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1. Introduction 

In recent years, the Port of Stockton has experienced a significant increase in annual rail throughput, 

resulting in constrained rail access and switching capacity and reduced rail storage Port-wide.  

Additionally, the Port has identified several prospective tenants seeking a new rail service, with a 

significant volume identified for the West Complex.  Current access to the West Complex is only 

possible through the East Complex, over the existing San Joaquin River single-track rail bridge, and is 

heavily constrained by switching operations in the East Complex.   

This stormwater report defines the major drainage design elements related to the proposed double 

lead track, and other associated improvements within the BNSF ROW.  Hydraulic and hydrologic 

analysis of the Fresno Avenue underpass and San Joaquin River bridge is outside the scope of this 

report.  Area-wide drainage evaluation is outside the scope of this report.  A separate report will be 

prepared to analyze and discuss the entire project within the Port property. 

1.1 Revisions 

The following is a summary showing the revision tracking for the Drainage Report: 

Table 1 – Revision Summary Table 

Revision E  Previous Revisions 

Date 08/31/2026  Rev Date 

Description Final Stormwater Report  60% Design (B) 04/19/2024 

Prepared By Arkaprabha Ghosh, PE  90% Design (C) 01/14/2025 

Checked By Allene Rieger, PE  100% Design (D) 06/27/2025 

Approved By Jon Marshall, PE  Final Design (E) 08/31/2026 

1.2 Project Location 

The project is located at 2201 West Washington Street in Stockton, CA. The Port facility is located 

between MP 1123 and MP 1125 along the BNSF Stockton Subdivision. The Port of Stockton is the 

fourth largest Port in California by volume, shipping upwards of 4.7 million tons annually. It is also 

the largest inland Port in California, occupying approximately 4,200 acres.   

The BNSF mainline of the Stockton subdivision provides rail access to the Port and the Port is rail 

served by both BNSF and UPRR.  Currently, the BNSF right-of-way (ROW) east of the entry into the 

Port consists of an approximately 15-foot high embankment that supports the BNSF mainline and 

the lead track entering the Port.  The proposed project will widen this embankment to 

accommodate an additional track to the north of the Port lead track.  

The project extents within the BNSF ROW is shown in Figure 1 below.  This report covers the portion 

of the project that falls within the BNSF ROW from MP 1122.39 to approximately MP 1123.  
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Figure 1: Site Location Map 

1.3 Project Stakeholders 

List design team and agency stakeholders.   

1.3.1 Design Team 

Owner:   Port of Stockton, Rhonda Nelson – Director, Real Estate & Port 

Development 

Railroad:    BNSF Railway, Dionisio Martinez, Manager Public Projects 

Prime Consultant/Bridge Engineer:   HDR, Inc., Matthew Archer, P.E. – Sr. Rail Engineer 

Civil and Rail Engineer:    JMA Civil, Inc., Arka Ghosh, P.E. – Sr. Civil Engineer 

Hydrology and Hydraulics Engineer:  (Track) JMA Civil, Inc., Arka Ghosh, P.E. – Sr. Civil Engineer 

(Bridge) HDR, Inc., Chengwen Liu, PhD, PE, SE – Structural 

Engineer  

Geotechnical Engineer:    Kleinfelder, Nathan L. Dahlen, P.E. – Senior Project Manager 

Surveyor:  Cinquini and Passarino, Inc., Jim Dickey, P.L.S. – Principal  

Environmental Engineer:  Anchor QEA, LLC, Katie Chamberlin – Sr. Managing 

Environmental Planner 

1.3.2 Agency Stakeholders 

Port of Stockton 

The Port of Stockton is the Owner of the project site and is responsible for leasing property to Port 

tenants.  The Port manages all stormwater permits and works collectively with the City of Stockton 

to issue all building permits. 

Railroad 

BNSF owns and operates the main line that serves the Port of Stockton.  The Central California 

Traction Company (CCTC) is the Port’s rail operator and is jointly owned by BNSF and UPRR.  Both 

BNSF and UPRR serve tenants at the Port.  All rail design at the Port is subject to approval from CCTC 

with input from BNSF and UPRR. 
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Local Agencies 

The City of Stockton has permit jurisdiction along Fresno Avenue at the proposed underpass's 

location. 

1.4 Applicable Codes and Standards 

This report and the resulting design shall comply with the following standards, including all addenda, 

specifications, and recommended practices. 

• BNSF Main Line Track Standards 

• UPRR Industry Track Standards 

• Port of Stockton Drainage Design Guidelines 

• Caltrans Highway Design Manual (HDM) 

• USDA/SCS TR-55 Urban Hydrology for Small Watersheds, June 1986 

• City of Stockton Standard Specifications and Drawings 

1.5 Project Survey Datum 

Ground survey was performed on 04/24/2023. The benchmark for the survey is city of Stockton 

benchmark number 305 stamped ‘10S-1’ near entrance to the port of Stockton main offices. 

Horizontal coordinates are based on California state plane coordinate system zone #3, NAD83. 

Vertical datum is based on NAVD88. 

1.6 Flood Hazard Analysis 

The project is located at 2201 West Washington Street in Stockton, CA.  The Port facility is located 

between MP 1123 and MP 1125 along the BNSF Stockton Subdivision.  Most of the project site is in a 

“Zone X Other Flood Area,” which indicates an area with 0.2% annual chance of flood or an area with 

1% annual chance of flood with average depths of less than 1 foot or with drainage areas less than 1 

square mile, as well as areas protected by levees from a 1% annual chance of flood.   

The portion of the project within BNSF ROW lies in an area with reduced flood risk, as shown in the 

FEMA FIRM Map in Appendix A.  A portion of the San Joaquin River is classified as a Regulatory 

Floodway.  However, the risk of flooding is significantly reduced in the BNSF ROW due to the levee 

system around the San Joaquin River and Burns Cutoff maintained by the Reclamation Districts 403 

and 404.  The base flood elevations at the San Joaquin River vary from 10’ at the north end of the 

Port to approximately 12.5 feet to the south at the BNSF mainline bridge. 

2. Stormwater Analysis Approach 

Civil3D’s Storm and Sewer Analysis Package (SSA) was utilized to develop the stormwater model 

including the subbasins (drainage areas), storage ponds (basins), inlets, and storm drains.  The 

widely accepted SCS TR-55 method was utilized to computing peak runoffs.  The ‘Hydrodynamic’ 

mode was utilized as the link routing method to obtain the most accurate results feasible.  The 

software utilizes Manning’s Equation to compute capacities for both open channels and conduit 

flows.  The ‘Hydrodynamic’ routing method in-built within the AutoCAD SSA module was selected as 

it is better at modeling various flow scenarios including ‘surcharging’ which is likely occurrence at the 

City Storm Drain network underneath Fresno Avenue underpass that will receive runoff from BNSF 

ROW.  The other modes of ‘Kinematic Wave’ and ‘Steady Flow’ are not as effective in simulating 
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surcharge conditions.  Lastly, storage curves were developed in the model based on elevation-area 

tables for computing retention capacity of the storage basin. 

3. Existing Conditions 

The Port of Stockton is divided into East and West Complex by the San Joaquin River, which is the 

main tributary of the project site.  San Joaquin River is a major river in California, and the Port of 

Stockton is located on its downstream stretch before its confluence with the San Francisco Bay.  

Both the East and West Complex have a complex network of drains and culverts that eventually 

drain into the San Joaquin River.   

