
 

2. Watershed Hydrology 

Previous detailed hydrologic analysis has been completed for the Black Arroyo Watershed, 

most recently the Black Watershed Park Management Plan Technical Addendum (Smith, 

2013). The intent of this analysis is to revise the hydrologic model for the Black Arroyo in 

accordance with the updated SSCAFCA Hydrology Manual (2020). BHI created new 

hydrologic modeling for this study using the U.S. Army Corps of Engineers’ (USACE) 

Hydrologic Engineering Center’s Hydrologic Modeling System (HEC-HMS) version 4.6.1 to 

model the 100-year rainfall event using NOAA Atlas 14, Volume 1, Version 5, Point 

Precipitation Frequency Estimates to determine rainfall events’ hyetographs.  

 Basin Delineation 

Preliminary basin delineation was completed using USACE’s Hydrologic Engineering Center’s 

Geospatial Hydrologic Modeling Extension (HEC-GeoHMS) tools in ArcGIS. Input for the 

tools for basin delineation and other hydrologic parameters was a digital elevation model 

(DEM) created from the LiDAR-derived elevation data produced by the Mid-Region Council 

of Government’s (MRCOG) 2018 Digital and Orthophotography and Elevation Data Project. 

The LiDAR supports a 2-foot contour interval, and the DEM was generated with a 5-foot cell 

size.   

Basin boundaries were then modified based on visual inspection of the 2018 MRCOG 

orthophotography with respect to runoff controlling features not picked up by the DEM 

such as neighborhood walls, medians in roads, and storm drain inlets. The aerial imagery 

was also referenced to subdivide, and merge basins based on land use characteristics to 

attain homogeneity. Basins were further modified to create analysis points in the hydrologic 

model at major crossing structures and existing and proposed pond locations. Digital storm 

drain data and record drawings provided by the City of Albuquerque and the City of Rio 

Rancho were consulted to further inform basin delineation and routing. Additional 

consideration was given to the basins previously delineated for the Black Arroyo Watershed 

by Smith Engineering Co. as part of the Black Watershed Park Management Plan Technical 

Addendum (2013). Basin boundaries were also clarified at several locations in the field 

where the DEM and the aerial imagery provided insufficient information. Several locations 

in neighborhoods with walls and no available storm drain information were checked for 

validation of drainage patterns as well as sites where flow paths crossed graded roads with 

no visually apparent downstream flow path. The western boundary of the basin near the 

Los Diamontes development was modified, as a portion of the basin was found to drain 

towards the Calabacillas Arroyo. The resulting basin boundaries are shown in Figure 2.1 

with color coding based on major tributaries.  



 

 Reach Routing 

Routing reaches preliminarily created from the HEC-GeoHMS tools were used as the starting 

point for routing flows in the hydrologic model. The reaches were then edited based on the 

basin edits mentioned above and digital storm drain data to create reaches with 

homogeneous slope, cross-sectional geometry, and channel type. Slopes and lengths were 

calculated using the HEC-GeoHMS tools. For open channels, representative transects were 

cut from the DEM and input into HEC-HMS as simplified eight-point cross sections. Overland 

flow and flow in streets were represented by idealized rectangular shaped reaches, and 

storm drains were modeled as closed conduits based on available data for size and shape. 

Roughness coefficients (Manning’s n values) were taken from Table 5 of the SSCAFCA 

Hydrology Manual (2020) and for reference are included below in Table 2.1.  

Table 2.1: Recommended base values of Manning’s n values from SSCAFCA Hydrology Manual (2020). 

Channel Type Manning’s n value 

Sand channel/arroyo 0.020 – 0.035* 

Troweled concrete 0.013 

Streets (asphalt) 0.017 

Reinforced concrete pipe 0.013 

Corrugated metal pipe 0.025 

*depending on bed material and flow regime. 

 

Roughness coefficients for sand channels/arroyos were preliminarily set to 0.020 and 

increased incrementally in reaches with supercritical flows to bring results closer to more 

natural conditions of subcritical or borderline critical flow. There were several reaches 

which still reported supercritical flow after increasing the n value to 0.035, with Froude 

numbers of up to 1.4. However, this was deemed acceptable based on SSCAFCA’s 

observations of high flow conditions in the arroyos in the study area. See Appendix A for 

details of routing parameter inputs. 

 Existing Land Use 

The majority of the Black Arroyo Watershed is in the City of Rio Rancho with a small portion 

at the southern end in the City of Albuquerque. Urban development covers most of the land 

in the Watershed with some more sparsely developed neighborhoods located in the 

northern and western portions of the study area. For the purposes of this study, parcel and 

zoning GIS data were obtained directly from the City of Rio Rancho on August 27, 2020 and 

from the City of Albuquerque’s online database on August 13, 2020. Land use types in the 

cities’ data were generalized into project specific categories to facilitate hydrologic input 

parameter calculations. These categories were based on the major land use and urban land 



 

use categories with associated pervious curve numbers in Table 2 of the SSCAFCA Hydrology 

Manual (2020). Land use classification in the City of Rio Rancho’s database was highly 

specific with regards to commercial land and by visual inspection of the aerial imagery, was 

generalized into more broad categories of high, medium, and low density. Neighborhoods 

were delineated based on typical densities of development as well. 

Additional consideration was given to residential neighborhoods as this land use category 

covers approximately 60% of the Watershed. From the aerial imagery, it was determined 

that the study area was best represented by eight neighborhoods divided primarily by the 

major roads of Unser Boulevard, Southern Boulevard, Golf Course Road, and Idalia Road. 

The residential parcels in these neighborhoods have similar levels of impervious cover and 

landscaping features. Based on aerial imagery, it was determined that the residential 

density of the neighborhood in the City of Albuquerque was similar to that of the 

neighborhood between Unser and Golf Course in Rio Rancho. The neighborhoods are 

outlined in Figure 2.1. 

 Existing Conditions Loss Parameters 

Precipitation losses and excess runoff were calculated using the Natural Resource 

Conservation Service (NRCS) Curve Number method per the SSCAFCA Hydrology Manual 

(2020). Curve numbers for the pervious areas of the various land use categories were taken 

from Table 1 of the SSCAFCA Hydrology Manual (2020). 

Building footprints were available from BHI for the portion of the Watershed in the City of 

Rio Rancho. Average impervious coverage was calculated for the project specific land use 

categories using the area of building footprints relative to the parcel area. Other impervious 

areas, such as driveways and parking lots, were approximated by taking sample 

measurements in GIS of representative lots in each category. From these averages, portions 

of directly connected impervious area (DCIA) and disconnected impervious area were 

quantified based on the guidance in Table 1 of the SSCAFCA Hydrology Manual (2020). Table 

2.2 outlines the generalized land use categories used in this study as well as their specific 

corresponding loss parameters.  



 

Table 2.2: Existing conditions land use categories and loss parameters.  

Land Use Category % Impervious % DCIA Pervious CN 

Commercial - HIGH 95% 100% 96 

Commercial - MEDIUM 85% 100% 87 

Commercial - LOW 75% 100% 77 

Drainageway 10% 0% 77 

Multi-Family Residential 41% 50% 80 

Open Space 0% 0% Soil Specific 

Park, Lawn 5% 0% 68 

Paved Roads (including right-of-way) 80% 100% 86 

School 30% 50% 68 

Single-Family Residential 
Neighborhood 

Specific 
50% 

Neighborhood 
Specific 

Unpaved Roads (including right-of-way) 0% 0% 82 

 

Lastly, designated open space and vacant lots were analyzed individually to determine loss 

parameters specific to soil types. Per guidance from the SSCAFCA Hydrology Manual (2020), 

approximately 10 soil samples were analyzed per square mile of open space using the NRCS 

field guide for estimating soil texture by feel. Ground cover was estimated during site visits 

and from aerial imagery to be between 30-70%, and most of the samples were sand-type 

soils. Three of the sample locations had some clay in the soils, and the higher curve number 

associated with clays was spatially distributed throughout the subbasin in which the sample 

was collected using the NRCS Soil Survey Geographic (SSURGO) database map unit 

boundaries. See Figure 2.1 for the locations of the samples and Appendix A for a summary 

table of soil sample results. Details are also included in Appendix A for DCIA and curve 

number assignments for specific neighborhoods. 

 Projected Future Land Use 

The generalized categories used for the existing conditions land use were also used for the 

future conditions. Zoning GIS data was obtained from the City of Rio Rancho and the City of 

Albuquerque, and zones were associated with the generalized categories based on visual 

inspection of fully developed zones. Additionally, the City of Rio Rancho’s Specific Area Plan 

for Unit 10 (2018) and Northern-Unser Specific Area Plan (2011) were referenced to modify 

zoning categories in the area covered by the Plans. All zones were assumed to develop as 

platted and no vacant lots were included in the projected future land use. Residential lots 

were assumed to develop to the same level as existing nearby developed lots. 

Some zones had to be overridden or otherwise manually adjusted based on existing 

conditions development. Special use zones were assigned to a land use category on a case-



 

by-case basis based on aerial imagery and parcel information. The projected future land 

uses were cross checked with existing land uses to ensure that development conditions 

increased in all areas. For example, some areas that the zoning data had classified as 

residential have already been developed as commercial areas and required manual re-

categorization.  

For the previous Black Arroyo Watershed Management Plan, completed by Smith 

Engineering (2013), the developed land use zones were modified based on discussions with 

SSCAFCA. The decisions made for adjusting land use categories in the Technical Addendum 

were also included in this analysis. Lots along Golf Course Road Southeast, and along the 

west side of Unser Boulevard Northeast between Abrazo Road Northeast and 5th Street 

Southeast, that were zoned as residential were adjusted to projected commercial levels of 

future development based on surrounding existing land use. Also, the lots along the West 

Branch of the Black Arroyo between Southern Boulevard and 19th Avenue were reclassified 

to open space as they are owned by SSCAFCA and are unlikely to be developed. See Figure 

2.1 for future land use categories in the study area.  

 Developed Conditions Loss Parameters 

For the developed conditions hydrologic model, loss parameters were calculated using the 

projected future conditions discussed in the previous section and the land use categories 

and associated losses discussed in Section 2.4. See Appendix A for details of loss parameters 

calculated for each subbasin.  

 Transform Method 

The SCS unit hydrograph method in HEC-HMS was used to transform rainfall data to runoff 

hydrographs for each subbasin in accordance with the SSCAFCA Hydrology Manual (2020). 

Times of concentration and resulting lag times were calculated using the velocity method 

outlined in the National Engineering Handbook Chapter 15 (USDA, 2010). HEC-GeoHMS 

tools were utilized for preliminary delineation of the longest flow paths for each subbasin. 

Flow paths were manually adjusted based on aerial imagery to account for walls, medians, 

and other hydraulicly controlling features. The longest flow paths were split into reaches 

representing sheet flow, shallow concentrated flow, and channel flow. Based on these 

segments, travel times were calculated for each reach. Refer to Appendix A for detailed 

calculations required for transform input parameters in HEC-HMS. 

 Sediment Bulking 

In order to account for the large amounts of sediment common in stormwater runoff in the 

study area, a bulking factor was applied for all subbasins in the Black Arroyo Watershed. 

Based on SSCAFCA guidance, a factor of 6% was applied for urbanized areas and a factor of 



 

18% for open space and vacant lots. An area weighted average was calculated for each 

subbasin based on assigned land use categories and input to HEC-HMS as a flow ratio 

proportional to one. Results of these calculations are included in Appendix A.  

 Existing Ponds 

Within the study area there are 10 ponds which influence stormwater runoff. The effects of 

pond routing were included in the hydrologic model with the use of rating curves developed 

from available record drawings and engineering documents. The rating curves for each 

pond included elevation-storage and storage-discharge curves accounting for multiple 

outlets and spillways for each pond. Lisbon Pond and the Lisbon Auxiliary Pond are currently 

under contract for construction and, for the purposes of this study, were considered to be 

built and therefore were included in the existing conditions analysis. See Appendix B for 

documentation of pond characteristics.  

 Design Storm 

Point precipitation frequency estimates from the NOAA Atlas 14, Version 1, Volume 5 online 

precipitation frequency data server (NOAA, 2020) were obtained in January 2021 at the 

centroid of the Watershed and used to develop a hypothetical storm for the purposes of 

this analysis. Table 2.3 below summarizes the NOAA point precipitation frequency estimates 

for the 100-year recurrence interval, and the full report is included in Appendix A. 

Table 2.3: Point precipitation frequency estimates for the 100-year 
recurrence interval in the Black Arroyo Watershed. 

Duration 
Point Precipitation 

Estimate (in) 

5 minutes 0.56 

15 minutes 1.07 

1 hour 1.78 

2 hours 2.04 

3 hours 2.13 

6 hours 2.3 

12 hours 2.43 

1 day 2.72 

 

 Existing and DEVEX Conditions Results 

Hydrologic models were created in HEC-HMS for existing conditions and developed 

conditions with existing infrastructure (DEVEX). Throughout most of the study area, peak 

flow rates and runoff volumes increased with simulated increased development. In some 

portions of the Watershed, which are currently considered fully developed, there was no 



 

change in results between existing and conditions and DEVEX. The results from both 

conditions are summarized in tables and peak discharge profiles for main reaches in 

Appendix C.  

The Federal Emergency Management Agency (FEMA) conducted a Flood Insurance Study 

(FIS) for Sandoval County, New Mexico and Incorporated Areas, FIS Number 35043CV000A 

in 1996 and the FIS was last revised in 2008. Table 2.4 below summarizes peak discharges 

from the FIS alongside corresponding analysis points from the Smith Engineering 2013 

report and this study for comparison purposes. The discrepancies between results can be 

attributed to varying methods in the calculation of hydrologic parameters as well as the 

addition of flood control facilities between 2008, 2013, and this study.   

Table 2.4: Results comparison summary. 

Analysis Point Peak Discharge (cfs) 

FEMA FIS Location 
Smith 

HMS ID 
BHI  

HMS ID 
FEMA 

FIS 

Existing DEVEX 

Smith BHI Smith BHI 

Arkansas Channel 108_J1 
I_101_J + 

I_102 
299 288 303 288 303 

East Branch at the 
downstream limit 
of study 

255_J 
EB_111_J + 

EB_112 
3,203 3,295 3,411 3,655 3,629 

Nicklaus Channel at 
confluence with 
the East Branch 

216_J1 
EB_401_J + 

EB_402 
351 383 353 382 356 

Player Channel 217A EB_602 289 264 211 319 211 

Spur Channel 112_J 
A_102_J + 

A_103 
390 356 443 358 472 

Sugar Channel at 
confluence with 
the West Branch 

106.9_J1 
SG_105_J 
+ L_108 

433 523 360 595 455 

Tributary A at 
confluence with 
the West Branch 

154_J  + 
155.2 + 
155.1 

WB_104_J 
+ WB_105 

393 830 503 1,119 833 

Tributary B at 
confluence with 
the East Branch 

251_J 

Cabezon 
Tract 17 
Pond + 
EB_704 

732 674 879 730 989 

West Branch at the 
downstream limit 
of study 

155_J2 + 
PH_J + 

160 

W_103_J + 
B_106 

2,986 4,477 2,934 5,348 3,796 

 

 



 

 Structure Capacities and Major Deficiencies 

The capacity of major crossing structures in the study area were analyzed based on 

available record drawings, field measurements, and GIS data. Capacities were compared to 

the 100-year peak discharge results from the existing and DEVEX conditions to determine 

deficiencies. Table 2.5 and Figure 2.2 summarizes the results of this analysis. Green shading 

indicates capacity under both modeled scenarios, yellow shading indicates capacity for the 

existing conditions scenario only, and red shading represents insufficient capacity for both 

modeled scenarios. See Appendix E for detailed capacity calculations and photos from field 

investigations.  

Table 2.5: Major crossing structures, capacities and peak discharges from existing and  
developed conditions with existing infrastructure (DEVEX). 

Crossing Location HMS ID 
Existing 
Qp* (cfs) 

DEVEX 
Qp* (cfs) 

Capacity 
(cfs) 

1 Lisbon Channel at Tarpon Ave. L_107_J 307 366 909 

2 Lisbon Channel at Southern Blvd. L_110_J 835 948 1883 

3 Ivory Channel at Southern Blvd.  A_102_J 332 332 383 

4 Unser Channel at Commercial Dr. U_104_J 707 743 415 

5 Unser Channel at 14th Ave./Cabezon Blvd. U_105_J 851 912 1011 

6 West Branch at Unser Blvd. B_105_J 2458 3048 2904 

7 
Nicklaus Channel (East Branch) at 
Southern Blvd. 

EB_104_J 1792 1897 797 

*Qp values reported in this table are based on HEC-HMS model runs that include depth-area reduction factors based on the 

overall drainage area to each structure.  

