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State	of	Practice	for	Hydrology	
Migrating	from	AHYMO’97	to	HEC‐HMS	(and	USEPA	SWMM)	

Introduction 
 
AMAFCA commissioned its on-call consulting engineer, Easterling Consultants LLC (now 
Occam Engineers, Inc.) to explore the potential, the opportunities and the obstacles to migrating 
from the current regionally used AHYMO_97 hydrology modeling tool and its associated DPM 
hydrologic methodology to US Army Corps of Engineers HEC-HMS for upland watersheds and 
to USEPA SWMM for the valley areas. Occam Engineers Inc. was asked to recommend a 
hydrologic methodology that produces reasonable and consistent results when evaluated in the 
context of the region’s existing drainage infrastructure which was designed and built using 
modern analyses and design criteria. Any proposed migration away from the current DPM 
hydrologic methodology for larger watersheds (> 40 acres) will also require the adoption of a 
new methodology for those that are less than 40 acres to keep the DPM internally consistent.  
 
Computer models should: 

 Incorporate the latest technology within the state of the practice in urban hydrology 
 Have very good user manuals and technical documentation 
 Be in the public domain and universally available free or at minimal expense 
 Be able to run on current computer operating systems and have strong and sustainable 

support for maintenance and updates as computers and technology progress 
 Be GIS compatible 
 Be operated with easily acquired and readily available data for its operation 
 Be able to produce reasonable and consistent results when used in accordance with sound 

engineering principles and practices  
 Be acceptable to the City of Albuquerque, Office of State Engineer, FEMA, NMDOT and 

other approving and coordinating agencies 
 

The recommended hydrologic methods should: 
 Be based on sound engineering and physical processes 
 Be relatively simple to use by practitioners and to review by government engineers 
 Be widely understood or at least understandable both inside and outside the local 

engineering community 
 Be based on physical processes while allowing for the application of sound engineering 

judgment 
 Be able to produce consistent results when used in accordance with sound engineering 

principles and practices  
 Be performed with easily acquired and readily available data  
 Give reasonable results consistent with current practices (not produce runoff values that 

are significantly higher or lower than those used in recent years)  
 Be useable within the computer models chosen without significant modification or 

alteration  
 Be acceptable to the City of Albuquerque, Office of State Engineer, FEMA, NMDOT and 

other approving and coordinating agencies 
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Background 
 
Albuquerque Metropolitan Arroyo Flood Control Authority (AMAFCA) tasked Easterling 
Consultants LLC (now Occam Engineers Inc.) with developing this white paper to assist the 
community in the required migration from AHYMO_97 (Anderson-Hydro) as the local 
hydrologic model of choice to HEC-HMS (US Army Corps of Engineers). This white paper 
provides background information in support of both the need to abandon the DOS version of 
AHYMO_97 and the recommendation to adopt MS Windows platform HEC-HMS as the upland 
hydrology model of choice and USEPA SWMM as the lowlands or valley model of choice. 
 
AHYMO_97 - AHYMO_97 is an Arid Lands HYdrology MOdel. This program was based on 
the USDA Agricultural Research Service (ARS) HYMO program. HYMO was introduced to 
New Mexico and the Albuquerque area in 1979 when it was adapted by Bohannan Houston, Inc. 
as AHYMO for use in the City of Albuquerque’s Master Drainage Study (AMDS) of the 
northeast and southeast heights of Albuquerque. At that time, there were no urban hydrology 
models in existence suitable for modeling the urban watersheds in Albuquerque. Beginning in 
1986, Cliff Anderson, P.E., then an AMAFCA employee, began to modify the computer code 
within the original ARS HYMO for most of the same purposes that were required for use in the 
AMDS. However, the basic NRCS Runoff Curve Number (CN) method used in both the original 
HYMO and the AMDS version of AHYMO was replaced by a set of hydrologic methods based 
on then available rainfall/runoff hydrologic data and some field data gathered for that purpose by 
AMAFCA thought to be specific to the Albuquerque region. As a result, it soon became the 
program of choice by the AMAFCA and the City of Albuquerque. 
 
AHYMO_97 is a DOS operating system program which requires the 80 character input format 
left over from the days of punch cards. This system has become obsolete with the demise of MS 
Windows XP and the advent of MS Windows 7 and later versions. AHYMO_97 will not run on 
MS Windows 7 and later versions of the Windows operation system, thus making it effectively 
impossible to use. AHYMO_97 cannot be used by engineers outside New Mexico (such as 
FEMA reviewers), needing to test and evaluate modeling results. A newer version of 
AHYMO_97 (called AHYMO_S4) has been produced by Anderson-Hydro which will run on a 
MS Windows 7 operating platform, but that version is not currently listed by FEMA as an 
acceptable computer model for conducting flood plain studies. Anecdotally, recent side-by-side 
testing of AHYMO_97 and AHYMO_S4 by one of AMAFCA’s consultants indicates that the 
new version appears to produce significantly different results from those of AHYMO_97 
particularly in larger watersheds. The reasons and solutions to this issue have not been identified 
and are not included in this White Paper. 
 
Approach and Findings 
 
The approach used to arrive at a set of recommendations and assist in gaining their approval with 
the local engineering community is as follows:  
 
A. Determine the “state of the practice” in urban hydrology, particularly in the southwest US;  

An internet survey was conducted of all available on-line information for cities in New 
Mexico and larger communities in surrounding states. Of those in New Mexico not using 
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AHYMO and the City of Albuquerque DPM or some derivative of it, the overwhelming 
majority use the Rational Method for small basins where no hydrograph is needed (i.e. for 
pond design) and NRCS “TR-55 Hydrology for Urban Watersheds” for their hydrology 
method when basin size exceeds 40-60 acres or a hydrograph is needed. The exception is 
Arizona where ADOT and some of the larger cities use Clark’s Unit Hydrograph method for 
larger basins. NMDOT, Texas DOT, Colorado DOT and Utah DOT all either require or 
allow TR-55 and/or NRCS Curve Number method for hydrologic computations. 
See Appendix A, “Other Users of CN Method,” for a more complete listing of Federal, State 
and local TR-55 users. 

 
B. Review available computer models meeting the criteria. 

The internet was surveyed again for computer models meeting the desired criteria. The 
available models fitting the stated criteria are limited to USACE HEC-HMS for upland 
hydrology modeling and USEPA SWMM for valley type conditions. Both are widely used, 
generally taught in engineering schools, in the public domain, relatively easy to learn and 
use, well documented and supported, run on the latest computer operating systems and the 
required input data is usually readily available or easily obtainable. See Appendix B, “HEC-
HMS Described,” for more details its capabilities and use. 
 

C. Recommend hydrologic data inputs 
1) Rainfall distribution, and source of data – NOAA Atlas 14 data as found on NOAA’s data 

server. A range of rainfall distributions can be generated at this site. A 25% frequency 
curve distribution is recommended for most applications. Runoff values are somewhat 
sensitive to this decision, but not as much as was assumed. Further study was performed 
to provide guidance in the selection of a standard rainfall distribution for modeling in the 
local area.  
a) Rainfall Distribution Sensitivity Analyses -Appendix C “Rainfall”  contains the 

results of the sensitivity analysis performed on seven HEC-HMS watershed models 
previously prepared for AMAFCA, SSCAFCA and NMDOT by local consultants. 
Modeled watersheds range in size from 119 acres to over 15,000 acres. Six are urban 
watersheds and one is rural. Five different rainfall distributions (DPM AHYMO, 
NRCS Type II75, and 25%, 33% and 50% frequency distributions from HEC-HMS) 
were tested in each of the seven models in order to determine if, and to what degree 
the results are sensitive to rainfall distribution. See “Rainfall Distribution Sensitivity 
Analysis” for a more thorough discussion and for the foundation for the 
recommendation for adoption of the 25% distribution. 

b) NOAA’s data server is a tremendous resource for collecting and portraying rainfall 
related data in several useful forms. Since the data is geospatially related, maps of 
rainfall amounts, intensities and the relationships of these to location can be readily 
determined. A sampling of the type and format that data can be retrieved and 
presented is shown in Appendix C as well. 

2) Rainfall/Runoff transformation method – the NRCS Runoff Curve Number method as 
described in NRCS TR-55 is recommended as the rainfall/runoff transform. It is widely 
used and understood. The method has been in use in its current form for over 30 years 
and in some form for over 50 years and is used around the world in both rural and urban 
settings. See Appendix D “Rainfall Runoff with TR-55”. 

3) Unit Hydrograph Selection – there is little data available for use in determining an 
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appropriate unit hydrograph shape. Given that the intent is actually to develop a 
comprehensive and compatible hydrologic modeling approach for use in planning, design 
and evaluation of storm drainage and flood control facilities and not an attempt in 
mimicking an actual storm, the recommended approach is to incorporate the SCS unit 
hydrograph shape as the standard and to verify that the design rainfall distribution chosen 
is compatible with it. Since whichever storm temporal distribution is chosen as the 
standard will very likely never actually occur, nor will it be distributed over the 
watershed evenly as our assumptions dictate, the key is to choose a unit 
hydrograph/storm distribution/rainfall-runoff transform combination the produces results 
compatible with the community’s desired level of protection. 

4) Time of Concentration Determination Method – it is recommended that the upland flow 
method be used for determining time of concentration as described in TR-55 and the 
current DPM. See Appendix E, Tc “Time of Concentration”. 

 
D. Compare results between AHYMO ’97 and HEC-HMS using TR-55.  

1) Multiple computer simulations were conducted on a range of small basins to evaluate the 
differences between the current methods described in the DPM using AHYMO-97 and 
HEC-HMS using TR-55 hydrology. Sites were chosen as being typical of either the east 
heights or the west side to evaluate the effects of different rainfall amounts and soil types. 
In addition, two actual sites were compared – a 5.9 acre commercial site on Alameda just 
west of I-25 and the second, a mini-DMP on 119 acres near I-40 and Unser Blvd. The 
results of all these comparisons are shown in Appendix F “Method Comparisons”. For 
these purposes, a 25% frequency distribution for the rainfall distribution was utilized. 
This distribution was chosen as a “middle of the road” parameter since at that time, no 
sensitivity analyses had been performed using multiple historical and available 
distributions.  

2) In addition to the trial modeling performed on hypothetical sites in various locations 
around the metro area, actual side by side model results were collected and compared 
from the limited data available. Modeling of large complex watersheds happens 
infrequently in the metro area due to the cost. Watersheds that have relatively recent and 
comparable AHYMO ’97 and HEC-HMS models covering the same areas were found for 
the Amole, Boca Negra, Kirtland and South Diversion watersheds. All but the South 
Diversion HEC-HMS model incorporated the recommendations from this White Paper on 
using hydrology methods described in NRCS TR-55. The South Diversion Channel HEC-
HMS modeling was performed using the Stantec modification found in the Rio 
Rancho/SSCAFCA DPM. The model results were plotted in an attempt to find trends and 
differences. The plots of the modeling results are shown in Appendix H. 
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Recommended Practices for utilizing HEC-HMS for Upland Hydrologic 
Modeling 
To update the Hydrologic modeling for the Albuquerque area to meet the current state of 
practices within the engineering community the following changes are recommended: 

1. Rainfall – it is recommended that the source of data and temporal distribution be 
determined from the most current data published by NOAA. NOAA supports an online 
data server that allows a user to determine the rainfall amounts for a wide range of 
frequencies, durations and distributions for all of New Mexico. The data server allows the 
user to input the location of the site either by selecting the location on a map or by 
entering the coordinates. For planning and design purposes, the objective is to determine 
a design storm temporal distribution and volume that is appropriately conservative and 
consistent with the selected unit hydrograph and time of concentration methodology. 

 
2. Rainfall/Runoff Transform– the CN method as described in NRCS Technical Report 55 

is recommended as the preferred method for converting rainfall to runoff because 
throughout the US over the past 30 years it has been demonstrated to:  

 produce reasonable results,  
 be understandable,  
 produce reproducible results,  
 be relatively simple to use and review.  

The input parameters are hydrologic soil type and land use (cover). The CN method is 
described as a “lumped parameter” method because its use incorporates multiple factors 
and processes into one number. 

a.  Unit Hydrograph shape- SCS Unit hydrograph is good as any here so long as 
basins are divided appropriately, runoff volumes are computed accurately,  and Tc 
is calculated consistently and intelligently. The alternative is to use a unit 
hydrograph methodology that adjusts the unit graph shape based on basin factors 
(length, width, and slope). An adjustable unit hydrograph shape may have the 
potential to be more accurate (for mimicking actual storms), but most of the gains 
would be at the expense of simplicity and consistency and significantly higher 
data collection requirements. Data collection and related review effort would be 
considerably greater  than is currently required and as well as much greater than 
using the SCS (NRCS) Unit Hydrograph and CN methods as described in TR-55. 

b.  Tc – it is recommended that the NRCS upland method be utilized, almost exactly 
as described in the DPM (it needs to be modified somewhat for very large 
watershed usage). 

