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Overview

• Current Guidelines dated June 30, 2021
• Main Steps in Hydrological Analysis
• Proposed Update
• Q&A
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• Guidance for Hydrologic Analysis for dams in State 
Jurisdiction.

• Dam Safety Bureau uses this guidance document to review 
analyses submitted for filing.
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Scope and purpose



Summarized Steps in Hydrologic Assessment of a Dam
• Watershed Delineation

• Basin, Sub-basins, Reaches
• Design Precipitation Requirements

• Precipitation Depths (PMP, frequency storms)
• Temporal Distributions

• Hydrologic Losses
• Constant Loss and Initial Loss Rate

• Runoff Transformation
• Physiographic Regions & USBR S-Graph

• Routing through Reaches 
• Baseflow (if applicable)
• Reservoir Routing

• Stage-Storage-Discharge Relations
• Model Setup and Running Analysis – HEC-HMS
• Review of Results/Validation – Sensitivity Analyses
• Report Preparation
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Watershed Delineation

• USGS StreamStats Portal 
• Used as simplistic check

• Digital Elevation Models (DEM)
• UNM RGIS
• USGS  National Dataset (NED)
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Basin shapefiles are needed as input to estimate average precipitation from 
the PMP Tool and MetPortal Tool. Therefore, the watershed must be 
delineated electronically to generate these shapefiles.



Watershed Delineation

6Courtesy of 2010, Breach Analysis Report for Eagle Nest Dam.

Courtesy of 2016, H&H and Breach Analaysis Report for 
Hatch Valley Arroyo Dam No. 3

Sub-basins

Single basin
Eagle Nest Dam

Hatch Valley 
Arroyo Dam No. 3



• HMRs 49, 51, 55A replaced with 2018 
CO-NM Regional Extreme Precipitation 
Study (REPS) PMP Tool

• The CO-NM REPS also developed 
Precipitation Frequency (PF) Tool that 
are required for Dams in lieu of NOAA 
Atlas 14
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Determination of Precipitation Depths and 
Temporal Distributions
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REPS PMP Tool (Web-based) REPS MetPortal PF Tool (Web-based)

Calculates inter-durational PMP depths for Local, 
General and Tropical Storms.

Calculates point and watershed precipitation 
estimates for 10-1 through 10-7 AEPs for Local Storm, 
Mesoscale w/ Embedded Convection, and Mid-
Latitude Cyclone/Tropical Storm Remnants.

Precipitation Depths and Temporal Distributions

Both tools require using a basin 
shapefile provided by the user. https://www.ose.nm.gov/dams/conmpf.php
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Determination of Precipitation Depths and Temporal 
Distributions

RIO GRANDE

EAST

WEST

Macro Regions for NM Image courtesy of 2021 NMOSE Guidelines for Hydrologic Analysis for Dam  

Storm Type and Temporal Distributions  
applicable for both PMP and MetPortal Tools
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Precipitation Temporal 
Distribution Development

Loss Rate Calculation

S-Graph 
Development

Helpful tools for Hydrologic Analysis 
Spillway Hydrology Spreadsheet Tool
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Temporal Distribution Tab



The REPS tools provide watershed average precipitation depths by 
incorporating areal reductions up to certain basin sizes based on the limits 
of the study.

In some cases, watershed basins may need to be subdivided into smaller subbasins. If 
watershed area exceeds spatial limit of storm, talk to the NMOSE-DSB.
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Determination of Precipitation Depths and Spatial 
Distributions



Determination of Constant Loss Rate and Initial 
Loss Rate
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• Web Soil Survey 
• SSURGO database (More detailed)
• STATSGO database (Less detailed)

• MRLC 
• National Land Cover database (NLCD)

• Categorizes 16 Land Uses 



Determination of Constant Loss Rate and Initial 
Loss Rate 
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• Initial Losses
• Zero – For storm events larger than 100-year (e.g., 500yr, 1000yr, etc.)
• Calculate and include – For storm events up to 100-year (e.g., 10yr, 

50yr, 100yr)

• Constant Loss Rate 
• Hydrologic Soil Group (HSG)
• Percent impervious cover
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Constant Loss & Initial Loss Tabs



16

Runoff Transformation (Unit Hydrograph)

• Unit hydrograph using USBR S-graph 
(Cudworth, 1989) approach is the 
recommended method to use.