The watershed in BNSF ROW is bound by the approximately 15-foot-high track roadbed 

embankment for the BNSF mainline, the Port lead track (LD01) to the south, and the adjacent Scotts 

Avenue roadway to the north.  There are localized low points within the BNSF ROW between the 

track embankments and Scotts Avenue.  Largely, the BNSF ROW and the adjacent roadway at the 

Fresno Avenue underpass drain into the City of Stockton catch basins underneath the underpass 

structure.  As per City’s field notes, the storm drain connecting the two catch basins is an 18” 

concrete pipe (SD-14).  Another 18” concrete pipe receives runoff from the east catch basin and 

drains toward the City lift station at the northeast corner of the Scotts-Fresno intersection.  The 

runoff is then pumped north from the lift station.  

There is also a depression between the track embankments and the inactive BNSF spur track that 

acts as a retention basin.  Appendix B shows the existing drainage map of all drainage regions 

described above, with illustrations.  The drainage areas are also summarized below in Table 2.  

Table 2 – Existing Drainage Areas 

Drainage Area Area (AC) Station Range (Track LD02) Downstream element 

DA-37EX 0.77 108+71.80 to 113+80.00 Fresno West Catch Basin 

DA-38EX 1.72 113+80.00 to 120+11.22 Fresno West Catch Basin 

DA-39EX 0.65 120+11.22 to 122+38.25 Fresno West Catch Basin 

DA-40EX 0.63 122+38.25 to 124+16.61 Fresno West Catch Basin 

DA-41EX 0.31 122+58.86 to 124+16.61 Fresno West Catch Basin 

DA-42EX 1.02 124+16.61 to 127+65.02 Fresno Storm Drain (SD-14) 

DA-43EX 0.76 124+16.61 to 128+17.43 Fresno Storm Drain (SD-14) 

DA-44EX 0.45 127+65.02 to 129+26.27 Fresno Storm Drain (SD-14) 

DA-45EX 2.90 129+26.27 to 140+15.39 BNSF Detention Basin 

4. Proposed Conditions  

The general strategy in the BNSF ROW is to maintain existing flow patterns with the new track 

embankment, maintaining the existing path for runoff to sheet flow away from the tracks into the 

BNSF ROW. We have proposed a retaining wall to contain the track embankment from impacting 

adjacent Scotts Avenue underneath SR-4. The retaining wall shall have regular weep holes to convey 

runoff track embankment onto BNSF ROW outside the retaining wall.   

There are short segments on both approaches to the proposed underpass that require V-ditches.  

This is because it is not feasible to lower the new track embankment below existing embankment 
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despite maximum ballast depth owing to the higher track profile needed at the new track to meet 

clearance requirements underneath Fresno Avenue.  Therefore, a low spot is created between the 

track embankments, and the V-ditches will collect runoff and convey it to the 36” diameter culverts 

at the lowest flow lines.  Per the BNSF's track maintenance requirements, a 36" culvert is the 

minimum size allowed under a main line track, and the size not governed by the expected flow 

through these pipes, which is minimal as shown in Table 7.  These culverts will extend past the new 

track embankment and daylight into the BNSF ROW.  Due to the introduction of concentrated flow 

with the culverts, we have proposed 3’ wide trapezoidal ditches on both sides of the underpass that 

will receive and channelize runoff from the adjacent roadway and the BNSF culverts before flowing 

into the City catch basins on Fresno Avenue.  Due to the steep pipe slopes and high-velocity flow 

through the culverts, riprap along the toe of the culverts is proposed for energy dissipation and 

erosion control. 

Lastly, there is a short segment between the new track embankment and the reconstructed BNSF 

spur track. We propose a retention basin (BNSF Basin) to match the existing conditions in this area.  

Table 3 below is a summary of the proposed drainage conditions.  Appendix C shows the proposed 

drainage map of all drainage regions with proposed cross-sections for illustration.   

Table 3:  Proposed Drainage Areas 

Drainage Area Area (AC) Station Range (Track LD02) Downstream element 

DA-37 0.59 108+71.80 to 113+35.07 Fresno West Catch Basin 

DA-37A 0.27 108+71.80 to 113+35.07 Offsite within BNSF ROW 

DA-38 1.38 113+35.07 to 119+12.42 Fresno West Catch Basin 

DA-39 0.69 119+12.42 to 121+50.00 Fresno West Catch Basin 

DA-40 0.58 121+50.00 to 124+16.61 

Fresno West Basin sheet 

flowing into  

Fresno West Catch Basin 

DA-40A 0.29 121+50.00 to 124+16.61 V-Ditch 1 flowing into CV-1 

DA-41 0.31 122+58.86 to 124+16.61 Fresno West Catch Basin 

DA-42 0.81 124+16.61 to 127+91.80 
Fresno East Basin sheet 

flowing into SD-14 

DA-42A 0.31 124+16.61 to 127+0.00 V-Ditch 2 flowing into CV-2 

DA-43 0.76 124+16.61 to 128+17.43 SD-14 

DA-44 0.37 127+91.80 to 129+8.37 SD-14 

DA-45 2.08 129+8.37 to 137+50.63 New BNSF Retention Basin 

DA-46 0.77 137+50.63 to 140+15.39 Retained 

5. Hydrologic Analysis 

The following sections summarize the hydrologic analysis performed to quantify the peak flows and 

volumes for the return periods evaluated.  
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5.1 Rainfall Data 

Rainfall intensity data for the evaluated return periods were obtained from NOAA Atlas 14, Volume 

6, Version 2 and a copy of the data is included in Appendix D. Precipitation data was obtained for 

the 2-year, 50-year, and 100-year 24-hour storms, and the values are shown in Table 4. 

Table 4: Project Site Precipitation Data 

Point Precipitation Data (inches) 

Duration 
Recurrence Interval (Years) 

2-yr 50-yr 100-yr 

24-hr 1.69 3.13 3.43 

Point Precipitation Frequency Estimates (inches/hour) 

5-min 1.61 3.30 3.72 

5.2 Tributary Areas 

The tributary areas in the BNSF ROW for the project extent can be categorized into two types.   

The area west of the underpass comprise of a mix of flat terrain with self-contained low spots and 

sloped areas that drain toward the existing catch basins underneath Fresno Avenue. 

East of the Fresno Avenue underpass, there is a depression within the BNSF ROW that naturally acts 

as a retention basin (BNSF Basin), formed bound by the BNSF main and Port lead track embankment 

and the embankment for the inactive BNSF spur track.  

The primary change due to the project on all these drainage areas is the increase in impervious areas 

due to the addition of a new lead track and underpass structure.  The existing flow patterns have been 

maintained to the greatest extent possible.  The exception to this was the introduction of V-ditches 

between the existing Port lead and new lead track on both approaches to the underpass that flows 

through a culvert into proposed basins between Scotts Ave and the track embankments within the 

BNSF ROW.  The ditches and culverts were added because it was not feasible to keep the top of the 

new track embankment lower than the existing embankment.  The proposed ditches on the east and 

west side of Fresno Ave are intended to collect water from the BNSF right of Way into City catch basins 

on Fresno Avenue to avoid water retention within the BNSF right of way.   

The size of the existing BNSF basin east of Fresno Avenue was reduced due to extending the 

embankment to accommodate a new track.  However, the proposed BNSF basin is still large enough 

to accommodate a 100-year, 24-hour storm event as shown in subsequent sections.  The existing and 

proposed drainage areas are illustrated in Appendix B and C.   

