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Flood Control Pump qp:o>Ssoc(gés
903006:6l039qps



BropeSoooco GrSimigpphidiad cposenons§icioseRimoindiepiont coronsi
o[ydeol cocqrmoxad camnndeud(golesap(@)903€ Flood Control Pump gp: 03880 coo:goloopd-

coS166003(84031 gaoSeqpé: cqe8Siodsk
c020o(§4081 (| )co8:088 3905(B)aqodak
0§:0500§:(§),4031 agaBGoneprcs: §8cgodediod cqusal:
coqpoSosoni{§|4uSi sptecomepicoSigocgodediod squssl:
coqpo30502:(§),4051 §,co30 g, cqemd

(4051 §Seqpiaqossl:

o[58 9480885 eqps: cqaBSiodsk
c08agpe0008,4051 0§ padeqps: 6qB§iosal:

¢02&aqn0000(§|,§051 eqedlad(gpdegpes cqod:odsl:

Bawthabyeyan

|
Than|yin hategwin
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Flood Control Pump s3Cepaag|ad3acondqps

Pump - Total Pump E B — S
. ump ngine Power nlet Pipe utlet Pipe
o3 BL.505 cqo3skmeps Capacity Capacity 905305
No. kw (hp) @ (in) @ (in)
(gal/ hr) (gal/hr)
o| codiecond gpodegpes 190000 1 190000 40 kw (60 hp) 12" 12"
HDPE DN 450(305
33(g¢ Dia 06 cvode)
J QO20D (JJ)CD(S: 250000 1 250000 90 kw(125 hp) 16" 18" (efgedl jog 8o +
6@639305 9C 8omo)
=OL)OL)G(5I(SS JG? 80)’.)
o§:$m§: Gao&":)o?spsméz 55000 1 55000 70 kw(98 hp) 6" 12"
CORPOSO50: 8026000 EPEC06: 220000 i 220000 90 kw(125 hp) 14" 12"
8:0)0’3(0)0\?:
COPOSAOIE gl condas0eq caom 26400 3 79200 2.2 kw(3 h 6" 6"
J g [QL % LT ‘% w(3 hp) 16Kw/21.5 HP
G oooeg §05egpes 190000 i 190000 40 kw(60 hp) L2n 12
oooeg 9850Ec88§agpes 330000 3 990000 40 kw(60 hp) 16" 16"
® eoooéggo)cooo oﬁ[g;aéeqo& 44000 3 132000 65.5 kw(98 hp) 6" 6"
7 @ eo:occ:gggco:)o eqecﬂa%@écqpé: 44000 2 88000 65.5 kw(98 hp) 6" 6"
9@eol: 16 2194200

D:\P-5\PC-5 (Data G)\ACE TTO\Excel Form




Yangon River Tide

Monday, 31 Oct

6 7:59AM | 9:42AM 00:26AM | 1:15AM | 1:55AM
6:52AM 7:40PM | 519m | 4.87m |93.27aM| 5.Am 5.5m 5.86m
HIGH 5.68m 4.9m | 9:20PM | 11:13PM | 4.92m | 12:38PM | 1:29PM | 2:11PM
(+0630) 4.63m 4.75m 5.17m 5.45m 5.68m
LOW 2:18AM | 3:43AM | 5:28AM | 6:50AM | 7:47AM | 8:33AM
(+0630) 1:17AM 2:01PM 2.5m 2.77m 2.7m 2.3m 1.82m 1.41m
a 2.08m 1.8m 3:11PM | 4:42PM | 6:10PM | 7:15PM | 8:04PM | 8:45PM
2.14m 2.27m 2.1m 1.78m 1.48m 1.28m
an ol S 6:02AM | 6:02AM | 6:02AM | 6:03AM | 6:03AM | 6:04AM
v 6:01AM  5:34PM 5:34PM | 5:33PM | 5:33PM | 5:33PM | 5:32PM | 5:32PM
Moon ‘)
Set o o 00:11AM | 1:11AM | 2:09AM | 3:03AM | 3:57AM
Rise 11:47AM 11:08PM | 12:42PM | 1:31PM | 2:15PM | 2:55PM | 3:33PM | 4:10PM
e (0] (0
NI - RY - e O © O o
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006038, §051 gooodegpéieaadsiodskayé Flood Control Pump [géeqqpieSoood(gé:

Pump 326320305~ 0 0d:

ceogdgd: - 90,000 0lcd

olol - o Kw, Bo HP
660g053a3a2gud - Intel Pipe =0 | conde
Outlet Pipe = 5 joooSe




0205(§), $051 MS:42200824¢€ ( J J)c06:038 3605(6)eqodslané Flood Control Pump 0o8s0&(gés

gy = LT ; ‘

7 = i i ,77 1 : '.'» -
X, - r
G s |

Pump 3266320305~ 2 o
cqogodgd: - 02§58 0965 M©8oo (J50,000 Alad)
olol -co Kw, 2J9 HP
¢0g033ada2gud - Intel Pipe =06 conde
Outlet Pipe = 96 conde
3od=§j:300: - HDPE DN 450
3odaqpd - 99edlé: JBo 8o
(e[gedl Jog8omo + efgem0s gpdoo)



coqpado302:(§|,$051 :ec0NEP:c08: (gdogndeolndesodskam§iad 0§:0300§:(§|.5051 cgoBdorepicoé:
[§80gadeclnd ceodskandioné cqeméss Flood Control Pump oods0&(gé:

B — =

Pump 32630305~ 0 o

ceogdgd: - JJo,000 alcd
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5D.5.5.11 Storm Water Drainage

5D.55.11.1 General
The object of storm water dramage 1s to collect and carry, the ram-water collected within the premises
of the building, for suitable disposal,

5D.5.5.11.2 Design factors

Estimate of the quantity that reaches the storm water drain depends on the following factors:
a) Type of soil and its absorption capacity determined by its soil group.

b) Ground slope and the time n which the area 1s drained.

¢) Intensity of the rainfall for a design period.

d) Duration of the rain/storm,

5D.5.5.11.2.1 Imperviousness

The soil conditions and the ground slope determine the impermeability factor. Impermeability factor
is the proportion of the total rainfall received on the surface which will be discharging into a storm
water drain after allowing for tnitial abstraction (in local pond and lakes), ground absorption by
cvaporation, vegetation and other losses. The net flow reaching the storm water drain is called runoff.

The percentage of imperviousness of the drainage area may be obtained from available data for a
particular area.

In the absence of such data, the following values may serve as a guide:
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Type of area Imperviousness factor(percent)
Commercial and industrial areas 70-90
Residential areas (high density) 60-75
Residential areas (low density) 35-60
Parks and undcrdevceloped arcas 10-20

5D.5.5.11.2.2 Terrain modeling

Areas planned for urbanization from agricultural land, forest or low-grade land for example, low lying
areas prone to flooding, marshy or abandoned quarries, etc need detailed and careful consideration
with respect to its drainage. A detailed contour survey shall be carried out not only with respect to the
sitc but also the surrounding areas to verify the quantity/arca contributing runoff, presence of any low
lying and natural water body acting as holding pond or any natural drain passing through the arca and
beyond whose filling up or diversion may cause water logging problem on the site or to the
surrounding areas.

The planning of the area should ensure that:

a) All areas become self-draining by gravity with respect to the high flood level of the area or the
drainage channels passing whichever is higher.

b) As far as possible, natural drainage pattern with respect to the whole area be maintained except
when low lying arcas need to be filled up for grading purposes.

c¢) The drainage in the arca shall be planned in accordance with the natural slopes.

d) Levels of the main highway or road connecting to the property shall be determined to ensure proper
drainage and protection of the site.

c) The formation Icvels of the entire arca shall be preparcd to determine proposcd formation levels by
preparing a terrain model which will show the proposed the site contours, ground and road levels and
connections to all services including storm water disposal system.

5D.5.5.11.2.3 Design frequency

Storm water drainage system for an urbanized arca is planncd on the basis of the design frequency of
the storm which shall be determined by the designer. Frequency is the period in which the sclected
design intcensity rccurs in a given period of timc in ycars. If data arc not available, usc rainfall
intensity as (3 - 5) in/hr.

5D.5.5.11.2.4 Time of concentration

Timc of concentration is the time recquired for the rainwater to flow to rcach the farthest point of the
drainagc systcm or the outfall under considcration. Time of concentration is cqual to the inlet time
plus the time required for the flow to rcach the main or branch drain. The inlet time is the time
dependent on the distance of the farthest point in the drainage arca to the inlct of the manholc and the
surface slopes, etc and will vary between 5 min to 30 min.

In highly developed sections for example with impervious surfaces it may be as low as 3 min or lower
(with good slopes) as in building terraces and paved areas. Correspondingly the design intensity for
the drainage for such arcas will bec much higher. Rainwater pipes have to be designed for an intensity
for a very low time of concentration.

5D.5.5.11.2.5 Natural infiltration

In planning any area with buildings, layout with paved and non-permeable surfaces, care should be
taken to allow maximum discharge of the rain-water to flow directly or indirectly to permeate into the
ground for enabling the ground water to be recharged. Some of the techniques which allow infiltration
that may bc considcred arc:

a) Use of brick paved open jointed storm water drains.

b) Providing borc holes in the storm water drains.

c) Using paving tiles with open joints which cnable water to percolates as it flows on it.
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5D.5.5.11.3 Combined system

A combined system of drainage is one which carries the sewerage as well as the runoff from the storm
water drainage. Relevant applicable statutory rules/ regulations may not allow such system in new
areas and the sewerage and the storm water drainage have to be separate and independent of each
other. Such systems are however existing in many old cities and the storm water may have to be
discharged into the combined drainage system.

Where levels do not permit for connection to a public storm water drain, storm water from courtyards
of buildings may be connected to the public sewer, provided it is designed to or has the capacity to
convey combined discharge. In such cases, the surface water shall be admitted to the soil sewer
through trapped gullies in order to prevent the escape of foul air.

5D.5.5.11.4 Discharging into a watercourse

It may oftcn bc convenient to discharge surface water to a ncarby road side drain, strcam, or a
watercourse. The invert level of the outfall shall be about the same as the normal water level in the
watcrcourse or idecally should be above the highest flood level of the watercourse. The out- fall shall
be protected against floating debris by a screen. Perimeter drain should be provided and must be
properly designed to carry storm water/ storm water + effluent from STP.

5D.5.5.11.5 Discharge to a public storm watcr drain

Where it is necessary to conncct the discharge rainwater into a public storm water drain, such drains
shall be designed for the intensity of rain based on local conditions, but in no casc shall they be
designed for intensity of rainfall of less than 2 inches / hour. Rainwater from cach building plot shall
bc connccted to the storm water drainage through a scparatc pipc or an opcn public drain dircctly. No
trap shall be installed before the conncction.

5D.5.5.11.6
Rain-water pipes for roof drainage
5D.5.5.11.6.1

The roofs of a building shall be so constructed or framed as to permit cffectual drainage of the rain-
water there from by means of a sufficient number of rain-water pipes of adequate size so arranged,
jointed and fixed as to ensure that the rainwater is carried away from the building without causing
dampness in any part of the walls or foundations of the building or those of an adjacent building.

5D.5.5.11.6.2

The rain-water pipes shall be fixed to the outside of the external walls of the building or in recesses or
chases cut or formed in such external wall or in such other manner as may be approved by the
Authority.

5D.5.5.11.6.3

Rain-water pipes conveying rain- water shall discharge directly or by means of a channel into or over
an inlet to a surface drain or shall discharge freely in a compound, drained to surface drain but in no
casc shall it discharge dircctly into any closed drain.

