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Executive Summary 
The East-West Connector (EWC) Project is located in Alameda County between 
Interstate 880 (I-880) to the west and Mission Boulevard/State Route 238 (SR 238) to the 
east. The Project is 3.0 mi long and is located in the Cities of Fremont and Union City. 
The proposed EWC Project alignment would provide a four-lane roadway from the 
Mission Boulevard/State Route 238 (SR 238) and the Appian Way Intersection to the 
east, to Paseo Padre Parkway to the west. The EWC Project would also widen both Paseo 
Padre Parkway and Decoto Road from four to six lanes.  
 
The purpose of this study is to provide hydrologic and hydraulic analysis of the creeks in 
the vicinity of the Project area, and to evaluate potential changes in flood hydrology and 
hydraulics in relation to the proposed EWC Project’s roadway and structure 
improvements. The potential impacts associated with the Project were analyzed, and 
recommendations or alternative designs were proposed to mitigate these impacts. 
 
There are three waterway crossings within the Project limits of the EWC Project.  
Alameda County Flood Control and Water Conservation District’s (ACFC & WCD) Line 
M Channel, Old Alameda Creek, and the Alameda Creek Flood Control Channel 
(ACFCC).  The proposed Project alignment would cross Old Alameda Creek at two 
separate locations. The alignment also crosses the ACFCC east of the Paseo Padre 
Parkway. In addition, the new alignment would impact a portion of the existing Line M 
Channel.  
  
The following are the hydraulic modifications identified for this Project: 1) a new bridge 
would be constructed over the ACFCC; 2) two new bridges would be built over the Old 
Alameda Creek Channel; 3) a new Line M Diversion Pipe would be constructed 
connecting Old Alameda Creek and the Line M Channel; 4) the replacement of the 
impacted section of the Line M Channel under the new roadway alignment with a new 
culvert (approximately 1,100 ft of the Line M Channel would be replaced by double 10-ft 
by 5-ft box culverts); 5) the removal of existing detention basins under the proposed 
roadway alignment; 6) the installation of a new pump station for capturing and 
discharging water from the depressed roadway section; and 7) new drainage systems and 
modification or extensions of existing systems would be designed for the new roadway 
alignment as well as for the widened city streets. 
 
The new roadway alignment crosses a section of the Line M Channel, which is identified 
within the 100-year Federal Emergency Management Agency (FEMA) flood boundary.  
The flooding along the Line M Channel may be caused by backwater effects from an 
existing undersized channel. To help relieve the existing capacity issues that the Line M 
Channel is experiencing, the City of Union City and the ACFC & WCD entered into an 
agreement, (through a Memorandum of Understanding [MOU]), for the construction of a 
new Line M Diversion Pipe to bypass a portion of the flows from the existing Line M 
Channel and discharge these flows into Old Alameda Creek.  In addition, the Pipe would 
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be sized to collect flows from existing detention basins impacted by the new EWC 
Project alignment (MOU, 2004).   
The additional flows from the new Line M Diversion Pipe and the two proposed bridges 
over Old Alameda Creek would raise the existing water surface elevation (WSE) at Old 
Alameda Creek by 1.04 ft.  Because of the ample existing available volume in Old 
Alameda Creek additional flow from the Line M Channel diversion pipeline would 
have minimal impact on the hydraulic capacity of the channel. The 100 year WSE would 
be contained within the channel, with ample freeboard (at least 15 ft) between 100-year 
water surface elevation and channel banks. There are flap gates at the downstream end of 
the Old Alameda Creek that would help in regulating or subsiding any substantial 
impacts on the hydrology and hydraulics of ACFCC due to added flows in the Old 
Alameda Creek. Even with the use of the flap gates, Old Alameda Creek has ample 
capacity to store the proposed additional flows. This capacity was formed because Old 
Alameda Creek was part of the main flood carrying channel prior to the construction of 
Alameda Flood Control Channel. 
  
Based on the scour calculations performed at the two bridge locations, there would be 
approximately 16 ft of scour depth due to pier and contraction at Bridge Location #1. 
Whereas, there would be no scouring due to the bridge at Bridge Location #2 as the 
bridge abutments are not causing any obstruction to the flow conveyance in the channel.  
 
The proposed bridge over the ACFCC would raise the water surface profile slightly, but 
the 100-year WSE, as well as the Maximum Probable Flood (MPF), would pass under the 
proposed bridge.  The ACFC & WCD recommends 1 ft of freeboard above the MPF for 
the ACFCC; however, hydraulic analysis results showed that this guideline was not met 
for both the existing and proposed conditions.  The maximum pier scour depth for the 
ACFCC bridge was calculated as 7.75 ft and the scour depth at the Abutment#1 (south of 
new roadway) was calculated as 20.7 ft. 
 
New drainage systems with new outfalls into Old Alameda Creek would be designed per 
Alameda County and Cities of Union City and Fremont Criteria to accommodate the 
runoff from the proposed new roadway alignment.  Existing drainage facilities 
throughout the EWC Project limits would be extended, replaced, repaired, and/or 
improved as necessary to provide proper drainage for the increased runoff of the widened 
areas. 
 
The objective of the drainage design is to limit the design WSEs and velocities to no 
greater than the existing conditions, or to what can be handled by the existing conditions, 
at the boundary of the EWC Project. In addition, the EWC Project’s design goal is to 
maintain pre-construction storm water discharge flows by metering or detaining these 
flows to pre-construction rates prior to discharge to a receiving water body.  Although 
there are diversions proposed for this Project, these diversions are proposed to enhance 
and restore wetlands and habitats within Old Alameda Creek as well as relieve existing 
flooding issues along the Line M Channel. 
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1 GENERAL DESCRIPTION  

1.1 Project Description 
The EWC Project is located in Alameda County between Interstate 880 (I-880) to the 
west and Mission Boulevard/State Route 238 (SR 238) to the east (Figure 1). The EWC 
Project is 3.0 mi long and is located in the cities of Fremont and Union City. Both cities 
are in the lower portion of the Alameda Creek Watershed. The overall objectives of the 
EWC Project include:  
 

• Provision of turn lanes on Mission Boulevard/SR 238 for a distance of 
approximately 1,000 ft north and south of the Mission Boulevard and Appian 
Way Intersection. 

• Constructing a new four-lane roadway from the Intersection of Appian Way and 
Mission Boulevard to Alvarado-Niles Road. 

• Reconstructing Alvarado-Niles Road to accommodate the new East-West 
Connector roadway. 

• Constructing new four-lane roadway from Alvarado Niles Road to PaseoPadre 
Parkway. 

• Widening the Paseo Padre Parkway to six lanes from Isherwood Way to Decoto 
Road.  

• Widening of Decoto Road to six lanes from Paseo Padre Parkway to Cabrillo 
Drive. 

 
Implementation of the above improvements will result in: 
 

• Improved mobility and congestion relief.  
• Reduced travel time for commuters. 
• Additional access to constructed and planned projects. 
• Improved emergency response by decreasing local traffic congestion. 
• Reduced congestion-related accidents. 

1.2 Project Hydraulic Modifications 
The following are the major hydraulic modifications identified for the EWC Project: 
 

• A new bridge constructed over the Alameda Creek Flood Control Channel 
(ACFCC). 

• Two new bridges built over the Old Alameda Creek. 
• A new Line M Diversion Pipe constructed connecting the Old Alameda Creek and 

the Zone 5 Line M Channel. 
• Replacement of the impacted section of the Line M Channel under the new 

roadway alignment with a new culvert.  
• Removal of existing detention basins along the proposed new roadway alignment. 
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• Installation of a new pump station for capturing and discharging water from the 
depressed roadway section. 

• An on-site storm drain system designed for the new alignment. 
• Modifications to storm drains on Decoto Road and Paseo Padre Parkway. 

1.3 Purpose of Study 
The purposes of this study are: to provide hydrologic and hydraulic analysis for water 
ways in the vicinity of the Project area; to propose hydraulic modifications and design for 
the bridges, culverts and pump stations; and to evaluate potential changes in flood 
hydrology and hydraulics in relation to the proposed EWC Project and structure 
improvements. The potential impacts associated with the Project were analyzed in the 
study, and recommendations or alternative designs were proposed to mitigate these 
impacts. 

1.4 Project History 
In the 1960s, Caltrans formulated a long term plan to provide a parallel route to I-880. 
This included the construction of a freeway, commonly referred to as the “Hayward 
Bypass” (Bypass) to connect Mission Boulevard to I-580. The Bypass would have its 
northern terminus at I-580, and would connect to Mission Boulevard/SR 238 at Industrial 
Parkway. As a companion project, Caltrans proposed to realign State Route 84 (SR 84) as 
a six-lane freeway from Mission Boulevard near Appian Way to the I-880/Decoto Road 
Interchange in the Cities of Fremont and Union City. Caltrans preserved the right-of–way 
(R/W) along the proposed SR 84 alignment corridor and the Route 84 Realignment 
Project was included in the Bay Area’s Regional Transportation Plan (RTP). 
 
By the 1980s, the traffic congestion increased on both I-880 and the East-West travel 
corridors in the general area including Decoto Road, Peralta Boulevard, Thornton 
Avenue, and Mowry Avenue. The congestion was expected to significantly worsen as a 
result of projected growth in Fremont, Union City and the surrounding areas. In the 
1980s, funding became available and environmental studies for both projects 
commenced. Both projects encountered significant local opposition, which prolonged the 
environmental review processes. In 2002, Caltrans and the FHWA completed a final 
combined Environmental Impact Report/Environmental Impact Statement (EIR/EIS) for 
the Route 84 Realignment Project. However, the document was not certified due to 
continued local opposition over the alignment location and its potential to result in 
environmental impacts to the surrounding communities. At the same time, Caltrans 
decided not to proceed with the project.  
 
In order to address the projected and on-going traffic congestion problems in the SR 84 
area, the Alameda County Transportation Authority (ACTA) assumed the lead agency 
role for the Route 84 Realignment Project. Upon assuming the lead, ACTA worked with 
the City of Fremont, City of Union City, and local community members and 
organizations to redefine the purpose of the Project and to develop alternative alignment 
options. A conceptual alternative, which was designated along Decoto Road to Alvarado-
Niles Road to the historic parkway alignment to Mission Boulevard, was analyzed in 
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early 2004.  However, this alternative was found to be unacceptable. Two additional 
conceptual alternatives were considered, “Option 2” and “Option 4/6.”  Through further 
preliminary design, environmental constraints studies and community input, Option 2 
was developed further and became the proposed project alignment. In general, the 
proposed EWC Project alignment would provide a new four-lane roadway from the 
Mission Boulevard/SR 238 and Appian Way Intersection on the east, to Paseo Padre 
Parkway on the west, and widening of both Paseo Padre Parkway and Decoto Road to six 
lanes.  

1.5 Description of Creek Crossings 
The proposed Project alignment would cross Old Alameda Creek at two separate 
locations (shown as Bridge Location #1 and Bridge Location #2 in Figure 3). The 
alignment also crosses the ACFCC east of the Paseo Padre Parkway (see Figure 3). The 
creek crossings would be constructed as two separate concrete bridges supported by 
abutments and/or intermediate piers. The channel crossing would be constructed as a slab 
bridge supported by two piers at Bridge Location #1 and as clear span at Bridge Location 
#2. The new alignment would also pass over the Line M Channel. Approximately 1,100 
ft of the Line M Channel would be replaced by double 10-ft by 5-ft box culverts.   
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Figure 1.  Location Map 

Source: United States Geological Survey 
 

 
 

PROJECT 
LOCATION 
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Figure 2.  Vicinity Map 
Source: United States Geological Survey 
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Figure 3.  Creek and Channel Crossings Map  
 

Source: United States Geological Survey 

Bridge Location #1 

Bridge Location #2 
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1.6 Geographical References 
� U.S.  Geological Survey, Union City, CA Quadrangle ( Current as of 1994) 
� U.S.  Geological Survey, Fremont, CA Quadrangle ( Current as of 1994) 

1.7 Climate 
The rainy season for the study area generally extends between October 15th and April 
15th, however, most flooding occurs from December through March (Caltrans, 2003). The 
mean annual precipitation for the Project area is 16.5 in. (see Figure 5). The major 
drainage basin in the Project area is Alameda Creek Watershed, which is the largest 
watershed in the Southern San Francisco Bay Region draining nearly 700 mi².  

 
 

 
Figure 4.  Designation of Rainy Seasons   

Source: California Department of Transportation 
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Figure 5. Mean Annual Precipitation Map for Alameda County 

 
 Source:  Alameda County Flood Control and Water Conservation District 

1.8 Traffic 
Traffic data recorded in 2006 was obtained from Caltrans (2006) for the following roadways 
within the Project limits: 
 

• Decoto Road 
• Paseo Padre Parkway 
• Fremont Boulevard 
• Mission Boulevard 

 
Table 1. Traffic Volume of Local Streets within the Project Limits  

Location Description ADT 

 
Decoto Road 

 
210,000 

Fremont Boulevard 206,000 

Thornton Road/ Paseo Padre Parkway 
Mission Boulevard  

 
67,000 
12600 

 
(Caltrans, 2006) 
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2 FLOODPLAIN RISK ASSESSMENT 

2.1 Federal Emergency Management Agency Data 
The new roadway alignment crosses Line M Channel, which is identified within the 100-
year flood boundary. The Federal Emergency Management Agency (FEMA) Flood 
Insurance Report Map (FIRM), community panel Number 0600140010 C, shows a 
floodplain area southwest of Mission Boulevard (see Figure 6). The Line M Channel bed 
and sides are mainly unlined with earthen embankments. Table 2 lists peak discharge, 
drainage area, and water surface elevation (WSE) obtained from the FEMA Flood 
Insurance Study (FIS) report. The channel drains 1.53 mi² of residential areas and 
surrounding local streets, including Mission Boulevard. 
 
Table 2. FEMA FIS Hydraulic Data Line M Channel 

Reach  
100-Year Peak 

Discharge   
cfs 

Drainage 
Area  
mi²  

Water 
Surface 

Elevation 
ft 

Source 

Line M Channel  
(800 ft upstream of 
Southern Pacific 

Railroad 

520 1.53 46.9 

FEMA FIS : 
Union City 

Vertical datum : ft 
NGVD 

 

2.2 Description of Flood Sources 
According to FEMA FIS, the principle flooding problem in the vicinity of the Project site 
is caused by sheet flow and interior drainage. The sheet flooding events could occur very 
frequently. Figure 6 shows the 100-year floodplain for the Line M Channel. The flooding 
along the Line M Channel is likely caused by the existing undersized channel. 
 
Due to the frequent flooding events in the 1950s (1955 and 1958 particularly) along the 
Alameda Creek, the Alameda Creek Flood Control Project was initiated in the mid-1960s 
by the United States Army Corp of Engineers (USACE), and was completed in the mid-
1970s. The natural channel bottom of the creek has been modified with desiltation and 
slurry sills for evenly distributed flows. Channel slopes were provided with riprap for 
erosion control. Also, levees were built on both sides of the channel in low lying areas to 
provide protection against flows in excess of 100-year. However, there are no levees 
within the EWC Project limits. 

2.3 Map of Floodplain 
The floodplain associated with Line M Channel within the study area is shown in the two 
main flood plain zones mapped for the Line M (see Figure 6) [Zone X (light purple) and 
Zone-AH (dark purple)]. Based on FEMA’s description, Zone X shows the areas above 
the base flood or above the 500-year flood, with minimal to moderate flood hazard.   
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Zone AH is areas with shallow flooding. Zone AE areas are within the base flood, a flood 
having a 1% chance of being equaled or exceeded in any given year (100-year storm 
event). 
 
For ACFCC, flow appears to be confined within the banks on both sides shown in Figure 
6, as documented in the FIS report. 

2.4 Traffic Interruptions for Base Flood (Q100) 
The FEMA Flood Insurance Rate Map (FIRM) (see Appendix A) illustrates existing 
floodplains within the Project area. Figure 6 shows that if no improvements are proposed 
to the Line M Channel, the EWC roadway has the potential to be inundated. However, 
based on the hydraulic calculations (see Section 4.3); traffic interruptions due to a 100-
year flood event would not be present because the roadway elevations are higher than the 
100-year WSE at the crossing. Hydraulic improvements proposed in this Project would 
also help in alleviating flooding in the nearby local streets.  
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Figure 6. Map of Floodplain 

Source: FEMA FIRM, Google Earth and T.Y. Lin International
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2.5 Impacts on Natural and Beneficial Floodplain Values 
Natural and beneficial floodplain values shall include, but are not limited to: fish, 
wildlife, plants, open space, natural beauty, scientific study, outdoor recreation, 
agriculture, aquaculture, forestry, natural moderation of floods, water quality 
maintenance, and groundwater recharge. 
 
Impacts on natural and beneficial floodplain values were assessed by evaluating the area 
of potential impacts to USACE wetlands, delineated by ICF Jones and Stokes (Jones and 
Stokes, 2008). Designated wetland areas identified in the vicinity of the Project site were 
not within the FEMA delineated floodplain areas or other natural and beneficial uses.  
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Figure 7.  Onsite and Offsite Watershed and Drainage Plan-1  
 

Bridge Location # 2 

Bridge Location # 1 
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Figure 8.  Onsite and Offsite Watershed and Drainage Plan-2 

2- 10’x 5’ 



Draft Hydrology and Hydraulic Study Report  
East-West Connector Project 
Alameda County, California 
  

March 2009  15  

3 HYDROLOGY  
The following section describes the hydrologic analysis for the drainage areas involved in 
the Project. The design discharges for different channels are estimated from different 
sources such as: FEMA FIS, as-builts from Alameda County Flood Control and Water 
Conservation District (ACFC & WCD) and USACE. Discharge from the local tracts is 
calculated using Alameda County’s hydrologic criteria. The following section describes 
the hydrologic condition of the Project site from upstream to downstream.  

3.1 Line M 
The Line M Channel is located within the FEMA study area as shown in Figure 6. For the 
existing condition, the total watershed area flowing into the Line M Channel upstream of 
the Project site is 1.53 mi² (FEMA, 2000). The 100-year discharge for the Line M 
Channel upstream of the new roadway was obtained from the FEMA FIS Report as 520 
cfs.  Flows along the channel, at other nodes, were obtained from USACE’s HEC-1 
model provided by ACFC & WCD, shown in the Figure 9.  Sub-Watershed Drainage 
Nodes for Line M Channel 
.  Table 3 shows different flows obtained for the existing condition and for the proposed 
condition with 260 cfs diverting upstream of the Project. 
 
Table 3. Summary of flows at different nodes in the Line M Channel 

  Flow At Zone 5 Line M Node 

Scenario  

MA MB MC MD 
MD (FP 
Storage) ME MF MG MH 

(cfs) 

Existing Flows 549 522 893 1198 720 815 987 1074 1049 
Proposed EWC Condition - with 
RCB under proposed roadway  
and 260 cfs diverted to 84-96 in. 
Bifurcation Pipe (minus FP-2, 

FP-3, Ch-2) 549 294 672 986 704 833 1002 1083 1165 
*FP: Flood-Plain Storage 
**Ch: Channel Storage                   
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Figure 9.  Sub-Watershed Drainage Nodes for Line M Channel 
 
In the past, with growing development along the Line M Channel, measures were 
adopted to minimize impacts to the channel. Recent developments include projects within 
the PG&E site, Harrison and McKesson Properties, town home areas in the Pacific States 
Steel Corporation (PSSC) site, the business park area in the site, and Eleventh Street. 
These developments were built in the watershed contributing to Line M Channel. 
WRECO, along with Mark Thomas and Co. and Ruggen-Jensen-Azar & Associates 
(RJA), were responsible for performing hydrological analysis for these new 
developments. A basin called “New Basin” was designed to meter post-development 
flows to pre-development flows. The design criteria used for the basin was the 15-year 
storm event.  This basin was constructed between Union Pacific Railroad (UPRR) 
company tracks and Green Street (see Figure 8) to store excess runoff volume resulting 
from developments in the nearby areas. This detention basin has total volume capacity of 
approximately 46 ac-ft and 100-yr WSE of 34.2 while maintaining a 4-ft freeboard. Tract 
7504 discharges into this basin with a drainage area of 21 ac.  
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There is a second existing detention and wetland mitigation basin (Basin-2C) northeast of 
UPRR that also contributes flow to the Line M Channel. Tracts discharging to this basin 
are 6999, 7000 and part of the Seventh Street drainage system, with a drainage area of 
approximately 25 ac. Volume capacity for this basin is 13.5 ac-ft (based on personal 
communication with Rohin Saleh of the ACFC & WCD). Land cover for all these tracts 
is considered to be residential with landscaping. 
 
The discharge (Q100) for the tracts was calculated using the Rational Method: 
 

CiAQ =        (Equation 1)  

 
Where: 
 Q = peak flow (cfs) 
 C = runoff coefficient 
  i = rainfall intensity (in./hr) 
 A = area (ac) 
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   (Equation 2) 

 
Where: 
 Ci = Rainfall Intensity Factor  
 C= Basic runoff coefficient estimated from the land cover 
 Cs= Slope adjustment factor (zero for C>/=0.8 and Overland Slope <1)  

i = rainfall intensity (in./hr) 
  
The slope adjustment factor is added to the basic runoff coefficient to determine the 
composite runoff coefficient used in Equation 1. The intensity was estimated from the 
Intensity Duration Charts for a 100-year event (Alameda County Hydrology and 
Hydraulics Manual [ACHHM]) with respect to the time of concentration. Time of 
concentration was calculated as the sum of time from roof to gutter, gutter flow time, and 
pipe flow time for the longest storm drain system. Roof to gutter time was taken as 5 min. 
(ACHHM, 2003). Gutter time was estimated as 0.50 min. for the estimated longitudinal 
gutter slope of 0.005% (as-built Tract 7405, profile sheet 6). Pipe flow was calculated for 
the longest system as 8.5 min.( 
Table 6).  Adding all the times given, the time of concentration was calculated to be 14 
min. 



Draft Hydrology and Hydraulic Study Report  
East-West Connector Project 
Alameda County, California 
  

March 2009  18  

Table 4. Time through longest pipe system for Tract 7405 

Street 
Station 
Begin 

Station 
End LF Slope  Pipe Size  Pipe Size  

Manning’s
n 

Hydraulic 
Radius  

V=(1.486*(R^2/3)
*(S^1/2))/n Pipe Time 

        ft/ft in. ft   ft ft/sec  min 

Silver Street 1800 2200                 

      200 0.002 15 1.2 0.012 0.31 2.55 1.31 

      96 0.002 18 1.5 0.012 0.37 2.88 0.56 

      133 
0.001

5 24 2.0 0.012 0.50 3.02 0.73 

Nickel Street 100 800               0.00 

      46 
0.001

5 24 2.0 0.012 0.50 3.02 0.25 

      149 0.001 30 2.5 0.012 0.62 2.86 0.87 

      323 0.001 30 2.5 0.012 0.62 2.86 1.88 

      80 0.001 30 2.5 0.012 0.62 2.86 0.47 

      92 0.001 30 2.5 0.012 0.62 2.86 0.54 

Gold Street 1500 1600               0.00 

                    0.00 

      170 0.001 30 2.5 0.012 0.62 2.86 0.99 
Gold to 
Outfall                   0.00 

      15 0.001 42 3.5 0.012 0.87 3.58 0.07 

      39 0.001 42 3.5 0.012 0.87 3.58 0.18 

      119 0.001 42 3.5 0.012 0.87 3.58 0.55 

      112 0.043 42 3.5 0.012 0.87 23.49 0.08 

      1574             8.47 
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For the post development of the EWC Project, it is proposed to divert half of Line M 
Channel’s 100-year flow to a new Diversion Pipe. Therefore, 260 cfs is expected to flow 
through the existing Line M Channel in the proposed Project conditions. The culvert 
would be sized to accommodate flows from the two existing detention basins, as well as 
half of the flow from the Line M Channel. Tracts 7405, 7000 and 6999, originally 
flowing to the detention basins, would be diverted to the proposed Diversion Pipe. The 
total 100-year flow expected through the culvert is 354 cfs (see Figure 8). 
 

Table 5. Discharge (100-year) calculations for the Tracts flowing into the detention basins 

 
For Tract 7405   
C= 0.59   
Length of the longest pipe= 1574.00 ft 
Total Tc= 13.98 min  
Intensity at Tc=  2.73 in./hr 
Area (Tract  7405) = 21.08 Acres  
C (Composite)= 0.65   
Ci= 0.06   
Q= 37.5 cfs  
    
Total Q from the above tract contributing to the “New Basin”=  37.5  cfs 
 
Similarly, Q for the “Basin 2C”  (contributed from Tracts : 7000, 6999 and from Seventh Street) 
was calculated = 45 cfs 
  
Total Q to the Line M Diversion Pipe(Q100) = (½*(Line M Q100) + 37.43 cfs+45 cfs)=  342.5 cfs   
  

3.2 Old Alameda Creek 
The Old Alameda Creek Channel traverses the Project site from the southeast to 
northwest.  Old Alameda Creek’s discharges are composed of discharges from the Line 
N-12 Channel and from the drainage systems of local tracts 4060 and 3908 (shown in 
Figure 7). Line N-12 Channel is contained in a 54-in. circular pipe and discharges into 
Old Alameda Creek. The 100-year storm event (Q100) discharge for the channel is 
estimated as 129 cfs based on the as-builts (ACFC & WCD, Zone 5, CB-602, 1979). The 
discharges (Q100) for the two tracts were calculated using the Rational Method (Equation 
1). For calculation purposes, it is assumed that runoff from tracts 4060 and 3908 enters 
Old Alameda Creek between the two proposed crossings with the new roadway. 
 
Time of concentration was calculated as the sum of time from roof to gutter, gutter flow 
time, and pipe flow time for the longest storm drain system. Roof to gutter time was 
taken as 5 min. (ACHHM, 2003). Gutter time was estimated as 0.70 min. for the assumed 
longitudinal gutter slope of 0.005%. Pipe flow was calculated for the longest system as 
8.19 min. (see  
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Table 6). Summing all the times, time of concentration was calculated as 13.89 min. As 
the as-built information for these tracts was not available, pipe slopes were assumed 
based on the average slopes of the nearby tracts. 
 
The flow from the two tracts was calculated as 121 cfs (see Table 7). 
 