• Parameters required for USBR S-graph 
includes selection of appropriate 
physiographic region of the watershed 
and the lag time.

𝐿𝐿𝐿𝐿𝐿𝐿 = 26𝐾𝐾𝑛𝑛
𝐿𝐿𝐿𝐿𝑐𝑐𝑐𝑐
𝑆𝑆

0.33

GREAT BASIN

GREAT PLAINS

ROCKY
MOUNTAINS

COLORADO 
PLATEAU

Physiographic Regions for NM



• Ranges of Kn values based on the 
physiographic region are listed in 
the 1989 USBR Flood Hydrology 
Manual by Cudworth.

• Sensitivity analyses should be 
performed to determine 
appropriate Kn value for the 
respective watershed basin.
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Runoff Transformation

Image courtesy of 1989 USBR Flood Hydrology Manual

Kn values for Rocky Mountain Physiographic Region
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USBR S-Graph Tab



Reservoir Routing

• Reservoir routing requires consideration of :
• Stage-Storage-discharge information
• Spillway Discharge Rating curves
• Outlet Discharge Rating curves
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Images courtesy of the 2016 Hydrologic Analysis and Dam 
Breach Report for Prop Canyon Site 1 Dam.



Model Setup and Running Analysis – HEC-HMS

Model setup for hydrologic analysis can be performed 
after obtaining necessary parameters:

• Precipitation Data

• Hydrologic and Reservoir Routing Parameters 

• Runoff Transformation Selection
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Example of Hydrologic Analyses 
for different storm types and 
frequencies  using HEC-HMS:

Storm types and 
associated AEPs

Peak Elevations



Most dams in NM have inadequate spillway capacities.
Therefore, a risk analysis or incremental damage assessment is 
recommended. 

• Produce hydrologic hazard curves (HHCs) as part of the hydrologic analyses using 
the frequency precipitations with AEPs of 10-2 through 10-7 from the MetPortal PF 
tool.

• Incorporating HHCs is risk-informed approach for determining 
overtopping AEP of dam under initial reservoir elevation conditions:

• Normal Reservoir Elevation
•  Spillway Crest Elevation
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Hydrologic Hazard Curves (HHCs)
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Annual Exceedance Probability (AEP)

North Fork Dam Hydrologic Hazard Curves

2-hr LS 6-hr-MEC 48-hr-MLC-CL 48-hr-MLC-MP Dam Crest Spillway Crest Governing PMP (2-hr LS PMP)

Initial Reservoir Elevation at the Spillway Crest

Dam Crest: 4,408.4 ft  Spillway Crest: 4,400.0 ft 2-hr LS PMP: 14,600 cfs; 4,110.0 ft

Hydrologic Hazard Curves Example
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Dam overtopping @ AEP 10-4

Governing PMP 
(2-Hr LS PMP)

Storm types and 
associated AEPs
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Review of Results/Validation – Sensitivity Analyses

• Sensitivity Analysis
• Initial soil conditions
• Kn
• Constant infiltration rates for soil types
• Projected land use changes in future 

conditions

• Other Calibrations
• NM Regional Envelope Curves
• Regional Regression Equations (i.e., USGS 

StreamStats)

NM Regional Envelope Curve Example for the East Macro Region.



Preparation of Hydrologic Analysis Report

• It is important that the details of parameter used, results obtained 
& supporting documentation to be included in Hydrologic Analysis 
Report.

• Guidelines highlights details on the report development of the Hydrologic 
Analysis Report. 

• NMOSE-DSB White Paper Technical Report for Dams guidance document

• The hydrology report should stand on its own. 
• Serve as a guidance document to help future engineers and NMOSE-DSB 

understand the analysis.
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https://www.ose.nm.gov/dams/submittal.php
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Questions?

Thank you!
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