5D.5.5.11.6.4

‘Whenever it is not possible to discharge a rain-water pipe into or over an inlet to a surface drain or in
a compound or in a street drain within 100 ft from the boundary of the premises, such rain-water pipe
shall discharge into a gully trap which shall be connected with the street drain for storm water and
such a gully- trap shall have a screen and a silt catcher incorporated in its design.
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5D.5.5.11.6.5

If such streets drain is not available within 100ft of the boundary of the premises, a rain-water pipe
may discharge directly into the kerb drain and shall be taken through a pipe outlet across the foot path,
if any, without obstructing the path.

5D.5.5.11.6.6

A rain water pipe shall not discharge into or connect with any soil pipe or its ventilating pipe or any
waste pipe or its ventilating pipe nor shall it discharge into a sewer unless specifically permitted to do
so by the Authority, in which case such discharge into a sewer shall be intercepted by means of a
gully trap.

5D.5.5.11.6.7
Rain-water pipes shall be constructed of cast iron, PVC, asbestos cement, galvanized sheet or other
cqually suitable material and shall be securely fixed.

5D.5.5.11.6.8

The factors that decide the quantity of rain water entering are:
a) Intensity of rainfall, and

b) Time of concentration selected for rain-water pipe.

A bell mouth inlet at the roof surface is found to give better drainage effect, provided proper slopes
are given to the roof surface. The spacing of rain-water pipes depends on the locations available for
the down takes and the arca which cach pipe serves. The spacing will also be dectermined by the
amount of slopes that can be given to the roof. The recommended slopes for the flat roofs with smooth
finish would be 1:150 to 1:133, with rough stone/tiles 1:100 and for gravel set in cement or loscly
packed concrete finish 1:75 to 1:66. The effective strainer area should preferably be 1.5 to 2 times the
area of pipe to which it connects to considerably enhance the capacity of rain water pipes.

The rain water pipes of cast iron (coefficient of roughness 0.013) shall normally be sized on the basis
of roof arcas according to Table 26. The vertical down take rain-water pipes, having a bell mouth inlet
on the roof surface with cffective cross-sectional arca of grating 1.5 to 2 times the rain-water pipe
arca, may be designed by considering the outlet pipe as weir.

For full circumference of pipe acting as weir, the roof arca (RA) for drainage may be worked out by
using R4 = (0.084 x d~)/ 1T

Where

d — Pipe diameter; mm

I = Intensity of rainfall (mm/h)

Table 26 Sizing of Rain-Water Pipes for Roof Drainage
(Clause 5.5.11.6.8)

Dia of Pipe Avera%[enﬁa/tehgful.l)ainfall

(mm) 50 75 100 125 150 200

Roof Area (m?)

50 29.70 19.80 14.85 11.88 9.90 7.42
65 57.23 38.15 28.61 22.89 19.08 14.31
75 81.84 54.56 40.92 32.74 27.28 20.46
100 168.00 112.00 84.00 67.20 56.00 42.00
125 293 48 195.66 146.74 117.39 97.83 73.37
150 462.95 308.64 231.48 185.18 154.32 115.74
NOTE - For rain-water pipes of other materials, the roof areas shall be multiplied by

(0.013/cocfficient of roughness of surface of that material).
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Draft Technical Guidelines for Design of Rainwater Drainage Work in Development Area
and Supplemental Explanations

Rules and Regulations

The rainwater drainage work in the development area must be designed properly in terms
of structural durability, capacity, and layout, in order to drain rainwater runoff occurring from
the development area and prevent the development area and its surroundings from flooding
due to rainwater runoff released from these areas, with due consideration of the following
points.

- Rainfall characteristics in the region where the development area is located

- Scale and layout of the development area and surrounding environment

- Topography and subsoil conditions of the land to be developed

- Types of buildings and associated facilities to be constructed

- Scales and layouts of buildings and associated facilities to be constructed

- Conditions of the existing drainage where the rainwater runoff released from the
development area

Supplemental Explanations:

The purpose of the rainwater drainage work is to prevent the development area and its
surroundings from flooding due to rainwater runoff released from these areas. In developing
the rainwater drainage work, the planning, design, and construction of required facilities must
be based on the assessments of the rainfall-runoff characteristics in these areas through the
series of the surveys and analyses for the captioned points. The draft technical guidelines
described hereunder comprise the basic technical requirements followed by the general
methodologies for materializing the objectives of this Section.

Technical Guidelines

1. Basic Technical Requirements for Rainwater Drainage Work

The rainwater drainage work must drain rainwater runoff from the development area
effectively. Channels and conduits should be designed in terms of gradient and flow capacity
enough for draining rainwater runoff estimated from the scale and topography of the
development area, types of buildings and associated facilities to be constructed, rainfall
intensity, and other conditions as required.




The rainwater drainage work in the development area must be connected with the public
water body including river, channel, and conduit, or the sea nearby, in order to drain
rainwater runoff from the development area effectively, with due consideration of flow
capacity, water use, and any particular conditions of the public water body downstream.
Rainwater retention facility having a temporary storage for rainwater runoff occurring from
the development area or any other facility as appropriate can be installed, with due
consideration of the limitation in flow capacity of the public water body downstream.

Supplemental Explanations:
The basic technical requirements for the rainwater drainage work are summarized as follows.

. The rainwater drainage work comprising channels and conduits in the development area
must be constructed properly in terms of the flow capacity determined by gradient and flow
cross sectional area, in order to discharge rainwater runoff occurring form the development
area under the post-development condition.

. The outfall located at the downstream end of the rainwater drainage work in the
development area must be connected with a public water body. The public water body
downstream of the outfall should be investigated and evaluated to confirm that the
rainwater runoff released from the development area flows down properly to the
downstream end of the public water body.

. The rainwater drainage work in the development area should include the rainwater runoff
control measures (e.g. storage facility, infiltration facility) when the need for such facilities
are identified through the investigation and evaluation of the public water body
downstream of the outfall. In case public water body will be developed for the other
purpose, it is desirable to secure a required capacity of storage facility with the capacity of
600 m3ha at minimum for the area where the water surface is decreased.

The technical guidelines hereunder describe the key considerations and methodologies
essentially to meet the basic technical requirements for designing the function and capacity of
the rainwater drainage work in the development area.



2. Classifications of Rainwater Drainage

The rainwater drainage in Yangon City, including open channels and conduits, are broadly
classified into the following.

- River (e.g. Yangon River, Hlaing River, Pazundaung Creek, Bago River)
- Main Drainage Creek

- Secondary Drainage (Open Channel or Box Culvert)

- Tertiary Drainage (Roadside Culvert)

Supplemental Explanations:



Source: Preparatory Survey on the Project for the Improvement of Water Supply, Sewerage
and Drainage System in Yangon City, JICA, 2014
Figure 1 Rivers and Main Drainage Creeks around the Yangon City




Locations and example images of the rivers, main drainage creeks are shown in Figure 1, and
secondary/tertiary drainage in Yangon City are shown in Figure 2. The classifications of
rainwater drainage provide the following ideas for those relating to the development area as
shown in Figure 2.

. Rainwater Drainage Connected with the Outfall of Development Area: River, Main
Drainage Creek, Secondary or Tertiary Drainage, developed and managed by public

. Rainwater Drainage within Development Area: Secondary or Tertiary Drainage, developed
and managed by developer

River: Main Drainage Creek: Secondary Drainage:
Pazundaung Creek Khu_nnapinlain Creek Open Channel
3 > g . - LR TN

Tertiary Drainage: Tertiary Drainage Tertiary Drainage
Roadside Culvert ) Roadside Culvert Roadside Culvert

-

Figure 2 Example Images of Rivers, Main Drainage Creeks, and Secondary/Tertiary Drainage in

Yangon City

Development Area
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Figure 3 Image of Development Area and Main Drainage Creeks, and Secondary/Tertiary Drainage



3. Preparatory Survey for Rainwater Drainage Work

For planning the rainwater drainage work in the development area, the preparatory survey
should be carried out to clarify the following.

(1) Locations of existing rainwater drainage including river, creek, open channel, and conduit
and the rainwater drainage network formed by interconnections of these.

(2) The management boundary of existing rainwater drainage and the need for any
adjustment with the boundary of the planned development area.

(3) Locations where rainwater runoff concentrating and flow conditions through existing
drainage

(4) Size, structural feature, and flow capacity of existing rainwater drainage to be connected
with the rainwater drainage work in the development area.

Supplemental Explanations:

For meeting the basic technical requirements as described in Section 1. Basic Requirements
for Rainwater Drainage Work, the rainwater drainage work should be planned with due
consideration of the existing conditions of the development area and its surroundings to be
surveyed. The preparatory survey should cover the whole catchment area of the existing
rainwater drainage network as shown in Figure 4, where the development area is involved
herein. The following existing drainage section located downstream should be surveyed in
terms of size, structural feature, and flow capacity.

. Secondary Drainage: Section from the outfall of the development area to the junction of
the main drainage creek or river

. Tertiary Drainage: Section from the outfall of the development area to the junction of the
secondary drainage, main drainage creek, or the river

For the purpose of the preparatory survey, utilization of the digital topographic data developed
under the Yangon Mapping Project is recommended for delineating the survey area, studying
rainwater drainage network on a preliminary basis, preparing plans of detail field surveys (e.g.
rainwater drainage network, management boundary, rainwater runoff concentration and flow
condition, and drainage section located downstream of the development area), and compiling
the results of the preparatory survey.
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Figure 4 Image of Preparatory Survey Area

4. Design Scale of Rainwater Drainage Work

The design scale of the rainwater drainage work in the development area should be given
with due consideration of the following.

- Located in Urbanization Area (UA): 10-year Return Period
- Located in Guided Urbanization Area (GUA): 10-year Return Period
- Pump Drainage Required: 10-year Return Period

Supplemental Explanations:

The design scale of the rainwater drainage work should be selected considering conformity
with the design scale of the major drainage creek (or river) improvement, potential socio-
economic impacts due to flooding in the development area and its surroundings, and work
quantity and cost-effectiveness.

. YCDC intends to implement the main drainage creek improvement works (e.g. Japanese
ODA project, World Bank project) to cope with a flood occurring in a 10-year return period.
The main drainage creeks to be improved by the JICA ODA project cover 3 to 8 km?,
respectively. Meanwhile, the majority of the development areas in Yangon City and the
suburbs cover 1 km? (247 acres) or less. Considering the conformity with the design scale
of the major drainage creek improvement, the design scale of the rainwater drainage work
is should be 10-year return period or less.



. The design scale of the rainwater drainage work in the development area located in the
UA and GUA should be 10-year return period, considering potential socio-economic
impacts due to flooding in the development area and its surroundings.

. The design scale of the rainwater drainage work in the development area to require pump
drainage should be 10-year return period, considering potential socio-economic impacts
due to flooding in the development area.

5. Rainwater Runoff Released from Development Area

In the case of a rainfall intensity within the design scale of the rainwater drainage work, the
peak of rainwater runoff released from the development area to the downstream should not
exceed that estimated under the pre-development land use condition.

Supplemental Explanations:

The urban developments are likely to cause an increase of rainwater runoff when the natural
features on the ground are changed into buildings and paved surfaces as shown in Figure 5.
Then, the rainwater runoff peak is anticipated to increase and exceed the flow capacity of the
existing drainage located downstream of the outfall from the development area. As a result,
the area along the downstream of the outfall is threatened by the risk of flooding.