Table 6. Pipe flow calculations for Tracts 4060 

  LF 
Slope 
(S)  

Pipe 
Size  

Pipe 
Size  n 

Hydraulic 
Radius 

(R)  
V=(1.486*(R^2
/3)*(S^1/2))/n 

Pipe 
Time 

  ft ft/ft in ft   ft   min 

  525.581 0.002 15 1.2 0.012 0.31 2.55 3.43 

  176 0.002 18 1.5 0.012 0.37 2.88 1.02 

  619.509 0.0015 21 1.7 0.012 0.44 2.76 3.74 

Total 1321.09             8.19 
 
 
Table 7. Discharge Calculations for Tracts 4060 and 3908 for Old Alameda Creek 
 
Total Tc= 13.98 
min     
Intensity at Tc= 2.74 
in./hr 

 (Alameda Hydrology and Hydraulics 
Manual,2003) 

Area= 59.32 acres  

C= 0.59    

Ci= 0.06    

C (Composite) = 0.65    

Q= 105.81 cfs   
 
Once the Line M Diversion Pipe is constructed, the total flow in Old Alameda Creek, as 
measured between the creek crossings, would be equal to the sum of flows from Line N-
12, local tracts 4060 and 3908, and the Line M Diversion Pipe. The total 100-year flow 
through the Old Alameda Creek for the proposed conditions is estimated to be 604 cfs.  
The flow from the diversion pipe would be routed to Old Alameda Creek through a new 
wetland basin proposed along the creek between Quarry Lakes Drive and the creek’s over 
bank.  
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There are recharge ponds upstream of the creek within the East Bay Regional Quarry 
Lakes Park, which were not considered to be contributing any flows to Old Alameda 
Creek (Personal communication with Rohin Saleh, ACPWA, May, 2008). 

3.3 Alameda Creek Flood Control Channel 
Historically, Alameda Creek has been a major source of flooding. Since Alameda County 
Flood Control was found, waterways in the area have been altered to reduce flooding 
impacts in the area. The construction of the Alameda Creek Flood Control Project began 
in 1965 by USACE, and was completed in 1973.  This Project was undertaken because 
frequent flooding events produced overflow of Alameda Creek in 1952 and 1955.  Some 
of the modifications included: riprap on channel slopes and desiltation and slurry sills for 
even distribution of flow. Along with in-channel improvements, levees were built on both 
sides of the creek to protect low-lying areas from tidal inundation and to improve the 
channel capacity to transmit 100-year flow. Alameda Creek’s Watershed covers an area 
of approximately 695 mi² (Alameda County Water District, 2004). The Maximum 
Probable Flood (MPF) estimated from USACE as-builts is 52,000 cfs.  
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Figure 9. Old Alameda Creek and ACFCC with respect to the EWC Project Alignment.
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A summary of the existing design discharges for the three creeks in the vicinity of the 
Project is determined from different sources. Table 8 lists the existing design discharges 
associated with these creeks.  
 
Table 8. Summary of Existing Design Discharges for 100-year storm event for the channels 

Reach  
 Peak 

Discharge 
(cfs) 

Source 

Line M Channel ( 800 ft 
upstream of Southern 
Pacific Railroad 

520 
100-year flow: FEMA FIS, Union 

City 

ACFCC 52,000 
MPF flow from as built : USACE' 

1967 

Old Alameda Creek 240 
Sum of 100-year flows from Line M, 

Line N-12 channel  

   
 
A new drainage system would be constructed to collect and convey the additional 
discharge from the new roadway. 
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Table 9. Summary of Proposed Flows for Different Recurrence Intervals 

 

Recurrence 
Interval 
(years) 

Total Q  
Line M 

(cfs) 
u/s EWC 

Fraction Q 
staying in  
 Line M 

(cfs) 

Fraction Q 
going to Line 
M diversion 

pipe 
(cfs) 

Q 
Detention 

New-
Basin  
(cfs)  

Q 
Detention 
Basin 2-C 

(cfs) 

Q  
Line M 

diversion Pipe 
(cfs) 

Q  
Line N12 

(cfs) 

Q direct 
from Tracts 
4060 and 

3908 
(cfs) 

Q 
Old Alameda 

Creek 
(cfs) 

  (1)=(2)+(3) (2) (3) (4) (5) (6)=(3)+(4)+(5) (7) (8) (9)=(6)+(7)+(8) 
2 227 113 113 16 20 149 52 46 252 

5 292 146 146 21 25 193 67 59 325 

10 347 174 174 25 30 229 80 71 385 

15 371 186 186 27 32 244 92 75 412 

25 419 210 210 30 36 276 104 85 465 

100 520 260 260 37 45 342 129 106 577 
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3.4 Roadway Drainage 
The EWC Project is comprised of new roadway sections, new bridges, and widening of 
existing city streets.  New drainage systems with new outfalls into Old Alameda Creek 
would be proposed within the proposed new roadway alignment. Existing drainage 
systems within these areas would need to be modified or extended to accommodate the 
proposed widened roadway and to maintain existing drainage patterns.  
 
Preliminary drainage systems were laid out along the EWC Project based on plans, 
profiles and typical cross-sections provided by T.Y.Lin International (See Figure 7 and 
Figure 8).  Inlets were generally located at the low points, flips, as well as upstream and 
downstream of bridge decks. Approximately 22 acres of the shed area would be added 
through new roadway. All new drainage systems would have to accommodate the 
increased flow from the additional impervious areas. 
 
In the design phase, the drainage design criteria for the EWC Project generally would be 
based on procedures presented in the Alameda County Hydrology and Hydraulics 
Manual (ACFC & WCD, June 2003). Both Cities follow mainly ACFC & WCD’s 
criteria. The final on-site hydrology calculations for the EWC Project should utilize the 
Rational Method to predict storm water runoff. Rainfall intensities should be obtained 
from Attachment 9 of the Alameda County Hydrology and Hydraulics Manual. As per 
ACFC & WCD’s criteria, drainage areas less than 50 acres are considered secondary 
facilities and all secondary facilities are designed for a 10-year recurrence interval. 
However, City of Union City uses recurrence interval of 25 years for the design of 
drainage facilities (Phone communication with Engineering Division, City of Union City: 
08/21/2008).  In addition, The City of Union City recommends a minimum time of 
concentration of 10 min for paved areas.  
 
For storm drains discharging into the proposed infiltration basins, WSE in the infiltration 
basin systems would be used as the design tail water. Preliminary watersheds have been 
delineated for post-construction condition  (Appendix H). 
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4 HYDRAULIC ANALYSIS 
The following section describes the hydraulic analysis conducted to guide the design of 
hydraulic structures involved in this Project. This analysis is the basis of determining 
bridge openings required to convey the MPF through the ACFCC, and determining 
culverts sizes to convey 100-year storm event flows through the Line M Channel and the 
proposed Line M Diversion Pipe. Hydraulic Analysis starts from the downstream end of 
the Project, at the ACFCC, and continues upstream. 

4.1 Alameda Creek Flood Control Channel  
The hydraulic analysis for the ACFCC involved a standard step, backwater calculation 
using the USACE’s HEC-RAS computer program to provide flow characteristics such as 
water surface profiles and flow velocities. Two alternatives were provided by TY Lin 
International, as shown in  and . The existing condition (no bridge), and proposed 
condition (7-Span Slab Bridge), were modeled using the HEC-RAS computer program. 

 
Eleven cross-sections, distributed over a 1,250 ft reach of the ACFCC in the vicinity of 
the Project site, were obtained from surveys provided by TY Lin International.  The 
upstream control was established using cross sections from the ACFC & WD’s Study for 
the Decommission of the Rubber Dam, No. 2.  The downstream control was set as the  
normal depth with USACE’s  design bed slope of 0.001618 ft/ft. Manning’s ‘n’ values 
were 0.035 for the banks, 0.03 for the low flow channel, and 0.04 for the terraces inside 
the channel.  These values were used in the hydraulic model to estimate energy losses in 
the flow due to friction.  The MPF flow rate of 52,000 cfs (obtained from the USACE as-
built plan “Local Protection Works-Coastal Plain Plan of Improvements”) was used in the 
model (USACE, 1967).  The pier widths were doubled in the model to take into account 
potential debris blockage.  Expansion and contraction coefficients used to represent the 
existing channel were 0.3 and 0.1, and, for the proposed bridge, 0.5 and 0.3, respectively.      
 
The existing elevation for MPF in ACFCC at the proposed bridge site is 44.06 ft.  The 
design criteria for the flood control channel suggested by the ACFC & WCD is the MPF 
with 1 ft of freeboard (Existing elevation plus 1 ft of freeboard is 45.21 ft).  The existing 
top of the channel banks is approximately 46 to 46.5 ft.  The cross section at the location 
of the bridge for the existing condition is shown Figure 10. Shown in the Figure 11 is a 
cross section on the upstream face of the bridge.
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Existing condition cross section at the proposed bridge location 

 
Note: Elevation shown is MPF, not MPF +1 

Figure 10.  Existing Condition of ACFCC (no bridge) 
 
 

ACFCC- Bridge Cross-section 

  
Note: Elevation shown is MPF 

Figure 11.  Proposed Condition of ACFCC (with bridge) 
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The water surface shown is the MPF.  The MPF elevation is 44.86 ft (NAVD).  Note that 
part of the bridge structure is below the WSE of the MPF. The proposed bridge passes the 
MPF with the proposed condition, though the MPF plus 1 ft of freeboard would be 
slightly above the bridge’s soffit near the southern abutment.   
 
A comparison of these results is shown in the Table 10.   
 
Table 10. Hydraulic Summary of Results at the Proposed Bridge Site 

Case 
MPF Elevation  
at the Upstream 
Face (ft NAVD) 

Vel. 
Upstream 
Face (ft/s) 

Vel. Downstream 
Face (ft/s) 

Existing 44.06 10.41 10.35 
Proposed  (2x pier width) 44.86 9.94 10.35 

 
The proposed bridges would increase the upstream water surface. The flow velocities 
would be slightly decreased for Alternative 1 and increased for Alternative 2. It is 
estimated that this change would extend as far upstream as the ACWD’s Rubber Dam, 
No. 2.   
 
Generally, with the two proposed bridge design alternatives, the MPF is contained within 
the existing channel banks (46 and 46.5 ft).   The 1 ft freeboard criteria suggested by the 
ACFC & WCD cannot be obtained with the proposed bridge structures. However, the 
proposed bridge would have an insignificant increase in WSE in comparison to the 
existing condition. 

4.2 Old Alameda Creek 
For the existing condition, hydraulic analysis for Old Alameda Creek was performed 
using the HEC-RAS computer program.  100-year flows coming from the Line N-12 
channel and from the two local tracts 4060 and 3908 were used (see Figure 7). The 
channel geometry was provided by ACFC & WCD and the bridge geometry was based 
on the roadway profile provided by T.Y. Lin International on December 27, 2007.  The 
Manning’s ‘n’ of 0.04 for compacted soils was used in the equation. The analysis 
involved standard step backwater calculations with two tail WSE scenarios: 
  

• WSE of 28.3 ft NAVD, based on a 10-year estimated discharge of 5000 cfs in 
ACFCC.  A 10-year design criterion for the tail water elevation was determined 
from USACE’s Table of Frequencies for Coincidental Occurrence. The selected 
frequency is based on the approximated watershed area ratio for the ACFCC to 
the Old Alameda of 1,000:1.  There are existing flap gates at the outfall pipes 
from Old Alameda Creek to the ACFCC.  This condition may occur in the 
absence or failure of these existing flap gates. 
  

• WSE of 24.36 ft NAVD at the top of the pipe (19.66 ft at the bottom of the pipe + 
48 in. pipe + 2.7 ft for datum shift from NGVD to NAVD), from As-Builts (U.S. 



Draft Hydrology and Hydraulic Study Report  
East-West Connector Project 
Alameda County, California 
  

March 2009                                                                                                                                                     29  

Army Engineer District, 1973). This condition assumes the existing flap gates are 
closed. 

 
The water surface profiles in Old Alameda Creek for both alternatives show that,  based 
on the 100-year event design criteria, the flow is contained within the existing channel 
banks and there is enough freeboard (approximately 16 ft) available along the complete 
length of the creek (Figure 12 and Figure 14).  
 
The 2006 Memorandum of Understanding (MOU) proposes improvements in the Line M 
Channel to handle the storm water during the peak storm events. This agreement between 
ACFC & WCD and the City of Union City, also proposed a new diversion pipe with 
adequate capacity to convey excess flows from the Line M channel to Old Alameda 
Creek (Appendix C). In addition, the hydraulic analysis performed shows that Old 
Alameda Creek has ample capacity to accommodate additional flows.  As proposed in the 
MOU, a new Diversion Pipe system is proposed connecting the Line M Channel (just 
upstream of the intersection of the new East-West Connector and the Line M Channel) to 
Old Alameda Creek.  This new Diversion Pipe system would ease the capacity 
constraints of the existing Line M Channel.  Based on the model results, diversion flow 
from the Diversion Pipe to the Creek would raise the WSE in the creek by 1.04 ft for the 
tail water elevation scenario of 24.36 and by 0.11 ft for the tail water elevation scenario 
of 28.3. Even with this increase, the hydraulic grade line (HGL) for Old Alameda Creek 
is well contained with ample freeboard of at least 15 ft between the water surface and the 
creek banks. 
There are flap gates at the downstream end of the Old Alameda Creek that would help in 
regulating or subsiding any substantial impacts on the hydrology and hydraulics of 
ACFCC due to added flows in the tributary creek. Even with the use of the flap gates, 
Old Alameda Creek has ample capacity to store the proposed additional flows. This 
capacity was formed because Old Alameda Creek was part of the main flood carrying 
channel prior to the construction of Alameda Flood Control Channel. 
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Figure 12. Existing water surface profile for the Old Alameda Creek at WS=24.36 ft 

 
Figure 13. Existing water surface profile for the Old Alameda Creek at WS=28.3ft 
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Figure 14. Proposed water surface profile for the Old Alameda Creek at WS=24.6ft 

 
Figure 15.  Proposed water surface profile for the Old Alameda Creek at WS=28.3ft 
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4.3 Line M 
A HEC-RAS model was developed for the Line M Channel for analyzing the channel 
hydraulics for a 100-year flow event. The flows shown in Table 3 were used in the 
analysis. Geometry data for the channel was provided by the ACFC & WCD, and the 
geometry for the existing culverts was determined from the as-builts (Mark Thomas, 
2006) and existing HEC-2 model (also provided by ACFC & WCD). For the existing 
100-year flows, Figure 18 illustrates that the water surface profile is higher than the 
channel banks. The FIS study also confirms flooding problems for the Line M Channel 
(see Figure 6). In an effort to reduce the existing flooding problems in the Line M 
Channel, half of the 100-year flow (i.e., 260 cfs) was proposed to be diverted to a new 
culvert. Figure 16 shows the water surface profile for the proposed condition with 
existing flows and with 260 cfs diverted upstream of the project site. Partially diverting 
flow would lower the WSE by 2.4 ft.  
 
The new roadway alignment would impact approximately 1,115 ft of the Line M 
Channel. This channel section would be replaced by two box culverts (10-ft span by 5-ft 
height), as shown in Figure 19. Hydraulic analysis of the Line M Channel using the 
proposed double box culverts showed that the HGL for the flow of 260 cfs is contained 
within the channel at the Project site with less than a foot of freeboard. With the existing 
flows the site would be inundated with high probability events such as a 25-year event. 
The diversion of 260 cfs would significantly lower the WSE, thus improving the capacity 
issues of the existing condition for flows with different recurrence intervals (10- to 100-
year).   
 
Expansion and contraction coefficients used to represent the proposed double box 
culverts were 1 and 0.75 respectively.  As a conservative approach, a Manning’s n was 
assumed to be 0.018 to account for surface roughness of a cast-in-place culvert. 
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Figure 16. Zone-5 Line M Channel Water Surface Elevation profile with existing and proposed flows. 
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Double Box Culverts: 10 ft (Span) X 5ft (Height) 
 

Figure 17. Proposed Box Culvert Cross-section for the Line M 

4.4 Line M Diversion Pipe 
The Line M Diversion Pipe is proposed as a diversion pipe, per MOU, to relieve the 
existing flooding in the Line M Channel.  In addition, as previously mentioned, the 
proposed new roadway alignment would impact the existing detention basins. Therefore, 
the runoff from the local tracts would also need to be included in the new Diversion Pipe 
(see Figure 8). Two alternatives for the Diversion Pipe were evaluated:  

 
• Alternative 1 is to divert full flow i.e. 520 cfs + 84 cfs through this new 

culvert to Old Alameda Creek (i.e., flow determined from FEMA FIS report 
plus excess flow generated by removed detention basins (New Bain and Baisn 
2-C)) 

• Alternative 2 is to divert partial flow from Line M Channel to Old Alameda 
Creek. In this case, a design criterion is to pass half of the 100-year flow (260 
cfs) plus the flow from the two detention basins (84 cfs) to Old Alameda 
Creek 
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Various scenarios were tested for these alternatives using different culvert types (box and 
pipe), sizes (6 ft to 9 ft), upstream inverts (40 ft to 45 ft), slopes (0.15% to 0.6%), etc. 
Also potential conflicts with existing utilities, groundwater depths, and upstream and 
downstream WSE were considered during the hydraulic analysis.  

 
Alternative 2 was selected, and the culvert system configuration for the selected 
alternative is shown in Figure 21. A drop in the pipe system profile, at Sta-27+51 (see 
Figure 20.), would be included to achieve the minimum clearance of 5 ft between the 
crown of the culvert and base of the railway tracks (UPRR, 1990). The downstream 
invert elevation was set to 28 ft NAVD. The diversion pipe would outfall into the 
proposed wetland mitigation site. The normal depth at the downstream end was assumed 
as a boundary condition for the hydraulics simulations.  
 
Based on multiple hydraulic iterations, considering both upstream and downstream 
conditions, the pipe size selected for the culvert was 96 in. 8ft ) from Sta: 0+00 to Sta: 
22+50.  For the culvert upstream of Sta: 22+50, the pipe size selected was 84 in. (7 ft). 
There is an existing Union Sanitary District’s sanitary sewer pipe (whose invert is at 
32.73 NAVD) that crosses the diversion pipe at Sta: 11+13. In order to avoid any 
potential cross-contamination with this sanitary sewer line, it is proposed to double 
contain this pipe using steel sheeting.  Proposed fin of grade for the segments of the 
culvert proposed under the roadway were estimated from the roadway profile, provided 
by T.Y. Lin International for the off-site segments of the culvert. Top of grade was 
approximated based on the existing contour data for segments outside the roadway 
grading plan. 
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Table 11. Summary Table for Hydraulic Parameters for Line M Diversion Pipe 
 

Station 
u/s 

Pipe 
Size 

Ave. 
Velocity 

Full 
Capacity 

Pipe 
Length 

Inv 
Ele up 

Inv 
Ele dn 

Pipe 
Slope 

Manning's 
n 

HGL -
u/s 

HGL -
d/s 

Critical 
Depth 

Minor 
Loss 

  (in) (ft/s) (cfs) (ft) (ft) (ft) (%)   (ft) (ft) (ft) (ft) 

2+18.5 96 8.26 365.13 218.5 28.35 28 0.16 0.013 34.16 34.51 4.57 0.33 

7+19.8 96 7.97 352.88 501.3 29.2 28.45 0.15 0.013 34.83 35.59 4.57 0.15 

11+10.3 96 7.93 354.62 390.5 29.89 29.3 0.15 0.013 35.73 36.31 4.57 0.15 

12+23.3 96 6.82 347.94 110 30.05 29.89 0.15 0.013 42.65 42.8 4.57 0.26 

15+51.7 96 6.82 352.4 328.4 30.59 30.1 0.15 0.013 43.06 43.53 4.57 0.14 

18+07.5 96 6.82 351.63 255.8 30.98 30.6 0.15 0.013 43.66 44.03 4.57 0.11 

22+50.9 96 6.07 441.84 443.4 32.04 31 0.23 0.013 44.29 44.78 4.31 0.1 

27+51.0 84 7.93 347.6 500.1 33.62 32.14 0.3 0.013 44.88 46.02 4.47 0.15 

33+41.8 84 6.76 347.76 590.8 38.37 36.62 0.3 0.013 46.43 47.41 4.12 0.11 

38+57.6 84 6.76 348 515.8 40 38.47 0.3 0.013 47.52 48.37 4.12 0.71 
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Figure 20. Conceptual Line M Diversion Pipe System and calculated HGL for Q100s 
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4.5 Roadway Drainage 
Hydraulic and hydrological analysis was performed for the new roadway drainage system 
during the 50 % design phase, to analyze the capacity of the storm drainage system. The 
25-year rainfall frequency was used for the design of the on-site drainage facilities. For 
the depressed section of the new roadway, a 50-year rainfall frequency was used per City 
of Union City’s recommendation. The hydrology and hydraulic design for the Project 
was based on the criteria presented in ACPWA’s Engineering Design Guidelines and 
ACHHM general criteria. Based on their criteria, the minimum pipe size for the storm 
drain system should be 18 in.  The proposed longitudinal drainage pipes should be 
installed atleast 6 feet from the face of the curb. Manholes should be placed along main 
longitudinal drainage pipe at the corresponding inlet locations. Maximum spacing 
between manholes should not be greater than 400 ft. Minimum and maximum velocities 
for closed conduits should be 3 ft/sec and 10 ft/sec respectively. Minimum slope for 
drainage pipes should be 0.0007 ft/ft. The hydrologic design calculations for the Project 
utilized the Rational Method to predict storm water runoff. The runoff coefficient (C) 
value in the hydrology calculations were 0.9 for all paved areas and 0.6 to 0.8 for the 
unpaved areas (ACHHM). 
 
 Pipe sizes were calculated using the Hydra flow Storm Sewer 2008 computer program. 
Preliminary layout and calculations for the drainage facilities are covered in Appendix E. 
Manning’s n value was considered as 0.013 for all the proposed systems assuming 
smooth interior pipes. The drainage inlets were placed at the most efficient locations 
considering the outfall and sag locations. The detailed preliminary inlet capacity 
calculations are included in Appendix F. The method used for these calculations were 
based on the FHWA Hydraulic Engineering Circular Number 22 (HEC-22) Publication 
for Highway Pavement Drainage. Preliminary pavement calculations (Appendix G) were 
used to determine the longitudinal slope of the roadway and the cross-slopes of the 
shoulders. These pavement calculations were based on the roadway profile, typical 
sections and super elevation diagram provided by T.Y.Lin International.  
 
Since the Project would result in the creation of more than one acre of impervious area, 
the Project is required to consider hydromodification mitigation to address increases in 
flow from impervious areas. Three basins are proposed at the site along with TreeWells 
for hydromodification mitigation. (Appendix-I). Basins were designed at the locations 
where there was enough area available along the new roadway within the Project R/W. 
The basins were sized using Bay Area Hydrology Model (BAHM).  
 
The preliminary construction cost for the proposed drainage improvements is anticipated 
to be $18 million. Contingency and mobilization cost would be added to the overall total 
project cost and is not considered in the drainage cost estimate shown in Appendix J. 
These costs are based on unit costs from the 2007 Contract Cost Data (Caltrans, 2007) . 
Pump station is proposed for the depressed section of the new roadway (Drainage plan 
DSS-19). Pump capacity and rates would follow CALTRANS design standards. Per 
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CALTRANS Standards, the required minimum storage volume would be as the flow 
volume for the 2-year, 20-minute storm. 
 

5 SCOUR ANALYSIS 
 
WRECO performed scour analysis on the bridges at two locations (Bridge Location #1 
and Bridge Location#2) in Old Alameda Creek and a bridge over the ACFCC for the 
structural stability of the  proposed bridges. The Scour criteria used to evaluate the 
preliminary design of the bridge was the Federal Highway Administration Hydraulic 
Engineering Circular 18 (HEC-18), Evaluating Scour at Bridges (Fourth Edition).  

5.1 Design Criteria 
The design storm used for estimating the bridge scour for the bridges over Old Alameda 
Creek was the 100-year design storm. For the ACFCC, MPF event was used in the scour 
analysis. USACE’s HEC-RAS model was used to estimate the existing and proposed 
conditions with the bridges. The cross-sections were cut along the creek using the survey 
data provided by T.Y.Lin International. The bridge geometry and pier locations were 
based on the Bridge General Plans, also provided by T.Y.Lin International. 

5.2 Existing Channel Bed 
The channel bed material was assumed to be fine sand based on the communication with 
Parikh Consultants. Since the boring information was not available at this time, d50 for 
the channel is assumed to be 0.00164 ft (0.05mm).   

5.3 Long-Term Bed Elevation Change 
Channel bed elevation may fluctuate over time as a result of changes in local sediment 
transport capacity and availability. When more sediment is supplied by watershed erosion 
and upstream channel flow than can be transported locally, the channel bed aggrades and 
when the sediment transport exceeds the supply, then channel degrades. Only channel 
degradation is considered for the purposes of analyzing scour.  
 
The long-term bed elevation change is anticipated to be negligible because of the shallow 
slopes of Old Alameda Creek, low velocities (1 to 3.5 cfs) and highly vegetated reaches. 
Also, at the downstream end of the creek (at the confluence with ACFCC), there are flap 
gates that would function as a grade control structure and hence would reduce the 
potential of any channel instabilities leading to channel degradation. 
 
Long term bed elevation change was assessed for the ACFCC by comparing the existing 
survey cross-sectional geometry to that of the AS-BUILTS USACE (1967) at the same 
station location. Channel aggradation  seemed to be prevalent along the channel stretch of 
the proposed project. The example cross-section is shown in Figure 18. Even though the 
deposited sediments have not significantly reduced the width of the channel, it has 
impacted the grade of the channel and has shifted the thalweg more towards south.  
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Figure 18.  Cross-sections at the ACFCC bridge location (USACE (1967) and Existing survey) 

5.4 Contraction Scour 
Contraction scour occurs when the flow area of a stream at flood stage is reduced, either 
by a natural contraction of the stream channel or by a bridge. It also occurs when 
overbank flow is forced back to the channel by roadway embankments at the approaches 
to a bridge. From the continuity equation, a decrease in flow area results in an increase in 
average velocity and bed shear stress through the contraction. Hence, there is an increase 
in erosive forces in the contraction section, and more bed material is removed from the 
contracted reach than is transported into the reach. This increase in transport of bed 
material from the reach lowers the natural bed elevation. As the bed elevation is lowered, 
the flow area increases and thus the velocity and shear stress decrease until relative 
equilibrium is reached; i.e., the quantity of bed material that is transported into the reach 
is equal to that removed from the reach, or the bed shear stress is decreased to a value 
such that no sediment is transported out of the reach. Contraction scour, in a natural 
channel or at a bridge crossing, involves removal of material from the bed across all or 
most of the channel width (FHWA 2001). 
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At the Bridge Location #1, the approach velocity exceeded the critical velocity for the 
entraining sediment, therefore, live bed contraction scour is expected across the bridge 
waterway. A modified version of Laursen’s 1960 equation was used for estimating the 
contraction scour and is written as: 
 
  
 
 
 
Where: 
ys = Average contraction scour depth (ft) 
y2 = Average depth in the contracted section (ft) 
y1 = Average depth in the upstream main channel (ft) 
y0 = Existing depth in the contracted channel before scour (ft) 
Q1 = Flow in the upstream channel transporting sediment (cfs) 
Q2 = Flow in the contracted channel (cfs) 
W1 = Bottom width of the upstream main channel (ft) 
W2 = Bottom width of the contracted channel (ft) 
k1 = exponent determined from shear velocity and fall velocity 
 
The computed contraction depth for the proposed bridge design at Bridge Location #1 is 
2.08 ft. 
 
