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September 6, 2023 
 
 
J. Graeme Means, P.E.  
High Mesa Consulting Group 
6010 B Midway Park Blvd NE 
Albuquerque, NM 87109 
 
 
RE: International Library Pond – Phase 1 & 2 
 Drainage Report 
 Engineer’s Stamp Date: 08/04/23 
 Hydrology File: K19D005A 
 CPN: 722596 
 
 
Dear Mr. Means: 
 
Based upon the information provided in your submittal received 08/04/2023, the Drainage 
Report is not approved for Work Order.  The following comments need to be addressed for 
approval of the above referenced project: 
 

1. AMAFCA has reviewed the Drainage Report and discussed this project’s Phase 2 (CPN 
722597) and its coordination with the Zuni-Penn Pond Project and determined that the 
analysis shown for Phase 2 is not appropriate for the proposed drainage infrastructure. 
The hydraulic analysis provided does not adequately demonstrate anticipated facility 
performance of IDL as a surge pond for the Dallas Storm Drain. As such, AMAFCA will 
not approve or concur with any drainage report that does not analyze the storm drain 
system using EPA SWMM (or equivalent hydraulic modeling). AMAFCA is currently 
working with its engineering consultant for the design of the Zuni-Penn Pond to perform 
such analysis that includes the proposed Phase 1 and Phase 2 plans for the IDL pond. 
 

2. Hydrology has discussed what needs to be included in Phase 1 with Jim Roeder (DRC) 
and Jared Romero (AMAFCA) and the Drainage Report and Phase 1 Work Order (CPN 
722596) will need to be revised to include installing the cattleguard inlet and connecting 
to the pond.  With this in mind, the report needs to address the following items: 
 

a. Calculate the Q100 that is coming down Chico (Q1). This can be from a previous 
Master Drainage Plan. 

b. Calculate the Q that will be collected by the new cattleguard inlet. (Q2)  
c. Calculate the Q that bypasses the cattleguard inlet. (Q3) 
d. Calculate the volume that the pond will hold and use this to build an emergency 

spillway. This should be at the low spot along Chico.   
e. Calculate the Q that will then use the emergency spillway and enter Chico. (Q4) 
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As a reminder, if the project total area of disturbance (including the staging area and any work 
within the adjacent Right-of-Way) is 1 acre or more, then an Erosion and Sediment Control 
(ESC) Plan and Owner’s certified Notice of Intent (NOI) is required to be submitted to the 
Stormwater Quality Engineer (Doug Hughes, PE, jhughes@cabq.gov, 924-3420) 14 days prior to 
any earth disturbance. 
 
If you have any questions, please contact me at 924-3995 or rbrissette@cabq.gov .   
 
 
Sincerely,     

 
Renée C. Brissette, P.E. CFM 
Senior Engineer, Hydrology 
Planning Department 

https://www.cabq.gov/planning/development-review-services/hydrology-section
mailto:jhughes@cabq.gov
mailto:rbrissette@cabq.gov
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International District Library Surge Pond Drainage Report 
City Project #s 722596 & 7722597 

Hydrology File K19/D005A 
08/04/2023 

 
EXECUTIVE SUMMARY:  This project is located in the City of Albuquerque’s International District, 
northwest of the intersection of Central Avenue NE and Pennsylvania Road NW.  The City of Albuquerque 
project with partial AMAFCA funding will construct a surge / detention pond (Phase 1) with a related public 
storm drain system (Phase 2) intended to partially mitigate historic area flooding problems due to undersized 
or non-existent existing public drainage infrastructure, including the Dallas Street NW storm drain.  Upon 
completion of Phase 1, the ponding area will be developed as a public City park by a separate project.   

