Urban Sanitation & Public Health
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ENVTRONMENTAL SANTATION (10 Cs)

1. Safe Drinking Water

2. Sewage Treatment (S.Pit, Septic Tank, IMT, TF, AS, MF)

3. Refuse Disposal (Dump:, San. LF, CP, Incen®: Hog FeedX)

4. Personal Hygiene

5. Environmental & Soil (free Disease Produc®: Bat, Path: Organism)
6. General Sanitation (Building orientation to all)

/. Air Sanitation (Pollution, CO,, CO, H,S, NO, CLFLC, CH,, NH,)
8. Lighting (minimum 50 foot candle=60 Watts for reading)

9. Ventilation (30%-40% of walling, 50-70ft%/c, 35m3/c.hr)

10. Sound Sanitation (Noise Control <80 decibel)
@urce: Environmental Engg; & Sanitation- Joseph A. Salvato New York Nov: 197/1
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What is Sanitation? eawagoo; &5

A) Definitions Excreta & liquid wastes T
hygienic way disposing -

a)

Sanitation is the means of collecting and
disposing of excreta and liquid wastes in a
hygienic way so as not to endanger the
health of individuals or the community as a
whole. [1]

| B)Reduce pathogens spread & maintain healthy living environment
" b) (less common)

General term used to describe a battery of
actions that all aim to reduce the spread of
pathogens and maintain a healthy living
environment. Specific actions related to
sanitation include wastewater treatment,
solid waste management and stormwater
management. 2

C) Municipal Concerns — Wastewater T, Solid W T, Strom W Management
@ it mostly addresses on— WW treatment, solid waste T & storm water managemey




WORLD = 7000 Million 35% Global
Sanitation Challenges WITHOUT Sanitation eawag
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While the vast majority of Americans relieve themselves
in a toilet connected to a septic or sewer system, this
luxury isn't available to 40 percent of th rid’s
population. About 2.5 billion people lack access to
proper sanitation facilities, meaning they carry out their
very private business in very public settings, such as
streats or fields, With so many people going to the
bathroom (s0 to speak) outdoors, it's difficult for them:

and others to awid ingesting microbe-contaminated L o
¢

fecal matter, mostly because it seeps into groundwater B RAZI L = >
TANZANIA

This can lead to diarrhea, which contributes to about

700,000 child deaths each year 3 g 3 2 ‘
Sanitation problems are particularly pronounced in MILLION . ‘ " BANGLADESH
s S S R DRCONGO

these 16 countries; the figures, as compiled by the

World Health Organization/UNICEF Joint Monitoring 5 0

Programme for Water Supply and Sanitation, represent

the number of people who lack sanitation access MILLION MILLION 350A) Of g IObaI
population
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What Waste, Resource and Management Systems
Are We Dealing With?

Water supply
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Sources of Household water Sitatian Waste Drsinane
waste handling generation g
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Processes Storage — Transport — Treatment — Disposal — Reuse
* K *
Matiagement | Plannln.g — Financing — Imp.lementlng
Operation & Maintenance — Regulation & Enforcement
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URBAN
Sanitation Challenges: Urban

+ Greatest socio-economic & technical
challenges

* Disease transmission - public health
* The numbers !

* Simple (rural) versus complex (urban)
solutions
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URBAN —Complex RURAL - Simple g=&=
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The Water Cycle and Related Urban Infrastructure

Source: http://www.mfe.govt.nz/pubIications/waste/wastewater—mgmt—jun03/htmI/figure3—3.html/




Where can we disrupt the
transmission routes?

Washing hands after

Primary barriers Secondary barriers :
® &4 @ defecation or

e Improved constructing safe
hygiene sanitation facilities are
* primary barriers which

prevent pathogens from
entering the environment.

Washing hands before
eating or protecting food
from flies are secondary
barriers which prevent
pathogens from infecting
a new host or
contaminating food.

