South Broadway Drainage and 

Stormwater Quality Management PLan

Appendix B EXISTING CONDITIONS Hydraulics Analyses

This appendix was prepared towards the development of a Drainage and Stormwater Quality Master Plan for the South Broadway Area in general accordance with the requirements in the Scope of Work provided in the contract agreement between URS and the City of Albuquerque dated November 14, 2011. The information contained in this appendix was developed using existing drawings, reports, photographs, survey, and background information furnished by the City of Albuquerque and third parties. URS is neither responsible for, nor has confirmed the accuracy of this information. URS has relied on this information, as well as professional engineering judgment based on experience with similar projects, to develop this report. Additional investigations and analyses will be required for the future design phases of any drainage infrastructure within the limits of this study. 
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B.1 Introduction
Under contract with the City of Albuquerque (COA), URS has developed a numerical model for the South Broadway existing storm drain system using the U.S. Environmental Protection Agency Storm Water Management Model (SWMM) software (version 5.0) [1]. The model was created using the 100-year, 24-hour and the 100-year, 6-hour storms. The existing storm drain system was modeled using applicable data obtained from meetings with COA staff, existing reports and studies, the COA Geographic Information System (GIS) database, construction drawings, as-built drawings, and field reconnaissance. Once the hydraulic model was created, potential problem areas within the storm drain system were identified. This report describes the methodology behind the hydraulic model of the existing conditions, specifically documenting the following: 
· South Broadway Existing Hydraulic Conditions 
· Hydraulic Data Collection 

· Hydraulic Storm Water Management Model

· South Broadway Hydraulic Problem Areas 

B.2 South Broadway Existing Hydraulic Conditions
B.2.1 Existing Hydraulic Conditions
The approximate limits of study for the South Broadway system stretch north to south from Roma Avenue to Woodward Road, and east to west from Interstate 25 to the Burlington Northern & Santa Fe (BN & SF) Railroad. The hydraulic system consists of numerous tributary storm drain lines primarily running east and west. These tributary lines collect runoff from residential neighborhoods, businesses, and open space and connect to the primary trunk lines. The trunk lines predominantly travel north and south along Broadway Boulevard and Williams Street. Trunk lines primarily route flow south where it gets channeled to the San Jose Drain (SJD). Tributary lines typically range in size from 1 to 3 feet in diameter, whereas primary trunk lines range from 3 to 6 feet in diameter. Various hydraulic structures populate the South Broadway system, including three detention basins and one pump station. The South Broadway storm system is presented in Figure B.2: South Broadway Hydraulic Layout and As-Built Modification Locations. 
B.2.2 History of Flooding 
The South Broadway System has multiple areas of concern regarding potential for flooding. Some of these include uncertainties with detention pond capacities, pump station performance, storm drain inlet capacity, pipe capacity, and flood routing capabilities. Furthermore, various areas have experienced local flooding impacting residential and business areas. Storm drain inlets and manholes have exhibited signs of excessive sediment, further impeding their capacity. During field reconnaissance dykes constructed in front of detention ponds to retain or deflect flooding were observed. 
B.3 Hydraulic Data Collection 
Data collected for the South Broadway System model was primarily acquired from the COA. Data and guidance obtained for the hydraulic model include the following:
· COA GIS Database [2], 
· 1990 Drainage Management Plan (DMP) [3], 
· As-built drawings, reports and studies, 
· Light Detection and Ranging (LIDAR) data [4], 
· Field reconnaissance, and 

