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RISK IS NOT A FOUR LETTER WORD: TEN YEARS OF SUCCESS USING A
RISK-BASED DAM SAFETY APPROACH IN WASHINGTON

Doug Johnson
Washington State Dam Safety Supervisor

INTRODUCTION

This paper discusses the application of probability and risk concepts in the state of Washington’s
dam safety program.  Our approach can be characterized as employing risk concepts in a
standards-based framework, and using a risk-based prioritization scheme to correct dam safety
deficiencies. Under this approach, probability methods, risk concepts, and elements of risk
assessment are combined with decision making in setting performance standards that provide
acceptable minimum levels of protection.  This approach has been quite successful since its
implementation in 1990. For similar downstream hazard settings, it has provided consistent levels
of protection against flood induced overtopping failures across diverse climatic regions. It has
been less successful in addressing the difficult, rapidly evolving seismic concerns confronting the
Pacific Northwest. Furthermore, this approach has allowed us to make great progress in repairing
the backlog of dams with identified safety deficiencies, as well as design new dams to more
consistent standards across the State of Washington.

Why Choose Probabilistic Over Deterministic Approach?

The use of risk-based approaches in the dam safety community is still highly controversial.  There
is much fear and trepidation among dam safety engineers when “risk” is mentioned in conjunction
with dam safety.  To many, the word risk implies that we would be designing to accept failure and
loss of life, or more insidiously that risk assessment is a way of avoiding making expensive
structural repairs to a dam.  In addition, many think that using risk entails quantitative risk
assessment, a highly complex and time-consuming analysis.  Conversely, many dam safety
professionals believe that using deterministic standards imply that a dam can pose zero risk to
the public (as well as no liability risk to the engineer).  Unfortunately, this viewpoint is based on
misconceptions in the engineering community about the Probable Maximum Precipitation (PMP)
and the Maximum Credible Earthquake (MCE).  In reality, these values are estimates of the
theoretical maxima that commonly approach, rather than meet, the theoretical upper limits. For
example, studies have shown1 that the annual exceedance probabilities (AEPs) of PMP events
vary widely across the nation, from about 10-5 to perhaps 10-9.  In the Pacific Northwest, PMP
events have AEPs that vary from about 10-5 on the coast, to 10-6 in the Puget Sound region to
10-9 in some areas of Eastern Washington1.  Thus, the use of these values may not only not
provide zero risk, they likely do not provide consistent levels of protection across broad
geographic areas.

The situation is further complicated when we look at smaller dams where only a few lives would be
at risk.  This situation represents the majority of dams regulated by Washington and, we believe,
most other states (Figure 1).  Regulatory organizations have long recognized that PMP and MCE
loadings are too stringent for the design/analysis of these smaller projects. Consequently, some
percentage of the theoretical maximum PMP is used for hydrologic assessment. An earthquake with
a larger probability of exceedance is utilized in the seismic stability assessment.  For example, 50%
of the PMP is frequently used by many regulatory agencies as the lower bound for smaller dams



where only a few lives are at risk.  However, when ratios of the PMP are taken, wildly differing levels
of protection may result.  For example, based on a regional analysis of some 10,000 station-years of
precipitation data covering the Pacific Northwest, 50% of the PMP is only about a 100-year event in
the marine climate on the Pacific Coast, while being closer to a 10,000-year event in parts of the
arid eastern half of the state. Thus, by using ratios of PMP for design or repair of smaller, lower
hazard dams, not only are we accepting that the dam is not zero risk, we often have no idea what
the level of risk is!

Figure 1 – Dams Sited Above Populated Areas in Washington State

Selection of Risk Based Approach

Recognizing that the PMP/MCE (much less % PMP) approach is not zero risk and provides
unbalanced protection across the state, the Dam Safety Office elected to employ a risk-based
design approach. This approach was selected based on a number of considerations.  The first
consideration was the need to provide consistent minimum levels of protection across the state
for similar downstream hazard settings.  There was also a need to provide methods of analysis
that were manageable with limited resources.  The state is responsible for over 800 dams, and
has limited staffing and resources to apply toward detailed risk assessment.  Likewise, most of
the regulated community has smaller dams with limited project budgets.  Finally, we needed an
approach that could be used for the design of new projects as well as for analysis of existing
dams.  Performing quantitative risk assessments for every project would not be feasible given
these considerations.  However, employing risk concepts and procedures in a standards-based
framework allowed us to address these issues, while realizing the benefits of using a risk-based
approach in a relatively simple and inexpensive manner.

We decided to utilize probability and risk concepts in two main areas.  The first was to develop
risk-based standards for dam design and evaluation of existing dams.  These standards were
applied through the design step format, which is detailed later in this paper.  The second area
where these concepts were applied was in the development of a risk-based ranking scheme to
prioritize compliance and enforcement efforts on existing dams with identified safety deficiencies.
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The combination of both areas was integral to the success of Washington’s dam safety program
and is detailed in the following sections.

Design Philosophy

The philosophy of the Washington dam safety program utilizes several design principles that
provide a framework for evaluating and establishing what design/performance levels are
appropriate for the various elements of a dam project.  The primary principles related to risk are
Balanced Protection and Consequence Dependent Design Levels.

Balanced Protection - A dam is comprised of numerous critical elements, and like the old chain
adage, “is only as strong as the weakest link”.  The goal of the Balanced Protection concept is to
establish an appropriate common Annual Exceedance Probability (AEP) as the minimum design
level for the evaluation of each critical project element.  The term critical project element refers to
an aspect of the structure, whose failure could precipitate an uncontrolled release of the reservoir.
This office has only achieved partial success in this endeavor.  As is noted below, the seismic
design aspects lag behind the progress made in the hydrology arena.   

Consequence Dependent Design Levels – Standard practice in the civil engineering community is
that the degree of conservatism in design should correspond with the consequences of failure of
a given element.  If failure of a given element could pose a threat of loss of life, design levels are
typically much more conservative.  That conservatism increases with an increase in the potential
magnitude of loss of life and property at risk.  This concept is called Consequence Dependent
Design Levels.

Design Step Format

The philosophies of Balanced Protection and Consequence Dependent Design are implemented
through the Design Step Format.  This format utilizes eight steps, where the design events
become increasingly more stringent as the consequences of failure become more severe.
Design Step 1 has an annual exceedance probability of 1 in 500, and would apply where the
consequences of dam failure are minimal and there would be no chance for loss of life. Design
Step 8 applies to large dams where a dam failure would be catastrophic, with hundreds of lives at
risk.  In this situation, extreme design loads are used to provide the extremely high levels of
reliability needed to properly protect the public. Thus, the AEP of Step 8 is set at 1 in 1,000,000,
or the theoretical maximum events (PMP, MCE), whichever is smaller.  The design Step 8 AEP of
10-6 is based on existing design standards (EPRI2) and a review of recommendations for
engineered structures with extreme consequences of failure, such as nuclear power plants.

The design step format was completed by providing uniform performance increments between
the design steps such that the AEP’s decrease tenfold for every two design steps. Figure 2 shows
the 8-step format employed by the Washington dam safety program.



Figure 2.  Design Step Format
                                                                                             Consequence

Design Step         Exceedance Probability             Rating Points
1 1 in 500 < 275
2 1 in 1000 275 - 325
3 1 in 3000 (actually 3160) 326 - 375
4 1 in 10,000 376 - 425
5 1 in 30,000 426 - 475
6 1 in 100,000 476 - 525
7 1 in 300,000 526 - 575
8 1 in 1,000,000 > 575

(or theoretical maximum)

Benchmarks for Selecting Design Steps

A critical question when using risk-based design is “what is ‘acceptable’ (or tolerable) risk?” This
is probably the most controversial aspect of using risk assessment in dam safety.  This implies
that above some threshold design event/performance level, loss of life would be tolerated.  This is
actually a common engineering precept used in bridge design, the UBC, and other engineering
codes and standards. At the time we were developing our standards, there was very little
guidance on tolerable risk criteria in the dam safety field. Thus, rather than try to come up with a
definition of tolerable risk on our own, we decided to utilize design levels that would be consistent
with the levels of safety provided by other engineering disciplines and governmental regulation.
Because the actual levels of protection in many engineering applications are obscured by
standards and codes (sometimes intentionally), the actual design levels and probabilities of
failure had to be back calculated.  This back calculation had been done for the establishment of
performance goals in the design and evaluation of Department of Energy facilities10.  That
information, as well as other sources provided background information for setting the benchmarks
shown in Figure 3.

Figure 3 – Benchmarks for Calibrating Point rating Algorithm
For Use in Decision Framework

BENCHMARK CHARACTERISTICS OF IDEALIZED PROJECTS MINIMUM
DESIGN STEP

DESIGN/PERFORMANCE GOAL
AEP

1 1 or More Lives at Risk 3 3 X 10-4

2 Large Dam, over 50 feet High
No Downstream Hazard

3 3 X 10-4

3 Intermediate Dam
No Commercial Development

10 Residences at Risk

4 10-4

4 Large Dam
Limited Commercial Development

34 Residences at Risk

6 10-5

5 Large Dam
Significant Commercial Development

100 Residences at Risk

 8 10-6

        Note:  AEP - Annual Exceedance Probability



Additional guidance in setting design levels was obtained by examining the levels of risk to which
the public is exposed to in ordinary life.  Several of those risks are shown in Figure 4.

Figure 4 – Listing of Risks and Performance Levels

ACTIVITY/ITEM TYPICAL NUMBER OF
PERSONS AT RISK

 RISK LEVEL PERFORMANCE
LEVEL

NATIONAL FLOOD INSURANCE PROGRAM
• Risk from Natural Flooding

Varies Widely 1/100 AEP
100 Year Flood

FATAL DISEASE3

• All Causes
1 1/120 AC

ASCE STRUCTURAL CODE4

• Performance of Individual Structural Members for
Ordinary Buildings Subject to Natural Hazards due to
Wind and Earthquake Loads

Typically 1-20 1/1000 AEP

EXISTING OFFSHORE DRILLING PLATFORMS5

• Performance Subject to Wind, Wave and
Earthquake Loads

Varies 0 – 25 1/1000 AEP

ACCIDENTAL DEATH6

• All Causes
Few
1-3

1/2000 AC

ACCIDENTAL DEATH4

• Motor Vehicles
1-6 1/3000 AC

ACCIDENTAL DEATH4

• Non-Motor Vehicles
Few
1-3

1/6000 AC

UNIFORM BUILDING CODE7

• Performance of Essential Buildings such as Hospitals
and Emergency Response Facilities to Maintain Building
Functionality and Protect Occupants for Buildings
Subjected to Wind and Earthquake Loads

Typically 50-200 1/5,000 AEP

BRITISH SPILLWAY DESIGN8 Small Community
More than 30

1/10,000 AEP
10,000 Year Flood

DEPT. OF ENERGY BUILDINGS9

• Performance of Building to Contain Radioactive or Toxic
Materials and Protect Occupants for Buildings Subjected
to Wind, Flood or Earthquake Loads

Varies - Often Large
Numbers of People at

Risk 1/10,000 AEP

DEPT. OF ENERGY BUILDINGS7

• Very High Confidence of Containment of Radioactive
and Toxic Materials and Protection to Occupants for
Buildings Subjected to Wind, Flood or  Earthquake Loads

Varies - Often Large
Numbers of People at
Risk Both Onsite and

Offsite
1/100,000 AEP

NUCLEAR POWERPLANTS10

• Damage to Core of Nuclear Powerplant from
Earthquakes

Varies
Potentially Very Large

Numbers of People
1/100,000 AEP

AIR TRANSPORTATION4

• Fatalities - All Aircraft
Varies
1-300

1/150,000
AC**

AIR TRANSPORTATION4

• Fatalities - Commercial Airlines
Varies
50-350

1/700,000
AC**

NUCLEAR POWERPLANTS8

• Performance Goal for Radioactive Releases
Greater  than 25 REM

Varies
Potentially Very Large
Numbers of People at

Risk

1/1,000,000 AEP

Note:  AC  - Annual Chance of Occurrence   AEP - Annual Exceedance Probability    **  - Based on an "Average Traveler"



A review of both these tables shows a basic trend.  In those activities where few lives are at risk,
the public accepts nominal values of protection.  Conversely, as the number of persons at risk
and the consequences of a failure increase, the level of protection expected by society and the
engineering profession increases significantly.  This viewpoint is termed “risk-averse” with regard
to loss of life.  This is illustrated in Figure 6, which shows DSO criteria compared to other risk
criteria such as Montana and the USBR11, which are risk neutral (i.e., a constant value of risk of 1
in 1000 loss of life/year).

