerated Fixed Film Bioreactors
Dojo-Joka, Hejo, Thimphu

Land requirement: 50 decimals per MLD Capital costs: Around Nu 9.8 million
Capacity: 0.10 MLD

(Source: Project peport Mokhan Joka SystemCo.Ltd June 2019)
Dojo-Joka System
Pros:

v No mechanical equipment is required except the blowers for contact aeration
v Climate resilient

v No Secondary pollution because of the soil cover on the tank

vV Aesthetically pleasing and space can be used as a recreational centre.

Cons:

<

Requires larger areas
High initial construction cost

Spare parts are expensive (need to be imported)

\/
\/
\
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4.5 Upflow Anaerobic Sludge Blanket (UASB)
Reactor

Process Description

This is an anaerobic digestion process where faecal sludge is pumped from the bottom into
the reactor where influent suspended solids and bacterial growth leads to the formation
of a sludge blanket.

Bacteria in the sludge blanket breaks down organic matter by anaerobic digestion,
transforming it into biogas. The digested sludge is further dried for reuse.

The underlying principle of the UASB operation is to have an anaerobic sludge that
exhibits good settling properties and efficiently retains complex microbial consortium
without the need for biofilm carrier materials by the formation of biological granules with
good settling characteristics.

The key feature of this system is the microbial aggregation into a symbiotic multilayer
structure called a granule and the retention of highly active biomass with good settling
abilities in the reactor.

UASB reactor is based on three phase separators, which enables the reactor to separate
gas and water under high turbulent conditions. This allows for compact and economical
designs.

Sludge Blanket Biogas

Gas/Liquid/Solid Separator

Effluent

Sludge Bed

Distributor

Source: Industrial Technology

Research Instiutte

Figure 15. Upflow Anaerobic Sludge Blanket (UASB) Reactor
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For 1 MLD plant

Area required: 50 decimals
Capex: Nu 1.8 crore Estimated
Opex: Nu 3-4 lakhs per annum
(Source:Refer Table 4)

Pros:

v Can handle organic shock loads effectively.

v Well-known and extensively applied technology

vV Low energy process and thus more environmentally friendly
\/

Low running costs.

Cons:

v Consolidation can be difficult after digestion.

v Unable to produce a high-quality effluent (generates ammonia, phosphate rich
streams, and other residual pollutants)

v Treatment process is slow

vV Requires skilled manpower.

4.6 Moving Bed Bioreactor (MBBR)

The MBBR system is considered as an advanced wastewater treatment, which combines
the best of Conventional Activated Sludge (CAS) and biofilter process, making use of
suspended biomass and attached biomass.

MBBR technology employ thousands of polyethylene biofilm carriers operating in
mixed motion within an aerated wastewater treatment basin. Each bio carrier increases
productivity by providing a protected surface area to support the growth of heterotrophic
and autotrophic bacteria within its cells. Moving Bed Bio-Reactor systems are flexible,
cost-effective, and easy-to-operate.
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MBBR Media

Active
Sand Carbon
filter filter

Disinfection

Effluent

MBBRTank1 MBBR Tank 2

Equalization
Tank
Sludge Collection Tank
Figure 16. Moving Bed Bioreactor (MBBR)
Dechencholing MBBR

Land requirement: 20 decimals
Capital costs: Around Nu 2.3 Crore per MLD Capacity: 0.75 MLD

(Source:Data collected from Thimphu Thromde-2022)

Pros:

Compact

Not affected by toxic shock

High sludge retention time (SRT) which enhances the nitrification process
Production of sludge is lower

Do not need recycling of the sludge-like activated sludge system

< <L

MBBR media is installed to retrofit existing activated sludge tanks to increase the
capacity.

Cons:

v Requires continuous power supply

vV Requires electrical and mechanical equipment
v Requires skilled manpower
\4

Manual Monitoring.
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Table 3. Comparison of various technological options for STP

Slno Parameters Technology
SBR ASP DEWATS Dojo-Joka Eco-Line MBBR  UASB
1|/Eneregy Requirement KWh 154 180 -225 nil  for 0.1MLD| - 282 |10.5-15
(units) /MLD treatment
3|Capital Cost, Nu. Million /MLD 40.8 38.92 15.00 9.80 33.08 42.55 33.3
4|0 & M Cost, million/year/MLD 1.3 1.25 0.1 0.1 1.9 0.9 0.36
Requi t of Skilled . . . . .
> p:;;;;l:;lnslen © e high high low low high high |medium
6|Land area in decimal/MLD 15.00 20.00 98.00 50.00 20.00 20.00 | 49.50

Source: The above-mentioned O&M Energy requirement, land requirements, and capital costs are worked out based
on the analysis carried out by the compendium of Sewage Treatment Technologies by IIT Kanpur and Dzongkhag/
Thromde.

4.7 Winter Wastewater Treatment

Bacterial activity can be slowed by cold temperatures. For wastewater treatment facilities
that rely on bacteria already present in the sludge or supplied by bioaug- mentation to
digest the organic load in wastewater, this can be a serious issue. The majority of aerobic
wastewater treatment facilities perform best between the tem- peratures of 10°C and
40°C for mesophilic bacteria.

The rate of bacterial activity is halved at a wastewater temperature of 15.6°C. Therefore,
wastewater treatment in cold climate is less cost effective requiring larger reactor volumes
to maintain treatment efficiencies.

The word “psychrophilic” refers to bacteria that can function in the 0°-20°C range and
are less thermophilic than mesophilic bacteria. As the temperature drops, the cost rises
because larger reactor volumes are required to maintain the same treat- ment efficiency.

In cold climate, a separate sewage system and an underground treatment facility with a
cover and insulation perform better. Example, Dojo Joka system, underground MBBR
tank with concrete cover and aeration.
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Faecal Sludge & Septage
Management

On-site Sewage Management System involves conventional septic tank with

soaking options and other advanced options. The treatment methods generate
faecal sludge/septage which needs to be collected, transported, treated and

reused/ disposed off.

This section focuses on Faecal Sludge & Septage (FS&S) Treatment methods.

Faecal Sludge Service Chain have following five stages:

ii.

iii.

iv.

Containment: Human waste (possibly with grey water) is contained in an on-site
system. The partially treated waste is known as faecal sludge or septage depending
on the system used.

Emptying of faecal matter: The system is emptied, typically by a desludging vehicle
truck with a vacuum and injector (to stir the sludge at the bottom of the tank).

Transportation of the sludge/septage/sewage: Faecal sludge or septage is transported
safely in a properly sealed vehicle/Cesspool truck.

Safe treatment of the collected sludge/septage/ sewage: Faecal sludge/ septage
can be treated either at a Faecal Sludge Treatment Plant (FSTP) or be co-treated with
sewage at a Sewage Treatment Plant (STP).

Safe disposal/recycle/reuse of the treated sludge: The treated waste can be safely
reused or disposed off.
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