5.3 Rainfall-Runoff Losses 

The Civil3D SSA software was used for hydrologic calculations and to model the rainfall-runoff 

losses.  The SCS Curve Number (CN) method was used as the rainfall loss method.  The SCS CN 

method estimates total rainfall losses as a function of cumulative precipitation, soil type and land 

use.  The SCS CN method requires the following inputs: 

• Curve Number (CN): The curve number that represents soil type and land use for the drainage 

area. A geotechnical report was prepared for this project by Kleinfelder, Inc., in June 2023, and 

an excerpt for the predominant soil type in the project area is included in Appendix D. 
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According to the referenced geotechnical report, the soil type was identified and classified 

accordingly. Based on this classification, typical infiltration rates were estimated to range 

between 0.1 and 1.0 inches per hour. Given these values, the soil was determined to belong to 

Hydrologic Soil Group D, as defined in USDA Table 7-1, which is provided in Appendix D. The 

land use of the project area varies but can be described as a combination of open space with 

good condition, impervious areas with track roadbed and roadway pavement, based on Table 

2-2a of the TR-55 manual which is included in Appendix D.  Detailed curve number calculations 

for all drainage areas are provided in Table 1 of Appendix E.  

• Initial Abstractions (Ia, inches): The amount of precipitation that falls before runoff begins.  

Detailed Initial Abstraction calculations are provided in Table 1 of Appendix E. 

• Impervious Area (%):  The percentage of directly connected impervious area, defined as any 

impervious surface that is either directly connected to the drainage area discharge point or 

flows directly into a pipe or impervious conduit to the discharge point. Detailed impervious area 

percentage calculations for all drainage areas are provided in Table 1 of Appendix E. 

• Time of Concentration (Tc)/Lag: Time of concentration is the time it takes run-off to travel 

from the hydraulically most distant point of the drainage area to the downstream element.  Due 

to the small size of the individual drainage areas and for conservativeness, the minimum value 

of 5 minutes for time of concentration was selected for all drainage areas, which results in a lag 

time of 3 minutes based on the following formula: Lag, L (min.) = Tc X 0.6 = 5 X 0.6 = 3 min.  

5.4 Runoff Data 

The SCS TR55 Unit Hydrograph method determines the runoff data in SSA to transform point 

precipitation data into a design storm.  This analysis is based on an SCS Type 1 storm, based on the 

project location per TR-55 Manual, Figure B-2.  A copy of the rainfall distribution map is included in 

Appendix D.  SSA output values for the peak run-off flow and corresponding volume for the 2-year, 

50-year, and 100-year storms are included in Table 1 of Appendix F.  Table 5 summarizes results of 

the peak and total runoff volumes for each drainage area in existing and proposed conditions.    

Table 5 – Existing Runoff Data 

Drainage 

Area 

100-Year 24-Hour 50-Year 24-Hour 2-Year 24-Hour 

Total 

Runoff  

(ac-ft) 

Peak 

Runoff (cfs) 

Total 

Runoff  

(ac-ft) 

Peak 

Runoff (cfs) 

Total 

Runoff  

(ac-ft) 

Peak 

Runoff (cfs) 

Existing Condition 

DA-37EX 0.13 1.23 0.11 1.06 0.11 0.32 

DA-38EX 0.27 2.58 0.24 2.21 0.24 0.62 

DA-39EX 0.11 1.01 0.09 0.87 0.09 0.25 

DA-40EX 0.04 0.37 0.03 0.33 0.03 0.14 

DA-40EX 0.11 1.00 0.09 0.87 0.09 0.26 

DA-41EX 0.05 0.48 0.04 0.41 0.04 0.12 

DA-42EX 0.17 1.60 0.15 1.38 0.15 0.41 

DA-43EX 0.12 1.10 0.10 0.94 0.10 0.25 
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Drainage 

Area 

100-Year 24-Hour 50-Year 24-Hour 2-Year 24-Hour 

Total 

Runoff  

(ac-ft) 

Peak 

Runoff (cfs) 

Total 

Runoff  

(ac-ft) 

Peak 

Runoff (cfs) 

Total 

Runoff  

(ac-ft) 

Peak 

Runoff (cfs) 

DA-44EX 0.06 0.59 0.05 0.50 0.05 0.12 

DA-45EX 0.45 4.24 0.39 3.62 0.39 0.98 

Proposed Condition 

DA-37 0.11 1.10 0.10 0.97 0.04 0.35 

DA-38 0.25 2.41 0.22 2.10 0.08 0.70 

DA-39 0.13 1.24 0.11 1.08 0.04 0.37 

DA-40 0.10 0.94 0.09 0.81 0.03 0.25 

DA-40A 0.06 0.62 0.06 0.56 0.02 0.24 

DA-41 0.05 0.48 0.04 0.41 0.01 0.12 

DA-42 0.14 1.36 0.12 1.17 0.04 0.38 

DA-42A 0.07 0.66 0.06 0.59 0.03 0.26 

DA-43 0.12 1.10 0.10 0.94 0.03 0.25 

DA-44 0.07 0.64 0.06 0.56 0.02 0.18 

DA-45 0.37 3.62 0.33 3.15 0.12 1.06 

DA-46 0.12 1.10 0.10 0.94 0.03 0.25 

6. Hydraulic Analysis 

Hydraulic analysis refers to technologies for measuring, analyzing, and investigating water pressure 

and other aspects of water pipes. The Civil3D SSA software was used for hydraulic calculations to 

determine the drainage elements of basins, ditches, and pipes had adequate capacity to 

accommodate the design storm event per BNSF requirements.  The analysis also evaluated the 

difference in peak flows between existing and proposed conditions.  Figure 1 in Appendix F shows 

the schematic SSA project set up for both existing and proposed conditions.  

6.1 Detention Basin Analysis 

The existing and proposed BNSF basins between the BNSF main line embankment and the spur 

track embankment were modeled in SSA as a storage node.  The existing and finished grade surface 

were rendered in CAD and elevation area tables were prepared, which were then entered into the 

SSA module to create storage curves for these nodes. The intent of this basin is to retain some water 

and release the rest into the ditch on the east side of Fresno Ave through a 24” CMP culvert. The 

invert of this culvert is set one foot higher than the bottom of the basin. 

All practicable measures have been undertaken to achieve a balance between water retention within 

the BNSF right-of-way and discharge into the City's right-of-way.  The basin design is governed by the 

following objectives: 

• BNSF’s stated goal to not exceed the volume of water retained in existing condition, and 

• Ensuring the high water level stays lower than the top of track subgrade during a 100-year 

storm event.  
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The results for the analysis on retention storage volumes for the BNSF basin are provided below in 

Table 6.  The detailed results are also shown in Table 2 of Appendix F.  

As the result indicates, the new BNSF basin will continue to have adequate capacity to retain runoff 

from a 100-year event despite the existing basin's size reduction.  Additionally, the maximum HGL 

depth of 1.67 feet attained in the proposed condition ensures that water level will stay below the top 

of subgrade, which is 1.75 feet above the basin flowline at the basin’s shallowest point.  The cross-

sections shown on sheet CT-808 demonstrate the elevation differences between the basin FL and 

top of subgrade. 

Lastly, Figure 6 in Appendix F shows the hydrographs for the total inflow and outflow from the 

BNSF basin in both existing and proposed conditions.  It demonstrates that the BNSF basin retains 

far less water in the proposed condition than in the existing condition.  This is because the total area 

of the basin was reduced due to addition of a new track and an outfall was provided to guard 

against flooding in the BNSF ROW during extreme events.  The governing criterion for the new basin 

design was to ensure sufficient freeboard is maintained to keep high water level below top of 

subgrade (Rim elevation in Table 6).  

