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1.0 Introduction 

A. Project Description 
The Simi Valley Double Track and Platform Project (Project) is the first segment of Southern 
California Regional Rail Authority’s (SCRRA’s) Southern California Optimized Rail Expansion 
(SCORE) Program which implements rail infrastructure improvements necessary to support 
expanded Metrolink commuter rail passenger services. Approximately 2.16 miles of new track 
will be added between new Control Point (CP) Sequoia and new CP Arroyo. Improvements will 
be made to grade crossings such as adding new track panels and warning devices at Tapo 
Canyon Road, Tapo Street, E. Los Angeles Avenue and Hidden Ranch Drive. Also, a second 
platform at Simi Valley station with a pedestrian underpass will be constructed. 

B. Purpose 
The purpose of this report is to document the hydrology and hydraulic analysis conducted in order 
to provide adequate flood control protection for the proposed project improvements and any 
existing facilities that are potentially affected by the project. This report documents the drainage 
design methodology that will be used and the associated input parameters such as soil type, land 
use and rainfall information. This report provides an overview of all existing drainage facilities and 
proposed drainage improvements within the Project. The hydrology and hydraulic calculations will 
be summarized within this report and design recommendations will be provided in order to 
develop construction drawings. 
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Figure 1.  Site Map and Vicinity Map 
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2.0 Methodology 

A. Hydrology 
Hydrologic calculations to determine the peak discharge for watersheds that cross the railroad 
right-of-way were computed using the Modified Rational Method (MRM). As outlined in the 
Ventura County Watershed Protection District Design Hydrology Manual, dated 2017, the MRM 
is appropriate for modeling partially- to fully-developed urbanized catchments of up to about 5,000 
AC. The MRM requires intensive effort to digitize boundaries and calculate Tc’s for the relatively 
numerous subareas. Calculations were performed using VCRat. 
 
In the SCRRA Design Manual, Metrolink requires that a 10-year peak flow rate be used to design 
for surface drainage facilities, storm drain inlets, and underground storm drains in SCRRA 
stations, adjacent streets, rail yards, parking lots, ditches that do not cross the track and bridges 
and culverts that do not carry rail traffic. 

SOIL TYPE/ LAND USE 

The Ventura County GIS database was used to identify the project’s soil types.  A map of the 
soil types in the project vicinity has been provided in Appendix B. Based on this information, the 
soil types were found per the Ventura County Watershed Protection District Data maps. Table 
2-1 below shows the soil types for each subarea. 
 

Table 2-1. Soil Types 

Subarea Soil Type 
A 4.0 
B 7.0 
C 7.0 
D 5.0 
E 4.0 
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RAINFALL/INTENSITY 

Rainfall intensities for the each watershed were determined from the Ventura County Hydrology 
Maps from Appendix E of the 2017 Ventura County Watershed Protection District Design 
Hydrology Manual. These maps are included in Appendix B of this report. Table 2-2 below is a 
summary of the rainfall data used in the hydrology analysis. 
 

Table 2-2. Rainfall Data 

Storm Event 
Frequency 

24-Hour Rainfall 
(Ventura County) 

10-year 4.7 
50-year 6.3 

100-year 6.7 
 
The Ventura County Watershed Protection District Design Hydrology Manual defines the Time of 
Concentration (Tc) as “the time required for runoff to travel from the hydraulically most distant 
point of a watershed to its outlet. It is the summation of the travel times associated with overland 
flow and concentrated flow in streets, pipes and stream channels.” Tc values were calculated in 
accordance with the  Ventura County Watershed Protection District Design Hydrology Manual. 

B. Hydraulics 

STORM DRAIN DESIGN CRITERIA 

The Manning roughness coefficients (n) of the various pipe materials within the project limits are 
governed by the average Manning roughness coefficients for closed conduits. Table 2-3 below is 
a summary of the Manning roughness coefficients for the different pipe materials that will be used 
in the hydraulic analysis. 
 

