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1.0 Introduction and Agenda

On December 17, 2020 Gannett Fleming and the New Mexico Office of the State Engineer Dam 
Safety Bureau (Dam Safety Bureau) met virtually to discuss the data collection effort and 
stakeholder questionnaire responses as part of Task 1: Establish State of the Practice of the 
Evaluation of and Updates to Hydrologic Modeling Practice and Guidance Project for the Dam Safety 
Bureau’s jurisdictional dams.  Those who were present are listed in Table 1.1. After introductions 
and a safety moment, Workshop No. 2’s agenda was presented, and a summary of Workshop 
No. 1 was given.

Table 1.1: Workshop No. 2 Attendees

Dam Safety Bureau Gannett Fleming
Bud Brock Amanda Hess
Sushil Chaudhary Gregory Richards
David Heber Seth Thompson
Chuck Thompson

1.1 Workshop No. 2 Agenda

Workshop No. 2’s agenda is as follows:
 

1. Summary of Workshop No. 1
2. Stakeholder Questionnaire Results
3. Data Collection

a. State Guidelines and Regulations
b. Data Comparison and Trends
c. Workshop Attendee Poll
d. Federal Guidelines 

4. Discussion
5. Future Work and Project Schedule

1.2 Workshop No. 1 Summary

As described more fully in the written summary of Workshop No. 1, the initial workshop was held 
on November 24, 2020 and summarized the entire project’s scope of work including Tasks 1, 2, 
and 3: establishing the state of the practice, analyzing data and developing recommendations for 
updated guidelines, and developing guidelines and deliverables, respectively. The data collection 
effort and stakeholder questionnaire were discussed. The Dam Safety Bureau’s goals and 
preferences for the data collection effort and potential updates to New Mexico’s Dam Safety 
Hydrologic Guidelines and New Mexico’s Rules and Regulations regarding hazard classification 
and inflow design flood (IDF) determination were reviewed.
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2.0 Stakeholder Questionnaire Results

As of December 17, 2020, the stakeholder questionnaire received five responses: two from dam 
owners, and three from consulting engineers. Reponses to each question were discussed.  Results 
are available in the “Stakeholder Questionnaire.xlsx” saved on Gannett Fleming’s SharePoint 
service. A general summary of the current responses is given herein as well.

Questions 1-4: Name, Organization, Email Address, and Affiliation.

Question 5: What concerns do you have with the existing NM hydrologic guidelines and Dam 
Safety Bureau submittal process? What would you like to see changed?

 One consultant expressed a concern that current NM hydrologic guidelines require 
conservative assumptions that can lead to very large IDFs. Another indicated the current 
degree of complexity is quite high and can lead to a lengthy review process. A third 
consultant expressed a desire to see more integration of risk-based and probabilistic 
approaches.

Question 6: What do you like about the existing NM hydrologic guidelines and Dam Safety 
Review Process?

 A consultant highlighted the Dam Safety Bureau’s effective precipitation guidance that 
helps develop reasonable flood volumes. Another consultant likes the use of a revised, 
modern, regional probable maximum precipitation (PMP).

 Dam owners mentioned that inspection reports are very helpful and understandable, and 
that the Dam Safety Review Process is straightforward and works fine.

Question 7: What are your preferred hydrologic analysis methods for estimating rainfall losses in 
New Mexico? Why are these methods preferred?

 One consultant mentioned they do not have a preferred method, but often evaluate 
several methods and choose the one that is most logical. Another consultant specified the 
Natural Resources Conservation Service’s (NRCS) Curve Number method because of its 
simplicity, and broad usage across the industry. 

Question 8: What are your preferred hydrologic analysis methods for transforming rainfall to 
runoff in New Mexico? Why are these methods preferred?

 Consultants mentioned evaluating several unit hydrographs (UH) to see which gives the 
most reasonable results and using the NRCS UH with the NRCS Lag equation due to its 
simplicity and uniformity. The Snyder UH was also mentioned for large basin applications.
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Question 9: What is your comfort level with the following hydrologic modeling parameters and 
methodologies?

 As depicted below, this poll showed that most engineers were comfortable with the 
Colorado and New Mexico Regional Extreme Precipitation Study (CO-NM REPS), and each 
hydrologic loss and transform method mentioned besides the S-graph hydrologic 
transform method, see Figure 2.1; the orange coloration represents comfort, and the blue 
represents discomfort with each statement. 

Figure 2.1: Results to Question 9 as of December 17, 2020 in the Stakeholder Questionnaire.
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Question 10: Would you feel comfortable applying a risk-based approach to determine the 
spillway design flood (SDF) for a dam (e.g., based on incremental consequences or estimates of 
loss of life potential)? Would clear guidance from the NM Dam Safety Bureau on applying risk-
based methods increase your level of comfort? Please explain.

Because these responses give good insight they are quoted below.

 Yes. Strict adherence to a PMF standard results in safe dams that do get 
constructed/rehabilitated, but it can also limit/slow the overall risk reduction to the 
community because dam owners can't afford the rehabilitation cost. For a risk-based 
program to be successful, clear guidance and documentation of the risk-determination 
process is necessary.

 Yes, I would be comfortable with a risk-based approach; however, I would encourage it to be 
optional, rather than required. And yes, clear guidance from NM Dam Safety would be 
extremely useful and valuable to the dam safety community and practice in NM.

 I'm absolutely willing to support these types of projects/efforts/approaches.
 All our flood control dams are NRCS dams and subject to their design. In theory a risk-based 

approach makes sense.  But how do you value human lives? I am familiar with the approach 
based on consulting work I have done for USDOT. The PMF is an estimate. There is no 
guarantee that it is the maximum. 