· Correspondence with COA personnel. 
Once collected, the data was geo-rectified to a consistent horizontal and vertical datum. Each of these items is discussed in detail as follows: 
B.3.1 Geo-Rectification 
Prior to 1991, the National Geodetic Vertical Datum of 1929 (NGVD 29) was used as the standard vertical datum. The North American Vertical Datum of 1988 (NAVD 88) was later adopted and is the standard vertical datum typically used today. 
Data sets provided by the COA for the South Broadway project area originating from 1953 to 2011 used both the NGVD 29 and the NAVD 88 datums. For this reason, URS converted all data used in the hydraulic model into NAVD 88 to ensure a consistent vertical datum. 
A conversion factor for the South Broadway area was determined using Corpscon (version 5.11.08) [5]. Corpscon is a Microsoft-Windows based program provided by the U.S. Army Corps of Engineers and is used to convert from NGVD 29 to NAVD 88. The conversion factor was determined by dividing the South Broadway study area into four roughly equal sections from north to south. One manhole was randomly selected from each of the four sections and converted into NAVD 88 using the manhole northing, easting, and NGVD 29 elevation. Due to the different horizontal locations of each manhole, vertical elevation changes from NGVD 29 to NAVD 88 slightly varied for each of the four manhole locations. An average vertical elevation change of 2.665 feet was calculated for the four sections and was used as the conversion factor for the entire South Broadway system. Corpscon input and output data is presented in Table B.1: Conversion from NGVD 29 to NAVD 88. 
Table B.1: Conversion from NGVD 29 to NAVD 88
	COA Manhole ID
	Northing (Y)
	Easting (X)
	Input Elevation [NGVD 29] (feet)
	Output Elevation [NAVD 88] (feet)
	Change in Datum Elevation (feet)

	J14971
	1487676.749
	1522608.5
	4955.60
	4958.28
	2.68

	L14271
	1480903.124
	1522361.5
	4959.48
	4962.15
	2.67

	L14761
	1478057.749
	1521756.75
	4946.77
	4949.43
	2.66

	M14641
	1473371.624
	1520713.5
	4928.57
	4931.22
	2.65

	AVERAGE (FINAL CONVERSION FACTOR) =
	2.665


B.3.2 COA Geographic Information System

GIS data was provided by the COA via ArcMap shapefiles [2]. GIS data provided includes northing, easting, and elevation data for the South Broadway manholes and the existing storm drain system. Northing and easting data from the GIS was used in this study. 
B.3.3 1990 Drainage Management Plan
The 1990 DMP [3] was provided to URS by the COA. The 1990 DMP was originally created by Bohannan-Huston, Inc. and contains the developed hydraulic conditions for the South Broadway system. The 1990 DMP also contains Plates 10 and 11, which present the South Broadway SWMM Model Schematic and the South Broadway Master Drainage Study Modeling Map, respectively. Plate 11 contains a complete list of the 1990 manholes and piping network as well as their pertinent information such as invert elevations, length, and pipe diameter. Invert elevations obtained from Plate 11 were converted from NGVD 29 to NAVD 88 as described in Section B.3.1. The 1990 DMP was the primary source of information for recreating the 1990 hydraulic model (refer to Section B.4). 
B.3.4 As-Built Drawings, Reports, and Studies 
Various as-built drawings, reports, and studies were provided by the COA. These provide a record of changes that have occurred to the hydraulic system between 1990 and the present. Three of the most significant changes to the hydraulic system include the additions of the South Broadway Detention Pond (SBP) [6], Kathryn Detention Pond (KP) [7], and Mechem Detention Pond (MP) [8]. Other changes include modifications to the hydraulic pipe network and its pertinent features. The 1990 model of the hydraulic system (refer to Section B.4) was updated using these as-built drawings, reports, and studies. This created an approximation of present day existing hydraulic conditions of the South Broadway System (refer to Section B.4.3). Prior to updating the hydraulic model, various as-built drawings were converted from NGVD 29 to NAVD 88 as described in Section B.3.1. A complete list of as-built drawings, reports, and studies is presented in Section B.6.4. Figure B.2: South Broadway Hydraulic Layout and As-Built Modification Locations B.2 depicts the hydraulic layout along with areas updated using as-built drawings, reports, and studies. 
B.3.5 LIDAR Data 

LIDAR data was obtained from the Bernalillo County Public Works Office [4]. The LIDAR data contains northings, eastings, and elevations of the existing surface for the South Broadway area. LIDAR data for this area was used to create a triangulated irregular network (TIN) using ArcGIS software [9]. The TIN was used to obtain rim elevations for the existing manholes located within the South Broadway Area. 
B.3.6 Field Reconnaissance 
Various field reconnaissance trips were conducted for visual confirmation of uncertain hydraulic conditions. Numerous instances occurred where GIS data, as-built drawings, reports, or other sources of data did not contain crucial information, or provided conflicting data that could only be resolved by visual confirmation. 
B.3.7 Correspondence with City of Albuquerque personnel