Sy

<&
Faeces

Improved
water quality

adapted from WHO 2005




Water related diseases

I. Water- "UmvOrf;a&m’g II. Water-washed
borne  WdkufzGdKufa&m*g (Water- scarce)
Pathogens 'Orf;‘fdk”f‘?‘&m*_g . water quantity problem
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MANUAL FOR SAFE USE AND
DISPOSAL OF WASTEWATER,
GREYWATER AND EXCRETA
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" SANITATION SAFETY PLAN - 6 MODULES

1. PREPARE FOR SANITATION SAFETY PLAN

2. DESCRIBE THE SANITATION SYSTEM

3. IDENTIFY HAZADOUS EVENTS, ASSESS EXISTING
CONTROL MEASURES & EXPOSURE RISKS

4. DEVELOP AND IMPLEMENT AN INCREMENTAL
IMPROVEMENT PLAN

5. MONITOR CONTROL MEASURES & VERIFY

PERFORMANCE
6. DEVELOP SUPPORTING PROGRAMME & REVIEW

PEANS SOURCE: WHO
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MODULES

1.1 Establish priority areas or activities
1.2 Set objectives
1.3 Define the system boundary and lead organization

1.4 Assemble the team

QUITRLEES

- Agreed priority areas, purpose, scope, boundaries and
leadership for SSP

« A multidisciplinary team representing the sanitation chain
for development and implementation of SSP




MOELICI | 2
DESCRIBE THE SANITATION SYSTEM

MOIDULES

2.1 Map the system

2.2 Characterize the waste fractions

2.3 ldentify potential exposure groups

2.4 Gather compliance and contextual information
2.5 Validate the system description

OUTPUTS

A validated map and description of the system

Potential exposure groups

An understanding of the waste stream constituents and
waste related health hazards

An understanding of the factors affecting the performance
and vulnerability of the system

A compilation of all other relevant technical, legal and
regulatory information




MOLAREE L 5

e EY HAZARDOUS EVENTS, BEEESS EXISTING
CONTROL sl | RESAND EXPOSURE RISKS

MODUILES

3.1 ldentify hazards and hazardous events
3.2 Refine exposure groups and exposure routes
3.3 ldentify and assess existing control measures
3.4 Assess and prioritize the exposure risk

LT G

« A risk assessment table which includes a comprehensive
list of hazards, and summarizes hazardous events,
exposure groups and routes, existing control measures
and their effectiveness

A prioritized list of hazardous events to guide system
improvements
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DENMEL OP AND a8l ENMENT AN
i REMENTALEEE ROVEMENT PLAN

MOD

D 4 B

4.1 Consider options to control identified risks

4.2 Use selected options to develop an incremental

improvement plan

4.3 Implement the improvement plan

QUTP

« Animp

o e

emented plan with incremental improvements

which protects all exposure groups along the sanitation

chain




MOLILE &
MONITOR CONTROL MEASURES AND
VERIFY PERFORMANCE

MODULES

5.1 Define and implement operational monitoring

5.2 Verify system performance

5.3 Audit the system
A e

- An operational monitoring plan
- A verification monitoring plan
- Independent assessment
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Pl OF SUPPORTING PROGRAMME &
diam ) IREVIEWLPLEANS

MODULES

6.1 dentify and implement supporting programmes and
management procedures

6.2 Periodically review and update the SSP outputs

U THUT

« Supporting programmes and management procedures
that improve implementation of the SSP outputs

« Up to date SSP outputs responding to internal and
external changes
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~“ Ammonia & Nitrate Pollution

* Nitrogen Cycle & pollution
2NH*"+ 40, =2NO, + 4H" +2H,0
1 mg NH, = 3.6 mg O,
1 mg NH4" = 3.44 mg NO3-

* Iron & Manganese Removal
4 Fe?t + O, + 10 H,O = 4 Fe (OH); + SH™ =
1 mg Fe?* = 0.14 mg O, |