 
3. Modeling- Use HEC-HMS for the uplands (East and West sides), and the EPA program 

SWMM for flat valley with using CN hydrology as modified by Bernalillo County for the 
Sanchez Farm study and by the City of Albuquerque for the Mid-Valley DMP. See 
Appendix I for a description of this methodology. 

 
4. The Rational Method developed for the 2017 Update of the NMDOT Drainage Design 

Manual, adapted as needed to the Albuquerque metro area is recommended for 
calculations of peak rate only for small drainage areasNMDOT Manual allows the use of 
the Rational Method in watersheds of up to 160 acres. The vast majority of NMDOT 
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applications are rural (undeveloped), making it more likely that the watershed is 
reasonable homogenous and can be adequately described by one Rational Formula ‘C’ 
factor. In urban (developed) watersheds, the probability of a watershed being 
homogeneous in watersheds over 40 acres is significantly lower. The size, complexity 
and capital cost of proposed drainage facilities increases dramatically as watershed size 
increases as well. It is recommended that the current DPM limit of 40 acres be retained 
for urban applications.  
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Migrating	to	HEC‐HMS	
The Current version of HEC-HMS is 4.2.1 (as Oct. 2017). The three (3) basic parts of HMS 
include the following: 

 Basin Models (Where the physical characteristics of the watershed are entered in the 
model) 
 Meteorological Models (Where the rainfall/precipitation is located) 
 Control Specifications (Time steps, start and stop times and dates over what temporal 
segment a model is run) 

With these three basic building blocks, a hydrologic model can be constructed that will create 
and route hydrographs for use in sizing and analyzing drainage, water quality and flood control 
structures. 
Based on the current publicly available data for the Albuquerque metropolitan area, Occam 
Engineers Inc. recommends these parameters and criteria when performing hydrologic analysis 
using HEC-HMS. 

Control	Specifications	
 

 

Figure 1 – Example of the Control Specifications Window 

 Control specifications should always have a name that includes the duration and time step 
(24hr 5-min) and any additional details if seasonal modeling is going to occur (monsoon 
season vs spring). 

 Start date should always be the year of the project (the month is not important unless 
modeling a specific event). 
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 Start time shall always start at 00:00. 
 End time shall always be a time step longer than duration of the model (00:05, if it was a 

24hr 5 min interval storm).  
 The duration of the control should always be long enough to capture the full event (for 

instance a modeled pond or reservoir should be completely drained before ending the 
control time). 

 Time interval should 5 minutes or less to ensure the peak flows are captured. Shorter 
times can be used when dealing with small Tc’s for basins. 

A note about the time steps - HEC-HMS automatically adjusts the time steps within the model if 
there is a need for it, however what is reported out is what the user specifies, for additional 
information, please see the HEC-HMS User’s Manual.  

Meteorological	Models	
With the release of NOAA Atlas 14 for New Mexico, a more refined dataset is now available 
than the current DPM standard. This allows for the use of a synthetic frequency storm created by 
HMS using actual rainfall data, creating an optimum rainfall model for any location within the 
Albuquerque metropolitan area.  

Rainfall data can be found at NOAA’s website using their frequency data server. 
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm  

The study point should be placed at the CENTROID of the watershed, not at the point of study. 
Ensure that the time series type is set at partial duration. 

When submitting models, be sure to create a hard copy (print or pdf) of precipitation to 
document the values used. Values are updated on the data server (NOAA updates the storm 
library from time to time). 

 

Figure 2 - NOAA Atlas 14 Window 
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Figure 3 - Example of How Rainfall Data is Entered in HEC-HMS 

 Probability will be the inverse of the Frequency storm (100 yr = 1%, 50 yr = 2%, 10 yr = 
10%, 2 yr = 50%, etc.) 

 Input type should be Partial Duration 

 Intensity Duration should be 5 minutes 

 Storm Duration : Value set by local requirements – 6 hours or 24 hours is typical for 
the Albuquerque metro area 

 Intensity Position:  25%. This distribution value has been determined by a sensitivity 
analyses for various size watersheds within the Albuquerque metro area.  

 Storm Area should be at least as large as the study watershed for most studies. 

 Partial duration depth data can be retrieved from the NOAA servers (pay close attention 
to the duration values). Figure 4 shows an example of data retrieved from the NOAA 
servers for use in HMS. 
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Figure 4 - Example of Partial Duration Depth Data from NOAA 14 

Basin	Models	
The Basin model consists of 7 basic elements*:  

1. Subbasins  
2. Routing Reaches 
3. Reservoirs 
4. Junctions 
5. Diversions 
6. Sources 
7. Sinks 

With these 7, a simple or very-complicated model can be built to route hydrographs. 

*For a detailed description of each, see the HEC-HMS User’s Manual. 



Occam Engineers Inc.	 Page	11	
 

 

Figure 5 - Example of a Sub-Basin Model 

Subbasins	
Figure 6 shows the window in which input parameters are entered for each subbasin. 

 Name: Use Logical name if possible, if recreating old models, use the same naming 
convention 

 Downstream:  Be sure that your downstream connection is correct. 

 Area: expressed as square miles 

 Lat/Long values are not used. 

 Canopy Method:  None 

 Surface Method: None 

 Loss Method:  SCS Curve Number 

 Transform Method: SCS Unit Hydrograph 

 Baseflow Method: None 
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Figure 6 – HEC_HMS Subbasin Input Screen 

Loss	Method	
Using the SCS Curve number method for determining losses has been quite successful 
throughout the US and even within New Mexico; however because of the soils and the typical 
storm systems that pass through the metro area, a modification of the Curve number method is 
needed.  

 Curve numbers will be based on Soils and Land Use 
o Hydrologic Soils Group Information can be obtained from NRCS or elsewhere. 

Land Use can be determined from most current aerial photography and/or City or 
County Zoning documents 

o Curve numbers shall be determined from the methods prescribed in the NRCS 
Document TR-55. Pgs. 2-5 through 2-9 (Appendix D) 
 Curve Numbers should range from 50’s on the West side to the low 90’s 

in the clay soils of the valley and from the 60’s to the 90’s on the East side 
and mountain face watersheds. 

o Subbasins must be homogenous for the majority of the sub basin (No merging 60 
acres of open space with 40 acres of parking lot!) If not practical to subdivide 
basins to that extent, then the “Weighted Runoff” method should be used rather 
than the “Weighted Curve Number” method. See TR-55 for further guidance. 

o Curve Numbers shall be reported as whole numbers, NO TENTHS. 

Transform	
Use of the SCS unit hydrograph is prescribed, and the transform input as Basin Lag, in minutes. 
The graph type will be Standard as shown in Figure 7. 



Occam Engineers Inc.	 Page	13	
 

 

Figure 7 – HEC-HMS Transform Input Window 

Basin Lag is a function of the Time of Concentration (T Lag = .6 Tc). 

The time of concentration will be calculated using the method prescribed in TR-55 and the DPM.  

Where Tc= t sheet + t shallow + t channel.  

For drainages that are from the west face of the Sandia Mountains, a modified Tc will have to be 
employed to account for the bare rocky faces and the shortened Tc’s. Calculated travel times can 
be unreasonably short in the prescribed Tc method when slopes are exceptionally steep (>10%). 

Reach	
Routing of the hydrographs will be performed using the Muskingum-Cunge Method. 

 

Figure 8 - HEC-HMS Reach Input Window 

Routing	
 Time Step Method: Automatic Adaption 
 Length (ft): Measured 
 Slope (ft/ft): Average reach slope (US/DS elevations) – The slope is a component to 

determining the velocity at which water will travel through the routing reach. Care should 
be given to routing reaches across grade control structures to ensure that flow velocity is 
accurately reflected in the model. 

 Manning’s ‘n’: Weighted average ‘n’ value used in HEC-RAS model for channel and 
floodplain  

 Invert: (usually left blank) 
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 Shape: Whenever possible use the trapezoid or 8 point for natural channels (this can vary 
from site to site based on available data). 

o The 8 point section will need cross sections (entered as paired data into another 
part of the program) 

 Bottom width (ft):measured 
 Side Slopes:  Measured, estimated from aerials/topo. 

 

Figure 9 - HEC-HMS Routing Input Window 

Loss/Gain	
The Loss/Gain Method (Channel Losses) may be determined within the model as the need arises.  

Reservoirs	
Best practices for modeling ponds, reservoirs and dams are utilized for modeling these facilities. 

Junctions	
Rules for using junctions- 

 Junctions should be used at all confluences and whenever 3 or more sub basins flow to a 
pond.  

 Junctions should also be used for study points. 

Diversions	
Best practices for diversions include:  

 fixed flow rate diversion,  

 stage based diversion  

 percentage based diversions. 

Sources	and	Sinks 
Best practices for including flow sources and flow sinks are available in the program. 
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US EPA SWMM 

AHYMO ’97 has been used inappropriately for more than 20 years for hydrologic modeling in 
the valley in the Albuquerque metro area. Recent modeling associated with drainage master 
plans in the valley (Mid Valley DPM for COA and Sanchez Farm DMP for Bernalillo County) 
has demonstrated that AHYMO and the DPM hydrology methodology significantly overestimate 
runoff volumes and flow rates and is limited as a tool for developing and evaluating alternatives. 
Further, hydraulic modeling with SWMM in the course of these planning efforts demonstrates 
that valley storm drains and channels can and may often flow two directions during a single 
storm event, which upland models such as AHYMO’97 and HEC-HMS are not capable of 
calculating.  

The re-evaluation of modeling within previously prepared valley drainage master plans 
performed with AHYMO and current DPM hydrology has resulted in the finding of significant 
floodplain reductions and smaller required storm drainage facilities. Rainfall/runoff calculations 
may be generated within SWMM or imported from HEC-HMS (recommended). 

The following short description of SWMM outlines its capabilities. See the SWMM User 
Manual for model building and operations.  

Storm Water Management Model (SWMM) 

 

Version 5.1.006 with Low Impact Development (LID) Controls 
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Description 

EPA's Storm Water Management Model (SWMM) is used throughout the world for planning, 
analysis and design related to stormwater runoff, combined and sanitary sewers, and other 
drainage systems in urban areas. There are many applications for drainage systems in non-urban 
areas as well. 

SWMM is a dynamic hydrology-hydraulic-water quality simulation model. It is used for single 
event or long-term (continuous) simulation of runoff quantity and quality from primarily urban 
areas. The runoff component operates on a collection of sub catchment areas that receive 
precipitation and generate runoff and pollutant loads. The routing portion transports this runoff 
through a system of pipes, channels, storage/treatment devices, pumps, and regulators. 

SWMM tracks the quantity and quality of runoff made within each sub catchment. It tracks the 
flow rate, flow depth, and quality of water in each pipe and channel during a simulation period 
made up of multiple time steps. SWMM 5 has recently been extended to model the hydrologic 
performance of specific types of low impact development (LID) controls. The LID controls that 
the user can choose include the following seven green infrastructure practices: 

 permeable pavement 
 rain gardens 
 green roofs 
 street planters 
 rain barrels 
 infiltration trenches 
 vegetative swales 

The updated model allows engineers and planners to accurately represent any combination of 
LID controls within a study area to determine their effectiveness in managing stormwater and 
combined sewer overflows. 

Running under Windows, SWMM 5 provides an integrated environment for editing study area 
input data; running hydrologic, hydraulic and water quality simulations; and viewing the results 
in a variety of formats, such as: 

 color-coded drainage area and conveyance system maps, 
 time series graphs and tables, 
 profile plots, and 
 statistical frequency analyses. 

SWMM 5 was produced by USEPA in a joint development effort with CDM, Inc., a global 
consulting, engineering, construction, and operations firm. 
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Capabilities 

SWMM accounts for various hydrologic processes that produce runoff from urban areas. These 
include: 

 time-varying rainfall, 
 evaporation of standing surface water, 
 snow accumulation and melting, 
 rainfall interception from depression storage, 
 infiltration of rainfall into unsaturated soil layers, 
 percolation of infiltrated water into groundwater layers, 
 interflow between groundwater and the drainage system, 
 dynamic routing that allows flow in opposite directions within the same conduit as a 

result of hydrograph timing and relative hydraulic grade line elevations within the system 
during the modeling of an event 

 nonlinear reservoir routing of overland flow, and 
 runoff reduction via Low Impact Development (LID) controls. 