Correspondence via phone, email, and meetings was conducted with the COA to obtain existing conditions data and guidance which was used to create the existing conditions hydraulic model in SWMM [1]. Guidance was received from the COA for various areas throughout the South Broadway limits of study that had missing, incomplete, or conflicting data. The most significant areas are as follows: 
· The COA confirmed there is an existing 72-inch storm drain that runs south along William Street from Thaxton Avenue to the junction box located south of San Jose Avenue. It is assumed that this storm drain is intact and in working condition. 
· The COA confirmed the existing orientation of orifices located at the Simms & RR, Broadway Bouldvard & Thaxton Avenue, William Street and Kathryn Avenue, and Broadway Boulevard and Kathryn Avenue interactions. 
· The COA confirmed the storm drain orientation at the Broadway Boulevard and Kathryn Avenue intersection. 

· The COA provided a pipe diameter of 4 feet for the Broadway Boulevard trunk line between Marquette Avenue and Martin Luther King Avenue. 
B.4 Storm Water Management Model

SWMM [1] is a dynamic rainfall-runoff simulation model used for single event or long-term simulation of runoff quantity and quality. Within the model, the runoff behavior through pipes, channels, storage/treatment devices, pumps, and regulators is simulated. SWMM is widely used for planning, analysis and design of storm drains, combined sewers, sanitary sewers, and other drainage systems primarily in urban areas. URS was tasked with using SWMM to: 
· Recreate the 1990 SWMM using information contained within the DMP [3], and

· Update the recreated 1990 SWMM to represent existing conditions using information provided by the COA. 
These conditions are to be modeled using the 100-year, 24-hour and the 100-year, 6-hour storms. A discussion of SWMM hydraulic input requirements are as follows. 
B.4.1 SWMM Hydraulic Input Requirements 
The following is a list of the primary hydraulic elements and their input parameters within SWMM [1] required to create and run the hydraulic model. Hydrologic elements and their input requirements are discussed in Appendix A. 

1. Junctions – Points of conveyance within SWMM that connect conduits together. Junctions are used to model manholes, fittings, inlets, outfalls, etc. Junctions are points where external inflows and outflows may enter or leave the system. The principal input parameters for junctions are as follows: 
a. Invert elevation 
b. Height to ground surface 
c. Ponded surface area when flooded (optional) 
d. External inflow data (optional)
2. Conduits – Components within SWMM that are used for flow conveyance. Conduits are typically modeled as pipes or open channels that move water from one junction to another within the conveyance system. The principal input parameters for conduits are as follows: 

a. Names of the inlet and outlet nodes 

b. Offset depth or elevation of the conduit above the inlet and out node inverts

c. Conduit length 

d. Manning’s “n” roughness coefficient – a typical value of 0.013 was used 
e. Cross-sectional geometry
f. Entrance/exit losses – a typical value of 0.025was used 
g. Presence of a flap gate to prevent reverse flow 

h. Inlet geometry code number if conduit acts as a culvert

3. Outfalls – The terminal nodes of the drainage system that define the final downstream boundaries of the system. The principal input parameters for outfalls are as follows: 

a. Invert elevation
b. Boundary condition type and stage description 

c. Presence of flap gate to prevent backflow through the outfall

4. Storage Units – Provide storage volume within the model. Storage units typically represent detention ponds and catch basins. Volumetric properties of a storage unit are described using tabular data populated with area versus height data. The principal input parameters for storage units are as follows: 

a. Invert elevations

b. Maximum depth

c. Depth-surface area data

d. Green-Ampt infiltration parameters (optional)

e. Ponded surface area when flooded (optional)

f. External inflow data (optional)

5. Pumps – Used to lift water to higher elevations. Pumps are characterized using pump curves that describe the relationship between a pump’s flow rate and conditions at the inlet and outlet nodes. The principal input parameters for pumps are as follows: 

a. Type of pump curve – a type 4 pump was used (refer to Section B.4.3.6)
b. Inlet and outlet nodes

c. Initial on/off status

d. Startup and shutoff depths

6. Orifice – Used to model outlet and diversion structures within the model. These typically represent openings in the wall of a manhole, storage facility, control gate, and storage unit outlets. The principal input parameters for orifice are as follows: 

a. Names of inlet and outlet nodes

b. Configuration – a bottom or side orientation was used depending on orifice configuration 
c. Shape

d. Height above the inlet node invert

e. Discharge coefficient – a typical value of 0.65 was used 
f. Time to open or close 