In current conditions there is flooding in Chico Road NE as evidenced by a mapped flood hazard zone (A).  
This is attributable to a large upstream basin with no storm drains or inlets to intercept or accept surface 
runoff.  During larger rainfall events the Dallas storm drain reaches full capacity and can’t intercept 
additional runoff from the east, resulting in surface flow bypass to the west down Central Avenue and Chico 
Road NE with associated downstream flooding. Phase 2 construction will have the ability to act as detention 
and surge pond for the Chico runoff, and also has the potential to work in tandem with the proposed Zuni-
Pennsylvania Detention Pond project to significantly reduce the peak flow rate and volume of stormwater 
flowing north in the Dallas Street NE storm drain.  If implemented, this would free up capacity to allow the 
Dallas system to more effectively intercept runoff from the east and convey it to the north, with an eventual 
outfall at the I-40 channel. 

This report is submitted for City Work Order approval. 

                                                            

             
J. Graeme means, PE        Date 
New Mexico License # 13676 

08/04/2023
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INTRODUCTION:  Phase 1 of the project will construct an interim retention pond on City-owned property 
immediately east of the recently construction International District Library (IDL).  This pond will include 
a storm drain pipe stubbed out to the north to the Chico right-of-way for future connection in Phase 2.  Upon 
completion of Phase 1, the City will develop the pond as a park with a turf field. 

Phase 2 will construct a new storm drain system with inlets in Chico Rd. NE that will intercept Chico Road 
surface flows, and will also operate relieve the burden on the overtaxed Dallas Street Storm drain by 
providing an outlet for stormwater to surge back to the proposed IDL pond under conditions where the flow 
depth in the 66” Dallas storm drain exceed 1.2 ft.  The Dallas storm drain currently receives runoff from 
the Campus Wash Basin to the south of Central, and from the Central Avenue upstream contributing area.  
Providing a surge outlet for the Dallas system at Chico would reduce the peak flow rate and volume that 
continues north in Dallas from Chico, thereby allowing the Dallas storm drain to more effectively intercept 
runoff from the east-west streets north of Chico and reduce downstream flooding west of Dallas in those 
streets.  The Chico storm drain connection to Dallas will also serve as the outfall for the pond after the peak 
storm conditions pass and the Dallas system can subsequently receive the discharge.  At this point the surge 
pond will become a detention pond. 

Phase 2 of the project will also include two new Type “A” inlets and a cattle guard inlet in Chico.  Chico 
Road NE is currently encumbered by mapped floodplain and the contributing drainage basin does not have 
any inlets to intercept street flow and introduce the stormwater into the Dallas Storm drain at Chico.  
Downstream flooding in Chico is problematic.  In addition to receiving potential surge flow from the Central 
Avenue Basin that contributes to the Dallas storm drain, the new IDL pond will also accept street flow 
intercepted in Chico Road NE by the new inlets, thereby reducing downstream flooding in Chico. 
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For most storm events, the Chico / IDL system will function as a detention pond for Chico runoff.  It also 
will have the ability to work in tandem with the proposed Zuni-Pennsylvania Detention Pond project that 
proposes to construct an orifice plate in the Central Avenue storm drain that will limit the peak rate of 
stormwater flow in the reach of the Dallas Street Storm drain between Central and Chico, with the majority 
of the Central Avenue Basin runoff being forced up to the Zuni-Penn pond by the orifice plate. 

The historic flooding issues and larger scale area drainage conditions are more fully described by the Final 
San Mateo to Moon Mini Drainage Management Plan prepared for AMAFCA by Smith Engineering 
Company dated November 2017 and by the Draft Zuni Pennsylvania Detention Pond Report prepared for 
AMAFCA by Parametrix dated October, 2022.  The IDL Pond and Zuni-Penn ponds are also described and 
summarized in the AMAFCA Board Meeting Memo and Technical Memo dated 07/07/2022 (Exhibit B). 

The aforementioned IDL Pond and Zuni-Penn projects with contributing drainage basins are shown by 
Exhibit A attached to this report with an excerpt below to show the two projects in context.  The information 
and flow rates for the Zuni-Penn system are preliminary, and subject to the final design and analysis. 
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The Phase 1 IDL pond will be constructed on City-owned property – The eastern half of Tract A, 
International District Library (2020C-0057) located at the southwest corner of Charleston Street NE and 
Chico Road NE.  The related storm drain improvements will be constructed in City rights-of-way for Dallas 
Street NE and Chico Road NE.  Chico Road NE is encumbered by a Flood Hazard Zone (A).   