Question 11: Indicate to what extent you agree or disagree with the following statements 
regarding risk-based decision making.

 The results of this poll varied and are presented in Figure 2.2. The orange coloration 
represents agreement, and the blue represents disagreement with each statement. 

Figure 2.2: Results to Question 11 as of December 17, 2020 in the Stakeholder Questionnaire.
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Question 12: Are you interested in reviewing and having an opportunity to provide comment on 
draft updates to dam safety guidelines from the Dam Safety Bureau?

Question 13: If you have interest, what is the best way to contact and share information with you?

 Each of the five respondents indicated their interest in reviewing and providing feedback 
on the draft updates and indicated that email is the best method of contact.

The results summarized in Workshop No. 2 are preliminary as only five responses were available 
to discuss. The Dam Safety Bureau indicated that the Dam Owners Coalition Newsletter will soon 
publicize the questionnaire and solicit responses. The Workshop attendees discussed that 
questionnaire responses would ideally be received by January 15, 2021, the end of Task 1, but that 
responses will still be considered through the end of Task 2. 

3.0 Data Collection

To date, the data collection effort focused on review of state and federal guidelines as well as 
interviews with representatives from the states. During the workshop, an overview was provided 
on the guidelines for each western state interviewed (see Figure 3.1). A more detailed dialogue 
followed regarding the states that incorporate risk in their guidelines: California, Colorado, 
Montana, and Washington. This discussion was followed by a poll of the attendees that asked 
which state’s hydrologic guidelines were their favorite and why. Federal guidelines were also 
summarized. 

Figure 3.1: Western states interviewed as part of the data collection process.
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3.1 State Guidelines and Regulations

3.1.1 Arizona

Arizona’s prescribed hazard classification and IDF are based on loss of life (LOL) as summarized in 
Table 3.1. While Arizona’s regulations state that the IDF for a high hazard dam can vary between 
50% of the probable maximum flood (PMF) and 100% of the PMF based on downstream 
consequences, in practice most dam owners simply design to the PMF. Arizona also requires 
residual freeboard. 

Table 3.1: Arizona’s hazard classifications and corresponding IDFs.

Hazard 
Classification

Downstream 
LOL Potential

IDF

High LOL ≥ 1 50% PMF – PMF (based on downstream consequences)
Significant LOL = 0 25% PMF– 50% PMF (based on size)

Low LOL = 0 25% PMF
Very Low LOL = 0 100-year

In Arizona, the dam safety program does not require engineers to use specific hydrologic 
methods. They do have hydrologic guidelines published in 2007 that recommend the Green and 
Ampt and Initial and Constant Loss methods for estimating rainfall losses. They also provide 
parameters and guidance for each method. Their 2007 guidelines also recommend the Clark UH 
method for transforming excess rainfall into runoff. 

In practice, Arizona mostly sees the NRCS CN and UH methodologies. However, Maricopa County, 
Arizona requires engineers to use either the Green and Ampt or Initial and Constant Loss methods 
to estimate hydrologic losses, and the Clark UH or S-Graph dimensionless UH methods for 
hydrologic transform. Many other counties and flood control districts adopt Maricopa County’s 
standards.  Note that these counties and flood control districts are most often focused on more 
frequent design events.

The Dam Safety Bureau has mentioned that consultants in Arizona use of Jarrett’s Method to 
adjust Manning’s roughness estimates for channelized flow to be used in time of concentration 
calculations. The Dam Safety Bureau asked if Gannett Fleming had found this in their study of 
Arizona; Gannett Fleming had not seen reference to Jarrett’s method but will investigate it. 

3.1.2 California

California’s prescribed hazard classifications and IDF based on loss of life (LOL) and population at 
risk (PAR) are summarized in Table 3.2. California currently determines IDF based on total class 
weight (TCW); a consequence point rating system based on storage capacity, height, estimated 
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population evacuated, and potential for downstream damage. A TCW ≥ 30 corresponds to an 
“extremely high” hazard classification with a PMF IDF; a TCW ≤ 4 corresponds to a low hazard 
dam with a 0.1% AEP IDF. California reports that they are currently performing a precipitation 
study with the United States Army Corps of Engineers (USACE) to obtain precipitation-frequency 
data and updated PMP estimates. When this study concludes, California will retire the TCW system 
and move towards a total risk-informed approach. 

Table 3.2: California’s hazard classifications and corresponding IDFs.

Hazard Classification Downstream LOL Potential IDF
Extremely High (TCW ≥ 30) LOL ≥ 1;  PAR ≥ 1,000 PMF

High LOL ≥ 1;  1 ≤ PAR < 1,000 Interpolate using TCW
Significant LOL = 0 Interpolate using TCW

Low (TCW ≤ 4) LOL = 0 0.1% AEP

Currently, California requires residual freeboard to account for wave runup and seismic 
deformation. California does not limit engineers to specific hydrologic methods, rather California 
performs an independent hydrologic analysis and then negotiates with the engineer regarding 
the IDF magnitude, peak flow, and volume. In California’s independent analysis they use 
regression equations to estimate Clark UH and loss rate parameters from a 1971 California 
Department of Water Resources Report titled Rare Flood Estimates for Small Ungaged Watersheds 
in California. California Dam Safety realizes this document is dated and in conjunction with the 
updated precipitation study they are considering updating their methods for independent 
hydrologic analysis. 

