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1 INTRODUCTION 

1.1 Study Background 

1.1.1 The Government is committed to facilitating steady and continued land supply.  The 

Government will continue to optimise the use of built-up land and its surrounding areas to 

meet the demand for housing and other development purposes in the short to medium term. 

1.1.2 To achieve this objective, the Government has identified potential sites for conversion from 

commercial to residential use. Upon confirmation of the technical feasibility, a planning 

application will be submitted under section 16 of Town Planning Ordinance for 

consideration by the Town Planning Board. 

1.1.3 On 15 August 2023, Mott MacDonald Hong Kong Limited (Mott) was commissioned by 

the CEDD’s Housing Projects 3, Civil Engineering Office to undertake the “Term 

Consultancy for Site Formation and Infrastructure Works for Proposed Housing and Other 

Developments in Zone 1 (2023 – 2027) – Feasibility Study”. Zone 1 mainly covers Shatin, 

Ma On Shan, Tsuen Wan and Kwai Ching, Lantau and outlying islands. On 31 October 

2025, Task Order No. 4 (TO4) was instructed to conduct various technical assessments to 

support the town planning application for proposed private residential development at two 

development sites denoted as STTL626 (also known as ST-9353N) and STTL627 (also 

known as ST-9353S) respectively, located on the north and south sides of the section of On 

Sum Street between Tai Chung Kiu Road and On Ping Street in Shek Mun, Sha Tin. 

Location of the Site is shown in Diagram 1-1 and Appendix A. 

Diagram 1-1   Location of the Site  
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1.2 Site Description and Major Scope of Works 

1.2.1 The two subject sites of this assignment STTL626 and STTL627, currently zoned 

“Commercial (1)” (“C(1)”) on the approved Sha Tin Outline Zoning Plan (OZP) no. 

S/ST/40, cover a site area of approximately 0.80ha and 0.41ha respectively. Located at the 

northern fringe of the Shek Mun Business Area (Planning Area 11 in the OZP), the sites 

are generally bounded by Shek Mun Interchange to the north, Tai Chung Kiu Road (TCKR) 

to the northwest, Shek Mun Playground to the south, and On Ping Street (OPS) to the east, 

with On Sum Street (OSS) running along a corridor that separates the two sites. A hotel 

(Courtyard by Marriot Hong Kong Shatin) is located to the further southwest. Currently the 

STTL626 site is used as a fee-paying carpark (FPC) whereas the STTL627 site is vacant 

Government land. Both sites are formed flat ground, with an existing ground level at 

approximately +6mPD. 

1.2.2 The proposed sites are covered by the approved Sha Tin Outline Zoning Plan (OZP) No. 

S/ST/40 and zoned as “C(1)”, as shown in Diagram 1-2.  

Diagram 1-2   Boundaries of the two sites under Approved Sha Tin Outline 

Zoning Plan (Plan No. S/ST/40) 

 
Source: Sha Tin Outline Zoning Plan (Plan No. S/ST/40), Town Planning Board Portal 
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1.2.3 The design parameters of the Indicative Scheme for the Proposed Development are 

summarised in Table 1.1 below. 

Table 1.1 Target Design Parameters of the Indicative Scheme 

 Development Parameters 

 STTL626 STTL627 

Application Site Area 0.80Ha 0.41Ha 

Planned Housing Type Private Housing 

No. of Flats 

(Total No. of Flats : 1,456) 
962 494 

1.2.4 This EFS aims to conduct the necessary technical assessments to support the town planning 

application for the proposed private residential developments for the two sites STTL626 

and STTL627 in Shek Mun.  The scope of work includes the followings: 

• To conduct the technical assessments related to traffic and transport, drainage, 

sewerage, water supply and utilities; 

• To assess environmental impacts and conduct quantitative risk assessments; and 

• To prepare a Planning Report and to provide all necessary inputs to support and 

complete the planning application procedure. 

1.2.5 Based on the information available, the technical assessments are currently scheduled for 

completion in March 2026 to initiate the Section 16 town planning application procedure 

in Q2 or Q3 2026.  It is targeted that both sites will be included in the 2026/27 Land Sale 

Programme for private housing development. 

1.3 Scope and Structure of this Report 

1.3.1 In accordance with Clause 6.6 of the Brief, this Preliminary Drainage Impact Assessment 

Report was prepared to present the following: 

(a) fully satisfies the requirements of this Brief in respect of the prediction and 

assessment of impacts, the identification of drainage impact mitigation measures and 

the associated residual impacts; 

(b) provides assessment and evaluation of the drainage impact and cumulative effects 

arising from the Development(s) and the Infrastructure Works sufficient to identify 

those issues of key concern during the construction and operation of the 

Development(s) and Infrastructure Works which are likely to influence decisions on 

the Development(s) and Infrastructure Works; 

(c) defines measurable drainage parameters and features likely to be affected by the 

Development(s) and the associated infrastructures; 

(d) recommends the drainage scheme for the Infrastructure Works having regard to the 

Development(s), and provides plans/drawings of the drainage layout for the Site(s) 

with connection proposals to the existing public drainage system; 
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(e) proposes a detailed implementation strategy of the recommended drainage scheme; 

(f) records the interaction or conflict with other development projects in the vicinity of 

the Site(s); 

(g) prescribes the specification for detailed design, construction and operation 

requirements of the recommended drainage scheme; 

(h) provides the assessment findings, conclusions, recommendations and a mechanism 

for implementation; 

(i) provides method of analysis (including assessment criteria and hydraulic modelling 

details); 

(j) includes any revisions or supplements to the above as might be required by the 

Director of Drainage Services (DDS) through the DR; and 

(k) incorporates the concept of providing and Integrated Green Infrastructure System/ 

Blue Green Concept for the Infrastructure Works. 

1.3.2 Following this introductory Section, this Report has the following remaining Sections: 

● Section 2: Methodology and Design Parameter for Drainage Impact Assessment; 

● Section 3: Existing Drainage System; 

● Section 4: Potential Drainage Connection; 

● Section 5: Drainage Impact Assessment and Mitigation Measures; and 

● Section 6: Findings and Conclusion. 

1.4 Nomenclature and Abbreviations 

Abbreviations Term 

BD Building Department 

C Commercial 

CEDD Civil Engineering and Development Department 

CEO Civil Engineering Office 

DDS Director of Drainage Services 

DIA Drainage Impact Assessment 

DR Director’s Representative 

DSD Drainage Services Department 

DIA Drainage Impact Assessment 

EFS Engineering Feasibility Study 

ETWB TC (W) 
Technical circular (works) issued by the then Environment, Transport and Works 

Bureau 
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Abbreviations Term 

FPC Fee-Paying Carpark 

FS Feasibility Study 

HKO Hong Kong Observatory 

Mott Mott MacDonald Hong Kong Limited 

OPS On Ping Street 

OSS On Sum Street 

OZP Outline Zoning Plan 

SDM Stormwater Drainage Manual 

ST Sha Tin 

STT Short-Term Tenancy 

STTL Sha Tin Town Lot 

TM Terminal Manhole 

TCKR Tai Chung Kiu Road 

TO Task Order 
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2 METHODOLOGY AND DESIGN PARAMETER FOR 

DRAINAGE IMPACT ASSESSMENT 

2.1 General Assessment Methodology 

2.1.1 Desktop study will be undertaken to collect the relevant information for this DIA. The 

existing drainage system within the Study Area will be identified by obtaining existing 

drainage plans from DSD. Then, hydrology and hydraulic analysis are performed to 

estimate the existing peak flow and the corresponding performance of the existing drainage 

systems in terms of capacity and flood protection level.  

2.1.2 The following approach and methodology will be adopted in the drainage impact 

assessment: -  

• Carry out desktop study to collect the relevant information for the assessment, relevant 

information collected (i.e. drainage record plans);   

• Based on desktop information, identify the existing drainage systems within and in the 

vicinity of the Site;  

• Estimate the change in runoff generated after the completion of the proposed 

development; 

• Assess the drainage impacts after the completion of the proposed development to check 

if the drainage system satisfies with the current requirements; and 

• Propose upgrading or improvement measures if the drainage system fail to meet the 

current requirements following the proposed development. 