 Lateral Erosion Envelope 

Lateral migration of natural arroyos was analyzed using methods and guidance outlined in 

the SSCAFCA Sediment and Erosion Design Guide (Mussetter, 2008). The results of this 

analysis are lateral erosion envelopes (LEE). Unlined arroyos in the study area with existing 

conditions 100-year peak discharges greater than 500 cfs had the LEE calculated and 

mapped. This envelope represents that maximum expected migration the arroyo may 

potentially erode over 30-50 years. Properties and infrastructure within the LEE are at risk 

of being affected by erosion. Figure 2.3 shows the mapped LEE in the study area and 

detailed calculations are included in Appendix D.   
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Figure 2.3
Lateral Erosion Envelopes

Black Watershed Park 
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Figure 2.1a
Hydrology Overview

Black Watershed Park 
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Figure 2.1b
Existing Conditions: Land Use

Black Watershed Park 
Management Plan
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Figure 2.1c
Future Conditions: Land Use

Black Watershed Park 
Management Plan
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Figure 2.1d
Soils Map

Black Watershed Park 
Management Plan

P:\20210199\WR\Reports\Final\Figures\MXDs\Figure2_1d_Soils_NtInt.mxd
Author:  molivas March 2021
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Appendix A

Subbasin parameters

(ac) (mi2)
Curve 

Number 
(CN)

Impervious (%)
Curve 

Number 
(CN)

Impervious (%) (hr) (min)

A_101 117.8 0.184 82 23% 82 23% 1.06 1.06 0.28 16.9
A_102 33.4 0.052 82 23% 82 23% 1.06 1.06 0.12 7.1
A_103 72.5 0.113 76 10% 79 18% 1.11 1.06 0.18 10.8
A_201 38.5 0.060 82 21% 82 21% 1.06 1.06 0.24 14.3
B_101 113.9 0.178 75 9% 79 19% 1.11 1.06 0.28 16.6
B_102 11.7 0.018 72 1% 73 4% 1.16 1.06 0.23 14.0
B_103 77.9 0.122 73 5% 74 13% 1.14 1.06 0.27 16.0
B_104 10.5 0.016 70 0% 70 0% 1.18 1.06 0.19 11.4
B_105 23.3 0.036 77 26% 81 41% 1.11 1.06 0.15 8.8
B_106 78.0 0.122 72 5% 86 77% 1.16 1.06 0.35 21.1
B_107 23.3 0.036 80 7% 80 7% 1.06 1.06 0.10 6.0
B_108 18.6 0.029 79 2% 79 2% 1.06 1.06 0.10 6.0
B_201 114.4 0.179 76 5% 79 15% 1.11 1.06 0.24 14.5
B_202 61.4 0.096 75 11% 79 15% 1.12 1.06 0.16 9.9
B_301 33.1 0.052 75 3% 79 15% 1.12 1.06 0.29 17.2
B_401 63.5 0.099 84 37% 84 37% 1.07 1.07 0.14 8.3
B_402 102.3 0.160 84 33% 84 33% 1.06 1.06 0.11 6.9
B_501 30.7 0.048 84 33% 84 33% 1.07 1.07 0.10 6.0
C_101 379.8 0.594 82 18% 82 18% 1.07 1.06 0.34 20.4
EB_101 128.3 0.200 82 28% 85 36% 1.07 1.06 0.20 11.9
EB_102 5.5 0.009 84 37% 84 37% 1.06 1.06 0.11 6.6
EB_103 12.3 0.019 84 28% 84 28% 1.06 1.06 0.10 6.0
EB_104 127.5 0.199 84 31% 84 32% 1.06 1.06 0.21 12.7
EB_105 33.5 0.052 78 31% 84 48% 1.10 1.06 0.10 6.0
EB_106 66.8 0.104 82 31% 85 40% 1.08 1.06 0.14 8.2
EB_107 54.2 0.085 77 23% 80 29% 1.08 1.06 0.16 9.7
EB_108 89.5 0.140 82 30% 83 31% 1.06 1.06 0.12 7.1
EB_109 77.6 0.121 85 40% 85 40% 1.06 1.06 0.17 10.2

Unit Hydrograph 
Parameters
Lag TimeArea

Subbasin Parameters

Basin ID

Existing Conditions Developed Conditions

Loss Model Parameters Bulking Factor

Existing 
Conditions

Developed 
Conditions
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Appendix A

(ac) (mi2)
Curve 

Number 
(CN)

Impervious (%)
Curve 

Number 
(CN)

Impervious (%) (hr) (min)

Unit Hydrograph 
Parameters
Lag TimeArea

Subbasin Parameters

Basin ID

Existing Conditions Developed Conditions

Loss Model Parameters Bulking Factor

Existing 
Conditions

Developed 
Conditions

EB_110 3.9 0.006 70 1% 70 1% 1.06 1.06 0.10 6.0
EB_111 28.4 0.044 74 28% 80 48% 1.09 1.06 0.26 15.5
EB_112 20.9 0.033 81 66% 83 71% 1.07 1.06 0.10 6.0
EB_201 68.6 0.107 83 29% 83 29% 1.06 1.06 0.11 6.8
EB_202 10.4 0.016 84 28% 84 28% 1.06 1.06 0.10 6.0
EB_203 15.4 0.024 84 30% 84 30% 1.06 1.06 0.11 6.5
EB_301 73.5 0.115 83 25% 83 25% 1.06 1.06 0.20 12.2
EB_401 107.6 0.168 83 27% 83 28% 1.06 1.06 0.23 14.0
EB_402 44.5 0.070 83 26% 83 27% 1.06 1.06 0.16 9.8
EB_501 68.2 0.107 81 26% 81 26% 1.06 1.06 0.20 11.8
EB_502 20.7 0.032 83 30% 84 31% 1.06 1.06 0.14 8.3
EB_601 35.5 0.055 76 10% 75 11% 1.13 1.06 0.15 8.8
EB_602 134.0 0.209 78 18% 79 18% 1.11 1.06 0.26 15.7
EB_701 95.9 0.150 84 31% 84 30% 1.06 1.06 0.13 7.8
EB_702 24.2 0.038 93 85% 94 89% 1.06 1.06 0.10 6.2
EB_703 301.3 0.471 83 40% 86 46% 1.07 1.06 0.28 16.6
EB_704 146.8 0.229 82 35% 87 50% 1.08 1.06 0.17 9.9
EB_801 83.0 0.130 85 36% 85 37% 1.06 1.06 0.13 7.6
EB_901 37.5 0.059 84 65% 88 79% 1.08 1.06 0.20 11.9
EB_902 205.0 0.320 82 29% 82 32% 1.07 1.06 0.30 17.8
EB_903 17.7 0.028 78 34% 91 89% 1.13 1.06 0.10 6.0
I_101 46.4 0.073 82 20% 82 20% 1.06 1.06 0.17 10.3
I_102 40.3 0.063 81 20% 81 19% 1.06 1.06 0.14 8.7
I_201 39.8 0.062 82 18% 82 18% 1.06 1.06 0.14 8.6
L_101 247.8 0.387 81 7% 81 16% 1.13 1.06 0.39 23.5
L_102 40.4 0.063 75 6% 79 14% 1.11 1.06 0.13 7.9
L_103 15.9 0.025 71 0% 79 13% 1.17 1.06 0.21 12.8
L_104 13.4 0.021 72 5% 79 19% 1.16 1.06 0.10 6.1
L_105 14.2 0.022 75 7% 82 24% 1.13 1.06 0.17 10.2
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(ac) (mi2)
Curve 

Number 
(CN)

Impervious (%)
Curve 

Number 
(CN)

Impervious (%) (hr) (min)

Unit Hydrograph 
Parameters
Lag TimeArea

Subbasin Parameters

Basin ID

Existing Conditions Developed Conditions

Loss Model Parameters Bulking Factor

Existing 
Conditions

Developed 
Conditions

L_106 10.9 0.017 82 14% 82 14% 1.06 1.06 0.12 7.0
L_107 94.7 0.148 82 18% 82 18% 1.06 1.06 0.39 23.5
L_108 17.4 0.027 80 15% 82 16% 1.06 1.06 0.10 6.0
L_109 19.8 0.031 82 15% 82 14% 1.06 1.06 0.14 8.3
L_110 83.4 0.130 82 23% 82 23% 1.06 1.06 0.14 8.3
L_111 29.8 0.047 75 23% 76 30% 1.14 1.06 0.11 6.7
L_201 63.8 0.100 76 6% 79 12% 1.09 1.06 0.26 15.8
L_301 35.8 0.056 76 4% 79 16% 1.11 1.06 0.19 11.5
L_401 14.8 0.023 76 25% 82 37% 1.13 1.06 0.10 6.0
L_501 21.5 0.034 77 6% 81 19% 1.11 1.06 0.38 23.0
L_502 17.2 0.027 80 17% 82 18% 1.08 1.06 0.17 10.1
SG_101 9.6 0.015 80 25% 80 26% 1.07 1.06 0.10 6.0
SG_102 6.7 0.010 76 5% 80 18% 1.10 1.06 0.10 6.0
SG_103 11.3 0.018 75 4% 81 23% 1.12 1.06 0.10 6.0
SG_104 35.2 0.055 81 18% 82 19% 1.07 1.06 0.19 11.4
SG_105 48.3 0.076 81 18% 82 19% 1.06 1.06 0.11 6.4
SG_201 34.8 0.054 71 0% 79 12% 1.17 1.06 0.29 17.6
SG_301 25.2 0.039 73 4% 81 23% 1.15 1.06 0.31 18.4
SG_401 12.9 0.020 72 7% 81 19% 1.16 1.06 0.17 10.0
SG_402 86.7 0.135 81 18% 82 18% 1.07 1.06 0.30 18.1
SN_101 66.0 0.103 77 6% 79 14% 1.09 1.06 0.28 16.7
SN_102 38.4 0.060 74 7% 80 18% 1.13 1.06 0.26 15.6
SN_103 54.2 0.085 77 6% 79 16% 1.09 1.06 0.15 9.2
SN_104 33.4 0.052 81 14% 82 17% 1.07 1.06 0.35 20.9
SO_101 27.6 0.043 75 26% 75 26% 1.14 1.14 0.31 18.5
SO_102 20.4 0.032 86 61% 86 61% 1.09 1.09 0.10 6.0
SO_103 38.4 0.060 85 50% 85 50% 1.06 1.06 0.14 8.1
SO_201 108.3 0.169 84 39% 84 39% 1.06 1.06 0.10 6.0
SO_301 17.3 0.027 85 61% 85 61% 1.09 1.09 0.14 8.4
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(ac) (mi2)
Curve 

Number 
(CN)

Impervious (%)
Curve 

Number 
(CN)

Impervious (%) (hr) (min)

Unit Hydrograph 
Parameters
Lag TimeArea

Subbasin Parameters

Basin ID

Existing Conditions Developed Conditions

Loss Model Parameters Bulking Factor

Existing 
Conditions

Developed 
Conditions

SO_302 36.9 0.058 85 37% 85 37% 1.06 1.06 0.10 6.0
U_101 27.1 0.042 76 28% 91 77% 1.13 1.06 0.34 20.2
U_102 6.4 0.010 85 48% 85 48% 1.06 1.06 0.10 6.0
U_103 36.6 0.057 92 84% 94 91% 1.07 1.06 0.15 9.0
U_104 34.6 0.054 89 85% 92 89% 1.06 1.06 0.14 8.5
U_105 30.5 0.048 77 27% 84 46% 1.11 1.06 0.11 6.8
U_201 15.9 0.025 84 28% 84 28% 1.06 1.06 0.14 8.6
U_301 8.2 0.013 83 28% 84 30% 1.06 1.06 0.10 6.0
U_401 35.8 0.056 84 29% 84 29% 1.06 1.06 0.13 7.7
U_402 19.8 0.031 84 34% 84 34% 1.06 1.06 0.11 6.3
U_403 3.9 0.006 83 29% 85 39% 1.07 1.06 0.10 6.0
U_501 8.2 0.013 89 84% 91 88% 1.07 1.06 0.10 6.0
U_502 23.0 0.036 75 22% 76 23% 1.08 1.06 0.20 12.2
WB_101 73.5 0.115 74 4% 79 15% 1.12 1.06 0.23 13.7
WB_102 142.7 0.223 81 0% 81 15% 1.16 1.06 0.61 36.3
WB_103 19.7 0.031 70 0% 70 3% 1.18 1.06 0.17 10.5
WB_104 131.4 0.205 73 5% 83 47% 1.15 1.06 0.34 20.3
WB_105 33.7 0.053 73 9% 85 55% 1.15 1.06 0.33 19.9
WB_301 92.9 0.145 83 27% 83 27% 1.13 1.06 0.31 18.4
WX_101 58.7 0.092 83 33% 84 34% 1.07 1.06 0.21 12.6
WX_102 58.1 0.091 83 30% 84 30% 1.07 1.06 0.18 10.9
WX_201 270.0 0.422 74 12% 82 28% 1.06 1.06 0.25 14.9
W_101 31.0 0.049 78 74% 78 74% 1.13 1.06 0.10 6.0
W_102 52.5 0.082 76 46% 83 80% 1.06 1.06 0.23 13.7
W_103 34.2 0.053 76 28% 94 92% 1.11 1.06 0.13 8.0
W_201 0.0 0.000 0 0% 0 0% 1.14 1.06 0.00 0.0
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Routing parameters
Length Slope Manning's n Diameter Width Side Slope 
(ft) (ft/ft) (‐) (ft) (ft) (xH:1V)

A_101_R 967 0.033087 0.035 Eight Point    
A_101_R2 805 0.031355 0.013 Eight Point    
A_102_R 2825 0.025652 0.035 Eight Point    
B_101_R 2060 0.031405 0.035 Eight Point    
B_102_R 3057 0.018416 0.035 Eight Point    
B_103_R 1265 0.016351 0.020 Eight Point    
B_104_R 666 0.014993 0.020 Eight Point    
B_105_R 5301 0.018586 0.013 Eight Point    
B_106_R 1233 0.018505 0.035 Rectangle 50  
B_201_R 809 0.027204 0.020 Rectangle 50  
B_401_R 1730 0.041954 0.020 Rectangle 50  
EB_104_R2 1193 0.010701 0.017 Eight Point    
EB_101_R 1475 0.017379 0.020 Rectangle 50  
EB_102_R 1999 0.019887 0.020 Eight Point    
EB_103_R 3290 0.021886 0.020 Eight Point    
EB_104_R 1040 0.023467 0.013 Eight Point    
EB_105_R 994 0.012304 0.013 Eight Point    
EB_107_R 3343 0.01603 0.013 Eight Point    
EB_109_R 1234 0.024319 0.013 Eight Point    
EB_110_R 1516 0.018737 0.013 Eight Point    
EB_111_R 812 0.014785 0.013 Eight Point    
EB_201_R 1132 0.020314 0.017 Rectangle 50  
EB_202_R 2172 0.012889 0.017 Rectangle 50  
EB_401_R 2512 0.017676 0.020 Eight Point    
EB_402_R 537 0.025289 0.020 Eight Point    
EB_501_R 2594 0.020261 0.017 Rectangle 50  
EB_601_R 1114 0.037327 0.013 Circle 2    
EB_701_R 552 0.023556 0.013 Circle 3    
EB_702_R 5156 0.018302 0.013 Circle 4    
EB_703_R 3051 0.022689 0.013 Circle 6    
EB_901_R 5408 0.021266 0.013 Circle 2    
EB_902_R 1976 0.021551 0.013 Circle 2    
I_101_R 1434 0.036096 0.035 Eight Point    
L_101_R 1338 0.016434 0.035 Eight Point    
L_104_R 512 0.022231 0.035 Trapezoid    
L_105_R 1253 0.019945 0.035 Eight Point    
L_106_R 3594 0.006476 0.035 Eight Point    
L_107_R 1015 0.010836 0.035 Eight Point    
L_108_R 1349 0.01465 0.035 Eight Point    
L_109_R 2770 0.025717 0.035 Eight Point    
L_110_R 1903 0.023497 0.035 Eight Point    
L_111_R 379 0.021112 0.035 Eight Point    
L_501_R 330 0.021216 0.017 Rectangle 50  
L_501_R2 831 0.032145 0.020 Eight Point    

Routing Reach 
ID

Shape
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Length Slope Manning's n Diameter Width Side Slope 
(ft) (ft/ft) (‐) (ft) (ft) (xH:1V)

Routing Reach 
ID

Shape

SG_101_R 949 0.032675 0.020 Eight Point    
SG_102_R 532 0.028565 0.020 Eight Point    
SG_103_R 1651 0.025898 0.017 Circle 3.5    
SG_104_R 1123 0.026704 0.035 Eight Point    
SG_105_R 834 0.026663 0.035 Eight Point    
SG_401_R 3071 0.036066 0.035 Eight Point    
SN_101_R 688 0.015992 0.017 Rectangle 50  
SN_102_R 2397 0.02327 0.017 Eight Point    
SN_103_R 2940 0.023455 0.035 Eight Point    
SO_102_R 1838 0.010881 0.013 Circle 5.5    
SO_103_R 1757 0.028464 0.013 Circle 6    
SO_201_R 1532 0.008488 0.013 Circle 6    
SO_301_R 2454 0.017115 0.013 Circle 7    
SO_302_R 1803 0.030496 0.013 Circle 7    
U_101_R 3313 0.026559 0.013 Circle 2.5    
U_102_R 1644 0.022095 0.013 Circle 4    
U_103_R 734 0.022707 0.013 Trapezoid 15 2
U_104_R 2020 0.020791 0.013 Eight Point    
U_105_R 2909 0.019137 0.020 Eight Point    
U_301_R 1805 0.013628 0.025 Circle 4    
U_401_R 1703 0.0229 0.017 Rectangle 50  
U_402_R 394 0.020324 0.025 Circle 4    
U_403_R 1375 0.018187 0.025 Circle 4    
U_501_R 2714 0.023795 0.017 Rectangle 50  
WB_101_R 1310 0.03207 0.035 Eight Point    
WB_102_R 1108 0.024368 0.035 Eight Point    
WB_103_R 3344 0.021832 0.035 Eight Point    
WB_104_R 3779 0.022408 0.035 Eight Point    
WX_101_R 1876 0.018115 0.017 Rectangle 50  
WX_102_R 467 0.025717 0.013 Circle 3.5    
W_101_R 711 0.01921 0.017 Rectangle 50  
W_102_R 2794 0.01551 0.013 Circle 6    
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Time of concentration calculations

Upstream 
Elev.