Table 6: Results Summary for Retention Basins 

Basin 
Storm 

Event 

Invert 

Elev. 

(ft.) 

Rim 

Elev. 

(ft.) 

Total 

Basin 

Depth 

(ft.) 

Max 

HGL 

Depth 

(ft.) 

Min 

Freeboard 

(ft.) 

Peak 

Inflow 

(cfs) 

Peak 

Outflow 

(cfs) 

Retained 

Volume  

(cu. ft.) 

BNSF Basin 

- Existing 

100-yr 

24-hr 
3.00 8.00 5.00 1.96 3.04 4.23 0.00 19,503 

50-yr 

24-hr 
3.00 8.00 5.00 1.85 3.15 3.61 0.00 16,860 

2-yr 

24-hr 
3.00 8.00 5.00 1.13 3.87 0.97 0.00 5,483 

BNSF Basin 

- Proposed 

100-yr 

24-hr 
5.90 8.00 2.10 1.33 0.77 3.62 0.92 3,286 

50-yr 

24-hr 
5.90 8.00 2.10 1.28 0.82 3.15 0.63 3,292 

2-yr 

24-hr 
5.90 8.00 2.10  1.09 1.01 1.05 0.06 3,285 

6.2 Storm Drain Analysis 

SSA utilizes Manning’s equation to calculate the capacity of the proposed underdrains and existing 

storm drain pipes, to confirm that they have adequate capacity for the design flow rate resulting 

from a 100-year design storm.  The flow is calculated as follows:  

𝑄 =
1.49

𝑛
∗ 𝐴 ∗ 𝑅

(
2
3
)
∗ 𝑆(

1
2
) 

Where: Q or QCAP = Volumetric flow rate passing through the pipe in cfs. 

 A    = Cross-sectional area of flow normal to the flow direction in ft2 

 S    = Hydraulic (Bottom) slope of the channel in ft/ft 
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 n    = Manning Roughness coefficient 

 R    = Hydraulic Radius = A/P   

 P    = Wetted perimeter in ft 

     QREQ    = Peak flow for 100-year storm event 

The proposed culverts (CV-1 & CV-2) are corrugated metal pipe (CMP), with an assumed Manning’s 

coefficient of 0.024; the existing storm drains (SD-14, 15) across Fresno Avenue underneath the 

structure is 0.015.  The V-ditches on either side of the bridge approaches were assumed to be a 

triangular cross-section with a Manning’s value of 0.030.  The input data for the existing and 

proposed storm drain conveyances (pipes, culverts, and ditches is provided in Figure 1 of Appendix 

E.  The results of the pipe and open channel capacity calculations assuming full flow are presented 

in Table 7 and Table 8.  The detailed SSA model results are provided in Table 3 of Appendix F. 

Table 7 – Pipe Capacity Summary 

Conveyance 
Tributary 

Areas 
Storm Event 

Peak Flow 

(cfs) 

Design 

Capacity (cfs) 

Max 

Flow/Design 

Flow Ratio 

Existing Condition 

Ex. SD-14 
DA-37 EX to 

DA-41 EX 

100-Year 24-Hour 6.26 9.71 0.64 

50-Year 24-Hour 5.39 9.71 0.55 

2-Year 24-Hour 1.56 9.71 0.16 

Ex. SD-15 
DA-37 EX to 

DA-44 EX 

100-Year 24-Hour 9.36 10.38 0.90 

50-Year 24-Hour 8.08 10.38 0.78 

2-Year 24-Hour 2.29 10.38 0.22 

Proposed Condition 

Ex. SD-14 
DA-38 to  

DA-41 

100-Year 24-Hour 4.35 9.71 0.45 

50-Year 24-Hour 3.73 9.71 0.38 

2-Year 24-Hour 0.99 9.71 0.10 

Ex. SD-15 
DA-38 to  

DA-45 

100-Year 24-Hour 6.55 10.38 0.63 

50-Year 24-Hour 5.44 10.38 0.52 

2-Year 24-Hour 1.41 10.38 0.14 

CV-1 DA-40A 

100-Year 24-Hour 0.59 224.29 0.00 

50-Year 24-Hour 0.52 224.29 0.00 

2-Year 24-Hour 0.22 224.29 0.00 

CV-2 DA-42A 

100-Year 24-Hour 0.62 199.03 0.00 

50-Year 24-Hour 0.55 199.03 0.00 

2-Year 24-Hour 0.23 199.03 0.00 

BNSF CV DA-45 

100-Year 24-Hour 3.61 19.61 0.18 

50-Year 24-Hour 3.15 19.61 0.16 

2-Year 24-Hour 1.05 19.61 0.05 
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Table 8: Open Channel Capacity Summary 

Conveyance 
Tributary 

Areas 
Storm Event 

Peak Flow 

(cfs) 

Design 

Capacity (cfs) 

Max 

Flow/Design 

Flow Ratio 

Proposed Condition 

V-Ditch 1 DA-40A 

100-Year 24-Hour 0.59 32.68 0.02 

50-Year 24-Hour 0.52 32.68 0.02 

2-Year 24-Hour 0.22 32.68 0.01 

V-Ditch 2 DA-42A 

100-Year 24-Hour 0.62 7.59 0.08 

50-Year 24-Hour 0.55 7.59 0.07 

2-Year 24-Hour 0.23 7.59 0.03 

Ditch_Fresno_E 
DA-38 to  

DA-40A 

100-Year 24-Hour 4.06 22.22 0.36 

50-Year 24-Hour 3.52 22.22 0.15 

2-Year 24-Hour 1.15 22.22 0.05 

Ditch_Fresno_W 
DA-42 to  

DA-45 

100-Year 24-Hour 3.55 13.67 0.43 

50-Year 24-Hour 3.03 13.67 0.21 

2-Year 24-Hour 0.89 13.67 0.06 

 

The model predicts that the existing 18” City storm drains, SD-14 and SD-15 have adequate design 

capacity to accommodate 100-year 24-hour storms in existing and proposed conditions.  The peak 

flows decrease during the proposed condition despite the increased impervious area.  This could be 

most likely due to the attenuation of flow achieved by creating a high point due to the new track, 

resulting in a longer flow path for a portion of the runoff that gets captured by the V-ditches 

between tracks and conveyed back through culverts.   

The profile plot for the 100-year storm in Figures 2 in Appendix F demonstrate peak flow condition 

through the City storm drains.  Figures 3, 4, and 5 show the 100-year peak flow during proposed 

conditions.  The HGL value stays within the crown of the pipes.  Therefore, the model does not 

report any capacity or surcharge condition.  The EGL value for the 100-year storm however, exceeds 

the pipes and approximately gets close to the rim elevation of the catch basins as shown in Figure 3. 

The proposed culverts and V-ditches have adequate capacity to convey a 100-year storm.  The 36” 

culverts are over-designed to accommodate BNSF’s need for bigger pipes for maintenance 

purposes.  Figures 4 and 5 in Appendix F show the profile plot for the runoff flow through the V-

ditches and culverts on the west and east side of the underpass respectively at the time of peak flow 

for the 100-year storm.  

In addition to the storm drains, the capacity of the existing inlets was also evaluated.  Table 8 below 

summarizes the SSA results for the two inlets either side of Fresno Avenue underneath structure.  

Detailed results are also presented in Table 4 of Appendix F. 



 HDR, Inc. 