EXISTING CONDITIONS (SITE):  The proposed pond site is currently undeveloped and is mostly bare 
soil as a result of site demolition projects by the City in advance of and as part of the International District 
Library (IDL) project.  The previous use was a paved parking lot and a small commercial building. The 
pond site generally slopes from east to west at approximately 1.5% where site runoff is intercepted by a 
temporary shallow retention / sediment pond.  No runoff leaves the site from the proposed ponding area. 
Chico Road NE is a fully improved public street with curb and gutter and sidewalks that slopes from east 
to west at approximately 1.3%.  Chico is encumbered by a Type A Flood Hazard Zone.  There are currently 
no storm drains or drainage facilities serving Tract A or Chico Road NW, and street runoff and runoff from 
contributing areas flows downhill to the west of the site.  As described by the aforementioned Mini Moon 
DMP, there is significant flooding in the downstream areas. 

EXISTING CONDITIONS (UPSTREAM / OFF-SITE):  There are three upstream drainage basins that 
impact this project. As described by the AMAFCA Memo (Exhibit B) and also by the Parametrix Zuni-
Penn report, the Central / Pennsylvania Basin is roughly bordered by Central on the north, Zuni on the 
south, Wyoming on the east, and Pennsylvania on the West.  This basin currently drains to the Dallas storm 
drain that is overtaxed.  These basins from those reports are as shown by the following: 
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The AMAFCA Memo roughly calculated the area to be 40.8 acres with a 100-year peak discharge of 180 
cfs and the Parametrix Report calculated the area to be 39.6 acres with a 100-year peak flow rate of 172 cfs.   

The Chico Basin drains to the Dallas/Chico intersection (AP-1 on Exhibit A and for the purposes of this 
report).  This basin is also roughly outlined on the AMAFCA image above and also shown on the exhibit 
below.  Neither this office nor AMAFCA have been able to find record drainage reports for this basin. 
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As described in with Mini Moon DMP, the Campus Wash Basin serves a large area bounded by Central, 
Gibson, San Mateo, and Wyoming that generates a peak 100-year discharge 274 cfs to the Dallas storm 
drain.  Previous studies have determined that the capacity of the Dallas storm drain at this point is also 274 
cfs meaning that there is no capacity in the Dallas storm drain for additional runoff north of Central to enter 
the system under certain circumstances such as a storm that moves from south to north. 

DEVELOPED CONDITIONS (Phase 1):  Phase 1 will construct a temporary retention pond that will 
only accept the runoff that falls on it.  No adjacent or offsite runoff will enter the pond until Phase 2 is 
constructed.  The proposed Phase 1 grading plan is included as Exhibit C.  As shown by the following, the 
100 year, 10-day volume to be retained will be 0.2044 ac-ft / 8,900 cf.  Ignoring infiltration, this will result 
in a 10-day water surface level of 5344.9 with a maximum depth of 1.2 ft at the outer edge of the apron of 
the proposed beehive inlet. 

 

DEVELOPED CONDITIONS (Phase 2):   

As shown by the plan and profile (Exhibit D) and Exhibit A, Phase 2 of the project will convert the Phase 
1 retention pond to a detention pond by installing a storm drain system in Chico with a cattle guard inlet 
and two Type “A” inlets.  This system will drain via gravity to the Dallas Street storm drain at a new 
manhole at AP-1 unless the Dallas SD is surcharged in which case the pond storage will be temporarily 
held until the HGL in Dallas recedes to a level below the water surface level, allowing flow to the east.  For 
events that result in a flow depth exceeding 1.2 ft in the Dallas storm drain or pressure/surcharged 
conditions, flow in Dallas will surge back up through the new Chico storm drain into the pond. 