* 6Mn>* +30,+6H,0=6MnO,+ [2H' ks
1 mg Mn*" = 0.29 mg O, e




PRIMARY - SEPTIC TANK




CDD- Consortium DEWATS Disemination®

Decentralized Wastewater Treatment System

fixed dome biogas settler — ABR — AF — PGF (not true to scale)

U 11




Thumb Rules

(Settler)

1. Sludge volume l/g
BODrem=0.005 BODr
2. SS/COD =0.35-0.55 -
0.42
3.Surface load =0.6
m3/m2 w/w peak flow
4. CH4 produced /kg COD
rem=0.35 m3/kg
5. Height(scum) = 0.2 —
0.3m
6. Hydraulic RT =1.5-
2.0 hrs
7.L/B ratio=2.1-3.1
8. Outlet Liq depth=1.8—
2.2m
9. 1st & 2nd Chamber ratio|
If 2 Chams, 1st Cham =

2/3 of total length
If 3 Chams, 1st Cham =
1/2 total length.

11. Assure wall opening
bet. under scum & sludge
top, have MH, Water tight,

Vent
12. Desludg interval = 18—
24 m

Thumb Rules
(ABR)
1.SS/COD-Dom.
=.35—-.55-.42
2. Sludge Volume —
5-10% of
volume of ABR
3. CH4—produced
/KgCODrem - 0.35
m3/kg
4. Scum volume 10
l/cap
5. HRT-not <8 hrs,
better 16-20 hrs, if >
20 hrs, pollution
removal is very
minimum
6. B/Hratio —0.4
7. Distance bet:
pipes - not exceed
0.30m
8. Nos of
Chambers — At least
4 chambers
9. Outlet water
depth-1.8m-2.2m
10. Up-flow vel: —
0.9-1.2m/h
11. Organic load - <
6 kg/m3* day BOD

Thumb Rules (AF)
1. SS/COD -
Domestic:

0.35-0.45-0.42
2. HRT —24-48 hrs
3. Filter height —
0,75-1m
4. Specific surface
of filter
medium 80 -120
m2/ m3
5. Voids in the filter
mass 30-45%
6. Size of filter 8-14
cm dia,cinder
7. Up-flow velocity
Max 2m/h
8. Organic load <4
kg/m3 *day COD
9. Outlet water

depth-1.8-2.2m
10. CH4—produced /Kg
CODrem -
- 0.35 m3/kg

Thumb Rules
(HPGF)

1. Void of gravel —
35%- 45%
2. Max BOD on X
sectional area-
150 g/m3s
3. Max organic on
chosen
surface (Organic
load limit) -
10 g//m2 BOD
4. Gravel size- 5-
7/mm, 10- 12
mm, 50-70mm dia.,
bigger size
at inlet & outlet
5. Slope 1%
6. Height of filter 50
-60 cm
7. Construction —
Swivel atinlet &
outlet to adjust
water level

No Thumb Rules

(Polishing Pond)

V=12
m3/d*2d=24m3

Sur. Area=
24m3/1m=24 m3

Dimensions:
W=4m, L=6m

Diameter 5.5 m




CDD- Consortium DEWATS Disemination




Reutilizing Wastewater for PI
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SECONARY - TRICKLING FILTER
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SECONARY - ACTIVATED SLUDGE or SBR

MANHGOLE

| " Rec 124 cON;
13-1/2" BRICK WALL
2"BRICK WALL

SEQUENCE BATCH REACTOR(SBR)

1 NN
[ Rrmperr ox i

5
G

9"-9" RCC 1:2:4 COLUMN

" RCC 1:2:4 CON;
" BRICK ¥/ALL

OUTLET CHAMBER.