Table 2-3. Manning Roughness Coefficient for Closed Conduits 

Pipe Material Manning Roughness Coefficient (n) 
HDPE and PVC (smooth interior) 0.012 

HDPE and PVC (corrugated) 0.022 
Reinforced Concrete Pipe 0.013 
Concrete Lined Steel Pipe 0.013 

No-joint Cast in place Cement Pipe 0.014 
Corrugated Metal Pipe 0.016-0.031 

 
 
 
The hydraulic analysis will be performed using Bentley FlowMaster V8i and WSPGW. The 
calculations were performed assuming a 0.50% minimum slope which is required by Metrolink 
and is a conservative approach. The analysis is included in the appendix of the report. 
 

INLET DESIGN CRITERIA 

Inlet design is governed by the guidelines set forth in Section 8.6.3 of the SCRRA Design Criteria 
Manual, dated November 2014. 
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1. Drop inlets on continuous grade, in track ditch, shoulder, or swale areas or in a depressed 
median between tracks where water is trapped, may be depressed in a drainage dike with 
side slopes of 8:1 to increase capacity. 

2. If the capacity of the waterway portion exceeds the inlet capacities, the drop inlet 
capacities shall govern the spacing of drop inlets. 

3. If the capacity of the allowable waterway portion is less than the drop inlet capacities, the 
capacity of this portion shall govern the spacing of the drop inlet. 

4. On shoulder (without swale) sections, the maximum spacing of drop inlets shall not exceed 
450 feet. 

5. Inlet spacing in depressed median sections between tracks where water is trapped and in 
shoulder or swale areas shall not exceed 900 feet, 

6. If analysis of drop inlet capacities results in a spacing of less than 100 feet, then 
considerations shall be given to re-space drop inlets by allowing channel flow to bypass 
inlets. 

7. In general, a 10-year storm of 5-minute duration shall be used for spacing drop inlets. 
8. When there is a change in pipe size in the inlet, the elevation of the top of the pipes shall 

be the same, or the smaller pipe shall be higher. 
9. A minimum of 4 inches shall be provided in the inlet between the lowest inlet-pipe invert 

elevation and the outlet-pipe invert elevation. 

OPEN CHANNEL/ DITCH DESIGN CRITERIA  

Ditch design is governed by the guidelines set forth in Section 8.5.3 of the SCRRA Design Criteria 
Manual, dated November 2014.  

1. Ditches that do not cross the track shall be designed for the 10-year peak flow rate or 
other applicable jurisdiction’s criteria, whichever is more significant. 

2. Transverse ditches shall join parallel ditches at an angle of approximately 30 degrees or 
less as allowed by the site condition to minimize confluence bed and bank scour and 
sedimentation. 

 
Table 2-4.  Manning Roughness Coefficient for Open Channels 

Channel Material Manning Roughness Coefficient (n) 
Poured Concrete 0.014 

Asphalt 0.014 
Medium Weight Levee Riprap 0.035 

Sand, silk or loam 0.020 
Coarse Gravels 0.030 
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UNDERDRAIN DESIGN CRITERIA  

Underdrain design criteria guidelines are set forth according to the SCRRA Design Criteria 
Manual dated November 2014, Section 8.9. 
 

1. The minimum size for an underdrain shall be 6 inches with the pipe designed to run no 
more than half full. 

2. If the underdrain is within 20 feet of the track or under the track, the minimum size shall 
be 8 inches. 

3. The top of underdrain shall be a minimum of 15 inches below the bottom of ballast. 
4. Riser cleanouts shall be provided at the beginning of all underdrain runs and at 300-ft 

intervals. 
5. Underdrains shall be wrapped in permeable geotextile fabric and bedded in aggregate 

filter material. 
6. Underdrains located under tracks or within 20 feet of a track shall be aluminized Type II 

coated corrugated metal culverts with perforations. Underdrains farther than 20 feet can 
be HDPE or PVC perforated piping. 
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3.0 Hydrology 

A. Existing Drainage  
The existing drainage conditions consist of main areas A-V. These areas are further split by 
existing railroad tracks as well as cross culverts that intercept flow and move it across the tracks. 
 