Page 7 of 8 
 
Intercepting Chico runoff and diverting it into the detention pond will significantly reduce the rate and 
volume of stormwater runoff observed downstream in Chico.  For more frequent events, this intercepted 
runoff will initially drain into the pond until it reaches an elevation of 5343.7 at which point it will begin to 
flow down the Chico storm drain back to Dallas by gravity.  For larger events that result in backup or 
capacity limitations in the Dallas storm drain, the pond will temporarily hold the stormwater up to the full 
5.02 acre-ft capacity and water surface level of 5350.2 until the downstream surge condition recedes and 
will then drain under gravity flow at a maximum rate of 21.8 cfs (limited by the two 24” parallel pipes - see 
Exhibit E for calculations) and take approximately 2.8 hours to empty (219,593 CF / 21.8 CFS = 2.8 hrs).  

The 45-acre Chico Basin is capable of generating approximately 7.2 acre-feet of runoff for the 100-year 
storm.  The proposed pond will have a maximum storage volume of 5.02 acre-feet at the maximum W.S.L 
5350.2 which is elevation of the proposed the cattle guard grate.  At this elevation the pond will no longer 
accept surface runoff and any bypass flow will continue to the west in Chico.  The cattle guard will therefore 
serve as the emergency overflow for this pond. 

FUTURE CONDITIONS:  As mentioned earlier in this report, the proposed Zuni-Penn project, once 
constructed, will detain runoff from the Campus Wash basin and a portion of the Central Basin will also be 
diverted into it by orifice plate, thereby significantly reducing the flow rate in the Dallas storm drain to a 
level much less than its capacity.  This will either eliminate or significantly reduce the frequency of a surge 
condition as the maximum HGL in Dallas will be significantly lowered to an elevation corresponding to the 
flow depth resulting from the new reduced flow rate in the pipe downstream of Zuni-Penn.    In conjunction 
with that project, and to provide future benefits to the watershed, an orifice plate could be added to the 
manhole at AP-1 to restrict the outflow to the north and increase the HGL in the manhole to 5354.95, 
thereby creating a controlled surge condition for storm water to back up in the Chico storm drain into the 
IDL pond for more frequent events.  This HGL elevation of 5354.95 was selected based upon the most 
limiting reach with the two 24-inch parallel pipes keeping the HGL at the cattle guard rim and SDMH #1 
rim with a potential surge flow of 46.9 cfs under pressure conditions (see Exhibit E for calculations).  
Although one could force the HGL at SDMH to the rim with an orifice plate, the resulting flow rate of 72.8 
cfs in the 36-inch pipe reaches to the west would result in an HGL that exceeds the rim at SDMH #1 
resulting in additional street flow. 

Additionally, there have been discussions about a potential future project to introduce Chico runoff into the 
Dallas SD at Charleston, upstream of AP-1.  The Chico basin currently has no infrastructure to introduce 
runoff into Dallas SD and runoff eventually continues to the west down Chico.  This potential future project 
would increase flow in the Dallas storm drain upstream of AP-1, and therefore increase the HGL at the new 
AP-1 manhole and promote a surge condition back to the IDL pond. 

The proposed Phase 2 Chico SD could therefore function as a surge outlet to the Phase 1 pond for the Zuni-
Penn project and/or for a Charleston Diversion project.   In the absence of either project, it will still serve 
as a detention pond to mitigate downstream flooding in Chico.   
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The size and installation timing of a potential future orifice plate at AP-1 should be determined by the future 
projects based upon their resultant flow rates and volumes in the Dallas storm drain.  Until either is 
constructed, an orifice plate should not be installed as the Dallas system is already overtaxed and an orifice 
plate would be problematic as it would further restrict the capacity and result in additional bypass, backup, 
and flooding upstream of AP-1. 

 

SUMMARY AND CONCLUSION 

This project will construct a pond and storm drain system that will: 

1) Be a temporary retention pond holding the runoff that falls on it (Phase 1). 
2) Be further improved as a public park.  
3) Intercept and detain Chico Road runoff (Phase 2), significantly reducing the peak rate and volume 

in the downstream street. 
4) Significantly improve the current condition whereby there is no storm drain system or flow 

interception for a public street that is a mapped floodplain with downstream flooding issues. 
5) Potentially work in tandem with the proposed Zuni-Penn project to relieve pressure on the existing 

overtaxed Dallas storm drain system. 
6) Provide options for possible future flow interception at Chico and Pennsylvania. 
7) Be constructed and maintained by the City of Albuquerque. 
8) Provide water quality benefits. 