Pre-development Condition Post-development Condition
Low Density Residential Area Commercial Area and High
and Undeveloped Area Density Residential Area
Rainwater Drainage Facility Left Rainwater Drainage Facility i
Undeveloped Completed —
Approx. Runoff Coefficient: E Approx. Runoff Coefficient: ——
40% ¥ Outfall 80% « Outfall

T W
Rain | 'l | TR | Rain ¥ { } { {
W( e w( Surface Runoff > Surface Runoff

- Approx. 40% =l Approx. 80%
T — N
e e b -
ALY '\I_I Outfall v N Outfall
.

Figure 5 Image of Rainwater Runoff Peak Anticipated to Increase

Considering the situations above, introduction of the rainwater runoff control measures,
including rainwater retention facility and/or rainwater infiltration facility, should be taken into
consideration in order to alleviate a rapid increase of rainwater runoff released from the
development area.

The peak of rainwater runoff released from the development area to the existing drainage
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located downstream should be regulated as shown in Figure 6 in order to minimize the risk of
flooding in the existing drainage located downstream of the development area. Meanwhile, the
rainwater runoff reduction measures are considered as optional for the development area less
than 1 acre (0.405 ha) since an increase of rainwater runoff released from such a development
area cause less impact on the existing drainage located downstream. It will be required to
discuss with YCDC taking into consideration the surrounding condition of development area.
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Figure 6 Image of Rainwater Runoff Peak to be Regulated

General Methodologies

6. Design Flow for Rainwater Drainage Work

The peak flow rate computed by the Rational Method should be applied for design of
rainwater drainage facility.

Q=1/360xC x| xA

where:
Q = Peak flow rate of rainwater runoff (m?3/s)
C = Runoff coefficient

| = Average rainfall intensity during time of rainwater runoff concentration (mm/hour)
A = Drainage area (ha)

Supplemental Explanations:

The draft technical guidelines provide in principle the general methodologies based on the
Rational Method in designing the rainwater drainage work of the development area described



hereunder and in the succeeding sections.

The maijority of the development areas are scaled less than 1 km? (247 acres). Therefore, the
Rational Method is considered as applicable commonly for estimating rainwater runoff within
such a scale of drainage area since it tends to give conservative side estimates through the
simplified computation method. The Rational Method is well-known and commonly applied in
the different countries for the design purpose of rainwater drainage work in urbanized
catchment.

The parameters of the Rational Method are set in the following manners.

L Runoff coefficient (C) is computed as described later in Section 7. Runoff Coefficient for
Design of Rainwater Drainage Work.

. In selecting an average rainfall intensity, the duration of rainfall is considered as equivalent
to time of rainwater runoff concentration (tc) that is computed as described later in Section
8. Time of Runoff Concentration for Design of Rainwater Drainage Work. Average rainfall
intensity (1) during time of rainwater runoff concentration is selected as described later in
Section 9. Rainfall Intensity, Duration, and Frequency (IDF) for Design of Rainwater
Drainage Work.

. Drainage area (A) is a sub-catchment area to the upstream of a runoff computation point
selected.

Flowchart of the Rational Method is shown in Figure 7.
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Meanwhile, the development area is located in the region where the limitations of the Rational
Method are anticipated, the application of hydrodynamic simulation analysis should be
discussed for computing design flow of the rainwater drainage work. Details should be
discussed individually by development project besides the draft technical guidelines herein.

The Rational Method is applicable for computing the peak flow rate of rainwater runoff in
waterways without retardation effects. Meanwhile, the waterways in the rural flatlands of
Yangon City are prone the retardation effects due the gentle topographic gradient coupled with
the influence of the backwater intrusion caused by the high tide of the river. Therefore, it is
anticipated that the Rational Method would not fit rainwater runoff computations in a large-
scale development in the rural flatland. In a such case, it is recommended to perform
hydrodynamic simulation analysis of the rainwater drainage system.

Table 2 suggests the application of the Rational Method or the hydrodynamic simulation
analysis, depending on the hydraulic condition and scale of the development area. Table 3
shows the highest tide levels in Yangon City in reference to the YCDC’s documents.

Table 2 Application of Rational Method or Hydrodynamic Simulation Analysis

Hydraulic Condition Rational Method Hydrodynamic Simulation
Analysis
No tidal influence on waterway Applicable for any scale of the Recommended be applied as
downstream of the development area an option for the large-scale
development area development area
Tidal influence on waterway Applicable except for the large- | Recommended to be applied
downstream of the scale development area,; tidal for the large-scale development
development area influence is minimal on the area; tidal influence is
rainwater drainage work within anticipated on the rainwater
the development area drainage work within the
development area

(Note) Large-scale development area covers 5 acres or more as defined in the draft rules and

regulations for development permissions.
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Table 3 Highest Tide Levels in Yangon City

River HHWL Source Remark

(MSL)
Yangon River in +4.04 Yangon City Development | Based on the water level
the vicinity of Committee, Improvement of | records at Yangon gauging
Yangon Port Aung Chan Tar Canal, Final | station

Report, Mary 2019

Ngamoyeik River +4.31 Yangon City Development | Based on the water Ilevel

in South Okkalapa Committee, Design of Main | records at Myin Thar gauging

Township Streams Improvement and | station in South Okkalapa
Qutfall Structures (North | Township

Okkalapa, South Okkalapa, &
Thingangyun Townships), Final
Report, March 2018

(Note) For example, the following free software to perform the hydrodynamic simulation

analysis are opened to the public.

HEC-HMS and HEC-RAS

Developed and opened to the public by the Hydrologic Engineering Center within the U.S.
Army Corps of Engineers. Hydrologic Modeling System (HMS) simulates rainwater runoff
and River Analysis System (RAS) performs hydrodynamic simulation of river channel.

EPA SWMM

Developed and opened to the public by the United States Environmental Protection
Agency (EPA). Storm Water Management Model (SWMM) performs hydrodynamic
simulation by rainfall runoff model in combination with hydraulic model of rainwater
drainage network for urbanized catchment

Runoff Coefficient for Design of Rainwater Drainage Work

A general runoff coefficient for the entire development area should be computed as a
weighted average of runoff coefficients corresponding respectively to land surface covers
within the development area.

Supplemental Explanations:

The runoff coefficients shown in Table 4, presented in the YCDC'’s design document prepared

in 2018 for improvement of the main drainage creeks to be implemented under the JICA ODA
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project, is considered as applicable. The YCDC'’s design document gives the runoff coefficients
corresponding respectively to the land surface covers, which coincide generally with the land
use categories in the development area. A general runoff coefficient can be computed as a
weighted average of runoff coefficients corresponding respectively to land surface covers
within the development area. In addition, it is recommended to refer to other references
describing these values corresponding to different land surface covers where required for
computing the general runoff coefficients under the pre-development condition.

Table 4 Runoff Coefficient by Land Surface Cover

Area Runoff Coefficient (%)
Commercial / Business Lots 90
Asphalt Concrete Roads 90
Residential Lots 80
Mixed Industrial Lots 70
Parks / Gardens/ Lawns 40
Natural Forest 30

Source: Yangon City Development Committee, Design of Main Streams
Improvement and Outfall Structures (North Okkalapa, South Okkalapa, &
Thingangyun Townships), Final Report, March 2018

8. Time of Runoff Concentration for Design of Rainwater Drainage Work

Time of Runoff Concentration (tc) is computed as the sum of Overland Flow Time (t1) and
Drain Flow Time (t2).

Overland Flow Time (t1) is a time elapsing for rainwater flowing from the most distant
ridge in a subdivided unit drainage area to a drainage (channel or conduit).

Drain Flow Time (t2) is a time elapsing for rainwater flowing through a drainage (channel
or conduit) from the upstream end to a runoff computation point.

Supplemental Explanations:

An image of Time of Concentration (t;), Overland Flow Time (t1), and Drain Flow Time (t2) is
shown in Figure 8.
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(1) Overland Flow Time (t4)

Overland flow time (t1) varies depending on distance, gradient, and roughness on the ground
of a minimum sub-catchment unit. The estimation methods of t; are described in the different
references. Some references provide the ranges of t1 by grade of urbanization. Others give
the empirical equations for estimating t4.

Overland flow time (t1) is suggested in reference to the ranges of t1 by grade of urbanization
as follows, while the use of an empirical equation for estimating t1 is a possible option.

o 4

5 minutes (the minimum suggested) for the development areas

. t1 = 5 minutes for densely populated sub-catchments and t1 = 10 minutes for moderately
populated sub-catchments, where the rainwater drainage work is already developed

The rainwater drainage work is not well-developed as a whole in the suburban and rural region.
Some of the references suggest t1 > 10 minutes for less populated or rural sub-catchments.

(2) Drain Flow Time (t2)

Drain flow time (t2) is computed as an accumulation of t> for length and flow velocity of each
drainage segment from upstream end to a runoff computation point as show in Figure 9.
Assuming gradient and cross section of each drainage segment, drain flow time (t2) is
computed by the Manning’s Equation as described in Section 10. Hydraulic Calculation for
Design of Rainwater Drainage Work later.

t2=L/V/60

where,
t> = Drain flow time by drainage segment (min)
L = Length of drainage segment (m)
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V = Flow velocity in drainage segment (m/s)

Sub-catchment 1 : Sub-catchment 2 : Sub-catchment 3

| | Sub- Drainage Length (m) Drain Flow Time (min)
| | Catchment Segment Cumulative Segment Cumulative

Drainage Drainage Drainage _

Segment 1 ! Segment 2 I Segment 3 1 L1 L1 L1/V1/60 t,= L1/V1/60

L1, v1 : L2, v2 : L3, V3 2 L2 L1+L2 L2/V2/60 t, = (L1/V1+L2/V2)/60

: : 3 L3 L1+L2+L3 L3/V3/60 t = (L1/V1+L2/V2+L3/V3)/60
1 |

Figure 9 Computation of Drain Flow Time (t2)

9. Rainfall Intensity, Duration, and Frequency (IDF) for Design of Rainwater Drainage Work

Rainfall IDF applicable for the design of rainwater drainage work should be based on
available rainfall records and an analytical methodology commonly recognized as
acceptable for representing the generalized characteristics of rainfall in Yangon City.

Supplemental Explanations:

The rainfall IDF shown in Table 5 and Figure 10, presented in the YCDC’s design document
prepared in 2018 for improvement of the main drainage creeks to be implemented under the
JICA ODA project, is considered as applicable. This rainfall IDF was prepared, using the
analytical methodology developed by Myanmar Meteorology & Hydrology Department and
Irrigation Department, based on the rainfall records at Kabar-Aye station for the period of 1962-
2016. This rainfall IDF is described in the paper issued by Yangon Technical University (May
2018) and is also applied in the World Bank project for the rainwater drainage work in the
Central Business District (CBD).

Table 5 Rainfall IDF in Yangon City

Duration ARI / Rainfall Intensity (mm/hour)
(min) 2-year 5-year 10-year
5 163.4 233.6 286.6
10 122.6 175.2 214.9
15 103.5 147.9 181.5
30 71.7 102.5 125.8
60 45.4 64.9 79.6
120 28.2 40.4 49.5
180 20.7 29.5 36.2
360 12.6 17.9 22.0
720 7.6 10.8 13.3
1440 4.6 6.6 8.1

Source: Yangon City Development Committee, Design of Main Streams
Improvement and Outfall Structures (North Okkalapa, South Okkalapa, &
Thingangyun Townships), Final Report, March 2018

16
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(North Okkalapa, South Okkalapa, & Thingangyun Townships), Final Report, March 2018

Figure 10 Rainfall IDF in Yangon City

10. Hydraulic Calculation for Design of Rainwater Drainage Work

Size (or flow capacity) of drainage channel or conduit is designed by using the Manning’s

Equation.
Q=AxV =A x 1/n xR x j12

where,

Q = Peak flow rate of rainwater runoff (m?/s)

A = Flow area inside drainage channel or conduit (m?)