Downstream 
Elev. 

Slope Length
Length Slope Manning's n

Travel 
Time Length Slope Velocity

Travel 
Time Slope Length

Manning's 
n

Average 
Velocity

Travel 
Time Slope Length

Manning's 
n

Average 
Velocity

Travel 
Time

(sq ft) (ac) (ft) (ft) (ft/ft) (ft) (ft) (ft/ft) (‐) (min) (ft) (ft/ft) (ft/sec) (min) (ft/ft) (ft) (‐) (ft/sec) (min) (ft/ft) (ft) (‐) (ft/sec) (min) (min) (min)
A_101 5131633 117.8 5682 5508 0.029 6019 100 0.030 Smooth Surfaces 0.011 1.6 2482 0.011 Pavement and small upland gullies 2.2 19.2 Street 0.046 2328 0.017 8.9 4.3 A_101_R 0.033 1109 0.035 6.2 3.0 28.1 16.9
A_102 1454155 33.4 5557 5467 0.035 2551 100 0.030 Smooth Surfaces 0.011 1.6 2160 0.038 Pavement and small upland gullies 4.0 9.1 A_101_R 0.017 290 0.035 4.4 1.1 11.8 7.1
A_103 3157031 72.5 5556 5369 0.036 5260 100 0.020 Smooth Surfaces 0.011 1.9 2514 0.045 Pavement and small upland gullies 4.3 9.7 A_102_R 0.027 2646 0.035 6.9 6.4 18.0 10.8
A_201 1677106 38.5 5636 5518 0.037 3214 103 0.019 Range (natural) 0.130 14.5 1290 0.045 Pavement and small upland gullies 4.3 5.0 Street 0.029 1172 0.017 7.1 2.7 A_101_R 0.037 649 0.035 6.5 1.7 23.9 14.3
B_101 4961913 113.9 5624 5426 0.033 5959 100 0.080 Range (natural) 0.130 8.0 998 0.050 Nearly bare and untilled (overland flow) 2.2 7.5 Overland ‐ WIDE 0.032 2650 0.035 7.0 6.3 Overland ‐ WIDE 0.025 2211 0.035 6.2 5.9 27.7 16.6
B_102 508964 11.7 5428 5361 0.032 2069 100 0.020 Range (natural) 0.130 13.9 357 0.036 Nearly bare and untilled (overland flow) 1.9 3.2 B_101_R 0.032 1613 0.035 4.3 6.2 23.3 14.0
B_103 3394050 77.9 5411 5305 0.024 4425 100 0.040 Smooth Surfaces 0.011 1.5 1573 0.024 Nearly bare and untilled (overland flow) 1.6 16.9 B_102_R 0.023 2753 0.035 5.5 8.3 26.6 16.0
B_104 456835 10.5 5335 5285 0.026 1890 100 0.037 Range (natural) 0.130 10.9 454 0.024 Nearly bare and untilled (overland flow) 1.6 4.9 Street 0.026 1336 0.017 6.8 3.3 19.1 11.4
B_105 1015091 23.3 5354 5279 0.024 3112 100 0.053 Smooth Surfaces 0.011 1.3 666 0.030 Nearly bare and untilled (overland flow) 1.7 6.5 Overland ‐ WIDE 0.021 2346 0.035 5.7 6.9 14.7 8.8
B_106 3398928 78.0 5281 5176 0.020 5264 100 0.010 Range (natural) 0.130 18.4 348 0.035 Nearly bare and untilled (overland flow) 1.9 3.1 Overland ‐ WIDE 0.015 3356 0.035 4.7 11.9 B_105_R 0.030 1460 0.013 13.0 1.9 35.2 21.1
B_107 1016941 23.3 5197 5152 0.028 1612 100 0.034 Smooth Surfaces 0.011 1.6 311 0.060 Nearly bare and untilled (overland flow) 2.4 2.1 B_106_R 0.019 1201 0.035 4.3 4.6 10.0 6.0
B_108 808455 18.6 5188 5148 0.024 1674 100 0.010 Smooth Surfaces 0.011 2.5 433 0.058 Nearly bare and untilled (overland flow) 2.4 3.0 Overland ‐ WIDE 0.013 1141 0.035 4.4 4.3 10.0 6.0
B_201 4984200 114.4 5512 5307 0.033 6220 100 0.025 Smooth Surfaces 0.011 1.8 1436 0.053 Nearly bare and untilled (overland flow) 2.3 10.5 Street 0.030 1705 0.017 7.3 3.9 Overland ‐ WIDE 0.025 2979 0.035 6.2 8.0 24.1 14.5
B_202 2676250 61.4 5427 5285 0.029 4970 100 0.020 Smooth Surfaces 0.011 1.9 950 0.026 Pavement and small upland gullies 3.3 4.8 Overland ‐ WIDE 0.029 3920 0.035 6.7 9.8 16.5 9.9
B_301 1440946 33.1 5389 5307 0.029 2876 100 0.013 Range (natural) 0.130 16.8 862 0.046 Nearly bare and untilled (overland flow) 2.1 6.7 Street 0.021 1915 0.017 6.1 5.2 28.7 17.2
B_401 2768202 63.5 5306 5247 0.022 2718 100 0.010 Smooth Surfaces 0.011 2.5 1499 0.021 Pavement and small upland gullies 3.0 8.5 Street 0.024 1119 0.017 6.4 2.9 13.9 8.3
B_402 4457804 102.3 5252 5195 0.023 2542 100 0.024 Smooth Surfaces 0.011 1.8 970 0.018 Pavement and small upland gullies 2.7 6.0 Street 0.026 1472 0.017 6.7 3.6 11.5 6.9
B_501 1337715 30.7 5280 5178 0.044 2315 100 0.056 Smooth Surfaces 0.011 1.3 1157 0.060 Pavement and small upland gullies 5.0 3.9 Street 0.025 1058 0.017 6.6 2.7 10.0 6.0
C_101 16545990 379.8 5378 5225 0.017 9089 100 0.025 Smooth Surfaces 0.011 1.8 869 0.008 Pavement and small upland gullies 1.8 7.9 Street 0.018 8119 0.017 5.6 24.4 34.1 20.4
EB_101 5589156 128.3 5604 5495 0.021 5261 100 0.020 Smooth Surfaces 0.011 1.9 488 0.033 Nearly bare and untilled (overland flow) 1.8 4.5 Street 0.019 4674 0.017 5.8 13.3 19.8 11.9
EB_102 237873 5.5 5497 5470 0.017 1566 100 0.020 Smooth Surfaces 0.011 1.9 1466 0.017 Pavement and small upland gullies 2.7 9.1 11.1 6.6
EB_103 535995 12.3 5467 5435 0.020 1600 103 0.078 Smooth Surfaces 0.011 1.1 1001 0.016 Pavement and small upland gullies 2.6 6.5 Street 0.016 496 0.017 5.3 1.6 10.0 6.0
EB_104 5553199 127.5 5467 5355 0.020 5468 100 0.032 Smooth Surfaces 0.011 1.6 1489 0.020 Pavement and small upland gullies 2.9 8.6 Street 0.020 3879 0.017 5.9 10.9 21.1 12.7
EB_105 1458014 33.5 5364 5306 0.025 2294 100 0.020 Smooth Surfaces 0.011 1.9 587 0.065 Nearly bare and untilled (overland flow) 2.5 3.9 EB_104_R 0.011 1607 0.013 13.1 2.0 10.0 6.0
EB_106 2909602 66.8 5389 5307 0.022 3789 100 0.020 Smooth Surfaces 0.011 1.9 606 0.020 Pavement and small upland gullies 2.9 3.5 Street 0.022 3083 0.017 6.2 8.3 13.7 8.2
EB_107 2363112 54.2 5369 5303 0.018 3625 100 0.010 Smooth Surfaces 0.011 2.5 594 0.025 Nearly bare and untilled (overland flow) 1.6 6.2 Street 0.019 2241 0.017 5.8 6.4 EB_105_R 0.010 690 0.013 12.6 0.9 16.2 9.7
EB_108 3896930 89.5 5353 5244 0.023 4652 100 0.010 Smooth Surfaces 0.011 2.5 1540 0.038 Pavement and small upland gullies 4.0 6.5 EB_107_R 0.016 3012 0.013 18.1 2.8 11.8 7.1
EB_109 3381929 77.6 5322 5240 0.020 3996 100 0.028 Smooth Surfaces 0.011 1.7 1295 0.017 Pavement and small upland gullies 2.6 8.1 Street 0.021 2601 0.017 6.0 7.2 17.1 10.2
EB_110 171779 3.9 5254 5211 0.036 1170 100 0.206 Smooth Surfaces 0.011 0.8 EB_109_R 0.021 1070 0.013 19.8 0.9 10.0 6.0
EB_111 1239150 28.4 5243 5187 0.026 2163 100 0.020 Range (natural) 0.130 13.9 1249 0.035 Nearly bare and untilled (overland flow) 1.9 11.2 EB_110_R 0.014 814 0.013 18.6 0.7 25.9 15.5
EB_112 910978 20.9 5228 5191 0.018 2037 100 0.020 Smooth Surfaces 0.011 1.9 468 0.015 Pavement and small upland gullies 2.5 3.1 Street 0.019 1469 0.017 5.7 4.3 10.0 6.0
EB_201 2989305 68.6 5540 5486 0.020 2671 100 0.020 Smooth Surfaces 0.011 1.9 779 0.024 Pavement and small upland gullies 3.1 4.2 Street 0.019 1792 0.017 5.8 5.2 11.3 6.8
EB_202 451489 10.4 5505 5463 0.023 1816 100 0.040 Smooth Surfaces 0.011 1.5 711 0.023 Pavement and small upland gullies 3.1 3.9 Street 0.022 1005 0.017 6.2 2.7 10.0 6.0
EB_203 669672 15.4 5471 5435 0.016 2244 100 0.030 Smooth Surfaces 0.011 1.6 720 0.025 Pavement and small upland gullies 3.2 3.7 Street 0.011 1424 0.017 4.3 5.5 10.9 6.5
EB_301 3200517 73.5 5510 5433 0.018 4285 100 0.050 Smooth Surfaces 0.011 1.3 2382 0.016 Pavement and small upland gullies 2.6 15.5 EB_102_R 0.019 1803 0.020 8.5 3.6 20.4 12.2
EB_401 4688417 107.6 5526 5408 0.020 5939 100 0.020 Smooth Surfaces 0.011 1.9 1995 0.025 Pavement and small upland gullies 3.2 10.4 Street 0.020 2791 0.017 6.0 7.8 EB_401_R 0.010 1054 0.020 5.5 3.2 23.4 14.0
EB_402 1940546 44.5 5437 5363 0.023 3139 100 0.020 Smooth Surfaces 0.011 1.9 2144 0.020 Pavement and small upland gullies 2.9 12.4 Street 0.032 895 0.017 7.5 2.0 16.3 9.8
EB_501 2969833 68.2 5462 5409 0.013 4054 100 0.024 Smooth Surfaces 0.011 1.8 1160 0.017 Pavement and small upland gullies 2.6 7.3 Street 0.011 2793 0.017 4.4 10.5 19.6 11.8
EB_502 899666 20.7 5413 5351 0.021 2943 100 0.010 Smooth Surfaces 0.011 2.5 1145 0.019 Pavement and small upland gullies 2.8 6.8 Street 0.023 1697 0.017 6.3 4.5 13.8 8.3
EB_601 1545906 35.5 5414 5383 0.013 2393 100 0.020 Smooth Surfaces 0.011 1.9 355 0.013 Nearly bare and untilled (overland flow) 1.1 5.3 Overland ‐ WIDE 0.012 1938 0.035 4.4 7.4 14.6 8.8
EB_602 5836593 134.0 5440 5354 0.014 6041 100 0.040 Smooth Surfaces 0.011 1.5 1012 0.017 Pavement and small upland gullies 2.6 6.4 Overland ‐ WIDE 0.010 3644 0.035 3.8 15.8 EB_401_R 0.023 1285 0.020 8.5 2.5 26.2 15.7
EB_701 4177680 95.9 5502 5387 0.027 4202 100 0.057 Smooth Surfaces 0.011 1.3 716 0.029 Pavement and small upland gullies 3.5 3.4 Street 0.026 3386 0.017 6.7 8.4 13.1 7.8
EB_702 1054744 24.2 5411 5375 0.016 2243 100 0.053 Smooth Surfaces 0.011 1.3 617 0.018 Pavement and small upland gullies 2.7 3.8 Street 0.013 1526 0.017 4.8 5.3 10.4 6.2
EB_703 13123458 301.3 5397 5281 0.017 6632 100 0.020 Smooth Surfaces 0.011 1.9 1879 0.018 Pavement and small upland gullies 2.7 11.6 Street 0.017 4653 0.017 5.5 14.0 27.6 16.6
EB_704 6392609 146.8 5304 5211 0.018 5043 96 0.007 Smooth Surfaces 0.011 2.8 1252 0.018 Pavement and small upland gullies 2.7 7.6 Stormdrain 0.020 3695 0.013 10.2 6.0 16.5 9.9
EB_801 3615794 83.0 5274 5194 0.023 3554 100 0.020 Smooth Surfaces 0.011 1.9 643 0.031 Pavement and small upland gullies 3.6 3.0 Street 0.021 2811 0.017 6.0 7.8 12.7 7.6
EB_901 1634365 37.5 5391 5349 0.013 3251 100 0.034 Smooth Surfaces 0.011 1.6 1697 0.011 Pavement and small upland gullies 2.1 13.5 Street 0.014 1454 0.017 5.0 4.9 19.9 11.9
EB_902 8930342 205.0 5354 5190 0.025 6528 100 0.030 Range (natural) 0.130 11.8 570 0.021 Pavement and small upland gullies 2.9 3.2 Street 0.025 5858 0.017 6.7 14.6 29.7 17.8
EB_903 771008 17.7 5249 5188 0.029 2118 96 0.006 Smooth Surfaces 0.011 3.1 626 0.022 Pavement and small upland gullies 3.0 3.4 Street 0.033 1396 0.017 7.6 3.1 10.0 6.0
I_101 2021573 46.4 5684 5547 0.035 3945 100 0.010 Smooth Surfaces 0.011 2.5 2034 0.032 Pavement and small upland gullies 3.7 9.3 I_101_R 0.039 1811 0.035 5.7 5.3 17.1 10.3
I_102 1753526 40.3 5620 5494 0.036 3502 100 0.020 Smooth Surfaces 0.011 1.9 2103 0.036 Pavement and small upland gullies 3.9 9.1 Street 0.023 538 0.017 6.3 1.4 I_101_R 0.047 762 0.035 6.3 2.0 14.5 8.7
I_201 1733754 39.8 5684 5547 0.041 3335 100 0.020 Smooth Surfaces 0.011 1.9 2766 0.042 Pavement and small upland gullies 4.2 11.0 I_101_R 0.038 469 0.035 5.7 1.4 14.3 8.6
L_101 10796163 247.8 5798 5623 0.027 6518 100 0.020 Range (natural) 0.130 13.9 2924 0.034 Pavement and small upland gullies 3.7 13.0 Overland ‐ WIDE 0.019 1440 0.035 5.5 4.4 L_101_R 0.022 2054 0.035 4.4 7.8 39.2 23.5
L_102 1760430 40.4 5691 5602 0.031 2848 100 0.028 Smooth Surfaces 0.011 1.7 1847 0.035 Pavement and small upland gullies 3.8 8.1 L_101_R 0.024 901 0.035 4.5 3.3 13.1 7.9
L_103 693113 15.9 5644 5594 0.031 1622 100 0.050 Range (natural) 0.130 9.7 918 0.035 Nearly bare and untilled (overland flow) 1.9 8.2 L_102_R 0.022 603 0.035 2.9 3.4 21.3 12.8