2.2 Design Parameters and Assumptions 

General 

2.2.1 The preliminary DIA is carried out in accordance with the scope and requirements as set 

out in ETWB TC(W) No. 2/2006 entitled “Drainage Impact Assessment Process for Public 

Sector Projects”, and the design criteria adopted for the proposed drainage system fully 

comply with Stormwater Drainage Manual (SDM), including but not limited to SDM 

Corrigendum 1/2022, 1/2024, and 2/2024. 

2.2.2 The assessment criteria are based on the recommendations set out in the Stormwater 

Drainage Manual (SDM) – 5th Edition issued by the Drainage Services Department (DSD).  

2.2.3 The existing drains in the vicinity of the subject sites are sizing from DN600 to DN1650, 

which are less than 1.8m and categorised as “Urban Drainage Branch System” according 

to Section 6.6.2 of SDM. Therefore, a 1 in 50 years rainfall event should be adopted for the 

assessment and design of the drainage system within the Study Area as recommended in 

Section 6.2 and Table 10 of SDM. 

Runoff Estimation 

2.2.4 The peak rainfall runoff from the catchments is calculated based on the Rational Method, 

with the following expression: 
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Where  

Qp  is peak runoff (m3/s) 

i  is rainfall intensity (mm/hr) 

Aj  is the jth catchment area (km2) 

Cj  is the runoff coefficient of the jth catchment 

 

The details of the Rational Method can be referred to the Stormwater Drainage Manual 

(SDM) (DSD, 2018). 

Design Rainfall 

2.2.5 The rainfall statistics has been adopted in estimating the rainfall intensity of the catchments 

using Intensity-Duration-Frequency Relationship as expressed by the following equation:  

 

 

Where 

i is extreme mean intensity (mm/hr) 

td  is the duration in minutes 

a, b, c  are the constants given in Table 3 of SDM 

 Note: According to Stormwater Drainage Manual - Corrigendum No. 1/2024, Table 3a – 

Storm Constants for Different Return Periods of HKO Headquarters is adopted in this DIA 

assessment. The storm constants adopted are presented as Table 2.1 below. 

Table 2.1 Storm Constants for Return Periods of HKO Headquarters (1 in 50 year) 

Return Period T (years) 50 

a 505.5 

b 3.29 

c 0.355 

 

2.2.6 Brandsby William’s Equation has been adopted to calculate the time of concentration of a 

natural catchment in accordance with SDM.  

                                                 

Where 

t0  is time of concentration of a natural catchment (min.) 

A  is catchment area (m2) 

H  is average slope (m per 100m) measured along the line of natural flow, from 

the summit of the catchment to the point under consideration 

L  is distance on plan measured on the line of natural flow between the summit 

and the point under consideration (m) 

𝑡0 =
0.14465𝐿

𝐻0.2𝐴0.1
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2.2.7 The hydraulic capacity of the potential drain pipe is controlled by its size, shape, gradient 

and friction resistance. In the hydraulic analysis, Colebrook-White Equation shall be used 

for the drain pipes. Details are as follows:- 

Colebrook-White Equation: 

𝑉̅ = −√32𝑔𝑅𝑆𝑓 log [
𝑘𝑠

14.8𝑅
+

1.255𝑣

𝑅√32𝑔𝑅𝑆𝑓
] 

Where: 

𝑉̅ = Cross-sectional mean velocity (m/s) 

R = Hydraulic radius (m) 

𝑆𝑓 = Friction gradient (dimensionless) 

𝑘𝑠 = Surface roughness (m) 

v = Kinematic viscosity (m2/s) 

g = Acceleration due to gravity (m/s2) 

 

2.2.8 The required pipe/channel size using the Discharge and Mean Velocity formula as follows: 

Q = AV 

Where: 

Q = Rate of flow, m3/s 

A = Pipe cross-sectional area, m2 

V = Cross-sectional mean velocity (m/s) 

 

Climate Change and Design Allowance 

2.2.9 According to the recommendations of Table 28 and 31 of SDM Corrigendum No.1/2022, 

a total rainfall increase of 28.1%, with consideration of climate change effect and design 

allowance in End of 21st Century as presented in Table 2.2 below, is incorporated into the 

assessment and design of the drainage system.   

Table 2.2 Projected Rainfall Increase for Drainage Assessment  

Item Design Consideration  Rainfall Increase 

(A) Climate Change in End of 21st Century 16.0% 

(B) Design Allowance in End of 21st Century 12.1% 

Projected Rainfall Increase Level (A)+(B) 28.1% 

Design for Extreme Sea Levels 

2.2.10 According to the recommendations of Table 8, 29, 30b and 31 of SDM Corrigendum 

No.1/2022, the projected extreme sea level at Tai Po Kau in the end of 21st Century (1 in 

50 year return period) would be 5.41mPD as presented in Table 2.3 below. 
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Table 2.3 Projected Extreme Sea Level at Tai Po Kau 

Item Design Consideration  Level 

(A) Design Extreme Sea Levels 4.41mPD 

(B) Mean Sea Level Rise in End of 21st Century 0.47m 

(C) Storm Surge Increase in End of 21st Century 0.25m 

(D) Design Allowance in End of 21st Century 0.29m 

Projected Extreme Sea Level [(A) + (B) + (C) + (D)] 5.42mPD 

Sedimentation  

2.2.11 For design of potential drains, quantification of sediment for the pipeline system follows 

the recommendation given in Section 9.3 of SDM, which suggests allowing 5% reduction 

in flow area if the gradient is greater than 1 in 25, and 10% reduction in flow area in other 

cases. 

Runoff Coefficients  

2.2.12 In estimate of runoff coefficient (C), the following sets of runoff coefficient have been 

considered. Making reference to SDM clause 7.5.2 and conservative assumption, a runoff 

coefficient of 0.95 is adopted for paved area including buildings and roads; a runoff 

coefficient of 0.35 is adopted for unpaved area.  

Roughness of pipe system 

2.2.13 All pipelines are assumed to be precast concrete with poor condition. For the existing drains, 

the roughness coefficients for Colebrook-White equation (Ks) for pipeline system and 

Manning equation (n) for open channel are 0.6mm and 0.016mm respectively in order to 

cater for the aging, sedimentation and siltation effecting acting on the existing pipes. The 

design roughness coefficients for Colebrook-White equation (Ks) for proposed pipeline 

system and Manning equation (n) for open channel are 0.6mm and 0.016mm respectively 

in consideration of its reduced hydraulic performance in future due to degradation of 

material.  

Proposed Flow Velocity 

2.2.14 Minimum design velocity of proposed drains is 1m/s at full bore flow for self cleansing 

purpose, whereas maximum design velocity at peak flow is 3m/s (preferable) and 6m/s 

(absolute). 
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3 EXISTING DRAINAGE SYSTEM 

3.1 Existing Site Condition and Land Use 

3.1.1 The STTL626 Site is currently occupied as carparks under Short-Term Tenancy (STT) for 

fee-paying car parking area, where the pavement condition is assumed to be approximately 

10% unpaved and 90% paved as the existing pavement condition on this assessment. 

3.1.2 The STTL627 Site is vacant government land where the pavement condition is assumed to 

be approximately 10% unpaved and 90% paved as the existing pavement condition on this 

assessment. 

3.1.3 The sites’ existing ground level ranged from +6.0mPD to +6.7mPD based on the latest 

available information. Considering other site constraints, including the existing 

carriageway and setback from gas main in the vicinity of the STTL626, the site boundary 

of STTL626 is refined as Proposed Housing Boundary as shown in Appendices. The site 

area of STTL626 and STTL627 under Proposed Site Boundary are 8,015m2 and 4,116m2 

respectively.  

3.1.4 The existing catchment plan and summary of existing catchment areas are shown in 

Appendix C and D. 

3.2 Existing Drainage System 

3.2.1 Referring to the existing drainage record plan in the vicinity of the subject sites as shown 

in Appendix B, there is an existing catchpit SCH4005413 with DN600 drainage pipe in the 

vicinity of STTL626 Site to drainage manhole SMH4050454. Meanwhile, there is also an 

existing DN600 drainage pipe connecting from the discharge point at site STTL627 to 

drainage manhole SMH4050454.  