V = Flow velocity inside drainage channel or conduit (m/s)

n = Manning’s roughness coefficient

R = Hydraulic radius (= A/S) (m)

S = Wetted perimeter inside drainage channel or conduit (m)
i = Slope of drainage channel or conduit

Supplemental Explanations:

The peak flow rate of rainwater runoff is computed by the Rational Method described in Section
6. Design Flow for Rainwater Drainage Work. Then the rainwater drainage channel or conduit
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is sized through hydraulic calculation by using the Manning’s Equation

YCDC'’s design document prepared in 2018 describes the following Manning’s roughness
coefficient (n) and design flow velocity (V) and these are considered as acceptable. In addition,
it is recommended to refer to other references describing these values corresponding to
various cross-sectional shapes and materials of the rainwater drainage.

Manning’s Roughness:

Lined Drains or Culverts =0.014
Rubble Drains = 0.020
Earth Drains = 0.035

Flow Velocity:

Minimum Self Clean Velocity =0.75m/s
Maximum Velocity: Lined Drains and Culverts =4.0m/s
Maximum Velocity: Earth Drains =1.2m/s

11. Rainwater Runoff Hydrograph

Rainwater runoff hydrograph should be prepared for planning the capacity of the rainwater
retention pond.

Supplemental Explanations:

A required storage capacity of the rainwater retention pond should be studied considering the
peak of rainwater runoff as well as the volume of rainwater runoff during a rainstorm duration.
Therefore, the rainwater runoff hydrograph should be prepared in the form of the time-series
data of rainwater runoff rate. The following two methods are applicable examples for preparing
the rainwater runoff hydrograph.

(1) Rational Unit Hydrograph Method

Time series of rainfall intensity (hyetograph) peaking at the center of the rainstorm duration are
prepared by using the rainfall IDF as shown in Figure 11, comprising a rainfall intensity for each
time step equivalent to time of runoff concentration (tc) for the total time period enough for the
duration of the rainstorm events recorded in Yangon City.
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Figure 11 Preparation of Rainfall Hyetograph

An image of Rational Unit Hydrograph for a time of concentration (t.) is shown in Figure 12
(left). The rainwater runoff in each time step is computed from the corresponding rainfall
intensity by using the Rational Method for preparing the rainwater runoff hydrograph as shown
in Figure 12 (right).
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Figure 12  Preparation of Rainwater Runoff Hydrograph by Rational Unit Hydrograph Method

(Note) The method of the rearrangement is described in the different references in Japan and
other countries. For an example, refer to Section 3.7 Translation of IDF curve into rainfall
hyetograph, Manual on Storm Water Drainage Systems, Volume-I, Part-A: Engineering Design,
First Edition, May 2019, Central Public Health and Environment Engineering Organization
(CPHEEO), Ministry of Housing Urban Affairs, Government of India.
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(2) Time Area Method

Time Area Method is to prepare the rainwater runoff hydrograph, considering a lag-time of
rainwater runoff from each sub-catchment divided in conformity with computation time step
equivalent to runoff travel time as shown in Figure 13. The rainwater runoff by each time step
is computed as shown in Table 6.

Rainfall Excess Runoff Travel Time and A
- Sub-divided Catchment 4dt 4
2
Rs - i
Ry Ra 2dt \\?dt 2
A, /

dt 2dt 3dt 4dt

Runoff Computation Point

Cumulative Area Rainwater Runoff Hydrograph

Qs
. = Q, —T~Q,
£ ii‘ ii‘ Q, % : 1 Js
= ¢ L S q
< < < < : 1 | | i % x
dt 2dt 3dt adt dt 2dt 3dt 4dt 5dt 6dt 7dt

Figure 13  Preparation of Rainwater Runoff Hydrograph by Time Area Method
Table 6 Rainfall IDF in Yangon City
e Rainfall R(a;)nwater F\Z;;off by S(g?-catchrrzj;wt sum
Excess A " A A (1) thru (4)

dt R1 A1xR1 Qi1

2dt R2 A1xR2 A2xR1 Q2

3dt Rs A1xRa AxxR2 AsxR1 Qs

4dt R4 A1xR4 A2xR3 AsxR2 AsxR1 Q4

5dt A2xR4 A3xR3 AsxR2 Qs

6dt AszxRa4 AsxR3 Qs

7dt AsxRa Q7

(Note) The Time Area Method is described in the different references. For an example, refer to
Chapter 2 Quantity Design Fundamentals and Chapter 7 Detention Pond, Urban Stormwater
Management Manual for Malaysia, MSMA 2nd Edition, 2012, Department of Irrigation and
Drainage (DID), Government of Malaysia.
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12. Required Storage Capacity of Rainwater Retention Pond

where,
ds

dt

I, 12
O1, O2
S1, S2

Storage capacity of rainwater retention pond for alleviating an increase of the peak of
rainwater runoff occurring from the development area is designed by applying the reservoir
storage routing to compute time-dependent relationships between rainwater inflow, outflow,

and storage successively by the following equation.

ds/dt = (I1 + 12) /2 - (O41+02) /2
(|1 + |2) /12 + (81 /dt + O4 /2) -0 =Sy /dt+ 02 /2

: Change in storage volume of retention pond in time interval (= tc) (m?®)

: time interval = t; (min)

: Rainwater inflow into retention pond at last and current time step (m3/s)

: Outflow from retention pond at last and current time step (m?/s)

: Storage volume from retention pond at last time and current time step (m%s)

Supplemental Explanations:

The reservoir storage routing is to compute a rainwater runoff stored in the retention pond (dS)
as a balance between inflow (l) and outflow (O) successively by time step (dt) and then results
in a required storage volume of the rainwater retention pond consequently as shown in Figure
14. Flowchart of the reservoir storage routing is shown in Figure 15.

Inflow (I)
Required Storage of

Retention Pond (S)

ds = (I,+1,)/2 X dt - (0,+0,)/2 xdt

= ] =
o : dS =] Allowable
- Il 1 | A

o {5 Outflow (O) Outflow (Q,)

2
O, ]
dt _ .
Time Time
Figure 14 Computation of Required Storage Volume of Retention Pond
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Preparing Time Series of Rainfall (Hyetograph)
by Time Interval dt

l Time

Preparing Time Series of Rainwater Runoff
(Hydrograph) by Time Interval dt

l Time

Inflow (1)

Estimating Required Storage Volume of Retention Pond
(S) on Preliminary Basis

l Time
H Adjusting H-S

Relationship
-«

Preparing Relationship between Water Depth (H) and
Storage Volume (S) of Retention Pond

l S

(o] Adjusting Outlet
Assuming Outlet Size of Retention Pond and Preparing Size
Relationship between Water Depth (H) and Outflow (O) -

of Retention Pond
l H

Preparing Relationship between S/dt + O/2
and Outflow (O)

l S/dt +O/2

Performing Computations Successively
as Shown in Table 7

!

Checking Maximum Outflow Reconsidered
and Highest Water Level

of Retention Pond

Acceptable

Deciding Required Storage Volume of Retention Pond

Figure 15 Flowchart of Reservoir Storage Routing



The flowchart of the reservoir storage routing is explained below.

Time series of rainfall intensity (hyetograph) are prepared in reference to Section 12. Rainwater
Runoff Hydrograph.

Time series of rainwater runoff (hydrograph) are prepared in reference to Section 12. Rainwater
Runoff Hydrograph. These are the inputs of the inflows (I) into the retention pond.

Required storage capacity of the retention pond is computed on a preliminary basis by using the
simplified equation as described later in this Section.

Relationship between water depth (H) and storage volume (S) of the retention pond is prepared.

Outlet of the retention pond is dimensioned. Relationship between water depth (H) and outflow (O)
of the retention pond is prepared.

Based on H vs. S and H vs. O, relationship between S/dt+0O/2 and O is prepared.

Successive computations are performed as shown in Table 7. Resulting from the computations, the
maximum found in column (7) is the maximum outflow (Omax) from the retention pond. The
maximum found in column (8) is the highest water level (Hmax) of the retention pond. The maximum
of the storage volume (Smax) corresponds to Hmaxand is derived from the H-S relationship.

The required storage capacity of the retention pond is regarded as Smax when the following two
conditions are satisfied simultaneously.

- Allowable Outflow (Qa) > Maximum Outflow (Omax)
- Ground Level of Development Area + Freeboard > Highest Water Level (Hmax)

When these conditions are not satisfied, required storage capacity, dimensions of outlet, H vs. S,
H vs. O, and S/dt+0O/2 vs. O should be adjusted. And then the successive computations should be
performed again.

Table 7 Computation Table of Reservoir Storage Routing

1) (2) ®3) (4) (©) (6) () (8)
Time Inflow (l1+12)/2 S1/dt+01/2 O1 So/dt+02/2 O2 H2
Step m3/s m3/s md/s m3/s m3/s m3/s m

1 11 Zero for Zero for (3)+(4)-(5) Derived Derived
Zero for first first from S/dt + | from H vs.
first timestep timestep O/2 vs. O, O,
timestep resulting resulting
from figure | from figure
in column in column
(6) @)
2 12 Average | Equal to Equal to (3)+(4)-(5) Derived Derived
Derived of figure of figure of from S/dt + | from H vs.
from inflows column (6) | column (7) O/2 vs. O, (o]l
hydrograph in the last in the last resulting resulting
time step time step from figure | from figure
in column in column
(6) @)
3 -ditto- -ditto- . -ditto- -ditto- -ditto- -ditto- -ditto-
4 -ditto- -ditto- . -ditto- -ditto- -ditto- -ditto- -ditto-
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Images of the reservoir storage routing are illustrated in Figure 16. When inflow (l) is larger
than outflow (O), water depth (H) and storage volume (S) increase with time elapsed. At the
time when outflow (O) becomes equivalent to inflow (I), outflow (O), water depth (H), and
storage volume (S) are maximized. Afterward inflow (I) becomes smaller than outflow (O),

water depth (H) and storage volume (S) decrease with time elapsed.

Figure 16

g 1,0,S, HatT before | (max)
w
Development Area
w GL Retention Pond
Drainage
1 | —_— Downstream
H S Drainage
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T Time
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wGL Retention Pond
(@) S ! Drainage
I (max)_, S Downstream
H Drainage
| — O
T Time
= 1,0,S, HatTof O (max)
o
w
Development Area
S (nax) )
| wGL Retention Pond
,,,,,,,,,,,,,,,,, o (max) Drainage
S (max)
| [—— Downstream
Drainage
H(max) 8
i —» O (max)
T Time
= 1,0,S, HatT after O (max)
o
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~~~~~~~~~~~~~~~~~~~ | Downstream
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Images of Reservoir Storage Routing
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(Note) The method of the reservoir storage routing is described in the different references. For
an example, refer to Chapter 2 Quantity Design Fundamentals and Chapter 7 Detention Pond,
Urban Stormwater Management Manual for Malaysia, MSMA 2nd Edition, 2012, Department
of Irrigation and Drainage (DID), Government of Malaysia.

(Note) Besides the reservoir storage routing, some references provide simplified equations for
computing a required storage volume of retention pond. Such equations are applicable as well
for estimating an approximate storage volume of the retention pond on a preliminary basis and
designing the small-scale retention pond (e.g. on-site retention facility). A Japanese reference
provides the following equation.