A summary of the existing tributary areas is shown in Table 3-1 on the next page.  
 

Table 3-1. Summary of Existing Tributary Areas 

Sub-
Area 

Area 
(AC) 

Length 
(ft) 

IMP 
(%) 

Slope 
(%) 

Q100 
(cfs) 

Tc100 
(min) 

Q50 
(cfs) 

Tc50 
(min) 

Q10 
(cfs) 

Tc10 
(min) 

A-1 0.1 67.79 10 1.0 0.20  0.20  0.10  
A-2 2.5 1543.37 10 1.0 5.62 17.74 4.80 15.64 3.20 17.66 
B-1 0.2 89.47 10 5.0 0.60  0.50  0.30  
B-2 1.0 449.33 10 0.2 3.53 9.30 2.89 10.09 1.94 11.68 
C-1 0.2 126.86 10 4.0 0.30  0.20  0.20  
C-2 3.8 1646.68 10 0.2 5.91 27.35 4.96 29.01 3.47 28.89 
D-1 0.1 117.33 10 0.1 0.20  0.20  0.10  
D-2 3.6 2020.65 10 1.0 6.86 18.90 6.19 19.23 4.12 21.46 
E-1 0.1 114.87 10 4.0 0.20  0.20  0.10  
E-2 3.1 2256.55 10 0.1 6.92 44.14 6.13 45.86 4.47 49.95 
E-3 0.2 122.96 85 0.8 0.90  0.70  0.50  
E-4 5.0 728.70 85 1.0 22.27 5.71 18.22 6.73 12.83 8.71 
E-5 0.3 118.20 85 0.8 1.3  1.1  0.70  
E-6 4.5 739.57 85 0.8 20.56 5.98 16.82 6.99 11.84 8.94 
E-7 0.2 102.30 85 1.0 0.80  0.70  0.50  
E-8 3.9 754.76 85 0.8 16.16 7.24 13.39 8.21 9.50 10.09 
E-9 0.2 93.68 85 1.1 0.70  0.60  0.40  
E-10 23.0 2240.10 85 1.0 76.89 10.13 64.76 11.15 46.69 13.19 
G-1 0.1 111.44 90 1.0 0.30  0.30  0.20  
G-2 21.0 2013.79 90 1.0 67.05 10.55 57.19 11.66 41.53 13.92 
I-1 0.1 71.27 10 2.0 0.10  0.10  0.0  
I-2 1.9 1964.60 10 1.0 1.64 19.52 1.17 20.56 0.30 25.73 
J-1 0.1 88.32 10 1.0 0.10  0.10  0.0  
J-2 3.5 2009.12 10 1.0 3.40 17.86 2.51 18.79 0.55 24.83 
K-1 0.1 94.83 10 0.4 0.10  0.10  0.0  
K-2 0.3 398.91 10 0.2 0.58 12.27 0.44 12.65 0.15 14.78 
L-1 0.1 79.50 10 0.4 0.10  0.0  0.0  
L-2 1.3 2101.54 10 0.5 0.62 28.00 0.27 28.93 0.54 33.39 
M-1 0.3 197.90 20 0.5 0.20  0.10  0.20  
M-2 2.0 2008.11 20 0.5 1.50 27.45 0.92 28.22 1.29 32.69 
N-1 0.1 142.60 85 2.0 0.30  0.20  0.20  
N-2 5.2 1338.07 85 0.4 13.76 14.21 11.92 14.60 8.03 18.07 
O-1 0.1 49.20 90 1.0 0.40  0.40  0.30  
O-2 2.2 768.85 90 1.0 9.63 5.88 8.57 6.01 6.39 7.17 
P-1 0.1 35.50 10 19.0 0.10  0.10  0.10  
P-2 0.1 105.05 10 1.0 0.32 0.78 0.29 0.84 0.21 0.93 
Q-1 0.1 82.65 10 8.0 0.30  0.30  0.20  
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B. Proposed Drainage  
Due to the addition and modification of track as well as platform improvements and the 
construction of a pedestrian underpass, the drainage areas slightly change in the proposed 
condition. 
 