L_104 583447 13.4 5621 5584 0.026 1393 100 0.030 Smooth Surfaces 0.011 1.6 735 0.034 Nearly bare and untilled (overland flow) 1.8 6.7 Overland ‐ WIDE 0.016 558 0.035 5.0 1.9 10.2 6.1
L_105 618412 14.2 5604 5574 0.025 1195 100 0.050 Range (natural) 0.130 9.7 453 0.032 Nearly bare and untilled (overland flow) 1.8 4.3 L_104_R 0.017 642 0.035 3.4 3.2 17.1 10.2
L_106 476248 10.9 5602 5549 0.030 1789 100 0.010 Smooth Surfaces 0.011 2.5 707 0.051 Pavement and small upland gullies 4.6 2.6 L_105_R 0.016 982 0.035 2.5 6.6 11.7 7.0
L_107 4125909 94.7 5645 5526 0.023 5172 100 0.020 Range (natural) 0.130 13.9 2940 0.027 Pavement and small upland gullies 3.4 14.6 Stormdrain 0.034 749 0.013 13.4 0.9 L_106_R 0.007 1383 0.035 2.4 9.7 39.2 23.5
L_108 758151 17.4 5566 5515 0.035 1448 100 0.060 Smooth Surfaces 0.011 1.2 538 0.065 Nearly bare and untilled (overland flow) 2.5 3.5 L_107_R 0.013 810 0.035 4.2 3.2 10.0 6.0
L_109 864025 19.8 5564 5494 0.029 2378 100 0.018 Smooth Surfaces 0.011 2.0 1022 0.050 Nearly bare and untilled (overland flow) 2.2 7.7 L_108_R 0.014 1256 0.035 5.1 4.1 13.8 8.3
L_110 3634789 83.4 5575 5437 0.033 4140 100 0.020 Smooth Surfaces 0.011 1.9 1459 0.045 Pavement and small upland gullies 4.3 5.6 Street 0.027 2581 0.017 6.9 6.2 13.8 8.3
L_111 1296507 29.8 5466 5369 0.032 3050 100 0.020 Smooth Surfaces 0.011 1.9 1178 0.036 Pavement and small upland gullies 3.9 5.1 L_110_R 0.029 1772 0.035 7.1 4.1 11.1 6.7
L_201 2779694 63.8 5740 5651 0.020 4376 100 0.060 Smooth Surfaces 0.011 1.2 782 0.040 Nearly bare and untilled (overland flow) 2.0 6.6 L_201_R 0.028 3493 0.035 3.1 18.5 26.4 15.8
L_301 1558644 35.8 5685 5596 0.027 3352 100 0.020 Smooth Surfaces 0.011 1.9 1223 0.025 Pavement and small upland gullies 3.2 6.4 L_201_R 0.028 2029 0.035 3.1 10.8 19.1 11.5
L_401 643320 14.8 5654 5606 0.036 1326 100 0.033 Smooth Surfaces 0.011 1.6 465 0.034 Nearly bare and untilled (overland flow) 1.8 4.2 Street 0.038 761 0.017 8.2 1.6 10.0 6.0
L_501 934980 21.5 5649 5583 0.027 2432 100 0.005 Range (natural) 0.130 24.2 1069 0.026 Nearly bare and untilled (overland flow) 1.6 11.1 Overland ‐ WIDE 0.030 1263 0.035 6.8 3.1 38.4 23.0
L_502 747645 17.2 5611 5549 0.035 1762 100 0.048 Smooth Surfaces 0.011 1.4 923 0.035 Nearly bare and untilled (overland flow) 1.9 8.3 L_501_R 0.034 739 0.017 1.7 7.2 16.8 10.1
SG_101 417621 9.6 5691 5657 0.027 1252 100 0.050 Smooth Surfaces 0.011 1.3 948 0.022 Pavement and small upland gullies 3.0 5.2 Street 0.039 204 0.017 8.3 0.4 10.0 6.0
SG_102 290073 6.7 5669 5626 0.033 1304 100 0.010 Smooth Surfaces 0.011 2.5 773 0.038 Pavement and small upland gullies 3.9 3.3 Overland ‐ WIDE 0.030 430 0.035 6.8 1.1 10.0 6.0
SG_103 492078 11.3 5662 5613 0.037 1321 100 0.040 Smooth Surfaces 0.011 1.5 576 0.042 Nearly bare and untilled (overland flow) 2.0 4.7 SG_102_R 0.033 645 0.020 3.3 3.3 10.0 6.0
SG_104 1531959 35.2 5641 5567 0.030 2472 100 0.040 Range (natural) 0.130 10.6 1201 0.032 Pavement and small upland gullies 3.6 5.5 Street 0.027 1171 0.017 6.9 2.8 18.9 11.4
SG_105 2105345 48.3 5616 5537 0.036 2176 100 0.080 Smooth Surfaces 0.011 1.1 1093 0.042 Pavement and small upland gullies 4.2 4.4 SG_104_R 0.025 983 0.035 3.1 5.3 10.7 6.4
SG_201 1513826 34.8 5731 5663 0.028 2439 100 0.010 Range (natural) 0.130 18.4 935 0.037 Nearly bare and untilled (overland flow) 1.9 8.1 Overland ‐ WIDE 0.041 1404 0.035 7.9 2.9 29.4 17.6
SG_301 1095903 25.2 5714 5614 0.043 2337 100 0.010 Range (natural) 0.130 18.4 1371 0.048 Nearly bare and untilled (overland flow) 2.2 10.5 Overland ‐ WIDE 0.038 865 0.035 7.6 1.9 30.7 18.4
SG_401 561336 12.9 5708 5649 0.050 1175 100 0.030 Range (natural) 0.130 11.8 458 0.041 Nearly bare and untilled (overland flow) 2.0 3.8 Overland ‐ WIDE 0.060 616 0.035 9.6 1.1 16.7 10.0
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SG_402 3776211 86.7 5701 5537 0.037 4469 100 0.020 Range (natural) 0.130 13.9 2090 0.040 Pavement and small upland gullies 4.1 8.5 SG_105_R 0.034 2279 0.035 4.9 7.7 30.2 18.1
SN_101 2873895 66.0 5772 5682 0.026 3503 100 0.020 Range (natural) 0.130 13.9 1399 0.016 Pavement and small upland gullies 2.5 9.1 Overland ‐ WIDE 0.033 2004 0.035 7.1 4.7 27.8 16.7
SN_102 1672903 38.4 5746 5676 0.027 2561 100 0.020 Range (natural) 0.130 13.9 1208 0.043 Nearly bare and untilled (overland flow) 2.1 9.7 Stormdrain 0.015 1253 0.013 8.7 2.4 26.1 15.6
SN_103 2361204 54.2 5685 5617 0.024 2811 100 0.060 Smooth Surfaces 0.011 1.2 871 0.025 Nearly bare and untilled (overland flow) 1.6 9.2 Street 0.022 1840 0.017 6.2 5.0 15.4 9.2
SN_104 1454691 33.4 5640 5546 0.026 3545 100 0.010 Range (natural) 0.130 18.4 604 0.036 Nearly bare and untilled (overland flow) 1.9 5.3 SN_103_R 0.025 2841 0.035 4.2 11.2 34.9 20.9
SO_101 1203548 27.6 5327 5300 0.015 1820 100 0.010 Range (natural) 0.130 18.4 705 0.019 Nearly bare and untilled (overland flow) 1.4 8.5 Overland ‐ WIDE 0.012 1015 0.035 4.3 3.9 30.8 18.5
SO_102 887250 20.4 5322 5302 0.024 832 200 0.105 Smooth Surfaces 0.011 1.7 632 0.015 Pavement and small upland gullies 2.5 4.2 10.0 6.0
SO_103 1672026 38.4 5313 5286 0.011 2368 100 0.020 Smooth Surfaces 0.011 1.9 720 0.019 Pavement and small upland gullies 2.8 4.2 Street 0.007 1547 0.017 3.5 7.4 13.6 8.1
SO_201 4717197 108.3 5411 5296 0.031 3726 100 0.082 Smooth Surfaces 0.011 1.1 118 0.034 Pavement and small upland gullies 3.7 0.5 Street 0.029 3508 0.017 7.2 8.2 10.0 6.0
SO_301 754489 17.3 5302 5268 0.021 1608 100 0.030 Smooth Surfaces 0.011 1.6 866 0.018 Nearly bare and untilled (overland flow) 1.4 10.7 Street 0.023 642 0.017 6.4 1.7 14.0 8.4
SO_302 1607311 36.9 5281 5247 0.019 1818 100 0.023 Smooth Surfaces 0.011 1.8 338 0.032 Pavement and small upland gullies 3.6 1.6 Street 0.015 1380 0.017 5.2 4.4 10.0 6.0
U_101 1178721 27.1 5534 5479 0.021 2641 100 0.010 Range (natural) 0.130 18.4 1076 0.029 Nearly bare and untilled (overland flow) 1.7 10.7 Street 0.016 1465 0.017 5.3 4.6 33.7 20.2
U_102 280943 6.4 5458 5426 0.035 905 100 0.020 Smooth Surfaces 0.011 1.9 805 0.037 Pavement and small upland gullies 3.9 3.4 10.0 6.0
U_103 1596320 36.6 5432 5401 0.015 2047 100 0.023 Smooth Surfaces 0.011 1.8 1947 0.015 Pavement and small upland gullies 2.5 13.2 15.0 9.0
U_104 1508070 34.6 5434 5377 0.020 2934 100 0.020 Smooth Surfaces 0.011 1.9 1403 0.021 Pavement and small upland gullies 2.9 8.0 Street 0.018 1431 0.017 5.7 4.2 14.1 8.5
U_105 1330655 30.5 5410 5330 0.024 3316 100 0.040 Smooth Surfaces 0.011 1.5 518 0.027 Nearly bare and untilled (overland flow) 1.6 5.3 Street 0.025 946 0.017 6.6 2.4 U_104_R 0.022 1752 0.013 13.7 2.1 11.3 6.8
U_201 691497 15.9 5446 5426 0.009 2084 100 0.033 Smooth Surfaces 0.011 1.6 934 0.010 Pavement and small upland gullies 2.1 7.5 Street 0.006 1050 0.017 3.3 5.2 14.3 8.6
U_301 356172 8.2 5447 5418 0.028 1045 100 0.040 Smooth Surfaces 0.011 1.5 796 0.016 Pavement and small upland gullies 2.6 5.1 Street 0.079 150 0.017 11.8 0.2 10.0 6.0
U_401 1557798 35.8 5526 5463 0.025 2527 100 0.008 Smooth Surfaces 0.011 2.9 1413 0.024 Pavement and small upland gullies 3.1 7.5 Street 0.029 1014 0.017 7.1 2.4 12.8 7.7
U_402 861487 19.8 5475 5425 0.022 2292 100 0.013 Smooth Surfaces 0.011 2.3 819 0.020 Pavement and small upland gullies 2.9 4.7 Street 0.024 1373 0.017 6.4 3.6 10.6 6.3
U_403 170684 3.9 5435 5416 0.027 696 100 0.020 Smooth Surfaces 0.011 1.9 375 0.027 Pavement and small upland gullies 3.3 1.9 Street 0.032 221 0.017 7.5 0.5 10.0 6.0
U_501 357947 8.2 5433 5395 0.025 1565 100 0.050 Smooth Surfaces 0.011 1.3 790 0.021 Pavement and small upland gullies 3.0 4.5 Street 0.025 675 0.017 6.6 1.7 10.0 6.0
U_502 1000513 23.0 5401 5335 0.023 2875 100 0.040 Range (natural) 0.130 10.6 757 0.025 Pavement and small upland gullies 3.2 3.9 Overland ‐ WIDE 0.021 2018 0.035 5.7 5.9 20.3 12.2
WB_101 3201515 73.5 5634 5501 0.031 4239 100 0.020 Smooth Surfaces 0.011 1.9 1202 0.011 Pavement and small upland gullies 2.1 9.5 Street 0.039 1625 0.017 8.3 3.3 WB_101_R 0.041 1312 0.035 2.7 8.1 22.8 13.7
WB_102 4761109 109.3 5624 5459 0.032 5226 100 0.010 Range (natural) 0.130 18.4 1477 0.018 Nearly bare and untilled (overland flow) 1.3 18.6 WB_101_R 0.038 3648 0.035 2.6 23.5 60.5 36.3
WB_103 859780 19.7 5486 5432 0.038 1437 100 0.050 Range (natural) 0.130 9.7 698 0.047 Nearly bare and untilled (overland flow) 2.2 5.4 WB_102_R 0.025 640 0.035 4.4 2.4 17.4 10.5
WB_104 5722568 131.4 5464 5360 0.026 4028 100 0.030 Range (natural) 0.130 11.8 1014 0.029 Nearly bare and untilled (overland flow) 1.7 10.0 WB_103_R 0.025 2914 0.035 4.0 12.0 33.9 20.3
WB_105 1466016 33.7 5392 5281 0.025 4488 100 0.070 Range (natural) 0.130 8.4 759 0.040 Nearly bare and untilled (overland flow) 2.0 6.3 WB_104_R 0.020 3629 0.035 3.3 18.4 33.1 19.9
WB_301 4575389 105.0 5642 5422 0.037 6026 100 0.010 Smooth Surfaces 0.011 2.5 754 0.061 Nearly bare and untilled (overland flow) 2.5 5.1 Overland ‐ WIDE 0.044 1555 0.035 8.2 3.2 WB_101_R 0.029 3617 0.035 2.3 26.6 37.5 22.5
WX_101 4045201 92.9 5544 5474 0.016 4526 100 0.043 Smooth Surfaces 0.011 1.4 2890 0.009 Pavement and small upland gullies 1.9 25.5 Street 0.027 1536 0.017 6.8 3.7 30.6 18.4
WX_102 2558781 58.7 5526 5439 0.025 3523 100 0.020 Smooth Surfaces 0.011 1.9 1356 0.028 Nearly bare and untilled (overland flow) 1.7 13.5 Street 0.023 2067 0.017 6.3 5.5 21.0 12.6
WX_201 2530265 58.1 5531 5447 0.021 4040 100 0.010 Smooth Surfaces 0.011 2.5 1461 0.017 Pavement and small upland gullies 2.7 9.2 Street 0.024 2478 0.017 6.4 6.4 18.1 10.9
W_101 11759676 270.0 5467 5268 0.035 5719 100 0.050 Range (natural) 0.130 9.7 951 0.020 Pavement and small upland gullies 2.9 5.5 Street 0.037 4669 0.017 8.1 9.6 24.8 14.9
W_102 1352280 31.0 5284 5228 0.029 1945 100 0.010 Smooth Surfaces 0.011 2.5 317 0.076 Nearly bare and untilled (overland flow) 2.7 1.9 Street 0.020 1528 0.017 6.0 4.3 10.0 6.0
W_103 2285493 52.5 5282 5198 0.018 4630 100 0.020 Smooth Surfaces 0.011 1.9 985 0.006 Pavement and small upland gullies 1.6 10.4 Overland ‐ WIDE 0.018 2626 0.035 5.2 8.5 Overland ‐ WIDE 0.033 919 0.035 7.1 2.2 22.9 13.7
W_201 1489863 34.2 5331 5270 0.020 3092 100 0.050 Smooth Surfaces 0.011 1.3 970 0.024 Pavement and small upland gullies 3.1 5.2 Overland ‐ WIDE 0.016 2022 0.035 5.0 6.8 13.3 8.0