B.4.2 1990 SWMM Hydraulic Model 
Using hydraulic data collected as described in Section B.3, a model of the 1990 hydraulic conditions was recreated using SWMM. The following describes the process of recreating the 1990 SWMM hydraulic model. 

Manhole horizontal locations residing within the limits of the South Broadway system were identified using the COA GIS data collected as described in Section B.3.2. Manholes were positioned within SWMM using the northing and easting of each known location. The manholes were identified within SWMM using the same naming convention outlined in the 1990 DMP when possible. Invert elevations are assigned to manholes using the elevations provided in Plate 11 of the 1990 DMP (refer to Attachment B.1: 1990 DMP Plate Information Provided in NAVD 88). These elevations have been converted into NAVD 88 as described in Section B.3.1. Manhole rim elevations were obtained from the TIN per Section B.3.5 and inserted into SWMM. 
Storm drain properties residing within the limits of the South Broadway Sector are provided in Plate 11 of the 1990 DMP (refer to Attachment B.1: 1990 DMP Plate Information Provided in NAVD 88). The 1990 DMP provides upstream and downstream invert elevations, pipe diameter, and length of the 1990 storm drain system. The storm drain was positioned within SWMM using the upstream and downstream manhole locations previously described. 
Because hydraulic problem areas within the South Broadway system needed to be identified, it was decided to use all of the manholes located in the 1990 DMP Plate 11 (refer to Attachment B.1: 1990 DMP Plate Information Provided in NAVD 88). This differs from the 1990 DMP, which only modeled a select few manholes at specific locations. By including all of the known manholes, a more detailed representation of the 1990 South Broadway hydraulic system was produced. 

B.4.3 Existing Conditions SWMM Hydraulic Model 

Once a model of the 1990 hydraulic system was recreated in SWMM, updates were applied to represent the existing conditions of the South Broadway System. The following is a brief discussion of the major areas updated within the SWMM hydraulic model. Updated areas are presented in Figure B.2: South Broadway Hydraulic Layout and As-Built Modification Locations.
B.4.3.1 South Broadway Detention Pond

The SBP and surrounding area was updated using the 1995 South Broadway Detention Basin as-built drawings [6]. Changes incorporated into SWMM included the addition of the SBP and modifications to the storm drain system at specific areas along Commercial Street, William Street, Pacific Avenue, and Broadway Boulevard. 
B.4.3.2 Pacific Avenue Storm Drain

Modifications to the Pacific Avenue and surrounding area storm drain system were updated using the 1997 Pacific Avenue Storm Drain as-built drawings [10]. Modifications within SWMM include updates to storm drain system along Pacific Avenue, Walter Street, and Cromwell Avenue. 
B.4.3.3 Kathryn Avenue Detention Pond
The KP and surrounding area was updated using the 2003 Kathryn Avenue Storm Drain and Detention Basin as-built drawings [7]. Changes incorporated into SWMM included the addition of the KP as well as modifications to the storm drain system at specific areas along William Street, John Street, and Broadway Boulevard. Field reconnaissance was required to confirm the storm drain pipe alignment at the Broadway Boulevard and Kathryn Avenue intersection. The Kathryn Avenue as-built drawings also include orifice plate details which were to be installed at three locations. Exact orifice orientation and detail were discussed with the COA to ensure an accurate representation within SWMM. The following are the location and existing condition of each of the three orifices.
· Inside the manhole at the intersection of Broadway Boulevard and Thaxton Avenue, the orifice plate has been removed and was not included in SWMM. 

· Inside the manhole in Smith Avenue downstream of the detention basin, the orifice plate has been removed and was not included in SWMM. 
· Inside the junction box at the intersection of William Street and Kathryn Avenue, the orifice plate currently exists and has been included in SWMM. 