3.1.3 Colorado

Colorado’s prescribed hazard classifications and IDF based on LOL are summarized in Table 3.3. 
Colorado has two classification systems: hazard classification, based on a sunny-day failure 
analysis, and hydrologic hazard classification, based on an overtopping failure analysis. The 
hydrologic hazard classification is used to determine spillway size and the IDF, while the hazard 
classification is used to determine other aspects of design, analysis, monitoring, inspections, etc. 
Hydrologic hazard can either be assigned based on total flood depth of the overtopping failure 
or incremental consequences between the overtopping dam failure and that caused by the 
spillway base flood immediately prior to dam failure. The incremental consequence analysis is an 
optional step that is typically taken if it is believed that it might reduce hydrologic hazard. In cases 
where the dam owner elects to design to the prescriptive PMF standard rather than estimate 
potential LOL, the dam owner can take a presumptive hydrologic hazard of Extreme with no further 
justification.  Colorado also requires residual freeboard for wind induced wave runup.
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Table 3.3: Colorado’s hazard classifications and corresponding IDFs

Hydrologic 
Hazard 

Downstream 
LOL Potential

IDF

Extreme LOL ≥ 1 PMF
High LOL < 1 0.01% AEP

Significant LOL = 0 0.1% AEP
Low LOL = 0 1% AEP

To determine hydrologic hazard the following steps are taken:

1. Assume a spillway size: Use existing spillway or assume a spillway sized for 1% AEP event 
for new dams or reservoir enlargement projects.

2. Perform IDA for an overtopping flood.
3. Determine Hydrologic Hazard, based on state guidelines and incremental difference in 

LOL using RCEM 2015.
4. Select critical rainfall event (Table 3.3).
5. Check for spillway adequacy.

 If spillway size is not adequate, it should be increased until it can route the critical 
rainfall event.

6. Redo IDA with larger spillway to check if Hydrologic Hazard reduces based on decreased 
incremental LOL. 

When the hydrologic hazard does not reduce the analysis is considered complete. For new dams 
and dam enlargements, the spillway will be sized to pass the prescriptive IDF based on hydrologic 
hazard. For existing dams, Colorado applies a risk-informed approach to determine whether a 
spillway is adequate. This analysis is performed as follows:

1. Develop hydrologic hazard curve (reservoir stage vs. AEP). The AEP of overtopping is 
determined by routing the three CO-NM REPS precipitation-frequency storms (the local 
storm [LS], mesoscale storm with embedded convection [MEC], and mid-latitude cyclone 
[MLC]) through the reservoir at AEPs of 1.0E-1 to 1.0E-7. The overtopping AEP is 
interpolated between the AEPs of the most critical storm type. It was noted in the 
workshop that because of the number of simulations required to develop the hydrologic 
hazard curve, data management could become an issue among consultants.

2. Perform the IDA to determine hydrologic hazard based on LOL potential as outlined in the 
preceding list. 

3. Using the Colorado Dam Safety Branch's Comprehensive Dam Safety Evaluation (CDSE) 
Tools perform a semi-qualitative risk assessment. First, assign an overtopping failure 
likelihood (very high, high, moderate, or low) based on hydrologic hazard curve; second, 
assign a consequence category (Level 0 to Level 4) based on LOL potential (Table 3.4).  
These categories are then plotted on a qualitative risk assessment matrix (probability of 
failure versus number of fatalities) as seen in Figure 3.2.
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Table 3.4: Colorado Dam Safety Branch CDSE Tools Failure Likelihood Rating and Consequence Category

Overtopping Failure 
Likelihood Rating 

AEP
Consequence 

Category
LOL 

Potential
Very High 1.0E-2 Level 0 0

High 1.0E-4 to 1.0E-2 Level 1 Unlikely
Moderate 1.0E-5 to 1.0E-4 Level 2 1 to 10

Low < 1.0E-5 Level 3 10 to 100
Level 4 > 100

Figure 3.2: Colorado Dam Safety Branch’s CDSE Tools qualitative risk assessment chart (Colorado Division of Natural 
Resources 2020)

If the combination of failure likelihood and consequence category are within the green region no 
actions are needed and the existing spillway is considered adequate. If the analysis results plot in 
the yellow or red/pink regions, the risk is considered unacceptable and the spillway capacity must 
be increased to comply with their prescriptive IDF requirements as shown in Table 3.3.

During the workshop, Gannett Fleming presented an example analysis for Mount Pisgah Dam in 
Colorado. Mount Pisgah Dam has an extreme hydrologic hazard and overtops at 1.31E-5 AEP with 
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a 1.7 incremental LOL estimate. These parameters correspond to a “moderate” failure likelihood 
and a Consequence Level of 2. Therefore, no modifications to increase the spillway’s capacity were 
recommended. The New Mexico Dam Safety Bureau had reservations with such complex methods 
and believes that consultants would prefer a simpler, less detailed analysis. However, the Dam 
Safety Bureau did note that while this analysis creates more work for both themselves and the 
consultants, it leads to a more complete understanding of the downstream consequences 
associated with increasing spillway capacity.

Also from the Mount Pisgah Dam Spillway Hydrology Report, Gannett Fleming presented an 
example of the Colorado Dam Safety Branch’s regional envelope curves of discharge versus 
drainage area (see Figure 3.3). This plot contains various regression curves and extreme stream 
flow gage recordings that Colorado Dam Safety uses to verify hydrologic models. The New Mexico 
Dam Safety Bureau showed interest in a similar tool based on New Mexico regional data. 