Spatial variability in all of these processes is achieved by dividing a study area into a collection 
of smaller, homogeneous sub catchment areas. Each of the areas contains its own fraction of 
pervious and impervious sub-areas. Overland flow can be routed between sub-areas, between sub 
catchments, or between entry points of a drainage system. 

SWMM contains a flexible set of hydraulic modeling capabilities used to route runoff and 
external inflows through the drainage system network of pipes, channels, storage/treatment units 
and diversion structures. These include the ability to: 

 handle drainage networks of unlimited size; 
 use a wide variety of standard closed and open conduit shapes as well as natural 

channels; 
 model special elements such as storage/treatment units, flow dividers, pumps, weirs, and 

orifices; 
 apply external flows and water quality inputs from surface runoff, groundwater interflow, 

rainfall-dependent infiltration/inflow, dry weather sanitary flow, and user-defined 
inflows; 

 utilize either kinematic wave or full dynamic wave flow routing methods; 
 model various flow regimes, such as backwater, surcharging, reverse flow, and surface 

ponding; and 
 apply user-defined dynamic control rules to simulate the operation of pumps, orifice 

openings, and weir crest levels. 
  

SWMM can estimate the production of pollutant loads associated with stormwater runoff. The 
following processes can be modeled for any number of user-defined water quality constituents: 

 Dry-weather pollutant buildup over different land uses; 
 Pollutant wash-off from specific land uses during storm events; 
 Direct contribution of rainfall deposition; 
 Reduction in dry-weather buildup due to street cleaning; 
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 Reduction in wash-off load due to BMPs; 
 Entry of dry weather sanitary flows and user-specified external inflows at any point in the 

drainage system; 
 Routing of water quality constituents through the drainage system; and/or  
 Reduction in constituent concentration through treatment in storage units or by natural 

processes in pipes and channels. 

Applications 

Since its release, SWMM has been used in thousands of sewer and stormwater studies 
throughout the world. Typical applications include the following: 

 Design and sizing of drainage system components for flood control. 
 Sizing of detention facilities and their appurtenances for flood control and water quality 

protection. 
 Floodplain mapping of natural channel systems (SWMM 5 is a FEMA-approved model 

for NFIP studies). 
 Designing control strategies for minimizing combined sewer overflows. 
 Evaluating the impact of inflow and infiltration on sanitary sewer overflows. 
 Generating non-point source pollutant loadings for waste load allocation studies. 
 Controlling site runoff using Low Impact Development practices. 
 Evaluating the effectiveness of BMPs for reducing wet weather pollutant loadings. 

Support 

There is no formal support offered for EPA SWMM. A SWMM users’ listserv was established 
by the University of Guelph. This listserv allows subscribers to ask questions and exchange 
information. To subscribe, send an email message to listserv@listserv.uoguelph.ca with the 
words "subscribe swmm-users" (without the quotes) in the body followed by your name. 
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Rational Formula	

Building a hydrology model in HEC-HMS or SWMM is not appropriate for a significant 
percentage of cases where only a flow rate is needed for planning, analyses or design. The well-
known Rational Formula has, despite its limitations, served engineers well for many years and 
still has utility for small, simple project needs. As was seen in the early development of the 
Albuquerque DPM, the hydrology used for small projects should be compatible and reasonably 
consistent with that developed for larger more complex projects in terms of the runoff rates and 
volumes developed within each. While not directly within the scope of this White Paper, it was 
recognized that if the current DPM hydrologic methods are linked to AHYMO (e.g. Treatment 
Types and Rainfall Zones) the chosen Rational Formula method should be compatible and 
consistent with NRCS TR-55 hydrology methods. Research performed in association with 
Occam Engineers, Inc.’s recent efforts to update the NMDOT Drainage Design Manual (2017) 
indicates that the current NMDOT Rational Method approach meets this need. It is also 
compatible with recent US EPA dictates regarding the calculation of flow rates associated with 
NPDES water quality protection.  

Therefore, the NMDOT Rational Method approach is proposed as the replacement to the current 
DPM Rational Formula method with one exception- watershed size should not exceed 40 acres 
for urban watersheds. The following excerpt is taken from the introduction to the NMDOT 
manual. The Rational Method from NMDOT may be found in Appendix G or the reader may 
(eventually) download the manual from the NMDOT Website.  

From NMDOT Drainage Design Manual Section 403 Rational Formula: 

“Hydrologic analyses performed on small (<160 acre) watersheds will normally be 
performed using the Rational Formula. The Rational Formula Method is a widely and 
long accepted procedure worldwide for estimating peak rates of runoff from small 
watersheds. The Rational Formula may be used on NMDOT projects for roadway 
drainage facilities and small drainage structures as described in Section401 (Figure 
401-1 and Figure 401-2) of this manual. The standard form of the equation in English 
units is: 

ۿ ൌ  1-403 ۯ۱ܑ

Where: 

 Q = the peak rate of runoff, in cfs 

 C = a dimensionless runoff coefficient 

 i = the rainfall intensity, in inches/hour 

 A = the watershed or drainage area, in acres 

The units in the Rational Formula equation do not yield cfs directly, but rather are in 
acre-inches/hour. However, the conversion from acre-inches/hour to cfs is 1.008 which 
is commonly neglected because it does not introduce a significant error. The Rational 
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Formula has several assumptions implicit to the method, including: 

 The rainfall intensity is uniform for a duration equal to or greater than Tc. 

 Peak flow occurs when the entire watershed is contributing runoff. 

 The frequency of the resulting peak discharge is equal to the frequency of the 
rainfall event. 

 Both Rational ‘C’ Coefficient and rainfall intensity (i) vary with the return period 
(both tend to increase as return period increases). Therefore, both must be 
determined separately for each design storm frequency. 

 Rational ‘C’ Coefficient is dependent on the Hydrologic Soil Group (HSG) and the 
vegetative cover or in the case of developed watersheds, the percentage of 
impervious cover. HSG’s are divided into four soil groups and are described in 
Section 402.4 Soils Data 

Limitations for using the Rational Formula on NMDOT projects include the following: 

 The total drainage area should not exceed 160 acres.  

 Land use, slope, and soils are fairly consistent throughout the watershed. 

 There are no diversions, detention basins, pump stations or other structures in the 
watershed which would require the routing of a flood hydrograph. 

 The time of concentration does not exceed one hour.”  
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AHYMO and HEC-HMS Model Comparisons 

A review of the first draft of this White Paper by a Technical Review Committee organized by 
AMAFCA resulted in a recommendation that as many side-by-side comparisons of modeling 
performed with the AHYMO model using then current Albuquerque Development Process 
Manual guidelines and HEC-HMS models of the same basins, using the recommendations of this 
White Paper as guidance. Four basins were found to have been modeled by both AHYMO and 
HEC-HMS. The basins for which models existed are: South Diversion Channel, Amole-Hubbell, 
Boca Negra and Gibson Blvd. at Kirtland.  

The modeling results were compared, one against the other for several parameters considered 
appropriate for making such comparisons. Not all modeling results contained all the data 
necessary to do a side-by-side comparison for every parameter, however. The data was also 
accumulated into one data set and compared from basin to basin. The results of these 
comparisons are found in Appendix H. 

Ideally, these comparisons would have demonstrated clear cut differences between modeling a 
basin with AHYMO according to the hydrologic approach presented in the DPM and HEC-HMS 
using the hydrologic approach recommended in this white paper. While side by side models of 
the same watersheds often showed significant differences between the two models and methods, 
some of the biggest differences were found within the individual model results themselves. As a 
result there were no clear patterns apparent between the AHYMO and HEC-HMS models. In 
other words, one did not consistently produce higher peak runoff rates or greater runoff volumes 
than the other. 

Model results using AHYMO/DPM models showed significantly more scatter and variability of 
results when measured against peak rate/cfs, runoff volume/inch of rainfall, and time to peak vs 
watershed size, compared to the HEC-HMS/White Paper models.  

Given that the Albuquerque metropolitan area has little actual rainfall/runoff gage data against 
which to compare the results from either hydrologic approach the more internally consistent 
modeling results produced by the HEC-HMS/White Paper system is the more attractive 
hydrologic modeling tool.  

From this analysis there is no evidence that changing models or modeling methods will 
cause a dramatic increase or decrease in the size of future storm drainage systems or 
demonstrate that existing modern systems are significantly under or over-sized. 



APPENDIX A 

OTHER USERS OF CN METHOD 

 



Examples of Regional Use of NRCS Curve Number Method for 
Urban Hydrology per TR-55  

 NRCS New Mexico (with over 100 dams and no spillway operations) 

 FEMA 

 Federal Energy Regulatory Commission (the most conservative of all Federal agencies) 

 US Bureau of Reclamation 

 USEPA “Stormwater Management for TMDL’s in an Arid Climate: A Case Study Application of 
SUSTAIN in Albuquerque, New Mexico” EPA/600/R-13/004, March 2013 (recent project by 
USEPA in Albuquerque but also recommended in most USEPA manuals) 

 FHWA 

 Bernalillo County 

 NMDOT 

 NMOSE  

 SWCD’s in NM for the development and review of subdivision terrain management plans 

 City of Carlsbad, NM allows both NMDOT method and DPM – AHYMO (latest version) 

 City of Las Cruces, NM 

 Farmington, NM 

 NMSU Facilities Dept. 

 Texas Commission on Environmental Quality statewide (dams and water quality) 

 Texas DOT 

 Midland, Texas 

 Amarillo, Texas 

 Lubbock, Texas 

 Colorado DOT  

 Colorado Springs, Colorado 

 Scottsdale, Arizona 

 La Paz County, Arizona (very desert area, near Lake Havasu City) 

 Utah DOT 

 Clark County, Nevada (Las Vegas) 

NOTE: The use of NRCS Runoff Curve Number Method is universal.  It is used throughout the US 
(From Maine to California and Oregon to Florida as well as worldwide.)   

Also of note, the only viable alternate method that I am aware of- “Green-Ampt” is being used by 
Arizona DOT.  The description on how to determine the Green Ampt Loss Method is 15 pages long and 
the appendix supporting it is 400 pages long.  Factors to be determined to use this method are: Initial 
Content (dry); Initial Content (wet); Saturated Content; Suction; Conductivity; Impervious %, and this 
has to be developed individually for each sub-basin in a watershed. 

 http://www.azdot.gov/docs/default-source/roadway-engineering-
library/2014_adot_hydrology_manual.pdf?sfvrsn=8 
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HEC-HMS 

The Hydrologic Modeling System (HEC-HMS) is designed to simulate the complete 
hydrologic processes of dendritic watershed systems. The software includes many 
traditional hydrologic analysis procedures such as event infiltration, unit hydrographs, 
and hydrologic routing. HEC-HMS also includes procedures necessary for continuous 
simulation including evapo-transpiration, snowmelt, and soil moisture accounting. 
Advanced capabilities are also provided for gridded runoff simulation using the linear 
quasi-distributed runoff transform (ModClark). Supplemental analysis tools are provided 
for parameter estimation, depth-area analysis, flow forecasting, erosion and sediment 
transport, and nutrient water quality. 
 
The software features a completely integrated work environment including a database, 
data entry utilities, computation engine, and results reporting tools. A graphical user 
interface allows the user seamless movement between the different parts of the software. 
Simulation results are stored in HEC-DSS (Data Storage System) and can be used in 
conjunction with other software for studies of water availability, urban drainage, flow 
forecasting, future urbanization impact, reservoir spillway design, flood damage 
reduction, floodplain regulation, and systems operation. 