Vi=(Ri-RJ/2) X 60 x Ti x C x A x 1/360

where,

Vi : Required storage volume of retention pond for rainfall duration T; (m?®)

Ri : Rainfall intensity for duration T; (mm/hour)

Rc: : Rainfall intensity corresponding to allowable outflow (Q.) from the development
area (mm/hour), Rc=Qax 360/ C /A

T; : Rainfall duration (min)

C : Runoff coefficient after development

A : Development Area (ha)

The maximum of Vi is identified through computations attempted with different rainfall
durations (Ti) and thus considered as the required storage volume (S) of the retention
pond.

13. Rainwater Runoff Control Measures

For alleviating the peak of rainwater runoff released from the development area, it is
recommended that the rainwater runoff control should be achieved by combination of the
following types of facilities.

. Off-site Retention Facility
. On-site Retention Facility
. Infiltration Facility

Supplemental Explanations:

The rainwater runoff control measures are explained briefly as shown in Table 8. Various types
of rainwater runoff control measures are described in the different references.
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Table 8 Rainwater Control Measures

Classification Image

Off-site Retention Facility e ————— e — :
: Tertiary |

Rainwater runoff is collected through open channels I Drainage :
I

and conduits in the development area and is I :
I

regulated by rainwater retention pond located at the I :

downstream end for alleviating the peak of rainwater !' _______ e J:

runoff released from the development area. : I
| Off-site |
| Secondary Retention )
: Drainage Eacility

Outfall
On-site Retention Facility e N _ el
Open spaces (e.g. car parking, green park, sports Rot"-slfe
etention
field) and rooftop/underground of buildings in the Facility

storage for delaying time of rainwater runoff
concentration into channel or conduit nearby.

I
I

I

I

I

) I

development area are used as temporary rainwater I
|

I

I

I

I

I

I

Infiltration Facility s e

Infiltration facilities (e.g. permeable gully, permeable
trench, permeable pavement) increase an infiltration
rate of rainwater into the ground and reduce
rainwater runoff discharging into channels and
conduits.

Infiltration
Facility

Outfall

Effects by the rainwater runoff control measures are evaluated by deducting rainwater runoff
reductions from the rainwater runoff hydrograph at the downstream end of the development
area as shown in Table 9. Rainwater runoff reductions deducted from the hydrograph are
computed in the following manners.
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Table 9 Effects by Rainwater Control Measures

Effect Image

Step 1: Infiltration Facility

=
Total of rainwater infiltration rates (m%hour) by a | 2 X Reduction by
o | \ Infiltration Facility
| \ (Constant Rate)

number of infiltration facilities is deduced from the
rainwater runoff hydrograph at the downstream end
of the development area.

(Example)

Permeable Gully:

Design Infiltration Rate (m3/hour/unit) X No. of
Units

Permeable Trench

Design Infiltration Rate (m3/hour/m) x Total Length
Permeable Pavement:

Design Infiltration Rate (m3hour/m?2) x Total Area

Step 2: On-site Retention Facility

&=
Total of rainwater runoff reductions by a number of ‘g’ Total Storage
on-site retention ponds designed as per Section 13. & | Volume —\’i\
Required Storage Capacity of Rainwater Retention | | Reduction by
Pond is deduced from the rainwater runoff I On-site Storage Facility

hydrograph resulting from Step 1.

Time
Step 3: Off-site Retention Facility —
Designed as per Section 13. Required Storage §
Capacity of Rainwater Retention Pond for reducing =
the maximum outflow against the rainwater Total Stora
. ge ~
hydrograph resulting from Step 2. Volume / \
NN
4 \
/ \
/ \ Reduction by
y \  Off-site Storage Facility
/
£ P
2 T ———
Time

In case infiltration facility will be installed, it is necessary to investigate the soil condition,
groundwater level, surrounding structures and wells to be affected due to the development. It
is suggested to refer the C), D), E), F), G) in the Section 14 Some Useful References
Suggested below.
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14. Some Useful References Suggested

(Note) The subjects described in the guidelines are further detailed in the different references

as exampled below. It is recommended to utilize the guidelines coupled with some of the

references as required.

A)

B)

C)

D)

E)

F)

G)

H)

J)

Yangon City Development Committee, Design of Main Streams Improvement and Outfall
Structures (North Okkalapa, South Okkalapa, & Thingangyun Townships), Final Report,
March 2018

Study on Drainage Capacity by Using Modified Rational Method and Storm Water
Management Model, Mi Pale, Kyi, Dr. Win Win Zin, U Tin Maung, Department of Civil
Engineering, Yangon Technical University, May 2018

Code of Practice on Surface Water Drainage, Sixth Edition - December 2011 with
amendments under Addendum No.1 - June 2013, Public Utility Board (PUB), Government
of Singapore

Managing Urban Runoff, Drainage Handbook, 1st Edition: June 2013, Public Utility Board
(PUB), Government of Singapore

Active, Beautiful, Clean Waters, Design Guidelines, 4th Edition: July 2018, Public Utility
Board (PUB), Government of Singapore

On-site Storm Water Detention Tank Systems, Technical Guide, Public Utility Board (PUB),
Government of Singapore

Urban Stormwater Management Manual for Malaysia, MSMA 2nd Edition, 2012,
Department of Irrigation and Drainage (DID), Government of Malaysia

Manual on Storm Water Drainage Systems, Volume-l, Part-A: Engineering Design, First
Edition, May 2019, Central Public Health and Environment Engineering Organization

(CPHEEO), Government of India

Guidelines for Planning and Design of Sewer System and Explanations, Japan Sewerage
Works Association, Edition 2019 (in Japanese)

Technical Guidelines of Rainwater Water Retention Facility, and Explanations and
Examples, Japan River Association, Edition 2007 (in Japanese)

28



Technical Guidelines of Catchment-wide Rainwater Retention Facilities, Association of
Rainwater Storage and Infiltration Technology, Edition 2007 (in Japanese)

L) Technical Guidelines of Rainwater Infiltration Facilities, Association of Rainwater Storage
and Infiltration Technology, Edition 2019 (in Japanese)
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DRAINAGE DESIGN AND CONSIDERATIONS

1.Selection of the Appropriate Method for Calculating Runoff

To select the appropriate method, the TxDOT designer should consider, at a minimum, the following:

Information required for design or evaluation and where that information is needed. For example, if
the TxDOT project requires designing a culvert, the rational method, which computes peak only, may
be adequate. However, if the TxDOT project is affected by or will affect behavior of a detention or
retention pond, a runoff hydrograph will be required for the evaluation.

Data available to develop the required hydrologic information. For example, the designer must
determine if flow records are available from a stream gauge at or near the location of interest. If not,
frequency analysis to find the design flow is not possible, nor is proper calibration of a conceptual
model that will compute a hydrograph.

Conditions in the watershed that may limit applicability of alternative models. For example, regression
equations for Texas were estimated for watersheds with less than 10 percent impervious cover. If the
watershed upstream of the point of interest has more impervious cover, the equations are not
applicable. Similarly, if ponds, lakes, and depressions in the watershed will affect runoff by storing
water, the rational equation will not be appropriate, as it does not simulate behavior of these
features.

Methods acceptable for estimating peak discharges and runoff hydrographs for TXxDOT design and
evaluation include, but are not limited to the following:

1.
2.

>

Statistical Analysis of Stream Gauge Data(records in excess of 20 years stream gauge data require)
Omega EM Regression Equations.(should not be used for 1 sq mile(640 acres), reliable 10sq mile
drainage area)

Rational Method.

Hydrograph Method.



Rational Method

This simple conceptual method estimates peak runoff rate for a selected frequency. It is

appropriate for urban and rural watersheds less than 200 acres (80 hectares) in which natural or man-
made storage is minor. It relies on an assumption that the design flow of a specified frequency is caused
by rainfall of the same frequency. This method is best suited to the design of urban storm drain systems,
small side ditches and median ditches, and driveway pipes.(HYDRAULIC DESIGN MANNUAL SEPT 2019)

Assumptions and Limitations

L)

0

/ / 7 R/
0‘0 0’0 0’0 0’0

/ /
0‘0 0‘0

Use of the rational method includes the following assumptions and limitations:

The method is applicable if tc for the drainage area is less than the duration of peak rainfall
intensity.
The calculated runoff is directly proportional to the rainfall intensity.
The frequency of occurrence for the peak discharge is the same as the frequency of the rainfall
producing that event.
Rainfall is distributed uniform throughout the duration of the storm.
The frequency of occurrence for the peak discharge is the same as the frequency of the rainfall
producing that event.
Rainfall is distributed uniformly over the drainage area.
The minimum duration to be used for computation of rainfall intensity is 10 minutes. If the time of
concentration computed for the drainage area is less than 10 minutes, then 10 minutes should be
adopted for rainfall intensity computations.
The rational method does not account for storage in the drainage area. Available storage is assumed
to be filled.

The above assumptions and limitations are the reason the rational method is limited to

watersheds 200 acres or smaller. If any one of these conditions is not true for the watershed of interest,
the designer should use an alternative method.



The rational method represents a steady inflow-outflow condition of the watershed during
the peak intensity of the design storm. Any storage features having sufficient volume that they do not
completely fill and reach a steady inflow-outflow condition during the duration of the design storm
cannot be properly represented with the rational method. Such features include detention ponds,
channels with significant volume, and floodplain storage. When these features are present, an alternate
rainfall-runoff method is required that accounts for the time-varying nature of the design storm and/ or
filling/ emptying of floodplain storage. In these cases, the hydrograph method is recommended.

The rational formula estimates the peak rate of runoff at a specific location in a watershed
as a function of the drainage area, runoff coefficient, and men rainfall intensity for a duration equal to
the time of concentration. The rational formula is:

CIA
Q = -
Where:
Q = maximum rate of runoff (cuft/sec or m3/sec.)
C = runoff coefficient
I e average rainfall intensity (in./hr. or mm/hr.)
A = drainage area (ac or ha)
Z = conversion factor, | for English, 360 for metric



The steps in developing and applying the rational method are illustrated in Figure.

Area is less than 200 acres

J

Estimate time of concentration

!