A more complex analysis of the overall watershed with all systems in place is beyond the scope of study 
and report for this project.  The limited hydraulic and hydrologic calculations contained herein are intended 
to support the functionality of the IDL pond and the Chico storm drain maximum surge capacity and 
capacity to drain out by gravity under non-pressure or surge conditions. to and not to represent a 
comprehensive analysis.  The intent of this project is to provide a qualitative improvement to the overall 
area drainage conditions.  All proposed manhole lids on this project will be vented to allow relief as surface 
flow to the streets if HGL’s greater than rim height occur.  In all cases the runoff will then either flow down 
to the next interception opportunity, or if the pond is full, will continue down the street to the west in Chico 
consistent with historic patterns, but with reduced rates and volumes, thereby representing a qualitative 
improvement for all rainfall events.   
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AMAFCA Board Meeting Memorandum Agenda Item 13f(ii) 
Information Item 
 
To:  AMAFCA Board of Directors   
From:  Bradley L Bingham, P.E., Drainage Engineer  
Date:  July 22, 2022  
 
Subject: Dallas Storm Drain Regional Flood Control Facilities - International District 

Library Pond – Project Update 
 
Action  
Requested: None 
 

 
The picture above depicts floodplain (in green) in the area downstream of the  
Dallas Storm Drain 

gmeans
Text Box
Exhibit B



 
Past Hydrology Studies: 
Campus Wash Floodplain Removal Project (Smith) - Identified that runoff from the study area 
(Central to Gibson, Wyoming to San Mateo) overwhelmed all storm drains serving the area. 
Specifically, the Dallas Storm Drain receives 274 cfs from south of Central. This is the maximum 
capacity of the 66” RCP SD and any runoff generated north of Central cannot enter the system.  
 
San Mateo to Moon Mini DMP (Smith) - The study area encompassed Central to I-40, Moon to 
Washington. Study corroborated that storm drains (which generally run south to north) are full 
once they cross Central. It also determined that approximately 40 AF of detention storage is needed 
to mitigate the lack of capacity in the sub-basin that feeds the Dallas Storm Drain. 
 
Zuni Penn Pond 
Zuni Penn Pond Feasibility Study (Smith) - The study stated that the sub-basin upstream of the 
intersection of Zuni and Pennsylvania generates 38 AF total, and that a 22 AF detention pond 
releasing 48 cfs could be situated on the 2.2-acre site. To achieve 22 AF of storage, the bottom of 
the pond would have to be below the invert of the storm drain feeding it; therefore, pumping would 
be necessary. To maximize the benefit of the pond system, staff assessed the option of increasing 
the pond volume to the recommended 40 AF. The sub-basin that enters the storm drain at Central 
and Pennsylvania is approximately 40 acres. This area generates approximately 180 cfs peak 
discharge and 9 AF of runoff volume. 
  

 
 
Assessing the system downstream of the proposed Zuni-Penn pond, it was determined that the 
storm drain would immediately be full again once runoff from Central entered it. Installing an 



orifice (sized to allow 40 cfs to pass) at this location would essentially divert 140 cfs back to the 
Zuni Penn pond. 

 
International District Library (IDL) Pond 
In October 2019, AMAFCA and the City of Albuquerque entered into an agreement to participate 
in property acquisition, design, and construction of the International District Library Pond (at the 
site of the old Caravan Night Club). This property was identified, due to its proximity to the Dallas 
Storm Drain, as a location for a surge pond to “park” water out of the system until peak flows 
could pass. Preliminary design estimates identified 4-5 AF of storage volume could be available. 
Once the Zuni Penn pond is operational, there only be 60 cfs in the Dallas Storm Drain at the 
location of the IDL surge pond. Staff is recommending routing the sub-basin north of Central to 
the Dallas Storm Drain (at Chico) to fully maximize the benefit of the surge pond on the system. 
This will allow surface runoff on the streets north of Chico to enter the storm drain instead of 
bypassing the system.  
 