A summary of the proposed tributary areas is shown in Table 3-2 on the next page.  
 

Table 3-2. Summary of Proposed Tributary Areas 

Sub-
Area 

Area 
(AC) 

Length 
(ft) 

IMP 
(%) 

Slope 
(%) 

Q100 
(cfs) 

Tc100 
(min) 

Q50 
(cfs) 

Tc50 
(min) 

Q10 
(cfs) 

Tc10 
(min) 

A-1 0.1 67.79 10 1.0 0.2  0.2  0.1  
A-2 2.8 1543.37 10 1.0 6.27 14.73 5.35 15.63 3.57 17.66 
B-1 0.2 89.47 10 5.0 0.6  0.5  0.3  
B-2 1.1 449.33 10 0.2 3.82 9.22 3.13 10.01 2.1 11.6 
C-1 0.2 126.86 10 4.0 0.3  0.2  0.3  
C-2 3.9 1646.68 10 0.2 6.06 27.17 5.09 28.83 5.73 32.21 
D-1 0.1 117.33 10 0.1 0.2  0.2  0.1  
D-2 3.4 1496.30 10 1.0 7.90 13.80 7.02 14.04 4.70 15.85 
E-1 0.1 73.40 10 0.1 0.1  0.2  0.1  
E-2 2.8 2149.52 10 0.3 4.01 29.62 5.56 27.92 4.05 30.15 
E-3 0.2 122.96 85 0.1 0.7  0.7  0.5  
E-4 5.0 728.70 85 1.0 19.11 7.93 17.00 8.06 12.83 9.36 
E-5 0.3 118.20 85 0.1 1.0  0.9  0.7  
E-6 4.5 739.57 85 0.4 16.68 8.63 14.81 8.78 11.12 10.12 
E-7 0.2 102.30 85 1.0 0.6  0.5  0.4  
E-8 3.9 754.76 85 0.1 12.89 11.27 10.98 12.37 7.63 14.72 
E-9 0.2 93.68 85 0.1 0.6  0.5  0.4  
E-10 23 2240.10 85 1.0 69.38 12.00 62.11 12.27 44.94 13.85 
G-1 0.1 111.44 90 1.0 0.3  0.3  0.2  
G-2 21 2013.79 90 1.0 67.05 10.55 57.19 11.66 41.53 13.92 
I-1 0.1 71.27 10 2.0 0.1  0.1  0  
I-2 2.4 1964.60 10 1.0 2.19 18.78 1.61 19.73 0.38 25.21 
J-1 0.1 87.38 10 2.0 0.1  0.1  0  
J-2 3.4 1952.80 10 1.0 3.55 17.22 2.62 18.12 0.55 24.15 
L-1 0.1 66.81 10 1.0 0.1  0.1  0.1  
L-2 1.1 2002.70 10 0.2 1.41 37.71 1.13 39.02 1.13 39.02 