Figure 5 – Comparison of Societal Risk Criteria

Additive Point Rating Scheme

The next step in developing the risk-based standards was the development of an additive
weighting scheme to determine numerical ratings of the consequences of dam failure.  This
scheme reflects the relative importance and range of severity of the impacts posed by each
consequence.  Cumulative rating points with values between 200 and 800 points were used to
define the working range for the eight-step format.  Factors were selected within the 3 general
categories shown in Figure 6, which described the nature of the consequences of dam failure.

Utility curves or consequence rating tables were developed for each of the indicator parameters in
Figure 6 to implement the additive weighting scheme. A worksheet (Appendix B, Ref 14) was then
developed for compiling the rating points and selecting an appropriate design step. The point
rating scheme was calibrated using a wide cross-section of project types and downstream
settings to yield results (design steps) consistent with the 5 benchmarks shown in Figure 3.



Figure 6 – Numerical Rating Format for Assessing Consequences of Dam Failure

CONSEQUENCE
CATEGORIES

CONSEQUENCE
RATING POINTS

        INDICATOR
        PARAMETER

          CONSIDERATIONS

CAPITAL VALUE
OF PROJECT 0 - 150 DAM HEIGHT Capital Value of Dam

0 -  75 PROJECT
 BENEFITS

Revenue Generation or
Value of Reservoir Contents

0 -  75  CATASTROPHIC
INDEX

Ratio of Dam Breach Peak Discharge to
100 Year Flood

POTENTIAL FOR
LOSS OF LIFE

0 - 300 POPULATION
AT RISK

Population at Risk
Potential for Future Development

0 - 100 ADEQUACY OF
WARNING

Likely Adequacy of Warning in Event of
Dam Failure

ITEMS
DAMAGED

Residential and Commercial Property

Roads, Bridges, Transportation Facilities

POTENTIAL FOR
PROPERTY DAMAGE

0 - 250
OR

Lifeline Facilities Community Services

SERVICES
DISRUPTED

Environmental Degradation from
Reservoir Contents (Tailings, Wastes.)

Probabilistic Design Data

Before we could implement the risk-based standards described above, magnitude-frequency
relationships were needed for extreme events such as floods and earthquakes.  Unfortunately,
this type of information is not readily available to most states, and much work is still needed
around the United States to develop probabilistic precipitation and seismic data for extreme
events. In Washington State, we benefited from Dr. Mel Schaefer’s detailed studies of extreme
storms in the Northwest12,13, and his development of probabilistic based procedures14 for
generating precipitation magnitude-frequency relationships for any location in the state.  Thus,
Washington State has the necessary hydrologic data to employ them in a logical and consistent
manner in our risk based design/performance practice.  This data is used in determining a design
storm event with an appropriate AEP to match the design/performance step for the dam in
question.  This storm is then used to compute the inflow design flood to size the spillway(s) for a
new project, or to determine the adequacy of the spillway for an existing dam.

In the seismic arena, we are encountering difficulties on design Step 1 and above in Western
Washington and Step 3 and above in Eastern Washington in dealing with the population of
existing dams. Our difficulties stem from the severity of the earthquake loadings projected for the
Pacific Northwest. Seven interface earthquakes of Moment Magnitude (Mw) 8 or larger are
believed to have struck the coast in the last 3500 years15. The last event in 1700 was estimated
from Japanese tidal records to have been a Mw 9. Thus, all projects in the western half of the
state must consider a seismogenic source capable of generating minutes of strong ground motion
at a mean recurrence interval of 500 years. With the exception of California, Oregon and Alaska,
few other states have to deal with such intense ground motion on so short a mean recurrence
interval. In addition, the intensity and duration of shaking yields a high probability of liquefaction.
Thus, a significant fraction of the analyses must predict the post-liquefied, deformation response
of soils. This is an area of active research in the geotechnical profession.  While data is being
generated at considerable expense on high profile projects, little guidance is available for
extrapolating to the small dams that comprise the majority of the projects under our purview.



Here, any rigorous assessment scheme would face the same difficulties confronting us. In much
of the rest of the country the appreciably less intense seismic setting would minimize the
difficulties of implementing our design step scheme.

Design Standards for Other Critical Elements

For critical elements at new dam projects where a design loading is not readily applicable (e.g.
conduits, seepage), a qualitative approach is used, where redundancy and survivability concepts
are employed to achieve adequate reliability against failure.  For these critical elements on
existing dams, a qualitative approach is used, rather than a quantitative assessment. This is
achieved through review of the design and identification of deficiencies for the critical element,
coupled with a qualitative assessment of the likelihood of failure based on past experience and
engineering judgement.  However, we are considering the utilization of some of the more formal
risk assessment procedures for these elements currently employed by the Bureau of
Reclamation.

Risk Prioritization Scheme

At the close of the 1980’s, the Dam Safety Office had over 60 dams listed as having safety
deficiencies.  Many of these dams were projects inspected under the National Dam Safety
Program from 1977-81, and had no action toward making repairs in 10 years.  With such a large
number of unsafe dams, and limited staffing, it became clear to the DSO that some way of
prioritizing these projects was in order.  Thus, in conjunction with the development of the risk-
based standards described previously, in 1990 the DSO developed a prioritization ranking
scheme for dams with safety deficiencies.

The scoring and ranking algorithm developed by the DSO is simple in concept and application,
but was been found to be more than adequate for producing an initial ranking of projects. The
algorithm is contained within our Microsoft Access database, and a report showing the ranking of
projects can be generated by the touch of a key.  This ranking is then used as a starting point
where other project specific intangibles can be considered by management.  The number of
projects targeted for enforcement action at any time are chosen to maximize compliance, while
not jeopardizing other critical functions of the dam safety program.  Typically, this represents an
active enforcement workload of about 10 projects.

The underlying logic in the development of this algorithm is fairly simple, and includes the
following key ideas:

! For dams with similar deficiencies, those dams with the greatest consequences should be
given higher priority.

! For dams with similar consequences, those dams with the more serious deficiencies should
be given higher priority.

! For dams with similar deficiencies and similar consequences, those dams with a poorer
chance for warning to the public should be given higher priority.

! Dams with only minor deficiencies should be ranked lower than dams with significant
deficiencies, regardless of the consequences.

! The risk associated with three minor deficiencies is ranked just below that of one moderate
deficiency.

! The risk associated with two moderate deficiencies is ranked just below that of one major
deficiency.



! All things being equal, older dams should be given a higher priority.

These concepts were then incorporated into developing the equations for computing the number
of priority points.  Two different equations were developed for computing the priority points.  The
first equation is for dams where one or more of the safety deficiencies are rated moderate major
or emergency.  The second equation is for a project where all deficiencies are rated minor.
These equations are shown in Figure 7.  Rating points were then developed for the
consequences, adequacy of warning, and seriousness of deficiencies, as shown if Figure 8.  The
points were selected and calibrated to meet the underlying logic goals discussed previously.

Figure 7: Equations for Prioritization Ranking

One or More Safety Deficiencies Rated
Moderate, Major or Emergency

Priority = [Hazard Class] + [Warning] +
    [ ∑∑∑∑(Seriousness of Deficiencies)] + [Age/2]

All Safety Deficiencies Rated Minor Priority = 0.5 ∗∗∗∗ [[[[ [Hazard Class] + [Warning] +
 [ ∑∑∑∑(Seriousness of Deficiencies)] + [Age/2] ]]]]

Figure 8: Rating Points for Prioritization

RATING POINTS FOR CONSEQUENCES – BY HAZARD CLASS
High Hazard
Hazard Classification 1A - (100+ homes at risk) 500 points
Hazard Classification 1B – (11-99 homes at risk) 400 points
Hazard Classification 1C – (3-10 homes at risk) 300 points

Significant Hazard
Hazard Classification 2 – (1 or 2 homes at risk) 200 points

Low Hazard
Hazard Classification 3 – (0 homes at risk) 100 points

RATING POINTS FOR ADEQUACY OF WARNING
Inadequate Warning – (< 10 minutes advanced warning) 100 points
Marginal Warning – ( between 10 and 30 minutes) 50 points
Adequate Warning – (greater than 30 minutes) 0 points

RATING POINTS FOR SERIOUSNESS OF EACH DEFICIENCY
(Primary focus on deficiencies that could lead to a dam failure or uncontrolled release of reservoir)
Emergency Condition 250 points
Major Deficiency 145 points
Moderate Deficiency 65 points
Uncertain Seriousness 65 points
Minor Deficiency 20 points



The seriousness of safety deficiencies are evaluated based on the matrix in Figure 9.  This matrix
is intended for guidance only, and ultimately, the final rating of seriousness of deficiencies is
based on knowledge of the project and on engineering judgement.

Figure 9 – Matrix for Evaluating Seriousness of Deficiencies

CONDITION HYDRAULIC
ADEQUACY

EMBANKMENT
STABILITY

SEEPAGE ON
EMBANKMENTS,

FOUNDATION,
ABUTMENTS

OUTLET
CONDUIT(S)

SATISFACTORY Can accommodate IDF
Meets criteria for static &

seismic stability
Minimal seepage consistent with

past behavior
KSU Conduit

Rating > 8

MINOR DEFICIENCIES
Can only accommodate

flood 1 step below
Design Step

Meets criteria for static
stability, marginal seismic

stability under design
earthquake

Minor seepage quantity,
inconsistent with past behavior
No evidence of internal erosion

KSU Conduit
Rating 6-8

MODERATE
DEFICIENCIES

Can only accommodate
flood 2 steps below

Design Step

Marginal static stability
1.3 < FS < 1.5

inadequate seismic
stability or liquefaction

under design earthquake

Moderate seepage quantity
Or

Anomalous increase in quantity
Minor concerns of piping

KSU Conduit
Rating 4-6

MAJOR DEFICIENCIES
Can only accommodate

flood 3 steps below
Design Step

Inadequate static stability
1.0 < FS < 1.3

inadequate seismic
stability or liquefaction

under design earthquake

Relative Large Seepage Quantity
Multiple Points of Seepage

And/or
Significant concern of piping

KSU Conduit
Rating 2-4

EMERGENCY Cannot Accommodate
25-year Flood

Significant slope failures
that intercept dam crest

or involve major portion of
the embankment

Large or rapidly changing
seepage quantity

Multiple points of seepage and
ongoing piping

KSU Conduit
Rating 0-2

CONCLUSIONS

Since its implementation in 1990, the use of the risk-based standards approach has been quite
successful in Washington State.   It has provided a consistent level of protection against failure
between projects located across the state, despite significant differences in seismicity and rainfall.
For new dams, we have been able to apply risk concepts in a standards-based approach that is
fairly straightforward and easy to use.

For the evaluation of existing dams, we have been able to utilize a combination of probabilistic
methods, risk concepts and risk-based standards to determine if the dam has an adequate level of
protection against failure.  If dams do not meet state standards, we are able to estimate the relative
level of risk they currently pose, and prioritize our compliance efforts on those projects with the
greatest risk. It has also allowed us to inform dam owners not only that their dams are “unsafe”, but
also educate them as to what level of risk their unsafe project poses to the downstream public.  In
addition, we have utilized a prioritization scheme for compliance efforts on unsafe dams, based on
the relative risk of each project. These combined approaches have resulted in great progress in
repairing the backlog of dams with identified safety deficiencies in the State of Washington.  For
example, of the 46 dams inspected under the National Dam Inspection Program still listed as unsafe
in 1990, 40 had been repaired by 1999.  In addition, 78 of the 101 additional dams identified by the
state dam safety program since 1985 have been repaired.  Figure 10 shows the cumulative
summary of corrective action since 1981.