PLAN PLAN
I 2AFRARDOY
LAST MANHOLE (I.H 21)
S— to"o"(G.L) _ __ D l—q')\q'F'l \TI nrAM
2N AR = | z T
ANAEROBIC CHAMBER
1L(-3.64" s B [l AERATI FILTER BED
‘ 3 : HONEY COMB
2| = 'GHAMB PERFORATED
I _ = T g
1-1/2" THICK 1:2:4 CONc : TOPPING '
4-1/2" THICK 1:2:4 CONCRETE
; ; SOAK REACTOR

6" THICK 1:3:6 CONCRETE

6" THICK SAND FILLING |

CROSS SECTION

SBR STANDARDS & SPECIFICATIONS

(1)Small area needed
{2)Detension Time - 2.2 days
(3)Cleaning Interval 1 Year
4)Aeration Time £-12 hours
(5)Blower Capicity 2 H-P { 5 to 7 Gubicmelrefsecond }
{Grund Fos)
Effluent Quality
= 90% Removal ol B.O.D { less lhan 30 mgililres |
& Total Selid
= Free from odour 8 fly nuisance
= Free [rom odour & Iy nuisance

OWNER (APPLICANT) REQUIREMENTS

(1) Toilet super structure to be completed ahead - Owner

{2) Influent Installation - Owner
{3) Treated Storage Tank - Owner

(4 Final effluent disposal - Owner

PROJECT SPECIAL DEVELOPMENT
PROJECT
Bleck No
Log No
Township -
Title SUBJECT;
Scquance hatch
reactor & mantole PLAN VIEW
CROSS SECTIONAL VIEW
SCALE 1T"=g.0" Sheet No.
DATE 14/1172011
LS




An |n|t|a| engmeenng dlagram Was used to aid in understanding the syster

mm ' (ombined blackwater and greywater

Newtown Figure 2.1 Engineering schemat

" Greywatﬂr

: Two types of sewers: _
51 ranagi e o' Combined blackwater and greywater
} b 4 Pipes P T— | | .
Sealedseptictank \\6 drains . mwe ' Combined wastes in sewer
mesen ' Tretment plant effluent

-

Discharge to river
@S
. v
Cess pit g
1 This schematic diagram
was helpful initially as
we began to discuss the
1 system. Later we changed
s Treatment plant to a formal process flow
T diagram — see Newtown
— e Figure 2.2
Sealed septic tank e Lo
Septi_c Sludge to
collection landfill |




Tl I
Newtown Fig 2.2 Process Flow Diagram
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Nytrogen Cycle & Effects

s NH*' + 20, =NO, + 2H" +H,0
* 1mg NH," = 3.6 mg O,

* 1 mg NH," = 3.44 mg NO3-

In Water Quality

If NO3- is > 50 mg/1—Cause Blue Baby disease

(- y




Denitrification

12.1 Basic Technology of Denitrification
 Nitrification

NH," + (3/2)0, » NO, + H,0 + 2H*

NOZ- + (1/2)02 — NOS_
e Denitrification

2NO, - + 3(H,) — N, T+ 2 H,0 +20H
2NOgj +5(H,) — N, T+ 4 H,0 +20H-

e In this reaction 4.6 kg of oxygen are consumed to oxidize 1
kg of NH,-N, and the oxidation of ammonia reduces the

alkalinity In the water. As the nitrification bacteria are

sensitive to temperature and pH, the pH control and temperature

range maintenance shall be performed carefully to effectively
\_ promote the reaction.
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Waste Reduction & Recycle
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Solid Waste Management Badly Needed in Myanmar'

Asla's utbantzed areas produce abour
760,000 rons of solid waste daily, and
are expected to be more than double
by year 2025, And thatls not even the
worse case scenario.

According to the World Bank
munkipalities in developing countries
spend 20.50% of thelr budger on solid
waste management. Sadly though,
306006 of urban solid wastes In Adtan
countrles remain uncollected and less
than 50% of the populaton served. [n
some cases, as much as 0% of the wash

collecdon and wansport equiproent b
non-funcdonal.

Despire the palpable urgency w solve
this Issue, local governments In chird
workd countries are stumped In the
achlevement of an dfective solld waste
management system (SWMS) o udan
areas for several factors. These factors
Include lack of funds and resources,
communicy lnvolvement, collective and
partkiparory planning, wechnical know-
bow of staff, discipline ca the parc of
waste producers, and updared policies.