Q-2 0.6 559.00 10 0.5 2.37 7.07 2.08 7.26 1.38 8.61 
R-1 0.1 53.35 10 13.0 0.20  0.20  0.10  
R-2 0.7 424.26 10 1.0 1.73 3.82 1.53 4.02 1.12 4.42 
S-1 0.1 78.00 10 2.0 0.20  0.20  0.10  
S-2 2.1 486.31 70 1.0 5.40  4.70  3.1  
S-3 2.0 1274.30 10 1.0 10.27 10.53 8.96 10.82 6.0 13.01 
T-1 0.1 94.22 15 3.0 0.20  0.20  0.20  
T-2 0.3 287.13 15 1.0 0.82 4.32 0.73 4.37 1.00 5.80 
U-1 0.1 102.12 10 0.1 0.10  0.10  0.10  
U-2 2.2 2094.75 10 0.4 3.16 27.27 2.71 27.96 1.92 28.34 
V-1 0.1 51.76 10 7.0 0.30  0.30  0.20  
V-2 3.6 994.18 10 1.0 10.81 7.97 9.46 8.18 6.75 9.37 
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M-1 0.1 144.00 85 0.1 0.2  0.2  0.1  
M-2 9.7 2253.98 85 0.4 19.15 22.57 17.35 23.0 12.61 25.43 
P-1 0.1 78.54 90 0.1 0.3  0.2  0.20  
P-2 2.0 486.31 40 1.0 5.9  5.2  3.80  
P-3 0.7 587.45 10 1.0 7.92 10.61 6.96 10.86 5.07 12.13 
Q-1 0.1 70.00 10 1.0 0.3  0.3  0.2  
Q-2 0.9 709.90 10 1.0 3.39 7.13 2.97 7.29 1.97 8.94 
S-1 0.1 55.00 70 0.1 0.3  0.2  0.2  
S-2 1.0 1342.00 10 0.5 2.98 13.28 2.60 13.60 1.91 14.71 
T-1 0.1 133.60 15 0.1 0.2  0.2  0.1  
T-2 0.8 1010.66 15 0.5 1.77 16.15 1.57 16.39 1.06 18.29 
Z-1 0.1 30.72 100 0.1 0.3  0.3  0.2  
Z-2 0.4 561.10 100 0.1 1.62 11.37 1.39 11.80 1.05 12.88 
U-1 0.1 121.00 10 2.0 0.1  0.1  0.1  
U-2 2.4 1552.00 10 0.3 3.69 23.71 3.32 24.15 2.09 28.11 
V-1 0.1 48.72 10 0.1 0.2  0.2  0.1  
V-2 3.4 539.71 10 1.0 7.05 4.60 6.20 4.68 4.55 4.8 

 

The Existing and Proposed Hydrology Exhibits in Appendix A show the existing and proposed 
tributary areas and the calculated modified rational method flow discharges. 
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4.0 Existing Drainage Systems 
This section describes the existing drainage facilities identified from as-built plan information 
obtained from the City of Ventura, field visits to the project site, and the field survey shots.   

A. Track Ditches 
There are currently no existing trackside ditches along the project. The existing grades results in 
the ground sloping away from the tracks and flowing into the surrounding areas. Generally, water 
flows in a westward direction adjacent to the tracks. There is one small concrete ditch at the west 
limits of the project, but this ditch doesn’t appear to contain a significant amount of water from the 
tracks. 

B. Underdrains 
There are no existing underdrains along the tracks currently. 
 
Table 4-1 below summarizes the existing drainage systems. 
 

Table 4-1.  Summary of Existing Drainage Systems 

Alignment Station Tributary 
Drainage Area 

Facility 
Begin End 

Exist MT-1 1906+25 to 1923+50 
1923+50 to 1927+75 
1928+70 to 1944+00 

C-2 
B-2 
A-2 

Concrete Ditch 

 1916+00 
1923+00 
1925+50 

1927+15 to 1927+75 
1928+60 

1941+50 to 1945+85 
1945+85 to 1947+25 
1949+25 to 1951+50 
1951+40 to 1951+50 

1994+10 
1994+25 to 1994+75 
1997+00 to 1998+50 

2002+40 
2004+60 
2005+55 

2005+65 to 2006+60 

E-10 
E-8 
E-6 
E-4 

D-2 ,B-1 
D-2 
J-2 
J-2 
J-2 
V-2 
V-2 

U-2,V-2 
U-2 

U-2,S-2 
U-2,S-2 

U-1 

Storm Drain 
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5.0 Proposed Drainage Systems 
The following provides a description of each of the drainage system improvements. Hydraulic 
calculations were provided for a typical track ditch, underdrain, and storm drain assuming 
minimum slopes and flows. The hydraulic results demonstrate the maximum flow rate allowed in 
the structure as to provide adequate drainage protection from flooding. The typical results are 
used to verify the actual flows shown in Table 5-1 and are below the maximum allowable flow 
rates.  