Figure 10 – Cumulative Number Of Dams Repaired in Washington Since 1981

ASPECTS OF RISK ASSESSMENT THAT MAY BE VALUABLE TO STATE PROGRAMS

Based on our experience, we feel that several aspects of risk assessment and risk management
can be of benefit to other dam safety organizations.  No matter what standards are used, all dam
safety professionals are in the business of managing risk, and the more knowledgeable we are
about risk, the better we can make decisions that protect public safety. Using probability and risk
concepts allows a dam safety professional to understand the risks and manage them better.

At the 1999 ASDSO/FEMA Specialty Workshop on Risk Assessment for Dams in Logan, Utah,
several areas were identified as being potentially of use to state dam safety programs.  The areas
showing the most promise for the states included qualitative risk assessments such as Failure
Mode Evaluation and Analysis (FMEA), prioritization and portfolio approaches, and developing
risk-based standards for spillway and/or seismic design, as in Washington and Montana.  These
areas are highlighted as follows:

! FMEA can be a useful tool, even for those regulators that exclusively use deterministic
standards.  FMEA allows the regulator a better understanding of the potential site-specific
failure modes, the possible failure scenarios and potential consequences, and effective risk
reduction measures and dam safety related actions.

! Risk prioritization and portfolio approaches, such as Washington’s, can be valuable tool for
states to manage their limited resources toward fixing unsafe dams.  Using a prioritization
scheme, unsafe projects can be ranked for compliance and enforcement activity, based on
the risk that they pose to downstream population.  The most critical projects can then be
targeted for enforcement action.

! Washington’s risk-based standards approach may be of interest to some states, especially in
spillway design.  In fact, Montana’s dam safety program has used our example to develop risk
based spillway standards of their own.  The drawback to implementing these standards on a
broader scale is the current lack of probabilistic precipitation data in the U.S. beyond the 500-
year event.  It can be quite expensive for states to undertake this effort on their own. The
Logan workshop identified the need for large-scale regional studies to be performed for
probabilities of extreme rainfall events across the U.S.  If these studies are completed, then it
may be more attractive for some states to implement risk-based spillway standards.



! States using %PMP as a design level for analysis of spillways are already using a non-
deterministic standard and by default are accepting risk, but the probability of the %PMP event,
and corresponding risk to public safety is unknown.  These states may benefit from the
aforementioned regional precipitation studies, which would allow them to learn the probability of
their %PMP standards.  Depending on the results, the states may elect to go to risk-based
standards, or may decide to adjust the percentage of PMP to increase or decrease the risk level.

! Quantitative risk assessment is not likely to be a useful tool for most state dam safety
programs, due to the lack of probabilistic data, inadequate staffing levels, and amount of effort
required to perform an assessment for each dam.  Most states regulate a large number of
small to medium sized dams, and would not have adequate staffing or resources to complete
comprehensive studies on each dam.

References
                                                          
1 Schaefer, M.G., PMP and Other Extreme Storms: Concepts and Probabilities, Presented at Symposium on Preliminary

Assessment of Probabilities and Bounds on Extreme Precipitation Events, National Academy of Sciences, October 1993.

2 Electric Power Research Institute, Advanced Light Water Reactor Requirements Document, Appendix A, Probabilistic
Risk Assessment Key Assumptions and Groundrules, EPRI, June 1989.

3 Starr, C., Social Benefit Versus Technological Risk, What is Our Society Willing to Pay for Safety, Science, Vol 208,
April 1980, pp 1232-1238.

4 ASCE, Minimum Design Loads for Buildings and Other Structures, American Society of Civil Engineers, ASCE 7-88,
July, 1990.

5 Iwan, WD, et.al., Seismic Safety Requalification of Offshore Platforms, American Petroleum Institute, March 1992.

6 National Safety Council, Accident Facts, 1975, Chicago, Illinois.

7 International Conference of Building Officials, Uniform Building Code, 1988 Edition, Whittier, California, 1988.

8 Institute of Civil Engineers (ICE), Reservoir Flood Standards, Institute of Hydrology, Great Britain, 1975.

9 Kennedy, R.P., et.al., Progress Towards Developing Consistent Design and Evaluation Guidelines for Department of
Energy Facilities Subjected to Natural Hazard Phenomena, Proceedings DOE Natural Hazards Mitigation Conference,
Las Vegas, Nevada, 1985.

10 Kennedy, R.P., et. al., Design and Evaluation Guidelines for Department of Energy facilities Subjected to Natural
Phenomena Hazards, US Department of Energy, Report UCRL-15910, June 1990.

11 US Bureau of Reclamation, Guidelines for Achieving Public Protection in Dam Safety Decision Making, Department
of Interior, Denver, CO, Interim Guidelines, April 4, 1997.

12 Schaefer, M.G., Regional Analyses of Precipitation annual Maxima in Washington State, Water resources Research,
Vol. 26, No. 1, pp 119-132, January 1990.

13 Schaefer, M.G., Characteristics of Extreme Precipitation Events in Washington State, Department of Ecology, Water
Resources Program, Publication No. 89-51, Olympia, WA, October 1989.

14 Schaefer, M.G., Dam Safety Guidelines, Technical Note 3: Design Storm Construction, Publication No. 92-55G, Water
Resources Program, Department of Ecology, Olympia, WA, July 1992. Available on the web at
http://www.wa.gov/ecology/wr/dams/technote_2.pdf



                                                                                                                                                                                                      
15  Atwater, B.F., Hemphill-Haley, E. 1997, Recurrence Intervals for the Great Earthquakes of the Past 3,500 Years at

Northeastern Willapa Bay, Washington, U.S. Geological Survey Professional Paper 1576, pg. 99.



1.  

Dam Safety Guidelines 

Technical Note 3: 

Design Storm Construction 

 

 

 
 

Revised October 2009 

Publication #92-55G 

 

 
 

Original printed on recycled paper  



Publication and Contact Information 

This report is available on the Department of Ecology’s website at 
www.ecy.wa.gov/biblio/9255g.html   
 
 
For more information contact: 
 
Water Resources Program 
P.O. Box 47600  
Olympia, WA  98504-7600  
 

Phone:  360-407-6872 

 
 

Washington State Department of Ecology - www.ecy.wa.gov  

o Headquarters, Olympia    360-407-6000 
o Northwest Regional Office, Bellevue  425-649-7000 
o Southwest Regional Office, Olympia  360-407-6300 
o Central Regional Office, Yakima   509-575-2490 
o Eastern Regional Office, Spokane   509-329-3400 
 
 
 
 
 
 
 
 
 
 
 
 
To ask about the availability of this document in a format for the visually impaired, call the Water 
Resources Program at 360-407-6872.  Persons with hearing loss can call 711 for Washington Relay 
Service. Persons with a speech disability can call 877-833-6341. 
 
 

 

 

 

http://www.ecy.wa.gov/biblio/9255g.html
http://www.ecy.wa.gov/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

DAM SAFETY GUIDELINES 
 

 

TECHNICAL NOTE 3 

 

DESIGN STORM CONSTRUCTION 
 

 

 

MGS Engineering Consultants, Inc. 
 

for 

 

Water Resources Program 

Dam Safety Office 

P.O. Box 47600 

Olympia, WA  98504-7600 

(360) 407-6208 

 

 

 
October 2009 (Revised) 

92-55G 



 

This page intentionally left blank. 



Technical Note 3:  Design Storm Construction Page i 
 

TABLE OF CONTENTS 
 

  Page 

TABLE OF CONTENTS ....................................................................................................................... i 

LIST OF FIGURES AND TABLES .................................................................................................... iii 
Figures  ..................................................................................................................................... iii 
Tables  .......................................................................................................................................v 

ACKNOWLEDGEMENTS ................................................................................................................. vi 

OVERVIEW ...........................................................................................................................................1 

1.   INTRODUCTION ............................................................................................................................3 
1.1   TERMINOLOGY ..............................................................................................................3 
1.2   GENERAL GUIDANCE IN APPLYING CANDIDATE DESIGN STORMS ................7 

1.2.1   Western Washington ..........................................................................................8 
1.2.2   Eastern Washington ............................................................................................8 
1.2.3   Design Storm Spatial Distribution ......................................................................8 

2.   SELECTING THE DESIGN STEP ................................................................................................10 
2.1   RELATION OF DESIGN STEP TO PROBABLE MAXIMUM PRECIPITATION .....11 

2.1.1   Constraints on Applying PMP and Design Step ...............................................11 

3.   COMPUTING PRECIPITATION FOR SCALING CANDIDATE DESIGN STORMS ..............12 
3.1   COMPUTING PRECIPITATION-FREQUENCY RELATIONSHIPS ..........................12 

3.1.1   Large Watersheds .............................................................................................14 
3.1.2   Design Usage ....................................................................................................14 

4.   DEVELOPING CANDIDATE DESIGN STORMS ......................................................................15 
4.1   DIMENSIONLESS DESIGN HYETOGRAPHS ............................................................15 

4.1.1   Dimensionless Design Hyetographs Organized by Climatic Region ...............15 
4.1.2   Changes Made in Updating Dimensionless Design Hyetographs ....................19 
4.1.3   Short-Duration Design Storms .........................................................................19 
4.1.4   Intermediate-Duration Design Storms ..............................................................19 
4.1.5   Long-Duration Design Storms .........................................................................20 
4.1.6   Intensity Index Format for Dimensionless Design Hyetographs ......................20 
4.1.7   Dimensionless Depth-Duration Curves for Large Watersheds ........................20 

4.2   ASSEMBLING CANDIDATE DESIGN STORMS FOR SMALL WATERSHEDS ....26 
4.2.1   Example Assembly of Short-Duration Candidate Design Storm .....................26 
4.2.1   Example Assembly of Long-Duration Candidate Design Storm .....................28 



Technical Note 3:  Design Storm Construction Page ii 
 

4.3   ASSEMBLING CANDIDATE DESIGN STORMS FOR LARGE WATERSHEDS ....29 
4.3.1   Example Assembly of Intermediate-Duration Candidate Design Storm ..........30 

5.   REFERENCES ...............................................................................................................................33 

APPENDIX A  CATALOG OF HISTORICAL STORMS..................................................................35 
OVERVIEW ............................................................................................................................37 

APPENDIX B DIMENSIONLESS DEPTH-DURATION CURVES .................................................53 
OVERVIEW ............................................................................................................................55 

 



Technical Note 3:  Design Storm Construction Page iii 
 

LIST OF FIGURES AND TABLES 
 

 

           Page 

Figures    
 

Figure 1 – Design Step Format as Applied to Design Storms .................................................................. 10 

Figure 2 – Color-Shaded Isopluvial Map of 24-Hour Precipitation Maxima for Washington State,  

100-Year Recurrence Interval ............................................................................................................ 13 

Figure 3 – Precipitation-Frequency Relationship for 24-hour Precipitation Maxima for a Site near 

Olympia, Washington......................................................................................................................... 13 

Figure 4 – Delineation of Climatic Regions and Transition Zones for Washington State and  

Surrounding Areas ............................................................................................................................. 17 

Figure 5 – Short-Duration Dimensionless Design Hyetograph for Western Washington, Climatic 

Regions 5, 15, 31, 32, 142, 151, and Transition Zone 154 ................................................................ 21 

Figure 6 – Short-Duration Dimensionless Design Hyetograph for Eastern Washington, Climatic  

Regions 13, 14 and Transition Zone 147 ........................................................................................... 21 

Figure 7 – Short-Duration Dimensionless Design Hyetograph for Eastern Washington, Climatic  