Figure 3.3: Regional Gaged and Indirect Peak Flows from Colorado’s Extreme Streamflow Database with  Regional Peak 
Flow Statistics, and Modeled Mount Pisgah Dam Peak Flows (Figure 12 of Mount Pisgah Dam Hydrology [CO 2020])

During Gannett Fleming’s interview with Colorado Dam Safety engineers, they mentioned that 
they have observed inconsistencies with their hydrologic hazard classes due to the sharp LOL 
break points between hydrologic hazard classes. Colorado bases PAR by structure type and 
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exposure using the NRCS’s Guidance for Completion of Evaluation of Potential Rehabilitation 
Projects Report. LOL is then estimated using the United States Bureau of Reclamation’s (USBR) 
Reclamation Consequence Estimating Methodology (RCEM) published in 2015. 

Colorado also specifies that the suggested PAR values should be checked against local data and 
field verification. The PAR estimate is then used in RCEM plots to estimate fatality rate 
(LOL=PAR*[fatality rate]) based on the product of depth and velocity for little to no warning and 
adequate warning times. These plots have a wide spread of data and leave a lot of room for 
judgement. Because of this spread Colorado Dam Safety has had consultants ask about significant 
figure considerations during LOL calculation and at what threshold LOL can be considered zero 
(i.e. LOL < 0.1); slight numerical differences in the analysis could push a dam from a hydrologic 
hazard of significant to high, high to extreme, and vice versa. 

The NM Dam Safety Bureau indicated during the workshop that LOL estimates can become very 
complicated, requiring many assumptions and would prefer to base IDF selection on PAR rather 
than LOL. The Dam Safety Bureau also cited a recent USBR webinar in which the presenters stated 
that RCEM should not be used to estimate a specific LOL number, rather RCEM is an aid to help 
give a general understanding of the range of possible consequences. The USBR uses RCEM as one 
piece to a more complex risk analysis. 

Colorado requires consultants to use the Green and Ampt or Initial and Constant Loss methods 
to estimate rainfall losses, and the S-graph dimensionless UH or Clark UH to transform rainfall 
excess into runoff.  Green and Ampt methodology is recommended for storm events up to the 
1.0E-2 AEP. The Initial and Constant Loss method is recommended for more extreme precipitation 
events. Gannett Fleming noted that for consultants this complicates hydrologic models, as 
multiple basins with different losses are required depending on the precipitation event being 
modeled. Data management becomes difficult, which introduces more opportunity for error. 

Recently, Colorado has seen issues with application of their previous (2008) guidance document 
in its mountain regions (dams above elevation 7,500 feet). These areas often have shallow 
bedrock.  Colorado realized infiltration estimates were exceeding the depth to bedrock. An 
example of this was presented in a letter from the Colorado Dam Safety Branch to the consulting 
engineer for Alberta Park Dam.

To correct this inconsistency, Colorado currently has interim guidance on performing a soil profile 
storage analysis (SPSA) to determine the maximum total possible infiltration based on soil 
characteristics and depth to bedrock. Based on this analysis, Green and Ampt parameters are 
adjusted, and losses are lumped together and modeled as an initial abstraction (“bucket method”). 
The SPSA becomes important for longer duration storms where the soil becomes saturated.  
Colorado is also performing a study with Colorado State University (CSU) that will develop better 
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guidance for performing mountain hydrology studies. This study will likely contain 
recommendations for the use of the Soil Moisture Accounting (SMA) loss methodology within 
HEC-HMS.

3.1.4 Montana

Montana’s prescribed hazard classifications and IDF based on LOL are summarized in Table 3.5. 
Montana requires that freeboard be commensurate with the level of uncertainty in the hydrologic 
model. Like Colorado, Montana defines LOL based on RCEM guidance per their Dam Safety 
Program’s Technical Note 2. 

Table 3.5: Montana’s hazard classifications and corresponding IDFs.

Hazard 
Classification 

Downstream 
LOL Potential

IDF

High LOL ≥ 0.5 500-year (LOL = 0.5) – PMF (LOL ≥ 1,000)
Not High LOL < 0.5 NA

Montana’s current guidelines specify one hazard classification (high) which is based solely on LOL 
potential. During Gannett Fleming’s interview with Montana Dam Safety, they noted that in 
hindsight, they would likely incorporate more of a staged standard based on PAR and not LOL 
that also incorporates potential losses to infrastructure similar to Washington’s Dam Safety 
guidelines. Montana expressed interest in knowing what the New Mexico Dam Safety Bureau 
decides as they too may soon be working on changes to their guidance. 

Montana does not limit engineers to specific hydrologic methods. However, in their Technical 
Note 1: Determination of the Inflow Design Flood for High Hazard Dams in Montana they do specify 
the Clark UH method based on procedures outlined in the United States Geological Survey (USGS) 
Water-Supply Paper 2420 titled Procedures for Estimating Unit Hydrographs for Large Floods at 
Ungaged Sites in Montana. The NRCS CN method is most commonly used in Montana to estimate 
hydrologic losses. 

Montana’s Technical Note 1 presents a method to “pseudo-calibrate” hydrologic models. Because 
Montana allows for high hazard dams with a LOL estimate of 0.5 to be designed to the 500-year 
event, a relatively small event compared to other state standards, calibrating models to achieve a 
reasonable estimate of peak discharge and total volume becomes very important. With a less 
extreme IDF, calibration also becomes more practical because more data is available for these 
more frequent events. 

Montana recommends models be calibrated to the best available data (i.e., stream gauge, regional 
regression, etc.). In Montana’s Technical Note 1, an example is given where a model is pseudo-
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calibrated to both the 100-year and 500-year StreamStats regression estimates plus one standard 
deviation, so that the model compares well to the upper bound of the regression’s uncertainty 
(DOWL 2019). Montana also includes calibration instructions and considerations for changing 
both loss and UH parameters independently (Hydrometrics 2019).