3.2.2 Both sites contain existing boundary drain with catchpits that conveying drainage runoff to 

manhole SMH4050454 at On Sum Street. The runoff is then discharged to the existing 

drains sizing from DN1350 to DN1650 and eventually outfall towards Shing Mun River at 

the North-west direction from the sites. 

3.3 Planned Drainage Works 

3.3.1 Based on the information available, there is no planned drainage works in the vicinity of 

the Study Area. 
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4 PAVEMENT CHARACTERISTIC AND POTENTIAL 

DRAINAGE CONNECTION 

4.1 Change in Pavement Characteristic of the Subject Site 

4.1.1 The landscape design including the paved and unpaved area is subject to be designed by 

future developer in the detailed design stage. Assumption can be made for the preliminary 

drainage assessment that the minimum site coverage of total greenery areas should be 20%, 

where at-grade greenery area to be at least 10% of development site since the proposed sub-

catchments of sites are within the range of 1,000m2 - 20,000m2, as per APP-152 Sustainable 

Building Design Guidelines by Building Department (BD). For conservative design, 10% 

of the development site is assumed to be unpaved area.  

4.1.2 The pavement characteristic of the sites STTL626 and STTL627 are summarised in Table 

4.1 below. 

Table 4.1 Pavement Characteristic of the Site under Existing and Proposed Condition 

Scenario 
Paved Area  

(%) 

Unpaved Area  

(%) 

Existing Site Condition of Site STTL626 90 10 

Proposed Site Condition of Site STTL626 (1) 90 10 

Existing Site Condition of Site STTL627 90 10 

Proposed Site Condition of Site STTL627 (1) 90 10 

Note:  

(1) Assumption made for pavement condition after development refer to Section 4.1. 

4.1.3 The change of catchment characteristics before and after the development is summarized 

in Table 4.2 and 4.3 below. The estimation of catchment areas are shown in Appendix D. 

Table 4.2 Pavement Condition before and after development for the Site STTL626 

Pavement 

Condition 
Existing Condition  Proposed condition (i) Changes 

Total Catchment 

Area (m2) 
8,015 8,015 

Unchanged Paved Area (m2) 7,214 7,214 

Unpaved Area 

(greenery area) (m2) 
802 802 

 

Table 4.3 Pavement Condition before and after development for the Site STTL627 

Pavement 

Condition 
Existing Condition  Proposed condition (i) Changes 

Total Catchment 

Area (m2) 
4,116 4,116 

Unchanged Paved Area (m2) 3,704 3,704 

Unpaved Area 

(greenery area) (m2) 
412 412 
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Note: 

(i) The arrangement of paved and unpaved area for the proposed site is 90% and 10% of the total site area respectively. 

(subject to detailed design) 

4.1.4 From Table 4.2 and Table 4.3, it shows that pavement area of the 2 sites are unchanged 

under proposed condition. Therefore, it is considered the proposed housing development 

would not induce adverse drainage impact to the existing downstream drainage system in 

the vicinity of the Site. 

4.2 Potential Drainage Connection 

4.2.1 Terminal manhole TM01 with associated 600mm dia. drains are required for collecting the 

runoff from STTL626 Site.  

4.2.2 Another terminal manhole TM02 is required with utilizing the existing 600mm dia. drains 

for collecting the drainage runoff from STTL627 Site. The potential drainage connection 

for the 2 subject sites is shown in Appendix E. 

4.2.3 With frequent occurrence of extreme rainstorm, Integrated Green Infrastructure System/ 

Blue Green Concept are promoted for enhancing the flood adaptive capacity of drainage 

system against the climate change. Some Blue Green Concept examples are as below for 

reference: 

• Rainwater harvesting design is considered for a reuse approach for water saving by 

flood pond or flood storage tank, as well as reducing the drainage runoff to the 

drainage system in the vicinity. The harvested rainwater could be used for toilet 

flushing under water quality examination and enhancement. 

• Porous paving system design within the Site for facilitating water storage, which 

allows runoff to infiltrate through the surface and into the underlying layers. The 

approach also benefits the drainage system for the Site by reducing the peak 

stormwater runoff in highly paved areas. However, due to less durability than the 

normal paving method, it is not recommended to adopt on the heavy traffic roads but 

suitable for open areas and footpaths within the Site. 

4.3 Construction and Maintenance Parties 

4.3.1 Tentative construction and maintenance parties of connection works are summarized in 

Table 4.4 below. 

Table 4.4 Construction and Maintenance Parties of Connection Works  

Section of Stormwater 

Drains 
Construction Party Maintenance Party 

Internal Drainage System 

within STTL626 and 

STTL627 

Private Developer of the Site Private Developer of the Site 

Proposed Terminal Manhole 

(TM) TM01 & TM02 
Private Developer of the Site Private Developer of the Site 

Proposed Drains between 

TMs and the first 

downstream manhole  

Private Developer of the Site DSD 
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5 DRAINAGE IMPACT ASSESSMENT AND MITIGATION 

MEASURES 

5.1 Potential Impact to Existing Drainage System and Mitigation Measures 

Change in Land Use and Surface Runoff Characteristics 

5.1.1 As the paved and unpaved area remain unchanged at the subject sites as discussed in 

Section 4.1, the proposed development can be completed without aggravating the flooding 

conditions within and downstream of the subject sites. Therefore, it is anticipated that the 

proposed development will have no adverse impact and no mitigation measure required for 

the existing drainage system. 

Flooding Susceptibility 

5.1.2 A review on the flooding blackspots published on the DSD website reveals no flooding 

blackspot within the drainage catchment of STTL626 and 627 as of March 2024.  

5.1.3 As discussed in Section 2.2.10 and Table 2.3, projection on extreme sea level in End of 

21st Century would be 5.42mPD. The subject sites, with the existing ground level at +6mPD 

or above, is considered to have low flooding susceptibility in the future. Therefore, no 

mitigation measure is required for backwater effect. 

5.2 Connection for Drainage Runoff to the Existing Drainage System 

5.2.1 As discussed in Section 4.2, a new terminal manhole TM01 with a new 600mm dia. drain 

is required to connect the existing catchpit no. SCH4005413 for collecting drainage runoff 

from STTL626 Site, while the existing 600mm dia. drain is reused with a new terminal 

manhole TM02 for collecting drainage runoff from STTL627 Site. The detail calculations 

of capacity of the existing and potential drains are provided in Appendix F and summarized 

in Table 5.1 below.  

Table 5.1 Summary Result of Drainage Impact Assessment 

Upstream 

Manhole / 

Connection 

Point 

Downstream Manhole / 

Connection Point 

Pipe 

Diameter 

(mm) 

Pipe Full Flow 

Velocity (l/s)  
Utilization 

TM01 SCH4005413 600 3.00 72% 

SCH4005413 SMH4050454 600 3.75 57% 

TM02 SMH4050454 600 3.10 35% 

5.2.2 The potential drainage connection and methodology of carrying out drainage assessment 

are fully complied with the latest design standards and consideration of climate change 

effect in End 21st Century as outlined in SDM, SDM Corrigendum 1/2022, 1/2024, and 

2/2024. 
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5.3 Temporary Drainage System During Construction Stage 

5.3.1 The construction parties engaged in the construction works of the development will be 

responsible for the design and implementation of the temporary drainage system. 
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6 FINDINGS AND CONCLUSION 

6.1.1 The preliminary DIA is carried out in accordance with the scope and requirements as set 

out in ETWB TCW No. 2/2006 entitled “Drainage Impact Assessment Process for Public 

Sector Projects”, and the design criteria adopted for the proposed drainage system fully 

comply with Stormwater Drainage Manual (SDM) Corrigendum 1/2022, 1/2024, and 

2/2024. 

6.1.2 The proposed housing developments at sites STTL626 and STTL627 would not alter the 

existing drainage catchment areas and result in no change to the pavement condition as 

discussed in Section 4.1.  Consequently, no adverse drainage impacts would be anticipated 

from the proposed housing developments. 

6.1.3 To cater the runoff from the proposed site, terminal manhole TM01 with 600mm dia. drain 

is required for STTL626 Site, and terminal manhole TM02 is required to connect the 

existing 600mm dia. drains for STTL627 Site. 