At the Bridge Location #2, the approach velocity was calculated to be less than the 
critical sediment velocity. For this condition, clear water contraction is more probable at 
the bridge waterway section, therefore, The Laursen equation given below was used for 
estimating scour for this bridge: 
 
 
 
 
Where: 
ys = Average contraction scour depth (ft) 
y2 = Average depth in the contracted section (ft) 
y0 = Existing depth in the contracted channel before scour (ft) 
Q = Flow through the bridge (cfs) 
W = Bottom width of the contracted channel (ft) 
ku = 0.0077 (in English units) 
 
The computed contraction depth based on the above equation for proposed Bridge 
Location #2 is negligible because the proposed bridge does not introduce any obstruction 
that would contract the conveyance of the existing channel for the 100-year storm event. 
 
For the ACFCC, contraction scour was calculated to be 1.70 ft. Since the average channel 
velocity was greater than the permissible velocity of the sediment, live bed contraction 
scour was considered for this bridge. 
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5.5 Pier Scour 
Pier scour is a localized phenomenon and is caused by the erosive force exerted by the 
high velocity vortex at the upstream face of the pier. Determinant factors for the pier 
scour are hydraulics characteristics such as flow velocity and flow depth, width and shape 
of the pier, angle of attack of the flow with respect to the pier axis and bed material 
characteristics. There are a total of four piers for two parallel bridges proposed at Bridge 
Location #1. The General Plan (Figure 19) shows the positioning of the piers with respect 
to the bridges. All the four piers are oval shaped with dimensions of 8.5 ft x17 ft.  As a 
conservative approach, these piers were assumed to be circular with a diameter of 17 ft 
and angle of attack at the pier face (17 ft) was considered to be zero. Flow depth and 
velocity were obtained from the hydraulic analysis results using HEC-RAS. The 
Colorado State University (CSU) equation was used for calculating maximum scour 
depth and can be written as: 
 
 
 
 
Where: 
ys = Pier scour depth (ft) 
y1 = Flow depth directly upstream of the pier (ft) 
K1 = Correction factor for pier nose shape 
K2 = Correction factor for angle of attack of flow 
K3 = Correction factor for bed condition 
K4 = Correction factor for armoring by bed material size 
a= Pier width (ft) 
Fr1 = Froud number directly upstream of the pier  
 
The maximum pier scour calculated based on the above equation is 13.62 ft at the Old 
Alameda Bridge Location #1. The proposed bridge at Old Alameda Bridge Location #2 
would be a single-span bridge and would not have piers and thus, no pier scour was 
calculated. The maximum scour at the ACFCC bridge piers was calculated as 7.72 ft.  

5.6 Abutment Scour 
Scour occurs at bridge abutments when abutments and embankments obstruct flow.  The 
obstruction to flow forms a horizontal vortex that starts at the upstream end of the 
abutment and runs along the toe of the abutment and a vertical vortex at the downstream 
end of the abutment. 
Since the water surface in the Old Alameda Creek channel is below the abutment edges, 
and the spacing between the abutments did not cause any obstruction to the flow, 
abutment scour was not considered for both bridge locations. Scour would occur at one of 
the abutments (Abutment#1) of the ACFCC. Scour depth for the abutment was calculated 
using Froehlich's Live Bed Abutment Scour Equation is estimated to be 20.62 ft. 
 

43.0
1

65.0

1
4321

1

0.2 r
s F

y

a
KKKK

y

y








=



Draft Hydrology and Hydraulic Study Report  
East-West Connector Project 
Alameda County, California 
  

March 2009 43  

5.7 Total Scour 
The total estimated scour will be the sum of the long-term bed change, contraction scour, 
and local abutment scour. The total scour depth at the two Old Alameda Creek bridge 
locations are shown in Table 12 and for ACFCC is shown in Table 13 
 
Table 12.  Scour Summary for the Old Alameda Creek Bridges 

Bridge 
Location # 

Left/ 
Right 

Water Surface 
Elevation at the 
upstream face 

(ft) 

Average 
Velocity 
(ft/sec) 

Pier 
Station 

(per 
GP) 

Pier 
Scour 
Depth 

(ft) 

Contraction 
Scour  
(ft) 

Total 
Scour 
(ft) 

1 left 25.29 3.25   1.54   
     23+85 10.85  12.4 
        25+50 12.45   14 
1 Right 25.15 2.93     2.08   
     22+15 13.62  15.7 
        23+80 11.27   13.35 

2 NA 26.85 1.37 NA NA 0 0 
 
Table 13. Scour Summary for the ACFCC Bridge 

Location 
Bridge 

component 
Local 
Scour 

Contraction 
Scour 

Total 
Scour 

Left Overbank 
Left Abutment 

#1 20.62 1.70 22.32 
Channel Pier #2 7.41 1.70 9.11 
  Pier #3 7.75 1.70 9.44 
  Pier #4 7.72 1.70 9.41 
  Pier #5 7.55 1.70 9.25 
  Pier #6 7.60 1.70 9.29 
  Pier #7 6.90 1.70 8.60 

Right Overbank 
Right Abutment 

#8 0.00 1.70 1.70 
 

5.8 Scour Protection Recommendations 
The foundation  piles of the new piers should be installed below the estimated scour 
depths to withstand the erosive force generated by the flow velocity. Scour 
countermeasures are not proposed at the bridge locations.  
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Figure 19. General Plan: Bridge Location #1 on Old Alameda Creek 
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Figure 20. General Plan: Bridge Location #2 on Old Alameda Creek 
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Figure 21. General Plan: ACFCC Bridge 
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6 DISCUSSION AND RECOMMENDATIONS  
The new East-West Connector alignment would cross ACFCC once, and would cross Old 
Alameda Creek at two other locations to the east of Paseo Padre Parkway. Preliminary 
hydraulic analyses were performed on both channels. 
 
A new 7-span bridge crossing is proposed at ACFCC . Proposed condition was evaluated 
and compared to the existing conditions with no bridge.  The proposed structure would 
reduce the flow conveyance area and would potentially affect the water surface profile 
upstream of the bridge, which is unavoidable. The proposed bridge can pass the 100-year 
design flow of 31,000 cfs with more than 1 ft of freeboard.  However, it cannot pass the 
USACE’s MPF of 52,000 cfs with the required free board.  The ACFCC has adequate 
capacity to convey both the 100-year and MPF.  The proposed new bridge would have 
only a very slight increase to the water profile and a very small change to the flow 
velocity. Therefore, the proposed bridge would have an insignificant impact to the 
existing flow conveyance.  
 
The existing Old Alameda Creek is currently receiving runoff from two local tracts and 
Zone 5’s Line N-12.  The upstream groundwater recharge basins do not contribute flows 
to this stretch of Old Alameda Creek in the vicinity of the crossing of the East-West 
Connector.  The existing 100-year flow for Old Alameda Creek is 250 cfs.  With the 
proposed Diversion from Zone 5’s Line M and runoff from local residential 
developments (Tract 7405), the additional runoff to be discharged to Old Alameda Creek 
would be 342.5 cfs. This additional flow would be routed via  a proposed wetland site 
along the northern (upstream) stretch of the channel. Additional flow from the Line M 
Diversion Pipe would have minimal impact to the hydraulic capacity of the channel and 
would be contained within the channel, with at least 1 ft of freeboard.   In addition the 
added discharge could be used to enhance the existing Old Alameda Creek habitat and 
restore more riparian habitat to mitigate the wetland impacts from the proposed EWC 
Project.   
 
The diversion pipe for Line M was proposed based on the agreement between ACFC & 
WCD and Union City to help address the flooding issues of the existing Line M Channel, 
and to mitigate additional discharge produced by two impacted detention basins due to 
the construction of the project. This diversion pipe used to convey flows from Line M to 
Old Alameda Creek is proposed to be a 96-in. pipe with a smooth interior.   
 
The existing Line M has flooding problems due to the capacity constraints in the channel 
downstream of the East-West Connector alignment. With the implementation of the new 
Diversion Pipe, part of the flow would be diverted to Old Alameda Creek. With this 
diversion, flooding would be relieved in the vicinity of the Project site, and thus, is an 
improvement over the existing condition. Also, approximately 1,100 ft of the Line M 
Channel would be replaced by double box culverts (10 ft by 5 ft) for the flow conveyance 
in the impacted Line M Channel under the new road alignment.  
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With the proposed diversion pipe from Zone 5 Line M Channel and runoff from local 
residential developments (Tracts 7405, 6999, 7000 and part of 7th Street), the additional 
runoff to be discharged to Old Alameda Creek would be 342 cfs.  Additional flow from 
the Line M Channel diversion pipeline would have  minimal impact on the hydraulic 
capacity of the channel and would be contained within the channel, with ample freeboard 
between 100-year water surface elevation and channel banks.  
 
New drainage systems with new outfalls into Old Alameda Creek would be proposed for 
the EWC Project to accommodate the proposed new roadway alignment. The new 
drainage system would be designed mainly for a 25 year storm event. At the depressed 
location, both proposed drainage and pump storage would meet 50-year storm event 
condition.  Existing drainage facilities throughout the EWC Project limits, would be 
extended, replaced, repaired, and/or improved as necessary to provide proper drainage for 
the increase runoff of the widened areas. 
 
The objective of the drainage design is to limit the design WSEs and velocities to no 
greater than the existing conditions, or to what can be handled by the existing conditions, 
at the boundary of the EWC Project. In addition, the EWC Project’s design goal is to 
maintain pre-construction storm water discharge flows by metering or detaining these 
flows to pre-construction rates prior to discharge to a receiving water body.   
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Appendix A  FEMA Floodplain Map 
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Appendix B  Project Photographs 
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Detention basin near 11th Street 
 

 
Pump Station next to Detention basin near 11th Street and Green Street 
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Pipe from the pump station to detention basin 

 
A 42” Outfall into the detention basin from Tract 7405. 
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Detention basin Picture taken from 11th Street. 

 
Line M Channel near Chesapeake Drive looking towards rail road and Green Street. 
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Line M Channel from Chesapeake Drive looking towards 7th Street. 
 

 
Two cross culverts under Chesapeake Drive. 
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Chesapeake Drive Bridge. 
 

 
Upstream side of three cross culverts connecting Old Alameda Creek and Alameda Creek 
Flood Control Channel. 
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Upstream side of three cross culverts connecting Old Alameda Creek and Alameda Creek 
Flood Control Channel. 

 
Maintenance structure for three cross culverts connecting Old Alameda Creek and 
Alameda Creek Flood Control Channel. 
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 Downstream side of the three cross culverts in Alameda Creek Flood Control Channel 

 
Flap gates on the downstream side of three cross culverts in Alameda Creek Flood 
Control Channel 
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Another picture of flap gates on the downstream side of three cross culverts in Alameda 
Creek Flood Control Channel 
 
 
 

 
Flap gates on the downstream side of three cross culverts in Alameda Creek Flood 
Control Channel, taken from Paseo Padre Pkwy 
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Appendix C  Memorandum of Understanding between 
ACFC & WCD and City of Union City 
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Appendix D  Scour Calculations 



 



Draft Hydrology and Hydraulic Study Report  
East-West Connector Project 
Alameda County, California 
 

March 2009  D-2  

Local Pier Scour 
 Pier-1 (Pier 1 in HEC RAS model) 
 Full flow at RS 1219 
 

 

Parameter Description 
Req'd 

input     

  Units: English or Metric > English   

  Water surface elevation at pier >> 25.34 ft 

  Ground elevation at pier >> 22.1 ft 

y1 Water depth at pier   3.24   

v1 Mean velocity of flow directly upstream of pier >> 3.05 ft/s 

          

L Pier length > 17 ft 

a Pier width > 17 ft 

L/a Length to width ratio   1.00 ft/ft 

          

  Pier nose shape >>> Cylinder   

K1 Correction factor for pier nose shape   1   

θ Angle of attack > 0 ° 

K2 Correction factor for angle of attack of flow Eq 6.4 1.00   

K3 Correction factor for bed condition > 1.1 
Clear 
water 

          

D50 Grain size for which 50% of the bed material is finer > 0.00164 ft 

D95 Grain size for which 95% of the bed material is finer > 1 ft 

VR VR=(V1-ViCD50)/(VcD50-VicD95)>0 Eq 6.6 1.00   

VicD50 Approach velocity required to initiate scour at the pier for the grain size D50 Eq 6.7 0.63 ft/s 

VicD95 Approach velocity required to initiate scour at the pier for the grain size D95 Eq 6.7 7.54 ft/s 

VcD50 Critical velocity for incipient motion for the grain size D50 Eq 6.8 1.60 ft/s 

VcD95 Critical velocity for incipient motion for the grain size D95 Eq 6.8 13.59 ft/s 

Ku 6.19 if SI units and 11.17 if English units p 6.6 11.17   

K4 Correction factor for armoring by bed material size Eq 6.5 1.00   

          

g Gravitational constant = 9.81 if SI units and 32.2 if English units p 6.4 32.2 ft/s2 

Fr1 Froude number p 6.4 0.30   

          

 

ys pier Pier scour depth Eq 6.1 12.45 ft 

 
 
 
 
 
 
 
 



Draft Hydrology and Hydraulic Study Report  
East-West Connector Project 
Alameda County, California 
 

March 2009  D-3  

Local Pier Scour 
 Pier-2 
 Full flow at RS 1063 
 

 

Parameter Description 
Req'd 

input     

  Units: English or Metric > English   

  Water surface elevation at pier >> 25.24 ft 

  Ground elevation at pier >> 21.79 ft 

y1 Water depth at pier   3.45   

v1 Mean velocity of flow directly upstream of pier >> 2.17 ft/s 

          

L Pier length > 17 ft 

a Pier width > 17 ft 

L/a Length to width ratio   1.00 ft/ft 

          

  Pier nose shape >>> Cylinder   

K1 Correction factor for pier nose shape   1   

θ Angle of attack > 0 ° 

K2 Correction factor for angle of attack of flow Eq 6.4 1.00   

K3 Correction factor for bed condition > 1.1 Clear water 

          

D50 Grain size for which 50% of the bed material is finer > 0.00164 ft 

D95 Grain size for which 95% of the bed material is finer > 1 ft 

VR VR=(V1-ViCD50)/(VcD50-VicD95)>0 Eq 6.6 1.00   

VicD50 Approach velocity required to initiate scour at the pier for the grain size D50 Eq 6.7 0.64 ft/s 

VicD95 Approach velocity required to initiate scour at the pier for the grain size D95 Eq 6.7 7.62 ft/s 

VcD50 Critical velocity for incipient motion for the grain size D50 Eq 6.8 1.62 ft/s 

VcD95 Critical velocity for incipient motion for the grain size D95 Eq 6.8 13.73 ft/s 

Ku 6.19 if SI units and 11.17 if English units p 6.6 11.17   

K4 Correction factor for armoring by bed material size Eq 6.5 1.00   

          

g Gravitational constant = 9.81 if SI units and 32.2 if English units p 6.4 32.2 ft/s2 

Fr1 Froude number p 6.4 0.21   

          

 

ys pier Pier scour depth Eq 6.1 10.85 ft 
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March 2009  D-4  

Local Pier Scour 
 Pier-3 
 Full flow at RS 1039 
 

 

Parameter Description 
Req'd 

input     

  Units: English or Metric > English   

  Water surface elevation at pier >> 25.17 ft 

  Ground elevation at pier >> 21.93 ft 

y1 Water depth at pier   3.24   

v1 Mean velocity of flow directly upstream of pier >> 2.42 ft/s 

          

L Pier length > 17 ft 

a Pier width > 17 ft 

L/a Length to width ratio   1.00 ft/ft 

          

  Pier nose shape >>> Cylinder   

K1 Correction factor for pier nose shape   1   

θ Angle of attack > 0 ° 

K2 Correction factor for angle of attack of flow Eq 6.4 1.00   

K3 Correction factor for bed condition > 1.1 Clear water 

          

D50 Grain size for which 50% of the bed material is finer > 0.00164 ft 

D95 Grain size for which 95% of the bed material is finer > 1 ft 

VR VR=(V1-ViCD50)/(VcD50-VicD95)>0 Eq 6.6 1.00   

VicD50 Approach velocity required to initiate scour at the pier for the grain size D50 Eq 6.7 0.63 ft/s 

VicD95 Approach velocity required to initiate scour at the pier for the grain size D95 Eq 6.7 7.54 ft/s 

VcD50 Critical velocity for incipient motion for the grain size D50 Eq 6.8 1.60 ft/s 

VcD95 Critical velocity for incipient motion for the grain size D95 Eq 6.8 13.59 ft/s 

Ku 6.19 if SI units and 11.17 if English units p 6.6 11.17   

K4 Correction factor for armoring by bed material size Eq 6.5 1.00   

          

g Gravitational constant = 9.81 if SI units and 32.2 if English units p 6.4 32.2 ft/s2 

Fr1 Froude number p 6.4 0.24   

          

 

ys pier Pier scour depth Eq 6.1 11.27 ft 
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Local Pier Scour 
 Pier-4 
 Full flow at RS 888.16 
 

 

Parameter Description 
Req'd 

input     

  Units: English or Metric > English   

  Water surface elevation at pier >> 24.86 ft 

  Ground elevation at pier >> 21.37 ft 

y1 Water depth at pier   3.49   

v1 Mean velocity of flow directly upstream of pier >> 3.67 ft/s 

          

L Pier length > 17 ft 

a Pier width > 17 ft 

L/a Length to width ratio   1.00 ft/ft 

          

  Pier nose shape >>> Cylinder   

K1 Correction factor for pier nose shape   1   

θ Angle of attack > 0 ° 

K2 Correction factor for angle of attack of flow Eq 6.4 1.00   

K3 Correction factor for bed condition > 1.1 
Clear 
water 

          

D50 Grain size for which 50% of the bed material is finer > 0.00164 ft 

D95 Grain size for which 95% of the bed material is finer > 1 ft 

VR VR=(V1-ViCD50)/(VcD50-VicD95)>0 Eq 6.6 1.00   

VicD50 Approach velocity required to initiate scour at the pier for the grain size D50 Eq 6.7 0.64 ft/s 

VicD95 Approach velocity required to initiate scour at the pier for the grain size D95 Eq 6.7 7.64 ft/s 

VcD50 Critical velocity for incipient motion for the grain size D50 Eq 6.8 1.62 ft/s 

VcD95 Critical velocity for incipient motion for the grain size D95 Eq 6.8 13.76 ft/s 

Ku 6.19 if SI units and 11.17 if English units p 6.6 11.17   

K4 Correction factor for armoring by bed material size Eq 6.5 1.00   

          

g Gravitational constant = 9.81 if SI units and 32.2 if English units p 6.4 32.2 ft/s2 

Fr1 Froude number p 6.4 0.35   

          

 

ys pier Pier scour depth Eq 6.1 13.62 ft 
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Contraction Scour 
 Live-Bed or Clear-Water Contraction Scour? 
 Full flow at RS 1125 
 Parameter Description Req'd input   

  Units: English or Metric > English   

  Station upstream of the bridge >> 1195   

  Water surface elevation at upstream station >> 25.34 ft 

  Ground elevation at upstream station >> 20 ft 

y Average depth of flow upstream of the bridge   5.34 ft 

D Particle size for Vc     ft 

D50 Particle size in a mixture of which 50 percent are smaller > 0.00164 ft 

Ku 6.19 if SI units and 11.17 if English units   11.17   

          

Vc Critical velocity   1.74 ft/s 

V Mean velocity in the channel >> 3.05 ft/s 

If Vc>V, Clear-Water, If Vc<V, Live-Bed 
 

Live-Bed Contraction 

 

 
 Live-Bed Contraction Scour 
  

 

 

 

 

 Parameter Description Req'd input   

  Station upstream of the bridge   1195   

  Water surface elevation at upstream station   25.34 ft 

  Ground elevation at upstream station   20 ft 

y1 Average depth in the upstream main channel   5.34   
          

  Station at upstream face of bridge >> 1195   

  Water surface elevation at upstream face of bridge >> 25.29 ft 

  Ground elevation at upstream face of bridge >> 20 ft 

yo Existing depth in the contracted section before scour   5.29 ft 

          

Q1 Flow in the upstream channel transporting sediment >> 660 ft3/s 

Q2 Flow in contracted channel >> 660 ft3/s 

w1 Bottom width of upstream main channel that is transporting bed material >> 48.65 ft 

w2 Bottom width of main channel in contracted section >> 51.06 ft 

  Pier width > 17 ft 

  Number of piers > 1   

  Total pier width > 17 ft 

          

k1 Factor for mode of bed material transport > 0.69   

          

y2 Average depth in the contracted section   6.83 ft 

 
Ys Average live bed contraction scour depth   1.54 ft 
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Draft Hydrology and Hydraulic Study Report  
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March 2009  D-3  

Contraction Scour 
 Live-Bed or Clear-Water Contraction Scour? 
 Full flow at RS 958 
 

 

Parameter Description 
Req'd 

input     

  Units: English or Metric > English   

  Station upstream of the bridge >> 1008   

  Water surface elevation at upstream station >> 25.26 ft 

  Ground elevation at upstream station >> 20 ft 

y Average depth of flow upstream of the bridge   5.26 ft 

D Particle size for Vc     ft 

D50 Particle size in a mixture of which 50 percent are smaller > 0.00164 ft 

Ku 6.19 if SI units and 11.17 if English units   11.17   

          

Vc Critical velocity   1.74 ft/s 

V Mean velocity in the channel >> 2.42 ft/s 

If Vc>V, Clear-Water, If Vc<V, Live-Bed 
 

Live-Bed Contraction 

 

 

 Live-Bed Contraction Scour 
  

 

 

 

 

 

Parameter Description 
Req'd 

input     

  Station upstream of the bridge   1008   

  Water surface elevation at upstream station   25.26 ft 

  Ground elevation at upstream station   20 ft 

y1 Average depth in the upstream main channel   5.26   

          

  Station at upstream face of bridge >> 1008   

  Water surface elevation at upstream face of bridge >> 25.24 ft 

  Ground elevation at upstream face of bridge >> 20 ft 

yo Existing depth in the contracted section before scour   5.24 ft 

          

Q1 Flow in the upstream channel transporting sediment >> 660 ft3/s 

Q2 Flow in contracted channel >> 660 ft3/s 

w1 Bottom width of upstream main channel that is transporting bed material >> 78.41 ft 

w2 Bottom width of main channel in contracted section >> 65.6 ft 

  Pier width > 17 ft 

  Number of piers > 1   

  Total pier width > 17 ft 

          

k1 Factor for mode of bed material transport > 0.69   

          

y2 Average depth in the contracted section   7.32 ft 

 
Ys Average live bed contraction scour depth   2.08 ft 
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Appendix E  Hydra flow Runs 
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EWC 3.13

Project File:  Drainage Area 1.stm Number of lines: 18 Date:  03-31-2009
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Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 35.0 0.22 2.79 0.90 0.20 2.42 5.0 16.7 2.0 4.86 19.87 1.55 24 0.77 36.25 36.52 43.00 43.02 48.00 48.02

2 1 11.0 0.00 2.57 0.00 0.00 2.22 5.0 16.6 2.0 4.48 28.12 1.43 24 1.55 36.92 37.09 43.05 43.06 48.02 48.34

3 2 80.0 0.45 0.45 0.89 0.40 0.40 5.0 5.0 3.9 1.57 19.89 0.89 18 3.59 36.99 39.86 43.11 43.13 48.34 47.36

4 2 150.0 0.00 2.12 0.00 0.00 1.82 5.0 14.7 2.2 3.94 12.66 1.25 24 0.31 36.99 37.46 43.10 43.14 48.34 46.21

5 4 101.0 0.00 1.78 0.00 0.00 1.53 5.0 13.2 2.3 3.51 15.43 1.12 24 0.47 37.36 37.83 43.17 43.20 46.21 45.58

6 5 99.0 0.00 1.27 0.00 0.00 1.09 5.0 12.1 2.4 2.62 5.78 1.48 18 0.30 37.73 38.03 43.21 43.28 45.58 45.28

7 6 50.0 0.00 1.04 0.00 0.00 0.89 5.0 11.4 2.5 2.21 6.64 1.25 18 0.40 37.93 38.13 43.32 43.34 45.28 45.13

8 7 75.0 0.10 0.10 0.88 0.09 0.09 5.0 5.0 3.9 0.34 15.05 0.20 18 2.05 38.03 39.57 43.39 43.39 45.13 44.57

9 7 76.0 0.00 0.74 0.00 0.00 0.62 5.0 9.4 2.8 1.73 7.33 0.98 18 0.49 38.03 38.40 43.38 43.40 45.13 44.90

10 9 76.0 0.00 0.45 0.00 0.00 0.38 5.0 7.5 3.1 1.20 8.08 0.68 18 0.59 38.30 38.75 43.42 43.43 44.90 44.75

11 4 69.0 0.34 0.34 0.86 0.29 0.29 5.0 5.0 3.9 1.15 22.93 0.65 18 4.77 37.36 40.65 43.18 43.19 46.21 45.65

12 5 68.0 0.23 0.23 0.84 0.19 0.19 5.0 5.0 3.9 0.76 19.31 0.43 18 3.38 37.73 40.03 43.23 43.23 45.58 45.03

13 6 76.0 0.23 0.23 0.86 0.20 0.20 5.0 5.0 3.9 0.77 16.12 0.44 18 2.36 37.93 39.72 43.34 43.35 45.28 44.72

14 7 11.0 0.20 0.20 0.88 0.18 0.18 5.0 5.0 3.9 0.69 16.75 0.39 18 2.55 38.03 38.31 43.39 43.39 45.13 44.81

15 9 78.0 0.29 0.29 0.83 0.24 0.24 5.0 5.0 3.9 0.94 12.07 0.53 18 1.32 38.30 39.33 43.42 43.43 44.90 44.33

16 10 78.0 0.28 0.28 0.83 0.23 0.23 5.0 5.0 3.9 0.91 7.98 0.52 18 0.58 38.65 39.10 43.44 43.45 44.75 44.10

17 10 8.0 0.17 0.17 0.89 0.15 0.15 5.0 5.0 3.9 0.59 6.43 0.34 18 0.37 38.65 38.68 43.44 43.44 44.75 44.43

18 5 11.0 0.28 0.28 0.90 0.25 0.25 5.0 5.0 3.9 0.99 16.75 0.56 18 2.55 37.73 38.01 43.23 43.23 45.58 45.26