Determine design rainfall
intensity for duration for
selected frequency

l

Configure rational equation
model; estimate parameter

l

Compute design peak flow

|

Validate / verify

Figure: Steps in developing and applying the rational method



Hydrograph Method

A hydrograph represents runoff as it varies over time at a particular location within the
watershed. The area integrated under the hydrograph represents the volume of runoff. Estimation
of a runoff hydrograph, as opposed to the peak rate of runoff, is necessary for watersheds with
complex runoff characteristics. The hydrograph method also should be used when storage must
be evaluated, as it accounts explicitly for volume and timing of runoff. The hydrograph method
has no drainage area size limitation. (TxDOT, Hydraulic Design Manual, September 2019)

The hydrograph method is applicable for watersheds in which tc is longer than the duration
of peak rainfall intensity of the design storm. Precipitation applied to the watershed model is
uniform spatially, but varies with time. The hydrograph method accounts for losses (soil
infiltration for example) and transforms the remaining (excess) rainfall into a runoff hydrograph
at the outlet of the watershed. Because the resulting runoff hydrograph is a time series of flow
values, the method provides a peak flow value as well as volume of runoff. This makes the
method suitable for design problems requiring runoff volume as a design parameter. (TxDOT,
Hydraulic Design Manual, September 2019)



Unit Hydrograph Methods (Source: Urban Drainage Design Manual (U.S, Aug 2013))

A unit hydrograph is defined as the direct runoff hydrograph resulting from a rainfall event that
has a specific temporal and spatial distribution and that lasts for a unit duration of time. The
ordinates of the unit hydrograph are such that the volume of direct runoff represented by the area
under the hydrograph is equal to one millimeter of runoff from the drainage area.(6) In the
development of a unit hydrograph, there are several underlying assumptions made such as
uniform rainfall intensity and duration over the entire watershed. To minimize the effects of non-
uniform intensity, a large storm that encompasses the majority of the watershed should be
employed. Additionally, storm movement can effect the runoff characteristics of the watershed.
Storms moving down a long and narrow watersheds will produce a higher peak runoff rate and a
longer time to peak. In order to overcome these limitations, limit use of unit hydrographs to
drainage areas less than 2590 km2 (1000 mi2).

e Snyder Synthetic Unit Hydrograph

In 1938, Mr. Franklin Snyder developed a means to generate a synthetic unit hydrograph. The
Corps of Engineers extensively adopted the Snyder method for many hydrological situations. In
the Snyder method, empirically defined terms and the physiographic characteristics of the
drainage basin are used to determine a unit hydrograph. The key parameters which are explicitly
calculated are the lag time, the unit hydrograph duration, the peak discharge, and the
hydrograph time widths of 50 and 75% of the peak discharge. With these points, a characteristic
unit hydrograph is sketched. The volume of this hydrograph is then checked to ensure it equals
one millimeter of runoff. If it does not, it is adjusted accordingly. A typical Snyder hydrograph is
shown in Figure.




In the figure:

TR = Duration of unit excess rainfall, hr
T, = Lag time from the centroid of the unit rainfall excess to the peak of the unit
hydrograph, hr

s = Time to peak flow of hydrograph, hr
Wey, W = Time width of unit hydrograph at discharge equal to 50 and 75%, hr
T, = Time duration of the unit hydrograph, hr

Snyder initially applied his Unit Hydrograph for watersheds in the Appalachian highlands;
however, the general method has been successfully applied throughout the country by appropriate
modification of empirical constants employed in the method.(6) HDS 2 provides additional
information and an example problem that describes the procedures for computing the Snyder
Synthetic Unit Hydrograph.

TR
I T I
L

173 Wggl 2/3 Wgg

1
113 Wog 2/3 Wypg
q +

P I

Discharge
z

075 qp [ —
/ I wgy
0.50 qp ]

|||||||||

Time, T (hr)

Figure. Snyder synthetic hydrograph definition (Source: Urban Drainage Design Manual (U.S,
Aug 2013))



e SCS (NRCS) Tabular Hydrograph

The Soil Conservation Service (now known as the National Resources Conservation Service) has
developed a tabular method used to estimate partial composite flood hydrographs at any point in
a watershed. This method is generally applicable to small, nonhomogeneous areas which may be
beyond the limitations of the Rational Method. It is applicable for estimating the effects of land
use change in a portion of the watershed as well as estimating the effects of proposed structures.

The basis of the SCS Tabular Hydrograph method is a series of unit discharge hydrographs
expressed in cubic meters of discharge per second per square kilometer (cubic feet of discharge
per second per square mile) of watershed per millimeter (in) of runoff. A series of these unit
discharge hydrographs are provided for a range of subarea times of concentration (Tc) from 0.1 hr
to 2 hours, and reach travel times (Tt) from 0 to 3 hours.

The tabular method determines the hydrograph ordinates for a specific time by multiplying
together the runoff depth, the subarea, and the tabular hydrograph unit discharge value for that
time as determined from the tables.

q=0AQp (3-21)

where:

q = Hydrograph ordinate for a specific time, m3/s (ft3/s)

o} = Tabular hydrograph unit discharge from appropriate table, m3/s/lkm?mm (ft3/s/mi?/in)
A = Sub-basin drainage area, km? (mi?)

Qb = Runoff depth, mm (in)



Assumptions and limitations inherent in the tabular method are as follows:

» Total area should be less than 800 hectares (2000 acres). Typically, subareas are far
smaller than this because the subareas should have fairly homogeneous land use

* Travel time is less than or equal to 3 hours

 Time of concentration is less than or equal to 2 hours

» Drainage areas of individual subareas differ by less than a factor of five

2. Time of Concentration

The peak runoff (Qr) occurs at the point of design when all parts of the catchment receiving a
steady, uniform rainfall intensity are contributing to the outflow at this point. This condition is
met when the duration of rainfall equals the time of concentration (tc). The time of concentration
(tc) consists of the overland flow time (to) plus the drain flow time from the most remote
drainage inlet to the point of design (td), viz. tc = to + td.

The overland flow time (to) varies from 5 minutes to 15 minutes, depending on the overland
travel distance, land topography and characteristics. The drain flow time (td) shall be estimated
from the hydraulic properties of the drainage channel.(PUB 2018 7" EDITION)



Time of Concentration (t.) is the time required for an entire watershed to contribute to runoff at
the point of interest for hydraulic design; this time is calculated as the time for runoff to flow
from the most hydraulically remote point of the drainage area to the point under investigation.
Travel time and t_ are functions of length and velocity for a particular watercourse. A long but
steep flow path with a high velocity may actually have a shorter travel time than a short but
relatively. The designer must identify the flow path along which the longest travel time is likely
to occur.

In watersheds with low (flat) topographic slope, the calculation of t. using commonly accepted

equations with slope in the denominator often results in unreasonably large values. That is, as the

slope approaches zero, the travel time approaches infinity. In addition, since intensity is a

function of depth divided by t_, a long t. produces a very small intensity and thus small flow rate.

Cleveland et al. 2012 recommends an adjustment of 0.0005 to the slope in both the Kerby and

Kirpich methods to allow more realistic results for low topographic slope watersheds.

% The adjusted slope becomes S, slope = S, + 0.0005 (dimensionless)

¢ If the slope is less than 0.002 ft/ft (0.2%), a low slope condition exists and the adjusted slope
should be used.

¢ If the slope is between 0.002 ft/ft (0.2%) and 0.003 ft/ft(0.3%), the situation is transitional
and the user must use judgment on whether or not to use the low slope adjustment.

When runoff is computed using the rational method, t, is the appropriate storm duration and in
turn determine the appropriate precipitation intensity.



When peak discharge and stream flow timing are computed using the hydrograph method, t, is used to
compute certain rainfall-runoff parameters for the watershed. The value of t. is used as an input to define the

appropriate storm duration and appropriate precipitation depth.(HYDRAULIC DESIGN MANNUAL
SEPT 2019)

(Time of concentration is the time required for the rainwater to flow to reach the farthest point of
the drainage system or the outfall under consideration. Time of concentration is equal to the inlet
time plus the time required for the flow to reach the main or branch drain. The inlet time is the
time dependent on the distance of the farthest point in the drainage area to the inlet of the
manhole and the surface slopes, etc and will vary between 5 min to 30 min.

In highly developed sections, for example with impervious surfaces it may be as low as 3 min or
lower (with good slope) as building terraces and paved areas. Correspondingly, the design
intensity for the drainage for such areas will be much higher. Rainwater pipes have to be
designed for an intensity for a very low time of concentration. (MNBC; 5D.5.5.11.2.4))

3.Runoff Coefficient

The runoff coefficient(C) depends on the degree and type of development within the
catchment. Catchments are classified according to the expected general characteristics when fully
developed. The C values are as follows:(SG PUB2018)



Characteristics of catchment when fully developed Value of C

Roads, highways, airport runways, paved up areas 1.00

Urban areas fully and closely built up (heavy Industrial, Downtown) 0.90
Residential/industrial areas densely built up 0.80
Residential/industrial areas not densely built up 0.65

Rural areas with fish ponds and vegetable gardens 0.45

Parks & cemetery 0.1-0.25

Playground 0.2-0.35 | Www.Brighthub
Asphalt Cement Street 0.7-0.95 [ engineering.com
Travel drive ways & walks 0.3

Note: For catchments with composite land use or surface characteristics, a weighted value of C
may be adopted.

Table:  Runoff Coefficients for Urban Watersheds (TxDOT, Hydraulic Design Manual,
September 2019)

Type of drainage area | Runoff coefficient

Business:

Downtown areas 0.70-0.95
Neighborhood areas 0.30-0.70
Residential:

Single-family areas 0.30-0.50
Multi-units, detached 0.40-0.60
Multi-units, attached 0.60-0.75
Suburban 0.35-0.40
Apartment dwelling areas 0.30-0.70
Industrial:

Light areas 0.30-0.80
Heavy areas 0.60-0.90
Parks, cemeteries 0.10-0.25
Playgrounds 0.30-0.40

Railroad yards

0.30-0.40




Unimproved areas:

Sand or sandy loam soil, 0-3% 0.15-0.20
Sand or sandy loam soil, 3-5% 0.20-0.25
Black or loessial soil, 0-3% 0.18-0.25
Black or loessial soil, 3-5% 0.25-0.30
Black or loessial soil, > 5% 0.70-0.80
Deep sand area 0.05-0.15
Steep grassed slopes 0.70
Lawns:

Sandy soil, flat 2% 0.05-0.10
Sandy soil, average 2-7% 0.10-0.15
Sandy soil, steep 7% 0.15-0.20
Heavy soil, flat 2% 0.13-0.17
Heavy soil, average 2-7% 0.18-0.22
Heavy soil, steep 7% 0.25-0.35
Streets:

Asphaltic 0.85-0.95
Concrete 0.90-0.95
Brick 0.70-0.85
Drives and walks 0.75-0.95
Roofs 0.75-0.95

YCDC PROPOSAL

Type of drainage area

Runoff coefficient

Business:

Downtown areas 0.70-0.95
Neighborhood areas 0.30-0.70
Residential:

Single-family areas 0.30-0.50
Multi-units, detached 0.40-0.60
Multi-units, attached 0.60-0.75
Suburban 0.35-0.40
Apartment dwelling areas 0.30-0.70




Industrial:

Light areas 0.30-0.80

Heavy areas 0.60-0.90

Parks, cemeteries 0.10-0.25

Playgrounds 0.30-0.40

Railroad yards 0.30-0.40
Lawns:

Sandy soil, flat 2% 0.05-0.10
Sandy soil, average 2-7% 0.10-0.15
Sandy soil, steep 7% 0.15-0.20
Heavy soil, flat 2% 0.13-0.17
Heavy soil, average 2-7% 0.18-0.22
Heavy soil, steep 7% 0.25-0.35
Streets:

Asphaltic 0.85-0.95
Concrete 0.90-0.95
Brick 0.70-0.85
Drives and walks 0.75-0.95
Roofs 0.75-0.95

4.Rainfall Intensity

For a storm of return period (T) years, the rainfall intensity (1) is the average rate of rainfall
from such a storm having a duration equal to the time of concentration (tc). The rainfall intensity
(I) can be obtained from the Intensity-Duration-Frequency (IDF) curves by estimating the
duration of rainfall (equals to the time of concentration, tc) and selecting the required return

period of (T) years.




b

(tc+d)€
Where:
|  =design rainfall intensity (in./hr.)
t.  =time of concentration (min) as discussed in Section 11

e, b, d = coefficients based on rainfall IDF data

5.The Intensity-Duration-Frequency (IDF) curves
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YCDC will be adopted IDF curve from Prof Dr. Win Win
Zin(YTU)

Design Frequency (MNBC; 5D.5.5.11.2.3)

Storm water drainage system for an urbanized area is planned on the basis of the design of the
storm which shall be determined by the designer. Frequency is the period in which the selected
design intensity recurs in a given period of time in years.