Neither the Zuni Penn pond nor the IDL pond by themselves provide the fully-needed benefit to 
the system because immediately downstream from either of these facilities, the system becomes 
full again. .AMAFCA has committed $1.25 million (IDL) and $1.4 million (Zuni Penn) to date to 
help remove floodplain, and mitigate flooding problems in a blighted neighborhood near Louisiana 
Blvd and Central Ave.. 
 
Possible Budget Impact 
Zuni Penn Regional Drainage Facility is a Tier 1 project. AMAFCA has paid $850,000 toward 
the property acquisition and design of the IDL pond. $400,000 will be provided once the 
construction contract is awarded  
 
Possible Staff Impact 
Project Management of the Zuni Penn Regional Drainage Facility design is part of staff normal 
work load. 
 
 



Zuni-Penn Pond Project Technical Memorandum  
 
To:  AMAFCA Projects File # 2001ZuniPennPond   
From:  Bradley L. Bingham, P.E. AMAFCA Drainage Engineer  
Date:  July 7, 2022 
 
Subject: Zuni Penn Pond Design  
 
Summary: 
 
 
Past Hydrology Studies:   
Campus Wash Floodplain Removal Project (Smith) - Identified that runoff from the study area 
(Central to Gibson, Wyoming to San Mateo) overwhelmed all storm drains serving the area. 
Specifically, the Dallas Storm Drain receives 274 cfs from south of Central. This is the 
maximum capacity of the 66” RCP SD and runoff generated north of Central cannot enter the 
system. 
                                  
San Mateo to Moon Mini DMP (Smith) - The study area encompassed Central to I-40, Moon to 
Washington. Study corroborated that storm drains (which generally run south to north) are full 
once they cross Central. It determined that approximately 40 AF of detention storage is needed to 
mitigate the lack of capacity in the sub-basin that feeds the Dallas Storm Drain. 
 
Hydrology 
Zuni Penn Pond Feasibility Study (Smith) - The study stated that the sub-basin upstream of the 
intersection of Zuni and Pennsylvania generates 38 AF total, and that a 22 AF detention pond 
releasing 48 cfs could be situated on the 2.2 acre site. The sub-basin that enters the storm drain at 
Central and Pennsylvania is approximately 40 acres. The site is located in Zone 3 (Figure 6.2.3, 
DPM). Using DPM tables 6.2.13 and 6.2.14, this area generates approximately 180 cfs peak 
discharge and 9 AF of runoff volume. Assessing the system downstream of the proposed Zuni-
Penn pond, it became obvious that the storm drain would be “full” again once runoff from 
Central entered it.  
 
Hydraulics 
The Zuni Penn Pond and Pumpstation is at the corner of Zuni and Pennsylvania. A 36” RCP SD 
(s = 0.65%, Qmax=59cfs) in Pennsylvania and a 54” RCP SD (s = 1.00%, Qmax=215 cfs) in 
Zuni combine at the intersection and heads north in a 66” RCP SD (s = 0.56%) in Pennsylvania 
to Central. The system continues west to Dallas, then north in Dallas to the Embudo Arroyo. A 
66” RCP at 0.56% has a maximum capacity of 274 cfs. 
 
Per Work Order plans for the Dallas St, Interceptor Storm Sewer (CPN 860460, 1929 datum), the 
invert of the 66” storm drain at Pennsylvania and Central is noted as 5345.74 and the rim is 
approximately 5357.5. Adjusting these elevations to 1988 datum (approximately 2.7 feet) yields 
an invert at 5348.4 and rim at 5360.2. 
 
 



 
 

             
 
The work order plans show a manhole at Zuni and Pennsylvania with an invert at 5350.7 and rim 
at approximately 5360 +/-. Adjusted (1988 datum) invert is 5353.4 and 5362.7. Survey recently 
obtained verifies these adjustments. 
 