‐‐

‐‐

‐‐
‐‐

‐‐
‐‐
‐‐
‐‐

‐‐
‐‐
‐‐
‐‐

‐‐
‐‐

‐‐
‐‐
‐‐

‐‐
‐‐
‐‐

‐‐
‐‐
‐‐
‐‐
‐‐
‐‐

‐‐
‐‐
‐‐
‐‐
‐‐
‐‐

‐‐

‐‐
‐‐

Black WMP ‐ March  2021
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Appendix A

Neighborhood loss parameters

Neighborhood Percent Impervious

CN for Pervious 

Areas Notes

Cabezon 42% 80
Residential yard in mass‐graded 
subdivision

E of Golf Course 16% 80
Residential yard in mass‐graded 
subdivision

E of Unser N of Southern 30% 80
Residential yard in mass‐graded 
subdivision

N of Idalia 13% 77 Natural Desert Landscaping 

W of Unser N of Southern HD 27% 80
Residential yard in mass‐graded 
subdivision

W of Unser N of Southern LD 16% 80
Residential yard in mass‐graded 
subdivision

W of Unser S of Southern 13% 77 Natural Desert Landscaping 

City of Albuquerque 42% 80
No building footprints but 
estimated to be approximately the 
same density as the Cabezon 
neighborhood. Residential yard in 
mass‐graded subdivision

Multi‐Family Residential 41% 80
Residential yard in mass‐graded 
subdivision

Black WMP ‐ March 2021 A-10



Appendix A

Soil sample location information
Sample Number Subbasin X Coordinate Y Coordinate Soil Texture Source

1 W_101 1506294 1535886 Sand
2 W_101 1504109 1537405 Sand
3 W_101 1502229 1536461 Sand
4 WB_104 1501087 1539056 Sand
5 WB_301 1502275 1539742 Sand
6 N/A* 1498211 1538395 Silt Loam
7 WB_102 1500387 1540365 Sand
8 WB_102 1497925 1541615 Silty Clay
9 WB_301 1499303 1542921 Sand
10 WB_101 1499452 1542266 Sand
11 B_101 1500861 1543010 Sand
12 A_103 1503308 1543302 Sand
13 B_103 1505079 1541092 Sand
14 B_104 1506286 1539262 Sand
15 SG_201 1500961 1549673 Sand
16 SN_102 1499766 1552118 Sand
17 L_101 1499839 1555567 Clay
18 L_101 1503137 1553804 Sand
19 L_103 1504212 1551958 Sand
20 WX_101 1506498 1547439 Sand
21 EB_105 1510831 1542547 Sand
22 B_106 1508186 1537252 Sand

*Outside Black Arroyo Watershed ‐ used to determine extents of soil type distribution in the area.

Estimated using NRCS field guide

Black WMP ‐ March 2021 A-11



NOAA Atlas 14, Volume 1, Version 5 
Location name: Rio Rancho, New Mexico, USA* 

Latitude: 35.2399°, Longitude: -106.6989° 
Elevation: 5393.04 ft**

* source: ESRI Maps 
** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra
Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey

Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.170
(0.146‑0.198)

0.219
(0.188‑0.257)

0.295
(0.251‑0.346)

0.354
(0.301‑0.413)

0.434
(0.367‑0.507)

0.498
(0.419‑0.580)

0.564
(0.472‑0.658)

0.635
(0.527‑0.739)

0.731
(0.601‑0.852)

0.807
(0.659‑0.940)

10-min 0.258
(0.222‑0.301)

0.334
(0.286‑0.391)

0.449
(0.383‑0.526)

0.538
(0.458‑0.628)

0.661
(0.559‑0.772)

0.757
(0.638‑0.883)

0.859
(0.718‑1.00)

0.966
(0.802‑1.13)

1.11
(0.914‑1.30)

1.23
(1.00‑1.43)

15-min 0.320
(0.275‑0.373)

0.414
(0.354‑0.484)

0.557
(0.474‑0.652)

0.667
(0.568‑0.779)

0.820
(0.693‑0.956)

0.939
(0.791‑1.10)

1.07
(0.890‑1.24)

1.20
(0.994‑1.40)

1.38
(1.13‑1.61)

1.52
(1.24‑1.77)

30-min 0.431
(0.370‑0.502)

0.558
(0.476‑0.652)

0.749
(0.639‑0.878)

0.899
(0.765‑1.05)

1.10
(0.933‑1.29)

1.26
(1.07‑1.48)

1.43
(1.20‑1.67)

1.61
(1.34‑1.88)

1.86
(1.53‑2.16)

2.05
(1.67‑2.39)

60-min 0.533
(0.458‑0.622)

0.690
(0.590‑0.807)

0.928
(0.790‑1.09)

1.11
(0.946‑1.30)

1.37
(1.16‑1.59)

1.56
(1.32‑1.83)

1.78
(1.48‑2.07)

2.00
(1.66‑2.32)

2.30
(1.89‑2.68)

2.54
(2.07‑2.96)

2-hr 0.623
(0.530‑0.744)

0.799
(0.677‑0.955)

1.06
(0.895‑1.26)

1.27
(1.07‑1.50)

1.56
(1.30‑1.84)

1.79
(1.49‑2.11)

2.04
(1.68‑2.40)

2.30
(1.88‑2.70)

2.66
(2.16‑3.14)

2.96
(2.37‑3.49)

3-hr 0.676
(0.580‑0.802)

0.860
(0.736‑1.02)

1.13
(0.966‑1.33)

1.34
(1.14‑1.58)

1.64
(1.38‑1.93)

1.88
(1.58‑2.20)

2.13
(1.78‑2.50)

2.40
(1.99‑2.82)

2.77
(2.27‑3.25)

3.08
(2.50‑3.62)

6-hr 0.778
(0.674‑0.915)

0.984
(0.854‑1.16)

1.27
(1.10‑1.49)

1.49
(1.29‑1.75)

1.80
(1.55‑2.10)

2.04
(1.74‑2.38)

2.30
(1.95‑2.68)

2.56
(2.16‑2.98)

2.93
(2.44‑3.41)

3.23
(2.67‑3.76)

12-hr 0.870
(0.763‑0.998)

1.10
(0.962‑1.26)

1.39
(1.22‑1.59)

1.63
(1.42‑1.86)

1.94
(1.68‑2.21)

2.18
(1.88‑2.49)

2.43
(2.09‑2.77)

2.69
(2.30‑3.07)

3.05
(2.58‑3.48)

3.34
(2.79‑3.82)

24-hr 1.00
(0.887‑1.14)

1.26
(1.11‑1.43)

1.58
(1.39‑1.80)

1.83
(1.62‑2.08)

2.18
(1.91‑2.47)

2.44
(2.13‑2.77)

2.72
(2.37‑3.08)

3.00
(2.60‑3.39)

3.38
(2.91‑3.82)

3.67
(3.15‑4.16)

2-day 1.05
(0.936‑1.19)

1.32
(1.18‑1.49)

1.66
(1.47‑1.87)

1.92
(1.70‑2.16)

2.28
(2.01‑2.56)

2.55
(2.25‑2.87)

2.84
(2.49‑3.19)

3.13
(2.73‑3.51)

3.52
(3.05‑3.96)

3.82
(3.29‑4.30)

3-day 1.19
(1.08‑1.32)

1.49
(1.35‑1.65)

1.85
(1.67‑2.05)

2.13
(1.92‑2.35)

2.51
(2.26‑2.77)

2.80
(2.51‑3.09)

3.10
(2.76‑3.42)

3.40
(3.02‑3.75)

3.80
(3.36‑4.20)

4.10
(3.61‑4.54)

4-day 1.33
(1.22‑1.46)

1.66
(1.52‑1.81)

2.04
(1.87‑2.22)

2.34
(2.14‑2.54)

2.74
(2.50‑2.98)

3.05
(2.77‑3.32)

3.36
(3.04‑3.65)

3.66
(3.31‑3.99)

4.08
(3.67‑4.44)

4.39
(3.93‑4.79)

7-day 1.53
(1.41‑1.67)

1.90
(1.75‑2.07)

2.32
(2.14‑2.52)

2.65
(2.43‑2.87)

3.08
(2.82‑3.33)

3.40
(3.11‑3.68)

3.72
(3.40‑4.03)

4.03
(3.68‑4.36)

4.43
(4.03‑4.80)

4.73
(4.29‑5.13)

10-day 1.68
(1.55‑1.83)

2.09
(1.93‑2.27)

2.56
(2.36‑2.78)

2.93
(2.70‑3.17)

3.42
(3.14‑3.70)

3.79
(3.47‑4.09)

4.16
(3.80‑4.49)

4.52
(4.12‑4.88)

4.99
(4.54‑5.40)

5.34
(4.84‑5.79)

20-day 2.13
(1.95‑2.31)

2.64
(2.43‑2.87)

3.20
(2.95‑3.48)

3.63
(3.34‑3.93)

4.18
(3.84‑4.52)

4.57
(4.20‑4.94)

4.95
(4.54‑5.35)

5.31
(4.87‑5.74)

5.77
(5.27‑6.23)

6.09
(5.55‑6.59)

30-day 2.55
(2.35‑2.76)

3.16
(2.91‑3.42)

3.81
(3.51‑4.11)

4.29
(3.95‑4.62)

4.89
(4.49‑5.26)

5.31
(4.88‑5.71)

5.72
(5.24‑6.14)

6.09
(5.58‑6.55)

6.55
(5.99‑7.04)

6.87
(6.27‑7.39)

45-day 3.11
(2.88‑3.36)

3.85
(3.57‑4.16)

4.59
(4.25‑4.95)

5.12
(4.74‑5.51)

5.77
(5.33‑6.20)

6.20
(5.74‑6.67)

6.60
(6.11‑7.09)

6.96
(6.43‑7.46)

7.36
(6.81‑7.89)

7.61
(7.04‑8.15)

60-day 3.58
(3.31‑3.86)

4.43
(4.10‑4.78)

5.28
(4.89‑5.69)

5.89
(5.46‑6.34)

6.62
(6.13‑7.13)

7.12
(6.60‑7.66)

7.58
(7.02‑8.16)

7.99
(7.40‑8.60)

8.45
(7.84‑9.11)

8.75
(8.12‑9.42)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a
given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.

Back to Top

PF graphical

A-12

https://www.commerce.gov/
http://www.noaa.gov/
molivas
Highlight

molivas
Highlight

molivas
Highlight

molivas
Highlight

molivas
Highlight

molivas
Highlight

molivas
Highlight

molivas
Highlight



Back to Top

Maps & aerials

Small scale terrain

A-13



Large scale terrain
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Appendix B 

 

Existing Ponds



Existing Detention Pond Data 

1. Black Dam – Source: Based on as-built (1-23-2009) Construction Plans for Regional Water 

Quality Structure at Black Arroyo Dam, Albuquerque New Mexico. Prepared for AMAFCA by 

Wilson & Company, March 2008. 

2. Cabezon Subdivision – Tract 17 Detntion Pond – Source: AHYMO_97 Model Input File for 

Cabezon Communities Phase I Drainage Management Plan (Unit 16) Wilson & Company, 

February 2004. 

3. Gateway Pond – Source: Drainage Analysis Report. Prepared for SSCAFCA by Bohannan Huston, 

November 2010. 

4. Sugar Ridge Subdivision Detention Pond – Source: Based on as-built topographic survey 

prepared by Smith Engineering Company and documented in Letter of Map Revision for Sugar 

Channel, Rio Rancho, NM. Prepared for City of Rio Rancho by Smith Engineering Company, 

December 2009. 

5. Sunset Pond – Source: Based on as-built plans (February 2009). Prepared for SSCAFCA by ASCG 

Inc., January 2008. 

6. Wexford Pond – Source: Obtained from AHYMO from Black Arroyo Watershed Management 

Plan. Prepared for SSCAFCA by ASCG Inc., August 2002. 

7. Stone Bridge Detention Pond – Source: Developed by Smith Engineering based on 2010 LiDAR 

contour mapping along with field observation and measurements as a part of the Black 

Watershed Park Management Plan prepared for SSCAFCA by Smith Engineering, April 2013. 

8. Lisbon Pond and Lisbon Auxiliary Pond – Source: Appendix C – Routing Tables from Lisbon Pond 

Design Analysis Report prepared for SSCAFCA by RESPEC, Inc., April 2020. 
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LISBON POND 

DESIGN ANALYSIS REPORT  
  

                                                                                                                                                                                                                                                                                                           

PREPARED FOR 
Southern Sandoval County Arroyo Flood Control Authority  
 

 

PREPARED BY 
RESPEC, Inc.  
5971 Jefferson St. NE,  
Suite 101 
Albuquerque, NM 87109 
 
SSCAFCA Project number BL P0025-03 

APRIL 2020 
Project Number 03898 
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I, Edward Christian Naidu, do hereby certify that this report was duly prepared by me or under my 
direction and that I am a duly registered Professional Engineer under the laws of the State of New 
Mexico. 

_____________________________________________ 
Edward Christian Naidu, P.E. 
NMPE No. 22997 

04/22/2020 
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LISBON POND (Proposed)      
Elevation - Volume - Discharge Data and Computations

grey box means must input data (A) (A) (A)
Contour Elevation 

NAVD 1988
Depth  Contour

Area
Incremental

Volume
Incremental

Volume
Cumulative

Volume
1st Row of 

Reverse Incline 
Ports 

Discharge  

2nd Row of 
Reverse 

Incline Ports 
Discharge  

3rd Row of 
Reverse 

Incline Ports 
Discharge  

4th Row of 
Reverse 

Incline Ports 
Discharge  

Principal 
Spillway Grate 

Discharge

Principal 
Spillway Outfall 

Pipe
Discharge  

Emergency
Spillway

Discharge Comment

7.8 6 6 6 30

4 4 4 4 1

(ft) (sq ft) (cu ft) (ac-ft) (ac-ft) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

(d) (a) (a) (a) (a) (b) (a)  ( e ) (b)

5595.50 0 504.00 0 0.0000 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Pond bottom, principal spillway structure invert and Invert 1st row of reverse ports

5596.00 0.5 16642.60 4287 0.0984 0.10 4.4 0.0 0.0 0.0 0.0 2.3 2.3 0.0 2.3

5596.40 0.9 23987.07 8126 0.1865 0.28 6.0 0.0 0.0 0.0 0.0 7.1 6.0 0.0 6.0 Invert of 2nd row of reverse incline ports

5597.00 1.5 35003.77 17697 0.4063 0.69 7.7 2.9 0.0 0.0 0.0 17.8 10.6 0.0 10.6

5597.80 2.3 50407.24 34164 0.7843 1.48 9.5 4.4 0.0 0.0 0.0 33.9 13.9 0.0 13.9 Invert of 3rd row of reverse incline ports

5598.00 2.5 54258.11 10467 0.2403 1.72 9.9 4.7 1.7 0.0 0.0 36.7 16.3 0.0 16.3

5599.00 3.5 74510.99 64385 1.4781 3.19 11.8 6.0 4.1 0.0 0.0 43.5 21.8 0.0 21.8

5599.10 3.6 76740.17 7563 0.1736 3.37 11.9 6.1 4.2 0.0 0.0 44.1 22.3 0.0 22.3 Invert of 4th row of reverse incline ports

5600.00 4.5 96802.74 78094 1.7928 5.16 13.3 7.1 5.5 3.5 0.0 49.3 29.4 0.0 29.4

5601.00 5.5 120821.72 108812 2.4980 7.66 14.7 8.0 6.7 5.1 0.0 54.5 34.5 0.0 34.5

5602.00 6.5 145734.80 133278 3.0596 10.72 16.0 8.8 7.6 6.3 0.0 59.3 38.8 0.0 38.8 Top of principal spillway grate 

5603.00 7.5 171801.22 158768 3.6448 14.36 17.2 9.6 8.5 7.3 72.0 63.6 63.6 0.0 63.6

5604.00 8.5 199748.08 185775 4.2648 18.63 18.3 10.3 9.3 8.2 203.6 67.8 67.8 0.0 67.8  

5605.00 9.5 228924.69 214336 4.9205 23.55 19.4 10.9 10.0 9.0 374.1 71.6 71.6 0.0 71.6

5606.00 10.5 257929.73 243427 5.5883 29.14 20.4 11.5 10.6 9.8 576.0 75.3 75.3 0.0 75.3 Emergency spill. Elev. = lowest top of embankment ( f )

5607.00 11.5 273105.92 265518 6.0955 35.23 21.3 12.1 11.3 10.5 805.0 78.8 78.8 104.0 182.8

5608.00 12.5 281839.27 277473 6.3699 41.60 22.2 12.7 11.9 11.1 1058.2 82.2 82.2 294.2 376.3  

 

   

   

C = 0.590    g=32.2 ft/sec^2,  a=area (sq ft)   h=head (ft)

 
1.25

Emergency Spillway flows were computed based on the following data used in the weir equation
Q = CLH^ 1.5    C = discharge coeffient,  L = spillway length perp. to flow (ft), H = head (ft)

Emergergency Spillway  C = 2.60 L = 40 Emer. Spill. Elev.= 5606
Grate / Weir C = 3.00 L = 24 El. 8'x8' grate 5602
Data Source : Lidar Contours provided by SSCAFCA

( f ) Length assumed along top of pond embankment and elevations extended above emergency spillway to allow for 
rating curve to function if flow spills over top

Orfice equation and coefficient were obtained from Equation 4-10 and Table 4-3 from "Handbook of Hydraulics" Sixth Edition, by 
Brater & King, 1976. (e) The combined discharge of the reverse incline ports and  the grate (A),  will govern the discharge until the principal 

spillway outfall pipe becomes fully submerged.  When the sum of (A)s is greater than outfall pipe capacity then outfall 
pipe capacity governs the discharge  

    Principal Spill. Pipe radius r in feet =
d = depth of water in the pipe in feet Weir equation and "C" coefficients were obtained from Equation 5-10 and Table 5-3 from "Handbook of Hydraulics" Sixth 

Edition, by Brater & King, 1976.