A. Track Ditches 
Trackside ditches are proposed along the majority of the project to capture and control the flow 
coming from the east side of the project. 

B. Underdrains 
Underdrains are proposed along the tracks where a graded ditch is not practical. Underdrains 
will be installed at grade crossings to provide drainage for the crossing panels.  

C. Storm Drain Pipes 
Storm Drain Pipes are proposed at grade crossings to provide a joined outlet for underdrains 
that run along both sides of track. 

D. Pump Station 
A pump station is proposed at the low point of the proposed pedestrian underpass. This pump 
station will take the flows tributary to the low point in the walkway to prevent flooding and sump 
conditions. The flow coming into the pump station has been calculated as 1.05 cfs. 
 
Table 5-1 on the next page summarizes the proposed drainage improvements. 
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Table 5-1.  Summary of Proposed Drainage Systems  

Alignment Station Size Design Storm Facility 
Begin End Frequency Q (cfs) 

Prop MT-1 1914+00 to 1928+35 
1928+70 to 1943+65 
1949+75 to 1969+10 
1994+75 to 2005+60 
1994+75 to 2000+00 
2019+50 to 2024+75 

9”x2’ 
9”x2’ 
9”x2’ 
9”x2’ 
9”x2’ 
9”x2’ 

10 
10 
10 
10 
10 
10 

4.15 
4.70 
0.38 
2.10 
4.65 
1.97 

Earthen Ditch 

 1943+65 to 1945+45 
1969+10 to 1970+75 
1973+75 to 1993+00 
1973+75 to 1990+00 
1990+30 to 1994+75 
1990+30 to 1994+75 
2000+00 to 2004+75 
2005+60 to 2017+30 
2005+60 to 2017+30 
2017+30 to 2019+50 
2017+30 to 2019+45 
2019+50 to 2019+50 
2005+50 to 2018+50 

8” 
8” 
8” 
8” 
8” 
8” 
8” 
8” 
8” 
8” 
8” 
 

8” 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

N/A 
0 

12.61 
1.13 
N/A 
N/A 
N/A 
1.06 
1.91 
N/A 
N/A 
N/A 
N/A 

Underdrain 

 1969+10 to 1973+75 
1994+00 to 1994+75 

18” 
18” 

 

10 
10 

N/A 
6.64 

Storm Drain 

 2013+25 to 2017+20 
2009+45 to 2013+10 

6” 
6” 

10 
10 

1.05 
1.91 

Trench Drain 
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6.0 Conclusions 
The proposed drainage elements described within this drainage report are conservative in size 
and will provide for flood control protection of the SCRRA tracks and the new track improvements. 
Detailed hydraulic calculations will be prepared for each proposed drainage feature as part of the 
next phase of the project. 
 
The proposed project would not result in substantial increases in the rate or amount of surface 
runoff between existing and proposed conditions as there will not be a significant increase in the 
impervious surface.  Flooding is not anticipated to happen due to the proposed improvements, 
nor would it cause flooding to shift elsewhere. 
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Appendix B 
 