6.1.4 As discussed in Section 3 and 4, it is found that no additional runoff would be induced 

following the proposed housing developments. Hence, no mitigation measures would be 

required for the existing drainage system. 
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A. General Layout Plan 
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0
5
7
4
3
1

16
5
0

S
W
D
4
0
5
7
4
2
1

3
7
5

2
 
x 10

0
0

S
M
D
4
0
0
2
4
0
5

X 3.53-2x1000

S
W
D
4
0
5
7
4
2
8

16
5
0

SMH4050502SMH4050502

X1 5.35-375

A1 225

CL 6.80

S
W
D
4
0
5
7
3
10

3
0
0

SMH4050510

X1 2.80-1200

A2 4.23-225

A1 2 x 1000

CL 6.30

SCH4005389

X1 5.31-225

S
W
D
4
0
5
7
4
2
7

4
5
0

SMH4050496SMH4050496

X1 5.06-375

A1 225

CL 7.09

S
W
D
4
0
5
7
4
2
5

4
5
0

SMH4050506SMH4050506

X1 11.83-375

A1 300

CL 13.62

S
W
D
4
0
5
7
4
2
6

2
2
5

SMH4050503SMH4050503

X1 3.89-375

A1 375

CL 6.35

SMH4050497SMH4050497

X1 4.83-450

A1 4.91-375

CL 6.89

S
W
D
4
0
5
7
3
0
5

19
5
0

SMH4050507SMH4050507

X1 10.87-375

A1 375

CL 12.66

SWD4057304

1950

SMH4050511SMH4050511

X1 4.26-225

CL 6.14

S
W
D
4
0
5
7
3
0
7

19
5
0

SMH4050439SMH4050439

X1 4.20-450

CL 8.40

SMH4050504SMH4050504

X1 3.09-375

A1 3.09-375

CL 6.35

S
W
D
4
0
5
7
4
5
0

4
5
0

S
W
D
4
0
5
7
4
1
3

2
2
5

SMH4050508SMH4050508

X1 9.65-450

A1 9.72-375

CL 11.74

S
W
D
4
0
5
7
4
1
4

2
2
5

X1 1950

SSH4005768SSH4005768

Intake Chamber

SMH4050509

X1 2.04-1650

A3 9.67-450

A2 1200

A1 450

CL 11.45

S
W
D
4
0
5
7
4
4
9

3
7
5

S
W
D
4
0
5
7
4
4
2

2
2
5

SGJ4019230

SMH4050498SMH4050498

X1 4.58-450

A1 4.58-450

CL 6.59

SWD4057448

450

S
W
D
4
0
5
7
4
4
1

3
0
0

 

SGJ4030584

 

SMH4050432SMH4050432

X1 2.34-1950

A1 2.34-1950

CL 5.80

SWD
4057

447

450

SW
D4057443

450

SMH4050437SMH4050437

X1 4.50-300

CL 6.15

S
W
D
4
0
5
7
4
1
5

2
2
5

S
W
D
4
0
5
7
4
4
0

2
2
5

SGJ4010500

IL 38.58

SGJ4007974

SGJ4007973

SGJ4007972

SWD4057252

525

ZDA4006480

    

SMH4050443

X1 2.51-750

A1 2.66-600

CL 6.26

S
W
D
4
0
5
7
2
7
9

3
0
0

    

ZIA4005742

S
W
D
4
0
5
7
2
5
9

6
7
5

    

ZDA4006482

SW
D4
05
72
78

45
0

    

ZIA4005743

S
W
D
4
0
5
7
2
4
8

3
7
5

    

ZDA4006483

SWD4057277

450

    

ZIA4005744

SCH4005364

X1 2.30-600

S
W
D
4
0
5
7
2
4
7

3
0
0

    

ZDA4006484

SMH4050457

X1 1.11-1650

A2 4.03-375

A1 1.11-1650

CL 5.65

S
W
D
4
0
5
7
2
5
8

5
2
5

    

ZIA4005745

SWD4057
481

375

SCH4005416

X1 4.50-300

 

S
W
D
4
0
5
7
2
5
7

4
5
0

SCH4005356

X1 1.70-375

DR

(336135)MS11/MOS/M

SMH4050428

X1 1.02-1050

A2 1.77-300

A1 1.32-750

CL 4.23

S
W
D
4
0
5
7
2
5
3

3
0
0

SMH4050429

X1 0.90-1050

A2 0.90-1050

A1 1.58-375

CL 3.31

SW
D4057254

300

DR

 

(50)MS10/MOS/T

SMH4050430

X1 0.19-1800

A3 1.54-450

A2 1.54-300

A1 0.79-1050

22
5

SW
D4
05
72
55

MS10/STTL/540

SCH4005357

X1 1.74-300

S
W
D
4
0
5
7
2
6
8

7
5
0 MS10/STTL/540

SCH4005359

X1 3.00-300

SW
D4
05
74
84

22
5

6.45m DR

 

SMH4050427

X1 1.54-750

A2 1.99-300

A1 1.99-300

CL 3.70

7m DR

 

 

SCH4005358

X1 2.08-300

 

SMH4050426

X1 1.76-450

A1 1.99-225

CL 4.14

S
W
D
4
0
9
0
7
4
0

7
5
0

6m DR

 

SCH4005355

X1 3.00-225

A1 225

S
W
D
4
0
9
0
7
4
1

7
5
0

(3)MS8/0/NTE2/01/0

7m DR

7m DR7m DR

SCH4005354

X1 4.05-225

6.3m DR

 

6.45m DR 

SCH4005362

X1 525

7m DR

 

7m DR

 

(MS7/7/1)

SMH4050448

X1 1.80-825

A2 525

A1 450

CL 3.58

S
W
D
4
0
9
0
7
4
3

13
5
0

7m DR

 (3)MS8/0/NTE2/01/0

SCH4005363

X1 450

S
W
D
4
0
9
0
7
4
2

7
5
0

 

(215401)MS10/ST/STT1529

3m DR

SMH4050405SMH4050405

X1 1.24-1350

A1 1.24-1350

CL 5.74

S
W
D
4
0
5
7
2
4
3

15
0
0

S
W
D
4
0
9
7
2
0
2

1
6
5
0

SMH4050449

X1 1.60-900

A1 1.67-825

CL 3.41

S
W
D
4
0
9
8
7
2
0

4
5
0

SMH4050440

X1 3.26-525

A1 3.49-300

CL 5.29

S
W
D
4
0
9
8
7
2
1

4
5
0

SMH4050414

X1 1.57-1350

A3 1.72-1200

A2 450

A1 2.32-600

CL 5.97

SMH4050445

X1 2.18-825

A1 2.25-750

CL 5.38

S
W
D
4
0
5
7
2
3
9

10
5
0

SMH4050441SMH4050441

X1 3.11-525

A1 3.11-525

CL 5.51

S
W
D
4
0
5
7
2
3
8

7
5
0

SCH4005369

X1 3.90-375

S
W
D
4
0
9
7
2
0
3

16
5
0

SMH4050444

X1 750

A1 750

CL 5.32

S
W
D
4
0
5
7
2
3
7

7
5
0

SCH4005351

X1 3.72-450

S
W
D
4
0
9
7
2
0
4

1
6
5
0

SMH4050446

X1 2.05-825

A2 2.05-825

A1 2.27-600

CL 5.65

S
W
D
4
10
5
6
2
0

6
7
5

 

SMH4113021

X1 525

A2 525

A1 3.55-525

CL 6.26

S
W
D
4
0
9
7
2
0
5

16
5
0

S
W
D
4
0
5
7
2
4
0

10
5
0

 

SMH4050381

X1 3.54-525

A2 4.05-300

A1 3.00-525

CL 6.39

S
W
D
4
0
5
7

2

6
7

4
5
0

 

SCH4015820

X1 6.70-300

S
W
D
4
0
9
7
2
0
6

16
5
0

SW
D4105622

525 S
W
D
4
10
5
6
2
1

5
2
5

 

SMH4065160

X1 4.38-300

A1 6.55-300

CL 7.95

SWD4
0572

46

525

2
2
5

F
W
D
4
0
4
16
7
0

S
W
D
4
0
5
7
2
193

7
5

SWD
405

721
7

675

SCH4005414

X1 4.34-300

CL 6.38

SCH4005415

X1 4.09-450

A1 300

SW
D4057235

525

S
W
D
4
0
7
6
18
1

3
0
0

S
W
D
4
0
7
6
1
8
0

3
0
0

 