 Port of Stockton: Rail Bridge and Track Improvements Final Design 

 Stormwater Report – BNSF ROW 
 

  

 

 08/31/2026 

 Page 12 of 13 Rev E 

Table 8: Drainage Inlet Results Summary 

Inlet 

Structure 

Max  

Depth 
Storm Event 

Peak 

Flow 

(cfs) 

Gutter 

Water 

Depth 

(ft) 

Time of 

Max 

Depth 

(hh:mm) 

Total 

Flooded 

Volume 

(ac-in) 

Total Time 

Flooded 

(min.) 

Existing Conditions 

Fresno East 6.15 

100-Year 24-Hour 3.28 0.44 10:00 0.00 0.00 

50-Year 24-Hour 2.81 0.41 10:00 0.00 0.00 

2-Year 24-Hour 0.77 0.21 10:00 0.00 0.00 

Fresno West 6.50 

100-Year 24-Hour 6.28 0.65 10:00 0.00 0.00 

50-Year 24-Hour 5.40 0.59 10:00 0.00 0.00 

2-Year 24-Hour 1.56 0.29 10:00 0.00 0.00 

Proposed Conditions 

Fresno East 6.15 

100-Year 24-Hour 1.10 0.25 10:14 0.00 0.00 

50-Year 24-Hour 0.93  0.23 10:14 0.00 0.00 

2-Year 24-Hour  0.24 0.14 10:02 0.00 0.00 

Fresno West 6.50 

100-Year 24-Hour 0.48 0.15 10:11 0.00 0.00 

50-Year 24-Hour  0.41  0.15 10:11 0.00 0.00 

2-Year 24-Hour 0.12 0.14  10:02 0.00 0.00 

 

The model reports that both the City catch basins operate within capacity and do not experience 

flooding in either the existing or proposed condition.  The peak flows through the inlets are reduced 

during the proposed condition, which is beneficial since this junction was identified as likely flooded 

in the City’s 2023 Stormwater Master Plan, as shown in Appendix D.  

According to the referenced geotechnical report, the soil type was identified, and based on this 

classification, typical infiltration rate is estimated to be 0.1 in/hr (0.2 ft/day) which will be used for 

drawdown calculation for the proposed ditches/basins based on the existing soil type. The results of 

the drawdown calculations for the 100-year storm event are presented in Table 9.   

Table 9 - Drawdown Calculation Results Proposed Ditches 

Ditch/Basin Name 
Storage Depth 

100-Year 

Drawdown Time (Days) 

100-Year 

V-Ditch 1 0.29 1.45 

V-Ditch 2 0.32 1.6 

Ditch_Fresno_E 0.37 1.85 

Ditch_Fresno_W 0.37 1.85 

BNSF Basin 1.33 6.65 

Formulas: 

• Storage Depth = High Water Elevation – Bottom Elevation  

• Drainage Time = Storage Depth / Infiltration Rate 
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B–2 (210-VI-TR-55, Second Ed., June 1986)
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Figure B-2 Approximate geographic boundaries for NRCS (SCS) rainfall distributions

Rainfall data sources
This section lists the most current 24-hour rainfall data
published by the National Weather Service (NWS) for
various parts of the country. Because NWS Technical
Paper 40 (TP-40) is out of print, the 24-hour rainfall
maps for areas east of the 105th meridian are included
here as figures B-3 through B-8. For the area generally
west of the 105th meridian, TP-40 has been superseded
by NOAA Atlas 2, the Precipitation-Frequency Atlas of
the Western United States, published by the National
Ocean and Atmospheric Administration.

East of 105th meridian

Hershfield, D.M. 1961. Rainfall frequency atlas of the
United States for durations from 30 minutes to 24
hours and return periods from 1 to 100 years. U.S.
Dept. Commerce, Weather Bur. Tech. Pap. No. 40.
Washington, DC. 155 p.

West of 105th meridian

Miller, J.F., R.H. Frederick, and R.J. Tracey. 1973.
Precipitation-frequency atlas of the Western United
States. Vol. I Montana; Vol. II, Wyoming; Vol III, Colo-
rado; Vol. IV, New Mexico; Vol V, Idaho; Vol. VI, Utah;
Vol. VII, Nevada; Vol. VIII, Arizona; Vol. IX, Washing-
ton; Vol. X, Oregon; Vol. XI, California. U.S. Dept. of

Commerce, National Weather Service, NOAA Atlas 2.
Silver Spring, MD.

Alaska

Miller, John F. 1963. Probable maximum precipitation
and rainfall-frequency data for Alaska for areas to 400
square miles, durations to 24 hours and return periods
from 1 to 100 years. U.S. Dept. of Commerce, Weather
Bur. Tech. Pap. No. 47. Washington, DC. 69 p.

Hawaii

Weather Bureau. 1962. Rainfall-frequency atlas of the
Hawaiian Islands for areas to 200 square miles, dura-
tions to 24 hours and return periods from 1 to 100
years. U.S. Dept. Commerce, Weather Bur. Tech. Pap.
No. 43. Washington, DC. 60 p.

Puerto Rico and Virgin Islands

Weather Bureau. 1961. Generalized estimates of prob-
able maximum precipitation and rainfall-frequency
data for Puerto Rico and Virgin Islands for areas to 400
square miles, durations to 24 hours, and return periods
from 1 to 100 years. U.S. Dept. Commerce, Weather
Bur. Tech. Pap. No. 42. Washington, DC. 94 P.

PROJECT SITE
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• Artificial Fill (map symbol af) – Unconsolidated sand and silt with lesser amounts of 

gravel and clay hydraulically emplaced from dredging of the San Joaquin River. Artificial 

fill may include organic materials.  

• Holocene Dos Palos Alluvium (map symbol Qdp) – Unweathered, unconsolidated 

deposits of arkosic gravel, sand, silt, and clay covering the floodbasin of the lower San 

Joaquin River.  

• Late Pleistocene Modesto Formation (map symbol Qm) – Represents glacial 

outwash from the core of Sierra Nevada and lesser local (not Sierran) sediment sources. 

Consists predominantly of sand and silt with lesser amounts of gravel and clay. 

The Riverbank Formation is not exposed at the surface along the alignment but is interpreted to 

be located at a depth of about 45 to 60 feet below ground surface based on a significant increase 

in density and the presence of sandier deposits. The Riverbank Formation is described as follows: 

 

• Late Pleistocene Riverbank Formation (map symbol Qr) – Arkosic sand forming 

terraces topographically at or above Modesto Formation level. Represents glacial 

outwash from core of Sierra Nevada and lesser locally sourced sediments. 

A geologic map of the alignment, based on Wagner, et al. (1991) is presented on  

Figure 2. 

 

3.3   EARTH MATERIALS 

The following description provides a general summary of the subsurface conditions encountered 

during the field exploration and further validated by the laboratory testing program. For a more 

thorough description of the actual conditions encountered at specific boring locations, refer to the 

log of borings in Appendix A. All soils have been classified according to the Unified Soil 

Classification System (ASTM D2487). 

 

Subsurface soils encountered during our investigation primarily consisted of soft to stiff clay, clay 

with sand, sandy clay, stiff to very stiff silt, loose to medium dense silty sands, clayey sands, 

poorly graded sands and soft to stiff cohesive soils in the upper 8 to 13 feet underlain by similar 

soils that are medium dense to dense and stiff to hard plus poorly graded sand with silt at depth 

below 40 ft.  