Ventura County Hydrology Maps



6

5
7

5.5

6.5

4

4.5

8

9

7.5

8.5

10

9.5

10.5

6.5

4

6

8.5

5.5

4

7

5.5

6.5

7

5.5

8

7.5

Legend
NOAA_10-Yr
VCWPD Channel
City

KGARRETT
Rectangle

KGARRETT
Rectangle

KGARRETT
Text Box
PROJECT
LOCATION

KGARRETT
Text Box
AVG: 4.65



7

8

6

9

6.5

7.5

8.5

5

5.5

10

9.5

11
10.512

11.5

4.5

12.5

13

10.5

6.5

8.5

6.5

10

7

8.5

9

8

9

7.5

7

9

5.5

9.5

Legend
NOAA_25yr
VCWPD Channel
City

KGARRETT
Rectangle

KGARRETT
Rectangle

KGARRETT
Text Box
PROJECT
LOCATION

KGARRETT
Text Box
AVG: 5.45



7

8

9

6

7.5

8.5

9.5

10

6.5

11

5.5

12

10.5

11.5

12.5

5

14

1313.5

14.5

15

7

11.5

9

8

13.
5

6.5

9.5

7.5

15

10.5

8

11

14.5

9.5

8

5

5.5

5.5

10.5

10.5

8.5

9.5

14

7.5

10

6.5

11

8

5.5

11.5

6

10

12

10

11

10.5

6

10.5

13

Legend
NOAA_50yr
VCWPD Channel
City

KGARRETT
Rectangle

KGARRETT
Rectangle

KGARRETT
Text Box
PROJECT
LOCATION

KGARRETT
Text Box
AVG: 6.30



8

9

7

11

10

8.5

9.5

12

7.5

10.5

6

6.5

11.5
13

14

12.5

13.5
15

16 14.515.5

5.5

16.5

11.5

11

8

13
.5

12

6

10.5

8.5

9

10

13

8.5

9

6.5

9.5

12

8

11

11.5

12.5

Legend
NOAA 100-Yr
VCWPD Channel
City

KGARRETT
Rectangle

KGARRETT
Rectangle

KGARRETT
Text Box
PROJECT
LOCATION

KGARRETT
Text Box
AVG: 6.85



KGARRETT
Rectangle



 

SCRRA | Metrolink CMF North End Connection and Tail Track 
Draft Drainage Report 

 

 

 Appendix C 
 

Hydrologic Calculation
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Existing Hydrology
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Hydraulic Analysis 
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Trackside 9” Ditch Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.00500 ft/ft

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Bottom Width 2.00 ft

Discharge 3.20 ft³/s

Results

Normal Depth 0.60 ft

Flow Area 1.93 ft²

Wetted Perimeter 4.69 ft

Hydraulic Radius 0.41 ft

Top Width 4.41 ft

Critical Depth 0.38 ft

Critical Slope 0.02862 ft/ft

Velocity 1.66 ft/s

Velocity Head 0.04 ft

Specific Energy 0.64 ft

Froude Number 0.44

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.60 ft

Critical Depth 0.38 ft

Channel Slope 0.00500 ft/ft

Worksheet for Trackside Ditch 9" Deep

3/24/2020 10:14:45 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Worksheet for Trackside Ditch 9" Deep

GVF Output Data

Critical Slope 0.02862 ft/ft

3/24/2020 10:14:45 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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18” RCP Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Diameter 1.50 ft

Discharge 1.80 ft³/s

Results

Normal Depth 0.50 ft

Flow Area 0.52 ft²

Wetted Perimeter 1.85 ft

Hydraulic Radius 0.28 ft

Top Width 1.42 ft

Critical Depth 0.50 ft

Percent Full 33.5 %

Critical Slope 0.00492 ft/ft

Velocity 3.46 ft/s

Velocity Head 0.19 ft

Specific Energy 0.69 ft

Froude Number 1.01

Maximum Discharge 7.99 ft³/s

Discharge Full 7.43 ft³/s

Slope Full 0.00029 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 33.53 %

Downstream Velocity Infinity ft/s

Worksheet for 18" RCP 0.50% Slope

3/24/2020 10:15:26 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.50 ft

Critical Depth 0.50 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00492 ft/ft

Worksheet for 18" RCP 0.50% Slope

3/24/2020 10:15:26 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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24” RCP Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Diameter 2.00 ft

Discharge 8.00 ft³/s

Results

Normal Depth 1.00 ft

Flow Area 1.57 ft²

Wetted Perimeter 3.14 ft

Hydraulic Radius 0.50 ft

Top Width 2.00 ft

Critical Depth 1.01 ft

Percent Full 50.0 %

Critical Slope 0.00489 ft/ft

Velocity 5.09 ft/s

Velocity Head 0.40 ft

Specific Energy 1.40 ft

Froude Number 1.01

Maximum Discharge 17.21 ft³/s

Discharge Full 16.00 ft³/s

Slope Full 0.00125 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 50.02 %

Downstream Velocity Infinity ft/s

Worksheet for 24" RCP - 0.50% Slope

3/24/2020 3:27:10 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 1.00 ft

Critical Depth 1.01 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00489 ft/ft