EWC 3.13 Number of lines: 18 Run Date:  03-31-2009

NOTES: Intensity = 10.21 / (Inlet time + 0.30)  ̂0.57;  Return period =  25  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01
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Line Line Vel Capac Line Invert Invert Line n-val HGL HGL Crit Minor Defl
No. Size Ave Full Length Up Dn Slope Pipe Dn Up Depth Loss Ang

(in) (ft/s) (cfs) (ft) (ft) (ft) (%) (ft) (ft) (ft) (ft) (Deg)

1 24 1.55 19.87 35.0 36.52 36.25 0.77 0.013 43.00 43.02 0.78 0.03 -120.0

2 24 1.43 28.12 11.0 37.09 36.92 1.55 0.013 43.05 43.06 0.75 0.03 30.0

3 18 0.89 19.89 80.0 39.86 36.99 3.59 0.013 43.11 43.13 0.48 0.01 -1.0

4 24 1.25 12.66 150.0 37.46 36.99 0.31 0.013 43.10 43.14 0.70 0.02 90.0

5 24 1.12 15.43 101.0 37.83 37.36 0.47 0.013 43.17 43.20 0.66 0.02 0.0

6 18 1.48 5.78 99.0 38.03 37.73 0.30 0.013 43.21 43.28 0.62 0.03 5.0

7 18 1.25 6.64 50.0 38.13 37.93 0.40 0.013 43.32 43.34 0.57 0.02 -2.0

8 18 0.20 15.05 75.0 39.57 38.03 2.05 0.013 43.39 43.39 0.22 0.00 -95.0

9 18 0.98 7.33 76.0 38.40 38.03 0.49 0.013 43.38 43.40 0.50 0.01 7.0

10 18 0.68 8.08 76.0 38.75 38.30 0.59 0.013 43.42 43.43 0.42 0.01 0.0

11 18 0.65 22.93 69.0 40.65 37.36 4.77 0.013 43.18 43.19 0.41 0.01 -90.0

12 18 0.43 19.31 68.0 40.03 37.73 3.38 0.013 43.23 43.23 0.33 0.00 -85.0

13 18 0.44 16.12 76.0 39.72 37.93 2.36 0.013 43.34 43.35 0.34 0.00 -91.0

14 18 0.39 16.75 11.0 38.31 38.03 2.55 0.013 43.39 43.39 0.32 0.00 90.0

15 18 0.53 12.07 78.0 39.33 38.30 1.32 0.013 43.42 43.43 0.37 0.00 -91.0

16 18 0.52 7.98 78.0 39.10 38.65 0.58 0.013 43.44 43.45 0.36 0.00 -69.0

17 18 0.34 6.43 8.0 38.68 38.65 0.37 0.013 43.44 43.44 0.29 0.00 90.0

18 18 0.56 16.75 11.0 38.01 37.73 2.55 0.013 43.23 43.23 0.38 0.00 90.0

EWC 3.13 Number of lines: 18 Date:  03-31-2009

NOTES:  i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers 2008
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Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 79.0 0.20 5.47 0.84 0.17 4.83 5.0 20.1 1.8 19.46 48.63 2.75 36 0.53 37.10 37.52 42.00 42.07 43.00 43.27

2 1 14.0 0.00 5.27 0.00 0.00 4.66 5.0 20.0 1.8 18.80 50.42 2.66 36 0.57 37.42 37.50 42.22 42.23 43.27 43.75

3 2 125.0 0.00 3.62 0.00 0.00 3.22 5.0 19.3 1.9 13.13 25.41 2.68 30 0.38 37.40 37.88 42.34 42.47 43.75 44.13

4 3 121.0 0.00 3.44 0.00 0.00 3.05 5.0 18.5 1.9 12.50 25.29 2.55 30 0.38 37.78 38.24 42.59 42.70 44.13 44.49

5 4 125.0 0.00 3.07 0.00 0.00 2.73 5.0 17.6 2.0 11.22 24.61 2.29 30 0.36 38.14 38.59 42.82 42.91 44.49 44.84

6 5 127.0 0.00 2.58 0.00 0.00 2.30 5.0 16.5 2.0 9.53 44.42 1.94 30 1.17 38.49 39.98 43.02 43.09 44.84 45.23

7 6 98.0 0.00 2.20 0.00 0.00 1.95 5.0 15.5 2.1 8.19 20.71 1.67 30 0.26 39.02 39.27 43.16 43.20 45.23 45.52

8 7 131.0 0.00 1.97 0.00 0.00 1.75 5.0 14.0 2.2 7.15 25.59 1.46 30 0.39 39.17 39.68 43.25 43.29 45.52 45.93

9 8 50.0 0.00 1.72 0.00 0.00 1.52 5.0 11.4 2.5 6.11 28.41 1.24 30 0.48 39.58 39.82 43.33 43.35 45.93 46.32

10 9 75.0 0.00 1.55 0.00 0.00 1.37 5.0 8.9 2.9 5.37 28.02 1.09 30 0.47 39.72 40.07 43.37 43.39 46.32 46.57

11 4 70.0 0.17 0.17 0.86 0.15 0.15 5.0 5.0 3.9 0.57 12.36 0.32 18 1.39 38.14 39.11 42.90 42.90 44.49 44.11

12 5 71.0 0.30 0.30 0.87 0.26 0.26 5.0 5.0 3.9 1.02 12.40 0.58 18 1.39 38.49 39.48 43.07 43.08 44.84 44.48

13 10 86.0 0.00 1.32 0.00 0.00 1.16 5.0 8.3 3.0 4.56 7.60 2.58 18 0.52 39.97 40.42 43.41 43.57 46.57 45.67

14 13 75.0 0.00 1.13 0.00 0.00 1.00 5.0 7.7 3.1 3.90 6.86 2.21 18 0.43 40.32 40.64 43.70 43.80 45.67 45.89

15 14 50.0 0.00 1.03 0.00 0.00 0.91 5.0 7.3 3.2 3.55 8.00 2.01 18 0.58 40.54 40.83 43.89 43.95 45.89 46.08

16 15 90.0 0.00 0.82 0.00 0.00 0.72 5.0 6.4 3.4 2.81 8.36 1.59 18 0.63 40.73 41.30 44.04 44.10 46.08 48.80

17 16 62.0 0.00 0.43 0.00 0.00 0.37 5.0 5.2 3.8 1.43 17.89 0.89 18 2.90 41.20 43.00 44.17 44.18 48.80 48.25

18 2 50.0 0.00 1.65 0.00 0.00 1.45 5.0 16.9 2.0 5.67 38.03 1.16 30 0.86 37.40 37.83 42.43 42.44 43.75 43.58

19 18 13.0 0.09 0.09 0.84 0.08 0.08 5.0 5.0 3.9 0.30 20.39 0.17 18 3.77 37.73 38.22 42.48 42.48 43.58 43.22

20 18 60.0 0.00 1.56 0.00 0.00 1.37 5.0 16.3 2.0 5.37 16.26 1.71 24 0.52 37.73 38.04 42.46 42.49 43.58 43.54

21 20 11.0 0.16 0.16 0.83 0.13 0.13 5.0 5.0 3.9 0.52 16.75 0.29 18 2.55 37.94 38.22 42.58 42.58 43.54 43.22

22 20 105.0 0.00 1.40 0.00 0.00 1.24 5.0 15.2 2.1 4.85 14.30 1.54 24 0.40 37.94 38.36 42.54 42.59 43.54 43.86

System 3 Number of lines: 47 Run Date:  03-31-2009

NOTES: Intensity = 10.21 / (Inlet time + 0.30)  ̂0.57;  Return period =  25  Yrs.   ;  Total flows limited to inlet captured flows.  ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01
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Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

23 22 11.0 0.30 0.30 0.89 0.27 0.27 5.0 5.0 3.9 1.05 16.75 0.59 18 2.55 38.26 38.54 42.66 42.66 43.86 43.54

24 22 77.0 0.00 1.10 0.00 0.00 0.97 5.0 14.6 2.2 3.81 7.47 2.15 18 0.51 38.26 38.65 42.63 42.73 43.86 44.40

25 24 12.0 0.09 0.09 0.87 0.08 0.08 5.0 5.0 3.9 0.31 6.78 0.17 18 0.42 38.55 38.60 42.88 42.88 44.40 44.10

26 24 45.0 0.07 0.07 0.90 0.06 0.06 5.0 5.0 3.9 0.25 7.83 0.14 18 0.56 38.55 38.80 42.88 42.88 44.40 43.80

27 24 66.0 0.00 0.94 0.00 0.00 0.83 5.0 14.0 2.2 3.25 16.09 1.84 18 2.35 38.55 40.10 42.82 42.89 44.40 45.85

28 27 12.0 0.39 0.39 0.86 0.34 0.34 5.0 5.0 3.9 1.31 6.78 0.74 18 0.42 40.00 40.05 42.98 42.99 45.85 45.55

29 27 45.0 0.23 0.23 0.90 0.21 0.21 5.0 5.0 3.9 0.81 7.83 0.46 18 0.56 40.00 40.25 42.99 42.99 45.85 45.25

30 27 265.0 0.00 0.32 0.00 0.00 0.29 5.0 7.1 3.2 1.13 5.95 0.64 18 0.32 40.00 40.85 42.99 43.02 45.85 46.60

31 30 12.0 0.19 0.19 0.90 0.17 0.17 5.0 5.0 3.9 0.67 6.78 0.38 18 0.42 40.75 40.80 43.03 43.03 46.60 46.30

32 30 32.0 0.13 0.13 0.90 0.12 0.12 5.0 5.0 3.9 0.46 9.28 0.26 18 0.78 40.75 41.00 43.03 43.03 46.60 46.00

33 3 14.0 0.18 0.18 0.90 0.16 0.16 5.0 5.0 3.9 0.63 13.16 0.36 18 1.57 37.78 38.00 42.69 42.69 44.13 43.75

34 4 14.0 0.20 0.20 0.90 0.18 0.18 5.0 5.0 3.9 0.71 13.16 0.40 18 1.57 38.14 38.36 42.90 42.90 44.49 44.11

35 5 13.0 0.19 0.19 0.90 0.17 0.17 5.0 5.0 3.9 0.67 14.27 0.38 18 1.85 38.49 38.73 43.07 43.07 44.84 44.48

36 8 14.0 0.15 0.15 0.90 0.14 0.14 5.0 5.0 3.9 0.53 13.16 0.30 18 1.57 39.58 39.80 43.36 43.36 45.93 45.55

37 10 15.0 0.23 0.23 0.90 0.21 0.21 5.0 5.0 3.9 0.81 18.19 0.46 18 3.00 39.97 40.42 43.42 43.42 46.57 46.17

38 7 71.0 0.23 0.23 0.90 0.21 0.21 5.0 5.0 3.9 1.03 25.46 0.33 24 1.27 39.17 40.07 43.28 43.29 45.52 45.07

39 8 89.0 0.10 0.10 0.89 0.09 0.09 5.0 5.0 3.9 0.52 16.78 0.17 24 0.55 39.58 40.07 43.36 43.36 45.93 45.07

40 9 89.0 0.17 0.17 0.89 0.15 0.15 5.0 5.0 3.9 0.73 16.95 0.23 24 0.56 39.72 40.22 43.39 43.39 46.32 45.22

41 13 6.0 0.19 0.19 0.89 0.17 0.17 5.0 5.0 3.9 0.66 15.46 0.37 18 2.17 40.32 40.45 43.77 43.77 45.67 45.45

42 14 6.0 0.10 0.10 0.90 0.09 0.09 5.0 5.0 3.9 0.35 15.46 0.20 18 2.17 40.54 40.67 43.95 43.95 45.89 45.67

43 15 6.0 0.21 0.21 0.90 0.19 0.19 5.0 5.0 3.9 0.74 15.46 0.42 18 2.17 40.73 40.86 44.07 44.07 46.08 45.86

44 17 12.0 0.43 0.43 0.85 0.37 0.37 5.0 5.0 3.9 1.43 6.78 0.91 18 0.42 42.90 42.95 44.18 44.18 48.25 47.95

System 3 Number of lines: 47 Run Date:  03-31-2009

NOTES: Intensity = 10.21 / (Inlet time + 0.30)  ̂0.57;  Return period =  25  Yrs.   ;  Total flows limited to inlet captured flows.  ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01
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Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

45 16 12.0 0.39 0.39 0.90 0.35 0.35 5.0 5.0 3.9 1.38 16.60 0.78 18 2.50 41.20 41.50 44.17 44.17 48.80 48.50

46 6 13.0 0.30 0.30 0.90 0.27 0.27 5.0 5.0 3.9 1.06 14.27 0.60 18 1.85 38.88 39.12 43.20 43.20 45.23 44.87

47 6 81.0 0.08 0.08 0.90 0.07 0.07 5.0 5.0 3.9 0.28 11.55 0.16 18 1.21 39.02 40.00 43.20 43.20 45.23 45.00

System 3 Number of lines: 47 Run Date:  03-31-2009

NOTES: Intensity = 10.21 / (Inlet time + 0.30)  ̂0.57;  Return period =  25  Yrs.   ;  Total flows limited to inlet captured flows.  ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01
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Line Line Vel Capac Line Invert Invert Line n-val HGL HGL Crit Minor Defl
No. Size Ave Full Length Up Dn Slope Pipe Dn Up Depth Loss Ang

(in) (ft/s) (cfs) (ft) (ft) (ft) (%) (ft) (ft) (ft) (ft) (Deg)

1 36 2.75 48.63 79.0 37.52 37.10 0.53 0.013 42.00 42.07 1.41 0.14 140.0

2 36 2.66 50.42 14.0 37.50 37.42 0.57 0.013 42.22 42.23 1.38 0.11 -50.0

3 30 2.68 25.41 125.0 37.88 37.40 0.38 0.013 42.34 42.47 1.21 0.11 -90.0

4 30 2.55 25.29 121.0 38.24 37.78 0.38 0.013 42.59 42.70 1.18 0.10 0.0

5 30 2.29 24.61 125.0 38.59 38.14 0.36 0.013 42.82 42.91 1.12 0.08 0.0

6 30 1.94 44.42 127.0 39.98 38.49 1.17 0.013 43.02 43.09 1.03 0.06 0.0

7 30 1.67 20.71 98.0 39.27 39.02 0.26 0.013 43.16 43.20 0.96 0.04 0.0

8 30 1.46 25.59 131.0 39.68 39.17 0.39 0.013 43.25 43.29 0.89 0.03 0.0

9 30 1.24 28.41 50.0 39.82 39.58 0.48 0.013 43.33 43.35 0.83 0.02 0.0

10 30 1.09 28.02 75.0 40.07 39.72 0.47 0.013 43.37 43.39 0.77 0.02 0.0

11 18 0.32 12.36 70.0 39.11 38.14 1.39 0.013 42.90 42.90 0.29 0.00 90.0

12 18 0.58 12.40 71.0 39.48 38.49 1.39 0.013 43.07 43.08 0.39 0.01 90.0

13 18 2.58 7.60 86.0 40.42 39.97 0.52 0.013 43.41 43.57 0.82 0.10 90.0

14 18 2.21 6.86 75.0 40.64 40.32 0.43 0.013 43.70 43.80 0.75 0.08 -90.0

15 18 2.01 8.00 50.0 40.83 40.54 0.58 0.013 43.89 43.95 0.72 0.06 0.0

16 18 1.59 8.36 90.0 41.30 40.73 0.63 0.013 44.04 44.10 0.64 0.04 41.0

17 18 0.89 17.89 62.0 43.00 41.20 2.90 0.013 44.17 44.18 0.46 0.00 -44.0

18 30 1.16 38.03 50.0 37.83 37.40 0.86 0.013 42.43 42.44 0.80 0.02 90.0

19 18 0.17 20.39 13.0 38.22 37.73 3.77 0.013 42.48 42.48 0.21 0.00 90.0

20 24 1.71 16.26 60.0 38.04 37.73 0.52 0.013 42.46 42.49 0.82 0.05 -90.0

21 18 0.29 16.75 11.0 38.22 37.94 2.55 0.013 42.58 42.58 0.28 0.00 0.0

22 24 1.54 14.30 105.0 38.36 37.94 0.40 0.013 42.54 42.59 0.78 0.04 -90.0

23 18 0.59 16.75 11.0 38.54 38.26 2.55 0.013 42.66 42.66 0.39 0.01 87.0

System 3 Number of lines: 47 Date:  03-31-2009

NOTES:  i Inlet control;  ** Critical depth   ;  System flows limited to inlet captured flows.

Hydraflow Storm Sewers 2008
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Line Line Vel Capac Line Invert Invert Line n-val HGL HGL Crit Minor Defl
No. Size Ave Full Length Up Dn Slope Pipe Dn Up Depth Loss Ang

(in) (ft/s) (cfs) (ft) (ft) (ft) (%) (ft) (ft) (ft) (ft) (Deg)

24 18 2.15 7.47 77.0 38.65 38.26 0.51 0.013 42.63 42.73 0.74 0.07 42.0

25 18 0.17 6.78 12.0 38.60 38.55 0.42 0.013 42.88 42.88 0.21 0.00 133.0

26 18 0.14 7.83 45.0 38.80 38.55 0.56 0.013 42.88 42.88 0.19 0.00 -42.0

27 18 1.84 16.09 66.0 40.10 38.55 2.35 0.013 42.82 42.89 0.69 0.05 48.0

28 18 0.74 6.78 12.0 40.05 40.00 0.42 0.013 42.98 42.99 0.44 0.01 90.0

29 18 0.46 7.83 45.0 40.25 40.00 0.56 0.013 42.99 42.99 0.34 0.00 -90.0

30 18 0.64 5.95 265.0 40.85 40.00 0.32 0.013 42.99 43.02 0.41 0.01 0.0

31 18 0.38 6.78 12.0 40.80 40.75 0.42 0.013 43.03 43.03 0.31 0.00 90.0

32 18 0.26 9.28 32.0 41.00 40.75 0.78 0.013 43.03 43.03 0.26 0.00 -90.0

33 18 0.36 13.16 14.0 38.00 37.78 1.57 0.013 42.69 42.69 0.30 0.00 -90.0

34 18 0.40 13.16 14.0 38.36 38.14 1.57 0.013 42.90 42.90 0.32 0.00 -90.0

35 18 0.38 14.27 13.0 38.73 38.49 1.85 0.013 43.07 43.07 0.31 0.00 -90.0

36 18 0.30 13.16 14.0 39.80 39.58 1.57 0.013 43.36 43.36 0.28 0.00 -90.0

37 18 0.46 18.19 15.0 40.42 39.97 3.00 0.013 43.42 43.42 0.34 0.00 -90.0

38 24 0.33 25.46 71.0 40.07 39.17 1.27 0.013 43.28 43.29 0.36 0.00 90.0

39 24 0.17 16.78 89.0 40.07 39.58 0.55 0.013 43.36 43.36 0.26 0.00 90.0

40 24 0.23 16.95 89.0 40.22 39.72 0.56 0.013 43.39 43.39 0.30 0.00 90.0

41 18 0.37 15.46 6.0 40.45 40.32 2.17 0.013 43.77 43.77 0.31 0.00 0.0

42 18 0.20 15.46 6.0 40.67 40.54 2.17 0.013 43.95 43.95 0.23 0.00 90.0

43 18 0.42 15.46 6.0 40.86 40.73 2.17 0.013 44.07 44.07 0.33 0.00 90.0

44 18 0.91 6.78 12.0 42.95 42.90 0.42 0.013 44.18 44.18 0.46 0.01 0.0

45 18 0.78 16.60 12.0 41.50 41.20 2.50 0.013 44.17 44.17 0.45 0.01 144.0

46 18 0.60 14.27 13.0 39.12 38.88 1.85 0.013 43.20 43.20 0.39 0.01 -90.0

System 3 Number of lines: 47 Date:  03-31-2009

NOTES:  i Inlet control;  ** Critical depth   ;  System flows limited to inlet captured flows.

Hydraflow Storm Sewers 2008
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Line Line Vel Capac Line Invert Invert Line n-val HGL HGL Crit Minor Defl
No. Size Ave Full Length Up Dn Slope Pipe Dn Up Depth Loss Ang

(in) (ft/s) (cfs) (ft) (ft) (ft) (%) (ft) (ft) (ft) (ft) (Deg)

47 18 0.16 11.55 81.0 40.00 39.02 1.21 0.013 43.20 43.20 0.20 0.00 55.0

System 3 Number of lines: 47 Date:  03-31-2009

NOTES:  i Inlet control;  ** Critical depth   ;  System flows limited to inlet captured flows.

Hydraflow Storm Sewers 2008
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Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 11.2 0.16 9.85 0.90 0.14 8.21 5.0 61.5 1.1 20.68 156.7 0.62 78 0.09 -5.00 -4.99 25.00 25.00 37.24 26.51

2 1 13.0 0.00 9.69 0.00 0.00 8.07 5.0 61.2 1.1 18.28 145.4 0.55 78 0.08 -4.99 -4.98 25.00 25.00 26.51 26.87

3 2 101.0 0.00 9.39 0.00 0.00 7.80 5.0 58.6 1.1 17.22 139.8 0.61 72 0.11 -4.98 -4.87 25.01 25.01 26.87 24.00

4 3 15.0 0.11 0.11 0.90 0.10 0.10 5.0 5.0 4.4 0.43 4.70 0.25 18 0.20 -1.37 -1.34 25.02 25.02 24.00 23.60

5 3 46.0 1.14 1.14 0.81 0.92 0.92 5.0 5.0 4.4 4.05 5.14 2.29 18 0.24 -1.37 -1.26 25.02 25.09 24.00 24.71

6 3 80.0 0.00 8.14 0.00 0.00 6.78 5.0 56.8 1.1 16.23 106.2 0.68 66 0.10 -4.87 -4.79 25.02 25.02 24.00 23.04

7 6 14.0 0.15 0.15 0.90 0.14 0.14 5.0 5.0 4.4 0.59 4.86 0.33 18 0.21 -1.29 -1.26 25.03 25.03 23.04 22.66

8 6 25.0 0.00 7.99 0.00 0.00 6.64 5.0 56.3 1.1 16.12 94.99 0.68 66 0.08 -4.79 -4.77 25.03 25.03 23.04 22.96

9 8 14.0 0.10 0.10 0.90 0.09 0.09 5.0 5.0 4.4 0.61 5.61 0.35 18 0.29 -1.27 -1.23 25.04 25.04 22.96 22.58

10 8 25.0 0.00 7.89 0.00 0.00 6.55 5.0 55.7 1.1 15.84 116.3 0.67 66 0.12 -4.27 -4.24 25.03 25.03 22.96 23.03

11 10 14.0 0.12 0.12 0.90 0.11 0.11 5.0 5.0 4.4 0.98 4.86 0.56 18 0.21 -1.24 -1.21 25.04 25.04 23.03 22.65

12 10 74.0 0.00 7.77 0.00 0.00 6.45 5.0 53.9 1.2 15.34 103.3 0.65 66 0.09 -4.24 -4.17 25.04 25.04 23.03 23.40

13 12 14.0 0.11 0.11 0.90 0.10 0.10 5.0 5.0 4.4 0.91 4.86 0.52 18 0.21 -1.17 -1.14 25.05 25.05 23.40 23.02

14 12 47.0 0.88 0.88 0.74 0.65 0.65 5.0 5.0 4.4 2.85 5.31 1.62 18 0.26 -1.17 -1.05 25.05 25.08 23.40 24.16

15 12 79.0 0.00 6.78 0.00 0.00 5.70 5.0 51.9 1.2 14.13 106.9 0.59 66 0.10 -4.17 -4.09 25.05 25.05 23.40 23.83

16 15 14.0 0.11 0.11 0.90 0.10 0.10 5.0 5.0 4.4 0.93 4.86 0.53 18 0.21 -1.09 -1.06 25.06 25.06 23.83 23.45

17 15 85.0 0.00 6.67 0.00 0.00 5.60 5.0 50.1 1.2 13.66 79.91 0.70 60 0.09 -4.09 -4.01 25.06 25.06 23.83 24.24

18 17 13.0 0.06 0.06 0.90 0.05 0.05 5.0 5.0 4.4 0.51 5.83 0.29 18 0.31 -1.01 -0.97 25.07 25.07 24.24 23.88

19 17 46.0 0.63 0.63 0.72 0.45 0.45 5.0 5.0 4.4 1.99 5.36 1.13 18 0.26 -1.01 -0.89 25.07 25.08 24.24 24.99

20 17 44.0 0.00 5.98 0.00 0.00 5.09 5.0 49.0 1.2 12.84 87.80 0.65 60 0.11 -4.01 -3.96 25.07 25.07 24.24 24.46

21 20 13.0 0.05 0.05 0.90 0.05 0.05 5.0 5.0 4.4 0.40 5.04 0.22 18 0.23 -0.96 -0.93 25.08 25.08 24.46 24.10

22 20 40.0 0.00 5.93 0.00 0.00 5.04 5.0 48.3 1.2 12.64 62.19 0.80 54 0.10 -3.46 -3.42 25.08 25.08 24.46 24.65

Project File:  Claire_ Drainage Area 4 (depressed section).stm Number of lines: 61 Run Date:  03-31-2009

NOTES: Intensity = 10.99 / (Inlet time + 0.10)  ̂0.56;  Return period =  50  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01
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Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

23 22 14.0 0.36 0.36 0.90 0.32 0.32 5.0 5.0 4.4 2.73 4.86 1.54 18 0.21 -0.92 -0.89 25.09 25.10 24.65 24.27

24 22 99.0 0.00 5.57 0.00 0.00 4.72 5.0 46.1 1.3 11.09 62.50 0.70 54 0.10 -3.42 -3.32 25.09 25.09 24.65 25.13

25 24 48.0 0.31 0.31 0.86 0.27 0.27 5.0 5.0 4.4 1.17 5.25 0.66 18 0.25 -0.82 -0.70 25.10 25.11 25.13 25.91

26 24 50.0 0.00 5.26 0.00 0.00 4.45 5.0 45.2 1.3 10.81 45.43 0.86 48 0.10 -3.32 -3.27 25.10 25.10 25.13 25.36

27 26 130.0 0.00 1.42 0.00 0.00 1.28 5.0 11.7 2.7 5.63 5.29 3.19 18 0.25 -0.77 -0.44 25.12 25.49 25.36 27.30

28 27 14.0 0.10 0.10 0.90 0.09 0.09 5.0 5.0 4.4 0.77 4.86 0.44 18 0.21 -0.44 -0.41 25.80 25.80 27.30 26.90

29 27 67.0 0.08 0.08 0.90 0.07 0.07 5.0 5.0 4.4 0.49 5.29 0.27 18 0.25 -0.44 -0.27 25.80 25.81 27.30 27.05

30 27 85.0 0.00 1.24 0.00 0.00 1.12 5.0 11.1 2.8 4.72 5.22 2.67 18 0.25 -0.44 -0.23 25.69 25.87 27.30 30.15