Total  Principal 
Spillway / 

Outfall Pipe
Discharge

Total Discharge 
Rating Curve

Principal Spillway Orifice Diameter (inches)

Number of Orifices

(full area formula)

(partial area formula)
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AUX POND (Proposed)  
Elevation - Volume - Discharge Data and Computations

grey box means must input data (A) (A) (A)
Contour Elevation 

NAVD 1988
Depth  Contour

Area
Incremental

Volume
Incremental

Volume
Cumulative

Volume
1st Row of 

Reverse Incline 
Ports 

Discharge  

2nd Row of 
Reverse 

Incline Ports 
Discharge  

Principal 
Spillway Grate 

Discharge

Principal 
Spillway Outfall 

Pipe
Discharge  

Emergency
Spillway

Discharge Comment

6 6 30

4 3 1

(ft) (sq ft) (cu ft) (ac-ft) (ac-ft) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

(d) (a) (a) (b) (a)  ( e ) (b)

5585.00 0 458 0 0.0000 0.0000 0.0 0.0 0.0 0.0 0.0 0 0.0 Pond bottom, principal spillway structure invert and 1st row of ports

5586.00 1.0 3631 2044 0.0469 0.0469 0.0 0.0 0.0 23.2 0.0 0 0.0 Invert 2nd row of reverse incline ports

5587.00 2.0 6516 5073 0.1165 0.1634 3.7 2.8 0.0 32.9 6.5 0 6.5

5588.00 3.0 11115 8816 0.2024 0.3658 5.3 3.9 0.0 40.3 9.2 0 9.2

5589.00 4.0 21294 16205 0.3720 0.7378 6.4 4.8 0.0 46.5 11.3 0 11.3

5590.00 5.0 34867 28080 0.6446 1.3824 7.4 5.6 0.0 52.0 13.0 0 13.0 Top of principal spillway grate 

5591.00 6.0 47952 41409 0.9506 2.3331 8.3 6.2 18.8 56.9 33.4 0 33.4

5592.00 7.0 62079 55015 1.2630 3.5960 9.1 6.8 53.3 61.5 61.5 0 61.5

5593.00 8.0 76426 69252 1.5898 5.1858 9.8 7.4 97.9 65.7 65.7 0 65.7

5594.00 9.0 90217 83321 1.9128 7.0986 10.5 7.9 150.7 69.7 69.7 0 69.7 Emergency spill. Elev. = lowest top of embankment ( f )

5595.00 10.0 104778 97498 2.2382 9.3369 11.2 8.4 210.6 73.5 73.5 390 463.5

C = 0.590    g=32.2 ft/sec^2,  a=area (sq ft)   h=head (ft)

Not Used

 
1.25

Emergency Spillway flows were computed based on the following data used in the weir equation
Q = CLH^ 1.5    C = discharge coeffient,  L = spillway length perp. to flow (ft), H = head (ft)

Emergergency Spillway  C = 2.60 L = 150 Emer. Spill. Elev.= 5594

Grate / Weir C = 3.00 L = 6
El. 24 Inch 

Circular Pipe 
Grate

5589

Data Source : Lidar Contours provided by SSCAFCA

Table C-5 AUXILARY POND ROUTING

Total  Principal 
Spillway / 

Outfall Pipe
Discharge

Total Discharge 
Rating Curve

Principal Spillway Orifice Diameter (inches)

Number of Orifices

( f ) Length assumed along top of pond embankment and elevations extended above emergency spillway to 
allow for rating curve to function if flow spills over top

Orfice equation and coefficient were obtained from Equation 4-10 and Table 4-3 from "Handbook of 
Hydraulics" Sixth Edition, by Brater & King, 1976.

(e) The combined discharge of the reverse incline ports and  the grate (A),  will govern the discharge until the 
principal spillway outfall pipe becomes fully submerged.  When the sum of (A)s is greater than outfall pipe 
capacity then outfall pipe capacity governs the discharge  

    Principal Spill. Pipe radius r in feet =
d = depth of water in the pipe in feet Weir equation and "C" coefficients were obtained from Equation 5-10 and Table 5-3 from "Handbook of 

Hydraulics" Sixth Edition, by Brater & King, 1976.

(full area formula)

(partial area formula)
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Appendix C 

 

Model Results



Appendix C

Hydrologic model results

Notes:

Area Qp V Area Qp V

(mi2) (cfs) (ac‐ft) (mi2) (cfs) (ac‐ft)
L_101 0.387 309 28.3 L_101 0.387 326 29.8
L_101_J 0.387 309 28.3 L_101_J 0.387 326 29.8
L_101_R 0.387 309 28.3 L_101_R 0.387 325 29.8
L_201 0.100 72 5.5 L_201 0.100 92 6.8
L_102 0.063 62 3.4 L_102 0.063 86 4.4
L_102_J 0.550 385 37.2 L_102_J 0.550 423 40.9
Lisbon 0.550 68 37.2 Lisbon 0.550 70 40.9
L_301 0.056 47 3.0 L_301 0.056 65 4.0
L_103 0.025 12 0.9 L_103 0.025 26 1.7
L_103_J 0.081 58 3.9 L_103_J 0.081 92 5.7
L_401 0.023 39 1.8 L_401 0.023 51 2.3
L_104 0.021 19 1.0 L_104 0.021 34 1.6
L_401_J 0.044 57 2.8 L_401_J 0.044 85 3.8

Lisbon Aux 0.125 35 6.7 Lisbon Aux 0.125 60 9.5
L_104_J 0.675 97 43.9 L_104_J 0.675 122 50.4
L_104_R 0.675 98 43.9 L_104_R 0.675 122 50.4
L_105 0.022 20 1.2 L_105 0.022 34 1.9
L_105_J 0.697 102 45.1 L_105_J 0.697 130 52.4
L_105_R 0.697 102 45.1 L_105_R 0.697 130 52.4
SN_101 0.103 76 5.9 SN_101 0.103 95 7.2
SN_101_J 0.103 76 5.9 SN_101_J 0.103 95 7.2
SN_101_R 0.103 76 5.9 SN_101_R 0.103 95 7.2
SN_102 0.060 40 3.2 SN_102 0.060 64 4.6
SN_102_J 0.163 116 9.1 SN_102_J 0.163 157 11.7
SN_102_R 0.163 116 9.1 SN_102_R 0.163 157 11.7
SN_103 0.085 87 4.9 SN_103 0.085 111 6.1

Sunset Pond 0.248 31 14.0 Sunset Pond 0.248 34 17.8
SN_103_R 0.248 31 14.0 SN_103_R 0.248 34 17.8
L_501 0.034 21 2.0 L_501 0.034 30 2.7
L_501_J 0.034 21 2.0 L_501_J 0.034 30 2.7
L_501_R 0.034 21 2.0 L_501_R 0.034 30 2.7
L_501_J2 0.034 21 2.0 L_501_J2 0.034 30 2.7
L_501_R2 0.034 21 2.0 L_501_R2 0.034 30 2.7
SN_104 0.052 46 3.9 SN_104 0.052 50 4.2

HMS ID

Existing Conditions DEVEX Conditions

HMS ID

(1) Model results reported in this table are for the 100‐year design storm using no depth‐area reduction factor. 
Please modify the storm area in the HEC‐HMS model for analyses with larger contributing areas.
(2) Qp and V values for ponds correspond to peak outflow and outflow volume, respectively. For detailed pond 
routing including peak inflow, peak storage and peak elevation values, please consult the HEC‐HMS model.
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Area Qp V Area Qp V

(mi2) (cfs) (ac‐ft) (mi2) (cfs) (ac‐ft)
HMS ID

Existing Conditions DEVEX Conditions

HMS ID

L_502 0.027 36 2.1 L_502 0.027 40 2.2
L_106 0.017 29 1.3 L_106 0.017 29 1.3
L_106_J 1.075 189 68.4 L_106_J 1.075 242 80.6
L_106_R 1.075 188 68.4 L_106_R 1.075 241 80.6
L_107 0.148 133 12.1 L_107 0.148 133 12.1
L_107_J 1.223 310 80.5 L_107_J 1.223 369 92.7
L_107_R 1.223 310 80.5 L_107_R 1.223 369 92.7
SG_101 0.015 28 1.3 SG_101 0.015 28 1.3

Wallen Pond 0.015 1 1.3 Wallen Pond 0.015 1 1.3
SG_101_R 0.015 1 1.3 SG_101_R 0.015 1 1.3
SG_201 0.054 22 2.0 SG_201 0.054 47 3.7
SG_102 0.010 12 0.5 SG_102 0.010 17 0.8
SG_102_J 0.079 27 3.8 SG_102_J 0.079 54 5.7
SG_102_R 0.079 27 3.8 SG_102_R 0.079 54 5.7
SG_301 0.039 21 1.8 SG_301 0.039 41 3.3
SG_103 0.018 19 0.9 SG_103 0.018 34 1.5
SG_103_J 0.136 55 6.6 SG_103_J 0.136 108 10.4

Sugar Ridge Flow 
Diversion 0.136 5 1.6

Sugar Ridge Flow 
Diversion 0.136 5 2.0

SG_103_R 0.136 7 1.6 SG_103_R 0.136 5 2.0
SG_104 0.055 73 4.4 SG_104 0.055 77 4.5

Sugar Ridge Pond 0.191 64 5.7 Sugar Ridge Pond 0.191 72 6.2
SG_104_J 0.191 114 10.7 SG_104_J 0.191 176 14.6
SG_104_R 0.191 114 10.7 SG_104_R 0.191 176 14.6
SG_401 0.020 15 1.0 SG_401 0.020 29 1.6
SG_401_J 0.020 15 1.0 SG_401_J 0.020 29 1.6
SG_401_R 0.020 15 1.0 SG_401_R 0.020 29 1.6
SG_402 0.135 138 10.7 SG_402 0.135 143 11.0
SG_105 0.076 132 6.0 SG_105 0.076 139 6.3
SG_105_J 0.422 315 28.4 SG_105_J 0.422 405 33.5
SG_105_R 0.422 315 28.4 SG_105_R 0.422 405 33.5
L_108 0.027 44 2.0 L_108 0.027 49 2.2
L_108_J 1.672 590 110.9 L_108_J 1.672 715 128.4
L_108_R 1.672 590 110.9 L_108_R 1.672 713 128.4
I_101 0.073 108 6.1 I_101 0.073 108 6.1
I_201 0.062 99 5.1 I_201 0.062 99 5.1
I_101_J 0.135 205 11.1 I_101_J 0.135 205 11.1
I_101_R 0.135 206 11.1 I_101_R 0.135 206 11.1
I_102 0.063 98 5.1 I_102 0.063 98 5.1
L_109 0.031 49 2.4 L_109 0.031 48 2.4
L_109_J 1.901 751 129.5 L_109_J 1.901 883 147.0
L_109_R 1.901 753 129.5 L_109_R 1.901 884 147.0
L_110 0.130 221 11.2 L_110 0.130 221 11.2
L_110_J 2.031 849 140.7 L_110_J 2.031 964 158.2
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Area Qp V Area Qp V

(mi2) (cfs) (ac‐ft) (mi2) (cfs) (ac‐ft)
HMS ID

Existing Conditions DEVEX Conditions

HMS ID

L_110_R 2.031 851 140.7 L_110_R 2.031 964 158.2
A_101 0.184 214 15.8 A_101 0.184 214 15.8
A_201 0.060 76 5.1 A_201 0.060 76 5.1
A_101_J 0.244 288 20.9 A_101_J 0.244 288 20.9
A_101_R 0.244 288 20.9 A_101_R 0.244 288 20.9
A_101_J2 0.244 288 20.9 A_101_J2 0.244 288 20.9
A_101_R2 0.244 288 20.9 A_101_R2 0.244 288 20.9
A_102 0.052 95 4.5 A_102 0.052 95 4.5
A_102_J 0.296 332 25.3 A_102_J 0.296 332 25.3
A_102_R 0.296 332 25.4 A_102_R 0.296 332 25.4
A_103 0.113 111 6.8 A_103 0.113 140 8.3
L_111 0.047 71 3.5 L_111 0.047 76 3.7
L_111_J 2.487 1306 176.4 L_111_J 2.487 1434 195.6
L_111_R 2.487 1303 176.4 L_111_R 2.487 1431 195.6
B_101 0.178 126 10.1 B_101 0.178 176 13.3
B_101_J 0.178 126 10.1 B_101_J 0.178 176 13.3
B_101_R 0.178 126 10.1 B_101_R 0.178 176 13.3
B_102 0.018 9 0.7 B_102 0.018 10 0.8
B_102_J 2.683 1423 187.2 B_102_J 2.683 1601 209.6
B_102_R 2.683 1421 187.2 B_102_R 2.683 1604 209.6
B_103 0.122 72 5.9 B_103 0.122 87 6.9
B_103_J 2.805 1492 193.1 B_103_J 2.805 1690 216.4
B_103_R 2.805 1492 193.2 B_103_R 2.805 1689 216.5
B_201 0.179 134 9.8 B_201 0.179 181 12.6
B_301 0.052 32 2.6 B_301 0.052 48 3.7
B_201_J 0.231 164 12.4 B_201_J 0.231 228 16.3
B_201_R 0.231 164 12.4 B_201_R 0.231 228 16.3
B_202 0.096 95 5.7 B_202 0.096 119 6.8
B_104 0.016 8 0.6 B_104 0.016 8 0.6
B_104_J 3.148 1717 211.8 B_104_J 3.148 1985 240.1
B_104_R 3.148 1715 211.8 B_104_R 3.148 1985 240.1
WB_101 0.115 76 5.6 WB_101 0.115 120 8.1
WB_101_J 0.115 76 5.6 WB_101_J 0.115 120 8.1
WB_102 0.223 123 15.2 WB_102 0.223 138 17.0

WB_101_R 0.115 76 5.6 WB_101_R 0.115 120 8.1
WB_102_J 0.338 160 20.8 WB_102_J 0.338 199 25.1
WB_102_R 0.338 160 20.8 WB_102_R 0.338 199 25.1
WB_301 0.164 78 7.7 WB_301 0.164 127 11.6
WB_103 0.031 15 1.1 WB_103 0.031 16 1.1
WB_103_J 0.533 241 29.6 WB_103_J 0.533 336 37.7
WB_103_R 0.533 241 29.6 WB_103_R 0.533 336 37.7
WB_104 0.205 105 9.9 WB_104 0.205 272 22.3
WB_104_J 0.738 329 39.5 WB_104_J 0.738 576 60.1
WB_104_R 0.738 329 39.5 WB_104_R 0.738 576 60.1
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Area Qp V Area Qp V