Geotech Report Excerpt
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2–5(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2a Runoff curve numbers for urban areas 1/

Curve numbers for
-------------------------------------------  Cover description  ----------------------------------------- -----------hydrologic soil group -------------

Average percent
Cover type and hydrologic condition impervious area 2/ A B C D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.) 3/:
Poor condition (grass cover < 50%) .......................................... 68 79 86 89
Fair condition (grass cover 50% to 75%) .................................. 49 69 79 84
Good condition (grass cover > 75%) ......................................... 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) ............................................................. 98 98 98 98
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) ................................................................................ 98 98 98 98
Paved; open ditches (including right-of-way) .......................... 83 89 92 93
Gravel (including right-of-way) ................................................. 76 85 89 91
Dirt (including right-of-way) ...................................................... 72 82 87 89

Western desert urban areas:
Natural desert landscaping (pervious areas only)  4/ ..................... 63 77 85 88
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) ...................................................................... 96 96 96 96

Urban districts:
Commercial and business ................................................................. 85 89 92 94 95
Industrial ............................................................................................. 72 81 88 91 93

Residential districts by average lot size:
1/8 acre or less (town houses) .......................................................... 65 77 85 90 92
1/4 acre ................................................................................................ 38 61 75 83 87
1/3 acre ................................................................................................ 30 57 72 81 86
1/2 acre ................................................................................................ 25 54 70 80 85
1 acre ................................................................................................... 20 51 68 79 84
2 acres .................................................................................................. 12 46 65 77 82

Developing urban areas

Newly graded areas
(pervious areas only, no vegetation) 5/ ................................................................ 77 86 91 94

Idle lands (CN’s are determined using cover types
similar to those in table 2-2c).

1 Average runoff condition, and Ia = 0.2S.
2 The average percent impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other combinations of open space
cover type.

4 Composite CN’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 98) and the pervious area CN. The pervious area CN’s are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN’s to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN’s for the newly graded  pervious areas.

BNSF ROW

Assumed for all impervious areas at Port
including tracks and roadway
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Exhibit A: Hydrologic Soil Groups for the United StatesAppendix B Synthetic Rainfall Distributions and

Rainfall Data Sources

The highest peak discharges from small watersheds in the United States are usually caused by intense, brief rain-
falls that may occur as distinct events or as part of a longer storm. These intense rainstorms do not usually ex-
tended over a large area and intensities vary greatly. One common practice in rainfall-runoff analysis is to develop
a synthetic rainfall distribution to use in lieu of actual storm events. This distribution includes maximum rainfall
intensities for the selected design frequency arranged in a sequence that is critical for producing peak runoff.

Synthetic rainfall distributions

The length of the most intense rainfall period contributing to the peak runoff rate is related to the  time of concen-
tration (Tc) for the watershed. In a hydrograph created with NRCS procedures, th

Appendix A Hydrologic Soil Groups

Soils are classified into hydrologic soil groups (HSG’s)
to indicate the minimum rate of infiltration obtained for
bare soil after prolonged wetting. The HSG’s, which are
A, B, C, and D, are one element used in determining
runoff curve numbers (see chapter 2). For the conve-
nience of TR-55 users, exhibit A-1 lists the HSG classifi-
cation of United States soils.

The infiltration rate is the rate at which water enters the
soil at the soil surface. It is controlled by surface condi-
tions. HSG also indicates the transmission rate—the rate
at which the water moves within the soil. This rate is
controlled by the soil profile. Approximate numerical
ranges for transmission rates shown in the HSG defini-
tions were first published by Musgrave (USDA 1955).
The four groups are defined by SCS soil scientists as
follows:

Group A soils have low runoff potential and high infil-
tration rates even when thoroughly wetted. They consist
chiefly of deep, well to excessively drained sand or
gravel and have a high rate of water transmission
(greater than 0.30 in/hr).

Group B soils have moderate infiltration rates when
thoroughly wetted and consist chiefly of moderately
deep to deep, moderately well to well drained soils with
moderately fine to moderately coarse textures. These
soils have a moderate rate of water transmission (0.15-
0.30 in/hr).

Group C soils have low infiltration rates when thor-
oughly wetted and consist chiefly of soils with a layer
that impedes downward movement of water and soils
with moderately fine to fine texture. These soils have a
low rate of water transmission (0.05-0.15 in/hr).

Group D soils have high runoff potential. They have
very low infiltration rates when thoroughly wetted and
consist chiefly of clay soils with a high swelling poten-
tial, soils with a permanent high water table, soils with a
claypan or clay layer at or near the surface, and shallow
soils over nearly impervious material. These soils have a
very low rate of water transmission (0-0.05 in/hr).

In exhibit A-1, some of the listed soils have an added
modifier; for example, “Abrazo, gravelly.” This refers to
a gravelly phase of the Abrazo series that is found in
SCS soil map legends.

Disturbed soil profiles

As a result of urbanization, the soil profile may be con-
siderably altered and the listed group classification may
no longer apply. In these circumstances, use the follow-
ing to determine HSG according to the texture of the
new surface soil, provided that significant compaction
has not occurred (Brakensiek and Rawls 1983).

HSG Soil textures

A Sand, loamy sand, or sandy loam

B Silt loam or loam

C Sandy clay loam

D Clay loam, silty clay loam, sandy clay, silty
clay, or clay

Drainage and group D soils

Some soils in the list are in group D because of a high
water table that creates a drainage problem. Once these
soils are effectively drained, they are placed in a differ-
ent group. For example, Ackerman soil is classified as
A/D. This indicates that the drained Ackerman soil is in
group A and the undrained soil is in group D.
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Stockton Stormwater Master Plan

January 2022

Conceptual Design – Not for Construction

Concern Area Characteristics Conceptual Level Estimates

Site Information

Improvement Typologies

Boggs Tract

Drainage Basin: Boggs Tract

Receiving Water: Port of Stockton

New Pump 

Station
Known Concern Area Yes Traffic Impacts High

Extent of Concerns High Support for Future Dev. Low

Flooding Frequency High Data Confidence High

Construction Cost: $ 17,144,585

Estimated O&M: High

Co-Benefits:

• Service to DUC

Overall Priority: High

Schematic Layout of Improvements

Existing Conditions

The Boggs Tract community, located West of Fresno Ave, does not have sufficient drainage and frequently floods. The primary goal of this plan is to provide 

drainage relief to this community. The Fresno & Scott Lift Station (LS), which is adjacent to Boggs Tract, manages runoff from a portion of the watershed north 

of the Crosstown Freeway, this LS is undersized and frequently causes upstream flooding. The watershed’s only outfall is into Mormon Slough through a 

gravity pipe under I-5. 

Proposed Improvement

The Fresno & Scott LS does not have capacity to accommodate runoff form Boggs Tract, upsizing this pump also requires upsizing the downstream forcemain

and the gravity pipe crossing I-5. The recommendation is to install a pump station at Harbor St which discharges into a new outfall into the Port of Stockton. 

New storm drains along Washington St and Sonora St will route runoff to the new pump station, additional local grading and drainage will be needed to 

required to collect local drainage. As a result of the project, the Fresno & Scott LS will receive less runoff which will improve its operation.

Upsized 

Conveyance
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Port of Stockton Double Lead Track Project

Table 1 - SSA Input Values - Existing and Proposed Drainage Areas

Construction Phase Drainage Area
Area

A (AC)

Impervious Area

B (AC)

Pervious Area

C (AC)

% Impervious Area

=B/A X 100%

Area, A (Mi^2)

=A X 0.0015625

Impervious SCS 

Curve Number

D (CN)

Pervious SCS Curve 

Number

E (CN)

Weight Average CN

F=((B X D)+(C X E))/A

Initial Abstraction Ia 

(inch)

=0.2 X ((1000/F)-10)

Time of Concentration, 

Assumed

 Tc (min)

Lag, L (min.)