B.4.3.4 Mechem Street Detention Pond

The MP and surrounding area was updated using the 2011 Mechem Storm Drain and Detention Basin as-built drawings [8]. Changes incorporated into SWMM included the addition of the MP as well as modifications to the storm drain system at specific areas along Broadway Boulevard and Mechem Street. 
B.4.3.5 South Broadway Industrial Center 

The South Broadway Industrial Center was incorporated into SWMM using the 1997 Broadway Industrial Center Drainage Report [11]. A portion of the site flow from watersheds SJH-700_A, SJH-700A_1A, SJH-700B, SJH-700B_1A, and SJH-700C was attenuated using storage unit elements within SWMM software. These watersheds can be viewed in Figure B.3. 
B.4.3.6 Commercial Street and Bell Avenue Pump Station 

The Commercial Street and Bell Avenue pump station is primarily used to pump storm water that is discharged from the SBP and collected between the SBP and Bell Avenue, to the Broadway Boulevard/Bell Avenue intersection. The pumped water reenters the gravity storm sewer system at this point. The Commercial Street and Bell Avenue pump station was programmed in SWMM based on the 1977 Commercial at Bell Pump Station as-built drawings [12], information obtained in meetings with the COA, field reconnaissance, and engineering judgment. As-built drawings provided the general layout and elevations which are converted into NAVD 88 as described in Section B.3.1. Information obtained from field reconnaissance included the pump models of replacement pumps #2 and #3 as well as pumping operational procedures. There are currently one variable speed vertical turbine and two submersible pumps in the pump station as well as a small sump pump in the pump station. 
When SWMM was programmed to model each pump as a separate pumping element, SWMM was unstable. This is a result of SWMM turning the pumps on and off instantaneously at set elevation points in the wet well in accordance with the pump station operation procedures. The pumps actually take time to engage and shut down. A single performance curve was developed to represent the performance of the pump station as a single unit. This performance curve is shown in Figure B.1.
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Figure B.1: Commercial and Bell Pump Station Combined Pump Curve

B.5 Model Comparison

Peak discharge rates were compared at select locations between the updated existing conditions SWMM hydraulic model and the results published in Table 3 of the 1990 DMP for the 100-year, 6-hour event. Results generally differ between the two models due to the updates and increased level of detail incorporated into the existing conditions SWMM hydraulic model as described in Sections B.4.2 and B.4.3. The peak discharge is generally lower for existing conditions due to the construction of detention ponds throughout the watershed. A comparison of the 1990 DMP and the existing conditions SWMM hydraulic model results are displayed in Table B.2. 
Table B.2: Comparison of 1990 DMP and Updated Existing Model Peak Discharges

	1990 DMP Analysis Point
	Existing SWMM Analysis

Point
	Location
	Diameter

(inch)
	1990 Model Peak Discharge

(cubic feet per second)
	Existing SWMM Peak Discharge

(cubic feet per second)

	K14271
	K14271
	Broadway and Central
	60
	235
	135

	K14761
	K14761
	Broadway and Hazeldine
	72
	244
	332

	L14JB2
	L14JB2
	Broadway and Bell
	72
	343
	71

	L14562
	L14562
	Broadway and Kathryn
	60
	80
	131

	M14261
	M14261
	Broadway and Alamo
	54
	292
	0

	M14251
	M14251
	Alamo & Maria Ct.
	72
	239
	50

	L14346
	L14346
	William and Trumbull
	72
	203
	108

	Table B.2 Comparison of 1990 DMP and Updated Existing Model Peak Discharges (Cont.)

	1990 DMP Analysis Point
	Existing SWMM Analysis 

Point
	Location
	Diameter

(inch)
	1990 Model Peak Discharge

(cubic feet per second)
	Existing SWMM Peak Discharge

(cubic feet per second)

	L14744C
	L1474C
	William and Thaxton
	72 / 36
	203
	108

	M14521
	M14521
	Williams N. of Woodward
	36
	12
	9

	LIMITS
	Outlet
	San Jose Drain at City Limits
	TRAP
	890
	430


B.6 South Broadway Hydraulic Problem Areas

Once the existing hydraulic conditions were modeled in SWMM, the South Broadway study area was analyzed for potential problems. The following problem areas were identified for the South Broadway System: 
· Flooding/pressurized manholes, 
· Overtopping detention ponds, 

· Insufficient pipe capacity, and 
· Floodwater leaving the South Broadway System. 