Regions 7 and 77 ................................................................................................................................ 21 

Figure 8 – Intermediate-Duration Dimensionless Design Hyetograph for Western Washington,  

Climatic Region 5 .............................................................................................................................. 22 

Figure 9 – Intermediate-Duration Dimensionless Design Hyetograph for Western Washington,  

Climatic Regions 15, 151, 142 and Transition Zone 154 ................................................................... 22 

Figure 10 – Intermediate-Duration Dimensionless Design Hyetograph for Western Washington, 

Climatic Regions 31, 32 ..................................................................................................................... 22 

Figure 11 – Intermediate-Duration Dimensionless Design Hyetograph for Eastern Washington,  

Climatic Region 14 ............................................................................................................................ 23 

Figure 12 – Intermediate-Duration Dimensionless Design Hyetograph for Eastern Washington,  

Climatic Regions 7 and 77 ................................................................................................................. 23 

Figure 13 – Intermediate-Duration Dimensionless Design Hyetograph for Eastern Washington,  

Climatic Region 13 ............................................................................................................................ 23 

Figure 14 – Long-Duration Dimensionless Design Hyetograph for Western Washington, Climatic 

Region 5 ............................................................................................................................................. 24 

Figure 15 – Long-Duration Dimensionless Design Hyetograph for Western Washington, Climatic 

Regions 15, 142, 151 and Transition Zone 154 ................................................................................. 24 

file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849567
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849568
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849568
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849569
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849569
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849570
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849570
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849571
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849571
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849572
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849572
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849573
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849573
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849574
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849574
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849575
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849575
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849576
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849576
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849577
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849577
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849578
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849578
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849579
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849579
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849580
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849580
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849581
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849581


Technical Note 3:  Design Storm Construction Page iv 
 

Figure 16 – Long-Duration Dimensionless Design Hyetograph for Western Washington, Climatic 

Regions 31, 32 .................................................................................................................................... 24 

Figure 17 – Long-Duration Dimensionless Design Hyetograph for Eastern Washington, Climatic  

Region 14 ........................................................................................................................................... 25 

Figure 18 – Long-Duration Dimensionless Design Hyetograph for Eastern Washington, Climatic 

Regions 7, 77 ...................................................................................................................................... 25 

Figure 19 – Long-Duration Dimensionless Design Hyetograph for Eastern Washington, Climatic  

Region 13 ........................................................................................................................................... 25 

Figure 20 – Flowchart for Construction of a Candidate Design Storm for Small Watersheds ................ 26 

Figure 21 – Short-Duration Dimensionless Design Hyetograph for Transition Zone 147 ...................... 27 

Figure 22 – Scaled Short-Duration Candidate Design Storm for Site near Wenatchee, Washington ...... 27 

Figure 23 – Long-Duration Dimensionless Design Hyetograph for Climatic Region 32 ........................ 28 

Figure 24 – Scaled Long-Duration Candidate Design Storm for Site near Olympia, Washington .......... 28 

Figure 25 – Flowchart for Construction of a Candidate Design Storm for Large Watersheds ................ 29 

Figure 26 – Intermediate-Duration Dimensionless Depth-Duration Curve for Climatic Region 31 ....... 31 

Figure 27 – Scaled Intermediate-Duration Depth-Duration Curves for Climatic Region 31 for Site  

near Seattle ......................................................................................................................................... 31 

Figure 28 - Intermediate-Duration Dimensionless Design Hyetograph for Climatic Region 31 ............. 31 

Figure 29 – Intermediate-Duration Candidate Design Storm for a 50-mi2 Watershed near Seattle, 

Washington, in Climatic Region 31 ................................................................................................... 32 

 

 

 

  

file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849582
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849582
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849583
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849583
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849584
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849584
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849585
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849585
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849587
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849588
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849589
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849590
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849592
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849593
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849593
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849594
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849595
file:///C:/1_DATA/1_My%20Documents/DamSafe/Storms--new/Report%202009/Technote3_1-Body_2009-Ri2_MDW-2.docx%23_Toc242849595


Technical Note 3:  Design Storm Construction Page v 
 

Tables                       Page 
 

Table 1 – Areal Adjustment Factors to Account for Storm Spatial Distribution as a  

Percentage of At-Site Precipitation Amount ................................................................................ 10 

Table 2 - Catalog of Short-Duration Extreme Storms for Region 5 - Coastal Lowlands ......................... 39 

Table 3 - Catalog of Short-Duration Extreme Storms for Regions 32 and 31   

Interior Lowlands Western Washington ...................................................................................... 39 

Table 4 - Catalog of Short-Duration Extreme Storms for Regions 15, 151 and 142   

Mountain Areas in Western Washington ..................................................................................... 40 

Table 5 - Catalog of Short-Duration Extreme Storms for Region 14  East Face of  

Cascade Mountains ...................................................................................................................... 40 

Table 6 - Catalog of Short-Duration Extreme Storms for Transition Zone 147  Cascade Foothills  

in Eastern Washington ................................................................................................................. 41 

Table 7 - Catalog of Short-Duration Extreme Storms for Regions 77 and 7  Central Basin and  

Lowland Areas in Eastern Washington ........................................................................................ 42 

Table 8 - Catalog of Short-Duration Extreme Storms for Region 13  Mountain Areas in  

Eastern Washington Eastward of Cascade Mountains ................................................................. 43 

Table 9 - Catalog of Intermediate-Duration Extreme Storms for Region 5  Coastal Lowlands .............. 43 

Table 10 - Catalog of Intermediate-Duration Extreme Storms for Regions 32 and 31   

Interior Lowlands Western Washington ...................................................................................... 44 

Table 11 - Catalog of Intermediate-Duration Extreme Storms for  Regions 15, 151 and 142   

Mountain Areas in Western Washington ..................................................................................... 45 

Table 12 - Catalog of Intermediate-Duration Extreme Storms for Region 14  East Face of  

Cascade Mountains ...................................................................................................................... 46 

Table 13 - Catalog of Intermediate-Duration Extreme Storms for Transition Zone 147  Cascade  

Foothills in Eastern Washington .................................................................................................. 46 

Table 14 - Catalog of Intermediate-Duration Extreme Storms for Regions 77 and 7  Central Basin  

and Lowland Areas in Eastern Washington ................................................................................. 47 

Table 15 - Catalog of Intermediate-Duration Extreme Storms for Region 13  Mountain Areas in  

Eastern Washington Eastward of Cascade Mountains ................................................................. 47 

Table 16 - Catalog of Long-Duration Extreme Storms for Region 5 - Coastal Lowlands ....................... 48 

Table 17 - Catalog of Long-Duration Extreme Storms for Regions 32 and 31  Interior Lowlands  

Western Washington .................................................................................................................... 49 

Table 18 - Catalog of Long-Duration Extreme Storms for Regions 15, 151 and 142   

Mountain Areas in Western Washington ..................................................................................... 50 

Table 19 - Catalog of Long-Duration Extreme Storms for Region 14  East Face of  

Cascade Mountains ...................................................................................................................... 51 

Table 20 - Catalog of Long-Duration Extreme Storms for Transition Zone 147  Cascade Foothills  

in Eastern Washington ................................................................................................................. 51 

Table 21 - Catalog of Long-Duration Extreme Storms for Regions 77 and 7  Central Basin and  

Lowland Areas in Eastern Washington ........................................................................................ 52 

Table 22 - Catalog of Long -Duration Extreme Storms for Region 13  Mountain Areas in  

Eastern Washington Eastward of Cascade Mountains ................................................................. 52 

Table 23 – Listing of Ordinates of Dimensionless Depth-Duration Curves for Developing  

Short-Duration Candidate Design Storms for Large Watersheds ................................................ 55 

Table 24 – Listing of Ordinates of Dimensionless Depth-Duration Curves for Developing  

Intermediate-Duration Candidate Design Storms for Large Watersheds .................................... 56 

Table 25 – Listing of Ordinates of Dimensionless Depth-Duration Curves for Developing  

Long-Duration Candidate Design Storms for Large Watersheds ................................................ 57 

 

  



Technical Note 3:  Design Storm Construction Page vi 
 

ACKNOWLEDGEMENTS 
 

 

 

The revisions and updates to Technical Note 3 were accomplished under the authorship  

of Melvin Schaefer, Ph.D., P.E., and Bruce Barker, P.E., of MGS Engineering Consultants, 

Olympia, Washington.  

 

The original Technical Note 3 was compiled in 1993 under the leadership and principal 

authorship of Dr. Schaefer, supervisor of the Department of Ecology’s Dam Safety Section 

at that time. 

 

 



Technical Note 3:  Design Storm Construction Page 1 
 

OVERVIEW 
 

This Technical Note provides engineering guidance for developing design storms for use 

in computing Inflow Design Floods (IDFs) using rainfall-runoff computer models.  It is a 

companion document to Technical Note 2, Selection of Design/Performance Goals for 

Critical Project Elements
24

, and to Chapter 2.4 of Part IV of the Dam Safety Guidelines 

on the computation of Inflow Design Floods.  

 

Originally published in April 1993, the procedures in the original Technical Note 3 were 

based on the findings of two studies that had been completed in the early 1990s.  Site-

specific precipitation-frequency estimates were based on the findings of a regional 

precipitation-frequency analysis that was published in Regional Analyses of Precipita-

tion Annual Maxima in Washington State
18

. The temporal patterns of design storms were 

based on the findings of an analysis of 252 storms, which were published in Ecology 

Report 89-51, Characteristics of Extreme Precipitation Events in Washington State
19

.    

 

The original Technical Note 3 was based on storm data collected from 1940-1986.  

Nearly 20-years have now passed, and in that time, many noteworthy storms have 

occurred and new technologies have become available.  These changes warranted an 

update of Technical Note 3 to incorporate the additional information and improved 

techniques.   

 

Of particular note, regional precipitation-frequency analyses were completed in 2006 for 

Washington State (Schaefer
20, 21

) using more than 700 precipitation gages and high-

resolution spatial mapping techniques within a GIS framework.  This has resulted in 

increased reliability for developing site-specific precipitation-frequency estimates.   

 

A study of short-duration precipitation in the Seattle area was completed in 2003 

(Schaefer
22

) that provided the first comprehensive examination of the magnitude of 5-

minute, 10-minute, and 15-minute precipitation maxima within short, intermediate, and 

long-duration storms in Western Washington. This has increased the reliability of 

specifying the high-intensity portions of design storms for Western Washington.   

 

Lastly, analyses have been conducted for the temporal characteristics of 142 noteworthy 

storms that occurred in the period from 1986 to 2007.  Thus, this update of Technical 

Note 3 is now based on a database of 394 storms for the short, intermediate, and long-

duration storms for the various climatic regions across Washington State.   
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1.   INTRODUCTION 
 

Developing candidate design storms is a key step in creating a rainfall-runoff model for 

computing an Inflow Design Flood (IDF).  In particular, the amount and timing of 

precipitation of a storm are usually dominant factors in determining the size of the 

resultant flood. 

 

If a project under design/evaluation has a small reservoir relative to the potential runoff 

of the contributing watershed, then flood peak discharge is normally the controlling 

consideration.  Precipitation intensity is usually the primary consideration in developing 

the design storm for this case.   

 

In contrast, if the reservoir is very large relative to the potential runoff of the contributing 

watershed, then runoff volume will be the controlling factor.  The total volume of 

precipitation is then the primary consideration.   

 

For most real world situations, projects are sensitive to various combinations of flood 

peak discharge and runoff volume.  Therefore, both precipitation intensity and volume 

must be considered in developing design storms. 

 

In the Northwest, considerations of precipitation volume and intensity are further 

complicated by seasonal effects, which must be accounted for in rainfall-runoff 

modeling.  Short duration thunderstorms, which can contain very high precipitation 

intensities, typically occur in the warm season.  Conversely, the long duration general 

storm events occur primarily in the winter months.  These are characterized by large 

precipitation volumes but relatively moderate and uniform intensities.  To accommodate 

these meteorological characteristics, it is normally necessary to develop several candidate 

design storms, representing various storm durations, intensities, and volumes.  This 

allows a determination of the controlling event for design/evaluation of spillway size and 

hydraulic adequacy. 