SMH4050542

X1 450

A2 2.99-450

A1 2.99-450

CL 7.85

 

SMH4052980

X1 1200

A1 300

SW
D4
05
74
89

30
0

SW
D4
05
74
90

45
0

SW
D4
06
13
83

45
0

SW
D4
06
138
2

120
0

 

SMH4093441

X1 5.07-450

A1 5.07-450

 

SMH4093440

X1 5.37-450

SMH4050463SMH4050463

X1 3.59-825

A1 3.59-825

CL 5.69

SMH4050462

X1 3.78-825

A2 4.31-300

A1 3.78-825

CL 6.05

SMH4050401SMH4050401

X1 4.12-450

CL 6.08

SMH4050419SMH4050419

X1 3.23-900

CL 6.76

SWD4104961

450

SMH4050471

X1 4.21-525

A3 4.21-525

A2 4.25-375

A1 4.25-525

CL 5.71

S
W
D
4
1
1
1
3
6
1

3
0
0

S
W
D
4
0
7
6
16
8

4
5
0

SWD4076172

300

S
W
D
4
0
7
6
1
6
4

3
0
0

SMH4050472

X1 3.79-525

A1 3.79-525

CL 5.86

S
W
D
4
10
4
9
6
2

4
5
0

 

SMH4050452

X1 2.96-1050

A3 3.53-375

A2 3.48-525

A1 4.10-375

CL 7.19

S
W
D
4
0
7
6
16
7

4
5
0

SWD4076166

300

S
W
D
4
0
5
7
4
7
7

3
7
5

S
W
D
4
0
7
6
1
5
8

3
0
0

SCH4005375

X1 3.76-450

SWD
407

6163

300

 

SMH4113994

X1 3.38-525

A1 3.38-525

CL 5.68

S
W
D
4
0
5
7
2
2
5

6
7
5

 

SMH4050473

X1 2.71-1050

A4 3.23-525

A3 3.31-450

A2 2.71-1050

A1 3.08-675

CL 6.48

S
W
D
4
0
6
5
6
8
2

6
7
5

SMH4050397

X1 3.51-375

A1 300

CL 5.22

2
2
5

FW
D
4
04
1664

SWD4104963

450

SMH4050396

X1 300

S
W
D
4
0
5
7
3
4
9

10
5
0

SMH4050541

X1 2.17-1050

A2 2.17-1050

A1 450

CL 5.07

S
W
D
4
0
6
5
6
8
1

6
7
5

SWD4057351

750

STH4001805

X1 450

S
W
D
4
0
5
7
2
2
6

6
7
5

SMH4050403

X1 3.55-675

A2 375

A1 3.70-525

CL 6.39

S
W
D
4
12
19
2
0

10
5
0

SCH4005410

X1 4.40-375

S
W
D
4
0
5
7
2
2
7

1
2
0
0

 

SCH4005350

X1 225

A1 300

S
W
D
4
0
5
7
2
2
8

13
5
0

SMH4078344SMH4078344

X1 1.93-1050

A2 1.93-1050

A1 2.92-450

CL 5.00

S
W
D
4
0
5
7
4
7
8

3
0
0

SMH4078343SMH4078343

X1 2.94-450

A1 3.57-350

CL 5.30

SMH4050400SMH4050400

X1 300

A1 300

SWD4057218

300

 

SIH4001560

X1 1.50-300

SMH4050402SMH4050402

X1 3.84-525

A1 3.92-450

CL 5.69

S
W
D
4
0
5
7
4
9
8

8
2
5

STH4001815

X1 2.94-450

S
W
D
4
0
5
7
3
4
6

8
2
5

 

SMH4050391

X1 1.86-1050

A3 1.63-600

A2 1.86-1050

A1 450

CL 4.95

S
W
D
4
11
13
0
0

4
5
0

 

SMH4050408

X1 0.59-1500

A4 300

A3 1.04-1050

A2 0.04-1500

A1 1.24-300

CL 3.00

S
W
D
4
0
5
7
3
4
7

8
2
5

JOINT BOX

 

SMH4050399

X1 300

S
W
D
4
0
5
7
3
5
0

7
5
0

SCH4005411

X1 225

S
W
D
4
0
5
7
3
4
8

10
5
0

X1 3.00-225

FTH4002215

SMH4050418SMH4050418

X1 300

S
W
D
4
0
7
6
1
6
2

3
0
0

SMH4050407SMH4050407

X1 4.77-300

CL 6.64

S
W
D
4
0
7
6
1
5
5

4
5
0

SMH4050425

X1 2.61-1050

A3 300

A2 2.61-1050

A1 2.78-450

CL 5.36

SMH4050417

X1 2.22-1200

A4 300

A3 2.74-675

A2 450

A1 2.37-1050

CL 5.75

S
W
D
4
13
6
4
11

9
0
0

S
W
D
4
0
7
6
15
4

4
5
0

S
W
D
4
0
9
3
6
0
3

10
5
0

SWD4136023

525

SMH4050420SMH4050420

X1 300

SMH4050415SMH4050415

X1 450

SWD4057483

450

S
W
D
4
1
1
1
4
2
0

3
0
0

SMH4050421

X1 3.52-300

A1 3.87-300

CL 5.39

SMH4050416

X1 450

A1 450

CL 5.34

S
W
D
4
1
3
6
4
1
0

6
7
5

S
W
D
4
0
7
6
1
6
1

3
0
0

SMH4050422

X1 2.80-1050

A3 300

A2 2.95-900

A1 2.91-600

CL 5.67

SMH4078345SMH4078345

X1 1.76-450

A1 3.54-450

CL 5.40

SWD
407

6165

300

SMH4050406

X1 0.26-1500

A1 0.41-1350

S
W
D
4
0
5
7
2
4
1

10
5
0

S
W
D
4
0
5
7
2
3
1

5
2
5

SCH4005352

X1 225

SMH4078346SMH4078346

X1 1.30-1200

A2 1.60-450

A1 1.30-1200

CL 4.87

SW
D4
09
36
05

45
0

S
W
D
4
1
3
6
0
2
2

5
2
5

STH4001810

X1 5.00-375

SNF4002860

A1 0.30-1650

S
W
D
4
0
9
3
6
0
4

3
5
0

S
W
D
4
0
7
6
1
7
3

3
0
0

SMH4050413SMH4050413

X1 3.80-600

A2 375

A1 3.80-600

CL 6.24

S
W
D
4
0
5
7
4
8
2

10
5
0

S
W
D
4
0
7
6
17
4

3
0
0

 

SCH4005353

X1 225

 

SNF4004600

A1 1.22-900

SW
D4
05
72
44

45
0

SW
D4
07
615
7

45
0

STH4001809

X1 5.44-375

 

SMH4113247

X1 1.36-900

A1 1.36-675

CL 3.85

S
W
D
4
0
9
3
6
0
8

4
5
0

S
W
D
4
0
5
7
2
3
2

5
2
5

SMH4050412

X1 4.25-600

A2 4.35-375

A1 450

CL 6.43

 