A Microcosm of the Waste
Management Coacern

Yangon Ciry, the capiral of the Unlon
of Myanmar, exemplifies an abuming
neglect of this waste maragement ksoe.
Currendy, the Ciry has a populadon
of 5.5 milllon with an annual growth
rate of abour 2%. More people mean
more waste. Rapld utbankzadon

and population growth renders the
Clry’s hurnan health and environment
vulnerable to the effects of Inefficient
Waste MANAgETEnt system.

Selnn Led Aye, In her dissertation ticked
“Swaregk Scld Wiste Management
Planning for Yargon Cicy, Myanmar”,
defined solld waste management
(SWM) as the “generation, stocage,
collecrion, warsfer, and tansport,
processing, and disposal” of solid waste,
according to sockl and economic neads
and envircamental sandands.

In the case of Yangon Ciry, the
municlpal area generates approximarely
2,900 wee of sol i waste dally; with

a daily colkeaton effidency of 54%.
The average waste generation of public
sector b abour 0.53 kilogram per capla
per day.

Yangon Cirys SWMS Is “centrally
Implemented, labor-intersive, and
uncontrolled.” The Polluticn Conuol
and Cleansing Department (PCCD),
under the Yangon Clry Development
C (YCDC), administers and
pesforns the municipal SWMS. The
33 Townshlps In the Clry are chssified
Into 4 Disaices - North, South, East
and Wea. PCCD malntalns offices
in each township, and each wwnship
also execures waste collectlon, street
sweeplng, and wanspoctation pracdces.

The current system, however, proves
Inadequre. This lick of an adequate
SWMS lo remus of planning,
legkliion, capacicy bullding, and ko
level of awarensss on environmental
e bsol 1

and Insufficknt budget among other
limiudons, Is quite darming,

High Conn. In the 20032004 Financhl
Year, the Yangon Clry SWMS Incurred
a total expense of 1.2 million US
dollars o collect a total waste volume of

FORCRABLATY

245098 wrs. Meanwhile, the sysem
recovesed a mere toeal of 0.98 mlllon
US dollags.

Lack of Technical Know-bosw Aside from
the high coax of the overall SWMS,
waste management officials and suaff
lack the proper know-how on waste
management technokeks and have not
et fully grasped Its social, economical,
and ecological implkadons.

Ovivdlased podicles and legsslavtons. For

an SWMS o be adequare and effective
10 a rpkly growing cly such as
Yargon, there has to be a swaregic pln.
Unforounately, legislatdon on Yangon
Ciry’s SWM was formulbited way back
In 1922, and nothing else followed

ever since. This begislation Is contalned
In Sectlons 111 and 112 of the City

of Rargoon Munkipal Accof 1922
enttled “Scaverging and Clearnsing
Aces”, This empowers YCDC w act

on waste management within thelr
jurisdicthon and 1o adopt regulations
and standards for the storage, collecdon,
and disposal of solld waste. Howeves,
Iim plernenting rules and regulatons have
yet o be pur In place, and the existing
ones updared.

Policy Recommendations

Based on Ayes study, the SWMP will
be rendered effective If supporred by
policies In the form of kgishcion,
rezuladons, and administracive onders
ksuad by YCDC and the Mayor. The
recomnmendad policles and ordinances
thar need 1o be drwn age:

1. An ordinance w support the
ecokgkally sound pracdces cn
SWM such as the requirement for

AN ReSEARCH

2Ty bﬁmﬁx'ﬁ%”s’ﬁm

wwwiearca.org | postiagd searca.org

envi ul lmpact

(EIA) for the Industries and
waste segresation programs for
residentlal, cornmercial, and other
establ kthments;

Anordinance o support the
collecton of waste management
charges In the form of direct-

user charges (which depend on
volume of waste penerated) and
menchly charges from households,
Insicutkons, commercial

esubl khments, and Induaries;

An and-limesing ordinance that
penalizes Hlegal dumpirg of wastes.