 

This technical note is intended to provide engineering guidance in developing candidate 

design storms that reflect the diversity of storm duration, intensity and volume found in 

the Northwest.   

 

1.1   TERMINOLOGY 
 

A variety of terms are needed to describe the characteristics of design storms.  The 

following selected terms are defined to clarify their meaning in this technical note and 

Part IV of the Dam Safety Guidelines regarding Dam Design and Construction.  
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At-Site - Refers to site-specific characteristics as distinguished from regional 

characteristics.  When used in the context of regional analyses, it refers to 

precipitation characteristics at a specific measurement recording station or 

geographic location of interest. 

 

Annual Exceedance Probability (AEP) - The chance that a specified magnitude of some 

phenomenon of interest is equaled or exceeded during a given year.  Herein, AEP 

refers to the chance that a specified magnitude of precipitation will be equaled or 

exceeded during a given year.  For example, in Olympia, Washington, a 24-hour 

precipitation depth of 5.3 inches has an AEP of 0.01.  Stated another way, there is 

one chance in one-hundred that 5.3 inches of precipitation or more will fall in 

Olympia in some 24-hour period in any given year.    

 

Candidate Design Storm - A hyetograph that is used in rainfall-runoff modeling to 

examine the flood response of a watershed and the response of a project's 

reservoir and spillways.  The candidate design storm that produces the most 

stringent loading condition for a project's reservoir and spillway(s) is deemed the 

Design Storm. 

 

Depth-Duration Curve - A precipitation mass curve constructed in a manner whereby the 

largest incremental precipitation amounts are located at the start of the mass curve 

and progressively smaller amounts are accumulated to produce the remainder of 

the curve (see also reference 24). 

 

Design Step - An integer value from one through eight that is used as an index for 

increasingly stringent design/performance goals.  The design step is used to set 

design events and loading conditions for critical project elements such as 

spillways. 

  

Design Storm - The hyetograph, depicting the precipitation volume, intensities, and 

duration, used in rainfall-runoff modeling to generate the Inflow Design Flood for 

determining the hydraulic adequacy of a project. 

 

General Storm - A generic term for precipitation produced over large areas by synoptic 

scale weather features such as cyclones and associated fronts.   

 

Hyetograph - A graphical representation of precipitation as it occurs with time.  It may be 

for a specific location or represent an average over a specified area.  It may be 
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discretized or continuous over time, displaying either precipitation intensities, 

incremental precipitation or accumulated precipitation.    

 

Interduration - A generic term used for specifying some period of time within a storm.  

For example, there may be interest in the greatest precipitation amount 

(precipitation maxima) within any given 1-hour period (the 1-hour interduration) 

within a long-duration storm.  

 

Intensity Index - A dimensionless measure of the precipitation intensity used in 

dimensionless design hyetographs to graphically characterize the precipitation 

intensity.  Actual intensities are obtained by multiplying the intensity index values 

by the applicable value of the 2-hour, 6-hour, or 24-hour Precipitation Scaling 

Depth for the short, intermediate, and long-duration design storms respectively.  

 

Intermediate-Duration Precipitation Event - A precipitation event where the duration of 

precipitation typically persists from 6 to 18 hours.  When used in the context of a 

design storm, this term refers to 18-hour events which are characterized by 

moderate to high rainfall intensities, contain a large total precipitation volume.    

 

Large Watershed - For purposes of this technical note, a large watershed is large enough 

that a storm’s spatial distribution may vary significantly over the watershed and 

must be accounted for explicitly.  Generally, these watersheds exceed 10 mi
2
 for a 

long-duration or intermediate-duration storm design event, and larger than 1 mi
2
 

for a short-duration thunderstorm design event.   

 

Local Storm - A storm comprised of an isolated convective cell or group of cells, 

commonly referred to as a Thunderstorm.  These storms can produce very high 

precipitation intensities over localized areas.  Its occurrence is unrelated to any 

synoptic weather feature such as a cyclone or associated front. 

 

Long-Duration Precipitation Event - A precipitation event that typically persists from  

24 to 72 hours.  When used in the context of a design storm, this term refers to  

72-hour events characterized by relatively moderate and uniform intensities, 

containing a very large total volume. 

 

Orographic Precipitation - Precipitation that occurs from lifting of atmospheric moisture 

over mountain barriers.     
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Precipitation Magnitude-Frequency Curve - A graphical description of the relationship 

between precipitation magnitude (depth or volume) and annual exceedance 

probability.  Also called a precipitation-frequency curve. 

 

Precipitation Depth - The amount of precipitation, expressed in inches or millimeters, that 

would collect in a standard measuring device.  It is synonymous with point 

rainfall.  When used in connection with a geographic area, such as a watershed, it 

represents the average precipitation depth over the entire area. 

 

Precipitation Intensity - The rate of precipitation expressed in inches/hour or 

millimeters/hour. 

 

Precipitation Scaling Depth - The watershed-specific precipitation depth used to scale a 

dimensionless design hyetograph to the magnitude of interest for the specified 

Design Step.  Precipitation scaling depths for the 2-hour, 6-hour, and 24-hour 

duration are used for scaling the short-duration, intermediate-duration and long-

duration dimensionless design hyetographs, respectively.    

 

Probable Maximum Precipitation (PMP) - Theoretically, the greatest depth of 

precipitation for a given duration that is physically possible over a given size 

storm area at a particular geographical location at a certain time of the year 

(National Weather Service
14

 definition). 

 

Short-Duration Precipitation Event - A precipitation event lasting from 30 minutes to 6 

hours.  When used in the context of a design storm, this term commonly refers to 

thunderstorm events characterized by short bursts of very high rainfall intensities, 

often with limited total volume occurring over isolated areas.   

 

Small Watershed - For purposes of this technical note, a small watershed is small enough 

that the spatial variability of precipitation over the watershed is not significant.  

This corresponds to watersheds smaller than 10 mi
2
 when a long-duration or 

intermediate-duration storm is the design event, and watersheds smaller than  

1 mi
2
 when a short-duration thunderstorm is the design event. 

 

Storm Characteristics – A generic term that encompasses a variety of statistical measures 

of features of interest about a storm.  This would include such measures as: the 

elapsed time from onset of precipitation to the occurrence of the maximum 

intensity; the sequencing of precipitation amounts for 5-minute increments during 

the 15-minute period of maximum precipitation in the storm; the greatest 1-hour 

precipitation amount as a proportion of the maximum 24-hour amount; and for 
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long-duration intermittent storms, the length of the dry period between successive 

major blocks of precipitation.
1
   

 

Thunderstorm - A generic term for precipitation produced by a convective storm event 

where thunder is heard.  Thunderstorms in the Pacific Northwest are characterized 

by high precipitation intensities occurring over relatively small areas for short 

periods of time.  They may be accompanied by hail and lightning.  (Also see local 

storm.) 

 

Total Precipitation Depth - The total precipitation amount within a design storm.  The 

total precipitation depth is larger than the precipitation scaling depth for a design 

storm.   

 

1.2   GENERAL GUIDANCE IN APPLYING CANDIDATE DESIGN STORMS 
 

For most investigations, it is necessary to develop several candidate design storms to 

analyze the response of the reservoir and spillway(s) to various flood characteristics.  The 

principal storm characteristics that affect the flood peak discharge, runoff volume, and 

flood hydrograph shape are the intensity, volume, and duration of precipitation.  The 

diversity of these characteristics for storms in Washington can be suitably described 

using three candidate storms, one for each of three durations.  The terms Short-Duration, 

Intermediate-Duration, and Long-Duration are used to differentiate between the durations 

of the candidate design storms. 

 

It will be seen later that the precipitation amounts for the 2-hour, 6-hour, and 24-hour 

durations are used to scale the dimensionless hyetographs for the short, intermediate and 

long-duration candidate design storms, respectively.  

 

The following general guidance is provided for applying candidate design storms to the 

design/evaluation of spillway size, hydraulic adequacy, and/or reservoir floodwater 

storage capacity.  This guidance is based on past experience in rainfall-runoff modeling 

using the design storm procedures described here.  However, this does not preclude the 

user from investigating the flood response from other candidate design storms or 

historical storms as deemed necessary to determine the controlling event.  

 

 

 

                                                 
1
 See Characteristics of Extreme Precipitation Events in Washington State

19 
for a detailed discussion of 

storm characteristics.   
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1.2.1   Western Washington 
 

Long-duration storms are commonly the controlling design events in Western 

Washington.  This is particularly the case when the reservoir has a relatively large storage 

volume relative to the runoff potential of the tributary watershed.  It is always the design 

event for off-channel storage reservoirs with minimal tributary watershed area. 

 

Projects with small storage capacity relative to the runoff potential of the tributary 

watershed are sensitive to flood peak discharge.  In these situations, the higher intensities 

in intermediate-duration storms may become the controlling consideration.  

 

Short-duration thunderstorm events usually do not produce sufficient runoff volume to be 

the controlling event for project spillways.  Stormwater detention facilities in urban areas 

are the possible exception.  In this situation, there may be a high percentage of 

impervious area, which could make the peak discharge from a short-duration event the 

controlling consideration. 

 

1.2.2   Eastern Washington 
 

The short duration thunderstorm is commonly the controlling design event in Eastern 

Washington when the tributary watershed is less than about 20 mi
2
.  The very high 

intensities in these storms can produce very large flood peak discharges, which often 

becomes the dominant consideration in sizing the spillway(s). 

 

The long-duration storm is usually the controlling design event when the tributary 

watershed is very large or when the reservoir storage capacity is large relative to the runoff 

potential of the tributary watershed.  The long-duration storm is always the design event 

for off-channel storage reservoirs where there is minimal area tributary to the reservoir.  

Intermediate-duration storms in Eastern Washington are occasionally found to be the 

controlling event for design of project hydraulic works.  

 

1.2.3   Design Storm Spatial Distribution  
 

There are two basic approaches used in rainfall-runoff modeling to describe the spatial 

(areal) distribution of precipitation over the watershed.  The most commonly used 

approach is a “lumped” method where a single temporal distribution of precipitation is 

used and is expressed in terms of basin-average values. This approach is well-suited to 

situations where the variability of precipitation depth and temporal distribution does not 

vary greatly over the watershed.  The second approach is a “distributed” method where 

precipitation depth and the temporal distribution of precipitation vary over the watershed.  

The variation in precipitation depth and temporal distribution may be allocated on a grid-
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cell or polygon basis or may vary by sub-basin depending on the computational structure 

of the watershed model.   

 

The vast majority of impoundments in Washington reside in small watersheds.  As used 

here, the term small watershed refers to the size of the watershed relative to the areal 

coverage of the storm.  In these cases, it is often reasonable to use a lumped method 

where a single hyetograph describes the temporal distribution of precipitation over the 

watershed.  Since most state regulated dams are on small watersheds, the procedures 

described here are intended for application of a lumped approach.   

 

The areal reduction factors listed in Table 1
13, 19 

may be used for computing basin-

average values from point precipitation values.  The range of watershed sizes shown in 

Table 1 may be used as general guidance for the limit of using a lumped method.  

Specifically, areal adjustments are needed when the watershed under investigation 

exceeds 10 mi
2
 and a long-duration or intermediate-duration storm is the design event.  

Areal adjustments are also needed when the watershed under investigation is larger than 

1 mi
2
 and a short-duration thunderstorm is the design event.  Additional information on 

storm attenuation and areal adjustments can be found in Characteristics of Extreme 

Precipitation Events in Washington State
19

, HMR-57
14

, and NOAA Atlas 2
13

.   