=Tc x 0.6

Existing DA-37 Ex 0.77 0.33 0.44 42.9% 0.0012 93 80 86 0.3 5 3

Existing DA-38 Ex 1.72 0.56 1.16 32.6% 0.0027 93 80 84 0.4 5 3

Existing DA-39 Ex 0.65 0.24 0.41 37.0% 0.0010 93 80 85 0.4 5 3

Existing DA-40 Ex 0.63 0.27 0.36 42.7% 0.0010 93 80 86 0.3 5 3

Existing DA-41 Ex 0.31 0.12 0.19 38.7% 0.0005 93 80 85 0.4 5 3

Existing DA-42 Ex 1.02 0.41 0.61 40.5% 0.0016 93 80 85 0.3 5 3

Existing DA-43 Ex 0.76 0.20 0.56 26.3% 0.0012 93 80 83 0.4 5 3

Existing DA-44 Ex 0.45 0.06 0.39 13.3% 0.0007 93 80 82 0.4 5 3

Existing DA-45 Ex 2.90 0.83 2.07 28.6% 0.0045 93 80 84 0.4 5 3

Proposed DA-37 0.59 0.42 0.17 70.8% 0.0009 93 80 89 0.2 5 3

Proposed DA-38 1.38 0.79 0.59 57.2% 0.0022 93 80 87 0.3 5 3

Proposed DA-39 0.69 0.43 0.26 61.9% 0.0011 93 80 88 0.3 5 3

Proposed DA-40 0.58 0.26 0.32 44.5% 0.0009 93 80 86 0.3 5 3

Proposed DA-40A 0.29 0.29 0.00 100.0% 0.0005 93 80 93 0.2 5 3

Proposed DA-41 0.31 0.12 0.19 38.7% 0.0005 93 80 85 0.4 5 3

Proposed DA-42 0.81 0.40 0.41 49.9% 0.0013 93 80 86 0.3 5 3

Proposed DA-42A 0.31 0.31 0.00 100.0% 0.0005 93 80 93 0.2 5 3

Proposed DA-43 0.76 0.20 0.56 26.3% 0.0012 93 80 83 0.4 5 3

Proposed DA-44 0.37 0.20 0.17 55.1% 0.0006 93 80 87 0.3 5 3

Proposed DA-45 2.08 1.19 0.89 57.4% 0.0033 93 80 87 0.3 5 3

Proposed DA-46 0.77 0.20 0.57 25.5% 0.0012 93 80 83 0.4 5 3

Date: 4/16/2024 1 of 1



 

EXISTING STORAGE ELEMENTS

ELEV
DEPTH (FT) AREA (SF) AREA (AC) DISCHARGE

STORAGE 

(AC-FT) NOTES

3.00 0.00 1306.80 0.03 0.00 0.00

4.00 1.00 7405.20 0.17 0.00 0.10

5.00 2.00 24829.20 0.57 0.00 0.47

6.00 3.00 38768.40 0.89 0.00 1.20

7.00 4.00 40510.80 0.93 0.00 2.11

8.00 5.00 41817.60 0.96 0.00 3.06 Basin Rim/Top of Subgrade

3.06 TOTAL STORAGE

Node:  BNSF Basin

Port of Stockton Double Lead Track Project
Table 2 - Existing & Proposed Storage Volume Analysis

PROPOSED STORAGE ELEMENTS

ELEV
DEPTH (FT) AREA (SF) AREA (AC) DISCHARGE

STORAGE 

(AC-FT) NOTES

5.50 0.00 3049.20 0.07 0.00 0.00

6.00 0.50 6098.40 0.14 0.00 0.05

6.50 1.00 12545.28 0.29 0.00 0.16

7.00 1.50 3920.40 0.09 0.00 0.25

7.50 2.00 4356.00 0.10 0.00 0.30

8.00 2.50 4791.60 0.11 0.00 0.35

8.50 3.00 5227.20 0.12 0.00 0.41 Basin Rim/Top of Subgrade

0.41 TOTAL STORAGE

Node:  Proposed BNSF Basin
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Port of Stockton Double Lead Track Project
Figure 1 - Storm Drain/Culverts/Ditches Input Data

EXISTING

PROPOSED



 

Port of Stockton Double Lead Track Project
Figure 1 (Cont'd) - Storm Drain/Culverts/Ditches Input Data

PROPOSED



 

Port of Stockton Double Lead Track Project
Figure 1 (Cont'd) - Storm Drain/Culverts/Ditches Input Data

PROPOSED



 

Port of Stockton Double Lead Track Project
Figure 2 - Existing Conditions Inlets Input Data
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60% Design Stormwater Drainage Report

Port of Stockton Double Lead Track Project

1 of 4 4/10/2024

EXISTING CONDITION

PROPOSED CONDITION
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FIGURE 1: Civil3D SSA Model Setup
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Total 

Precipitation
Total Runoff Peak Runoff

Total 

Precipitation
Total Runoff Peak Runoff

Total 

Precipitation
Total Runoff Peak Runoff

(acres) (inches) (ac-ft) (cfs) (inches) (ac-ft) (cfs) (inches) (ac-ft) (cfs)

1 DA-37EX 0.77 85.58 3.43 0.13 1.23 3.13 0.11 1.06 1.69 0.11 0.32

2 DA-38EX 1.72 84.24 3.43 0.27 2.58 3.13 0.24 2.21 1.69 0.24 0.62

3 DA-39EX 0.65 84.81 3.43 0.11 1.01 3.13 0.09 0.87 1.69 0.09 0.25

4 DA-40EX 0.63 85.55 3.43 0.11 1.00 3.13 0.09 0.87 1.69 0.09 0.26

5 DA-41EX 0.31 85.03 3.43 0.05 0.48 3.13 0.04 0.41 1.69 0.04 0.12

6 DA-42EX 1.02 85.27 3.43 0.17 1.60 3.13 0.15 1.38 1.69 0.15 0.41

7 DA-43EX 0.76 83.42 3.43 0.12 1.10 3.13 0.10 0.94 1.69 0.10 0.25

8 DA-44EX 0.45 81.73 3.43 0.06 0.59 3.13 0.05 0.50 1.69 0.05 0.12

9 DA-45EX 2.90 83.72 3.43 0.45 4.24 3.13 0.39 3.62 1.69 0.39 0.98

1 DA-37 0.59 89.20 3.43 0.11 1.10 3.13 0.10 0.97 1.69 0.04 0.35

2 DA-38 1.38 87.44 3.43 0.25 2.41 3.13 0.22 2.10 1.69 0.08 0.70

3 DA-39 0.69 88.05 3.43 0.13 1.24 3.13 0.11 1.08 1.69 0.04 0.37

4 DA-40 0.58 85.79 3.43 0.10 0.94 3.13 0.09 0.81 1.69 0.03 0.25

5 DA-40A 0.29 93.00 3.43 0.06 0.62 3.13 0.06 0.56 1.69 0.02 0.24

6 DA-41 0.31 85.03 3.43 0.05 0.48 3.13 0.04 0.41 1.69 0.01 0.12

7 DA-42 0.81 86.49 3.43 0.14 1.36 3.13 0.12 1.17 1.69 0.04 0.38

8 DA-42A 0.31 93.00 3.43 0.07 0.66 3.13 0.06 0.59 1.69 0.03 0.26

9 DA-43 0.76 83.42 3.43 0.12 1.10 3.13 0.10 0.94 1.69 0.03 0.25

10 DA-44 0.37 87.16 3.43 0.07 0.64 3.13 0.06 0.56 1.69 0.02 0.18

11 DA-45 2.08 87.46 3.43 0.37 3.62 3.13 0.33 3.15 1.69 0.12 1.06

12 DA-46 0.77 83.31 3.43 0.12 1.10 3.13 0.10 0.94 1.69 0.03 0.25

50-Year 24-Hour 2-Year 24-Hour

Existing Conditions

Proposed Conditions

100-Year 24-Hour

Weighted Curve 

Number

Area
Drainage AreaS. No.