Other recommendadons wward an
effective SWMS are:

Acdve community Involvernent and
portdcipaton through appropriate
Information dissemination and
knomedge proliferation on proper
SWM:

Waste minimizadon;

Efficient and effective solid wase
collecton and trarsportadon
systemy; and

Effectdve cost recovery program
essential In developing waste
management pracices. (Marve Fid
Z Maxanan)

? Seinm Let Ave, PHD. Swaregie Soild
Waste Managemen: Planeing for Yangen
Cive, Myanmmar. Unlverstyy of she
Dhibipping Los Bates (UPLB). December
20058,




~~Yangon City’s SWMS ™

“‘centrally implemented, labor-intensive, and uncontrolled.”

® The Pollution Control and Cleansing Department (PCCD), under the Yangon City
Development Committee (YCDC), administers and performs the municipal SWMS.

® The 33 Townships in the City are classified into 4 Districts - North, South, East and West.

® PCCD maintains offices in each township, executing waste collection, street sweeping, and

transportation practices.
® The current system, however, proves inadequate.
® Lack of an adequate SWMS in terms of
® planning,
® legislation,
® capacity building,
® Low level of awareness on environmental management,
* Obsolete equipment, and insufficient budget,

e (Other limitations

(- y




Integrated Solid Waste Management

e ®
Solid Waste Management

@ ]

Waste :

Reduction | Materials
4 | Recovery
|
| ¥
: ’—f Nl Markets
. . . A
Generation : » Storage —{ Collection —| Composting
|
| \J
| T
|
| .
| “»| Combustion
|
| v .
—»| Disposal

: Transfer

Source: Hickman




Processing and Disposal of MSW

o LandﬁH
® Composting
o Recyclin g and recovery

® Incineration

o y




s
Landfill

¢ The most preferred method for the final disposal of solid
waste.

e Most of these sites practice open dumping.
e Landfill Gas

® Waste-to —Energy
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Figure 5-13 Conversion of an open dump to a sanitary landfill. (a) Existing open
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2:1 to allow safe operation of equipment (¢) Refuse compacted and covered (d) Refuse area operated as a sanitary landfill




Composting

® The second preferred method of solid waste

disposal,
® Due to the high % of organic materials.
* Compost
¢ Biofertilizer

° Organic Farming
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" Recycling and recovery

® Generally carried out by the informal sector.

e Collection of recyclable waste 1s done 1n several
steps such as

¢ door to door collection,
e collection at secondary and primary transfer stations

® cven In the disposal sites.

e Due to the collection systems
* the low quality of scrap,

o the recycling rate is low

@ ° high number of waste pickers Working.
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Incineration

® Due to the high capital, operation and maintenance costs
involved for the installation of incineration plants,

® Incineration is not popular as a waste disposal system.

* the major portion of the MSW 1is organic with relatively
high moisture content

® leads to a low calorific value
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7l
i

-
L;

Singapore * SingSpring Desalination Plant

Algeria » Souk Tleta Desalination
Capacity: 200,000m>/day. Comp 10 i Capacity: 136,000m?3/day. Completed: 2005

50.,000m%/day. Completed: 2009
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fl WASTE WATER i
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Singapore = Bedok NEWater Plant >hina  Yangkou Wastewater Treatment Plant

= acity: 3,000m?¥day, expandable to 20,000m¥/day. Completed: 2010
= ly, expar e to =/day. miplet
Capacity: 32,000m>/day, dable to 88,000m>/day. Co ted: 2002

China = Langfang Wastewater
Capacity: 80,000m>/day (waste
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Main Air Compressor in Botadaung Township, Sewage A
are driven by air compressing to Treatment Plant

+ Year of Establishment = 1888 yeal‘
¢ (6) Steam Turbine Engines
¢ Change of year to electrical driven -( 1962-1963)

*(2) Electrical Air Compressors of 200 Horse power were reinstalled
¢(2) Electrical Air Compressors of 120 Horse power were reinstalled
‘eTotal land areas - 2.75 acres )