SMH4113246

X1 1.47-675

A1 1.47-675

CL 3.90

S
W
D
4
0
5
7
2
6
0

12
0
0

S
W
D
4
0
7
6
1
5
6

5
2
5

SCH4005377

X1 4.51-375

S
W
D
4
0
5
7
2
4
9

4
5
0

S
W
D
4
0
5
7
2
3
3

5
2
5

SCH4005378

X1 4.43-225

S
W
D
4
0
5
7
2
4
5

5
2
5

S
W
D
4
0
5
7
2
5
0

5
2
5

S
W
D
4
0
5
7
2
3
4

5
2
5

SMH4050442

X1 2.80-600

A2 2.88-525

A1 3.75-225

CL 5.92

STH4001806

X1 4.82-450

S
B
P
4
0
0
7
0
2
6

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

S
B
P
4
0
0
7
0
2
6

S
W
D
4
0
5
7
2
5
1

3
7
5

SMH4050392

X1 525

S
B
P
4
0
1
3
8
1
0

S
B
P
4
0
1
3
8
1
0

S
B
P
4
0
1
3
8
1
0

S
B
P
4
0
1
3
8
1
0

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

SWD
405

722
9

135
0

SMH4050540

X1 2.54-1050

A5 2.54-1050

A4 525

A3 3.22-375

A2 525

A1 450

CL 5.84

S
B
P
4
0
0
7
0
2
5

S
B
P
4
0
0
7
0
2
5

S
B
P
4
0
0
7
0
2
5

S
B
P
4
0
0
7
0
2
5

S
B
P
4
0
0
7
0
2
5

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

SMH4050393

X1 3.25-525

A1 3.36-525

CL 5.27

S
B
P
4
0
0
7
0
2
4

S
B
P
4
0
0
7
0
2
4

S
B
P
4
0
0
7
0
2
4

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

S
W
D
4
0
5
7
4
7
9

6
0
0

SMH4050398

X1 3.40-375

A1 3.40-375

CL 5.00

S
B
P
4
0
1
3
8
0
9

S
B
P
4
0
1
3
8
0
9

S
B
P
4
0
1
3
8
0
9

S
B
P
4
0
1
3
8
0
9

S
B
P
4
0
1
3
8
0
9

S
B
P
4
0
1
3
8
0
9

S
B
P
4
0
1
3
8
0
9

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.
C
.

SMH4050395

X1 3.50-525

A1 3.73-525

CL 5.48

S
B
P
4
0
0
7
0
2
3

S
B
P
4
0
0
7
0
2
3

S
B
P
4
0
0
7
0
2
3

S
B
P
4
0
0
7
0
2
3

S
B
P
4
0
0
7
0
2
3

S
B
P
4
0
0
7
0
2
3

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.
C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.
C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.
C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.
C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.
C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.
C
.

SMH4050394

X1 525

S
B
P
4
0
0
7
0
2
2

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.
C
.

SMH4050390

X1 2.85-1050

A2 1050

A1 2.85-450

CL 5.86

S
B
P
4
0
0
7
0
2
0

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.
C
.

S
W
D
4
0
5
7
2
3
6

6
7
5

STH4001808

X1 3.70-450

SW
D4108940

500

 

SMH4050387

X1 3.60-750

A1 3.62-675

CL 5.31

S
W
D
4
0
5
7
3
3
4

12
0
0

S
W
D
4
0
5
7
2
5
6

4
5
0

S
W
D
4
12
2
0
2
1

4
5
0

 

SMH4088960

X1 3.65-675

A2 3.72-525

A1 3.66-675

CL 5.45

S
W
D
4
0
5
7
4
8
8

6
0
0

S
W
D
4
11
13
0
2

4
5
0

 

SMH4088961

X1 3.84-525

A1 3.88-525

CL 5.46

S
W
D
4
11
13
0
1

4
5
0

 

SMH4088962

X1 3.94-525

A1 4.13-500

CL 5.57

S
W
D
4
0
5
7
2
2
2

4
5
0

 

SMH4050386

X1 3.97-675

A2 4.27-450

A1 375

CL 6.18

SWD4111306

375

S
W
D
4
0
5
7
3
3
5

13
5
0

S
W
D
4
0
5
7
4
8
7

6
0
0

 

SMH4102281

X1 4.47-450

A1 450

S
W
D
4
0
5
7
4
9
1

13
5
0

S
W
D
4
1
1
1
3
0
5

3
7
5

 

SMH4102280

X1 450

A1 450

S
W
D
4
0
5
7
2
2
3

5
2
5

 

SMH4093442

X1 4.77-450

A1 4.77-450

SWD4076070

450

 

SMH4050374

X1 4.36-450

A1 375

CL 5.87

 

SCH4015661

X1 375

A1 375

SW
D4
07
60
71

45
0

 

SCH4015660

X1 375

SWD40
57492

300

S
W
D
4
0
7
6
0
7
2

4
5
0

S
W
D
4
0
7
6
0
7
6

4
5
0

S
W
D
4
0
5
7
2
2
4

3
0
0

 

SMH4088220

X1 450

A1 450

S
W
D
4
0
5
7
2
8
7

9
0
0

SMH4050376

X1 4.09-525

A3 300

A2 4.09-525

A1 3.91-450

CL 6.37

SWD4057286

225

SWD4076169

450

X1 225

FTH4002214

SMH4050389

X1 3.06-1050

A1 3.36-750

CL 5.54

S
W
D
4
0
5
7
2
8
5

9
0
0

S
W
D
4
1
1
1
3
6
0

3
0
0

SMH4065116

X1 3.93-450

A1 3.94-450

CL 6.11

S
W
D
4
0
5
7
3
6
8

5
2
5

SMH4065114

X1 4.31-450

A1 4.32-450

CL 6.16

SWD405736
7

375

S
W
D
4
0
5
7
3
3
3

10
5
0

SMH4065115SMH4065115

X1 3.99-450

A1 4.30-450

CL 6.14

SW
D4078343

525

 

SMH4050388

X1 3.48-750

A1 3.48-750

CL 5.26

S
W
D
4
0
5
7
3
6
5

5
2
5

 

SMH4050375SMH4050375

X1 4.19-525

A1 4.27-450

CL 5.74

S
W
D
4
0
5
7
3
6
1

6
7
5

 

SCH4005348

X1 4.54-300

SW
D4
05
73
6245

0

 

SMH4050409

X1 3.32-750

CL 5.02

SW
D4
06
50
4337

5

 

S
W
D
4
0
5
7
3
6
6

5
2
5

S
W
D
4
0
6
5
0
4
4

4
5
0

 

SMH4076240SMH4076240

X2 750

X1 2.65-750

A1 750

CL 5.03

SWD4
0745

00

375

S
W
D
4
0
5
7
3
6
0

5
2
5

S
W
D
4
0
5
7
3
3
2

10
5
0

S
W
D
4
0
5
7
4
8
5

5
2
5

SMH4076243SMH4076243

X1 0.78-1350

A1 -1.05-1350

CL 5.09

S
W
D
4
0
5
7
4
8
6

3
0
0

SMH4076241SMH4076241

X1 2.30-750

A1 2.39-750

CL 4.92

S
W
D
4
0
5
7
3
6
3

4
5
0

S
W
D
4
0
5
7
3
5
6

4
5
0

S
W
D
4
13
8
0
0
2

5
2
5

SW
D4
05
73
57

52
5

 

SMH4076242SMH4076242

X1 0.55-1650

A2 1.89-750

A1 0.66-1350

CL 5.06

 

SGJ4012929

IL 0.50

S
W
D
4
0
5
7
2
6
3

1
3
5
0

SWD
405

735
5

675

SGJ4012930

SWD4057298

225

SGJ4012928

 

SMH4050464

X1 3.17-1050

A2 3.39-825

A1 3.17-750

CL 5.30

S
W
D
4
0
5
7
2
9
2

2
2
5

SWD
4057

358

375

SGJ4012927

IL 0.00

 

SCH4015760

X1 300

SWD4057293

450

S
W
D
4
0
5
7
3
5
9

3
0
0

SGJ4007965

SMH4065140SMH4065140

X1 3.69-450

A1 3.69-450

CL 7.75

S
W
D
4
0
5
7
2
6
2

13
5
0

 

SGJ4007962

 

SMH4050465

X1 3.01-1050

A1 3.01-1050

CL 5.05

S
W
D
4
0
5
7
2
6
1

12
0
0

SGJ4007961

 

SMH4065139

X1 3.80-450

A4 4.01-300

A3 3.89-300

A2 6.40-300

A1 300

CL 7.70

SWD
4057

294

1800

SGJ4010663

IL 4.22

 

SCH4015782

X1 300

S
W
D
4
0
5
7
3
0
0

3
0
0

SGJ4007977

 

SCH4015780

X1 300

S
W
D
4
0
5
7
2
9
7

1
0
5
0

SGJ4007960

SMH4065141SMH4065141

X1 3.45-450

A3 6.80-300

A2 6.80-300

A1 3.45-450

CL 8.68

SWD
4057

299

375

 

SGJ4045904

 

 