Singapore Code

Area Served by Drainage System Return Period (T)
Catchment of less than 100 ha 10 years
Catchment of 100 to 1000 ha 25 years
Catchment of more than 1000 ha 50 years

Airport runway or any area as specified by the Board 100 years



BS EN 752.2008

) Design storm return period Design flooding return period
Location

(years) (years)
Rural 1 years 10 years
Residential areas 5 20
City centers/ industrial/ years VLI
Commercial areas:
- With flooding check 2 years 30 years
- Without flooding check 5 years =
Underground railways/

10 years 50 years

underpasses

(Urban Storm water Management Manual for Malaysia) NEPS

Minimum ARI (years)

Type of Development (See Note 2)
(See Note 1) Minor System Major System
(See Note 3) (See Note 3)
Residential
- Bungalow and 5 years 50 years
semidetached dwellings
- Link house/ apartment 10 years 100 years
Commercial and business 10 years 100 years
center
Industry 10 years 100 years
Sport field, park and 2 years 20 years

agricultural land
Infrastructure/ utility 5 years 100 years
Institutional building/ complex 10 years 100 years



Recommended Design Return Period for various types of urban

Return Period
Urban Catchment

No.
Mega Cities Other Cities

1. Central Business and commercial Once in 5 years Once in 2 years
2. Industrial Once in 5 years Once in 2 years
3. Urban Residential

Core Area Once in 5 years Once in 2 years

Peripheral Area Once in 2 years Once in 1 years
4. Open space, Parks and landscape Once in 6 months Once in 6 months
5. Airports and other critical infrastructure* Once in 100 years Once in 50 years

YCDC

Design Frequency Return Period

The return periods (T) adopted for the design of drainage systems in YANGON CITY shall be as
follows



Flood zone Usage Proposed Area Drainage type Return period
/Catchment area
Low Residential Inhouse drain
Mixed used Public drain
Industrial Box culvert
Office & School
Medium
High

Table

5.Maximum Allowable Peak Runoff (Planning Guidance:
page 25, table 5)

Discharge flow rate does not exceed limits set by YCDC (m3/s)

The following types of developments are required to control the peak runoff discharged from the
affected development sites:



(a) New erection and reconstruction works to commercial, industrial, institutional and residential
developments greater than or equal to 0.2 hectares in size; and

(b) Additions & Alterations (A&A) works to existing commercial, industrial, institutional and
residential developments where affected area is greater than or equal to 0.2 hectares in size such
as:

(i) Addition of new building(s); or

(i1) Extension to existing building(s); or

(i11) Partial reconstruction of existing building(s);

(iv) Any combination of the above



(The maximum allowable peak runoff to be discharged to the drains will be calculated based on a
runoff coefficient of 0.55, and for design storms with a return period of 10 years and for various
storm durations of up to 4 hours (inclusive).) About 20 percentage of actual discharge can be
allowable to YCDC drains.

Peak runoff reduction can be achieved through the implementation of such structure:
(i) Detention tanks;

(i1) Retention/sedimentation ponds;

(i11) Wetlands;

(iv) Bio retention swales;

(v) Bioretention basins or rain gardens;

(vi) Porous pavements, etc.

(vii) Improvement of existing drains till main outlet (YCDC current regulation)



Harvesting in regular rainfall areas (MNBC; 5D.5.5.12.3.1)

In areas having rainfall over a larger period in a year for example, in hilly areas and coastal
regions, constant and regular rainfall can be usefully harvested and stored in suitable water tanks.
Water is collected through roof gutters and down take pipes. Provision should be made to divert
the first rainfall after a dry spell so that any dust, soot, leaves etc, are drained away before the
water is collected into the water tank. The capacity of the water tank should be enough for storing
water required for consumption between two dry spells. The water tank should be located in a
well protected area and should not be exposed to any hazards of water contamination from any
other sources. The water shall be chlorinated using chlorine tablets or solution to maintain a
residual chlorine of approximately 1 ppm. The tanks must have an overflow to a natural water
courses or to any additional tanks.

Harvesting in urban areas (MNBC; 5D.5.5.12.3.2)

In urban areas with the rainfall limited during the monsoon period usually from 15-90 days roof
top rain-water cannot be stored and used as mentioned above and is best used for recharging the
ground water. For individual properties and plots the roof top rain-water should be diverted to
existing open or abandoned tube wells. In a well building complex the system should be laid out
so that the runoff is discharged bore-wells as per designs specified by the Authority.



6. Computation of Discharge Capacity

Steady Uniform Flow Condition

Drains are designed for steady uniform flow conditions and one-dimensional method of analysis
Is used.

Manning's Formula

Drains shall be designed to have discharge capacities (Qc) adequate to cope with the estimated
peak runoffs (Qr). The size, geometry and the bed gradient of a drain determine its discharge
capacity (Qc). With the required discharge capacity (Qc) determined [which must be equal to or
larger than the peak runoff (Qr)], the size of the drain is computed from the Manning's Formula:

Qc = LARSS
n

Where;

Q. =discharge capacity of drain (ms/s)
n =roughness coefficient

A =flow area (m2)



= wetted perimeter (m)
A/P = hydraulic radius (m)
= bed gradient

P
R
S
Maximum discharge flow (MNBC; 5D.5.5.3.5.1 (b))

The maximum rate of discharge flow shall be taken as thrice the average rate, allowance being
made in addition for any exceptional peak discharges. A good average rule is to allow for a flow
of liquid waste from buildings at the rate of 3 litres per minute per 10 persons.

Roughness Coefficient

The value of the roughness coefficient (n) depends on the drain's flow surface and is given below:

Boundary Condition Roughness Coefficient (n)
Unplasticised Polyvinyl Chloride (UPVC) 0.0125
Concrete 0.0150
Brick 0.0170
Earth 0.0270
Earth with stones and weed 0.0350
Gravel 0.0300

Note: Where there are different flow surfaces within a drain section equivalent, roughness
coefficient may be used.



Table : Manning’s Roughness Coefficients for Open Channels
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Type of Channel

. Excavated or dredged channels
. Earth, straight and uniform

Clean, recently completed
Clean, after weathering

. Gravel, uniform section, clean

. With short grass, few weeds

. Earth, winding and sluggish

. No vegetation

. Grass, some weeds

. Deep weeds or aquatic plants in deep channels
. Earth bottom and rubble sides

. Stony bottom and weedy banks

Cobble bottom and clean sides

. Winding, sluggish, stony bottom, weedy banks
. Dense weeds as high as flow depth

. Dragline-excavated or dredged

. No vegetation

. Light brush on banks

. Rock cuts

. Smooth and uniform

. Jagged and irregular

. Unmaintained channels

. Dense weeds, high as flow depth

. Clean bottom, brush on sides

. Clean bottom, brush on sides, highest stage
. Dense brush, high stage

. Lined channels

. Asphalt

. Brick (in cement mortar)

. Concrete

. Trowel finish

. Float finish

. Unfinished

. Gunite, regular

. Gunite, regular

. Gunite, wavy

. Riprap (n-value depends on rock size)
. Vegetal lining

Manning’s n

0.016-0.020
0.016-0.020
0.018-0.025
0.022-0.030
0.022-0.033

0.023-0.030
0.025-0.033
0.030-0.040
0.028-0.035
0.025-0.040
0.030-0.050
0.025-0.040
0.050-0.120

0.025-0.033
0.035-0.060

0.025-0.040
0.035-0.050

0.050-0.120
0.040-0.080
0.045-0.110
0.080-0.140

0.013-0.016
0.012-0.018

0.011-0.015
0.013-0.016
0.014-0.020
0.016-0.023
0.016-0.023
0.018-0.025
0.020-0.035
0.030-0.500



Material
Asbestos-cement pipe
Brick
Cast iron pipe

Cement-lined & seal coated
Concrete (monolithic)

Smooth forms

Rough forms

Concrete pipe

Box (smooth)
Corrugated-metal pipe -- (2-1/2 in. x 1/2 in. corrugations)

Plain

Paved invert

Spun asphalt lined

Plastic pipe (smooth)
Corrugated-metal pipe -- (2-2/3 in. by 1/2 in. annular)
Corrugated-metal pipe -- (2-2/3 in. by 1/2 in. helical)
Corrugated-metal pipe -- (6 in. by 1 in. helical)
Corrugated-metal pipe -- (5 in. by 1 in. helical)
Corrugated-metal pipe -- (3 in. by 1 in. helical)

Corrugated-metal pipe -- (6 in. by 2 in. structural plate)

Corrugated-metal pipe -- (9 in. by 2-1/2 in. structural plate)

Corrugated polyethylene
Smooth
Corrugated
Spiral rib metal pipe (smooth)
Vitrified clay
Pipes
Liner plates
Polyvinyl chloride (PVC) (smooth)

Table : Manning’s Roughness Coefficients for Closed Conduits (ASCE 1982, FHWA 2001)

Manning’s n
0.011-0.015
0.013-0.017

0.011-0.015

0.012-0.014
0.015-0.017
0.011-0.015
0.012-0.015

0.022-0.026
0.018-0.022
0.011-0.015
0.011-0.015
0.022-0.027
0.011-0.023
0.022-0.025
0.025-0.026
0.027-0.028

0.033-0.035
0.033-0.037
0.010-0.013
0.009-0.015
0.018-0.025
0.012-0.013

0.011-0.015
0.013-0.017
0.009-0.011

Table note: Manning’s n for corrugated pipes is a function of the corrugation size, pipe size, and
whether the corrugations are annular or helical (see USGS 1993).



YCDC will adopt ASCE manning’s roughness coefficient (n).

Maximum Velocity and minimum velocity

The velocity of flow in a drain shall not be too great to cause excessive scouring or hydraulic
jumps. Hence the velocity of flow in a concrete-lined drain shall be limited to a maximum of 3.0
m/s or below the critical velocity, whichever is lower. For an earth stream, the maximum velocity
shall be limited to 1.5 m/s. Further limitation of the maximum velocity shall be complied with
when specified by the Board. (Citation)

On the other hand, it is undesirable to employ gradients giving a velocity of flow greater than 8
ft/s. Where it is unavoidable, cast iron pipes shall be used. The approximate gradients, which give
a velocity of 8 ft /s for pipes of various sizes. (MNBC 5D.5.5.3.5.2.4).

Sub-critical Flow

Drains are designed to carry sub-critical flows. Critical state of flow exists when the Froude
Number is equal to one. An open channel flow at or near the critical state shall be avoided as
under such a condition the water surface Is unstable and wavy. In order to secure greater flow
efficiency, channel flow shall be designed so that the Froude Number shall fall within the range
from 0.8 decreasing to such minimum value as to achieve a practical flow depth and permissible
flow velocity.



Freeboard

Freeboard refers to the depth from the top of the drain (cope/bank) to the top of the water surface
In the drain at design flow condition. Sufficient freeboard shall be provided to prevent waves or
fluctuation of the water surface from overflowing the cope/bank. Generally, a depth of freeboard
equivalent to 15% of the depth of the drain is required.

/.DRAINAGE STRUCTURES AND FACILITIES

7.1.Drain and Culvert




7.2. Transition

A transition is required where there is a change of drain cross-section. The purpose of a transition
Is to change the shape of flow and surface profile in such a manner that minimum energy losses
occur and cross waves and other turbulence are reduced. This may be achieved using tapering
walls with no sudden changes of cross-section. The minimum length of a transition shall be 1.5
times the width of the wider drain section.