(ayo ut p lan of Treatment P lant Establishment of Sewage Treatment Plant

Main Manhole |
30'x11'x16.5'

Grit Chamber &

Autobar Screem —
Pump Sump
48'x30'x22'

Secondary
Sedimentation Tank.|
75'0x22'

Chlorination Tank
75'x20'x5'

Outlet—F—

Primary Sedi ion Tank

48'x30'x22'

| Aeration Tank
248'x124'x15'

Sludge Thickners
40'0x13'

~— 1X30'x28
| X i

Sludge Digesters
100'x50'x15'

Dewatering House

Programme for Sewage Treatment Projec
Q Detail Design

Qd Implementation
Q Installation

0 Commissioning
Q Installation

Q Training

Design Criteria:

»Area of Plant - 5.56 acres
»Design population - 300,000
»Daily wastewater discharge-

- 14775 m3/day

»BOD influent - 600mg /|

»BOD effluent 20 mg /1
»Suspended solid influent- 700 mg /

»Suspended solid effluent- 40 mg /|
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Microscope




< oewerage oysitem or ycve .

Estimated population with sewer(conventional sewer system) is 300,000
people . Main content of system are

1) Air Compressor Station(2) Pneumatic Ejectors(3) Air Pipeline
4) Gravnty sewer plpelme(5) Wastewater Treatment Plant
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@ Vastewater treatment plant
@ir compressor station
=3otal length of sewer pipe line - (10.75) km(12"CI to 36" ClI Pipe)

kﬁewage ejector - (35) Nos Manholes -2114 Nos J




SEWERAGE ZONES

AREA (13 ZONES)

4; Zone Township
-
'Ct— Cl1 |Botahtaung,Puzundaung,Kyauktada,Pebedam,
W1  |Lanmadaw,Latha,Alone,a part of Kyeemyintdaing,Dagon,a part of
= “ \ Bahan,a part of Kamaryut,Sanchaung
\: 8 \ 2 "\; * C2+E1 |a part of Bahan,Mingalartaungnyunt, Yankin, Thingangyun, Tamwe,
‘ : : S-Okkalapa,a part of Mayangone,N-Okkalapa,N-Dagon
W2  |a part of Kamaryut,Hlaing,a part of Mayangone
e E3  |Taketa,Dawbon,S-Dagon
: N1  |Insein
; E4  [Dagon Seikkan
E2  |East Dagon
' N2  |Mingalardon
| N3  |Shwepyithar
S1 |Dala
=3 W3  |a part of Kyeemyintdaing,Seikgyi khanaungto,Seikkan
W4 |Hlaing Tharyar




DRAINAGE WITH CONTOUR MAPPING

Contour Mapping & should be disposed
to Agriculture & Low Lying Area
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| = rainfall intensity
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Rational method (Lloyd-Davies)

Q Q=2.78CiA

IL/s]

conversion

permeability of t
rainfall intensity
catchment area

2.18  dimensional term for unit

ne ground
mm/h]

hectares]

| Relatlon Between Drain Discharge and Rainfall Intensity

runoff coefficient between 0
and 1 describing the
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Findings Drip irrigation
o Drip irrigation and mulch trench systems are most appropriate (sub-surface or
close to surface

o Alternative where greywater volumes are small and soils are inappropriate for
agriculture: Tower gardens

The Problam Mulch trench svstem
< Czuses znd Types of Urban F coding
(1) Lack of dreimape wérassractume

(2 ) Hackup & 1 chevand
Sownsiram waky ek

() Floading i bow-bying nieas

(¢ barumdation caused by gh mve

waker levek
Mulch: m xture of leafs, wocd. straw,. ..
5 (4) Blockage of be drvmge Enabesever distributicr of greywate- in
| skl trenches or around trees
i

Requirss only primery tregstment




ENVIRONMENTAL MITIGATION

- United Nations Environment Programme
Global Hit S 5

| f:
World Environment Day support o
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