 Management 

 It runs on the latest MS Window operating systems 

 It is supported by the US Army Corps of Engineers through their Hydrologic 
Engineering Center and continues to be enhanced  

 It is free, and does not require extra licensing 

 It is accepted by FEMA, the EPA, the New Mexico State Engineer’s Office as 
well as most federal water resource agencies 

 It runs on multiple operating systems and does not require a DOS to work (no 
special computers required) (Windows, Solaris & Linux) 

 It is supported by an extensive and easy-to-follow set of helpful documents:  

 Quick Start Guide,  

 User’s Manual,  

 Application Guide, and  

 Technical Reference Manual 

 Training 

 It is taught at nearly all the engineering schools for modeling hydrology 

 Classes are regularly offered for HEC-HMS by ASCE and others 

 It is based on a graphical user interface, and can be used in conjunction with 
GIS data files 
 



 

 

 Usability 

 It is very easy to see if the model balances (all sub-basins are connected 
downstream) 

 Time steps can be adjusted very quickly  

 Importing and Exporting hydrographs is simple using Excel 

 Study points can be simply added or removed while modeling 

 Output files can be both tabular and graphical (which can be used in reports 
and excel) 

 Modeling 
 Rainfall data can be input directly from NOAA atlas 14 

 It can run various hydrologic rainfall/runoff methods (initial constant, 
exponential, Green/Ampt, TR-55 (SCS Curve Number), etc) and is very easy 
to change canopy and percent imperviousness in sub basins (very important 
when modeling the smaller storms) 

 Seven methods are available for transforming excess precipitation to surface 

runoff (including Clark, Snyder and SCS techniques) 



 It’s possible to model large complex watersheds to see how hydrograph 
timing affects storm water facilities 

 Dividing and adding hydrographs is simple to use and very intuitive 

 It has a very robust  (i.e. lots of options)  reservoir/pond modeling routine that 
allows for relatively simple alternative development and testing 

 It simply interfaces with USACE’s Riverine Analysis System program HEC-
RAS  
 

 

Typical Output from HEC-HMS Dam Routing 

  



 Specifics to the Albuquerque Area 

 The dam breach routine is very straight forward and is the recommended 
method by the NM OSE Dam Safety Bureau for use in analyses, design and 
inundation mapping for EAP’s. 

 Channel loses can be modeled (important for natural arroyos) 

 It has 6 different methods to route hydrographs (attenuating flows), important 
when modeling a diverse landscape like the Albuquerque area (flat valley to 
the steep NE heights). 

 Pumps can be simulated for interior drainage areas and pump controls can be 
linked to either reservoir (pond) level or to stage in outfall channel. 

 Meteorology Description 
 There are multiple methods for modeling both historic and simulated rainfall 

events 

 Hydrologic Simulation 
 Flexible output - tables, graphs and basin map in user selected formats 

 Sediment and Water Quality 
 Erosion estimates using MUCLE for both natural and urban environments 

 Channel erosion, deposition and sediment transport can be added reach by 
reach 

 Sediment settling in ponds and reservoirs and be included 

 Nutrient transformations and transport can be modeled 

 GIS Connection 
 Companion program HEC-GeoHMS (also free and downloadable) can be 

used to create basin and meteorologic models for use in HMS 

 Basin and sub-basin boundaries, soils and land use data can be established by 
use of GIS 

 

For more information go to: http://www.hec.usace.army.mil/software/hec-hms/ 
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Introduction 
In recent years, several HEC-HMS based watershed studies have been commissioned and approved by 
AMAFCA and SSCAFCA. The methodology used was often designed in such a way that the results from 
HEC-HMS would mimic those from community standard AHYMO_97 in terms of computing initial 
abstractions, infiltration rates while using the traditional AHYMO rainfall distribution. Given that 
AHYMO ’97 has been found to have serious internal flood routing routine problems, does not run with 
current MS Windows operating systems and is not universally used or understood, the community is 
contemplating migrating to TR-55 Hydrology within HEC-HMS.  A group of local experienced 
hydrologists were assembled by AMAFCA to review this process and after considering the issues, asked 
to see how various rainfall distributions would affect the net results for runoff volumes and peak 
discharges. 

Easterling Consultants was tasked with conducting a sensitivity analysis on the net effects on runoff 
volume and peak discharge using NOAA Atlas 14 rainfall amounts and several of the most promising 
and/or familiar rainfall distributions in available HEC-HMS models. The results would provide the 
technical committee a firm foundation for recommending a distribution to adopt as the standard for future 
hydrological studies done using HEC-HMS within the community. 

Methodology

6 approved HEC-HMS models were taken and run with the following distributions: 

 AHYMO distribution  

 SCS Type II 75 distribution 

 HEC-HMS Frequency Storm at 25% Intensity position 

 HEC-HMS Frequency Storm at 33% Intensity position  

 HEC-HMS Frequency Storm at 50 % Intensity position 

The figure below illustrates the difference in the shape of each distribution. 
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The table below summarizes the various models run, the respective drainage areas and rainfall depths. 
Rainfall depths were determined at the centroid of each watershed using the NOAA Data Server. 

Watershed Model Drainage Area (acres) 100Yr-24Hr Rainfall Depth 
(in.) 

Pilar (US HWY 68) 5582 3.21 
Boca Negra 9014 2.4 

Embudo 15564 2.91 
Venada 10568 2.84 

South Diversion 5338 2.6 
Unser Diversion 119 2.52 

Pino 3825 3.59 
 

Note that the Pino Arroyo and the Boca Negra Models were developed for PMP analyses associated with 
dam design and evaluations.  100 year rainfall amounts from the NOAA Data Server were substituted for 
the PMP rainfall values in these models for this study.  The Embudo, Venada and Pino models also used 
the unaltered SSCAFCA/City of Rio Rancho DMP hydrology method of determining Tc, while the Pilar, 
South Diversion Channel and Unser Diversion Channel models followed the NMDOT and Albuquerque 
DPM method. Additionally, the Boca Negra model, which was developed for dam spillway design and 
breach analyses, had an effective runoff curve number of 97, which was modified for these purposes to a 
more reasonable value for an urban area on the west side of Albuquerque. 

Results 
 

In general, the runoff volumes, and peak discharges were very similar. The NRCS Type II 75 distribution 
in the Embudo, Venada and Pino models generated results that did not fit well with the rest of the data set. 
That is pretty clear from the charts that are presented below and the reasons for that are addressed in the 
discussion section below. 
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1. Runoff Volume Summary:  
The chart below presents the difference in runoff volume (inches) for the various watersheds. 

              With the exception of Embudo and Venada, the difference in volume is very small between the  
              various distributions, as should be expected.  
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2. Peak Discharge Summary 
The chart below summarizes the differences in peak discharge (cfs). Note that the watersheds 
vary over a relatively large range of sizes. 
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3. Peak Discharge/acre Summary (cfs/acre) 
The chart below summarizes the model results for the various distributions when adjusted for size 
to cfs/acre. 
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Discussion/Conclusion 
 

After completing the various modeling scenarios, it could be seen that, for the most part, the rainfall 
distribution does not make a significant impact on the runoff volumes or peak discharges. The three 
models that produced results that did not fit well with the rest of the data set when using the NRCS Type 
II 75 distribution were all based on the SSCAFCA/City of Rio Rancho DPM methodology which is based 
on the Clark’s Unit Hydrograph Method and an adjusted definition of Tc. The peak discharges were 
noticeably higher than the other models. This may be largely attributed to the way certain parameters are 
modeled within HMS (such the infiltration rates) or the manner in which some of these parameters are 
computed. Upon closer examination, the Type II 75 rainfall distribution contains a 15 minute period 
which produces 2.37 inches of rainfall (66% of the total storm rainfall at 9.48 in/hr), an unusually high 
value. In comparison, the 1000 year 15 minute rainfall from NOAA Atlas 14 is 1.67 inches (6.68 in/hr) 
which should explain the significantly higher peak discharges in those models that used the Clark 
rainfall/runoff transform . Another factor that appears to be significant is that the rainfall/runoff method in 
AHYMO ’97 and in the SSCAFCA/City of Rio Rancho DPM is based on the relationship of rainfall to 
runoff at a point and incorporates a infiltration loss rate that is independent of the rainfall rate, where the 
TR-55 Curve Number Method is watershed based and varies with rainfall rate. See accompanying papers 
“Runoff Curve Number Method: Beyond the Handbook” by USDA ARS and NRCS and “Runoff Curve 
Number: Has it Reached Maturity? By Ponce and Hawkins”.   

Based on these analyses and the foregoing discussion, we recommend that the community adopt the 25 % 
Frequency Distribution as the standard.  However, as the Pino Model demonstrates, there may be 
watersheds that, due to their size, geometry and combination of detention and conveyance facilities that a 
storm distribution different from the 25% will be the most critical.  Since the effort to evaluate different 
rainfall distributions within HEC-HMS is minimal, it is further recommended that when sizing large and 
capital intensive drainage and flood control infrastructure (dams and bridges for example) the 33% and 
50% distribution be analyzed as well.  For hydrologic evaluations related to large scale drainage master 
plans, CLOMR’s and LOMR’s, we recommend that the 25% distribution be the standard to keep things as 
simple in the review process as possible.   In other words, use of distributions other than the 25% should 
be rare, circumstance driven, and only considered on a case by case basis. 
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NOAA Atlas 14, Volume 1, Version 5
Location name: Albuquerque, New Mexico, US*

Coordinates: 34.9530, -106.6625
Elevation: 5024 ft*

* source: Google Maps

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
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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
0.178

(0.154‑0.207)
0.231

(0.198‑0.268)
0.309

(0.265‑0.359)
0.370

(0.316‑0.428)
0.452

(0.385‑0.523)
0.516

(0.438‑0.597)
0.584

(0.491‑0.675)
0.655

(0.547‑0.756)
0.750

(0.621‑0.868)
0.827

(0.680‑0.957)

10-min
0.272

(0.234‑0.315)
0.351

(0.302‑0.408)
0.470

(0.404‑0.546)
0.562

(0.481‑0.651)
0.688

(0.586‑0.796)
0.786

(0.666‑0.909)
0.889

(0.748‑1.03)
0.997

(0.833‑1.15)
1.14

(0.945‑1.32)
1.26

(1.03‑1.46)

15-min
0.337

(0.290‑0.390)
0.436

(0.374‑0.506)
0.583

(0.500‑0.677)
0.697

(0.596‑0.807)
0.853

(0.727‑0.987)
0.974

(0.825‑1.13)
1.10

(0.927‑1.27)
1.24

(1.03‑1.43)
1.42

(1.17‑1.64)
1.56

(1.28‑1.81)

30-min
0.453

(0.390‑0.525)
0.587

(0.504‑0.681)
0.785

(0.674‑0.912)
0.939

(0.802‑1.09)
1.15

(0.978‑1.33)
1.31

(1.11‑1.52)
1.48

(1.25‑1.72)
1.66

(1.39‑1.92)
1.91

(1.58‑2.21)
2.10

(1.73‑2.43)

60-min
0.561

(0.483‑0.650)
0.726

(0.624‑0.843)
0.972

(0.834‑1.13)
1.16

(0.993‑1.34)
1.42

(1.21‑1.64)
1.62

(1.38‑1.88)
1.84

(1.54‑2.12)
2.06

(1.72‑2.38)
2.36

(1.95‑2.73)
2.60

(2.14‑3.01)

2-hr
0.641

(0.551‑0.760)
0.821

(0.703‑0.973)
1.08

(0.928‑1.28)
1.30

(1.10‑1.52)
1.59

(1.34‑1.86)
1.82

(1.53‑2.14)
2.07

(1.73‑2.43)
2.33

(1.93‑2.73)
2.70

(2.21‑3.15)
3.00

(2.43‑3.51)

3-hr
0.681

(0.589‑0.803)
0.865

(0.746‑1.02)
1.13

(0.977‑1.33)
1.34

(1.15‑1.58)
1.64

(1.40‑1.92)
1.88

(1.59‑2.19)
2.13

(1.79‑2.48)
2.40

(2.00‑2.80)
2.77

(2.28‑3.23)
3.07

(2.50‑3.59)

6-hr
0.789

(0.688‑0.923)
0.994

(0.867‑1.16)
1.28

(1.12‑1.49)
1.50

(1.31‑1.75)
1.81

(1.57‑2.10)
2.05

(1.76‑2.38)
2.30

(1.97‑2.67)
2.56

(2.18‑2.98)
2.93

(2.46‑3.40)
3.22

(2.68‑3.75)

12-hr
0.874

(0.768‑0.999)
1.10

(0.969‑1.26)
1.39

(1.22‑1.59)
1.62

(1.42‑1.85)
1.93

(1.69‑2.20)
2.17

(1.88‑2.47)
2.42

(2.09‑2.75)
2.68

(2.29‑3.05)
3.02

(2.57‑3.45)
3.31

(2.78‑3.78)

24-hr
0.986

(0.878‑1.12)
1.24

(1.10‑1.40)
1.54

(1.37‑1.75)
1.79

(1.59‑2.02)
2.12

(1.87‑2.39)
2.37

(2.09‑2.67)
2.63

(2.32‑2.97)
2.90

(2.54‑3.26)
3.26

(2.83‑3.67)
3.54

(3.06‑3.98)

2-day
1.04

(0.934‑1.17)
1.30

(1.17‑1.46)
1.62

(1.46‑1.81)
1.88

(1.68‑2.09)
2.21

(1.98‑2.47)
2.47

(2.20‑2.75)
2.74

(2.43‑3.05)
3.00

(2.65‑3.35)
3.36

(2.96‑3.75)
3.63

(3.18‑4.06)