Proposed Hydraulics 
In order to maximize the benefit of the Zuni-Penn pond (and keep stormwater in the pond from 
“leaking” out at Central and Pennsylvania), the maximum water surface in the pond must be at or 
below 5360.2 and provide approximately 30 AF of storage at that elevation. 
 
An orifice placed in the manhole at Central and Pennsylvania, sized to allow a maximum of 40 
cfs to pass, will essentially divert the remaining 140 cfs to the Zuni Penn pond. A new 54” inlet 
into the pond from the Zuni storm drain will allow for this 140 cfs to enter the pond and a 
flapgate will prevent this 140 cfs flowrate from flowing back into the stormdrain.  
 
A new manhole constructed at the northeast corner of the Zuni Penn pond (with an orifice sized 
for 20 cfs) will divert 195 cfs into the pond. Another orifice (sized for 40 cfs) placed at an 
existing manhole at Central and Pennsylvania will divert 140 cfs into the Zuni Penn pond. The 
outlet from the pond will entail the construction of a new manhole in the Pennsylvania storm 
drain (with and orifice sized for 30 cfs). See sketch below. 
 



 
 
Surface water from the east, which currently bypasses the system, creates floodplain and 
flooding risk to numerous properties downstream.  This proposed modification to the system will 
provide badly-needed capacity in the Dallas SD system and allow for the removal of many 
residential properties to be removed from the FEMA floodplain. 
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08/03/23  05:35:59 PM

Jeff Mortensen & Associates, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    (203) 755-1666

Project Engineer: Graeme Means
FlowMaster v6.0 [614b]

Page 1 of 1

Project Description

Worksheet Circular Channel - 24"

Flow Element Circular Channel

Method Manning's Formula

Solve For Full Flow Capacity

Input Data

Mannings Coefficient0.013

Slope 0.002000 ft/ft

Diameter 24 in

Results

Depth 2.00 ft

Discharge 10.12 cfs

Flow Area 3.1 ft²

Wetted Perimeter 6.28 ft

Top Width 0.00 ft

Critical Depth 1.14 ft

Percent Full 100.0 %

Critical Slope0.005222 ft/ft

Velocity 3.22 ft/s

Velocity Head 0.16 ft

Specific Energy 2.16 ft

Froude Number 0.00

Maximum Discharge10.88 cfs

Discharge Full 10.12 cfs

Slope Full 0.002000 ft/ft

Flow Type N/A

gmeans
Rectangle

gmeans
Text Box
Two Parallel Pipes at 10.88 cfs each = 21.8 cfs.  Gravity Flow Pond Draining After Storm Event

gmeans
Text Box
EXHIBIT E
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Jeff Mortensen & Associates, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    (203) 755-1666

Project Engineer: Graeme Means
FlowMaster v6.0 [614b]

Page 1 of 1

Project Description

Worksheet Circular Channel - 36"

Flow Element Circular Channel

Method Manning's Formula

Solve For Full Flow Capacity

Input Data

Mannings Coefficient0.013

Slope 0.002000 ft/ft

Diameter 36 in

Results

Depth 3.00 ft

Discharge 29.83 cfs

Flow Area 7.1 ft²

Wetted Perimeter 9.42 ft

Top Width 0.00 ft

Critical Depth 1.77 ft

Percent Full 100.0 %

Critical Slope0.004673 ft/ft

Velocity 4.22 ft/s

Velocity Head 0.28 ft

Specific Energy 3.28 ft

Froude Number 0.00

Maximum Discharge32.08 cfs

Discharge Full 29.83 cfs

Slope Full 0.002000 ft/ft

Flow Type N/A

gmeans
Rectangle

gmeans
Text Box
Gravity Flow in 36" Pipe -Pond Draining After Storm Event.
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Jeff Mortensen & Associates, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    (203) 755-1666

Project Engineer: Graeme Means
FlowMaster v6.0 [614b]