 

For large watersheds, there will be cases where it is reasonable to explicitly depict the 

spatial distribution of precipitation over the watershed.  For those cases, GIS-based 

isopluvial maps have been provided as part of this Technical Note, which are available 

from Ecology’s Dam Safety Office.   
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DESIGN/PERFORMANCE GOAL - ANNUAL EXCEEDANCE PROBABILITY 

 

Table 1 – Areal Adjustment Factors to Account for Storm Spatial Distribution 

as a Percentage of At-Site Precipitation Amount 
 

WATERSHED SIZE 
STORM INTERDURATION 

¼-HR 1-HR 2-HR 3-HR 6-HR 12-HR 18-HR 24-HR 48-HR 72-HR 

Short-Duration Storm           
1-mi

2
 100% 100% 100% 100% 100% - - - - - 

2-mi
2
 93% 97% 98% 98% 99% - - - - - 

5-mi
2
 80% 88% 90% 91% 92% - - - - - 

10-mi
2
 69% 79% 82% 83% 85% - - - - - 

Intermediate-
Duration Storm 

          

10-mi
2
 100% 100% 100% 100% 100% 100% 100% - - - 

20-mi
2
 85% 94% 95% 95% 96% 97% 97% - - - 

50-mi
2
 76% 84% 86% 88% 91% 93% 93% - - - 

100-mi
2
 67% 75% 79% 83% 85% 88% 88% - - - 

Long-Duration Storm           
10-mi

2
 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

20-mi
2
 85% 94% 95% 95% 96% 97% 97% 98% 98% 98% 

50-mi
2
 76% 84% 86% 88% 91% 93% 93% 95% 95% 95% 

100-mi
2
 67% 75% 79% 83% 85% 88% 88% 92% 92% 92% 

 

2.   SELECTING THE DESIGN STEP 
 

Technical Note 2, Selection of Design/Performance Goals for Critical Project Elements
24

 

discusses the procedures for selecting the Design Step.  Technical Note 2 also explains 

the relationship between the design steps and the design/performance goals.  The Design 

Step format as applied to design storms is reproduced here for convenience (Figure 1).  

    

 
 

   ┌──────────────────┬─────┬─────┬─────┬─────┬─────┬─────┬──────────────────────────┐ 

   │                  │     │     │     │     │     │     │                          │ 

   │  1/500  AEP   1  │  2  │  3  │  4  │  5  │  6  │  7  │  8    PROBABLE MAXIMUM   │ 

   │                  │     │     │     │     │     │     │        PRECIPITATION     │ 

   ├──────────────────┴─────┴─────┴─────┴─────┴─────┴─────┴──────────────────────────┤ 

   │                 D   E   S   I   G   N         S   T   E   P                     │ 

   └─────────────────────┬───────────┬───────────┬───────────┬───────────────────────┘ 

                         │           │           │           │          

           10
-3
      10

-4
       10

-5
       10

-6 

 

 
  

 Figure 1 – Design Step Format as Applied to Design Storms 
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2.1   RELATION OF DESIGN STEP TO PROBABLE MAXIMUM PRECIPITATION 
 

When Design Step 8 is indicated as the appropriate design level, Probable Maximum 

Precipitation (PMP) is used as the precipitation scaling depth.  PMP values are obtained 

from HMR-57
14

 and the design storm may be assembled using HMR-57 procedures or 

dimensionless design storms may be used from this Technical Note.  However, use of 

PMP values from HMR-57 does not necessarily provide a level of protection equal to a 

design/performance goal of 10
-6

 AEP.   

 

Since PMP is a deterministic procedure that does not employ probabilistic methods, 

there is not a fixed relationship between PMP and annual exceedance probability.   A 

comparison of the findings of the recent regional precipitation analysis for Washington 

(Schaefer et al
20, 21

) with PMP estimates (HMR-57
14

) indicates that the AEP of PMP 

varies widely across Washington.  The AEP of PMP varies with both geographic 

location and duration, from a minimum of about 10
-5

 AEP to perhaps 10
-8

 AEP.   

 

2.1.1   Constraints on Applying PMP and Design Step 
 

PMP values are estimates.  Those estimates, like probabilistic estimates, are subject to 

uncertainties.  Recognizing these uncertainties and the very large variability across 

Washington in the level of protection afforded by PMP, it was determined that PMP 

applications must also meet a minimum design/performance goal.  This requirement 

improves consistency of application and avoids the potential for under-design.  

Therefore, when Design Step 8 is indicated and PMP is selected, the actual precipitation 

value used in design must be at least as large as that associated with an event with a 

computed AEP of 10
-5

 (Design Step 6).  

 

Situations may also arise when the precipitation magnitude for the chosen Design Step 

exceeds the PMP estimate.  In these cases, the PMP value is used as the precipitation 

scaling depth for developing the design storm.  
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3.   COMPUTING PRECIPITATION FOR SCALING 
CANDIDATE DESIGN STORMS 

 

Studies over past decades have shown that regionalization techniques (Hosking and 

Wallis
10

, National Research Council
25

, Potter
16

, and Stedinger et al
23

) are vastly superior 

for estimating magnitude-frequency characteristics than past practices of single station 

analyses.  The procedures used here to provide site-specific precipitation magnitude-

frequency estimates are based on regional analysis procedures contained in Regional 

Precipitation-Frequency Analysis and Spatial Mapping of Precipitation for 24-Hour  

and 2-Hour Durations in Western and Eastern Washington (Schaefer et al
20, 21

).  This 

was a statewide study completed in 2006 for the Washington State Department of 

Transportation.     

 

3.1   COMPUTING PRECIPITATION-FREQUENCY RELATIONSHIPS 
 

The first step in developing a candidate storm is to determine the precipitation depth, for 

the selected location and storm duration, to use for scaling the candidate design storm.  

Gridded GIS datasets for a grid-cell resolution of approximately 0.23 mi
2 

were 

developed as part of the statewide regional precipitation-frequency analysis.  A separate 

gridded dataset was developed for 2-hour, 6-hour, and 24-hour precipitation maxima for 

the 10-yr, 25-yr, 100-yr, and all 8 Design Steps.  These gridded datasets are available as 

part of this Technical Note.  Figure 2 depicts a color-shaded isopluvial
2
 map for 24-hour 

precipitation maxima for the 100-year recurrence interval, created from a gridded 

dataset.   

 

These datasets can be queried to produce a precipitation-frequency relationship for the 

site of interest and obtain the precipitation scaling depths for construction of candidate 

storms.  Queries of the gridded datasets can be made using standard GIS software or 

software that is available through the Dam Safety Office.  Figure 3 depicts a 

precipitation-frequency relationship for 24-hour precipitation maxima for a site near 

Olympia, Washington.  Precipitation-frequency relationships can be developed for 2-

hour and 6-hour precipitation maxima in a similar manner for scaling short-duration and 

intermediate-duration candidate storms, respectively.  

 

 

 

 

                                                 
2
 A line on a map drawn through geographical points having the same rainfall or 

precipitation index. 
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Figure 2 – Color-Shaded Isopluvial Map of 24-Hour Precipitation Maxima 

for Washington State, 100-Year Recurrence Interval 

Figure 3 – Precipitation-Frequency Relationship for 24-hour Precipitation Maxima 

for a Site near Olympia, Washington 
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3.1.1   Large Watersheds 
 

For large watersheds, a basin-average precipitation value is used for scaling in 

developing a candidate design storm.  A basin-average precipitation value is obtained 

using GIS software and intersecting the polygon for the watershed boundary with the 

appropriate gridded precipitation dataset for the selected Design Step.  A basin-average 

value is computed from an areal weighting of the precipitation values for the grid-cells 

within the watershed.  To develop a spatial distribution of precipitation for use with a 

distributed watershed model, the spatial distribution from the gridded dataset provides a 

logical starting point.   

 

3.1.2   Design Usage 
 

The gridded precipitation datasets provide expected values (best-estimates) based on the 

regional solutions for each grid-cell location.  In engineering design applications, it is 

common practice to incorporate some design conservatisms to account for uncertainties 

and to provide protection from under-design.  For probabilistic methods, accounting for 

uncertainties usually employs some type of confidence interval.  Monte Carlo analyses 

have been conducted to investigate the uncertainties associated with precipitation 

estimates based on the at-site and regional statistics used to make quantile estimates.   

 

Based on these findings, it was determined that an overage of 15 percent would provide 

about an 80 percent level of protection from under-design.  Thus, all precipitation values 

obtained from the gridded precipitation datasets which are to be used in a design 

application are to be increased by 15 percent as shown in Equation (1). 

 

 

    Psd  = 1.15 Pgds        Equation (1) 

 

 

where:      Psd   = Precipitation amount to be used for scaling in developing a 

candidate storm for design application (precipitation scaling 

depth) 

       Pgds  = Precipitation value obtained from gridded dataset for the chosen 

Design Step 
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4.   DEVELOPING CANDIDATE DESIGN STORMS 
 

A hyetograph describes the time history of precipitation depth or intensity at a given 

location or over a specific area.  The hyetograph is the standard form to input 

precipitation into rainfall-runoff computer models.  The temporal and spatial distribution 

of precipitation, as described by a hyetograph, are inherently stochastic (random) and 

vary widely from storm to storm.  Therefore, it is important that hyetographs used in 

design or evaluation of a project be developed using probabilistic procedures.  This 

allows incorporation of storm characteristics that reflect the manner in which extreme 

storms have historically occurred (Schaefer
19

). 

 

The procedures used here for constructing hyetographs are based on probabilistic 

analyses of 394 extreme storms in Washington from the period 1940-2006.  A thorough 

discussion of those procedures is contained in Characteristics of Extreme Precipitation 

Events in Washington State
19

.  Information and procedures from that document have been 

used to develop dimensionless hyetographs for small watersheds. 

 

The simplified methods presented in Section 4.2.2 will allow the user to easily assemble 

candidate design storms using the library of dimensionless design hyetographs available 

through Ecology’s Dam Safety Office. 

 

4.1   DIMENSIONLESS DESIGN HYETOGRAPHS 
 

As discussed previously, it is usually necessary to develop several candidate design 

storms to analyze the response of the reservoir and spillway(s) to various flood 

characteristics.  The principal storm characteristics which affect the flood peak discharge, 

runoff volume, and hydrograph shape are the precipitation intensity, volume and 

duration.  The diversity of these storm characteristics can be suitably described using 

several candidate storms, reflecting a range of storm durations.  The following sections 

present information and procedures for scaling dimensionless design hyetographs to 

create short, intermediate, and long-duration candidate design storms.  Applying the 

design storms in rainfall-runoff models is discussed in Chapter 2.4 of Part IV of the Dam 

Safety Guidelines, titled Inflow Design Flood.  

 

4.1.1   Dimensionless Design Hyetographs Organized by Climatic Region 
 

Climatic regions are geographic areas with similar climatic and topographic 

characteristics that result in storms having similar storm characteristics.  One of the major 

changes that affected this Technical Note was a refinement of the climatic region 

delineation contained in the 2006 regional precipitation-frequency analysis (Schaefer  
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et al
20, 21

).  This required regrouping of the 252 historical storms that were analyzed in 

Ecology Report 89-51 (Schaefer
19

).  Similarly, the 142 historical storms observed in the 

period from 1986-2006 were grouped according to the new climatic regions, and 

analyzed according to procedures described in the report 89-51.  Separate analyses were 

then conducted for each climatic region for each of the three storm durations.     

 

The dimensionless design hyetographs used to develop candidate design storms are 

organized according to climatic region and duration (short, intermediate, and long).  

Thus, the user must first identify the climatic region where the project watershed is 

located in order to select the appropriate dimensionless design hyetograph.  Climatic 

regions (shown in Figure 4) and boundaries are described below. 

 

Climatic Regions for Western Washington  
 

Region 5 - Coastal Lowlands – The lowlands along the west coast of Washington, 

Oregon, and Vancouver Island open to the Pacific Ocean.  The eastern boundary is 

either a generalized contour line of 1,000 feet elevation, or the ridgeline of mean 

annual precipitation that separates the coastal lowlands from the interior lowlands, 

such as within the Aberdeen-Montesano gap. 