(mi2) (cfs) (ac‐ft) (mi2) (cfs) (ac‐ft)
HMS ID

Existing Conditions DEVEX Conditions

HMS ID

WX_101 0.145 174 13.4 WX_101 0.145 174 13.4
WX_101_J 0.145 174 13.4 WX_101_J 0.145 174 13.4
WX_101_R 0.145 174 13.4 WX_101_R 0.145 174 13.4
WX_102 0.092 145 9.0 WX_102 0.092 149 9.2
WX_102_J 0.237 391 30.4 WX_102_J 0.237 397 30.7

Wexford Pond 0.237 136 30.4 Wexford Pond 0.237 137 30.7
WX_102_R 0.237 136 30.4 WX_102_R 0.237 137 30.7
U_201 0.025 47 2.4 U_201 0.025 47 2.4
U_102 0.010 26 1.1 U_102 0.010 26 1.1
U_102_J 0.272 165 33.9 U_102_J 0.272 166 34.2
U_102_R 0.272 165 33.9 U_102_R 0.272 166 34.2
WX_201 0.091 150 8.6 WX_201 0.091 155 8.8

Wexford Diversion 0.091 41 0.7 Wexford Diversion 0.091 46 0.8
U_301 0.013 28 1.2 U_301 0.013 29 1.3
U_301_J 0.104 61 1.9 U_301_J 0.104 67 2.1
U_301_R 0.104 61 1.9 U_301_R 0.104 67 2.1
U_401 0.056 112 5.4 U_401 0.056 112 5.4
U_401_J 0.056 112 5.4 U_401_J 0.056 112 5.4
U_401_R 0.056 112 5.4 U_401_R 0.056 112 5.4
U_402 0.031 70 3.1 U_402 0.031 70 3.1
U_402_J 0.087 171 8.5 U_402_J 0.087 171 8.5
U_402_R 0.087 170 8.5 U_402_R 0.087 170 8.5
U_403 0.006 13 0.6 U_403 0.006 15 0.6
U_403_J 0.093 181 9.1 U_403_J 0.093 183 9.1
U_403_R 0.093 180 9.1 U_403_R 0.093 181 9.1
U_101 0.042 40 3.5 U_101 0.042 74 6.0
U_101_J 0.042 40 3.5 U_101_J 0.042 74 6.0
U_101_R 0.042 40 3.5 U_101_R 0.042 74 6.0
U_103 0.057 160 8.4 U_103 0.057 163 8.6
U_103_J 0.568 570 56.8 U_103_J 0.568 606 60.0
U_103_R 0.568 571 56.8 U_103_R 0.568 606 60.0
U_104 0.054 153 7.8 U_104 0.054 156 8.0
U_104_J 0.622 710 64.6 U_104_J 0.622 746 68.0
U_104_R 0.622 711 64.6 U_104_R 0.622 746 68.0
U_501 0.013 42 1.9 U_501 0.013 43 1.9
U_501_J 0.013 42 1.9 U_501_J 0.013 43 1.9
U_501_R 0.013 42 1.9 U_501_R 0.013 43 1.9
U_105 0.048 81 3.9 U_105 0.048 114 5.3
U_502 0.036 38 2.5 U_502 0.036 40 2.6
U_105_J 0.719 856 72.9 U_105_J 0.719 916 77.8
U_105_R 0.719 852 72.9 U_105_R 0.719 914 77.8
WB_105 0.053 31 2.8 WB_105 0.053 78 6.3
B_105 0.036 53 2.9 B_105 0.036 68 3.6
B_105_J 4.694 2487 330.0 B_105_J 4.694 3156 387.9

Black WMP ‐ March 2021 C-5



Appendix C

Area Qp V Area Qp V

(mi2) (cfs) (ac‐ft) (mi2) (cfs) (ac‐ft)
HMS ID

Existing Conditions DEVEX Conditions

HMS ID

B_105_R 4.694 2485 330.0 B_105_R 4.694 3161 387.9
W_101 0.422 327 24.8 W_101 0.422 555 38.1
W_201 0.053 83 4.4 W_201 0.053 160 8.0

Gateway Pond 0.475 250 29.2 Gateway Pond 0.475 339 46.1
W_101_R 0.475 250 29.2 W_101_R 0.475 339 46.1
W_102 0.049 138 6.2 W_102 0.049 138 6.2
W_101_J 0.524 274 35.5 W_101_J 0.524 361 52.4
W_102_R 0.524 274 35.5 W_102_R 0.524 361 52.4
W_103 0.082 122 8.2 W_103 0.082 179 11.7
W_103_J 5.300 2840 373.7 W_103_J 5.300 3633 452.0
SO_201 0.169 402 17.7 SO_201 0.169 402 17.7
SO_201_J 0.169 402 17.7 SO_201_J 0.169 402 17.7
SO_201_R 0.169 399 17.7 SO_201_R 0.169 399 17.7
SO_101 0.043 41 3.4 SO_101 0.043 41 3.4
SO_102 0.032 93 4.1 SO_102 0.032 93 4.1
SO_102_J 0.075 110 7.5 SO_102_J 0.075 110 7.5
SO_102_R 0.075 110 7.5 SO_102_R 0.075 110 7.5
SO_103 0.060 139 6.9 SO_103 0.060 139 6.9
SO_103_J 0.304 648 32.1 SO_103_J 0.304 648 32.1
SO_103_R 0.304 647 32.1 SO_103_R 0.304 647 32.1
SO_301 0.027 67 3.4 SO_301 0.027 67 3.4
SO_301_J 0.027 67 3.4 SO_301_J 0.027 67 3.4
SO_301_R 0.027 67 3.4 SO_301_R 0.027 67 3.4
SO_302 0.058 140 6.1 SO_302 0.058 140 6.1
SO_302_J 0.389 838 41.6 SO_302_J 0.389 838 41.6
SO_302_R 0.389 840 41.6 SO_302_R 0.389 840 41.6
B_401 0.099 204 10.2 B_401 0.099 204 10.2

Stone Bridge Pond 0.099 80 10.2 Stone Bridge Pond 0.099 80 10.2
B_401_R 0.099 83 10.2 B_401_R 0.099 83 10.2
B_402 0.160 345 16.0 B_402 0.160 345 16.0
B_106 0.122 58 5.7 B_106 0.122 219 18.3
B_106_J 6.070 3386 447.2 B_106_J 6.070 4326 538.1
B_106_R 6.070 3378 447.2 B_106_R 6.070 4325 538.1
B_107 0.036 53 2.4 B_107 0.036 53 2.4
B_107_J 6.106 3393 449.5 B_107_J 6.106 4341 540.5
EB_101 0.200 302 18.3 EB_101 0.200 351 20.9
EB_101_J 0.200 302 18.3 EB_101_J 0.200 351 20.9
EB_101_R 0.200 301 18.3 EB_101_R 0.200 351 20.9
EB_102 0.009 20 0.9 EB_102 0.009 20 0.9
EB_102_J 0.209 313 19.2 EB_102_J 0.209 364 21.8
EB_102_R 0.209 314 19.2 EB_102_R 0.209 363 21.8
EB_201 0.107 217 10.0 EB_201 0.107 217 10.0
EB_201_J 0.107 217 10.0 EB_201_J 0.107 217 10.0
EB_201_R 0.107 218 10.0 EB_201_R 0.107 218 10.0
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Area Qp V Area Qp V

(mi2) (cfs) (ac‐ft) (mi2) (cfs) (ac‐ft)
HMS ID

Existing Conditions DEVEX Conditions

HMS ID

EB_202 0.016 35 1.5 EB_202 0.016 35 1.5
EB_202_J 0.123 250 11.6 EB_202_J 0.123 250 11.6
EB_202_R 0.123 250 11.6 EB_202_R 0.123 250 11.6
EB_301 0.115 171 10.4 EB_301 0.115 171 10.4
EB_203 0.024 52 2.3 EB_203 0.024 52 2.3
EB_103 0.019 42 1.8 EB_103 0.019 42 1.8
EB_103_J 0.490 772 45.3 EB_103_J 0.490 825 48.0
EB_103_R 0.490 772 45.3 EB_103_R 0.490 826 48.0
EB_401 0.168 235 15.5 EB_401 0.168 237 15.6
EB_401_J 0.168 235 15.5 EB_401_J 0.168 237 15.6
EB_401_R 0.168 235 15.5 EB_401_R 0.168 237 15.6
EB_402 0.070 117 6.4 EB_402 0.070 118 6.4
EB_402_J 0.728 1096 67.2 EB_402_J 0.728 1152 70.0
EB_402_R 0.728 1097 67.2 EB_402_R 0.728 1152 70.0
EB_501 0.107 151 9.2 EB_501 0.107 151 9.2
EB_501_J 0.107 151 9.2 EB_501_J 0.107 151 9.2
EB_501_R 0.107 151 9.2 EB_501_R 0.107 151 9.2
EB_601 0.055 61 3.4 EB_601 0.055 58 3.3
EB_601_J 0.055 61 3.4 EB_601_J 0.055 58 3.3
EB_601_R 0.055 61 3.4 EB_601_R 0.055 58 3.3
EB_602 0.209 211 15.5 EB_602 0.209 211 15.4
EB_104 0.199 315 19.5 EB_104 0.199 317 19.7
EB_502 0.032 60 3.0 EB_502 0.032 63 3.1
EB_104_J 1.330 1859 117.8 EB_104_J 1.330 1917 120.7
EB_104_R 1.330 1858 117.8 EB_104_R 1.330 1916 120.7
EB_104_J2 1.330 1858 117.8 EB_104_J2 1.330 1916 120.7
EB_104_R2 1.330 1858 117.8 EB_104_R2 1.330 1916 120.7
EB_105 0.052 99 4.5 EB_105 0.052 132 5.8
EB_105_J 1.382 1902 122.4 EB_105_J 1.382 1970 126.5
EB_105_R 1.382 1899 122.3 EB_105_R 1.382 1966 126.5
EB_106 0.104 196 9.9 EB_106 0.104 225 11.2
EB_107 0.085 112 6.4 EB_107 0.085 132 7.4
EB_107_J 1.571 2107 138.6 EB_107_J 1.571 2202 145.0
EB_107_R 1.571 2104 138.6 EB_107_R 1.571 2203 145.0
EB_108 0.140 273 12.9 EB_108 0.140 284 13.4
EB_109 0.121 236 13.0 EB_109 0.121 236 13.0
EB_109_J 1.832 2409 164.6 EB_109_J 1.832 2515 171.4
EB_109_R 1.832 2410 164.6 EB_109_R 1.832 2517 171.4
EB_701 0.150 307 15.0 EB_701 0.150 305 14.9
EB_701_J 0.150 307 15.0 EB_701_J 0.150 305 14.9
EB_701_R 0.150 308 15.0 EB_701_R 0.150 305 14.9
EB_702 0.038 125 5.6 EB_702 0.038 126 5.7
EB_702_J 0.188 424 20.6 EB_702_J 0.188 423 20.6
EB_702_R 0.188 420 20.6 EB_702_R 0.188 418 20.5
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Appendix C

Area Qp V Area Qp V

(mi2) (cfs) (ac‐ft) (mi2) (cfs) (ac‐ft)
HMS ID

Existing Conditions DEVEX Conditions

HMS ID

EB_703 0.471 673 48.9 EB_703 0.471 750 53.8
Cabezon Tract 17 Pond 0.659 472 69.4 Cabezon Tract 17 Pond 0.659 485 74.2

EB_703_R 0.659 472 69.4 EB_703_R 0.659 485 74.2
EB_704 0.229 407 22.5 EB_704 0.229 503 27.3
EB_110 0.006 4 0.2 EB_110 0.006 4 0.2
EB_110_J 2.726 3132 256.7 EB_110_J 2.726 3310 273.1
EB_110_R 2.726 3131 256.7 EB_110_R 2.726 3310 273.1
EB_801 0.130 284 13.6 EB_801 0.130 285 13.7
EB_111 0.044 44 3.3 EB_111 0.044 65 4.6
EB_111_J 2.900 3320 273.5 EB_111_J 2.900 3521 291.3
EB_111_R 2.900 3319 273.5 EB_111_R 2.900 3524 291.3
EB_901 0.059 124 7.5 EB_901 0.059 137 8.3
EB_901_J 0.059 124 7.5 EB_901_J 0.059 137 8.3
EB_901_R 0.059 124 7.5 EB_901_R 0.059 137 8.3
EB_902 0.320 387 29.5 EB_902 0.320 394 30.0
EB_902_J 0.379 507 37.0 EB_902_J 0.379 526 38.3
EB_902_R 0.379 507 37.0 EB_902_R 0.379 526 38.3
EB_112 0.033 91 4.1 EB_112 0.033 96 4.3
EB_903 0.028 57 2.6 EB_903 0.028 93 4.1
EB_112_J 3.340 3875 317.3 EB_112_J 3.340 4110 338.0
B_501 0.048 110 4.8 B_501 0.048 110 4.8
B_108 0.029 37 1.7 B_108 0.029 37 1.7

Black Arroyo Dam 9.523 2784 773.3 Black Arroyo Dam 9.523 3024 885.0
Outfall 9.523 2784 773.3 Outfall 9.523 3024 885.0
C_101 0.594 585 48.4 C_101 0.594 585 48.4

Closed Basin Outlet 0.594 585 48.4 Closed Basin Outlet 0.594 585 48.4

Black WMP ‐ March 2021 C-8
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Appendix D

LEE offset caluclations

Existing Q100
Dominant 

Discharge Q100
Slope S0

Critical 
Slope S0

Maximum Lateral 
Erosion Distance 

∆max

Est. Channel 
Width WD

Offset

(cfs) (cfs) (ft/ft) (ft/ft) (ft) (ft) (ft)
L_110_R* 851 170 0.023 0.019 90 36 90
L_111_R 1303 261 0.021 0.018 111 43 133
B_102_R 1421 284 0.018 0.017 117 44 139
B_103_R 1492 298 0.016 0.017 122 45 144
B_104_R 1715 343 0.015 0.017 133 48 158

East Branch EB_104_R* 1858 372 0.023 0.017 136 49 136

* Well defined channels ‐ Bankline Setback method used to calculate offset and map LEE

ReachTributary

Black Arroyo

Black WMP ‐ March 2021 D-2
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Appendix E 

Black WMP – March 2021 

Crossing Structure 1 – Lisbon Channel at Tarpon Avenue 

 
Upstream face 

 
Downstream face 
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Appendix E 

Black WMP – March 2021 

Crossing Structure 2 – Lisbon Channel at Southern Boulevard 

 
Upstream channel 

 
Upstream face 
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Appendix E 

Black WMP – March 2021 

  
Downstream face 

 

Downstream channel 
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Appendix E 

Black WMP – March 2021 

Crossing Structure 3 – Ivory Channel at Southern Boulevard 

 
Upstream face inaccessible due to vegetation. Photo taken at upstream crossing at Spur Road. 