7.3.Curves and Bends

The presence of curves or bends in drain alignment is sometimes unavoidable. Difficulties in
design often arise because of the complexity of the flow around a curved path. A drain curve will
increase frictional loss and lead to the danger of serious local erosion due to spiral flow. Hence,
the radius of any horizontal curve shall be as large as possible, consistent with the general terrain,
in order to reduce the super elevation of the water surface and preserve the freeboard. A
horizontal curve shall have a minimum radius of 3 times the width of the drain channel.

The benching of the drain at the bend shall be configured to minimize sedimentation at the inner
side of the bend. For this purpose, the dry weather flow channel at the bend shall be aligned
towards the outer side of the bend, with the centre of the channel spaced at a quarter of the drain
width from the outer cope of the drain.



7.4.Sump for Drain Intersections

A sump of sufficient size shall be provided where drains converge. The minimum internal width
of the sump shall not be less than 1.5 times the width of the drain leading away from the sump.
Drains shall enter the sump at angles less than a right angle and at different levels wherever
possible. The invert level of the downstream drain shall be lower than the invert level of the sump
so that no stagnant water will collect in the sump.

7.5.Drain Connection to Existing Drain

-Drain connection shall not join an existing drain at an angle that is against its flow. Invert level
of the drain connection shall be as high as hydraulically possible and must not be lower than the
benching level of the drain receiving the flow.

-At all T-junctions of roads with one or more of the connecting side roads sloping down towards
the junction, drop-inlet chambers shall be provided at every 3m or alternatively.Slot-outlets may
also be used where an existing roadside drain is less than 500 mm deep or at areas outside the
road carriageways such as carparks.

-The size of openings and discharge pipe into the storm water drainage system has to be at least
250 mm diameter. The discharge pipe that is constructed has to avoid 90 degree bend for
discharge towards downstream



7.6.Safety Railings
Standard safety railings shall be provided for all open drains more than 2.0 m deep.

Grating over Closed Drain/Culvert

All gratings provided over closed drains/culverts shall be hinged to fixed frames securely
embedded into the drain structures. Mild steel heavy duty gratings shall be used for closed drains
subjected to vehicular loadings, whereas light duty gratings shall only be used for pedestrian
loadings. The gratings, frames and chequered plates shall be galvanized. The details of the
gratings and chequered plates shall be designed in accordance with the Land Transport
Authority’s latest Standard Details of Road Elements.

Where a culvert runs across the road, no sump/grating shall be sited on the road carriageway.
Where necessary, sumps with galvanized mild steel gratings shall be provided at the two side-
tables of the road. In the case of a dual carriageway, a sump with galvanized heavy duty mild
steel grating shall be provided at the centre divider.



The size and spacing of gratings required shall be based on the internal width of the closed drain,
as follows:

Internal Width Grating
(W) Size Spacing
W>4m 850 mm x 1000 mm 50 m (staggered)
in addition 4 m x 2 m (opening) 500 m
2m<W<s4m 850 mm x 1000 mm 50 m (staggered)
in addition 1.5 m x 1.5 m (opening) 500 m
750 Mm<W< 2m 850 mm x 1000 mm 6 m (for drain < 1 m deep) or
18 m (for drain > 1 m deep)
W <750 mm 700 mm x 850 mm* 6m

Note: (i) Rungs shall be embedded at the drain wall at every opening/grating for closed drains
with internal depth equal to or greater than 0.9m in accordance with Clause 9.10.
(if) For drain or drainage reserve within the development site, maintenance opening shall
comply with the requirements specified in Clause 5.4c.

* Subject to approval of the Board, if the minimum size of closed drain as specific in
Clause 4.3.1 cannot be met, the details of the Grating may be designed in accordance with the
drawing as shown in Drawing No. 7A or 7B

Where a closed drain exceeds 3 m deep, access shaft (2 m by 1.5 m) may be required by the
Board. If the access shaft is deeper than 4 m, intermediate platform shall be provided as shown in
Drawing No. 3.



Entrance Culvert/Crossing

Where an entrance culvert/crossing is proposed at a stretch of closed drain, gratings/ openings
shall be provided at the closed drain sections upstream and downstream of the proposed entrance
culvert/ crossing.

Live Loads on Drains

In the design of drains, stability of the slope and upheaval shall be considered. A nominal live
load surcharge of 10 kN/m.shall be taken into consideration in the design of drains except as
qualified by Clause 9.13.2 and Clause 9.13.4.

For drains that are adjacent to roads and are affected by vehicular loading, a live load surcharge
of 20 kN/m.shall be taken into consideration in the design of drains.

Culverts carrying vehicular loading shall be designed to withstand bridge loading in accordance
with Land Transport Authority’s standards.

For drains that are required to install 4 m x 2 m grating as stipulated in Clause 5.4.cii, the drains
shall be designed to withstand bridge loading in accordance with Land Transport Authority’s
standards.



8. PUMPED DRAINAGE SYSTEM
The minimum design and operation criteria for the pumped drainage system shall be as follows:

(a) The pumping capacity shall be adequate to cater for immediate discharge of the storm water
ingress of not less than 150 millimetres per hour from the entire source catchment area; i.e.:
where P = pumping capacity (ms/s)

| = rainfall intensity (mm/hr)

A = catchment area contributing to ingress of storm water (m.)

(b) There shall be minimally one complete set of back-up pumping equipment, including back-up
pumps and pumping mains. The pumped drainage system shall be supported by a generator
should the main power supply fail.

(c) The pumping installation shall be designed with an automated device to start the pumping
operation at times of storm water ingress, with operational option for manual control to override
the automated device whenever desired.

(d) Adequate pump sump shall be provided with sufficient



610x6.31APL

Adequate pump sump shall be provided with sufficient storage capacity to cater for the total
quantum of inflow from the entire source catchment area over a duration of at least 3 hours or
such longer period as may be deemed necessary by the Qualified Person or as required by the
Board for the re-activation of the pumping installation in the event of emergency
breakdown/repairs or power failure, based on the maximum recorded rainfall given below:

Duration (hrs) 3 4 5 6 12 24

Total Rainfall (mm)
196.9 210.6 253.4 281.9 376.7 533.2

(e) The Qualified Person shall formulate and implement a well-regulated procedure for the
maintenance, operation and monitoring of the pumped drainage system.

(f) The base of the pump sump shall be designed with a gradient of 1:40 or steeper, and which
shall be graded towards the pumps. The pumps shall be located within a small sump pit which
should be deeper than the pump sump so that there will be no stagnant water in the pump sump at
all times.



The criteria specified above are minimum requirements which shall be complied with.
Nevertheless, the Qualified Person shall be fully responsible for the complete design of the
pumped drainage system, incorporating such additional features or requirements as the Qualified
Person may deem necessary to achieve reliable protection of the basements, tunnels or
underground facilities against flood.

The civil and structural components of the pumped drainage system (including basement and/or
detention tank pump systems) shall be designed and endorsed by a Professional Engineer (Civil)
while the mechanical and electrical components shall be designed and endorsed by a Professional
Engineer (Mechanical/Electrical). Design computations duly endorsed by the Professional
Engineers shall be submitted to the Board for record, including the operation sequence and
monitoring measures of the pumped drainage system and other relevant information.

The developer/owner shall be responsible for the maintenance, operation and monitoring of the
pumped drainage system. The Qualified Persons shall liaise with the developer/owner to ensure
that a well-established management set-up is operational to undertake this function before
applying for the issue of Temporary Occupation Permit and Certificate of Statutory Completion.



Manhole (MNBC: 5D.5.5.10)

General (MNBC; 5D.5.5.10.1)

A manhole or inspection chamber shall be capable of sustaining the loads which may be imposed
on it, exclude sub-soil water and be water-tight. The size of the chamber should be sufficient to
permit ready access to the drain or sewer for inspection, cleaning and rodding and should have a
removable cover of adequate strength, constructed of suitable and durable material. Where the
depth of the chamber so requires, access rungs, step irons, ladders or other means should be
provided to ensure safe access to the level of the drain or sewer. If the chamber contains an open
channel, benching should be provided having a smooth finish and formed so as to allow the foul
matter to flow towards the pipe and also ensure a safe foothold.

No manhole or inspection chamber shall be permitted inside a building or in any passage therein. Further,
ventilating covers shall not be used for domestic drains. At every change of alignment, gradient or diameter
of a drain, there shall be a manhole or inspection chamber. Bends and junctions in the drains shall be
grouped together in manholes as far as possible.

Maximum Spacing of manholes (MNBC; 5D.5.5.10.2)

The maximum spacing of manholes for a given pipe size should be as follows:



Pipe Diameter Maximum Spacing of Manhole

inches feet
Up to 6 50
>6to12 100
>12 to 18 150
>18 to 36 250

Beyond 36 300 or spacing shall depend upon local condition and shall

be gotten approved by the Authority

Where the diameter of a drain is increased, the crown of the pipes shall be fixed at the same
level and the necessary slope given in the invert of the manhole chamber. In exceptional cases
and where unavoidable, the crown of the branch sewer may be fixed at a lower level, but in
such cases the peak flow level of the two sewers shall be kept the same.

Size of manhole (MNBC; 5D.5.5.10.3)

The manhole or chamber shall be of such size as will allow necessary examination or clearance
of drains. The size of manhole shall be adjusted to take into account any increase in the number
of entries into the chamber.

Manholes may be rectangular, arch or circular type. The minimum internal size of manholes,
chambers (between faces of masonry) shall be as follows (MNBC; 5D.5.5.10.3.1):



(a) Rectangular Manholes

(1) For depths less than 3 feet 3 feet x 2 feet 8 inches
(2) For depths from 3 feet and up to 8 feet 4 feet x 3 feet

(b) Arch Type Manholes

(a) For depths of 8 feet and above 4 feet 6 inches x 3 feet

NOTE—The width of manhole chamber shall be suitably increased more than 3feet on bends,
junctions or pipes with diameter greater than 1 feet 6 inches so that benching width in either side
of channel is minimum 8 inches.

(c) Circular Manholes

(1) For depths above 3 feet and up to 5 feet 6 inches 3 feet - diameter

(2) For depths above 5 feet 6 inches and up to 7 feet 6 inches 4 feet - diameter
(3) For depths above 7 feet 6 inches and up to 29 feet 6

inches 5 feet - diameter

(4) For depths above 29 feet 6 inches and up to 46 feet 6 feet — diameter

NOTES

1 In adopting the above sizes of chambers, it should be ensured that these sizes accord with full
or half bricks with standard thickness of mortar joints so as to avoid wasteful cutting of bricks.



2 The sizes of the chambers may be adjusted to suit the availability of local building
materials and economics of construction.

3 The access shaft shall be corbelled inwards on three sides at the top to reduce its size
to that of the cover frame to be fitted or alternatively the access shaft shall be covered
over by a reinforced concrete slab of suitable dimensions with an opening for manhole
cover and frame.

6300 6gc mcadmesoomamdeqeo Public Drain o§dcyic

Whenever it is not possible to discharge a rain-water pipe into or over an inlet to a surface drain
or in a compound or in a street drain within 100ft from the boundary of the premises, such rain-
water pipe shall discharge into a gully trap which shall be connected with the street drain for

storm water and such a gully-trap shall have a screen and a silt catcher incorporated in its design.
(MNBC; 5D.5.5.11.6.4)

If such streets drain is not available within 100ft of the boundary of the premises, a rain-water
pipe may discharge directly into the kerb drain and shall be taken through a pipe outlet across the
foot path, if any, without obstructing the path. (MNBC; 5D.5.5.11.6.5)
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Thank You for Your Attention