Hydraulic Problem areas are presented in Figure B.4. 
B.6.1 Flooding/Pressurized Manholes

SWMM results identified various manholes that flood during 100-year, 24-hour and the 100-year, 6-hour storms. Each manhole was individually evaluated to determine the cause for flooding. The three primary causes for flooding are as follows: 

· The hydraulic grade line exceeded manhole capacity, 
· The manhole was located in a street sump, and 

·  Insufficient pipe capacity (refer to Section B.6.3).
In order to prevent manhole floodwater from being lost from the hydraulic model and simulate realistic conditions, manhole overflow was either modeled as street flow or as a ponded area to attenuate flow. Typically, floodwater was routed through the street at manholes that were not located in a sump and flooded due to the hydraulic grade line exceeding the manhole capacity or had insufficient pipe capacity. Street flow was routed to the next available downstream manhole where capacity was available using an open channel with a typical cross section and characteristics of the applicable area. It is important to note that flooding manholes no longer appear in SWMM results once their overflow is routed as street flow. 
Manholes that flooded due to being located in a street sump or had minor flooding (duration less than 0.02 hours) received a ponded area. This ponded area retained overflow above the flooding manhole until the manhole was no longer surcharging. Once the surcharging of the manhole ceased, the ponded overflow returned back into the hydraulic system. Flooding manholes with ponded areas can be viewed in SWMM results located in Attachment B.2: 100-Year, 24-Hour and 100-Year, 6-Hour SWMM Data. 
B.6.2 Flooding Detention Basins

SWMM results reveal that the South Broadway, Kathryn, and Mechem detention ponds experience flooding during the 100 year-24 hour and the 100 year-6 hour storms. Table B.3: 100-Year, 24-Hour Detention Pond Flooding and Table B.4: 100-Year, 6-Hour Detention Pond Flooding present the flooding characteristics for each of the three detention ponds. 
Table B.3: 100-Year, 24-Hour Detention Pond Flooding

	Detention Pond 
	Total Inflow
(acre-feet)
	Total Outflow 
(acre-feet)
	Full Pond Capacity
(acre-feet)
	Flooding (acre-feet)

	South Broadway 
	55.9
	47.7
	26.9
	4.6

	Kathryn 
	14.9
	8.8
	6.6
	2.9

	Mechem 
	24.3
	16.1
	5.6
	8.1


Table B.4: 100-Year, 6-Hour Detention Pond Flooding

	Detention Pond 
	Total Inflow
(acre-feet)
	Total Outflow 
(acre-feet)
	Full Pond Capacity
(acre-feet)
	Flooding (acre-feet)

	South Broadway 
	44.4
	42.4
	26.9
	2.0

	Kathryn 
	12.1
	7.8
	6.6
	1.2

	Mechem 
	19.1
	12.3
	5.6
	6.7


B.6.3 Insufficient Pipe Capacity 

When creating a hydraulic model using SWMM [1], watersheds are typically subdivided based on topography and the storm drain system. Ideally, each sub-watershed will contribute flow to one tributary line which routes flow to the primary trunk lines. However, the COA requested that URS maintain watershed boundaries consistent with the 1990 DMP, which did not analyze tributary lines. Even though analysis of the tributaries was not included in the scope of work, URS felt that the significant size of the tributary watersheds warranted a minimum level of analysis to identify areas compelling further future study. Tributary storm drain lines contained within each watershed are presented in Figure B.3.
For watersheds with multiple tributaries, the hydraulic model was developed such that the flow for the entire watershed was typically added to the largest tributary. If the tributary did not have the capacity for the flow from the entire watershed, then the capacity of the tributaries was further approximated using FlowMaster [13]. The full-flow capacity was calculated for an equivalent cross-section of pipe representing all the tributaries within the watershed. This equivalent pipe section was developed based on the cumulative pipe cross-sectional area and a representative pipe slope. 
The equivalent pipe capacity was then compared to the watershed peak runoff flows for the 100-year, 24-hour and 100-year, 6-hour storms. Most areas within a watershed lacking sufficient capacity were located on the east side of the South Broadway study limits next to Interstate 25. Many of these areas received flow from multiple watersheds including watersheds located east of Interstate 25. Flooding caused by insufficient pipe capacity was routed as street flow or as a ponded area per section B.6.1. Watersheds that contain tributary storm drain lines that do not have the capacity to route the 100‑year, 24-hour and 100-year, 6-hour storms are presented in Tables B.5 and B.6, respectively. 
Table B.5: Watersheds with Insufficient Pipe Capacity for the 100-Year, 24-Hour Storm