3-day
1.13

(1.03‑1.25)
1.41

(1.28‑1.55)
1.74

(1.58‑1.91)
1.99

(1.81‑2.19)
2.34

(2.12‑2.57)
2.60

(2.35‑2.85)
2.87

(2.59‑3.15)
3.13

(2.82‑3.44)
3.48

(3.12‑3.83)
3.75

(3.34‑4.13)

4-day
1.22

(1.13‑1.33)
1.51

(1.40‑1.65)
1.85

(1.70‑2.00)
2.11

(1.95‑2.29)
2.46

(2.27‑2.67)
2.73

(2.51‑2.96)
3.00

(2.74‑3.24)
3.26

(2.98‑3.53)
3.60

(3.28‑3.91)
3.86

(3.50‑4.19)

7-day
1.41

(1.29‑1.52)
1.74

(1.60‑1.88)
2.11

(1.95‑2.28)
2.40

(2.21‑2.58)
2.77

(2.56‑2.98)
3.04

(2.81‑3.27)
3.32

(3.06‑3.57)
3.58

(3.29‑3.84)
3.90

(3.59‑4.20)
4.14

(3.80‑4.46)

10-day
1.54

(1.43‑1.67)
1.91

(1.77‑2.07)
2.33

(2.16‑2.52)
2.66

(2.46‑2.87)
3.09

(2.86‑3.33)
3.41

(3.15‑3.67)
3.73

(3.44‑4.01)
4.04

(3.71‑4.34)
4.44

(4.07‑4.78)
4.73

(4.32‑5.09)

20-day
1.95

(1.79‑2.10)
2.41

(2.23‑2.61)
2.92

(2.70‑3.15)
3.30

(3.06‑3.56)
3.79

(3.50‑4.08)
4.14

(3.82‑4.45)
4.47

(4.12‑4.80)
4.79

(4.41‑5.13)
5.17

(4.76‑5.55)
5.44

(5.00‑5.84)

30-day
2.31

(2.14‑2.49)
2.87

(2.65‑3.08)
3.44

(3.19‑3.69)
3.86

(3.58‑4.14)
4.38

(4.06‑4.69)
4.75

(4.40‑5.08)
5.10

(4.71‑5.45)
5.42

(5.01‑5.79)
5.80

(5.35‑6.19)
6.05

(5.58‑6.47)

45-day
2.81

(2.61‑3.01)
3.47

(3.23‑3.72)
4.12

(3.84‑4.41)
4.58

(4.27‑4.89)
5.13

(4.79‑5.47)
5.50

(5.13‑5.86)
5.83

(5.44‑6.20)
6.11

(5.71‑6.49)
6.40

(6.00‑6.79)
6.56

(6.17‑6.95)

60-day
3.24

(3.01‑3.49)
4.01

(3.73‑4.30)
4.76

(4.44‑5.10)
5.30

(4.94‑5.67)
5.95

(5.54‑6.35)
6.38

(5.95‑6.81)
6.77

(6.31‑7.22)
7.11

(6.64‑7.58)
7.48

(6.99‑7.97)
7.70

(7.22‑8.19)

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.
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NOAA Atlas 14, Volume 1, Version 5
Location name: Albuquerque, New Mexico, US*

Coordinates: 35.1523, -106.7175
Elevation: 5167 ft*

* source: Google Maps
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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
0.159

(0.136‑0.186)
0.206

(0.176‑0.241)
0.278

(0.235‑0.325)
0.335

(0.284‑0.391)
0.412

(0.347‑0.480)
0.472

(0.397‑0.549)
0.536

(0.448‑0.622)
0.605

(0.501‑0.702)
0.697

(0.573‑0.811)
0.772

(0.629‑0.897)

10-min
0.242

(0.207‑0.283)
0.314

(0.268‑0.367)
0.423

(0.358‑0.495)
0.510

(0.433‑0.594)
0.627

(0.529‑0.730)
0.718

(0.605‑0.835)
0.817

(0.682‑0.947)
0.920

(0.763‑1.07)
1.06

(0.872‑1.23)
1.18

(0.957‑1.36)

15-min
0.299

(0.257‑0.350)
0.389

(0.332‑0.455)
0.524

(0.444‑0.614)
0.632

(0.537‑0.737)
0.777

(0.655‑0.905)
0.890

(0.749‑1.03)
1.01

(0.846‑1.17)
1.14

(0.946‑1.32)
1.31

(1.08‑1.53)
1.46

(1.19‑1.69)

30-min
0.403

(0.346‑0.472)
0.524

(0.447‑0.612)
0.705

(0.598‑0.827)
0.851

(0.723‑0.992)
1.05

(0.882‑1.22)
1.20

(1.01‑1.39)
1.36

(1.14‑1.58)
1.54

(1.27‑1.78)
1.77

(1.46‑2.06)
1.96

(1.60‑2.28)

60-min
0.499

(0.428‑0.584)
0.648

(0.553‑0.758)
0.873

(0.740‑1.02)
1.05

(0.895‑1.23)
1.29

(1.09‑1.51)
1.48

(1.25‑1.73)
1.69

(1.41‑1.96)
1.90

(1.58‑2.21)
2.19

(1.80‑2.55)
2.43

(1.98‑2.82)

2-hr
0.585

(0.505‑0.676)
0.748

(0.643‑0.865)
0.993

(0.851‑1.15)
1.19

(1.02‑1.36)
1.47

(1.25‑1.67)
1.69

(1.43‑1.93)
1.93

(1.62‑2.19)
2.18

(1.81‑2.48)
2.53

(2.08‑2.87)
2.82

(2.29‑3.20)

3-hr
0.621

(0.546‑0.717)
0.791

(0.694‑0.914)
1.04

(0.914‑1.20)
1.24

(1.09‑1.43)
1.52

(1.31‑1.74)
1.74

(1.50‑1.99)
1.98

(1.70‑2.26)
2.24

(1.90‑2.55)
2.60

(2.17‑2.96)
2.89

(2.39‑3.30)

6-hr
0.718

(0.633‑0.819)
0.910

(0.808‑1.04)
1.18

(1.04‑1.34)
1.39

(1.23‑1.58)
1.68

(1.48‑1.91)
1.91

(1.67‑2.16)
2.15

(1.86‑2.43)
2.40

(2.07‑2.71)
2.75

(2.34‑3.11)
3.04

(2.57‑3.45)

12-hr
0.795

(0.705‑0.895)
1.00

(0.891‑1.13)
1.28

(1.13‑1.44)
1.50

(1.32‑1.69)
1.79

(1.57‑2.00)
2.02

(1.76‑2.26)
2.25

(1.95‑2.52)
2.50

(2.15‑2.80)
2.83

(2.42‑3.17)
3.10

(2.63‑3.49)

24-hr
0.921

(0.813‑1.05)
1.16

(1.02‑1.31)
1.46

(1.29‑1.65)
1.69

(1.49‑1.91)
2.01

(1.76‑2.27)
2.25

(1.97‑2.54)
2.51

(2.19‑2.83)
2.77

(2.40‑3.11)
3.13

(2.69‑3.51)
3.40

(2.92‑3.82)

2-day
0.949

(0.848‑1.06)
1.19

(1.06‑1.33)
1.49

(1.34‑1.67)
1.73

(1.54‑1.93)
2.05

(1.83‑2.29)
2.30

(2.04‑2.56)
2.55

(2.25‑2.84)
2.81

(2.47‑3.13)
3.16

(2.76‑3.54)
3.44

(2.99‑3.85)

3-day
1.11

(1.00‑1.22)
1.38

(1.25‑1.52)
1.71

(1.54‑1.88)
1.97

(1.78‑2.17)
2.31

(2.08‑2.55)
2.58

(2.32‑2.84)
2.85

(2.55‑3.14)
3.12

(2.79‑3.44)
3.49

(3.10‑3.85)
3.77

(3.33‑4.16)

4-day
1.26

(1.15‑1.38)
1.57

(1.43‑1.71)
1.92

(1.75‑2.10)
2.20

(2.01‑2.40)
2.58

(2.34‑2.81)
2.86

(2.60‑3.12)
3.15

(2.85‑3.43)
3.43

(3.10‑3.74)
3.81

(3.43‑4.16)
4.10

(3.67‑4.47)

7-day
1.44

(1.32‑1.57)
1.79

(1.64‑1.95)
2.18

(2.00‑2.37)
2.48

(2.27‑2.69)
2.88

(2.63‑3.12)
3.17

(2.90‑3.43)
3.46

(3.16‑3.75)
3.74

(3.41‑4.06)
4.11

(3.73‑4.46)
4.37

(3.96‑4.75)

10-day
1.60

(1.47‑1.74)
1.98

(1.82‑2.16)
2.43

(2.23‑2.63)
2.77

(2.55‑3.00)
3.23

(2.96‑3.49)
3.57

(3.27‑3.86)
3.92

(3.58‑4.23)
4.25

(3.87‑4.60)
4.69

(4.26‑5.08)
5.01

(4.53‑5.43)

20-day
2.00

(1.83‑2.18)
2.48

(2.28‑2.71)
3.01

(2.77‑3.28)
3.41

(3.13‑3.70)
3.92

(3.59‑4.25)
4.29

(3.92‑4.65)
4.64

(4.24‑5.03)
4.97

(4.53‑5.38)
5.39

(4.90‑5.84)
5.68

(5.16‑6.16)

30-day
2.39

(2.19‑2.59)
2.96

(2.72‑3.21)
3.56

(3.27‑3.85)
4.00

(3.67‑4.32)
4.55

(4.18‑4.91)
4.95

(4.53‑5.33)
5.32

(4.87‑5.72)
5.66

(5.18‑6.10)
6.07

(5.55‑6.54)
6.36

(5.80‑6.85)

45-day
2.92

(2.69‑3.16)
3.61

(3.33‑3.91)
4.30

(3.97‑4.65)
4.79

(4.42‑5.17)
5.39

(4.97‑5.81)
5.79

(5.34‑6.24)
6.15

(5.68‑6.63)
6.47

(5.97‑6.97)
6.82

(6.30‑7.35)
7.03

(6.51‑7.57)

60-day
3.35

(3.10‑3.63)
4.15

(3.83‑4.49)
4.94

(4.57‑5.34)
5.51

(5.09‑5.95)
6.19

(5.72‑6.68)
6.65

(6.14‑7.17)
7.07

(6.54‑7.63)
7.44

(6.88‑8.03)
7.86

(7.27‑8.48)
8.11

(7.53‑8.76)

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.
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NOAA Atlas 14 Volume 1 Version 4.0 A.1-6

FIGURE A.1.3
TEMPORAL DISTRIBUTION: ALL CASES

CONVECTIVE PRECIPITATION AREA

A. 6-HOUR DURATION B. 12-HOUR DURATION

C. 24-HOUR DURATION D. 96-HOUR DURATION
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Chapter 2

2�5(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55

Urban Hydrology for Small Watersheds

Estimating Runoff

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

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

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

Fully developed urban areas (vegetation established)

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

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

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

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

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

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

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

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

Developing urban areas

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

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

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

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

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

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

5 Composite CN's to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN's for the newly graded  pervious areas.
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Smith Engineering Company 4/6/2012

% % % %
(a) (b) (c) (d)

BR8-H2 64 48 61 58

TABLE I1

Mid Valley Drainage Management Plan

Imperviousness 
Measured by 

Smith 
Engineering 

Company 

Imperviousness 
Computed from 

NLCD from Satellite 
Imagery

Imperviousness 
Computed by Smith 

Engineering 
Company Using a 
Linear Equation

Imperviousness 
Computed by Smith 

Engineering Company 
Using a Polynomial 

Equation
Subcatchment 

(Basin) No.