 

Region 151 - Coastal Mountains West – The windward faces of the Olympic 

Mountains, Willapa Hills, Black Hills, Coastal Mountains in Oregon, and Vancouver 

Island Mountains in British Columbia above a generalized contour line of 1,000 feet 

elevation.  These areas are bounded to the west by the 1,000 feet contour line, and 

bounded to the east by the ridgeline of mean annual precipitation near the crestline of 

the mountain barrier. 

 

Region 142 - Coastal Mountains East – The leeward faces of the Olympic 

Mountains, Willapa Hills, Coastal Mountains in Oregon, and Vancouver Island 

Mountains in British Columbia above a generalized contour line of 1,000 feet 

elevation.  These areas are bounded to the west by the ridgeline of mean annual 

precipitation near the crestline of the mountain barrier, and bounded to the east by the 

1,000 feet contour line.  This also includes isolated mountain features such as the 

Black Hills.   

 

Region 32 - Interior Lowlands West – The interior lowlands below a generalized 

contour line of 1,000 feet elevation bounded to the east by the trough-line of mean 

annual precipitation through the Strait of Juan De Fuca, Puget Sound Lowlands and 

Willamette Valley.  This is a zone of low orography where mean annual precipitation 

generally decreases from west to east.   
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Region 31 - Interior Lowlands East – The interior lowlands below a generalized 

contour line of 1,000 feet elevation bounded to the west by the trough-line of mean 

annual precipitation through the Strait of Juan De Fuca, Puget Sound Lowlands, and 

Willamette Valley.  This is a zone of low orography where mean annual precipitation 

generally increases from west to east. 

 

Region 15 - West Slopes of Cascade Mountains – This region is comprised of the 

windward face of the Cascade Mountains in Washington, Oregon, and British 

Columbia above a generalized contour line of 1,000 feet elevation.  This region is 

bounded to the east by the ridgeline of mean annual precipitation near the Cascade 

crest that forms the boundary with Region 14 located on the east slopes of the 

Cascade Mountains.   

 

Figure 4 – Delineation of Climatic Regions and Transition Zones 

for Washington State and Surrounding Areas 
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Climatic Regions
3
 for Eastern Washington 

 

Zone 154 - Cascade Crest Transition Zone – This is a transition zone near the crest 

of the Cascade Mountains between the west and east slopes of the Cascade Mountains 

(Regions 15 and 14).  The transition zone has a nominal width of about 6 miles.   

 

Region 14 - East Slopes of Cascade Mountains – This region is comprised of 

mountain areas on the east slopes of the Cascade Mountains where precipitation 

annual maxima are produced predominately by winter storm events.  This region is 

bounded to the west by the ridgeline of mean annual precipitation that generally 

parallels the crest line of the Cascade Mountains.  Region 14 is bounded to the east 

by the contour of 14 inches mean annual precipitation for locations north of the 

Methow River Valley and by the contour line of 12 inches mean annual precipitation 

for areas to the south of the Methow River Valley.   

 

Zone 147 - Cascade Foothills Transition Zone – This is a transition zone between 

the east slopes of the Cascade Mountains (Region 14) and arid and semi-arid areas to 

the east.  The transition zone has a nominal width of about 6 miles.   

 

Region 77 - Central Basin – The Central Basin region is comprised of the Columbia 

Basin and adjacent low elevation (non-orographic) areas in central eastern 

Washington.  It is bounded to the west by Region 14.  The region is bounded to the 

north and east by the generalized (smoothed) contour line of 12 inches mean annual 

precipitation.  

 

Region 7 - Okanogan , Spokane, Palouse – This region is comprised of a mixture of 

lowland areas of low to moderate relief and extensive valley areas between mountain 

barriers.  This includes areas near Spokane, the Palouse, and areas along the 

Okanogan River. The region is bounded to the northwest by Region 14. It is bounded 

to the south and west by Region 77, which generally conforms to the contour line of 

12 inches mean annual precipitation at the eastern edge of the Central Basin.  It is 

bounded to the northeast by the Kettle River Range and Selkirk Mountains at 

approximately the contour line of 22 inches mean annual precipitation. It is bounded 

to the southeast by the Blue Mountains also at the contour line of 22 inches mean 

annual precipitation. 

 

Region 13 - Northeastern Mountains and Blue Mountains – This region is 

comprised of mountain areas in the easternmost part of Washington State where there 

is a significant orographic effect on precipitation depths.  It includes portions of the 

Kettle River Range, Selkirk Mountains, and Cabinet Mountains in the northeast, the 

Bitterroot Range to the East, and the Blue Mountains in the southeast corner of 

Eastern Washington.  Mean annual precipitation ranges from a minimum of 22 inches 

                                                 
3
 The list of regions in Eastern Washington includes two transition zones. 
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to over 70 inches in the mountain areas.  The western boundary of this region 

generally conforms to the contour line of 22 inches mean annual precipitation. 

 

4.1.2   Changes Made in Updating Dimensionless Design Hyetographs 
 

As compared to the original release of Technical Note 3, changes to the dimensionless 

design hyetographs were made in response to four separate sources of new information.  

First, the new climatic region delineation (Figure 4) resulted in new groupings of 

historical storms and greater homogeneity of storm characteristics within the new 

regions.  Second, 142 additional storms were analyzed for the short, intermediate and 

long-durations for the period from 1986-2006.  This large number of storm events added 

greatly to the total database of storms and altered the sample statistics slightly.  Third, 

analyses of short 5-minute, 10-minute and 15-minute precipitation maxima in the Seattle 

area improved resolution of high-intensity portions of storms for western Washington.  

Fourth, experience gained since 1990 about the temporal behavior of extreme storms 

allowed improvements and simplification in the approach to assembly of the 

dimensionless hyetographs.     

 

The following sections provide brief summaries of the differences in the updated 

dimensionless design hyetographs relative to those contained in the original Technical 

Note 3.   

 

4.1.3   Short-Duration Design Storms 
 

Figures 5, 6, and 7 depict short-duration dimensionless design hyetographs for the selected 

climatic regions.  Significant increases were made to the high-intensity portion of the short-

duration storm for Western Washington based on data from the Seattle precipitation gaging 

network and NOAA automated gages (Schaefer
22

).  The storm characteristics for Eastern 

Washington are very similar to those in the original Technical Note 3.  

 

4.1.4   Intermediate-Duration Design Storms 
 

Figures 8 through 13 depict intermediate-duration dimensionless design hyetographs for 

selected groupings of climatic regions.  In general, the high-intensity portions of the new 

design storms nearly match those for design storms in the original Technical Note 3.  

Minor changes were made to precipitation maxima for the 15-minute and 30-minute 

durations for Climatic Regions 14 and 13 for Eastern Washington.  Minor increases were 

also made to the total precipitation for all design hyetographs. The greatest increases in the 

total precipitation occurred for Climatic Regions 15 and 14 in the Cascade Mountains.   
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4.1.5   Long-Duration Design Storms 
 

Figures 14 through 19 depict long-duration synthetic design hyetographs for selected 

climatic regions.  In general, the high-intensity portions of the new design hyetographs are 

similar to the high-intensity sections for design storms in the original Technical Note 3.  

The largest changes came from regrouping the storms according to the new climatic 

regions in Eastern Washington.  In addition, the time resolution was improved by using a 

15-minute time-step to replace the 30-minute time-step used in the original design 

hyetographs.  Lastly, additional data and experience allowed use of one long-duration 

design storm per climatic region instead of two design storms per region as done in the 

original Technical Note 3. 

 

4.1.6   Intensity Index Format for Dimensionless Design Hyetographs  
 

The dimensionless design hyetographs displayed in Figures 5 through 20 are constructed 

using an Intensity Index.  This format allows direct conversion to a precipitation intensity 

hyetograph with units of inches/hour by scaling (multiplying) by the chosen Precipitation 

Scaling Depth for the selected Design Step (2-hour, 6-hour, or 24-hour precipitation for 

the short, intermediate or long-duration dimensionless design hyetograph, respectively).  

For example, a precipitation scaling depth of 2.0 inches for the 2-hour duration would 

yield a maximum intensity of 5.2 inches/hour if applied to Figure 5.  Multiply all ordinate 

values in Figure 5 by 2.0 to yield a precipitation intensity hyetograph.    

 
4.1.7   Dimensionless Depth-Duration Curves for Large Watersheds   
 

Assembly of a candidate design storm for a large watershed represents a watershed-

specific application.  Generic dimensionless design hyetographs cannot be developed in 

advance because the scaling of the storm is dependent on areal adjustments for watershed 

size as well as scaling by precipitation depth.  Appendix B contains dimensionless depth-

duration curves for all of the dimensionless design hyetographs for use on large 

watersheds.   
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Figure 5 – Short-Duration Dimensionless Design Hyetograph for Western 

Washington, Climatic Regions 5, 15, 31, 32, 142, 151, and Transition Zone 154 

Figure 6 – Short-Duration Dimensionless Design Hyetograph for Eastern 

Washington, Climatic Regions 13, 14 and Transition Zone 147 

Figure 7 – Short-Duration Dimensionless Design Hyetograph 

for Eastern Washington, Climatic Regions 7 and 77 
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Figure 8 – Intermediate-Duration Dimensionless Design 

Hyetograph for Western Washington, Climatic Region 5 

Figure 9 – Intermediate-Duration Dimensionless Design Hyetograph for Western 

Washington, Climatic Regions 15, 151, 142 and Transition Zone 154 

Figure 10 – Intermediate-Duration Dimensionless Design 

Hyetograph for Western Washington, Climatic Regions 31, 32 
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Figure 11 – Intermediate-Duration Dimensionless Design 

Hyetograph for Eastern Washington, Climatic Region 14 

Figure 12 – Intermediate-Duration Dimensionless Design 

Hyetograph for Eastern Washington, Climatic Regions 7 and 77 

Figure 13 – Intermediate-Duration Dimensionless Design Hyetograph for 

Eastern Washington, Climatic Region 13 
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Figure 14 – Long-Duration Dimensionless Design Hyetograph for 

Western Washington, Climatic Region 5 

Figure 15 – Long-Duration Dimensionless Design Hyetograph for Western 

Washington, Climatic Regions 15, 142, 151 and Transition Zone 154 

Figure 16 – Long-Duration Dimensionless Design Hyetograph for 

Western Washington, Climatic Regions 31, 32 
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Figure 17 – Long-Duration Dimensionless Design Hyetograph for 

Eastern Washington, Climatic Region 14 

Figure 18 – Long-Duration Dimensionless Design 

Hyetograph for Eastern Washington, Climatic Regions 7, 77 

Figure 19 – Long-Duration Dimensionless Design Hyetograph 

for Eastern Washington, Climatic Region 13 
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4.2   ASSEMBLING CANDIDATE DESIGN STORMS FOR SMALL WATERSHEDS 
 

In the majority of impoundment projects constructed in Washington, the size of the 

tributary watershed is very small relative to the areal coverage of the design storm.  For 

these situations, no adjustments to the at-site precipitation estimates are needed to 

account for the storm’s areal distribution over the watershed.  For small watersheds, 

where no adjustments are required to account for the spatial distribution of the storm, 

dimensionless design hyetographs are available in electronic format on Compact Disc 

(CD) or on the Department of Ecology website.    

 

The standard steps to construct candidate design storms, when no areal adjustments are 

required, are shown in the flow chart in Figure 20.  The same procedure is used for short, 

intermediate, and long-duration candidate design storms that are scaled by separate 

precipitation scaling depths for the 2-hour, 6-hour and 24-hour durations, respectively.   