	Conduit Network
	Contributing 
Watershed ID(s)
	Conduit Within Watershed Diameter
(feet)
	Equivalent Conduit Area
(square feet)
	Equivalent Conduit Size (feet)*
	Network Equivalent Capacity (cubic feet per second)
	Peak Flow Requirement (cubic feet per second)

	SJH-102
	SJH-102, SJH102_2A
	1.5
1.25
	2.99
	1.95
	28
	286

	SJ-1
	SJ-1
	1.0
1.0

1.0
	2.36
	1.73
	7
	103

	SJH-106
	SJH-106, SJH-106_1A
	2.5
2.0
	8.05
	3.2
	118
	206

	SJH-100
	SJH-100, SJH-100_1A, SJH-100_2A, SJH-100_3A, SJH-100_4A, SJH-100_5A, SJH-100_6A, SJH-102_1A
	2.5
4.0
	17.48
	4.72
	387
	437

	SJH-152
	SJH-152, SJH-152_1A
	2.5
1.0

1.25
	6.92
	2.97
	119
	188

	SJ-150
	SJH-150, SJH-150_1A, SJH-150_2A
	3
2.5
	11.98
	3.91
	140
	154


* Values used in FlowMaster [13]
Table B.6: Watersheds with Insufficient Pipe Capacity for the 100-Year, 6-Hour Storm

	Conduit Network
	Contributing 
Watershed ID(s)
	Conduit Within Watershed Diameter
(feet)
	Equivalent Conduit Area
(square feet)
	Equivalent Conduit Size (feet)*
	Network Equivalent Capacity (cubic feet per second) 
	Peak Flow Requirement

(cubic feet per second) 

	SJH-102
	SJH-102, SJH102_2A
	1.5

1.25
	2.99
	1.95
	28
	257

	SJ-1
	SJ-1
	1.0

1.0

1.0
	2.36
	1.73
	7
	88

	SJH-106
	SJH-106, SJH-106_1A
	2.5

2.0
	8.05
	3.2
	118
	177

	SJH-100
	SJH-100, SJH-100_1A, SJH-100_2A, SJH-100_3A, SJH-100_4A, SJH-100_5A, SJH-100_6A, SJH-102_1A
	2.5

4.0
	17.48
	4.72
	387
	408

	SJH-152
	SJH-152, SJH-152_1A
	2.5

1.0

1.25
	6.92
	2.97
	119
	163


B.6.4 Floodwater Leaving The South Broadway system

Due to the topography, floodwater in the northern part of the South Broadway System is expected to be conveyed through the street out of the limits of study during the 100-year, 24-hour and the 100-year, 6-hour events. The existing conditions SWMM [1] results identify floodwater generated in the northern part of the South Broadway System that is not captured within the storm sewer will likely be channeled north within the street along Broadway Boulevard.  Other streets in the general vicinity that were not modeled within SWMM are also expected to convey water north. SWMM results indicate the floodwater volume conveyed to the north for the 24-hour and the 6-hour events to be 10.9 and 9.2 acre-feet respectively. Topographic information indicates that the Broadway Boulevard/Lomas Boulevard intersection and surrounding area is located within a large sump, which is where the northern floodwater is expected to pond. Significant flood damage is expected to occur at this location. Because the floodwater is not within the South Broadway limits of study, the effects of the floodwater leaving the project area were not further evaluated.
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Figure B.2: South Broadway Hydraulic Layout and As-Built Modification Locations

Figure B.3: Watershed Delineation Map with Hydraulic System

Figure B.4: South Broadway Hydraulic Problem Areas
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