SUMMARY OF 15 SUBCATCHMENTS - Imperviousness Measurements 
(Actual) vs. Satellite Imagery 

y = 1.162x + 5.4656
R² = 0.9043
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Graph 1 ‐ Linear Equation

Imperviousness

BR14 89 72 89 91
BR16 13 13 21 23
BR5 59 44 57 53
B18 98 80 98 104
B23 99 77 95 99
B11 19 19 28 28
B41 94 69 86 86
B25 96 67 83 83
B36 77 67 83 83
B4 47 48 61 58
A4 50 29 39 37
A8 57 47 60 57
A12 53 53 67 64

A16-C 25 5 11 17
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y = 0.0064x2 + 0.6072x + 14.021
R² = 0.9163100
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y 

Graph 2 ‐ Polynomial Equation

a & b - Data obtained from Table I2
c- Data obtained from linear equation derived in Graph 1
d- Data obtained from polynomial equation derived in Graph 2
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Chapter 3 Time of Concentration and Travel TimeChapter 3 Time of Concentration and
Travel Time

Factors affecting time of concen-
tration and travel time

Surface roughness

Channel shape and flow patterns

Slope

Computation of travel time and
time of concentration

=

= + +K
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Figure 3-1
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Chapter 3 Time of Concentration and Travel Time

Sheet flow

=
( )

( )

Shallow concentrated flow

Open channels

Table 3-1
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Reservoirs or lakes

Limitations

Example 3-1

A B C D



Chapter 3 Time of Concentration and Travel Time

Figure 3-2

Worksheet 3: Time of Concentration (Tc) or travel time (Tt)

Sheet flow  (Applicable to Tc only)

≤

Shallow concentrated flow

Channel flow

Heavenly Acres

Dyer County, Tennessee

DW

NM

10/6/85

10/8/85

X

X

AB
Dense Grass

0.24
100
3.6
0.01
0.30 0.30

BC
Unpaved

1400
0.01
1.6

0.24 0.24

CD
27

28.2
0.957
0.005
0.05
2.05

7300
0.99 0.99

1.53



U.S. Department of Agriculture          FL-ENG-21B 
Natural Resources Conservation Service         04/04 

 
TR 55 Worksheet 3:  Time of Concentration (Tc) or Travel Time (Tt) 

 
Project:         Designed By:      Date:    
 
Location:         Checked By:       Date:    
 
Circle one: Present Developed 
 
Circle one: Tc Tt through subarea       
 
NOTES:  Space for as many as two segments per flow type can be used for each worksheet.   Include a map, schematic, 
or description of flow segments. 
 
Sheet Flow (Applicable to Tc  only)                              Segment ID   

   

1.  Surface description (Table 3-1) ................................................   

2.  Manning’s roughness coeff., n (Table 3-1) ..............................   

3.  Flow length, L (total L < 100 ft) .............................................. ft   

4.  Two-year 24-hour rainfall, P2.................................................. in   

5.  Land slope, s ....................................................................... ft/ft   

6. Tt  = 0.007 (nL) 0.8                     Compute Tt .......................... hr  +  =  

           P2
0.5 s0.4 

 
Shallow Concetrated Flow                                          Segment ID   

   

7.  Surface description (paved or unpaved) ...................................   

8.  Flow length, L ......................................................................... ft   

9.  Watercourse slope, s ........................................................... ft/ft   

10. Average velocity, V (Figure 3-1) .......................................... ft/s   

11. Tt  =    L                                     Compute Tt  ......................... hr  +  =  

             3600 V 
 
Channel Flow                                                            Segment ID   

   

12.  Cross sectional flow area, a ............................................... ft2   

13.  Wetted perimeter, Pw ......................................................... ft   

14.  Hydraulic radius, r =  a   Compute r .................................. ft   

                                        Pw   

15.  Channel Slope, s ............................................................ ft/ft   

16.  Manning’s Roughness Coeff., n ............................................   

17. V = 1.49 r2/3 s1/2                          Compute V ...................... ft/s   

                    n   

18. Flow length, L ...................................................................... ft   

19. Tt  =     L                       Compute Tt .................................... hr  +  =  

              3600 V 
20.  Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19 ................................................................. hr  
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Thunderbird Harley Davidson Site ‐ Hydrology Comparisons (DPM/AHYMO v Preposed HMS)

Rainfall (in.) DPM NOAA 14
1 hr 2.01 1.77
6 hr 2 35 2 376 hr 2.35 2.37
24 hr 2.75 NA

Basin/Component Area Q100 AHYMO Q100 HMS V100 AHYMO V100 HMS

Offsite 2.55 ac 3.54 cfs 3.4 cfs 4922 ft 3 6109 ft 3

South Basin 1.25 ac 5.49 cfs 5.8 cfs 10,484 ft 3 9574 ft 3

f 3 f 3Pond 3.8 ac 4.43 cfs 4.1 cfs 15,403 ft 3 15,449 ft 3

North Basin 2.09 ac 9.04 cfs 9.7 cfs 17,298 ft 3 16,008 ft 3

Total at Alameda 5.89 ac 10.3 cfs 11.0 cfs 32,696 ft 3 31,430 ft 3



EC‐HMS & AHYMO Summary

Name Acres Mi^2
Rainfall 

(100yr 6hr)
Landuse

CN (Western desert 
urban areas) 
pervious areas

% 
Impervious

Tc (min)
Peak 

Discharge 
(cfs)

Time of Peak
Volume 
(ac‐ft)

Rainfall 
(100yr 
6hr)

Precept 
Zone

Land 
Treatment A

Land 
Treatment B

Land Treatment 
C

Land 
Treatment D Tc (min) Peak (cfs)

Volume 
(ac‐ft)

16‐1A West Side 1 0.0015625 2.26 Commercial 63 90 5.00 5 01Jul2012, 01:34 0.171 2.2 1 0% 10% 0% 90% 12 3.95 0.153

17‐2A West Side 2 0.003125 2.26 Commercial 63 90 5.00 11 01Jul2012, 01:34 0.341 2.2 1 0% 10% 0% 90% 12 7.89 0.306

18‐5A West Side 5 0.0078125 2.26 Commercial 63 90 5.00 26 01Jul2012, 01:34 0.854 2.2 1 0% 10% 0% 90% 12 19.69 0.7649

19‐10A West Side 10 0.015625 2.26 Commercial 63 90 5.02 53 01Jul2012, 01:34 1.7 2.2 1 0% 10% 0% 90% 12 39.37 1.5298

20‐20A West Side 20 0.03125 2.26 Commercial 63 90 6.16 100 01Jul2012, 01:35 3.4 2.2 1 0% 10% 0% 90% 12 78.72 3.0595

22‐20A West Side 20 0.03125 2.26
75% Residential 

(4DU) & 25% 

Commercial
63 54 6.16 61 01Jul2012, 01:35 2.15 2.2 1 0% 29% 17% 54% 12 63.16 2.3645

1‐40A West Side 40 0.0625 2.26
75% Residential 

(4DU) & 25% 

Commercial
63 54 8 110 01Jul2012, 01:37 4.3 2.2 1 0% 29% 17% 54% 12 129.66 4.7259

2‐80A West Side 80 0.125 2.26
75% Residential 

(4DU) & 25% 

Commercial
63 54 10 209 01Jul2012, 01:38 8.6 2.2 1 0% 29% 17% 54% 12 259.15 9.4518

3‐120A West Side 120 0.1875 2.26
75% Residential 

(4DU) & 25% 

Commercial
63 54 10 304 01Jul2012, 01:38 12.9 2.2 1 0% 29% 17% 54% 12 388.54 14.1777

4‐160A West Side 160 0.25 2.26
75% Residential 

(4DU) & 25% 

Commercial
63 54 11 393 01Jul2012, 01:39 17.3 2.2 1 0% 29% 17% 54% 12 517.89 18.9035

5‐200A West Side 200 0.3125 2.26
75% Residential 

(4DU) & 25% 

Commercial
63 54 12 481 01Jul2012, 01:39 21.6 2.2 1 0% 10% 0% 90% 12 647.21 23.6294

11‐1A East Side 1 0.0015625 2.44 Commercial 77 90 5.00 6 01Jul2012, 01:34 0.1883 2.6 3 0% 10% 0% 90% 12 4.57 0.1843

12‐2A East Side 2 0.003125 2.44 Commercial 77 90 5.00 11 01Jul2012, 01:34 0.376 2.6 3 0% 10% 0% 90% 12 9.11 0.3686

13‐5A East Side 5 0.0078125 2.44 Commercial 77 90 5.00 28 01Jul2012, 01:34 0.941 2.6 3 0% 10% 0% 90% 12 22.75 0.9215

14‐10A East Side 10 0.015625 2.44 Commercial 77 90 5.02 56 01Jul2012, 01:34 1.9 2.6 3 0% 10% 0% 90% 12 45.48 1.8431

15‐20A East Side 20 0.03125 2.44 Commercial 77 90 6.16 107 01Jul2012, 01:35 3.8 2.6 3 0% 29% 17% 54% 12 90.94 3.6862

21‐20A East Side 20 0.03125 2.44
75% Residential 

(4DU) & 25% 

Commercial
77 54 6.16 77 01Jul2012, 01:35 2.7 2.6 3 0% 29% 17% 54% 12 76.42 2.9198

6‐40A East Side 40 0.0625 2.44
75% Residential 

(4DU) & 25% 

Commercial
77 54 8 138 01Jul2012, 01:37 5.5 2.6 3 0% 29% 17% 54% 12 152.81 5.8397

7‐80A East Side 80 0.125 2.44
75% Residential 

(4DU) & 25% 

Commercial
77 54 10 263 01Jul2012, 01:38 10.9 2.6 3 0% 29% 17% 54% 12 307.04 11.6793

8‐120A East Side 120 0.1875 2.44
75% Residential 

(4DU) & 25% 

Commercial
77 54 10 380 01Jul2012, 01:38 16.4 2.6 3 0% 29% 17% 54% 12 462.86 17.519

9‐160A East Side 160 0.25 2.44
75% Residential 

(4DU) & 25% 

Commercial
77 54 11 493 01Jul2012, 01:39 21.8 2.6 3 0% 29% 17% 54% 12 620.4 23.3587

10‐200A East Side 200 0.3125 2.44
75% Residential 

(4DU) & 25% 

Commercial
77 54 12 600 01Jul2012, 01:39 27.3 2.6 3 0% 0% 0% 0% 12 779.84 29.1983
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Model Comparison
HMS Values

Sub Basin acres Rainfall (in) Peak Discharge (cfs) Volume (ac‐ft) Rainfall (in) Peak (cfs) Volume (ac‐ft) Depth (in) Percent (cfs) Percent Ac‐ft Percent

16‐1A West Side 1 2.26 5 0.171 2.2 3.95 0.153 ‐0.06 3% ‐1 25% ‐0.018 11%

17‐2A West Side 2 2.26 11 0.341 2.2 7.89 0.306 ‐0.06 3% ‐3 25% ‐0.035 10%

18‐5A West Side 5 2.26 26 0.854 2.2 19.69 0.7649 ‐0.06 3% ‐7 25% ‐0.0891 10%

19‐10A West Side 10 2.26 53 1.7 2.2 39.37 1.5298 ‐0.06 3% ‐13 25% ‐0.1702 10%

20‐20A West Side 20 2.26 100 3.4 2.2 78.72 3.0595 ‐0.06 3% ‐22 22% ‐0.3405 10%

22‐20A West Side 20 2.26 61 2.15 2.2 63.16 2.3645 ‐0.06 3% 3 4% 0.2145 10%

1‐40A West Side 40 2.26 110 4.3 2.2 129.66 4.7259 ‐0.06 3% 20 18% 0.4259 10%

2‐80A West Side 80 2.26 209 8.6 2.2 259.15 9.4518 ‐0.06 3% 51 24% 0.8518 10%

3‐120A West Side 120 2.26 304 12.9 2.2 388.54 14.1777 ‐0.06 3% 85 28% 1.2777 10%

4‐160A West Side 160 2.26 393 17.3 2.2 517.89 18.9035 ‐0.06 3% 125 32% 1.6035 9%

5‐200A West Side 200 2.26 481 21.6 2.2 647.21 23.6294 ‐0.06 3% 166 35% 2.0294 9%

11‐1A East Side 1 2.44 6 0.1883 2.6 4.57 0.1843 0.16 ‐7% ‐1 18% ‐0.004 2%

12‐2A East Side 2 2.44 11 0.376 2.6 9.11 0.3686 0.16 ‐7% ‐2 19% ‐0.0074 2%

13‐5A East Side 5 2.44 28 0.941 2.6 22.75 0.9215 0.16 ‐7% ‐5 19% ‐0.0195 2%

14‐10A East Side 10 2.44 56 1.9 2.6 45.48 1.8431 0.16 ‐7% ‐11 19% ‐0.0569 3%

15‐20A East Side 20 2.44 107 3.8 2.6 90.94 3.6862 0.16 ‐7% ‐16 15% ‐0.1138 3%

21‐20A East Side 20 2.44 77 2.7 2.6 76.42 2.9198 0.16 ‐7% 0 0% 0.2198 8%

6‐40A East Side 40 2.44 138 5.5 2.6 152.81 5.8397 0.16 ‐7% 15 11% 0.3397 6%

7‐80A East Side 80 2.44 263 10.9 2.6 307.04 11.6793 0.16 ‐7% 44 17% 0.7793 7%

8‐120A East Side 120 2.44 380 16.4 2.6 462.86 17.519 0.16 ‐7% 83 22% 1.119 7%

9‐160A East Side 160 2.44 493 21.8 2.6 620.4 23.3587 0.16 ‐7% 127 26% 1.5587 7%

10‐200A East Side 200 2.44 600 27.3 2.6 779.84 29.1983 0.16 ‐7% 180 30% 1.8983 7%