31 30 14.0 0.39 0.39 0.90 0.35 0.35 5.0 5.0 4.4 2.54 5.61 1.44 18 0.29 -0.23 -0.19 26.06 26.06 30.15 29.75

32 30 67.0 0.28 0.28 0.90 0.25 0.25 5.0 5.0 4.4 1.62 5.29 0.92 18 0.25 -0.23 -0.06 26.08 26.09 30.15 29.85

33 30 301.0 0.00 0.57 0.00 0.00 0.51 5.0 6.7 3.7 1.98 5.31 1.12 18 0.26 -0.23 0.54 26.07 26.18 30.15 44.30

34 33 12.0 0.29 0.29 0.90 0.26 0.26 5.0 5.0 4.4 1.14 5.25 0.65 18 0.25 0.54 0.57 26.21 26.21 44.30 43.90

35 33 67.0 0.28 0.28 0.90 0.25 0.25 5.0 5.0 4.4 1.17 5.29 0.66 18 0.25 0.54 0.71 26.21 26.22 44.30 44.05

36 26 101.0 0.00 3.84 0.00 0.00 3.17 5.0 43.2 1.3 7.15 31.66 0.74 42 0.10 -2.77 -2.67 25.12 25.12 25.36 27.50

37 36 14.0 0.13 0.13 0.90 0.12 0.12 5.0 5.0 4.4 0.92 4.86 0.52 18 0.21 -0.67 -0.64 25.14 25.14 27.50 27.12

38 36 47.0 0.49 0.49 0.76 0.37 0.37 5.0 5.0 4.4 1.63 5.31 0.92 18 0.26 -0.67 -0.55 25.13 25.14 27.50 28.27

39 36 97.0 0.00 3.22 0.00 0.00 2.69 5.0 40.9 1.4 6.20 30.65 0.64 42 0.09 -2.67 -2.58 25.13 25.14 27.50 26.73

40 39 13.0 0.11 0.11 0.90 0.10 0.10 5.0 5.0 4.4 0.72 5.83 0.41 18 0.31 -0.58 -0.54 25.15 25.15 26.73 26.37

41 39 70.0 0.00 3.11 0.00 0.00 2.59 5.0 39.1 1.4 5.87 31.82 0.61 42 0.10 -2.58 -2.51 25.14 25.15 26.73 26.76

42 41 13.0 0.12 0.12 0.90 0.11 0.11 5.0 5.0 4.4 0.79 5.83 0.45 18 0.31 -0.51 -0.47 25.16 25.16 26.76 26.40

43 41 81.0 0.00 2.99 0.00 0.00 2.48 5.0 37.0 1.4 5.51 33.54 0.57 42 0.11 -2.51 -2.42 25.15 25.16 26.76 27.47

44 43 13.0 0.09 0.09 0.90 0.08 0.08 5.0 5.0 4.4 0.55 5.04 0.31 18 0.23 -0.42 -0.39 25.16 25.16 27.47 27.11

Project File:  Claire_ Drainage Area 4 (depressed section).stm Number of lines: 61 Run Date:  03-31-2009

NOTES: Intensity = 10.99 / (Inlet time + 0.10)  ̂0.56;  Return period =  50  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01
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Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

45 43 47.0 0.30 0.30 0.76 0.23 0.23 5.0 5.0 4.4 1.00 5.08 0.57 18 0.23 -0.42 -0.31 25.16 25.17 27.47 28.27

46 43 73.0 0.00 2.60 0.00 0.00 2.17 5.0 35.4 1.5 4.94 20.65 0.70 36 0.10 -1.92 -1.85 25.16 25.17 27.47 28.75

47 46 13.0 0.09 0.09 0.90 0.08 0.08 5.0 5.0 4.4 0.65 5.04 0.37 18 0.23 -0.35 -0.32 25.18 25.18 28.75 28.39

48 46 75.0 0.00 2.51 0.00 0.00 2.09 5.0 33.7 1.5 4.61 20.38 0.65 36 0.09 -1.85 -1.78 25.17 25.18 28.75 30.76

49 48 13.0 0.22 0.22 0.90 0.20 0.20 5.0 5.0 4.4 1.42 5.83 0.80 18 0.31 -0.28 -0.24 25.18 25.19 30.76 30.40

50 48 41.0 0.36 0.36 0.76 0.27 0.27 5.0 5.0 4.4 1.20 5.44 0.68 18 0.27 -0.28 -0.17 25.18 25.19 30.76 31.51

51 48 148.0 0.00 1.93 0.00 0.00 1.62 5.0 29.2 1.6 3.55 21.23 0.50 36 0.10 -1.78 -1.63 25.19 25.19 30.76 36.86

52 51 14.0 0.34 0.34 0.90 0.31 0.31 5.0 5.0 4.4 2.25 5.61 1.27 18 0.29 -0.13 -0.09 25.19 25.20 36.86 36.48

53 51 35.0 0.49 0.49 0.82 0.40 0.40 5.0 5.0 4.4 1.76 5.33 1.00 18 0.26 -0.13 -0.04 25.19 25.20 36.86 37.38

54 51 299.0 0.00 1.10 0.00 0.00 0.91 5.0 14.0 2.5 2.25 21.47 0.32 36 0.10 -1.63 -1.32 25.20 25.20 36.86 51.65

55 54 14.0 0.58 0.58 0.78 0.45 0.45 5.0 5.0 4.4 1.98 4.86 1.12 18 0.21 0.18 0.21 25.20 25.21 51.65 51.27

56 54 35.0 0.00 0.52 0.00 0.00 0.46 5.0 13.1 2.6 1.17 5.33 0.66 18 0.26 0.18 0.27 25.20 25.21 51.65 51.33

57 56 14.0 0.31 0.31 0.87 0.27 0.27 5.0 5.0 4.4 1.18 4.86 0.67 18 0.21 0.27 0.30 25.21 25.21 51.33 50.95

58 56 200.0 0.00 0.21 0.00 0.00 0.19 5.0 5.5 4.2 0.78 5.30 0.44 18 0.26 0.27 0.78 25.22 25.23 51.33 50.59

59 58 14.0 0.21 0.21 0.89 0.19 0.19 5.0 5.0 4.4 0.82 4.86 0.46 18 0.21 0.78 0.81 25.23 25.23 50.59 50.21

60 2 190.0 0.00 0.30 0.00 0.00 0.27 5.0 5.2 4.3 2.13 5.33 1.20 18 0.26 -1.48 -0.99 25.01 25.09 26.87 35.43

61 60 15.0 0.30 0.30 0.90 0.27 0.27 5.0 5.0 4.4 2.15 5.42 1.22 18 0.27 -0.99 -0.95 25.11 25.12 35.43 35.03

Project File:  Claire_ Drainage Area 4 (depressed section).stm Number of lines: 61 Run Date:  03-31-2009

NOTES: Intensity = 10.99 / (Inlet time + 0.10)  ̂0.56;  Return period =  50  Yrs.   ;  c = cir  e = ellip  b = box
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Line Line Vel Capac Line Invert Invert Line n-val HGL HGL Crit Minor Defl
No. Size Ave Full Length Up Dn Slope Pipe Dn Up Depth Loss Ang

(in) (ft/s) (cfs) (ft) (ft) (ft) (%) (ft) (ft) (ft) (ft) (Deg)

1 78 0.62 156.69 11.2 -4.99 -5.00 0.09 0.013 25.00 25.00 1.19 0.00 -90.0

2 78 0.55 145.43 13.0 -4.98 -4.99 0.08 0.013 25.00 25.00 1.11 0.00 0.0

3 72 0.61 139.79 101.0 -4.87 -4.98 0.11 0.013 25.01 25.01 1.10 0.01 90.0

4 18 0.25 4.70 15.0 -1.34 -1.37 0.20 0.013 25.02 25.02 0.25 0.00 90.0

5 18 2.29 5.14 46.0 -1.26 -1.37 0.24 0.013 25.02 25.09 0.77 0.08 -90.0

6 66 0.68 106.21 80.0 -4.79 -4.87 0.10 0.013 25.02 25.02 1.10 0.01 0.0

7 18 0.33 4.86 14.0 -1.26 -1.29 0.21 0.013 25.03 25.03 0.29 0.00 90.0

8 66 0.68 94.99 25.0 -4.77 -4.79 0.08 0.013 25.03 25.03 1.09 0.01 0.0

9 18 0.35 5.61 14.0 -1.23 -1.27 0.29 0.013 25.04 25.04 0.30 0.00 90.0

10 66 0.67 116.34 25.0 -4.24 -4.27 0.12 0.013 25.03 25.03 1.08 0.01 0.0

11 18 0.56 4.86 14.0 -1.21 -1.24 0.21 0.013 25.04 25.04 0.38 0.00 90.0

12 66 0.65 103.30 74.0 -4.17 -4.24 0.09 0.013 25.04 25.04 1.07 0.01 0.0

13 18 0.52 4.86 14.0 -1.14 -1.17 0.21 0.013 25.05 25.05 0.36 0.00 90.0

14 18 1.62 5.31 47.0 -1.05 -1.17 0.26 0.013 25.05 25.08 0.64 0.04 -90.0

15 66 0.59 106.88 79.0 -4.09 -4.17 0.10 0.013 25.05 25.05 1.02 0.01 0.0

16 18 0.53 4.86 14.0 -1.06 -1.09 0.21 0.013 25.06 25.06 0.37 0.00 90.0

17 60 0.70 79.91 85.0 -4.01 -4.09 0.09 0.013 25.06 25.06 1.03 0.01 0.0

18 18 0.29 5.83 13.0 -0.97 -1.01 0.31 0.013 25.07 25.07 0.27 0.00 90.0

19 18 1.13 5.36 46.0 -0.89 -1.01 0.26 0.013 25.07 25.08 0.54 0.02 -90.0

20 60 0.65 87.80 44.0 -3.96 -4.01 0.11 0.013 25.07 25.07 1.00 0.01 0.0

21 18 0.22 5.04 13.0 -0.93 -0.96 0.23 0.013 25.08 25.08 0.24 0.00 90.0

22 54 0.80 62.19 40.0 -3.42 -3.46 0.10 0.013 25.08 25.08 1.02 0.01 0.0

23 18 1.54 4.86 14.0 -0.89 -0.92 0.21 0.013 25.09 25.10 0.63 0.04 90.0

Project File:  Claire_ Drainage Area 4 (depressed section).stm Number of lines: 61 Date:  03-31-2009

NOTES:  ** Critical depth 

Hydraflow Storm Sewers 2008
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Line Line Vel Capac Line Invert Invert Line n-val HGL HGL Crit Minor Defl
No. Size Ave Full Length Up Dn Slope Pipe Dn Up Depth Loss Ang

(in) (ft/s) (cfs) (ft) (ft) (ft) (%) (ft) (ft) (ft) (ft) (Deg)

24 54 0.70 62.50 99.0 -3.32 -3.42 0.10 0.013 25.09 25.09 0.96 0.01 0.0

25 18 0.66 5.25 48.0 -0.70 -0.82 0.25 0.013 25.10 25.11 0.41 0.01 -90.0

26 48 0.86 45.43 50.0 -3.27 -3.32 0.10 0.013 25.10 25.10 0.97 0.01 0.0

27 18 3.19 5.29 130.0 -0.44 -0.77 0.25 0.013 25.12 25.49 0.91 0.16 -90.0

28 18 0.44 4.86 14.0 -0.41 -0.44 0.21 0.013 25.80 25.80 0.34 0.00 -90.0

29 18 0.27 5.29 67.0 -0.27 -0.44 0.25 0.013 25.80 25.81 0.27 0.00 90.0

30 18 2.67 5.22 85.0 -0.23 -0.44 0.25 0.013 25.69 25.87 0.83 0.11 0.0

31 18 1.44 5.61 14.0 -0.19 -0.23 0.29 0.013 26.06 26.06 0.61 0.03 -90.0

32 18 0.92 5.29 67.0 -0.06 -0.23 0.25 0.013 26.08 26.09 0.49 0.01 90.0

33 18 1.12 5.31 301.0 0.54 -0.23 0.26 0.013 26.07 26.18 0.54 0.02 0.0

34 18 0.65 5.25 12.0 0.57 0.54 0.25 0.013 26.21 26.21 0.41 0.01 -90.0

35 18 0.66 5.29 67.0 0.71 0.54 0.25 0.013 26.21 26.22 0.41 0.01 90.0

36 42 0.74 31.66 101.0 -2.67 -2.77 0.10 0.013 25.12 25.12 0.82 0.01 0.0

37 18 0.52 4.86 14.0 -0.64 -0.67 0.21 0.013 25.14 25.14 0.37 0.00 90.0

38 18 0.92 5.31 47.0 -0.55 -0.67 0.26 0.013 25.13 25.14 0.49 0.01 -90.0

39 42 0.64 30.65 97.0 -2.58 -2.67 0.09 0.013 25.13 25.14 0.76 0.01 0.0

40 18 0.41 5.83 13.0 -0.54 -0.58 0.31 0.013 25.15 25.15 0.32 0.00 90.0

41 42 0.61 31.82 70.0 -2.51 -2.58 0.10 0.013 25.14 25.15 0.74 0.01 0.0

42 18 0.45 5.83 13.0 -0.47 -0.51 0.31 0.013 25.16 25.16 0.34 0.00 90.0

43 42 0.57 33.54 81.0 -2.42 -2.51 0.11 0.013 25.15 25.16 0.72 0.01 0.0

44 18 0.31 5.04 13.0 -0.39 -0.42 0.23 0.013 25.16 25.16 0.28 0.00 90.0

45 18 0.57 5.08 47.0 -0.31 -0.42 0.23 0.013 25.16 25.17 0.38 0.00 -90.0

46 36 0.70 20.65 73.0 -1.85 -1.92 0.10 0.013 25.16 25.17 0.71 0.01 0.0

Project File:  Claire_ Drainage Area 4 (depressed section).stm Number of lines: 61 Date:  03-31-2009

NOTES:  ** Critical depth 

Hydraflow Storm Sewers 2008
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Line Line Vel Capac Line Invert Invert Line n-val HGL HGL Crit Minor Defl
No. Size Ave Full Length Up Dn Slope Pipe Dn Up Depth Loss Ang

(in) (ft/s) (cfs) (ft) (ft) (ft) (%) (ft) (ft) (ft) (ft) (Deg)

47 18 0.37 5.04 13.0 -0.32 -0.35 0.23 0.013 25.18 25.18 0.31 0.00 90.0

48 36 0.65 20.38 75.0 -1.78 -1.85 0.09 0.013 25.17 25.18 0.68 0.01 0.0

49 18 0.80 5.83 13.0 -0.24 -0.28 0.31 0.013 25.18 25.19 0.45 0.01 90.0

50 18 0.68 5.44 41.0 -0.17 -0.28 0.27 0.013 25.18 25.19 0.42 0.01 -90.0

51 36 0.50 21.23 148.0 -1.63 -1.78 0.10 0.013 25.19 25.19 0.60 0.00 0.0

52 18 1.27 5.61 14.0 -0.09 -0.13 0.29 0.013 25.19 25.20 0.57 0.03 90.0

53 18 1.00 5.33 35.0 -0.04 -0.13 0.26 0.013 25.19 25.20 0.51 0.02 -90.0

54 36 0.32 21.47 299.0 -1.32 -1.63 0.10 0.013 25.20 25.20 0.48 0.00 0.0

55 18 1.12 4.86 14.0 0.21 0.18 0.21 0.013 25.20 25.21 0.54 0.02 90.0

56 18 0.66 5.33 35.0 0.27 0.18 0.26 0.013 25.20 25.21 0.41 0.01 -90.0

57 18 0.67 4.86 14.0 0.30 0.27 0.21 0.013 25.21 25.21 0.41 0.01 0.0

58 18 0.44 5.30 200.0 0.78 0.27 0.26 0.013 25.22 25.23 0.34 0.00 90.0

59 18 0.46 4.86 14.0 0.81 0.78 0.21 0.013 25.23 25.23 0.35 0.00 -90.0

60 18 1.20 5.33 190.0 -0.99 -1.48 0.26 0.013 25.01 25.09 0.56 0.02 -90.3

61 18 1.22 5.42 15.0 -0.95 -0.99 0.27 0.013 25.11 25.12 0.56 0.02 -89.7

Project File:  Claire_ Drainage Area 4 (depressed section).stm Number of lines: 61 Date:  03-31-2009

NOTES:  ** Critical depth 
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New Roadway Drainage Inlet Calculations- LT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 44+79 46+00 47+25 48+52 50+81 52+00 54+35 54+35 59+45 63+00 64+00

End Station 43+54 44+79 46+00 47+25 48+52 50+81 52+00 59+45 61+75 61+75 63+00

St Structure location station: >> 43+54 44+79 46+00 47+25 48+52 50+81 52+00 59+45 60+50 61+75 63+00

N Notes <- <- <- <- <- <- HP -> LP <- <-

Off-site contributing watershed area (acres): >> 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.35 0.29 0.20 0.18

On-site contributing watershed area (acres): >> 0.16 0.18 0.20 0.19 0.30 0.15 0.23 0.79 0.28 0.11 0.09

Ar Contributing watershed area (acres): 0.20 0.18 0.20 0.19 0.30 0.15 0.23 1.14 0.58 0.31 0.27

C Composite Runoff Coefficient "C": >> 0.84 0.90 0.90 0.90 0.90 0.90 0.90 0.81 0.76 0.72 0.72

Ic Precipitation intensity (in/hr): >> 3.94 3.94 3.94 3.94 3.94 3.94 3.94 4.41 4.41 4.41 4.41

Qa Subarea discharge Q (ft
3
/s): 0.66 0.65 0.69 0.69 1.08 0.53 0.80 4.10 1.92 1.00 0.85

qq Previous by-pass flow (ft
3
/s): > 0.06 0.07 0.08 0.15 0.03 0.07 0.00 0.00 0.00

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 0.72 0.72 0.77 0.84 1.11 0.61 0.80 4.10 1.92 1.00 0.85

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016

S Longitudinal slope S  (ft/ft): >> 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030 0.0236 0.0044 0.0050 0.0050

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1 1 3 3 3 3

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 1 1 1 1 1 2 1 1

ID Inlet description: > Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Slotted Slotted Slotted Slotted

Standard Gutter Depression (1=SGD, 2=no SGD) > 1 1 1 1 1 1 1 2 2 2 2

Gw Grate width  (in): > 24.0 24.0 24.0 24.0 24.0 24.0 24.0

Gl Grate length  (in): > 36.0 36.0 36.0 36.0 36.0 36.0 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): > 510.00 230.00 125.00 100.00

Ls Slotted drain length provided: (ft) > 494.06 222.81 121.09 96.88

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055

Available Flooded Width (ft) > 8.00 8.00 8.00 8.00 8.00 8.00 8.00 0.00 0.00 0.00 0.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 7.97 7.98 8.21 8.47 9.41 7.49 8.31 10.42         ----- 8.21 7.73

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 6.17 6.18 6.47 6.79 7.91 5.56 6.59 9.08         ----- 6.47 5.87

Du/s Depth at flowline before inlet  (ft): 0.23 0.23 0.23 0.24 0.26 0.22 0.24 0.29         ----- 0.23 0.22

Au/s Water cross-area before inlet  (ft
2
): 0.54 0.54 0.57 0.62 0.78 0.47 0.59 0.98         ----- 0.57 0.50

East-West Connector Project   

P0727 Inlet Capacity V1.1 US Units 03-06-2009.xls       4354 to 6400 Lt

Au/s Water cross-area before inlet  (ft ): 0.54 0.54 0.57 0.62 0.78 0.47 0.59 0.98         ----- 0.57 0.50

Vu/s Velocity for total discharge before inlet  (ft/s): 1.33 1.33 1.35 1.36 1.42 1.30 1.35 4.18         ----- 1.74 1.70

Eod Ratio of gutter depression flow to total Q (Eod): 91% 91% 90% 88% 82% 94% 89% 76%         ----- 90% 93%

Se Equivalent cross-slope (ft/ft): 0.052 0.052 0.051 0.051 0.049 0.053 0.051 0.046         ----- 0.051 0.052

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 82% 82% 80% 78% 71% 86% 79%         -----         -----         -----         -----

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.59 0.59 0.62 0.66 0.79 0.52 0.64         -----         -----         -----         -----

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73 8.73 8.73 8.73 8.73 8.73 8.73         -----         -----         -----         -----

Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00 1.00 1.00 1.00 1.00         -----         -----         -----         -----

Qs Side flow in ft
3
/s (Qs): 0.13 0.13 0.15 0.18 0.32 0.08 0.16         -----         -----         -----         -----

Gle Effective grate length w/ 25% clogging (in): 27 27 27 27 27 27 27         -----         -----         -----         -----

Rs Fraction of side flow interception (Rs): 57% 57% 56% 55% 53% 58% 56%         -----         -----         -----         -----

E Grate Efficiency (E): 92% 92% 91% 90% 86% 94% 91%         -----         -----         -----         -----

Qi Total flow intercepted (ft
3
/s): 0.66 0.66 0.71 0.76 0.96 0.57 0.73         -----         -----         -----         -----

Qb Grate flow-by (ft
3
/s): 0.05 0.06 0.07 0.08 0.15 0.03 0.07         -----         -----         -----         -----

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----         ----- 26.59         ----- 8.70 8.04

Ci Interception for provided length L (ft
3
/s):         -----         -----         -----         -----         -----         -----         ----- 4.1         ----- 1.0 0.9

El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----         ----- 100%         ----- 100% 100%

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----         -----         -----         -----         -----         ----- 0.0         ----- 0.0 0.0

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         ----- 0.03         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         ----- 0.04         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         ----- 0.00         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         ----- 0.00         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Lc Length of the vertical curve (ft): > 400.00

g1 approach grade #1 (%): > -7.00

g2 approach grade #2 (%): > 0.50

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Grate Inlets

P0727 Inlet Capacity V1.1 US Units 03-06-2009.xls       4354 to 6400 Lt



New Roadway Drainage Inlet Calculations- RT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 49+50 50+75 51+25 52+00 52+75 53+29 54+35 54+35 56+50 58+44 59+45

End Station 49+00 49+50 50+75 51+25 52+00 52+75 53+29 56+50 58+44 59+45 60+25

St Structure location station: >> 49+00 49+50 50+75 51+25 52+00 52+75 53+29 56+50 58+44 59+45 60+25

N Notes <- <- <- <- <- <- HP -> -> -> ->

Off-site contributing watershed area (acres): >> 0.00 0.00 0.01 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00

On-site contributing watershed area (acres): >> 0.08 0.23 0.09 0.14 0.17 0.10 0.21 0.30 0.16 0.11 0.15

Ar Contributing watershed area (acres): 0.08 0.23 0.10 0.17 0.19 0.10 0.21 0.30 0.16 0.11 0.15

C Composite Runoff Coefficient "C": >> 0.90 0.90 0.89 0.89 0.89 0.90 0.90 0.90 0.90 0.90 0.90

Ic Precipitation intensity (in/hr): >> 3.94 3.94 3.94 3.94 3.94 3.94 3.94 4.41 4.41 4.41 4.41

Qa Subarea discharge Q (ft
3
/s): 0.29 0.83 0.36 0.58 0.67 0.34 0.75 1.19 0.64 0.45 0.60

qq Previous by-pass flow (ft
3
/s): > 0.08 0.01 0.04 0.05 0.02 0.03 0.15 0.17 0.03 0.21 0.13

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 0.38 0.84 0.39 0.63 0.69 0.37 0.90 1.36 0.67 0.65 0.73

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.015 0.015

S Longitudinal slope S  (ft/ft): >> 0.0010 0.0011 0.0030 0.0030 0.0030 0.0030 0.0623 0.0743 0.0424 0.0236 0.0067

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1 1 1 1 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 1 1 1 1 1 1 1 1

ID Inlet description: > Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 1 1 1 1 1 1 1 1 2 2 2

Gw Grate width  (in): > 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0

Gl Grate length  (in): > 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200 0.0200 0.0200 0.0200 0.0095 0.0028 0.0125 0.0125 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055 0.055 0.055 0.055 0.044 0.038 0.047 0.047 0.055 0.055

Available Flooded Width (ft) > 8.00 8.00 6.00 6.00 6.00 6.00 6.00 8.00 8.00 8.00 8.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 7.69 10.20 6.38 7.59 7.85 9.90 16.82 7.45 6.35 5.11 6.75

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 5.81 8.83 4.06 5.68 6.02 6.33 6.94 3.92 2.77 2.72 4.57

Du/s Depth at flowline before inlet  (ft): 0.22 0.28 0.19 0.22 0.22 0.16 0.12 0.15 0.13 0.15 0.20

Au/s Water cross-area before inlet  (ft
2
): 0.49 0.94 0.32 0.48 0.52 0.35 0.22 0.25 0.18 0.20 0.37

East-West Connector Project   
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Au/s Water cross-area before inlet  (ft ): 0.49 0.94 0.32 0.48 0.52 0.35 0.22 0.25 0.18 0.20 0.37

Vu/s Velocity for total discharge before inlet  (ft/s): 0.76 0.89 1.23 1.31 1.33 1.06 4.03 5.39 3.71 3.22 2.00

Eod Ratio of gutter depression flow to total Q (Eod): 93% 78% 99% 94% 92% 95% 98% 100% 100% 100% 98%

Se Equivalent cross-slope (ft/ft): 0.052 0.047 0.054 0.053 0.052 0.042 0.037 0.047 0.047 0.055 0.054

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 85% 66% 95% 85% 83% 89% 96% 97% 63% 73% 61%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.32 0.55 0.37 0.54 0.57 0.33 0.87 1.32 0.43 0.48 0.44

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73 8.73 8.73 8.73 8.73 8.73 8.73 8.73 8.73 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Qs Side flow in ft
3
/s (Qs): 0.06 0.29 0.02 0.09 0.12 0.04 0.03 0.04 0.24 0.17 0.29

Gle Effective grate length w/ 25% clogging (in): 27 27 27 27 27 27 27 27 27 27 27

Rs Fraction of side flow interception (Rs): 79% 71% 62% 58% 57% 62% 11% 9% 16% 22% 40%

E Grate Efficiency (E): 97% 90% 98% 94% 93% 96% 97% 98% 69% 79% 76%

Qi Total flow intercepted (ft
3
/s): 0.36 0.75 0.39 0.59 0.64 0.35 0.87 1.33 0.46 0.52 0.56

Qb Grate flow-by (ft
3
/s): 0.01 0.08 0.01 0.04 0.05 0.02 0.03 0.03 0.21 0.13 0.17

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Ci Interception for provided length L (ft
3
/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Lc Length of the vertical curve (ft): >

g1 approach grade #1 (%): >

g2 approach grade #2 (%): >

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Grate Inlets
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New Roadway Drainage Inlet Calculations- LT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 65+00 66+53 68+00 69+03 70+49 72+00 75+00 77+00 78+49 79+00 80+50