Table 1: Peak Runoff and Discharge Volume Analysis



Invert 

Elev.
Rim Elev.

Total Basin 

Depth

Initial Water 

Depth
Peak Inflow

Peak 

Outflow

Max HGL 

Elev.

Max HGL 

Depth
Min Freeboard

Time of Max 

HGL

(ft) (ft) (ft) (ft) (cfs) (cfs) (ft) (ft) (ft) (days hh:mm)

1 BNSF Basin - Existing 100-year 24-hour 3.00 8.00 5.00 0.00 4.23 0.00 4.96 1.96 3.04 1  00:20

2 BNSF Basin - Existing 50-year 24-hour 3.00 8.00 5.00 0.00 3.61 0.00 4.85 1.85 3.15 1  00:20

3 BNSF Basin - Existing 2-year 24-hour 3.00 8.00 5.00 0.00 0.97 0.00 4.13 1.13 3.87 1  00:15

4 BNSF Basin - Proposed 100-year 24-hour 5.50 8.50 3.00 0.00 3.62 0.00 8.18 2.68 0.32 1  00:20

5 BNSF Basin - Proposed 50-year 24-hour 5.50 8.50 3.00 0.00 3.15 0.00 7.75 2.25 0.75 1  00:20

6 BNSF Basin - Proposed 2-year 24-hour 5.50 8.50 3.00 0.00 1.05 0.00 6.35 0.85 2.15 1  00:15

S. No. Basin Storm Event

Table 2: Storage Volume Analysis

S. No. Element Length (ft)
Inlet 

Elev.(ft)
Outlet Elev (ft)

Total 

Drop(ft)
Slope (%) Channel Type Height (ft)

Top 

Width(ft)
Manning's Peak Flow(cfs)

Time of Peak 

Occurence(days hh:mm)

Max Flow Velocity 

(ft/sec)

Max Flow Depth 

(ft)

Design Capacity 

(cfs)

Max Flow / Design 

Flow

Max Flow Depth/Total 

Depth

1 195.00 17.00 15.58 1.42 0.7300 Triangular 2.250 9.00 0.0180 0.59 0  10:01 2.22 0.36 71.63 0.01 0.16

2 195.00 17.00 15.58 1.42 0.7300 Triangular 2.250 9.00 0.0180 0.53 0  10:01 2.16 0.34 71.63 0.01 0.16

3 195.00 17.00 15.58 1.42 0.7300 Triangular 2.250 9.00 0.0180 0.22 0  10:01 1.76 0.25 71.63 0.00 0.11

4 210.00 16.75 15.75 1.00 0.4800 Triangular 1.500 5.75 0.0180 0.62 0  10:01 2.02 0.39 18.72 0.03 0.27

5 210.00 16.75 15.75 1.00 0.4800 Triangular 1.500 5.75 0.0180 0.56 0  10:01 1.96 0.38 18.72 0.03 0.26

6 210.00 16.75 15.75 1.00 0.4800 Triangular 1.500 5.75 0.0180 0.23 0  10:02 1.58 0.27 18.72 0.01 0.19

V-Ditch 1

V-Ditch 2

Proposed Condition

Table 3: Pipe and Ditch Flow Analysis



Invert Elev. Rim Elev. Max Depth
Initial Water 

Depth

Road Cross-

Slope
Manning's Peak Flow

Allowable 

Spread

Max Gutter 

Spread

Max Gutter 

Water Depth

Time of Max 

Depth

Total Flooded 

Volume

Total Time 

Flooded

(ft) (ft) (ft) (ft) (ft/ft) (cfs) (ft) (ft) (ft) (days hh:mm) (ac-inches) (minutes)

1 100-Year 24-Hour 2.70 7.00 26.95 0.54 0 09:48 0.16 43.00

2 50-Year 24-Hour 2.31 7.00 23.69 0.51 0 09:50 0.11 29.00

3 2-Year 24-Hour 0.65 7.00 7.13 0.25 0 09:57 0.02 4.00

4 100-Year 24-Hour 1.48 7.00 15.76 0.43 0 10:00 0.00 0.00

5 50-Year 24-Hour 1.27 7.00 13.70 0.41 0 09:56 0.00 0.00

6 2-Year 24-Hour 0.38 7.00 4.15 0.14 0 10:04 0.00 0.00

1 100-Year 24-Hour 2.45 7.00 24.86 0.52 0 09:46 0.14 49.00

2 50-Year 24-Hour 2.11 7.00 21.94 0.49 0 09:47 0.11 40.00

3 2-Year 24-Hour 0.62 7.00 6.75 0.23 0 09:55 0.01 3.00

4 100-Year 24-Hour 1.42 7.00 15.15 0.42 0 10:00 0.00 0.00

5 50-Year 24-Hour 1.22 7.00 13.18 0.40 0 10:00 0.00 0.00

6 2-Year 24-Hour 0.37 7.00 4.02 0.14 0 10:09 0.00 0.00

Fresno West On Sag

Storm Event

Existing Conditions

Proposed Conditions

Fresno East On Sag

S. No. Inlet Structure
Inlet 

Location

Fresno East

Fresno West

On Sag

On Sag

-5.88 0.27 6.15 0.00 0.0100 0.0130

-6.62 -0.12 6.50 0.00 0.0100 0.0130

0.0130

-6.62 -0.12 6.50 0.00 0.0100 0.0130

-5.88 0.27 6.15 0.00 0.0100

Table 4: Inlet Analysis



Autodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary Analysis

Figure 2: 100-year Storm Profile Plot at Time of Peak Flow 
Through Existing SD-14 & SD-15 in Existing Condition



Autodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary Analysis

Figure 3: Flooding Condition in Fresno East Inlet 
Minutes After 100-Year Peak Flow
100-Year Flow through West and East V-Ditch
into City SD system in Proposed Condition

West V-Ditch in BNSF ROW

EXISTING 18" CITY RCP SD

West and East V-Ditch in BNSF ROW

EXISTING 18" CITY RCP SD



Autodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary Analysis

Figure 4: 100-year Storm Profile Plot at Time of Peak Flow 
Through V-Ditch 1 and CV-1

EXISTING 18" CITY RCP SD



Autodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary Analysis

Figure 5: 100-year Storm Profile Plot at Time of Peak Flow 
Through V-Ditch 2 and CV-2

EXISTING 18" CITY RCP SD

PROPOSED BNSF BASIN



Figure 5: 100-year Storm Profile Plot at Time of Peak Flow 6: 100-Year Hydrograph Analysis - BNSF Basin

TOTAL INFLOW:                 16,286 CU. FT.
TOTAL OUTFLOW:              13,000 CU. FT.
DETENTION VOLUME:          3,286 CU. FT.

PROPOSED CONDITION

TOTAL INFLOW:                 19,503 CU. FT.
TOTAL OUTFLOW:                      0 CU. FT.
DETENTION VOLUME:        19,503 CU. FT.

EXISTING CONDITION
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  Q =   1 . 49  n ∗ A ∗   R   (  2 3 ) ∗   S  (  1 2 )