Ahymo Values
% Difference HMS vs AHYMO

Peak Discharge  Volume (ac‐ft)Rainfall (in)



Comparison of All Methods 1 min time step 

(new 5 min tc) DPM New Method

Sub Basin acres Rainfall (in) Peak Discharge (cfs) Volume (ac‐ft) Rainfall (in) Peak (cfs) Volume (ac‐ft) Peak (cfs) Peak (cfs)

16‐1A West Side 1 2.26 5.3 0.171 2.2 3.95 0.153 4 5 5% ‐7%

17‐2A West Side 2 2.26 10.5 0.341 2.2 7.89 0.306 8 10 5% ‐6%

18‐5A West Side 5 2.26 26.3 0.854 2.2 19.69 0.7649 21 25 5% ‐6%

19‐10A West Side 10 2.26 52.5 1.7 2.2 39.37 1.5298 41 49 5% ‐7%

20‐20A West Side 20 2.26 100.3 3.4 2.2 78.72 3.0595 83 86 5% ‐14%

22‐20A West Side 20 2.26 60.6 2.15 2.2 63.16 2.3645 69 51 9% ‐16%

1‐40A West Side 40 2.26 109.5 4.3 2.2 129.66 4.7259 137 90 6% ‐17%

2‐80A West Side 80 2.26 208.6 8.6 2.2 259.15 9.4518 275 181 6% ‐13%

3‐120A West Side 120 2.26 303.7 12.9 2.2 388.54 14.1777 412 249 6% ‐18%

4‐160A West Side 160 2.26 393.3 17.3 2.2 517.89 18.9035 550 331 6% ‐16%

5‐200A West Side 200 2.26 480.8 21.6 2.2 647.21 23.6294 687 411 6% ‐15%

11‐1A East Side 1 2.44 5.6 0.1883 2.6 4.57 0.1843 5 5 4% ‐4%

12‐2A East Side 2 2.44 11.3 0.376 2.6 9.11 0.3686 10 11 4% ‐4%

13‐5A East Side 5 2.44 28.2 0.941 2.6 22.75 0.9215 24 27 5% ‐4%

14‐10A East Side 10 2.44 56.2 1.9 2.6 45.48 1.8431 48 54 5% ‐4%

15‐20A East Side 20 2.44 107.4 3.8 2.6 90.94 3.6862 95 95 5% ‐12%

21‐20A East Side 20 2.44 76.5 2.7 2.6 76.42 2.9198 81 59 6% ‐23%

6‐40A East Side 40 2.44 138 5.5 2.6 152.81 5.8397 161 104 6% ‐24%

7‐80A East Side 80 2.44 262.7 10.9 2.6 307.04 11.6793 323 209 5% ‐20%

8‐120A East Side 120 2.44 379.7 16.4 2.6 462.86 17.519 484 287 5% ‐24%

9‐160A East Side 160 2.44 493.1 21.8 2.6 620.4 23.3587 646 382 4% ‐23%

10‐200A East Side 200 2.44 599.7 27.3 2.6 779.84 29.1983 807 474 4% ‐21%
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Pond Model 

Description

Design 

Volume 

100 Yr-24 

Hr Peak 

Storage 

Volume 

100 Yr-24 

Hr Inflow 

Volume

100 Yr-24 

Hr 

Outflow 

Volume

100 Yr-

24 Hr 

Inflow

100 Yr-

24 Hr 

Outflow

Elevation of 

Emergency 

Spillway

100 Yr-24 Hr 

Peak Water 

Surface 

Elevation

Freeboard 

from 

Emergency 

Spillway

Available 

Storage

Comments

ac-ft ac-ft ac-ft cfs cfs cfs ft ft ft ac-ft

a a b

Pond 4 Smith DEVEX 

Conditions  

Results from 

Report

8.51 4.50 -- -- -- -- 5155.1 5152.9 2.2 4.01

Pond 6 " 9.01 6.20 -- -- -- -- 5177.9 5176.7
1.2

2.81

Pond 4
DEVEX Option 

1
8.51 4.90 23.5 23.5 135.3 96.1 5155.1 5153.31 1.8 3.61

Pond 5
DEVEX Option 

1
4.73 3.10 5.43 5.43 68.2 10.5 5168.8 5167.66 1.1 1.63

Pond 6
DEVEX Option 

1
9.01 6.89 13.8 13.8 224.6 82.9 5177.9 5177.5 0.4 2.12

a- All values reported on this table are taken directly from The Master Drainage Plan for the West Side Transit Facility

100 Yr 24 Hr rainfall depth based on lates NOAA Atlas 14 data

b -  Freeboard = Elevation of Emergency Spillway - Peak Water Surface Elevation

Watershed modeled as fully 

developed 

commercial/business site at 

90% impervious, using latest 

NOAA 14 100-Yr-24Hr rainfall 

depth of 2.52 in. Basin C-

2D.2 drains to Pond 5 with 

modified outfall restricting 

discharge using a 12" outlet 

pipe as principal spillway

Summary of Pond Routings based on 25% Intensity Position

All values reported on this 

table are taken directly from 

The Master Drainage Plan 

for the West Side Transit 

Facility by Smith Engineering 

Company, 2001.
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 Rational Formula Method 

Hydrologic analyses performed on small (<160 acre) watersheds will normally be 
performed using the Rational Formula. The Rational Formula Method is a widely and long 
accepted procedure worldwide for estimating peak rates of runoff from small watersheds. The 
Rational Formula may be used on NMDOT projects for roadway drainage facilities and small 
drainage structures as described in Section 401 (Figure 401-1 and Figure 401-2) of this 
manual.   The standard form of the equation in English units is: 

𝐐𝐐 = 𝐂𝐂𝐂𝐂𝐂𝐂  403-1 

Where: 

 Q = the peak rate of runoff, in cfs 

 C = a dimensionless runoff coefficient 

 i = the rainfall intensity, in inches/hour 

 A = the watershed or drainage area, in acres 

The units in the Rational Formula equation do not yield cfs directly, but rather are in acre-
inches/hour. However, the conversion from acre-inches/hour to cfs is 1.008 which is commonly 
neglected and because it does not introduce a significant error. The Rational Formula has 
several assumptions implicit to the method, including: 

• The rainfall intensity is uniform for a duration equal to or greater than Tc  

• Peak flow occurs when the entire watershed is contributing runoff 

• The frequency of the resulting peak discharge is equal to the frequency  of  the 
rainfall event 

• Both Rational ‘C’ Coefficient and rainfall intensity (i) vary with the return period 
(both tend to increase as return period increases).  Therefore, both must be 
determined separately for each design storm frequency. 

• Rational ‘C’ Coefficient is dependent on the Hydrologic Soil Group (HSG) and the 
vegetative cover or in the case of developed watersheds, the percentage of 
impervious cover.  HSG’s are divided into four soil groups and are described in 
Section 402.4 Soils Data: 

Limitations for using the Rational Formula on NMDOT projects include the following: 

• The total drainage area should not exceed 160 acres 

• Land use, slope, and soils are fairly consistent throughout the watershed 

• There are no diversions, detention basins, pump stations or other structures in the 
watershed which would require the routing of a flood hydrograph 

• The time of concentration does not exceed one hour  
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403.1 Time of Concentration–Tc for use in the Rational Formula 

The assumptions within the Rational Formula are that the rainfall intensity is uniform for a 
duration equal to or greater than Tc and that the entire watershed is contributing runoff when the 
peak occurs. Therefore, in order to determine the appropriate rainfall intensity “i” for the 
watershed, the Tc must be determined.  For NMDOT projects, Tc shall be calculated using the 
Kirpich Equation (or a derivation of it) or Upland Method depending on specific circumstances.  

The Upland Method is used to estimate travel times for overland flow and shallow concentrated 
flow conditions.  Originally developed by the Soil Conservation Service (SCS now Natural 
Resource Conservation Service – NRCS), the upland method is limited to use in watersheds 
less than 2000 acres in size, or to the upper  reaches of larger watersheds. For NMDOT 
projects the Upland Method may be used for computing the time of concentration when 
using the Rational Method or the Simplified Peak Flow method on an un-gullied watershed.  
The use of Upland Method is described in Section 402.8. 

When using the   Rational Method the Kirpich Equation should be used in watersheds when 
gullying is evident in more than 10% of the primary watercourse. Gullying can be 
assumed if a blue line appears on the watercourse shown on the USGS quadrangle 
topographic map or is apparent from field reconnaissance or from inspection of aerial 
photography.   The Kirpich Equation is given as: 

Tc = 0.007L
0.77

S
−0.385

 403-2 

 

Where:  

 Tc = time of concentration (minutes) 

L = Maximum length of water travel (ft) 

S = surface slope, given by H/L (ft/ft) 

H = difference in elevation between the most hydraulically remote point in the drainage 

basin and the outlet (ft) 

In small watersheds where the slope is very flat and the flow path of the hydraulically longest 
flow path is dominated by overland flow (> 300 ft), the Kerby Equation should be considered for 
the overland flow portion and Kerby for the channelized portion.  

The Kerby Equation is given as: 

Tc = [
2.2nl
S0.5 ]0.324 

403-3 

 

Where:  

 Tc = time of concentration, minutes 

l = length of flow path from headwater to outlet, ft 

S = average slope, ft/ft 

n = Manning’s roughness coefficient 
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When Kirpich and Kerby are combined (Kirpich-Kerby) the watershed should be divided 
between the channelized and the overland flow portions and the travel time across each reach 
calculated and then added together for the total Tc. 

• if the calculations (with either Kirpich or with Kirpich-Kerby) yield a Tc less than 10 
minutes, use 10 minutes.  

• IF THE RESULTING Tc IS GREATER THAN 1 HOUR, DO NOT USE THE 
RATIONAL METHOD - SELECT ANOTHER HYDROLOGIC ANALYSIS METHOD. 

 
403.2 Rainfall 

Developing IDF Curves and Depth Duration Values for Rational Formula from NOAA 
Precipitation Frequency Data Server 

The following approach is provided to develop the Intensity Duration Frequency Curves from 
which rainfall intensity “i” for the design frequency storm required for using the Rational 
Formula. 

1. Go to NOAA Precipitation Frequency Data Server (PFDS) 
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm 

a. Click on New Mexico on the Map 
b. Data Description – use defaults 
c. Get Location Options 

i. Use navigation tools to either: 
1. Enter latitude and longitude or 
2. Select Station or 
3. Selection Location on map 

d. Data Description 
i. Data Type: Select “precipitation intensity” 
ii. Units: Select “english” 
iii. Time series type: Select “partial duration” 

e. Scroll down to Depth/Duration/Frequency table below map 
f. Scroll to bottom of table and in the “Estimates from the table in csv format” box 

select “precipitation frequency estimates”. 
g. Open in MS Excel and do a “save as” to your workspace as a .txt file 
h. Open .txt file (it should open in Excel) 
i. Insert Chart into the Excel spreadsheet (see Table 403-1 example spreadsheet 

below) 
i. Insert a column adjacent to the durations and fill in with time values 

(Excel doesn’t recognize “5-min” as a value) 
ii. Select X Y Scatter Chart Type 
iii. Select Data with duration (in minutes) on the x axis, intensity (in 

inches/hr) on the y axis for each frequency (1 year, 2 year, 5 year, 10 
year, 25 year, 50 year, 100 year) as needed for project analyses. 

j. Format x axis to allow reading duration in 1 minute increments and y axis to read 
intensity in 0.1 in/hr increments. (See Table 403-1)   

k. Read rainfall intensity that matches basin Tc for the storm frequency required. 
l. DO NOT USE A RAINFALL INTENSITY FOR A Tc LESS THAN 10 MINUTES!  

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm
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Table 403-1  NOAA Data Server Sample IDF Spreadsheet – Lemitar NM 
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Figure 403-1  IDF Curves from NOAA Data Server – Lemitar, NM 

To produce the Depth Duration 1- Hour Precipitation values for use in determining the 
Rational ‘C’ Factor, return to the NOAA Data Server for the same location as for the IDF 
Curve development. http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm  
 

a. Data Description 
i. Data Type: Select “precipitation depth” 
ii. Units: Select “english” 
iii. Time series type: Select “partial duration” 

b. Scroll down to Depth/Duration/Frequency table below map 
c. Scroll to bottom of table and in the “Estimates from the table in csv format” box 

select “precipitation frequency estimates”. 
d. Open in MS Excel and do a “save as” to your workspace as a .txt file 
e. Open .txt file (it should open in Excel) 
f. Read point rainfall value for 1- hour design storm 

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nm
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Table 403-2 Depth Duration Frequency Table from NOAA Data Server 

 

403.3 Rational Formula ‘C’ Factor  

The runoff coefficient, C, is selected from Figure 403-2  through Figure 403-7, depending on 
the ground cover, hydrologic soil group, type of development, and 1-hour  rainfall depth for the 
design return period.  Hydrologic soil groups are defined in Section 403 above.  Figure 403-2 
through Figure 403-7 show how C varies with 1-hour rainfall depth. This is because C is a 
function of infiltration and other hydrologic abstractions, relating the peak discharge to the 
theoretical peak discharge produced by 100% runoff. 
 