End Station 64+00 65+00 66+53 68+00 69+03 70+49 72+00 75+00 77+00 80+50 81+85

St Structure location station: >> 64+00 65+00 66+53 68+00 69+03 70+49 72+00 75+00 77+00 80+50 81+85

N Notes <- <- <- <- <- <- <- <- HP -> ->

Off-site contributing watershed area (acres): >> 0.23 0.04 0.15 0.09 0.15 0.18 0.19 0.08 0.04 0.10 0.07

On-site contributing watershed area (acres): >> 0.13 0.27 0.15 0.10 0.15 0.17 0.30 0.24 0.17 0.18 0.14

Ar Contributing watershed area (acres): 0.35 0.31 0.30 0.19 0.30 0.36 0.49 0.31 0.21 0.28 0.21

C Composite Runoff Coefficient "C": >> 0.72 0.86 0.76 0.77 0.76 0.76 0.82 0.87 0.89 0.86 0.87

Ic Precipitation intensity (in/hr): >> 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 3.94 3.94

Qa Subarea discharge Q (ft
3
/s): 1.13 1.18 1.01 0.63 1.01 1.19 1.77 1.19 0.80 0.94 0.70

qq Previous by-pass flow (ft
3
/s): > 0.00 0.09 0.00 0.00 0.00 0.00 0.43 0.17 0.07

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 1.13 1.26 1.01 0.63 1.01 1.19 2.20 1.37 0.80 0.94 0.77

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016

S Longitudinal slope S  (ft/ft): >> 0.0050 0.0050 0.0032 0.0027 0.0178 0.0300 0.0472 0.0500 0.0575 0.0090 0.0090

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 3 3 3 3 3 3 3 1 1 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 1 1 1 1 1 1 1 1

ID Inlet description: > Slotted Slotted Slotted Slotted Slotted Slotted Slotted Type 1 DI Type 1 DI Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 2 2 1 1 1 1

Gw Grate width  (in): > 24.0 24.0 24.0 24.0

Gl Grate length  (in): > 36.0 36.0 36.0 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): > 100.00 153.00 147.00 103.00 146.00 151.00 300.00

Ls Slotted drain length provided: (ft) > 96.88 148.22 142.41 99.78 141.44 146.28 290.63

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0117 0.0200 0.0200 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055 0.055 0.055 0.020 0.020 0.012 0.020 0.020 0.055 0.055

Available Flooded Width (ft) > 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 6.00 6.00 6.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 8.59 8.96 8.98 7.75 6.49 6.26 10.13 6.00 4.79 7.18 6.67

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 6.93 7.37 7.40 5.89 6.49 6.26 10.13 6.00 4.79 5.16 4.46

Du/s Depth at flowline before inlet  (ft): 0.24 0.25 0.25 0.22 0.13 0.13 0.12 0.12 0.10 0.21 0.19

Au/s Water cross-area before inlet  (ft
2
): 0.64 0.70 0.70 0.50 0.42 0.39 0.60 0.36 0.23 0.42 0.36

East-West Connector Project   
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Au/s Water cross-area before inlet  (ft ): 0.64 0.70 0.70 0.50 0.42 0.39 0.60 0.36 0.23 0.42 0.36

Vu/s Velocity for total discharge before inlet  (ft/s): 1.77 1.80 1.44 1.25 2.39 3.03 3.67 3.80 3.51 2.22 2.16

Eod Ratio of gutter depression flow to total Q (Eod): 88% 85% 85% 93% 81% 82% 61% 84% 93% 96% 98%

Se Equivalent cross-slope (ft/ft): 0.050 0.050 0.050 0.052 0.020 0.020 0.012 0.020 0.020 0.053 0.054

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow:         -----         -----         -----         -----         -----         -----         ----- 66% 76% 89% 93%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression         -----         -----         -----         -----         -----         -----         ----- 0.90 0.61 0.83 0.71

Vo Vo for effective length (P-50, Chart 5) (ft/s):         -----         -----         -----         -----         -----         -----         ----- 8.73 8.73 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf):         -----         -----         -----         -----         -----         -----         ----- 1.00 1.00 1.00 1.00

Qs Side flow in ft
3
/s (Qs):         -----         -----         -----         -----         -----         -----         ----- 0.46 0.19 0.11 0.05

Gle Effective grate length w/ 25% clogging (in):         -----         -----         -----         -----         -----         -----         ----- 27 27 27 27

Rs Fraction of side flow interception (Rs):         -----         -----         -----         -----         -----         -----         ----- 7% 8% 35% 37%

E Grate Efficiency (E):         -----         -----         -----         -----         -----         -----         ----- 69% 78% 93% 96%

Qi Total flow intercepted (ft
3
/s):         -----         -----         -----         -----         -----         -----         ----- 0.94 0.63 0.87 0.73

Qb Grate flow-by (ft
3
/s):         -----         -----         -----         -----         -----         -----         ----- 0.43 0.17 0.07 0.03

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft): 9.25 9.78 7.80 5.89 22.46 28.17 57.68         -----         -----         -----         -----

Ci Interception for provided length L (ft
3
/s): 1.1 1.3 1.0 0.6 1.0 1.2 2.2         -----         -----         -----         -----

El Efficiency for providged length L: 100% 100% 100% 100% 100% 100% 100%         -----         -----         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s): 0.0 0.0 0.0 0.0 0.0 0.0 0.0         -----         -----         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Lc Length of the vertical curve (ft): >

g1 approach grade #1 (%): >

g2 approach grade #2 (%): >

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Grate Inlets

P0727 Inlet Capacity V1.1 US Units 03-06-2009.xls       6400 to 8185 Lt 



New Roadway Drainage Inlet Calculations- RT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 60+25 61+50 62+30 63+15 63+60 64+00 66+59 67+50 68+20 69+03 69+75

End Station 60+75 60+75 61+50 62+30 63+15 63+60 64+00 66+59 67+50 68+20 69+03

St Structure location station: >> 60+50 60+75 61+50 62+30 63+15 63+60 64+00 66+59 67+50 68+20 69+03

N Notes LP <- <- <- <- <- <- <- <- <- <-

Off-site contributing watershed area (acres): >> 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

On-site contributing watershed area (acres): >> 0.10 0.12 0.11 0.11 0.06 0.05 0.36 0.13 0.11 0.12 0.09

Ar Contributing watershed area (acres): 0.10 0.12 0.11 0.11 0.06 0.05 0.36 0.13 0.11 0.12 0.09

C Composite Runoff Coefficient "C": >> 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

Ic Precipitation intensity (in/hr): >> 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41

Qa Subarea discharge Q (ft
3
/s): 0.40 0.49 0.44 0.42 0.24 0.18 1.41 0.52 0.45 0.50 0.36

qq Previous by-pass flow (ft
3
/s): > 0.29 0.10 0.08 0.06 0.13 0.46 0.14 0.11 0.11 0.07 0.17

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 0.70 0.58 0.52 0.47 0.37 0.64 1.55 0.63 0.56 0.56 0.53

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015

S Longitudinal slope S  (ft/ft): >> 0.0032 0.0062 0.0056 0.0050 0.0050 0.0042 0.0688 0.0105 0.0063 0.0058 0.0011

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1 1 1 1 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 2 1 1 1 1 1 1 1 1 1 1

ID Inlet description: > Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 2 2 2 2 2 2

Gw Grate width  (in): > 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0

Gl Grate length  (in): > 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0

3 or 4 sided weir? > 3

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055

Available Flooded Width (ft) > 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression         ----- 6.30 6.15 6.06 5.55 6.99 5.78 5.86 6.18 6.29 8.41

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression         ----- 3.95 3.74 3.61 2.96 4.90 3.22 3.34 3.79 3.94 6.70

Du/s Depth at flowline before inlet  (ft):         ----- 0.18 0.18 0.18 0.16 0.20 0.17 0.17 0.18 0.18 0.24

Au/s Water cross-area before inlet  (ft
2
):         ----- 0.31 0.30 0.29 0.24 0.40 0.26 0.27 0.30 0.31 0.61

East-West Connector Project   
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Au/s Water cross-area before inlet  (ft ):         ----- 0.31 0.30 0.29 0.24 0.40 0.26 0.27 0.30 0.31 0.61

Vu/s Velocity for total discharge before inlet  (ft/s):         ----- 1.87 1.76 1.65 1.57 1.60 5.97 2.35 1.87 1.81 0.88

Eod Ratio of gutter depression flow to total Q (Eod):         ----- 99% 100% 100% 100% 97% 100% 100% 100% 99% 89%

Se Equivalent cross-slope (ft/ft):         ----- 0.054 0.055 0.055 0.055 0.054 0.055 0.055 0.055 0.055 0.051

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow:         ----- 64% 65% 66% 70% 59% 68% 67% 65% 64% 51%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression         ----- 0.37 0.34 0.31 0.26 0.38 1.05 0.42 0.36 0.36 0.27

Vo Vo for effective length (P-50, Chart 5) (ft/s):         ----- 8.73 8.73 8.73 8.73 8.73 8.73 8.73 8.73 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf):         ----- 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Qs Side flow in ft
3
/s (Qs):         ----- 0.21 0.18 0.16 0.11 0.26 0.50 0.21 0.20 0.20 0.26

Gle Effective grate length w/ 25% clogging (in):         ----- 27 27 27 27 27 27 27 27 27 27

Rs Fraction of side flow interception (Rs):         ----- 43% 46% 49% 51% 50% 9% 34% 43% 45% 73%

E Grate Efficiency (E):         ----- 79% 81% 82% 85% 79% 71% 78% 80% 80% 87%

Qi Total flow intercepted (ft
3
/s):         ----- 0.46 0.42 0.39 0.32 0.51 1.09 0.49 0.45 0.45 0.46

Qb Grate flow-by (ft
3
/s):         ----- 0.12 0.10 0.08 0.06 0.13 0.46 0.14 0.11 0.11 0.07

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Ci Interception for provided length L (ft
3
/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft): 0.13         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft): 0.16         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft): 4.52         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft): 5.97         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Lc Length of the vertical curve (ft): > 400.00

g1 approach grade #1 (%): > -7.00

g2 approach grade #2 (%): > 0.50

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22): 53         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Df Flanking inlets distance (ft): 32.29         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Grate Inlets
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New Roadway Drainage Inlet Calculations- LT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 81+85 82+75 84+50 85+09 85+75 86+50 87+54 88+00

End Station 82+75 83+75 83+75 84+50 85+09 85+75 86+50 87+54

St Structure location station: >> 82+75 83+20 83+75 84+50 85+09 85+75 86+50 87+54

N Notes -> LP <- <- <- <- <- <-

Off-site contributing watershed area (acres): >> 0.05 0.02 0.04 0.28 0.17 0.15 0.26 0.04

On-site contributing watershed area (acres): >> 0.11 0.13 0.10 0.09 0.08 0.10 0.14 0.23

Ar Contributing watershed area (acres): 0.16 0.15 0.14 0.37 0.25 0.26 0.41 0.28

C Composite Runoff Coefficient "C": >> 0.87 0.89 0.87 0.82 0.83 0.84 0.83 0.88

Ic Precipitation intensity (in/hr): >> 3.94 3.94 3.94 3.94 3.94 3.94 3.94 3.94

Qa Subarea discharge Q (ft
3
/s): 0.55 0.51 0.48 1.19 0.81 0.86 1.34 0.97

qq Previous by-pass flow (ft
3
/s): > 0.03 0.05 0.13 0.03 0.04 0.11 0.04 0.19

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 0.58 0.56 0.62 1.21 0.85 0.96 1.38 1.16

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016

S Longitudinal slope S  (ft/ft): >> 0.0048 0.0019 0.0041 0.0098 0.0146 0.0167 0.0221 0.0283

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 2 1 1 1 1 1 1

ID Inlet description: > Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 1 1 1 1 1 1 1 1

Gw Grate width  (in): > 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0

Gl Grate length  (in): > 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0

3 or 4 sided weir? > 3

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055

Available Flooded Width (ft) > 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 6.76         ----- 7.12 7.78 6.32 6.46 7.01 6.26

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 4.59         ----- 5.07 5.94 3.98 4.18 4.93 3.91

Du/s Depth at flowline before inlet  (ft): 0.20         ----- 0.21 0.22 0.18 0.19 0.20 0.18

Au/s Water cross-area before inlet  (ft
2
): 0.37         ----- 0.41 0.51 0.31 0.33 0.40 0.31
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Au/s Water cross-area before inlet  (ft ): 0.37         ----- 0.41 0.51 0.31 0.33 0.40 0.31

Vu/s Velocity for total discharge before inlet  (ft/s): 1.59         ----- 1.50 2.39 2.70 2.91 3.45 3.73

Eod Ratio of gutter depression flow to total Q (Eod): 98%         ----- 96% 93% 99% 99% 97% 99%

Se Equivalent cross-slope (ft/ft): 0.054         ----- 0.053 0.052 0.054 0.054 0.054 0.055

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 92%         ----- 89% 84% 95% 94% 90% 96%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.54         ----- 0.55 1.02 0.81 0.91 1.24 1.11

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73         ----- 8.73 8.73 8.73 8.73 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00         ----- 1.00 1.00 1.00 1.00 1.00 1.00

Qs Side flow in ft
3
/s (Qs): 0.05         ----- 0.07 0.20 0.04 0.05 0.14 0.05

Gle Effective grate length w/ 25% clogging (in): 27         ----- 27 27 27 27 27 27

Rs Fraction of side flow interception (Rs): 50%         ----- 53% 32% 28% 25% 20% 18%

E Grate Efficiency (E): 96%         ----- 95% 89% 97% 96% 92% 97%

Qi Total flow intercepted (ft
3
/s): 0.56         ----- 0.59 1.08 0.82 0.92 1.27 1.12

Qb Grate flow-by (ft
3
/s): 0.02         ----- 0.03 0.13 0.03 0.04 0.11 0.04

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----         -----         -----

Ci Interception for provided length L (ft
3
/s):         -----         -----         -----         -----         -----         -----         -----         -----

El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----         -----         -----         -----         -----         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         ----- 0.12         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         ----- 0.14         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         ----- 3.64         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         ----- 4.90         -----         -----         -----         -----         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----

Lc Length of the vertical curve (ft): > 200.00

g1 approach grade #1 (%): > -0.90

g2 approach grade #2 (%): > 0.33

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         ----- 163         -----         -----         -----         -----         -----         -----

Df Flanking inlets distance (ft):         ----- 51.94         -----         -----         -----         -----         -----         -----

Grate Inlets
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New Roadway Drainage Inlet Calculations- RT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR" "NR"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 70+50 72+01 74+99 78+49 79+00 81+80 82+75 84+50 85+09 86+50 87+54

End Station 69+75 70+50 72+01 74+99 81+80 82+75 83+75 83+75 84+50 85+09 86+50

St Structure location station: >> 69+75 70+50 72+01 74+99 81+80 82+75 83+20 83+75 84+50 85+09 86+50

N Notes <- <- <- HP -> -> LP <- <- <- <-

Off-site contributing watershed area (acres): >> 0.00 0.00 0.00 0.25 0.00 0.03 0.04 0.03 0.03 0.08 0.08

On-site contributing watershed area (acres): >> 0.09 0.22 0.34 0.32 0.27 0.15 0.17 0.13 0.12 0.22 0.22

Ar Contributing watershed area (acres): 0.09 0.22 0.34 0.58 0.27 0.18 0.21 0.16 0.15 0.30 0.31

C Composite Runoff Coefficient "C": >> 0.90 0.90 0.90 0.78 0.90 0.88 0.88 0.88 0.88 0.87 0.87

Ic Precipitation intensity (in/hr): >> 4.41 4.41 4.41 4.41 3.94 3.94 3.94 3.94 3.94 3.94 3.94

Qa Subarea discharge Q (ft
3
/s): 0.35 0.87 1.36 1.97 0.95 0.64 0.73 0.56 0.50 1.02 1.05

qq Previous by-pass flow (ft
3
/s): > 0.41 0.46 0.13 0.07 0.07 0.01 0.07 0.04 0.00

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 0.76 1.33 1.50 1.97 0.95 0.71 0.80 0.57 0.57 1.06 1.05

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.015 0.015 0.015 0.015 0.016 0.016 0.016 0.016 0.016 0.016 0.016

S Longitudinal slope S  (ft/ft): >> 0.0253 0.0331 0.0491 0.0500 0.0090 0.0044 0.0004 0.0044 0.0098 0.0145 0.0219

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1 1 1 1 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 1 1 1 2 1 1 1 1

ID Inlet description: > Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 1 1 1 1 1 1 1 1

Gw Grate width  (in): > 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0

Gl Grate length  (in): > 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0

3 or 4 sided weir? > 3 3 3

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055

Available Flooded Width (ft) > 8.00 8.00 8.00 8.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 5.33 6.26 6.07 6.71 7.20 7.39         ----- 6.81 5.87 6.86 6.34

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 2.84 3.91 3.64 4.53 5.19 5.43         ----- 4.66 3.35 4.74 4.01

Du/s Depth at flowline before inlet  (ft): 0.16 0.18 0.18 0.19 0.21 0.21         ----- 0.20 0.17 0.20 0.18

Au/s Water cross-area before inlet  (ft
2
): 0.22 0.31 0.29 0.36 0.43 0.45         ----- 0.37 0.27 0.38 0.32
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Au/s Water cross-area before inlet  (ft ): 0.22 0.31 0.29 0.36 0.43 0.45         ----- 0.37 0.27 0.38 0.32

Vu/s Velocity for total discharge before inlet  (ft/s): 3.43 4.31 5.17 5.45 2.23 1.57         ----- 1.53 2.13 2.78 3.31

Eod Ratio of gutter depression flow to total Q (Eod): 100% 99% 100% 98% 96% 95%         ----- 98% 100% 97% 99%

Se Equivalent cross-slope (ft/ft): 0.055 0.055 0.055 0.054 0.053 0.053         ----- 0.054 0.055 0.054 0.054

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 71% 64% 66% 93% 89% 87%         ----- 92% 98% 91% 95%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.54 0.85 0.98 1.82 0.84 0.62         ----- 0.52 0.56 0.97 1.00

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73 8.73 8.73 8.73 8.73 8.73         ----- 8.73 8.73 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00 1.00 1.00 1.00         ----- 1.00 1.00 1.00 1.00

Qs Side flow in ft
3
/s (Qs): 0.22 0.48 0.52 0.15 0.11 0.09         ----- 0.05 0.01 0.09 0.05

Gle Effective grate length w/ 25% clogging (in): 27 27 27 27 27 27         ----- 27 27 27 27

Rs Fraction of side flow interception (Rs): 20% 14% 11% 10% 35% 50%         ----- 52% 38% 27% 21%

E Grate Efficiency (E): 77% 69% 69% 93% 93% 94%         ----- 96% 99% 94% 96%

Qi Total flow intercepted (ft
3
/s): 0.59 0.92 1.04 1.84 0.88 0.66         ----- 0.55 0.56 0.99 1.01

Qb Grate flow-by (ft
3
/s): 0.17 0.41 0.46 0.13 0.07 0.05         ----- 0.02 0.01 0.07 0.04

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Ci Interception for provided length L (ft
3
/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         ----- 0.15         -----         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         ----- 0.18         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         ----- 5.20         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         ----- 6.79         -----         -----         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Lc Length of the vertical curve (ft): > 200.00

g1 approach grade #1 (%): > -9.00

g2 approach grade #2 (%): > 0.33

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         ----- 21         -----         -----         -----         -----

Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         ----- 18.86         -----         -----         -----         -----

Grate Inlets
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New Roadway Drainage Inlet Calculations- RT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "NR"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 88+74

End Station 87+54

St Structure location station: >> 87+54

N Notes <-

Off-site contributing watershed area (acres): >> 0.00

On-site contributing watershed area (acres): >> 0.12

Ar Contributing watershed area (acres): 0.12

C Composite Runoff Coefficient "C": >> 0.90

Ic Precipitation intensity (in/hr): >> 3.94

Qa Subarea discharge Q (ft
3
/s): 0.43

qq Previous by-pass flow (ft
3
/s): >

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 0.43

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016

S Longitudinal slope S  (ft/ft): >> 0.0520

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1

ID Inlet description: > Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 1

Gw Grate width  (in): > 24.0

Gl Grate length  (in): > 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200

W Width of gutter from flowline  (in): > 36.0

a(t) Gutter depression from horizontal  (in): > 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055

Available Flooded Width (ft) > 6.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 3.86

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 2.05

Du/s Depth at flowline before inlet  (ft): 0.11

Au/s Water cross-area before inlet  (ft
2
): 0.12
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Au/s Water cross-area before inlet  (ft ): 0.12

Vu/s Velocity for total discharge before inlet  (ft/s): 3.72

Eod Ratio of gutter depression flow to total Q (Eod): 100%

Se Equivalent cross-slope (ft/ft): 0.055

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 100%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.43

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00

Qs Side flow in ft
3
/s (Qs): 0.00

Gle Effective grate length w/ 25% clogging (in): 27

Rs Fraction of side flow interception (Rs): 18%

E Grate Efficiency (E): 100%

Qi Total flow intercepted (ft
3
/s): 0.43

Qb Grate flow-by (ft
3
/s): 0.00

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----

Ci Interception for provided length L (ft
3
/s):         -----

El Efficiency for providged length L:         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----

Lc Length of the vertical curve (ft): >

g1 approach grade #1 (%): >

g2 approach grade #2 (%): >

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----

Df Flanking inlets distance (ft):         -----

Grate Inlets
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Quarry Lakes Roadway Drainage Inlet Calculations- LT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "QL" "QL" "QL"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 545+68 549+00 551+00

End Station 546+33 546+49 549+00

St Structure location station: >> 546+33 546+49 549+00

N Notes <- <- <-

Off-site contributing watershed area (acres): >> 0.00 0.00 0.00

On-site contributing watershed area (acres): >> 0.07 0.23 0.13

Ar Contributing watershed area (acres): 0.07 0.23 0.13

C Composite Runoff Coefficient "C": >> 0.90 0.90 0.90

Ic Precipitation intensity (in/hr): >> 3.94 3.94 3.94

Qa Subarea discharge Q (ft
3
/s): 0.24 0.82 0.47

qq Previous by-pass flow (ft
3
/s): > 0.11 0.15

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 0.36 0.97 1.10

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016 0.016 0.016

S Longitudinal slope S  (ft/ft): >> 0.0030 0.0030 0.0030

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1

ID Inlet description: > Type 1 DI Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 1 1 1

Gw Grate width  (in): > 24.0 24.0 24.0

Gl Grate length  (in): > 36.0 36.0 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055 0.055

Available Flooded Width (ft) > 6.00 6.00 6.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 6.14 8.92 9.37

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 3.72 7.33 7.86

Du/s Depth at flowline before inlet  (ft): 0.18 0.25 0.26

Au/s Water cross-area before inlet  (ft
2
): 0.29 0.69 0.77
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Au/s Water cross-area before inlet  (ft ): 0.29 0.69 0.77

Vu/s Velocity for total discharge before inlet  (ft/s): 1.21 1.39 1.42

Eod Ratio of gutter depression flow to total Q (Eod): 100% 85% 83%

Se Equivalent cross-slope (ft/ft): 0.055 0.050 0.049

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 97% 75% 71%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.34 0.72 0.79

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00

Qs Side flow in ft
3
/s (Qs): 0.01 0.25 0.31

Gle Effective grate length w/ 25% clogging (in): 27 27 27

Rs Fraction of side flow interception (Rs): 63% 54% 53%

E Grate Efficiency (E): 99% 88% 86%

Qi Total flow intercepted (ft
3
/s): 0.35 0.85 0.95

Qb Grate flow-by (ft
3
/s): 0.00 0.11 0.15

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----         -----

Ci Interception for provided length L (ft
3
/s):         -----         -----         -----

El Efficiency for providged length L:         -----         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Lc Length of the vertical curve (ft): >

g1 approach grade #1 (%): >

g2 approach grade #2 (%): >

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----

Df Flanking inlets distance (ft):         -----         -----         -----

Grate Inlets
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Quarry Lakes Roadway Drainage Inlet Calculations- RT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "QL" "QL" "QL"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 545+68 549+00 551+00

End Station 546+33 546+49 549+00

St Structure location station: >> 546+33 546+49 549+00

N Notes <- <- <-

Off-site contributing watershed area (acres): >> 0.02 0.14 0.00

On-site contributing watershed area (acres): >> 0.07 0.25 0.19

Ar Contributing watershed area (acres): 0.09 0.39 0.19

C Composite Runoff Coefficient "C": >> 0.87 0.86 0.90

Ic Precipitation intensity (in/hr): >> 3.94 3.94 3.94

Qa Subarea discharge Q (ft
3
/s): 0.32 1.34 0.67

qq Previous by-pass flow (ft
3
/s): > 0.27 0.15

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 0.59 1.49 1.10

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016 0.016 0.016

S Longitudinal slope S  (ft/ft): >> 0.0030 0.0030 0.0030

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1

ID Inlet description: > Type 1 DI Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 1 1 1

Gw Grate width  (in): > 24.0 24.0 24.0

Gl Grate length  (in): > 36.0 36.0 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055 0.055

Available Flooded Width (ft) > 8.00 8.00 8.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 7.42 10.49 9.37

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 5.46 9.15 7.86

Du/s Depth at flowline before inlet  (ft): 0.21 0.29 0.26

Au/s Water cross-area before inlet  (ft
2
): 0.45 0.99 0.77

East-West Connector Project   
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Au/s Water cross-area before inlet  (ft ): 0.45 0.99 0.77

Vu/s Velocity for total discharge before inlet  (ft/s): 1.30 1.50 1.42

Eod Ratio of gutter depression flow to total Q (Eod): 95% 76% 83%

Se Equivalent cross-slope (ft/ft): 0.053 0.046 0.049

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 87% 64% 71%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.51 0.95 0.79

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00

Qs Side flow in ft
3
/s (Qs): 0.08 0.54 0.31

Gle Effective grate length w/ 25% clogging (in): 27 27 27

Rs Fraction of side flow interception (Rs): 59% 49% 53%

E Grate Efficiency (E): 95% 82% 86%

Qi Total flow intercepted (ft
3
/s): 0.56 1.21 0.95

Qb Grate flow-by (ft
3
/s): 0.03 0.27 0.15

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----         -----

Ci Interception for provided length L (ft
3
/s):         -----         -----         -----

El Efficiency for providged length L:         -----         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Lc Length of the vertical curve (ft): >

g1 approach grade #1 (%): >

g2 approach grade #2 (%): >

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----

Df Flanking inlets distance (ft):         -----         -----         -----

Grate Inlets

P0727 Inlet Capacity V1.1 US Units 03-06-2009.xls       54568 to 54900 Rt



Alvarado Niles Roadway Drainage Inlet Calculations- LT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "ANR" "ANR"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 754+36 757+14