Montana Dam Safety emphasizes the idea that the design flood is a minimum standard and 
actively encourages dam owners to use a hydrologic design that is more conservative than the 
minimum.  They also strongly encourage consideration of future development since the design 
standard is directly tied to LOL.  Accordingly, many dam owners in Montana have installed 
spillways with greater capacity than required by the minimum standard.

3.1.5 Nevada

Nevada’s prescribed hazard classifications and IDF based on LOL are summarized in Table 3.6. 
Nevada also requires residual freeboard for wind induced wave runup. Nevada’s Dam Safety 
Program indicated that for practical purposes, a high hazard dam is essentially one that has a 
house in its inundation extents.  Methodology to determine LOL is not specified, but the most 
commonly applied is Reclamation’s ACER Technical Memorandum 11 (1988) to justify reduction 
of hazard potential classification from high to significant or low.  Nevada allows for an IDA to 
reduce the IDF magnitude but leaves the analysis up to the dam owner and/or consulting 
engineer. Generally, Nevada’s stance is that because the engineer stamps the reports and plans, 
they are the responsible party. For this reason, Nevada does not limit engineers to specific 
hydrologic methods. NRCS methods are most common. Nevada, like California and Montana, is 
planning on updates to their Dam Safety Guidelines within the next two years. 

Table 3.6: Nevada’s hazard classifications and corresponding IDFs.

Hazard Classification Downstream LOL Potential IDF
High High Probability of LOL PMF

Significant Reasonable Probability of LOL 0.1% AEP – PMF (based on size)
Low Very Low Probability of LOL 1% AEP

3.1.6 North Dakota

North Dakota’s prescribed hazard classifications and IDF based on LOL are summarized in Table 
3.7. North Dakota, compared to other states, has a complex prescriptive method for determining 
IDFs, based on size, hazard, and LOL potential. North Dakota’s freeboard requirement dictates 
that no freeboard is required above the peak IDF pool level unless the normal pool elevation plus 
wave runup due to an 80 mile per hour (mph) wind is higher than the peak IDF pool level.

Like many others, North Dakota is redefining hazard classifications and IDF requirements. They 
wish to be more in compliance with the Federal Emergency Management Agency’s (FEMA) federal 



Evaluation of and Updates to Hydrologic Modeling 
Practice and Guidance – Workshop No. 2 Summary 

14 December 2020

guidelines as outlined in Selecting and Accommodating Inflow Design Floods for Dams (FEMA P-
94). In their revised guidelines, hazard classification will be determined using a stepped approach 
that allows for varying levels of effort (i.e. dams where it is apparent that there is no PAR are 
classified as low hazard without the need for analysis, if just a simple dam break study is done 
then any structure/road would result in a classification of high hazard, if more detailed two-
dimensional dam break modeling is done, then justification can be made based on ACER 11 for 
structures, average daily traffic of roadways, and other more detailed investigation).

Table 3.7: North Dakota’s hazard classifications and corresponding IDFs.

Class Height (feet) Hazard LOL Potential IDF
I 0 – 10 Low None P25 

0 – 10 Medium A fewII 10 – 24 Low None P50 

10 – 39 Medium A fewIII 25+ Low None 30% PMP 

0 – 39 High More than a fewIV 40+ Medium A few 50% PMP 

V 40+ High More than a few 100% PMP 

In parallel with these updates, they are performing a statewide PMP study with Applied Weather 
Associates, Inc. (AWA) that will include temporal and spatial distributions for both an all-season 
and cool-weather (rain-on-snow) PMP. North Dakota currently allows for an IDA, but it is 
uncommon in practice; their updated guidelines will include a draft chapter on risk but it is unlikely 
that the chapter will ultimately be adopted by the higher-level decision makers. North Dakota 
does not limit engineers to specific hydrologic methods and typically sees NRCS methods used 
by consultants. 

3.1.7 Oklahoma

Oklahoma’s prescribed hazard classifications and IDF based on LOL are summarized in Table 3.8. 
Oklahoma’s method for IDF determination is based on size and hazard. Similarly, residual 
freeboard requirements are also based on size and hazard. Oklahoma guidelines do not allow for 
an IDA to reduce the prescriptive IDF. Oklahoma does not require specific methods and most 
often sees NRCS methodologies.  

Oklahoma is using a regional PMP study that was completed for Arkansas, Louisiana, Missouri, 
and Oklahoma by AWA. This study includes temporal distributions; however, Oklahoma is still 
using the HMR-52 temporal distribution because they have found that the AWA regional 
distributions are not conservative enough when looking at the 25% PMP for their small and 
medium low hazard dams. When using the AWA temporal distributions, they have seen the peak 
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flow for the 25% PMP reduce below the 100-year 24-hour peak flow; they have not seen this 
happen when using the HMR-52 temporal distribution.  

Table 3.8: Oklahoma’s hazard classifications and corresponding IDFs.

Hazard 
Classification

Downstream 
LOL Potential

IDF

High LOL is probable 50%, 75%, 100% PMF (small, medium, large)
Significant LOL = 0 40%, 50%, 75% PMF (small, medium, large)

Low LOL = 0 25%, 25%, 50% PMF (small, medium, large)

3.1.8 Texas

Texas’ prescribed hazard classifications and IDF based on LOL are summarized in Table 3.9. Texas 
only requires residual freeboard based on wind-induced wave runup for new dams. Texas is 
currently updating their existing hydrologic and hydraulic guidelines that were published in 2007. 
The updates will provide improved guidance regarding dam breach analyses. The existing 
guidelines specify a front-loaded temporal distribution for the PMP, which Texas is using in 
conjunction with their regional PMP study done by AWA. Texas also does not limit engineers to 
specific hydrologic methods and most often sees NRCS methodology. 