SCH4015800

X1 300

S
W
D
4
0
5
7
2
9
6

1
0
5
0

S
W
D
4
13
9
2
18

6
7
5

SGJ4010662

IL 3.06

 

SCH4015781

X1 300

SWD4057274

450

 

SGJ4010664

IL 4.36

 

SCH4015801

X1 300

S
W
D
4
0
5
7
2
7
1

6
0
0

SGJ4010647

IL 3.25

SMH4050382

X1 3.31-525

A1 3.31-525

CL 6.35

 

SGJ4010646

IL 2.91

SMH4065148

X1 3.31-525

A2 3.04-525

A1 3.30-450

CL 6.10

S
W
D
4
0
5
7
3
0
3

3
0
0

SMH4050379

X1 2.45-1350

A1 2.58-1200

CL 6.60

S
W
D
4
0
5
7
2
9
5

7
5
0

SGJ4009205

IL 1.95

SMH4050383SMH4050383

X1 3.04-525

A1 3.04-525

CL 6.30

S
W
D
4
0
5
7
3
16

5
2
5

 

SGJ4045906

 

SMH4050384SMH4050384

X1 2.93-525

A1 2.93-525

CL 5.83

S
W
D
4
0
5
7
3
17

5
2
5

SGJ4019232

SWD4057301

300

SGJ4009204

IL 2.25

SMH4050385SMH4050385

X1 2.30-1350

A3 2.34-525

A2 4.34-225

A1 2.32-1350

CL 5.40

S
W
D
4
0
5
7
3
0
2

3
0
0

SGJ4009203

IL 2.22

S
W
D
4
0
5
7
3
19

7
5
0

SGJ4019231

 

SMH4050380

X1 2.27-2 x 1050

A2 2.27-1350

A1 600

S
W
D
4
0
5
7
3
2
9

4
5
0

SGJ4007967

SWD4057328

525

 

SGJ4045731

 

JOINT BOX

SCH4005349

X1 2 x 1050

A1 2 x 1050

S
W
D
4
0
5
7
3
2
5

8
2
5

SGJ4010660

IL 3.61

S
W
D
4
0
5
7
3
2
0

7
5
0

SGJ4009202

S
W
D
4
0
5
7
3
5
2

8
2
5

SGJ4007966

S
W
D
4
0
5
7
3
5
3

3
7
5

SGJ4009201

 

SMH4088221

X1 450

A1 450

S
W
D
4
0
5
7
3
5
4

8
2
5

 

SGJ4045932

 

SMH4056381

X1 4.46-675

A1 4.46-675

CL 6.45

SWD4057330

 

SGJ4045931

 

 

SCH4015680

X1 300

S
W
D
4
0
5
7
3
2
6

9
0
0

S
W
D
4
0
5
7
3
3
1

6
0
0

 

SGJ4046334

 

 

SMH4065144

X1 5.09-450

A3 5.24-300

A2 5.08-450

A1 300

CL 7.20

S
W
D
4
0
5
7
2
7
6

10
5
0

 

SMH4056380

X1 4.40-675

A1 4.40-675

CL 6.45

S
W
D
4
0
9
3
6
0
9

4
5
0

 

 

SCH4015720

X1 300

S
W
D
4
0
9
3
6
0
7

12
0
0

SW
D4
05
72
75

30
0

 

SCH4015702

X1 300

S
W
D
4
0
5
7
2
8
3

3
0
0

SMH4050467SMH4050467

X1 3.05-675

A3 3.27-450

A2 3.20-525

A1 3.12-600

CL 6.15

S
W
D
4
0
5
7
2
8
4

3
0
0

SCH4005372

X1 2.98-300

SMH4065143SMH4065143

X1 5.30-450

A3 5.86-300

A2 5.35-450

A1 5.79-300

CL 7.06

S
W
D
4
0
5
7
2
8
2

10
5
0

SMH4050468SMH4050468

X1 2.61-375

A3 2.97-300

A2 2.61-675

A1 2.68-600

CL 5.71

SMH4050378

X1 4.13-675

A2 4.13-675

A1 4.13-675

CL 5.98

S
W
D
4
0
9
2
2
6
1

4
5
0

 

SCH4015703

X1 300

S
W
D
4
0
5
7
2
8
0

3
0
0

S
W
D
4
0
5
7
2
8
1

3
0
0

SMH4050455SMH4050455

X1 1.78-1350

A3 3.51-450

A2 3.68-1350

A1 3.68-450

CL 6.14

 

SMH4108739

X1 3.42-750

A1 450

S
W
D
4
0
5
7
2
9
1

9
0
0

S
W
D
4
0
9
2
2
6
2

6
0
0

SMH4050466

X1 2.70-1200

A3 2.85-1050

A2 750

A1 3.15-675

CL 5.89

S
W
D
4
0
5
7
2
8
9

9
0
0

 

SMH4088222

X1 450

A1 450

S
W
D
4
0
5
7
2
9
0

2
2
5

 

SMH4050454

X1 1.92-1350

A5 2.67-600

A4 2.35-375

A3 2.07-1200

A2 2.42-375

A1 2.67-600

CL 5.81

 

SMH4102219

X1 1050

A1 1050

SWD4057288

225

SMH4065142SMH4065142

X1 5.54-450

A2 5.64-300

A1 5.86-300

CL 7.08

SW
D4057273

375

SCH4005413

X1 2.99-600

 

SCH4015700

X1 300

S
W
D
4
0
5
7
2
7
0

6
0
0

SWD4057272

375

 

SCH4015701

X1 300

S
W
D
4
0
5
7
3
6
9

2
2
5

SMH4050453

X1 2.22-1200

A1 2.37-1050

CL 5.63

S
W
D
4
0
5
7
3
18

6
0
0

STH4001803

X1 2.81-375

SMH4050372SMH4050372

X1 2.39-675

A3 2.39-300

A2 2.79-300

A1 2.39-375

CL 5.05

SCH4005345

X1 2.91-300

SMH4050377

X1 675

A1 375

CL 6.23

SCH4005376

X1 6.40-450

 

STH4001804

X1 4.96-375

S
W
D
4
0
5
7
3
2
1

8
2
5

S
W
D
4
0
5
7
3
3
7

16
5
0

SMH4055921

X1 3.74-450

A1 3.74-375

CL 6.10

2 
x 
105
0

SM
D4
00
24
03

S
W
D
4
0
5
7
3
3
6

16
5
0

SMH4050470

X1 3.64-675

A3 3.79-525

A2 3.79-525

A1 450

CL 6.16

2 
x 
10
50

SM
D4
00
26
41

S
W
D
4
0
5
7
4
9
4

3
7
5

SCH4005374

X1 3.93-525

2 x 1500

SMD4002640

S
W
D
4
0
5
7
4
9
3

13
5
0

SCH4005373

X1 4.32-300

X1 0.51-1650

A3 1.82-450

A2 0.51-1650

A1 1.94-450

CL 3.57

Sp M/H

SSH4006780SSH4006780

SMH4050469

X1 4.02-525

A1 4.24-300

CL 6.41

X1 0.41-1650

A1 0.40-1650

CL 3.53

Sp M/H

SSH4006781SSH4006781

S
W
D
4
0
5
7
2
6
5

3
0
0

SCH4005371

X1 3.44-525

A1 3.51-450

X1 0.36-1650

A1 0.38-1650

CL 3.50

Sp M/H

SSH4006783SSH4006783

S
W
D
4
0
5
7
2
6
4

15
0
0

SMH4050404

X1 2.01-1200

A2 2.01-1200

A1 300

CL 5.44

X1 0.32-1650

A1 0.32-1650

CL 3.39

Sp M/H

SSH4006784SSH4006784

S
W
D
4
0
5
7
2
6
6

3
0
0

SMH4050423SMH4050423

X1 300

SWD4057242

1050

STH4001811

X1 3.23-300

S
W
D
4
10
3
5
2
3

6
0
0

SMH4050424

X1 3.38-300

A1 3.41-300

CL 4.77

SMH4055870

X1 3.48-750

A2 3.49-750

A1 3.80-525

CL 6.88
    

ZDA4006481

S
W
D
4
0
5
7
2
1
3

6
7
5

SW
D4
061
385

675

    