When land use or other factors vary significantly throughout the watershed, an area weighted C 
value should be used.   The weighted C value is computed by the equation: 
 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡𝑡𝑡𝑡𝑡 𝐶𝐶 =
𝐶𝐶1𝑥𝑥𝑥𝑥1 + 𝐶𝐶2𝑥𝑥𝑥𝑥2 + 𝐶𝐶3𝑥𝑥𝑥𝑥3 …

∑𝐴𝐴
 403-4 

  

Where:   

 C1 = C Factor for subbasin 1, etc. 

 A1 = area in acres of subbasin 1, etc. 

 ∑A = total area of watershed in acres 
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The designer should select the appropriate Figure 403-2 through Figure 403-7, depending on 
the watershed location (desert, upland range, mountain or urban) and the predominant 
vegetation type (cactus, brush, grasses, juniper, pine).   Enter each Figure with the design 1-
hour rainfall depth.   Move vertically up through the Figure until the appropriate curve is found, 
then move horizontally to find the design C value.   The appropriate curve is selected based 
on the Hydrologic Soil Group (HSG) and the percent ground cover of the vegetation or 
percent imperviousness. When a value falls between two curves, interpolate linearly between 
the two nearest ones to the required percentage of cover or imperviousness. 
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Figure 403-2 Rational ‘C’ Coefficient Developed Watersheds 
Adapted from Arizona DOT Highway Drainage Design Manual 

Volume 2 Hydrology Second Edition, 2014 
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Figure 403-3 Rational ‘C’ Coefficient Desert (Cactus, Grass & Brush) 
Adapted from Arizona DOT Highway Drainage Design Manual 

Volume 2 Hydrology Second Edition, 2014 

 



NMDOT Drainage Design Manual Draft 1 – Page 400-65 

 

 

Figure 403-4 Rational ‘C’ Coefficient Upland Rangeland (Grass & Brush) 
Adapted from Arizona DOT Highway Drainage Design Manual 

Volume 2 Hydrology Second Edition, 2014 



NMDOT Drainage Design Manual Draft 1 – Page 400-66 

 

 

Figure 403-5 Rational ‘C’ Coefficient Mountain (Grass and Brush) 
Adapted from Arizona DOT Highway Drainage Design Manual 

Volume 2 Hydrology Second Edition, 2014 
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Figure 403-6 Rational ‘C’ Coefficient Mountain (Pinion, Juniper & Grass) 
Adapted from Arizona DOT Highway Drainage Design Manual 

Volume 2 Hydrology Second Edition, 2014 
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Figure 403-7 Rational ‘C’ Coefficient Mountain (Ponderosa) 
Adapted from Arizona DOT Highway Drainage Design Manual 

Volume 2 Hydrology Second Edition, 2014 
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403.4 Rational Formula Example Problems  

Example problems are found in Appendix 7 
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IV. Methodology 
 
Overview of Methodology 
During the study it was determined that much of the information from previous hydrology 
models completed within the project area was not appropriate for inclusion in this model.  In the 
many previous studies, a variety of methodologies to account for the flat valley terrain were 
used, while some previous studies did not attempt to account for the flatness at all.  It was 
determined that, in order to develop the most accurate representation of the hydrology, a 
consistent methodology that recognized the unique valley characteristics should be utilized for 
those areas draining to Sunset Road and Goff Boulevard and areas north of Bridge Boulevard.  
     
AMAFCA has recently authorized the use of the Army Corps of Engineer’s HEC-HMS software 
in place of AHYMO that has been the standard for the Albuquerque area.  This project used 
HEC-HMS as prescribed in SSCAFCA’s DPM (which was developed in an attempt to be 
compatible with AHYMO methods).    The SSCAFA DPM recommends a 2/3 reduction of the 
time of concentration (tc ) once it has been calculated using commonly used methods.  The reason 
for this reduction was an attempt to exactly match an AHYMO hydrograph.  For the purposes of 
this study it was deemed inappropriate to change a traditional and well understood term such as 
the tc.   
 
The SSCAFCA DPM methodology requires the calculation of rainfall distribution curves for 
input into HEC-HMS.  The equations for distributing the rainfall can be found on page 22-52 of 
the SSCAFCA DPM.  The calculation of the distribution curves was performed in MathCad and 
the calculations are shown in Appendix A.2.  The rainfall depths input into the equations are 
from the NOAA 14 Precipitation Frequency Data Server web site for a point at the centroid of 
the project area.  The output from the website is included in Appendix A.2. 
 
The SSCAFCA DPM begins its estimation of rainfall losses by classifying the land into the land 
treatment classifications (A, B, C, and D) that have been used in AHYMO models.  The option 
in HEC-HMS which is prescribed by the SSCAFCA DPM uses the Initial and Constant Loss 
Method.  Therefore, the Treatment Types are each assigned an Initial Abstraction and Infiltration 
Rate.  These values are set to the corresponding parameters that are used within AHYMO.  
However, there is a difference.  Per the DPM, “For the Initial and Constant Loss Method as 
employed in HEC-HMS, it is assumed that there are no losses associated with impervious area 
(land treatment type D) and rainfall over the impervious area is converted directly to rainfall 
excess.”  There are three factors that will be entered into HEC-HMS, one is the initial abstraction 
(IA) called the Initial Loss in HEC-HMS.  The second is the infiltration rate, called the Constant 
Loss in HEC-HMS.  The third is the percentage impervious.  In HEC-HMS the rainfall for the 
impervious area is translated directly into excess i.e. runoff. 
 
Similar to Albuquerque’s DPM, the SSCAFCA DPM calls for estimating treatment types based 
on the zoned dwelling units per acre.  The Initial Abstraction and Infiltration Rate assigned to the 
Land Treatment Types (See Table F, page 22-60 of the SSCAFCA DPM) are multiplied by their 
respective values to arrive at a weighted IA and INF value for each sub-basin. 
 
For this study, it was determined that the standard IA was not appropriate due to the fact that the 
lots are lower than the surrounding roadways.  For this circumstance the values presented in 



“Analysis of the AHYMO Program for Flat Valley Areas”  Bohannan-Huston, Inc. February 
1995 were used in place of the standard values.    The following table presents the AHYMO 
Program default values and recommended values for flat valley areas in Albuquerque. 
 

TABLE 1 – Comparison of Default and Recommended Initial Abstraction Values 
Land 

Treatment 
Type 

Default Initial 
Abstraction 

Recommend Initial 
Abstraction 

Recommended and 
Default and Uniform 

Infiltration Rate 

 (inches) (inches) (inches / hour) 

A 0.65 1.20 1.67 

B 0.50 1.05 1.25 

C 0.35 0.90 0.83 

D 0.10 0.85 0.04 

The Average Initial Abstraction for Land Treatment Types A, B, C, D in Table 1 computed by 
Smith Engineering Company  = 1.0 inches                 

 
The IA adjustment is not applied to those recent developments (primarily commercial) which are 
built above the adjacent roadway elevation and have obviously been graded to drain efficiently. 
 
Percentage Impervious 
A new data collection technique implemented for this study was the use of satellite remote 
sensing data for the estimation of the impervious area in each sub-basin.  This technique was 
originally used in the Albuquerque area in a restudy of the South Diversion Channel for 
AMAFCA performed by Easterling Consultants.  It was further refined by Smith Engineering in 
their Mid Valley Drainage Master Plan for the City of Albuquerque, and is being investigated by 
the City of Albuquerque for use in Water Quality Analyses.  
 
The initial imperviousness for each sub-basin was obtained using data from the National Land 
Cover Database (NLCD) that was developed from the Landsat Satellite 2001 Imagery.  This 
NLCD data was converted using the ArcMap “Spatial Analyst Extension” for the developing 
zonal statistics.  The basin boundaries created in AutoCad were converted to a shape file.  Those 
boundaries were applied in the analysis to obtain % imperviousness per sub-basin. 
 
The raw satellite data has a consistent error that must be taken into account.  Smith Engineering 
Company in their application used direct measurements of percent impervious areas within test 
sub-basins using orthophotography to calibrate the satellite data.  The equations developed by 
Smith Engineering are shown in Appendix A.3 as well as the relevant section of their report.  Of 
the equations developed by Smith Engineering, the parabolic equation was chosen for use in the 
Sanchez Farm Report.  The error in this equation occurs as the equation approaches 100% 
impervious, with the equation showing adjusted values greater than 100%.  This equation was 
chosen because this error can be easily corrected and the equation makes accurate adjustments 



over the other ranges of imperviousness.  As with any data the final adjusted values should be 
reviewed.  In the case of the satellite data, the area of the “blocks” of reported imperviousness 
can be large relative to small sub-basins.  These sub-basins should be reviewed to ensure that one 
block has not skewed the result for that sub-basin. 
 
The impervious percentages, the adjusted values, and the values after a thorough visual check 
against the orthophoto are shown in Table 2.   
 
Treatment Types 
The percentage of imperviousness is then translated directly to Percentage of Treatment Type D, 
for the calculations of the initial abstraction and R values.  Then a value of Treatment Type A is 
measured or estimated based on the aerial photography and the remaining areas are split between 
Treatment Type B and C unless visual examination showed that it should be otherwise.  The 
Treatment Types are shown in Table 2.   
 
Time of Concentration 
Time of Concentration is the term that defines the hydraulic response of a sub-basin in the 
calculation of a runoff hydrograph.  The unit peak discharge is inversely proportional to the basin 
time of concentration.  Basins with short times of concentration tend to have higher unit peak 
discharges than do basins with longer times of concentration.  The SSCAFCA DPM recommends 
the same procedure for the calculation of the Time of Concentration (tc) for sub-basins as is 
found in the Albuquerque DPM except it is reduced by 2/3.  The 2/3 reduction was a 
modification to make the resultant hydrographs from HEC-HMS more closely agree with 
AHYMO hydrographs.  However, the tc is a standard term in hydrology and is tied to the 
physical time it takes for flows to collect to a common discharge point.  For this study the 
standard tc was employed rather than the modified version. 
 
 The tc is calculated by using the reach lengths of the “longest flow path” within that sub-basin.  
Each reach length is multiplied by a k factor to determine an estimated velocity of water flow for 
that reach.  The k factor values range from 0.7 to 4.  A k value of 0.7 is used when runoff is in 
sheet flow, before flows have concentrated.  A k value of 1 is also used for sheet flow but on a 
hardened surface, values of 2 thru 4 are for increasing levels of concentration and thus increasing 
velocities.  Generally the use of a 0.7 factor is limited to the first 400 feet of the longest flow 
path.  This limit assumes that the runoff will be collected into some type of concentrated 
drainage feature or conveyance by this point i.e. a curb, inverted street, swale, or channel.  In the 
southwest valley this is generally not the case, so it becomes a key issue in any analysis in this 
area. Excess rainfall that does not pond generally flows as unconcentrated sheet flow. 
 
As shown in the Background section, various studies of this area have employed a modification 
to the standard procedure to acknowledge the fact that runoff in the project area remains in a 
sheet flow state longer than in other areas and are likely to re-disperse into a sheet flow condition 
even after having concentrated.  This same methodology is used in this study, with the exception 
of those commercially developed lots that have been clearly graded to drain more effectively.  
The input tc values are shown in Table 2, and the calculations are shown in Appendix A.4.   
 



The tc and the Treatment Types are used to calculate the Initial Loss (i.e. IA), Constant Loss 
(Infiltration Rate) and R values which will be input into HEC-HMS.  The R value is a factor 
which affects the shape of the resultant hydrograph.  The IA, INF, and R values are shown in 
Table 2. Further explanation can be found in the SSCAFCA DPM and its supporting documents.  
These calculations are shown in Appendix A.5.   
 
The full HEC-HMS model created from this input is located electronically in Appendix A.6.  
HEC-HMS is a freely distributed software package and is a graphically based software 
facilitating efficient review of models.  Summary results from the HEC-HMS model are shown 
in Table 2. 
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