Table 3.9: Texas’ hazard classifications and corresponding IDFs.

Hazard 
Classification

Downstream 
LOL Potential

IDF

High LOL > 6 75% PMF – PMF (based on size)
Significant 1 ≤ LOL ≤ 6 50% – 75% PMF (based on size)

Low LOL = 0 25% – 75% PMF (based on size)

3.1.9 Utah

Utah’s prescribed hazard classifications and IDF based on LOL are summarized in Table 3.10. In 
Utah, the IDF for high and moderate hazard dams is the worst case (highest reservoir stage) of 
four storm events: the 6-hour PMP, 72-hour PMP, 6-hour 100-year, and 24-hour 100-year storm 
events. The 100-year events are routed with saturated antecedent conditions and require residual 
freeboard for wind induced wave runup. In Gannett Fleming’s interview with Utah Dam Safety, 
they indicated that the 100-year event had governed on at least one of their dams. 

Utah’s PMP estimates are based on studies performed by Utah State University (USU) in 1995 (6-
hour depths) and 2002 (72-hour depths). The Utah Dam Safety Program is currently working with 
the Utah State Climatologist to update these PMP estimates.  Utah allows the engineer to use any 
hydrologic method and most commonly sees NRCS methodology. 
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Table 3.10: Utah’s hazard classifications and corresponding IDFs.

Hazard 
Classification

Downstream 
LOL Potential

IDF

High LOL ≥ 1 Worst of PMF & 100-year with 
saturated antecedent conditions

Moderate LOL = 0 Worst of PMF & 100-year with 
saturated antecedent conditions

Low LOL = 0 100-year

Utah does allow owners to perform an IDA to reduce the prescriptive IDF, but otherwise does not 
incorporate risk in IDF determination. Utah does, however, apply risk in prioritizing the order in 
which dams are rehabilitated. Utah has a grant program that pays for 80% of the rehabilitation 
cost of dams and can be used to bring dams into compliance with Utah’s minimum standards. 
Utah uses a risk matrix to prioritize the order in which dams will receive grant funds. 

3.1.10 Washington

In Washington, dams do not receive a hazard classification; instead, they are assigned a “Design 
Step” (see Figure 3.4) developed by Mel Schaefer and Bruce Barker of MGS Engineering 
Consultants, Inc. The design step is based on the capital value of the project, potential for LOL, 
and potential for property damage. Each of these categories receives consequence rating points 
based on various factors:

 Capital Value of the Project
o Dam Height: 1 to 300+ feet; 35 to 150 points.
o Loss of Project Benefits: 10 to 75 points based on primary dam purpose.

 Potential for Loss of Life
o Catastrophic Potential Index: Ratio of dam breach peak discharge to 100-year flood 

peak discharge; Separate relationships based on size classification; 0 to 75 points.
o Population at Risk: 1 to 600+ people; 20 to 300 points. 
o Warning Time: Adequate, Marginal, and Inadequate; 0 to 100 points.

 Potential for Property Damage
o Property Damage to Residencies: 1 to 100+ homes; 5 to 75 points.
o Lifeline Facility Disruption: Various facilities presented; 5 to 75 points.
o Other Important Facilities: Various facilities presented; 5 to 75 points.
o Environmental Degradation: Deleterious content release from reservoir, and 

deleterious material release from damaged downstream facilities; 5 to 75 points. 

See the Washington Dam Safety Office’s Technical Note 2: Selection of Design/Performance Goals 
for Critical Project Elements for more detail. The points from each category are aggregated and 
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then used to determine the design step and the corresponding AEP of the IDF as seen in Figure 
3.4. 

Figure 3.4: Design Step Format for Design/Performance Goals in Washington (WA Dam Safety Office TN-2, 1992).

The Washington Dam Safety Office’s Technical Note 3: Design Storm Construction is used to obtain 
the total precipitation and develop three hyetographs: the 4-hour short-duration storm, the 18-
hour intermediate-duration storm, and the 72-hour long-duration storm. The IDF is the storm that 
results in the highest peak pool level in the reservoir. The data provided in Technical Note 3 is 
simplified, but similar to the CO-NM REPS study.  Like the Design Step process, Technical Note 3 
and the data contained therein was developed by MGS Engineering Consultants, Inc (2009). 

Washington also does not require engineers to use specific methodologies. However, they do 
provide corrections for the NRCS CNs to be used for their 4-hour, short-duration storm events. 
They have seen higher relative amounts of precipitation lost during their short-duration storm 
event compared to their longer events (18- and 72-hours); the CN corrections try to target a 
general percentage of total rainfall losses.

During Gannett Fleming’s interview with the Washington Dam Safety Office, their hydrologic and 
hydraulic engineer expressed a lot of gratitude to Mel Schaefer and Bruce Barker for the efforts 
and vision in developing the current Design Step process. Washington Dam Safety has not had 
many issues with the system and stated that they encourage engineers to engage in early project 
communication and to maintain an open project dialogue in order to streamline the analysis and 
review process. 

During the workshop discussion, the New Mexico Dam Safety Bureau indicated that they liked 
that Washington’s guidelines are based on PAR and not LOL, consider loss of the reservoir’s use, 
and that they also consider infrastructure and environmental damage components. Because 
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Washington’s risk-informed approach is more prescriptive than Colorado’s the attendees 
concluded that it will likely leave less room for error in its application. 

3.2 State Guidelines Data Trends

Gannett Fleming presented general trends and observations resulting from state guidelines data 
collection.