Worksheet for 24" RCP - 0.50% Slope

3/24/2020 3:27:10 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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8” Underdrain Analysis 
 

 

 

 
 
 
 
 
 
 
 

 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.010

Channel Slope 0.00500 ft/ft

Diameter 0.67 ft

Discharge 0.55 ft³/s

Results

Normal Depth 0.33 ft

Flow Area 0.17 ft²

Wetted Perimeter 1.04 ft

Hydraulic Radius 0.17 ft

Top Width 0.67 ft

Critical Depth 0.35 ft

Percent Full 49.7 %

Critical Slope 0.00425 ft/ft

Velocity 3.18 ft/s

Velocity Head 0.16 ft

Specific Energy 0.49 ft

Froude Number 1.10

Maximum Discharge 1.19 ft³/s

Discharge Full 1.11 ft³/s

Slope Full 0.00123 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 49.70 %

Downstream Velocity Infinity ft/s

Worksheet for 8" UD - 0.5% Slope

3/24/2020 10:17:09 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 0.33 ft

Critical Depth 0.35 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00425 ft/ft

Worksheet for 8" UD - 0.5% Slope

3/24/2020 10:17:09 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Drainage Design Plans
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NO SCALE

K.GARRETT

J.MAY

A.SHAH
GRADING AND DRAINAGE CONSTRUCTION NOTE

1 PROTECT IN PLACE

68 CONSTRUCT TRACKSIDE EARTHEN DITCH PER DETAIL E

69 CONSTRUCT 8" UNDERDRAIN PER DETAIL D

70 CONSTRUCT CURB OPENING CATCH BASIN, W=7', PER SPPWC 300-3

71 CONSTRUCT PIPE TO PIPE JUNCTION STRUCTURE PER SPPWC DWG 332-2 (CASE 1)

72 OUTLET INTO PROPOSED DITCH

73 CONSTRUCT PIPE TO RCB JUNCTION STRUCTURE PER SPPWC DWG 335-2

74 CONSTRUCT FLARED END SECTION PER CALTRANS STD DWG D94B

75 CONSTRUCT 36" RCP (3000-D)

76 CONSTRUCT 24" RCP (3000-D)

77 INSTALL 6" TRENCH DRAIN WITH 4" DOWNDRAINS PER DETAIL B

78 INSTALL PRECAST TYPE G1 CATCH BASIN PER CALTRANS STD DWG D73B

79 REMOVE AND RECONSTRUCT STORM DRAIN TO SLOPE EAST

80 INSTALL TYPE I RIP RAP

81 INSTALL 6" NON-PERFORATED PVC PIPE

82 CAP AND PLUG EXISTING CULVERT

83 INSTALL 8" DIP FORCE MAIN

84 CONSTRUCT PUMP STATION PER DETAIL A

85 INSTALL 8" NON-PERFORATED PVC PIPE

86 CONSTRUCT 18" RCP (3000-D)

87 NOT USED

88 INSTALL HDPE PIPE, SIZE PER PLAN

89 INSTALL 8" HDPE STORM DRAIN CLEANOUT

90 CONSTRUCT CONCRETE V-DITCH PER DETAIL C

91 INSTALL 10" STEEL CASING

92 CONNECT TO EXISTING ALLEY GRATING BASIN PER SPPWC STD 332-2

93 CONNECT TO EXISTING 18" RCP PER SPPWC STD 332-2

94 CONNECT TO EXISTING SIDE OPENING CATCH BASIN

95 NOT USED

96 CONSTRUCT PUMP STATION ELECTRICAL EQUIPMENT PER ELECTRICAL SHEET XX

97 CONSTRUCT MANHOLE PER SPPWC DWG 321-2

98 CONSTRUCT CONCRETE COLLAR PER SPPWC  DWG 380-4
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