ZIA4005741

SCH4005341

X1 4.75-300

2 
x 
15
00

SM
D4
00
26
42

SWD4057202

525

    

ZIA4005740

2 
x 
15
00

SM
D4
00
24
04

S
W
D
4
0
5
7
2
0
1

3
0
0

SMH4050368

X1 900

A1 900

CL 6.55

SWD4057203

525

S
W
D
4
0
5
7
2
1
4

4
5
0

S
W
D
4
0
5
7
2
1
5

4
5
0

SWD4057204

900

SCH4005343

X1 14.74-450

S
W
D
4
0
5
7
2
1
2

3
0
0

STH4001801

X1 675

SWD4057200

300

SMH4050362SMH4050362

X1 14.35-525

A2 450

A1 14.94-300

CL 16.34

SWD4057211

225

SMH4050363

X1 11.26-525

A1 13.97-525

CL 15.22

S
W
D
4
0
5
7
2
1
6

6
7
5

SCH4005346

X1 2.94-300

SWD4057205

900

S
W
D
4
0
5
7
2
0
8

4
5
0

S
W
D
4
0
6
13
8
6

5
2
5

SMH4050371SMH4050371

X1 10.31-450

SWD4057206

900

 

SCH4005347

X1 2.56-600

A2 2.80-300

A1 375

S
W
D
4
0
5
7
2
0
9

3
0
0

S
W
D
4
0
5
7
2
0
7

9
0
0

STH4001800

X1 450

SWD
406

1384

900

SMH4050364

X1 9.29-900

A4 675

A3 10.14-450

A2 9.29-525

A1 9.30-300

CL 13.11

SMH4050360SMH4050360

X1 15.69-300

SMH4050361SMH4050361

X1 15.51-300

A2 15.51-300

A1 15.52-225

CL 16.91

SGJ4009206

IL 1.95

STH4001802

X1 675

SGJ4009200

SMH4050373

X1 2.25-675

A2 2.25-675

A1 600

CL 5.18

S
B
P
4
0
0
7
0
3
0

S
B
P
4
0
0
7
0
3
0

S
B
P
4
0
0
7
0
3
0

 

 

SGJ4010565

IL 19.43

SMH4050370SMH4050370

X1 15.89-225

SW
D4
05
72
20

30
0

SMH4050365

X1 6.99-900

A2 450

A1 8.22-900

CL 11.12

S
B
P
4
0
0
7
0
2
8

S
B
P
4
0
0
7
0
2
8

2
 
C
E
L
L
S
 
2
8
0
0
x
2
8
0
0
 
B
.C
.

2
 
C
E
L
L
S
 
2
8
0
0
x
2
8
0
0
 
B
.C
.

SGJ4009209

IL 1.56

SCH4005342

X1 4.59-450

S
B
P
4
0
0
7
0
2
7

S
B
P
4
0
0
7
0
2
7

S
B
P
4
0
0
7
0
2
7

S
B
P
4
0
0
7
0
2
7

2
 
C
E
L
L
S
 
2
8
0
0
x
2
8
0
0
 
B
.C
.

2
 
C
E
L
L
S
 
2
8
0
0
x
2
8
0
0
 
B
.C
.

2
 
C
E
L
L
S
 
2
8
0
0
x
2
8
0
0
 
B
.C
.

2
 
C
E
L
L
S
 
2
8
0
0
x
2
8
0
0
 
B
.C
.

SGJ4009208

IL 1.56

SCH4005344

X1 10.93-300

S
B
P
4
0
0
7
0
2
1

2
 
C
E
L
L
S
 
2
8
0
0
x
2
8
0
0
 
B
.C
.

S
W
D
4
0
5
7
2
2
1

6
0
0

SGJ4009207

SMH4050366

X1 5.13-900

A2 675

A1 6.26-900

CL 9.16

S
B
P
4
0
0
7
0
2
6

S
B
P
4
0
0
7
0
2
6

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

1
 
C
E
L
L
 
2
5
0
0
x
2
5
0
0
 
B
.C
.

SWD
405

721
7

675

SMH4050369SMH4050369

X1 2.16-525

A2 450

A1 4.30-300

CL 6.55

SMH4050367

X1 4.21-900

A1 4.21-900

CL 6.96
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D. Summary of Site Catchment Area 



Appendix D - Summary of Site Catchment Area

Existing Condition

Catchment ID Catchment Location Discharge Location Surface Type 

% (Conc. 

Paved)

Surface Type 

% (Grassland)

Catchment Area, 

A (m
2
)

Catchment Area, 

A (m
2
) (Conc. 

Paved only)

Catchment Area, 

A (m
2
) 

(Grassland only)

A STTL626 Site SCH4005413 90 10 8015.00 7214.00 802.00

B STTL627 Site Existing Catchpit 90 10 4116.00 3704.00 412.00

90 10 12131.00 10918.00 1214.00

Proposed Condition

Catchment ID Catchment Location Discharge Location Surface Type 

% (Conc. 

Paved)

Surface Type 

% (Grassland)

Catchment Area, 

A (m
2
)

Catchment Area, 

A (m
2
) (Conc. 

Paved only)

Catchment Area, 

A (m
2
) 

(Grassland only)

A STTL626 Site TM01 90 10 8015.00 7214.00 802.00

B STTL627 Site TM02 90 10 4116.00 3704.00 412.00

90 10 12131.00 10918.00 1214.00

Total

Total
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E. Potential Drainage Connection 
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F. Hydraulic Capacity Assessment of Potential 

Drainage Connection  

 



Appendix F - Hydraulic Capacity Assessment for Potential Drainage Connection

Design assumptions and parameters

1 The hydraulic design for gravity pipes is based on Colebrook-White equation and Wallingford charts.

2 Pipe roughness = 0.6 mm Concrete Pipe under poor condition

3 Transitional flow and water at 15 degree celcius, i.e. kinematic viscosity, v =  1.14 x 10-6 m
2
/s

        (i) Full bore flow velocity >= 1m/s

4 Reduction in flow area = 5% if the gradient is greater than 1 in 25

10% in other cases 

5 Design return period = 1 in 50 year

a = 505.5

b = 3.29

c = 0.355

    Rainfall intensity       where td = duration in rainfall and is equal to the time of concentration, minutes

6 Runoff is calculated by Rational Method (Qpeak = CiA)

7 Time of flow in the pipe = L/pipe partial flow velocity/60

8 Rainfall Increase (End of 21st Century): 28.10% (with 12.1% Design Allowance)

9 Runoff Coefficient C 0.35 for steep grassland

0.95 for Concrete Paved Area (Conc. Paved)

10 Design Return Period 1 in 50 yr for urban drainage branch system

US MH DS MH Pipe Dia 

(mm)

Approx. 

Pipe 

Length m

Pipe 

material

US IL mPD DS IL 

mPD

Pipe 

Gradient (1 

in x)

Catchment ID Catchment  Area 

m2

H1 (m) H2 (m) Flow Path 

(m)

Time of 

Entry 

min.

Time  of 

Flow min.

Time  of 

Conc. min.

Surface Type 

% (Conc. 

Paved)

Surface Type 

% (Grassland)

Runoff 

Coefficient 

C*Catchment Area 

m2

Rainfall 

Intensity mm/hr

Cumulative 

C*Catchment 

Area m2

Cumulative Design 

Discharge l/s

Pipe Capacity l/s Pipe Full 

Flow 

Velocity 

m/s

Capacity  

Check 

 % utilization 

TM01 SCH4005413 600 3.21 CONC. 3.65 3.59 54 A 8,015                   - - - - - 5.00 90 10 0.89 7,133.35            305.62 7133.35 606.07 848 3.00 OK 72

SCH4005413 SMH4050454 600 10.96 CONC. 2.99 2.67 34 - - - - - - - 5.00 - - - 7,133.35            305.62 7133.35 606.07 1061 3.75 OK 57

TM02 SMH4050454 600 19.50 CONC. 3.06 2.67 50 B 4,116                   - - - - - 5.00 90 10 0.89 3,663.24            305.62 3663.24 311.24 877 3.10 OK 35

Existing Drains

Pipe Information Time of Concentration Design Runoff Capacity Check

Proposed Drains

𝑉 = − 32𝑔𝑅𝑆𝑓 log
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