3.2.1 IDF Determination

Six of the ten states interviewed use prescriptive methods for IDF determination. Of those six, IDAs 
can be performed to reduce the IDF in every state except for Oklahoma; IDAs are not common 
practice in Arizona nor North Dakota. 

Of the four states that employ risk-informed methods to determine IDFs, two are primarily based 
on LOL potential (Colorado and Montana) using RCEM methods. The other two states, California, 
and Washington use a consequence point rating system to capture other important parameters 
such as dam/reservoir size, PAR, lifeline losses, and environmental damages. 

Gannett Fleming also presented data from the FEMA Summary of Existing Guidelines for Hydrologic 
Safety of Dams (FEMA P-919, July 2012). A figure of the United States was presented indicating 
which states use size alone, a combination of size and hazard, hazard alone, or risk-informed 
methods to determine IDFs. It was apparent that the West is leading the industry in risk-informed 
standards as four of the five states performing risk are in the West. Bar charts from FEMA P-919 
were also presented that show the wide variability in IDFs for high and significant hazard dams 
for various states; it should also be noted that the criteria for classifying a high and significant 
hazard dam varies widely among states. 

3.2.2 Hydrologic Methods

Of the 10 states interviewed only Colorado specifies specific hydrologic methods. Maricopa 
County, Arizona also specifies the same methods as Colorado, and Maricopa County guidelines 
are adopted by other counties and flood control districts in Arizona. California does not specify 
the method, but does perform an independent check for reasonableness.  

The Dam Safety Bureau indicated that they have found large discrepancies while reviewing 
hydrologic models and would like to give better guidance to consulting engineers. Further, the 
Dam Safety Bureau expressed the desire to have a recommended methodology to improve 
efficiency of analysis for both the consulting engineers and regulatory reviewers. Though they 
prefer a recommended approach, they would also like to leave the door open for other methods 
to be used for unique watersheds or for those who want to perform a more detailed analysis. The 
latter option would still require general guidance on the proper application and necessary 
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justification of the selected methods. Gannett Fleming will also further investigate what other 
states are doing in terms of antecedent runoff condition (ARC). New Mexico is currently assuming 
the watershed will be saturated prior to routing an IDF. 

3.3 Workshop Attendee Poll

To start a discussion on what the group likes and dislikes about each State, Gannett Fleming 
prepared a Poll asking each workshop attendee which state’s guidelines for IDF determination 
and hydrologic methods was their favorite. Three of the four Dam Safety Bureau attendees 
selected Washington. The other Dam Safety Bureau attendee and all three Gannett Fleming 
attendees selected Colorado. The advantages and disadvantages discussed for both Washington 
and Colorado are presented in Table 3.11 and Table 3.12, respectively. 

Table 3.11: Washington’s IDF and hydrologic guidelines pros and cons as discussed by Workshop No 2. attendees.

Advantages Disadvantages
 Design Step is based on PAR and not LOL.  Not in line with FEMA federal guidelines.
 Consequence point system used in Design 

Step calculations are transparent, easily 
understood, and repeatable. 

 IDF is frequency based, using a “stepped 
approach,” and does not involve sharp 
break points typically present between 
hazard classifications.

 Allow for any hydrologic method to be used 
and provide adjustments to CN for short-
duration storms. The group discussed that if 
adjustments are necessary, the 
methodology is likely not appropriate. 

 History of successful use. Developed in 1992 
and still in use today. 

 Design Step based on project use, PAR, 
property damage, lifeline losses, and 
environmental damages.

 Provides spreadsheets to be used by 
consultants.

 Allows for NRCS CN methodology, which is 
common to the industry.

Table 3.12: Colorado’s IDF and hydrologic guidelines pros and cons as discussed by Workshop No 2. Attendees.
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Advantages Disadvantages
 Based on LOL and not PAR. Does not 

incorporate environmental or other 
considerations.

 Colorado Dam Safety expressed concerns 
with LOL estimation using RCEM 2015.  

 The approach is relatively new, but 
Colorado Dam Safety staff already have 
concerns about sharp break points between 
hydrologic hazard classifications.

 Current risk-informed analysis is complex 
and not repeatable.

 Recommended hydrologic methods must 
be mixed and matched based on watershed 
region, storm duration, etc. and can result in 
complex and cumbersome modeling.

 Follows FEMA federal guidelines. 
 Stepped approach: Risk-informed approach 

is optional if a dam owner wants to reduce 
the prescriptive IDF by determining 
incremental consequences. Guidelines also 
allow owners to simply select the 
prescriptive IDF based on total overtopping 
failure flood damages.

 Prescribes specific hydrologic methods, 
which help with uniformity in review and 
level of conservatism.

 Hydrologic guidance for model calibration 
and mountain hydrology, so that models 
are better representative of physical 
processes.

 Hydrologic hazard helps distinguish 
between high hazard dams with varying 
degrees of downstream consequences. 

 Provides spreadsheets to be used by 
consultants

To develop New Mexico’s updated dam safety guidelines, the group will look at both Colorado 
and Washington to try and capture the advantages of each method. Generally, those that 
preferred Washington did so due to its ease of use and consideration of more than just LOL 
potential. Those that preferred Colorado liked that the risk-informed approach was optional, the 
prescriptive IDFs and risk analysis follow FEMA federal guidelines, and the recommended 
hydrologic methods encourage consistency amongst hydrologic analyses. 

3.4 Federal Guidelines

Gannett Fleming researched and discussed the guidelines present in documents published by 
FEMA, NRCS, USBR, and USACE.