End Station 752+53 755+50

St Structure location station: >> 752+53 755+50

N Notes <- <-

Off-site contributing watershed area (acres): >> 0.00 0.21

On-site contributing watershed area (acres): >> 0.23 0.22

Ar Contributing watershed area (acres): 0.23 0.43

C Composite Runoff Coefficient "C": >> 0.90 0.85

Ic Precipitation intensity (in/hr): >> 3.94 3.94

Qa Subarea discharge Q (ft
3
/s): 0.80 1.46

qq Previous by-pass flow (ft
3
/s): >

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 0.80 1.46

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016 0.016

S Longitudinal slope S  (ft/ft): >> 0.0003 0.0003

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1

ID Inlet description: > Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 1 1

Gw Grate width  (in): > 24.0 24.0

Gl Grate length  (in): > 36.0 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055

Available Flooded Width (ft) > 5.00 6.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 12.83 16.02

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 11.74 15.17

Du/s Depth at flowline before inlet  (ft): 0.34 0.41

Au/s Water cross-area before inlet  (ft
2
): 1.54 2.46

East-West Connector Project   
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Au/s Water cross-area before inlet  (ft ): 1.54 2.46

Vu/s Velocity for total discharge before inlet  (ft/s): 0.52 0.59

Eod Ratio of gutter depression flow to total Q (Eod): 64% 52%

Se Equivalent cross-slope (ft/ft): 0.042 0.038

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 52% 41%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.42 0.59

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00

Qs Side flow in ft
3
/s (Qs): 0.39 0.86

Gle Effective grate length w/ 25% clogging (in): 27 27

Rs Fraction of side flow interception (Rs): 85% 81%

E Grate Efficiency (E): 93% 89%

Qi Total flow intercepted (ft
3
/s): 0.75 1.29

Qb Grate flow-by (ft
3
/s): 0.06 0.17

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----

Ci Interception for provided length L (ft
3
/s):         -----         -----

El Efficiency for providged length L:         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----

Lc Length of the vertical curve (ft): >

g1 approach grade #1 (%): >

g2 approach grade #2 (%): >

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----

Df Flanking inlets distance (ft):         -----         -----

Grate Inlets

P0727 Inlet Capacity V1.1 US Units 03-06-2009.xls       75253 to 75714 Lt



Alvarado Niles Roadway Drainage Inlet Calculations- RT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "ANR" "ANR"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 754+36 760+48

End Station 752+53 755+51

St Structure location station: >> 752+53 755+51

N Notes <- <-

Off-site contributing watershed area (acres): >> 0.00 0.00

On-site contributing watershed area (acres): >> 0.25 0.39

Ar Contributing watershed area (acres): 0.25 0.39

C Composite Runoff Coefficient "C": >> 0.90 0.90

Ic Precipitation intensity (in/hr): >> 3.94 3.94

Qa Subarea discharge Q (ft
3
/s): 0.90 1.38

qq Previous by-pass flow (ft
3
/s): >

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 0.90 1.38

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016 0.016

S Longitudinal slope S  (ft/ft): >> 0.0003 0.0003

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1

ID Inlet description: > Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 1 1

Gw Grate width  (in): > 24.0 24.0

Gl Grate length  (in): > 36.0 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055

Available Flooded Width (ft) > 6.00 5.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 13.36 15.68

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 12.33 14.81

Du/s Depth at flowline before inlet  (ft): 0.35 0.40

Au/s Water cross-area before inlet  (ft
2
): 1.68 2.35

East-West Connector Project   
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Au/s Water cross-area before inlet  (ft ): 1.68 2.35

Vu/s Velocity for total discharge before inlet  (ft/s): 0.54 0.59

Eod Ratio of gutter depression flow to total Q (Eod): 62% 53%

Se Equivalent cross-slope (ft/ft): 0.041 0.038

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 50% 42%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.45 0.57

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00

Qs Side flow in ft
3
/s (Qs): 0.45 0.80

Gle Effective grate length w/ 25% clogging (in): 27 27

Rs Fraction of side flow interception (Rs): 85% 81%

E Grate Efficiency (E): 92% 89%

Qi Total flow intercepted (ft
3
/s): 0.83 1.23

Qb Grate flow-by (ft
3
/s): 0.07 0.15

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----

Ci Interception for provided length L (ft
3
/s):         -----         -----

El Efficiency for providged length L:         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----

Lc Length of the vertical curve (ft): >

g1 approach grade #1 (%): >

g2 approach grade #2 (%): >

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----

Df Flanking inlets distance (ft):         -----         -----

Grate Inlets

P0727 Inlet Capacity V1.1 US Units 03-06-2009.xls       75253 to 76048 Rt



11 th  Street Drainage Inlet Calculations- LT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "ES" "ES" "ES"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 658+35 661+00 664+00

End Station 661+00 664+00 664+85

St Structure location station: >> 661+00 664+00 664+85

N Notes -> -> ->

Off-site contributing watershed area (acres): >> 0.00 0.00 0.00

On-site contributing watershed area (acres): >> 0.28 0.28 0.08

Ar Contributing watershed area (acres): 0.28 0.28 0.08

C Composite Runoff Coefficient "C": >> 0.90 0.90 0.90

Ic Precipitation intensity (in/hr): >> 4.41 4.41 4.41

Qa Subarea discharge Q (ft
3
/s): 1.13 1.12 0.30

qq Previous by-pass flow (ft
3
/s): > 0.16 0.20

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 1.13 1.28 0.50

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016 0.016 0.016

S Longitudinal slope S  (ft/ft): >> 0.0030 0.0030 0.0030

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1

ID Inlet description: > Type 1 DI Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 1 1 1

Gw Grate width  (in): > 24.0 24.0 24.0

Gl Grate length  (in): > 36.0 36.0 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055 0.055

Available Flooded Width (ft) > 5.00 5.00 5.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 9.46 9.91 6.98

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 7.97 8.49 4.88

Du/s Depth at flowline before inlet  (ft): 0.26 0.27 0.20

Au/s Water cross-area before inlet  (ft
2
): 0.79 0.88 0.39

East-West Connector Project   
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Au/s Water cross-area before inlet  (ft ): 0.79 0.88 0.39

Vu/s Velocity for total discharge before inlet  (ft/s): 1.43 1.46 1.27

Eod Ratio of gutter depression flow to total Q (Eod): 82% 79% 97%

Se Equivalent cross-slope (ft/ft): 0.048 0.048 0.054

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 71% 68% 91%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.80 0.86 0.45

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00

Qs Side flow in ft
3
/s (Qs): 0.33 0.41 0.05

Gle Effective grate length w/ 25% clogging (in): 27 27 27

Rs Fraction of side flow interception (Rs): 52% 51% 60%

E Grate Efficiency (E): 86% 84% 96%

Qi Total flow intercepted (ft
3
/s): 0.97 1.08 0.48

Qb Grate flow-by (ft
3
/s): 0.16 0.20 0.02

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----         -----

Ci Interception for provided length L (ft
3
/s):         -----         -----         -----

El Efficiency for providged length L:         -----         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Lc Length of the vertical curve (ft): >

g1 approach grade #1 (%): >

g2 approach grade #2 (%): >

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----

Df Flanking inlets distance (ft):         -----         -----         -----

Grate Inlets

P0727 Inlet Capacity V1.1 US Units 03-06-2009.xls       65835 to 66485 Lt 



11 th  Street Drainage Inlet Calculations- RT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "ES" "ES" "ES"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 658+35 661+00 664+00

End Station 661+00 664+00 664+85

St Structure location station: >> 661+00 664+00 664+85

N Notes -> -> ->

Off-site contributing watershed area (acres): >> 0.00 0.00 0.00

On-site contributing watershed area (acres): >> 0.29 0.39 0.10

Ar Contributing watershed area (acres): 0.29 0.39 0.10

C Composite Runoff Coefficient "C": >> 0.90 0.90 0.90

Ic Precipitation intensity (in/hr): >> 4.41 4.41 4.41

Qa Subarea discharge Q (ft
3
/s): 1.13 1.56 0.41

qq Previous by-pass flow (ft
3
/s): > 0.16 0.36

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 1.13 1.72 0.77

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016 0.016 0.016

S Longitudinal slope S  (ft/ft): >> 0.0030 0.0030 0.0030

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1

ID Inlet description: > Type 1 DI Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 1 1 1

Gw Grate width  (in): > 24.0 24.0 24.0

Gl Grate length  (in): > 36.0 36.0 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055 0.055

Available Flooded Width (ft) > 5.00 8.00 8.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 9.48 11.08 8.20

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 7.99 9.82 6.45

Du/s Depth at flowline before inlet  (ft): 0.26 0.30 0.23

Au/s Water cross-area before inlet  (ft
2
): 0.79 1.12 0.57
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Au/s Water cross-area before inlet  (ft ): 0.79 1.12 0.57

Vu/s Velocity for total discharge before inlet  (ft/s): 1.43 1.54 1.35

Eod Ratio of gutter depression flow to total Q (Eod): 82% 73% 90%

Se Equivalent cross-slope (ft/ft): 0.048 0.045 0.051

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 71% 60% 80%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.80 1.04 0.62

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00

Qs Side flow in ft
3
/s (Qs): 0.33 0.68 0.15

Gle Effective grate length w/ 25% clogging (in): 27 27 27

Rs Fraction of side flow interception (Rs): 52% 47% 56%

E Grate Efficiency (E): 86% 79% 91%

Qi Total flow intercepted (ft
3
/s): 0.98 1.36 0.71

Qb Grate flow-by (ft
3
/s): 0.16 0.36 0.07

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----         -----

Ci Interception for provided length L (ft
3
/s):         -----         -----         -----

El Efficiency for providged length L:         -----         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Lc Length of the vertical curve (ft): >

g1 approach grade #1 (%): >

g2 approach grade #2 (%): >

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----

Df Flanking inlets distance (ft):         -----         -----         -----

Grate Inlets
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Mission Boulevard Drainage Inlet Calculations- LT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "MB"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 388+62

End Station 393+76

St Structure location station: >> 393+76

N Notes ->

Off-site contributing watershed area (acres): >> 0.31

On-site contributing watershed area (acres): >> 1.18

Ar Contributing watershed area (acres): 1.49

C Composite Runoff Coefficient "C": >> 0.88

Ic Precipitation intensity (in/hr): >> 3.94

Qa Subarea discharge Q (ft
3
/s): 5.17

qq Previous by-pass flow (ft
3
/s): >

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 5.17

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016

S Longitudinal slope S  (ft/ft): >> 0.003

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1

ID Inlet description: > Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 1

Gw Grate width  (in): > 24.0

Gl Grate length  (in): > 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200

W Width of gutter from flowline  (in): > 36.0

a(t) Gutter depression from horizontal  (in): > 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055

Available Flooded Width (ft) > 5.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 16.73

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 15.92

Du/s Depth at flowline before inlet  (ft): 0.42

Au/s Water cross-area before inlet  (ft
2
): 2.69
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Au/s Water cross-area before inlet  (ft ): 2.69

Vu/s Velocity for total discharge before inlet  (ft/s): 1.92

Eod Ratio of gutter depression flow to total Q (Eod): 50%

Se Equivalent cross-slope (ft/ft): 0.037

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 39%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 2.00

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00

Qs Side flow in ft
3
/s (Qs): 3.17

Gle Effective grate length w/ 25% clogging (in): 27

Rs Fraction of side flow interception (Rs): 33%

E Grate Efficiency (E): 59%

Qi Total flow intercepted (ft
3
/s): 3.05

Qb Grate flow-by (ft
3
/s): 2.12

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----

Ci Interception for provided length L (ft
3
/s):         -----

El Efficiency for providged length L:         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----

Lc Length of the vertical curve (ft): >

g1 approach grade #1 (%): >

g2 approach grade #2 (%): >

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----

Df Flanking inlets distance (ft):         -----

Grate Inlets
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Mission Boulevard Drainage Inlet Calculations- RT Designed by:  Claire Coughlan Date: 3/6/2009

Job: P0727 Checked by:  Analette Ochoa, Steven Nagata Date: 3/20/2009

Layout Line: "MB" "MB"

In# Inlet number:
(Input Data Required)

HYDROLOGY COMPUTATION:

Begin Station 386+22 388+20

End Station 387+43 393+76

St Structure location station: >> 387+43 393+76

N Notes -> ->

Off-site contributing watershed area (acres): >> 0.18 0.13

On-site contributing watershed area (acres): >> 0.19 0.59

Ar Contributing watershed area (acres): 0.37 0.72

C Composite Runoff Coefficient "C": >> 0.85 0.88

Ic Precipitation intensity (in/hr): >> 3.94 3.94

Qa Subarea discharge Q (ft
3
/s): 1.23 2.52

qq Previous by-pass flow (ft
3
/s): >

Qadd Discharge added by operator (ft3/s): >

Qt Total discharge Q (ft
3
/s): 1.23 2.52

SHOULDER AND GUTTER CONFIGURATION:

n Manning's n: >> 0.016 0.016

S Longitudinal slope S  (ft/ft): >> 0.003 0.003

IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1

LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1

ID Inlet description: > Type 1 DI Type 1 DI

Standard Gutter Depression (1=SGD, 2=no SGD) > 1 1

Gw Grate width  (in): > 24.0 24.0

Gl Grate length  (in): > 36.0 36.0

3 or 4 sided weir? >

Lco Curb opening length provided (ft): >

Ls Slotted drain length provided: (ft) >

Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200

W Width of gutter from flowline  (in): > 36.0 36.0

a(t) Gutter depression from horizontal  (in): > 1.25 1.25

Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.055 0.055

Available Flooded Width (ft) > 8.00 8.00

Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 9.77 12.77

Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 8.34 11.69

Du/s Depth at flowline before inlet  (ft): 0.27 0.34

Au/s Water cross-area before inlet  (ft
2
): 0.85 1.52
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Au/s Water cross-area before inlet  (ft ): 0.85 1.52

Vu/s Velocity for total discharge before inlet  (ft/s): 1.45 1.65

Eod Ratio of gutter depression flow to total Q (Eod): 80% 64%

Se Equivalent cross-slope (ft/ft): 0.048 0.042

GRATE INLETS ON-GRADE:

Eog Ratio of grate frontal flow to total flow: 69% 52%

Qw Inlet frontal flow in ft
3
/s (Qw):  at inlet w/ gutter depression 0.84 1.31

Vo Vo for effective length (P-50, Chart 5) (ft/s): 8.73 8.73

Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00

Qs Side flow in ft
3
/s (Qs): 0.39 1.21

Gle Effective grate length w/ 25% clogging (in): 27 27

Rs Fraction of side flow interception (Rs): 51% 42%

E Grate Efficiency (E): 85% 72%

Qi Total flow intercepted (ft
3
/s): 1.04 1.82

Qb Grate flow-by (ft
3
/s): 0.19 0.69

SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)

Lt Length required for total interception (ft):         -----         -----

Ci Interception for provided length L (ft
3
/s):         -----         -----

El Efficiency for providged length L:         -----         -----

Qs Slotted drain or side opening flow-by (ft
3
/s):         -----         -----

INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----

Slotted drains

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----

d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----

Curb opening inlets

d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----

d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----

w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----

w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----

Lc Length of the vertical curve (ft): >

g1 approach grade #1 (%): >

g2 approach grade #2 (%): >

K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----

Df Flanking inlets distance (ft):         -----         -----

Grate Inlets
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PROJECT
Pavement Calculations Job:

PGL PGL Lt Shldr Elev Lt Shldr Lt Shldr Lt TW Lt TW U/S Rt Shldr Elev Rt Shldr Rt Shldr Rt TW Rt TW U/S BVC 

Station Elev. (w/o gd) Super. Width Super. Width Slope (w/o gd) Super. Width Super. Width Slope StationDir- Sx

(ft) (ft) (ft) (%) (ft) (%) (ft) (ft/ft) (ft) (%) (ft) (%) (ft) (ft/ft) (ft) Chg+-

10+00. 43.81 43.727 -5.56 1.5 0.0281 43.727 -5.56 1.5 0.0345 43.727 4.38%

11+00. 47.81 46.537 -5.56 1.5 -2.00 59.5 0.0371 47.177 -5.56 1.5 -2.00 27.5 0.0371 2.810 4.00%

12+00. 51.52 50.251 -5.56 1.5 -2.00 59.5 0.0136 50.891 -5.56 1.5 -2.00 27.5 0.0136 3.714 3.71%

12+93.13 52.79 51.520 -5.56 1.5 -2.00 59.5 0.0127 52.160 -5.56 1.5 -2.00 27.5 0.0009

13+00. 52.79 51.514 -5.56 1.5 -2.00 59.5 0.0009 52.154 -5.56 1.5 -2.00 27.5 0.0009 1.263 1.26%

14+00. 51.44 50.163 -5.56 1.5 -2.00 59.5 0.0135 50.803 -5.56 1.5 -2.00 27.5 0.0135 -1.351 -1.35%

15+00. 49.64 48.363 -5.56 1.5 -2.00 59.5 0.0180 49.003 -5.56 1.5 -2.00 27.5 0.0180 -1.800 -1.80%

15+49. 48.75 47.481 -5.56 1.5 -2.00 59.5 0.0180 48.121 -5.56 1.5 -2.00 27.5 0.0180 -0.882 -1.80%

15+50. 48.74 47.463 -5.56 1.5 -2.00 59.5 0.0180 48.103 -5.56 1.5 -2.00 27.5 0.0180 -0.018 -1.80%

16+00. 47.88 47.006 -5.56 1.5 -2.00 39.5 0.0091 47.246 -5.56 1.5 -2.00 27.5 0.0171 -0.457 -1.71%

16+50. 47.17 46.300 -5.56 1.5 -2.00 39.5 0.0141 46.540 -5.56 1.5 -2.00 27.5 0.0141 -0.706 -1.41%

17+00. 46.62 45.751 -5.56 1.5 -2.00 39.5 0.0110 45.991 -5.56 1.5 -2.00 27.5 0.0110 -0.549 -1.10%

17+98.77 46.00 45.125 -5.56 1.5 -2.00 39.5 0.0063 45.365 -5.56 1.5 -2.00 27.5 0.0063 -0.626 -0.63%

18+00. 45.99 45.121 -5.56 1.5 -2.00 39.5 0.0032 45.361 -5.56 1.5 -2.00 27.5 0.0032 -0.004 -0.32%

18+01.32 45.99 45.117 -5.56 1.5 -2.00 39.5 0.0031 45.357 -5.56 1.5 -2.00 27.5 0.0031 -0.004 -0.31%

18+75. 45.93 45.059 -5.56 1.5 -2.00 39.5 0.0008 45.299 -5.56 1.5 -2.00 27.5 0.0008 -0.058 -0.08%

19+00. 45.70 44.816 -5.56 1.5 -2.00 39.8 0.0097 45.062 -5.56 1.5 -2.00 27.5 0.0095 -0.243 -0.95%

19+50. 45.55 44.666 -5.56 1.5 -2.00 39.8 0.0030 44.912 -5.56 1.5 -2.00 27.5 0.0030 -0.150 -0.30%

20+00. 45.40 44.508 -5.56 1.5 -2.00 40.2 0.0032 44.762 -5.56 1.5 -2.00 27.5 0.0030 -0.158 -0.30%

20+26. 45.32 44.430 -5.56 1.5 -2.00 40.2 0.0030 44.684 -5.56 1.5 -2.00 27.5 0.0030 -0.236 -0.30%

20+77. 45.16 44.277 -5.56 1.5 -2.00 40.2 0.0030 44.531 -5.56 1.5 -2.00 27.5 0.0030 -0.231 -0.30%

21+00. 45.10 44.204 -5.56 1.5 -2.00 40.4 0.0032 44.202 -5.56 1.5 -2.00 40.5 0.0143 -0.304 -0.30%

Profile Grade Line

WRECO

Right ShoulderLeft Shoulder

21+02.4 45.09 44.195 -5.56 1.5 -2.00 40.5 0.0038 44.195 -5.56 1.5 -2.00 40.5 0.0030 -0.009 -0.30%

21+06.41 45.08 44.185 -5.56 1.5 -2.00 40.4 0.0025 44.183 -5.56 1.5 -2.00 40.5 0.0030 -0.010 -0.30%

22+00. 44.80 43.902 -5.56 1.5 -2.00 40.5 0.0030 43.902 -5.56 1.5 -2.00 40.5 0.0030 -0.283 -0.30%

23+00. 44.50 43.602 -5.56 1.5 -2.00 40.5 0.0030 43.602 -5.56 1.5 -2.00 40.5 0.0030 -0.300 -0.30%

24+00. 44.20 43.302 -5.56 1.5 -2.00 40.5 0.0030 43.302 -5.56 1.5 -2.00 40.5 0.0030 -0.300 -0.30%

25+00. 43.90 43.002 -5.56 1.5 -2.00 40.5 0.0030 43.002 -5.56 1.5 -2.00 40.5 0.0030 -0.300 -0.30%

26+00. 43.60 42.702 -5.56 1.5 -2.00 40.5 0.0030 42.702 -5.56 1.5 -2.00 40.5 0.0030 -0.300 -0.30%

27+00. 43.30 42.402 -5.56 1.5 -2.00 40.5 0.0030 42.402 -5.56 1.5 -2.00 40.5 0.0030 -0.300 -0.30%

27+10.25 43.26 42.371 -5.56 1.5 -2.00 40.5 0.0030 42.371 -5.56 1.5 -2.00 40.5 0.0030 -0.031 -0.30%

27+12.34 43.26 42.365 -5.56 1.5 -2.00 40.5 0.0030 42.365 -5.56 1.5 -2.00 40.5 0.0030 -0.006 -0.30%

28+00. 43.00 42.102 -5.56 1.5 -2.00 40.5 0.0030 42.102 -5.56 1.5 -2.00 40.5 0.0030 -0.263 -0.30%

28+99.37 42.70 41.804 -5.56 1.5 -2.00 40.5 0.0030 41.804 -5.56 1.5 -2.00 40.5 0.0030 -0.298 -0.30%

29+00. 42.70 41.802 -5.56 1.5 -2.00 40.5 0.0030 41.802 -5.56 1.5 -2.00 40.5 0.0030 -0.002 -0.30%

29+00.89 42.69 41.799 -5.56 1.5 -2.00 40.5 0.0030 41.799 -5.56 1.5 -2.00 40.5 0.0030 -0.003 -0.30%

30+00. 42.40 41.502 -5.56 1.5 -2.00 40.5 0.0030 41.502 -5.56 1.5 -2.00 40.5 0.0030 -0.297 -0.30%

30+19. 42.34 41.445 -5.56 1.5 -2.00 40.5 0.0030 41.445 -5.56 1.5 -2.00 40.5 0.0030 -0.057 -0.30%

30+44. 42.26 41.370 -5.56 1.5 -2.00 40.5 0.0030 41.370 -5.56 1.5 -2.00 40.5 0.0030 -0.075 -0.30%

31+00. 42.09 41.201 -5.56 1.5 -2.00 40.5 0.0030 41.201 -5.56 1.5 -2.00 40.5 0.0030 -0.301 -0.30%

31+15. 42.05 41.157 -5.56 1.5 -2.00 40.5 0.0029 41.157 -5.56 1.5 -2.00 40.5 0.0029 -0.288 -0.30%

31+99.73 41.86 40.963 -5.56 1.5 -2.00 40.5 0.0023 40.963 -5.56 1.5 -2.00 40.5 0.0023 -0.238 -0.24%

32+00. 41.86 40.962 -5.56 1.5 -2.00 40.5 0.0018 40.962 -5.56 1.5 -2.00 40.5 0.0018 0.000 -0.18%

32+00.24 41.86 40.962 -5.56 1.5 -2.00 40.5 0.0018 40.962 -5.56 1.5 -2.00 40.5 0.0018 0.000 -0.18%

33+00. 41.74 40.844 -5.56 1.5 -2.00 40.5 0.0012 40.844 -5.56 1.5 -2.00 40.5 0.0012 -0.118 -0.12%

33+48.9 41.72 40.830 -5.56 1.5 -2.00 40.5 0.0003 40.830 -5.56 1.5 -2.00 40.5 0.0003 -0.014 -0.03%

34+00. 41.74 40.845 -5.56 1.5 -2.00 40.5 0.0008 40.845 -5.56 1.5 -2.00 40.5 0.0008 0.016 0.03%

34+26. 41.76 40.865 -5.56 1.5 -2.00 40.5 0.0014 40.865 -5.56 1.5 -2.00 40.5 0.0014 0.020 0.08%

35+00. 41.86 40.967 -5.56 1.5 -2.00 40.5 0.0021 40.967 -5.56 1.5 -2.00 40.5 0.0021 0.122 0.12%

35+43. 41.95 41.056 -5.56 1.5 -2.00 40.5 0.0027 41.056 -5.56 1.5 -2.00 40.5 0.0027 0.191 0.16%

36+00. 42.10 41.208 -5.56 1.5 -2.00 40.5 0.0030 41.208 -5.56 1.5 -2.00 40.5 0.0030 0.241 0.24%

36+75. 42.33 41.433 -5.56 1.5 -2.00 40.5 0.0030 41.433 -5.56 1.5 -2.00 40.5 0.0030 0.377 0.29%

37+00. 42.40 41.508 -5.56 1.5 -2.00 40.5 0.0030 41.508 -5.56 1.5 -2.00 40.5 0.0030 0.300 0.30%

37+35. 42.51 41.613 -5.56 1.5 -2.00 40.5 0.0030 41.613 -5.56 1.5 -2.00 40.5 0.0030 0.180 0.30%

37+99.55 42.70 41.807 -5.56 1.5 -2.00 40.5 0.0030 41.807 -5.56 1.5 -2.00 40.5 0.0030 0.299 0.30%

38+00. 42.70 41.808 -5.56 1.5 -2.00 40.5 0.0030 41.808 -5.56 1.5 -2.00 40.5 0.0030 0.001 0.30%

38+00.93 42.70 41.811 -5.56 1.5 -2.00 40.5 0.0030 41.811 -5.56 1.5 -2.00 40.5 0.0030 0.003 0.30%

39+00. 43.00 42.108 -5.56 1.5 -2.00 40.5 0.0030 42.108 -5.56 1.5 -2.00 40.5 0.0030 0.297 0.30%

39+50. 43.15 42.258 -5.56 1.5 -2.00 40.5 0.0030 42.258 -5.56 1.5 -2.00 40.5 0.0030 0.150 0.30%

40+00. 43.30 42.408 -5.56 1.5 -2.00 40.5 0.0030 42.408 -5.56 1.5 -2.00 40.5 0.0030 0.300 0.30%

40+75. 43.53 42.633 -5.56 1.5 -2.00 40.5 0.0030 42.633 -5.56 1.5 -2.00 40.5 0.0030 0.225 0.30%
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PROJECT
Pavement Calculations Job:

PGL PGL Lt Shldr Elev Lt Shldr Lt Shldr Lt TW Lt TW U/S Rt Shldr Elev Rt Shldr Rt Shldr Rt TW Rt TW U/S BVC 

Station Elev. (w/o gd) Super. Width Super. Width Slope (w/o gd) Super. Width Super. Width Slope StationDir- Sx

(ft) (ft) (ft) (%) (ft) (%) (ft) (ft/ft) (ft) (%) (ft) (%) (ft) (ft/ft) (ft) Chg+-

Profile Grade Line

WRECO

Right ShoulderLeft Shoulder

41+00. 43.60 42.708 -5.56 1.5 -2.00 40.5 0.0030 42.708 -5.56 1.5 -2.00 40.5 0.0030 0.300 0.30%

42+00. 43.90 43.008 -5.56 1.5 -2.00 40.5 0.0030 43.008 -5.56 1.5 -2.00 40.5 0.0030 0.300 0.30%

42+25. 43.98 43.083 -5.56 1.5 -2.00 40.5 0.0030 43.083 -5.56 1.5 -2.00 40.5 0.0030 0.075 0.30%

43+00. 44.20 43.308 -5.56 1.5 -2.00 40.5 0.0030 43.308 -5.56 1.5 -2.00 40.5 0.0030 0.225 0.30%

43+04. 44.21 43.320 -5.56 1.5 -2.00 40.5 0.0030 43.320 -5.56 1.5 -2.00 40.5 0.0030 0.012 0.30%

43+53.91 44.36 43.470 -5.56 1.5 -2.00 40.5 0.0030 43.470 -5.56 1.5 -2.00 40.5 0.0030 0.150 0.30%

44+00. 44.50 43.608 -5.56 1.5 -2.00 40.5 0.0030 43.608 -5.56 1.5 -2.00 40.5 0.0030 0.138 0.30%

44+09. 44.53 43.635 -5.56 1.5 -2.00 40.5 0.0030 43.635 -5.56 1.5 -2.00 40.5 0.0030 0.027 0.30%

44+79. 44.74 43.845 -5.56 1.5 -2.00 40.5 0.0030 43.845 -5.56 1.5 -2.00 40.5 0.0030 0.210 0.30%

45+00. 44.80 43.908 -5.56 1.5 -2.00 40.5 0.0030 43.908 -5.56 1.5 -2.00 40.5 0.0030 0.300 0.30%

45+50. 44.95 44.058 -5.56 1.5 -2.00 40.5 0.0030 44.058 -5.56 1.5 -2.00 40.5 0.0030 0.423 0.30%

45+99.59 45.10 44.207 -5.56 1.5 -2.00 40.5 0.0030 44.207 -5.56 1.5 -2.00 40.5 0.0030 0.299 0.30%

46+00. 45.10 44.208 -5.56 1.5 -2.00 40.5 0.0030 44.208 -5.56 1.5 -2.00 40.5 0.0030 0.001 0.30%

46+00.75 45.10 44.211 -5.56 1.5 -2.00 40.5 0.0030 44.211 -5.56 1.5 -2.00 40.5 0.0030 0.002 0.30%

47+00. 45.40 44.508 -5.56 1.5 -2.00 40.5 0.0030 44.508 -5.56 1.5 -2.00 40.5 0.0030 0.298 0.30%

47+25. 45.48 44.583 -5.56 1.5 -2.00 40.5 0.0030 44.583 -5.56 1.5 -2.00 40.5 0.0030 0.075 0.30%

47+78. 45.64 44.742 -5.56 1.5 -2.00 40.5 0.0030 44.742 -5.56 1.5 -2.00 40.5 0.0112 0.159 0.30%

48+00. 45.70 44.808 -5.56 1.5 -2.00 40.5 0.0030 44.988 -5.56 1.5 -2.00 31.5 0.0030 0.300 0.30%

48+52.09 45.86 44.965 -5.56 1.5 -2.00 40.5 0.0030 45.145 -5.56 1.5 -2.00 31.5 0.0030 0.156 0.30%

48+53.91 45.86 44.970 -5.56 1.5 -2.00 40.5 0.0030 45.150 -5.56 1.5 -2.00 31.5 0.0010 0.005 0.30%

49+00. 46.00 45.108 -5.56 1.5 -2.00 40.5 0.0030 45.102 -5.56 1.5 -2.00 40.8 0.0010 0.138 0.30%

49+50. 46.15 45.258 -5.56 1.5 -2.00 40.5 0.0030 45.170 -5.56 1.5 -2.00 44.9 0.0011 0.150 0.30%

50+00. 46.30 45.408 -5.56 1.5 -2.00 40.5 0.0030 45.224 -5.56 1.5 -2.00 49.7 0.0009 0.300 0.30%

50+81. 46.54 45.651 -5.56 1.5 -2.00 40.5 0.0030 45.297 -5.56 1.5 -2.00 58.2 0.0026 0.243 0.30%50+81. 46.54 45.651 -5.56 1.5 -2.00 40.5 0.0030 45.297 -5.56 1.5 -2.00 58.2 0.0026 0.243 0.30%

50+75. 46.53 45.633 -5.56 1.5 -2.00 40.5 0.0030 45.173 -5.56 1.5 -2.00 63.5 0.0207 -0.018 0.30%

51+00. 46.60 45.968 -5.56 1.5 -2.00 27.5 0.0030 45.248 -5.56 1.5 -2.00 63.5 0.0026 0.335 0.30%

51+25. 46.68 46.043 -5.56 1.5 -2.00 27.5 0.0030 45.323 -5.56 1.5 -2.00 63.5 0.0030 0.075 0.30%

51+99.51 46.90 46.267 -5.56 1.5 -2.00 27.5 0.0030 45.547 -5.56 1.5 -2.00 63.5 0.0030 0.299 0.30%

51+99.85 46.90 46.268 -5.56 1.5 -2.00 27.5 0.0030 45.548 -5.56 1.5 -2.00 63.5 0.0030 0.001 0.30%

52+00. 46.90 46.268 -5.56 1.5 -2.00 27.5 0.0030 45.548 -5.56 1.5 -2.00 63.5 0.0030 0.000 0.30%

52+25. 46.98 46.343 -5.56 1.5 -2.00 27.5 0.0030 45.623 -5.56 1.5 -2.00 63.5 0.0030 0.075 0.30%

52+75. 47.13 46.493 -5.56 1.5 -2.00 27.5 0.0030 45.773 -5.56 1.5 -2.00 63.5 0.0030 0.150 0.30%

53+00. 47.20 46.568 -5.56 1.5 -2.00 27.5 0.0034 45.848 -5.56 1.5 -2.00 63.5 0.0039 0.075 0.30%

53+29. 47.29 46.666 -5.56 1.5 -1.96 27.5 0.0287 45.961 -5.56 1.5 -1.96 63.5 0.0623 0.098 0.30%

53+50. 47.35 47.268 -5.56 1.5 -2.00 0.0178 47.268 -5.56 1.5 -2.00 0.0178 0.700 0.30%

54+00. 48.24 48.156 -5.56 1.5 -2.00 0.0241 48.156 -5.56 1.5 -2.00 0.0241 0.888 1.78%

54+35. 49.08 49.000 -5.56 1.5 -2.00 0.0279 49.000 -5.56 1.5 -2.00 0.0279 0.843 2.41%

55+00. 47.27 47.184 -5.56 1.5 -2.00 0.0279 47.184 -5.56 1.5 -2.00 0.0279 -1.815 -2.79%

55+25. 46.30 46.215 -5.56 1.5 0.00 0.0388 46.215 -5.56 1.5 0.00 0.0388 -0.970 -3.88%

55+50. 45.10 45.019 -5.56 1.5 51.5 0.0478 45.019 -5.56 1.5 -2.00 0.0478 -2.165 -4.33%

56+00. 39.72 40.027 -5.56 1.5 0.75 51.5 0.0999 39.262 -5.56 1.5 -0.75 50.5 0.1152 -4.993 -10.76%

56+50. 36.22 36.141 -5.56 1.5 51.5 0.0777 35.131 -5.56 1.5 -2.00 50.5 0.0826 -3.886 -7.00%

57+00. 35.09 35.910 -5.56 1.5 1.75 51.5 0.0046 34.125 -5.56 1.5 -1.75 50.5 0.0201 -0.230 -2.26%

57+70. 30.98 31.798 -5.56 1.5 1.75 51.5 0.0588 30.013 -5.56 1.5 -1.75 50.5 0.0588 -4.113 -5.88%

58+00. 29.50 30.529 0.00 0.0 2.00 51.5 0.0423 28.479 0.00 0.0 -2.00 51.0 0.0511 -1.269 -4.94%

58+44. 27.63 28.662 0.00 0.0 2.00 51.5 0.0424 26.612 0.00 0.0 -2.00 51.0 0.0424 -1.867 -4.24%

59+00. 25.78 25.780 0.00 9.0 2.00 0.0 0.0515 24.770 0.00 0.0 -2.00 50.5 0.0329 -2.882 -3.31%

59+45.29 24.71 24.713 0.00 9.0 2.00 0.0 0.0236 23.703 0.00 0.0 -2.00 50.5 0.0236 -1.067 -2.36%

60+00. 23.94 23.936 0.00 9.0 2.00 0.0 0.0142 22.926 0.00 0.0 -2.00 50.5 0.0142 -0.776 -1.42%

60+25. 23.77 23.768 0.00 9.0 2.00 0.0 0.0067 22.758 0.00 0.0 -2.00 50.5 0.0067 -0.168 -0.67%

60+50. 23.72 23.718 0.00 9.0 2.00 0.0 0.0020 22.678 0.00 0.0 -2.00 52.0 0.0032 -0.219 -0.44%

60+75. 23.79 23.785 0.00 9.0 2.00 0.0 0.0050 22.745 0.00 0.0 -2.00 52.0 0.0062 0.067 0.27%

61+00. 23.91 23.910 0.00 9.0 2.00 0.0 0.0050 22.900 0.00 0.0 -2.00 50.5 0.0044 0.192 0.38%

61+50. 24.16 24.160 0.00 9.0 2.00 0.0 0.0050 23.120 0.00 0.0 -2.00 52.0 0.0056 0.250 0.50%

62+00. 24.41 24.410 0.00 9.0 2.00 0.0 0.0050 23.400 0.00 0.0 -2.00 50.5 0.0050 0.250 0.50%

62+30. 24.56 24.560 0.00 9.0 2.00 0.0 0.0050 23.550 0.00 0.0 -2.00 50.5 0.0050 0.150 0.50%

63+00. 24.91 24.910 0.00 9.0 2.00 0.0 0.0050 23.900 0.00 0.0 -2.00 50.5 0.0050 0.500 0.50%

63+15. 24.99 24.985 0.00 9.0 2.00 0.0 0.0050 23.975 0.00 0.0 -2.00 50.5 0.0050 0.425 0.50%

63+60. 25.21 25.210 0.00 9.0 2.00 0.0 0.0050 24.200 0.00 0.0 -2.00 50.5 0.0042 0.800 0.50%

63+99.53 25.41 25.408 0.00 9.0 2.00 0.0 0.0050 24.368 0.00 0.0 -2.00 52.0 0.0688 0.198 0.50%

64+00. 25.41 25.410 0.00 9.0 2.00 0.0 0.0050 24.400 0.00 0.0 -2.00 50.5 0.0050 0.002 0.50%

65+00. 25.91 25.910 0.00 9.0 2.00 0.0 0.0050 24.900 0.00 0.0 -2.00 50.5 0.0050 0.500 0.50%
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PROJECT
Pavement Calculations Job:

PGL PGL Lt Shldr Elev Lt Shldr Lt Shldr Lt TW Lt TW U/S Rt Shldr Elev Rt Shldr Rt Shldr Rt TW Rt TW U/S BVC 

Station Elev. (w/o gd) Super. Width Super. Width Slope (w/o gd) Super. Width Super. Width Slope StationDir- Sx

(ft) (ft) (ft) (%) (ft) (%) (ft) (ft/ft) (ft) (%) (ft) (%) (ft) (ft/ft) (ft) Chg+-

Profile Grade Line

WRECO

Right ShoulderLeft Shoulder

65+50. 26.16 26.160 0.00 9.0 2.00 0.0 0.0050 25.150 0.00 0.0 -2.00 50.5 0.0050 0.250 0.50%

66+00. 26.41 26.410 0.00 9.0 2.00 0.0 0.0050 25.400 0.00 0.0 -2.00 50.5 0.0050 0.500 0.50%

66+53.14 26.68 26.676 0.00 9.0 2.00 0.0 0.3182 25.666 0.00 0.0 -2.00 50.5 0.3102 0.266 0.50%

66+58.14 28.27 28.267 0.00 9.0 2.00 0.0 0.0114 27.217 0.00 0.0 -2.00 52.5 0.0105 1.591 31.82%

67+00. 27.79 27.789 0.00 9.0 2.00 0.0 0.0114 26.779 0.00 0.0 -2.00 50.5 0.0105 -0.478 -1.14%

67+50. 27.48 27.476 0.00 9.0 2.00 0.0 0.0063 26.466 0.00 0.0 -2.00 50.5 0.0063 -0.313 -0.63%

67+75. 27.43 27.426 0.00 9.0 2.00 0.0 0.0020 26.416 0.00 0.0 -2.00 50.5 0.0020 -0.363 -0.48%

68+00. 27.45 27.445 0.00 9.0 2.00 0.0 0.0033 26.435 0.00 0.0 -2.00 50.5 0.0033 -0.344 -0.34%

68+20. 27.51 27.511 0.00 9.0 2.00 0.0 0.0058 26.501 0.00 0.0 -2.00 50.5 0.0058 0.035 0.05%

68+45. 27.66 27.658 0.00 9.0 2.00 0.0 0.0089 26.648 0.00 0.0 -2.00 50.5 0.0089 0.212 0.47%

68+75. 27.93 27.926 0.00 9.0 2.00 0.0 0.0120 26.916 0.00 0.0 -2.00 50.5 0.0120 0.268 0.89%

69+00. 28.23 28.226 0.00 9.0 2.00 0.0 0.0136 27.216 0.00 0.0 -2.00 50.5 0.0011 0.781 0.78%

69+03.4 28.27 28.273 0.00 9.0 2.00 0.0 0.0178 27.213 0.00 0.0 -2.00 53.0 0.0011 0.046 1.36%

69+75. 29.55 29.551 0.00 9.0 2.00 0.0 0.0233 28.491 0.00 0.0 -2.00 53.0 0.0253 1.278 1.78%

70+00. 30.13 30.133 0.00 9.0 2.00 0.0 0.0274 29.123 0.00 0.0 -2.00 50.5 0.0274 1.860 1.93%

70+49. 31.48 31.477 0.00 9.0 2.00 0.0 0.0303 30.467 0.00 0.0 -2.00 50.5 0.0303 1.345 2.74%

70+50. 31.51 31.508 0.00 9.0 2.00 0.0 0.0331 30.498 0.00 0.0 -2.00 50.5 0.0331 1.375 2.75%

71+00. 33.16 33.164 0.00 9.0 2.00 0.0 0.0415 32.154 0.00 0.0 -2.00 50.5 0.0415 3.031 3.03%

71+99.45 37.29 37.294 0.00 9.0 2.00 0.0 0.0472 36.284 0.00 0.0 -2.00 50.5 0.0472 4.130 4.15%

72+00. 37.32 37.320 0.00 9.0 2.00 0.0 0.0473 36.310 0.00 0.0 -2.00 50.5 0.2040 0.026 4.72%

72+01.34 37.38 37.383 0.00 9.0 1.17 0.0 0.0446 36.583 0.00 0.0 -2.00 40.0 0.0491 0.063 4.73%

73+00. 42.28 41.784 -5.56 9.0 0.00 0.0 0.0445 41.431 -5.56 1.5 -2.00 38.5 0.0500 4.400 4.97%

74+00. 47.28 46.236 -5.56 9.0 -1.50 36.5 0.0482 46.431 -5.56 1.5 -2.00 38.5 0.0500 4.453 5.00%

74+98.83 52.23 50.995 -5.56 9.0 -2.00 36.5 0.0500 51.372 -5.56 1.5 -2.00 38.5 0.0500 4.759 5.00%74+98.83 52.23 50.995 -5.56 9.0 -2.00 36.5 0.0500 51.372 -5.56 1.5 -2.00 38.5 0.0500 4.759 5.00%

75+00. 52.28 51.054 -5.56 9.0 -2.00 36.5 0.0500 51.431 -5.56 1.5 -2.00 38.5 0.0500 0.059 5.00%

76+00. 57.28 56.054 -5.56 9.0 -2.00 36.5 0.0575 56.431 -5.56 1.5 -2.00 38.5 0.0575 5.000 5.00%

77+00. 51.54 50.305 -5.56 9.0 -2.00 36.5 0.0575 50.682 -5.56 1.5 -2.00 38.5 0.0575 -5.749 -5.75%

78+00. 52.09 51.272 -5.56 1.5 -2.00 36.5 0.0029 51.232 -5.56 1.5 -2.00 38.5 0.0017 0.967 0.55%

78+49. 52.17 51.415 -5.56 1.5 -2.00 33.5 0.0002 51.315 -5.56 1.5 -2.00 38.5 0.0002 0.143 0.17%

78+56.25 52.17 51.416 -5.56 1.5 -2.00 33.5 0.0141 51.316 -5.56 1.5 -2.00 38.5 0.0164

79+00. 52.12 52.035 -5.56 1.5 -2.00 0.0037 52.035 -5.56 1.5 -2.00 0.0037 0.763 0.03%

79+50. 51.94 51.852 -5.56 1.5 -2.00 0.0037 51.852 -5.56 1.5 -2.00 0.0037

80+00. 51.62 50.785 -5.56 1.5 -2.00 37.5 0.0213 51.053 -5.56 1.5 -2.00 24.1 0.0160 -1.250 -0.50%

80+50. 51.17 50.335 -5.56 1.5 -2.00 37.5 0.0090 50.603 -5.56 1.5 -2.00 24.1 0.0090 -1.517 -0.77%

81+00. 50.74 49.912 -5.56 1.5 -2.00 37.0 0.0085 49.966 -5.56 1.5 -2.00 34.3 0.0127 -0.873 -0.88%

81+67. 50.13 49.309 -5.56 1.5 -2.00 37.0 0.0090 49.363 -5.56 1.5 -2.00 34.3 0.0090 -0.603 -0.90%

81+80. 50.02 49.192 -5.56 1.5 -2.00 37.0 0.0090 49.246 -5.56 1.5 -2.00 34.3 0.0090 -0.117 -0.90%

81+81. 50.01 49.183 -5.56 1.5 -2.00 37.0 0.0090 49.237 -5.56 1.5 -2.00 34.3 0.0090 -0.009 -0.90%

82+00. 50.86 50.038 -5.56 1.5 -2.00 37.0 0.0048 50.060 -5.56 1.5 -2.00 35.9 0.0048 0.127 0.13%

82+75. 50.50 49.675 -5.56 1.5 -2.00 37.0 0.0048 49.697 -5.56 1.5 -2.00 35.9 0.0048 0.366 0.34%

83+00. 50.45 49.630 -5.56 1.5 -2.00 37.0 0.0018 49.320 -5.56 1.5 -2.00 52.5 0.0151 -0.408 -0.41%

83+20. 50.45 49.632 -5.56 1.5 -2.00 36.5 0.0019 49.312 -5.56 1.5 -2.00 52.5 0.0004

83+75. 50.55 49.738 -5.56 1.5 -2.00 36.5 0.0041 49.418 -5.56 1.5 -2.00 52.5 0.0044

84+00. 50.66 49.841 -5.56 1.5 -2.00 36.8 0.0067 49.527 -5.56 1.5 -2.00 52.5 0.0067 0.211 0.21%

84+50. 50.99 50.175 -5.56 1.5 -2.00 36.8 0.0098 49.861 -5.56 1.5 -2.00 52.5 0.0098 0.543 0.42%

85+00. 51.48 50.663 -5.56 1.5 -2.00 36.8 0.0122 50.349 -5.56 1.5 -2.00 52.5 0.0100 0.822 0.82%

85+09. 51.59 50.773 -5.56 1.5 -2.00 36.5 0.0139 50.439 -5.56 1.5 -2.00 53.2 0.0138 0.110 1.16%

85+75. 52.50 51.689 -5.56 1.5 -2.00 36.5 0.0167 51.348 -5.56 1.5 -2.00 53.6 0.0164 0.916 1.39%

86+00. 52.92 52.106 -5.56 1.5 -2.00 36.5 0.0190 51.758 -5.56 1.5 -2.00 53.9 0.0190 1.443 1.44%

86+50. 53.87 53.055 -5.56 1.5 -2.00 36.5 0.0221 52.707 -5.56 1.5 -2.00 53.9 0.0219 2.282 1.62%

87+00. 54.97 54.158 -5.56 1.5 -2.00 36.5 0.0253 53.802 -5.56 1.5 -2.00 54.3 0.0252 2.052 2.05%
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Project: East-West Connector
Preliminary Drainage Cost Estimates Prepared by : WRECO

Prepared for : TY Lin

Item Unit of Estimated     Unit
No. Item Description Measure Quantity Price Item Total

   

1 Remove Existing Storm Drain Inlet EA 13 $1,000.00 $13,000

2 Remove Storm Drain Pipe LF 6 $30.00 $180

3 New Storm Drain Inlet EA 123 $5,000.00 $615,000

4 36 inch Corrugated Metal Pipe Inlet LF 16 $400.00 $6,400

5 Adjust Storm Drain Manhole to Grade EA 1 $500.00 $500

6 New Storm Drain Manhole EA 85 $5,000.00 $425,000

7 New Storm Drain Manholes (Bifurcation Pipe) EA 6 $12,000.00 $72,000

8 New Storm Drain Manholes (Bifurcation Pipe) (Depth < 15 ft) EA 2 $10,000.00 $20,000

9 Slotted Drain Junction Box EA 11 $5,000.00 $55,000

10 Class II Concrete (Box Culvert) CY 1,791 $1,500.00 $2,686,500

11 Class II Concrete (Headwall) CY 7 $2,000.00 $14,000

12 Bar Reinforcing Steel LB 418,840 $2.00 $837,680

13 18 inch Slotted Pipe LF 1,470 $150.00 $220,500

14 15 inch Storm Drain Pipe LF 664 $100.00 $66,400

15 18 inch Storm Drain Pipe LF 9,057 $120.00 $1,086,840

16 24 inch Storm Drain Pipe LF 1,323 $127.00 $168,021

17 36 inch Storm Drain Pipe LF 866 $240.00 $207,840

18 84 inch Storm Drain Pipe LF 1,107 $1,500.00 $1,660,500

19 96 inch  Rienforced Concrete Pipe LF 2,750 $1,700.00 $4,675,000

20 Head Wall (for 18" Pipe) EA 1 $1,500.00 $1,500

21 Rock Slope Protection (1/4 T) CF 4,785 $10.00 $47,850

22 Rock Slope Protection Fabric SF 3,633 $3.50 $12,716

23 Roadway Excavation CY 39,600 $80.00 $3,168,000

24 Erosion Control (Hydroseeding) SY 23,600 $3.00 $70,800

25 Tree Well EA 24 $20,000.00 $480,000

26 Pump Station Setup LS 1 $1,000,000.00 $1,000,000

27 Minor Concrete (Backfill) CY 189 $250.00 $47,259

28 Minor Concrete (Minor Structure) CY 67 $1,500.00 $100,500

DRAINAGE TOTAL $17,758,986
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Segment-wise Drainage Quantities Distribution: East-West Connector

Item Unit of 
Estimated     
Quantity Cost 

Estimated     
Quantity Cost 

Estimated     
Quantity Cost 

Estimated     
Quantity Cost 

Estimated 
Quantity Cost 

No. Item Description Measure Segment 1 Segment 1 Segment 2 Segment 2 Segment 3 Segment 3 Segment 4 Segment 4 Segment 5 Segment 5
1 Remove Existing Storm Drain Inlet EA 5 $5,000 1 $1,000 2 $2,000 5 $5,000
2 Remove Storm Drain Pipe LF 6 $180
3 New Storm Drain Inlet EA 5 $25,000 1 $5,000 2 $10,000 64 $320,000 51 $255,000
4 36 inch Corrugated Metal Pipe Inlet LF 16 $6,400

Engineer's Preliminary Estimate - Working Draft 3/24/2009

4 36 inch Corrugated Metal Pipe Inlet LF 16 $6,400
5 Adjust Storm Drain Manhole to Grade EA 1 $500
6 New Storm Drain Manhole EA 2 $10,000 42 $210,000 41 $205,000
7 New Storm Drain Manholes (Bifurcation Pipe) EA 2 $24,000 4 $48,000
8 New Storm Drain Manholes (Bifurcation Pipe) (Depth < 15 ft) EA 2 $20,000
9 Slotted Drain Junction Box EA 11 $55,000

10 Class II Concrete (Box Culvert) CY 1791 $2,686,500
11 Class II Concrete (Headwall) CY 7 $14,000
12 Bar Reinforcing Steel LB 418840 $837,680
13 18 inch Slotted Pipe LF 1470 $220,500
14 15 inch Storm Drain Pipe LF 46 $4,600 4 $400 9 $900 605 $60,500
15 18 inch Storm Drain Pipe LF 170 $20,400 5044 $605,280 3843 $461,160
16 24 inch Storm Drain Pipe LF 1323 $168,02116 24 inch Storm Drain Pipe LF 1323 $168,021
17 36 inch Storm Drain Pipe LF 263 $63,120 603 $144,720
18 84 inch Storm Drain Pipe LF 1107 $1,660,500
19 96 inch  Rienforced Concrete Pipe LF 1220 $2,074,000 1530 $2,601,000
20 Head Wall (for 18" Pipe) EA 1 $1,500
21 Rock Slope Protection (1/4 T) CF 60 $600 4200 $42,000 525 $5,250
22 Rock Slope Protection Fabric SF 60 $210 3176 $11,116 397 $1,390
23 Roadway Excavation CY 39600 $3,168,000
24 Erosion Control (Hydroseeding) SY 23600 $70,800
25 Tree Well EA 10 $200,000 6 $120,000 8 $160,000
26 Pump Station Setup LS 1 $1,000,000
27 Minor Concrete (Backfill) CY 10 $2,588 1 $225 42 $10,409 136 $34,037
28 Minor Concrete (Minor Structure) CY 67 $100,50028 Minor Concrete (Minor Structure) CY 67 $100,500

TOTAL COST (Segment wise) $39,498 $206,625 $174,389 $6,762,737 $10,575,737

TOTAL DRAINAGE COST 
*Contingency and Mobilization not included

Note
: 1) Quantities and Cost estimates are based on conceptual design

$17,758,986

Engineer's Preliminary Estimate - Working Draft 3/24/2009
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