 
Upstream channel 
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Appendix E 

Black WMP – March 2021 

 

 
Downstream face 

 
Downstream channel 
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Appendix E 

Black WMP – March 2021 

Crossing Structure 4 – Unser Channel at Commercial Drive 

 
Upstream channel 

 
Upstream face 
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Appendix E 

Black WMP – March 2021 

 

 
Downstream face 

 
Downstream channel 

E-8



Appendix E 

Black WMP – March 2021 

Crossing Structure 5 – Unser Channel at 14th Avenue/Cabezon Boulevard 

 
Upstream channel 

 
Upstream face 
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Appendix E 

Black WMP – March 2021 

 

 
Downstream face 

 
Downstream channel 
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Appendix E 

Black WMP – March 2021 

Crossing Structure 6 – West Branch at Unser Boulevard 

 
Upstream channel 

 
Upstream face 
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Appendix E 

Black WMP – March 2021 

 

 
Downstream channel 

 
Downstream face 
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Appendix E 

Black WMP – March 2021 

Crossing Structure 7 – Nicklaus Channel (East Branch) at Southern Boulevard 

 
Upstream channel 

 
Upstream face 
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Black WMP – March 2021 

 
Downstream channel 

 
Downstream face 
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Appendix E

Culvert data summary table

Dimension
Number of 
Barrels

Manning's 
n

Length
Max Allowable 
Headwater 

Depth

Max Allowable 
Headwater 
Elevation

Upstream 
Invert

Downstream 
Invert

Slope

(ft) (‐) (‐) (ft) (ft) (ft) (ft) (ft) (ft/ft)
1 Lisbon Channel at Tarpon Ave. Trapezoidal Bridge Irregular N/A 0.035 36 6 106 100 100 0.009 Irregular shape see capacity analysis for dimensions
2 Lisbon Channel at Southern Blvd. CBC 10'Sx4'R 1 0.015 138 11 5432 5421 5416 0.030
3 Ivory Channel at Southern Blvd.  CBC 12'Sx6'R 2 0.015 174 7 5464 5457 5453 0.025
4 Unser Channel at Commercial Dr. Trapezoidal Culvert Irregular N/A 0.015 85 4 5376 5371 5370 0.020 Irregular shape see capacity analysis for dimensions

5
Unser Channel at 14th 
Ave./Cabezon Blvd. 

CBC 10'Sx5'R 2 0.015 110 8 5334 5326 5325 0.005 Record drawings show RCP. CBC in the field

6 West Branch at Unser Blvd. CBC 10'Sx7.5'R 4 0.015 641 10 5282 5272 5261 0.019
Record drawings show outlet at Westisde Blvd. but 
connection added to lined Black Arroyo

7
Nicklaus Channel (East Branch) at 
Southern Blvd.

CMP 4.5' Diam. 6 0.024 125 6 5452 5447 5443 0.028

Existing Structure 
Description

Location
Crossing 
Number

Comments

Black WMP ‐ March 2021 E-15



HY-8 Culvert Analysis Report

Crossing Discharge Data

Discharge Selection Method: User Defined
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Table 1 - Summary of Culvert Flows at Crossing: Lisbon Channel @ Tarpon Ave
Headwater Elevation 

(ft)
Total Discharge (cfs) Trapezoidal bridge 

crossing Discharge 
(cfs)

Roadway Discharge 
(cfs)

Iterations

105.92 900.00 900.00 0.00 1
106.00 909.00 909.00 0.00 1
106.00 909.27 909.27 0.00 Overtopping
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Rating Curve Plot for Crossing: Lisbon Channel @ Tarpon Ave
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Table 2 - Culvert Summary Table: Trapezoidal bridge crossing
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

900.00 900.00 105.92 4.875 5.923 6-FFc 2.500 2.500 2.500 1.255 9.278 0.000
909.00 909.00 106.00 4.937 5.999 6-FFc 2.500 2.500 2.500 1.255 9.371 0.000
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 100.00 ft,    Outlet Elevation (invert): 99.68 ft

Culvert Length: 36.00 ft,    Culvert Slope: 0.0089

********************************************************************************

E-21E-21



Culvert Performance Curve Plot: Trapezoidal bridge crossing
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Water Surface Profile Plot for Culvert: Trapezoidal bridge crossing

Site Data - Trapezoidal bridge crossing

Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  100.00 ft
Outlet Station:  36.00 ft
Outlet Elevation:  99.68 ft
Number of Barrels:  1

Culvert Data Summary - Trapezoidal bridge crossing

Barrel Shape:  User Defined
Barrel Span:  48.80 ft
Barrel Rise:  2.50 ft
Barrel Material:  Concrete
Embedment:  0.00 in
Barrel Manning's n:  0.0130 (top and sides)
Manning's n:  0.0350 (bottom)
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 3 - Downstream Channel Rating Curve (Crossing: Lisbon Channel @ Tarpon 
Ave) Flow (cfs) Water Surface Elev (ft) Depth (ft)

900.00 100.94 1.25
909.00 100.94 1.25
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Tailwater Channel Data - Lisbon Channel @ Tarpon Ave

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  100.94 ft

Roadway Data for Crossing: Lisbon Channel @ Tarpon Ave

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  100.00 ft
Crest Elevation:  106.00 ft
Roadway Surface:  Paved
Roadway Top Width:  30.00 ft
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Crossing Discharge Data

Discharge Selection Method: User Defined
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Table 4 - Summary of Culvert Flows at Crossing: Lisbon Channel @ Southern Blvd
Headwater Elevation 

(ft)
Total Discharge (cfs) CBC Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

5431.97 1880.00 1880.00 0.00 1
5432.00 1883.00 1883.00 0.00 1
5432.00 1883.59 1883.59 0.00 Overtopping
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Rating Curve Plot for Crossing: Lisbon Channel @ Southern Blvd

E-28E-28



Table 5 - Culvert Summary Table: CBC
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1880.00 1880.00 5431.97 11.451 6.659 5-S2n 2.909 5.755 3.557 3.000 22.021 0.000
1883.00 1883.00 5432.00 11.473 6.678 5-S2n 2.913 5.761 3.562 3.000 22.029 0.000
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 5420.52 ft,    Outlet Elevation (invert): 5416.39 ft

Culvert Length: 137.82 ft,    Culvert Slope: 0.0300

********************************************************************************
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Culvert Performance Curve Plot: CBC
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Water Surface Profile Plot for Culvert: CBC

Site Data - CBC

Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  5420.52 ft
Outlet Station:  137.76 ft
Outlet Elevation:  5416.39 ft
Number of Barrels:  2

Culvert Data Summary - CBC

Barrel Shape:  Concrete Box
Barrel Span:  12.00 ft
Barrel Rise:  6.00 ft
Barrel Material:  Concrete
Embedment:  0.00 in
Barrel Manning's n:  0.0150
Culvert Type:  Straight
Inlet Configuration:  Square Edge (90º) Headwall
Inlet Depression:  None
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Table 6 - Downstream Channel Rating Curve (Crossing: Lisbon Channel @ Southern 
Blvd) Flow (cfs) Water Surface Elev (ft) Depth (ft)

1880.00 5419.39 3.00
1883.00 5419.39 3.00
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Tailwater Channel Data - Lisbon Channel @ Southern Blvd

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  5419.39 ft

Roadway Data for Crossing: Lisbon Channel @ Southern Blvd

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  100.00 ft
Crest Elevation:  5432.00 ft
Roadway Surface:  Paved
Roadway Top Width:  100.00 ft
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Crossing Discharge Data

Discharge Selection Method: User Defined
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Table 7 - Summary of Culvert Flows at Crossing: Ivory Channel @ Southern Blvd
Headwater Elevation 

(ft)
Total Discharge (cfs) CBC Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

5463.93 380.00 380.00 0.00 1
5463.99 383.00 383.00 0.00 1
5464.00 383.53 383.53 0.00 Overtopping
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Rating Curve Plot for Crossing: Ivory Channel @ Southern Blvd
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Table 8 - Culvert Summary Table: CBC
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

380.00 380.00 5463.93 6.702 2.517 5-S2n 1.937 3.553 2.103 2.000 18.072 0.000
383.00 383.00 5463.99 6.760 2.576 5-S2n 1.948 3.571 2.116 2.000 18.099 0.000
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 5457.23 ft,    Outlet Elevation (invert): 5452.88 ft

Culvert Length: 173.98 ft,    Culvert Slope: 0.0250

********************************************************************************
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Culvert Performance Curve Plot: CBC
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Water Surface Profile Plot for Culvert: CBC

Site Data - CBC

Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  5457.23 ft
Outlet Station:  173.93 ft
Outlet Elevation:  5452.88 ft
Number of Barrels:  1

Culvert Data Summary - CBC

Barrel Shape:  Concrete Box
Barrel Span:  10.00 ft
Barrel Rise:  4.00 ft
Barrel Material:  Concrete
Embedment:  0.00 in
Barrel Manning's n:  0.0150
Culvert Type:  Straight
Inlet Configuration:  Square Edge (90º) Headwall
Inlet Depression:  None
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Table 9 - Downstream Channel Rating Curve (Crossing: Ivory Channel @ Southern 
Blvd) Flow (cfs) Water Surface Elev (ft) Depth (ft)

380.00 5454.88 2.00
383.00 5454.88 2.00
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Tailwater Channel Data - Ivory Channel @ Southern Blvd

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  5454.88 ft

Roadway Data for Crossing: Ivory Channel @ Southern Blvd

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  100.00 ft
Crest Elevation:  5464.00 ft
Roadway Surface:  Paved
Roadway Top Width:  100.00 ft
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Crossing Discharge Data

Discharge Selection Method: User Defined
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Table 10 - Summary of Culvert Flows at Crossing: Unser Channel @ Commercial Dr
Headwater Elevation 

(ft)
Total Discharge (cfs) Trapezoidal culvert 

Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

5375.37 400.00 400.00 0.00 1
5375.54 415.00 415.00 0.00 1
5375.54 415.15 415.15 0.00 Overtopping
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Rating Curve Plot for Crossing: Unser Channel @ Commercial Dr
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Table 11 - Culvert Summary Table: Trapezoidal culvert
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

400.00 400.00 5375.37 4.154 3.087 5-S2n 1.752 2.989 2.034 1.646 13.965 0.000
415.00 415.00 5375.54 4.318 3.243 5-S2n 1.788 3.051 2.083 1.646 14.051 0.000
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 5371.22 ft,    Outlet Elevation (invert): 5369.53 ft

Culvert Length: 85.02 ft,    Culvert Slope: 0.0199

********************************************************************************
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Culvert Performance Curve Plot: Trapezoidal culvert
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Water Surface Profile Plot for Culvert: Trapezoidal culvert

Site Data - Trapezoidal culvert

Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  5371.22 ft
Outlet Station:  85.00 ft
Outlet Elevation:  5369.53 ft
Number of Barrels:  1

Culvert Data Summary - Trapezoidal culvert

Barrel Shape:  User Defined
Barrel Span:  23.20 ft
Barrel Rise:  3.29 ft
Barrel Material:  Concrete
Embedment:  0.00 in
Barrel Manning's n:  0.0150 (top and sides)
Manning's n:  0.0150 (bottom)
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None

E-51E-51



Table 12 - Downstream Channel Rating Curve (Crossing: Unser Channel @ 
Commercial Dr)Flow (cfs) Water Surface Elev (ft) Depth (ft)

400.00 5371.18 1.65
415.00 5371.18 1.65
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Tailwater Channel Data - Unser Channel @ Commercial Dr

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  5371.18 ft

Roadway Data for Crossing: Unser Channel @ Commercial Dr

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  100.00 ft
Crest Elevation:  5375.54 ft
Roadway Surface:  Paved
Roadway Top Width:  80.00 ft
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Crossing Discharge Data

Discharge Selection Method: User Defined
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Table 13 - Summary of Culvert Flows at Crossing: Unser Channel @ 14th Ave
Headwater Elevation 

(ft)
Total Discharge (cfs) CBC Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

5333.91 1000.00 1000.00 0.00 1
5334.00 1011.00 1011.00 0.00 1
5334.00 1011.09 1011.09 0.00 Overtopping
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Rating Curve Plot for Crossing: Unser Channel @ 14th Ave
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Table 14 - Culvert Summary Table: CBC
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1000.00 1000.00 5333.91 7.910 6.926 5-S2n 4.004 4.266 4.024 2.500 12.426 0.000
1011.00 1011.00 5334.00 8.000 7.006 5-S2n 4.036 4.297 4.056 2.500 12.463 0.000
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 5326.00 ft,    Outlet Elevation (invert): 5325.40 ft

Culvert Length: 110.00 ft,    Culvert Slope: 0.0055

********************************************************************************
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Culvert Performance Curve Plot: CBC
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Water Surface Profile Plot for Culvert: CBC

Site Data - CBC

Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  5326.00 ft
Outlet Station:  110.00 ft
Outlet Elevation:  5325.40 ft
Number of Barrels:  2

Culvert Data Summary - CBC

Barrel Shape:  Concrete Box
Barrel Span:  10.00 ft
Barrel Rise:  5.00 ft
Barrel Material:  Concrete
Embedment:  0.00 in
Barrel Manning's n:  0.0150
Culvert Type:  Straight
Inlet Configuration:  Square Edge (90º) Headwall
Inlet Depression:  None
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Table 15 - Downstream Channel Rating Curve (Crossing: Unser Channel @ 14th Ave)

Flow (cfs) Water Surface Elev (ft) Depth (ft)

1000.00 5327.90 2.50
1011.00 5327.90 2.50
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Tailwater Channel Data - Unser Channel @ 14th Ave

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  5327.90 ft

Roadway Data for Crossing: Unser Channel @ 14th Ave

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  100.00 ft
Crest Elevation:  5334.00 ft
Roadway Surface:  Paved
Roadway Top Width:  100.00 ft
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Crossing Discharge Data

Discharge Selection Method: User Defined
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Table 16 - Summary of Culvert Flows at Crossing: West Branch @ Unser Blvd
Headwater Elevation 

(ft)
Total Discharge (cfs) CBC Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

5281.82 2900.00 2900.00 0.00 1
5281.83 2904.00 2904.00 0.00 1
5281.83 2904.63 2904.63 0.00 Overtopping
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Rating Curve Plot for Crossing: West Branch @ Unser Blvd
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Table 17 - Culvert Summary Table: CBC
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

2900.00 2900.00 5281.82 9.487 0.0* 5-S2n 3.372 5.465 3.413 3.750 21.240 0.000
2904.00 2904.00 5281.83 9.498 0.0* 5-S2n 3.375 5.470 3.418 3.750 21.243 0.000
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* Full Flow Headwater elevation is below inlet invert.
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 5272.33 ft,    Outlet Elevation (invert): 5260.50 ft

Culvert Length: 641.57 ft,    Culvert Slope: 0.0184

********************************************************************************
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Culvert Performance Curve Plot: CBC
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Water Surface Profile Plot for Culvert: CBC

Site Data - CBC

Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  5272.33 ft
Outlet Station:  641.46 ft
Outlet Elevation:  5260.50 ft
Number of Barrels:  4

Culvert Data Summary - CBC

Barrel Shape:  Concrete Box
Barrel Span:  10.00 ft
Barrel Rise:  7.50 ft
Barrel Material:  Concrete
Embedment:  0.00 in
Barrel Manning's n:  0.0150
Culvert Type:  Straight
Inlet Configuration:  Square Edge (90º) Headwall
Inlet Depression:  None
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Table 18 - Downstream Channel Rating Curve (Crossing: West Branch @ Unser Blvd)

Flow (cfs) Water Surface Elev (ft) Depth (ft)

2900.00 5264.25 3.75
2904.00 5264.25 3.75
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Tailwater Channel Data - West Branch @ Unser Blvd

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  5264.25 ft

Roadway Data for Crossing: West Branch @ Unser Blvd

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  100.00 ft
Crest Elevation:  5281.83 ft
Roadway Surface:  Paved
Roadway Top Width:  100.00 ft
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Crossing Discharge Data

Discharge Selection Method: User Defined
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Table 19 - Summary of Culvert Flows at Crossing: Nicklaus Channel (East Branch) @ 
Southern BlvdHeadwater Elevation 

(ft)
Total Discharge (cfs) CMP Discharge (cfs) Roadway Discharge 

(cfs)
Iterations

5452.15 790.00 790.00 0.00 1
5452.20 797.00 797.00 0.00 1
5452.20 797.16 797.16 0.00 Overtopping
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Rating Curve Plot for Crossing: Nicklaus Channel (East Branch) @ Southern Blvd
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Table 20 - Culvert Summary Table: CMP
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

790.00 790.00 5452.15 5.653 3.934 5-S2n 2.873 3.376 2.873 2.250 12.282 0.000
797.00 797.00 5452.20 5.700 4.004 5-S2n 2.891 3.391 2.891 2.250 12.303 0.000
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********************************************************************************

Straight Culvert

Inlet Elevation (invert): 5446.50 ft,    Outlet Elevation (invert): 5443.00 ft

Culvert Length: 125.05 ft,    Culvert Slope: 0.0280

********************************************************************************
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Culvert Performance Curve Plot: CMP
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Water Surface Profile Plot for Culvert: CMP

Site Data - CMP

Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  5446.50 ft
Outlet Station:  125.00 ft
Outlet Elevation:  5443.00 ft
Number of Barrels:  6

Culvert Data Summary - CMP

Barrel Shape:  Circular
Barrel Diameter:  4.50 ft
Barrel Material:  Corrugated Steel
Embedment:  0.00 in
Barrel Manning's n:  0.0240
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None
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Table 21 - Downstream Channel Rating Curve (Crossing: Nicklaus Channel (East 
Branch) @ Southern Blvd)Flow (cfs) Water Surface Elev (ft) Depth (ft)

790.00 5445.25 2.25
797.00 5445.25 2.25
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Tailwater Channel Data - Nicklaus Channel (East Branch) @ Southern Blvd

Tailwater Channel Option:  Enter Constant Tailwater Elevation
Constant Tailwater Elevation:  5445.25 ft

Roadway Data for Crossing: Nicklaus Channel (East Branch) @ Southern Blvd

Roadway Profile Shape:  Constant Roadway Elevation
Crest Length:  100.00 ft
Crest Elevation:  5452.20 ft
Roadway Surface:  Paved
Roadway Top Width:  100.00 ft
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