3.4.1 Federal Emergency Management Agency

Currently New Mexico’s regulations regarding IDF determination closely follow FEMA’s guidelines 
as presented in FEMA P-94. Colorado’s guidelines are also in line with FEMA P-94. During the 
workshop the group expressed that following the FEMA federal guidelines would give the Dam 
Safety Bureau justification for the changes and, if needed, something to fall back on. It was also 
discussed that since FEMA P-94 was published, FEMA has further developed their risk-informed 
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guidance and methods in their Federal Guidelines for Dam Safety Risk Management (FEMA P-1025) 
document that will also be considered. 

3.4.2 Natural Resources Conservation Service

During Gannett Fleming’s interviews with the various western states’ dam safety programs, it was 
evident that NRCS hydrologic methodologies (CN and UH) are most common among the industry 
in the Western United States. However, Colorado and Maricopa County, Arizona do not allow 
NRCS CN nor UH methods for various technical concerns. Other states also understand that NRCS 
methods have limitations but believe it generally produces conservative results that are 
acceptable. Moreover, the Dam Safety Bureau has found that New Mexico storms do not behave 
like the NRCS Type II synthetic storm distribution, and therefore, want to base temporal 
distributions on actual behavior that occurs in New Mexico. 

3.4.3 United States Bureau of Reclamation

The USBR Flood Hydrology Manual recommends using a saturated antecedent condition for large 
floods; it also presents dimensionless UH and S-Graph methods for transforming excess rainfall 
to runoff for various western regions and geographies (Cudworth, 1989). The Dam Safety Bureau 
asked if the USBR dimensionless UH methods would be applicable to higher frequency storm 
events (i.e., 25- and 50-year events). Gannett Fleming responded that higher frequency events are 
easier to calibrate, as actual gage data and regression equations exist; therefore, the USBR UH 
method among other synthetic UHs can be checked to determine the UH that best compares to 
the available data. 

A discussion followed regarding the use of different hydrologic methods for different storm 
frequencies. Colorado’s current hydrologic guidelines recommend using the Green and Ampt loss 
method for storms more frequent than the 100-year event and the Initial and Constant Loss 
method for more extreme, less frequent events (Tierra Grande International 2008). Gannett 
Fleming related their experience with these requirements for a recent Colorado hydrologic model. 
While certain methods may be more accurate for certain storm event frequencies, modeling 
becomes very complex, requiring deliberate, organized data management, and gives opportunity 
for more errors. 

The USBR’s Downstream Hazard Classification Guidelines: Assistant Commissioner – Engineering 
and Research (ACER) Technical Memorandum No. 11 (ACER-11) and RCEM documents were also 
discussed. Both ACER-11 and RCEM present graphs to estimate downstream hazard potential in 
the event of a dam failure. A similar discussion to one prior in the workshop took place, reiterating 
that RCEM is only intended to be used in risk analysis and should not be used to estimate a specific 
LOL number to be used for hazard classification.  New Mexico staff noted that improvements have 
been made internationally in Finland and Australia on the ACER-11 charts to determine hazard 
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during flooding; however, it is likely that the dated USBR documents would be more readily 
embraced in New Mexico than data from international sources. 

4.0 Miscellaneous Items

Gannett Fleming solicited the Dam Safety Bureau’s thoughts on how to incorporate climate 
change, freeboard, and future development both upstream and downstream of dams. 

4.1 Climate Change

Colorado requires a 7% increase to the CO-NM REPS PMP and PF estimates to be used for IDF 
development. The 7% increase is to account for expected increases in atmospheric temperature 
that will result in more precipitable water over the next 50 years, based on an assessment by the 
National Oceanic and Atmospheric Administration (NOAA) performed for CO-NM REPS. It was 
stated that meteorological experts disagree as to whether PMP depth estimates are valid 
regardless of climate change. Gannett Fleming will further research climate change and whether 
to consider it for PMP and PF depth estimates, just PF depth estimates, or not at all. 

4.2 Freeboard

Some states use freeboard to account for uncertainty in modeling, downstream development, 
and/or climate change by adding an additional factor of safety. Freeboard is also used to account 
for wind-generated wave runup, embankment settlement and/or seismic deformation. New 
Mexico currently has freeboard requirements to account for wave runup and seismic deformation. 
Both the Dam Safety Bureau and Gannett Fleming are comfortable with the current freeboard 
requirements and do not plan to revise them to account for uncertainty. 

4.3 Future Development

FEMA P-94 states that future development both upstream and downstream needs to be 
considered. Upstream development will change the watershed response and will likely result in a 
larger peak flood; downstream development, known as “hazard creep,” directly increases PAR and 
hazard potential. Colorado currently states in their guidelines that hydrologic hazard must be 
reanalyzed if development occurs. Montana’s guidelines recommend engineers to choose a larger 
IDF than required to account for development. During the interview with Montana, the dam safety 
program stated that their guidelines only recommend this and that it is difficult to enforce. 

The attendees noted that future development is difficult to address and that New Mexico’s 
updated guidelines will likely require a clause stating that dam owners will need to consider future 
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development and that hazard classification analyses will need to be updated if development 
occurs.

5.0 Project Schedule

The next steps for the project, prior to Workshop No. 3, are to perform a literature review on 
hydrologic methods, research data availability that will be required for certain methods, and 
identify data analysis tasks needed to inform decisions on potential opportunities for New Mexico 
guideline updates. 

Workshop No. 3 is scheduled for January 15, 2021 from 8:00 am to 2:00 pm MST. The Draft Task 1 
Report and Scope for Task 2 will be submitted to the Dam Safety Bureau on January 22, 2021. 
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