Page 1 of 4

Project Description

Worksheet Pressure Pipe - 1

Flow Element Pressure Pipe

Method Manning's Formula

Solve For Pressure at 1

Input Data

Pressure at 2 4.30 psi

Elevation at 1 42.60 ft

Elevation at 2 42.86 ft

Length 135.00 ft

Mannings Coefficient0.013

Diameter 36 in

Discharge 46.90 cfs

Results

Pressure at 1 4.70 psi

Headloss 0.67 ft

Energy Grade at 1 54.13 ft

Energy Grade at 2 53.46 ft

Hydraulic Grade at 153.45 ft

Hydraulic Grade at 252.78 ft

Flow Area 7.1 ft²

Wetted Perimeter 9.42 ft

Velocity 6.63 ft/s

Velocity Head 0.68 ft

Friction Slope 0.004945 ft/ft

gmeans
Text Box
Surge Condition SDMH 4 to SDMH 3
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Jeff Mortensen & Associates, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    (203) 755-1666

Project Engineer: Graeme Means
FlowMaster v6.0 [614b]

Page 2 of 4

Project Description

Worksheet Pressure Pipe - 2

Flow Element Pressure Pipe

Method Manning's Formula

Solve For Pressure at 1

Input Data

Pressure at 2 4.22 psi

Elevation at 1 42.91 ft

Elevation at 2 42.95 ft

Length 20.00 ft

Mannings Coefficient0.013

Diameter 36 in

Discharge 46.90 cfs

Results

Pressure at 1 4.28 psi

Headloss 0.10 ft

Energy Grade at 1 53.47 ft

Energy Grade at 2 53.37 ft

Hydraulic Grade at 152.78 ft

Hydraulic Grade at 252.68 ft

Flow Area 7.1 ft²

Wetted Perimeter 9.42 ft

Velocity 6.63 ft/s

Velocity Head 0.68 ft

Friction Slope 0.004945 ft/ft

gmeans
Text Box
Surge Condition SDMH 3 to SDMH 2
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Jeff Mortensen & Associates, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    (203) 755-1666

Project Engineer: Graeme Means
FlowMaster v6.0 [614b]

Page 3 of 4

Project Description

Worksheet Pressure Pipe - 3

Flow Element Pressure Pipe

Method Manning's Formula

Solve For Pressure at 1

Input Data

Pressure at 2 3.77 psi

Elevation at 1 43.00 ft

Elevation at 2 43.30 ft

Length 139.00 ft

Mannings Coefficient0.013

Diameter 36 in

Discharge 46.90 cfs

Results

Pressure at 1 4.20 psi

Headloss 0.69 ft

Energy Grade at 1 53.37 ft

Energy Grade at 2 52.68 ft

Hydraulic Grade at 152.68 ft

Hydraulic Grade at 252.00 ft

Flow Area 7.1 ft²

Wetted Perimeter 9.42 ft

Velocity 6.63 ft/s

Velocity Head 0.68 ft

Friction Slope 0.004945 ft/ft

gmeans
Text Box
Surge Condition SDMH 2 to SDMH 1
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Jeff Mortensen & Associates, Inc.
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    (203) 755-1666

Project Engineer: Graeme Means
FlowMaster v6.0 [614b]

Page 4 of 4

Project Description

Worksheet Pressure Pipe - 4

Flow Element Pressure Pipe

Method Manning's Formula

Solve For Discharge

Input Data

Pressure at 1 3.88 psi

Pressure at 2 2.73 psi

Elevation at 1 43.30 ft

Elevation at 2 43.70 ft

Length 210.00 ft

Mannings Coefficient0.013

Diameter 24 in

Results

Discharge 23.43 cfs

Headloss 2.25 ft

Energy Grade at 1 53.11 ft

Energy Grade at 2 50.86 ft

Hydraulic Grade at 152.25 ft

Hydraulic Grade at 250.00 ft

Flow Area 3.1 ft²

Wetted Perimeter 6.28 ft

Velocity 7.46 ft/s

Velocity Head 0.86 ft

Friction Slope 0.010726 ft/ft

gmeans
Text Box
24" Pipe Max Pressure Capacity at Cattle Guard Grate and Rim at SDMH #1.
2 pipes x 23.43 cfs = 46.9 cfs

gmeans
Text Box
Surge Condition SDMH 1 to Cattle Guard
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