 

 

 DETERMINE DESIGN STEP AND PROJECT DESIGN/PERFORMANCE GOAL 

 FROM TECHNICAL NOTE 2 

  

 COMPUTE PRECIPITATION SCALING DEPTH FOR SELECTED DESIGN STEP  

 FOR DURATION USED FOR SCALING CANDIDATE DESIGN STORM 

  

SELECT DIMENSIONLESS DESIGN HYETOGRAPH FOR CHOSEN STORM DURATION  

FOR PROJECT LOCATION  (Short, Intermediate or Long-Duration) 

  

SCALE DIMENSIONLESS DESIGN HYETOGRAPH BY PRECIPITATION SCALING DEPTH   

TO PRODUCE CANDIDATE DESIGN STORM 

Figure 20 – Flowchart for Construction of a Candidate Design Storm 

for Small Watersheds 

 

 

4.2.1   Example Assembly of Short-Duration Candidate Design Storm 
 

Construct a short-duration candidate design storm for a site near Wenatchee, WA.   

 

Given:  Climatic Region – Transition Zone 147;  2-hour precipitation scaling depth for 

Design Step 3 is 3.14-inches, obtained from querying the gridded precipitation dataset for 

2-hour precipitation maxima for Design Step 3, and applying the 15 percent design factor 

per Equation 1 as appropriate. 

 

1. Multiply the ordinates of the short-duration dimensionless design hyetograph for 

Transition Zone 147 (Figures 6 and 21) by the precipitation scaling depth of  
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3.14-inches.  (The dimensionless design hyetographs are available in electronic 

format through Ecology’s Dam Safety Office.)  The resultant candidate design 

storm is shown in Figure 22.  

2. Many watershed models use precipitation depth as input.  For these applications, 

convert precipitation intensities to precipitation depths by multiplying the 

intensities from Step 1 by 12 for a 5-minute time-step.   

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 21 – Short-Duration Dimensionless Design 

Hyetograph for Transition Zone 147 

Figure 22 – Scaled Short-Duration Candidate Design Storm 

for Site near Wenatchee, Washington 
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Long-Duration Candidate Design Storm
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4.2.1   Example Assembly of Long-Duration Candidate Design Storm 
 

Construct a long-duration candidate design storm for a site near Olympia, Washington.   

Given:  Climatic Region 32;  24-hr precipitation scaling depth for Design Step 5 is  

8.54 inches, obtained from querying gridded precipitation dataset for 24-hour precipitation 

maxima for Design Step 5, and applying the 15 percent design factor as appropriate. 
 

1. Multiply the ordinates of the long-duration dimensionless design hyetograph for 

Climatic Region 32 (Figures 16 and 23) by the precipitation scaling depth of  

8.54 inches.  The resultant candidate design storm is shown in Figure 24.   

2. For those watershed models that use precipitation depth as input, convert 

precipitation intensities to precipitation depths by multiplying the intensities from 

Step 1 by 4 for a 15-minute time-step.   
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Figure 23 – Long-Duration Dimensionless Design 

Hyetograph for Climatic Region 32 

Figure 24 – Scaled Long-Duration Candidate Design Storm 

for Site near Olympia, Washington 
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4.3   ASSEMBLING CANDIDATE DESIGN STORMS FOR LARGE WATERSHEDS 
 

As discussed previously, a large watershed is one where the basin-average precipitation 

varies sufficiently from the maximum point precipitation depth that the spatial 

distribution of the storm is an important consideration.  This corresponds to watersheds 

that exceed 10 mi
2
 for long or intermediate-duration storms as the design event, and 

watersheds larger than 1 mi
2
 for a short-duration thunderstorm as the design event.   

 

Constructing a design storm hyetograph for a large watershed is a watershed-specific 

application.  Thus, generic hyetographs for large watersheds cannot be developed in 

advance.  The areal adjustment values in Table 1 may be used in determining if the 

dimensionless design hyetographs for small watersheds may be acceptable. Alternatively, 

if areal adjustments will be important in assembling the candidate design storms for the 

large watershed, then watershed-specific hyetographs must be developed. 

 

The flow chart in Figure 25 illustrates the standard steps for constructing candidate 

design storms when areal adjustments are required.  Appendix B contains dimensionless 

depth-duration curves used for assembling the candidate design storms.   

 

 

 DETERMINE DESIGN STEP AND PROJECT DESIGN/PERFORMANCE GOAL 

 FROM TECHNICAL NOTE 2 

  

COMPUTE BASIN-AVERAGE PRECIPITATION USING GIS-BASED ISOPLUVIAL MAP                         

FOR CANDIDATE STORM DURATION (Precipitation Scaling Depth) 

  

 SELECT DIMENSIONLESS DEPTH-DURATION CURVE FOR CHOSEN STORM DURATION  

FOR PROJECT LOCATION  (Short, Intermediate or Long-Duration) 

  

SCALE DIMENSIONLESS DEPTH-DURATION CURVE ORDINATES                                                               

BY BASIN-AVERAGE PRECIPITATION SCALING DEPTH 

  

MULTIPLY DEPTH-DURATION ORDINATES 

BY AREAL ADJUSTMENT FACTORS FROM TABLE 1  

  

DEVELOP PLOT OF BASIN-AVERAGE DEPTH-DURATION CURVE AND 

DETERMINE INCREMENTAL PRECIPITATION AMOUNTS FOR USER-DEFINED TIME-STEP 

  

USE INCREMENTAL PRECIPITATION AMOUNTS TO CONSTRUCT CANDIDATE DESIGN  

STORM WITH SAME TEMPORAL SHAPE AS DIMENSIONLESS DESIGN STORM 

Figure 25 – Flowchart for Construction of a Candidate Design Storm 

for Large Watersheds 
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4.3.1   Example Assembly of Intermediate-Duration Candidate Design Storm 
 

Construct an intermediate-duration candidate design storm for a site near Seattle, WA.   

 

Given:  Watershed area is 50-mi
2
; Climatic Region 31; 6-hour precipitation scaling depth 

for Design Step 4 is 3.02-inches, obtained from querying the gridded precipitation dataset 

for 6-hour precipitation maxima for Design Step 4 and computing basin-average 

precipitation for the watershed, and applying the 15 percent design factor per Equation 1  

as appropriate. 

 

1. Multiply the ordinates of the intermediate-duration dimensionless depth-duration 

curve Figure 26) for Climatic Region 31 (Appendix B) by the precipitation scaling 

depth of 3.02-inches.  This produces a depth-duration curve for watersheds up to  

10 mi
2
 (Figure 27). 

2. Multiply the scaled depth-duration curve ordinate values by the areal reduction 

factors for the intermediate-duration listed in Table 1 for a 50-mi
2
 watershed.  Use 

linear interpolation to obtain areal reduction factors for interdurations residing 

between listed values.  This produces the scaled depth-duration curve for a 50-mi
2
 

watershed (Figure 27).   

3. Obtain incremental precipitation amounts by successively subtracting values from 

the scaled depth-duration curve (Step 2) on a 15-minute time-step.   

4. Multiply the incremental precipitation amounts from Step 3 by a factor of 4 to 

convert to precipitation intensities (in/hr).   

5. Rearrange the incremental intensities in the same pattern as shown for the 

dimensionless design hyetograph (Figures 10 and 28).  This produces the 

intermediate-duration candidate design storm for the 50-mi
2
 watershed (Figure 29). 

6. For those watershed models that use precipitation depth as input, convert 

precipitation intensities to precipitation depths by multiplying the intensities from 

Step 5 by 4 for a 15-minute time-step.   

 

Note the higher intensity portion of the candidate design storm (Figure 29) is muted 

relative to the shape of the dimensionless design hyetograph (Figure 28).  This is a result of 

applying the areal reduction factors.   
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Figure 26 – Intermediate-Duration Dimensionless Depth-Duration Curve 

for Climatic Region 31 

Figure 27 – Scaled Intermediate-Duration Depth-Duration Curves for 

Climatic Region 31 for Site near Seattle 

Figure 28 - Intermediate-Duration Dimensionless Design Hyetograph 

for Climatic Region 31 
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Figure 29 – Intermediate-Duration Candidate Design Storm for a 50-mi
2
 

Watershed near Seattle, Washington, in Climatic Region 31 
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OVERVIEW 
 

Storm dates and locations listed in this catalog are associated with precipitation amounts 

that have exceeded a 20-year recurrence interval at a given location at one or more 

durations.  Categorization of a storm as being a short-duration, intermediate duration or 

long-duration extreme storm is based on comparison of the precipitation maxima for the 

storm being most rare at the 2-hour, 6-hour or 24-hour duration, respectively.  This is the 

same approach that was used in the original study of extreme storms entitled Characteristics 

of Extreme Precipitation Events in Washington State and completed in October 1989 

(Ecology Publication 89-51).  Data collection for that study ended in early 1986 and 

included storms recorded at automated precipitation gages that operated in the period from 

1940-1986.  Storms identified in the earlier study are listed in black in this catalog.  

 

Records from precipitation gages in Washington State and border areas have been scanned 

to identify storms that have occurred since 1986 that have exceeded the 20-year recurrence 

interval criterion as discussed above.  As in the original study, storms have been categorized 

as either short, intermediate or long-duration based on the precipitation maxima at the 2-

hour, 6-hour and 24-hour durations respectively.  These recent storms are listed in blue in 

this catalog.   

 

Storms in the original study were grouped into orographic and non-orographic regions in 

both western and eastern Washington.  These regions were defined based on NWS climatic 

zones in use at that time.  Since the original study, regional precipitation-frequency analyses 

have been conducted for Washington State which included delineation of climatic regions.  

The complete collection of noteworthy storms from 1940-2007 have been regrouped in this 

catalog using the new climatic region delineations for Washington State (Figure 4).   

 

Many of the most extreme storms listed in the catalog have been placed in Excel spreadsheets 

and configured to allow scaling of the storms into larger or smaller storm events.  These 

storms are termed scalable historical storms and are particularly useful for examining the 

flood response of a reservoir and spillway system to the type of storm event that has occurred 

in the climatic region where a given project is located.  Scaling of these storms is done in a 

manner similar to that for the dimensionless design hyetographs.  Use of scalable historical 

storms provides another avenue to confirm the hydrologic adequacy of a spillway system 

using a suite of diverse storm characteristics.   

 

Scalable historical storms are available through the Dam Safety Office.  
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Table 2 - Catalog of Short-Duration Extreme Storms for Region 5 - Coastal Lowlands 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

2-HR 6-HR 

45-8332 Tatoosh Island WB WA 5 48.38 -124.73 100 11/3/1941 1.41 1.89 

45-8332 Tatoosh Island WB WA 5 48.38 -124.73 100 10/10/1942 1.53 2.32 

45-9112 Westport 2 S WA 5 46.87 -124.10 20 10/30/1950 1.47 2.24 

45-5488 Moclips WA 5 47.22 -124.20 120 1/2/1951 1.30 1.97 

45-9112 Westport 2 S WA 5 46.87 -124.10 20 10/18/1979 1.20 1.65 

35-0328 Astoria AP Port OR 5 46.15 -123.87 9 11/25/1998 1.84 2.49 

  

 

Table 3 - Catalog of Short-Duration Extreme Storms for Regions 32 and 31 

 Interior Lowlands Western Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

2-HR 6-HR 

45-2675 Everett WA 31 47.98 -122.18 60 9/28/1944 1.01 1.52 

45-5224 Mc Millin Reservoir WA 31 47.13 -122.27 579 7/8/1946 1.10 1.32 

45-1277 Centralia 1 W WA 31 46.70 -122.97 185 10/28/1949 1.15 1.51 

45-7470 Seattle EMSU WA 31 47.68 -122.25 60 6/29/1952 0.96 1.01 

45-5224 Mc Millin Reservoir WA 31 47.13 -122.27 579 9/17/1957 1.07 1.21 

45-2675 Everett WA 31 47.98 -122.18 60 5/31/1958 1.14 1.14 

45-0324 Auburn WA 31 47.32 -122.23 79 6/8/1959 0.87 1.04 

45-5224 Mc Millin Reservoir WA 31 47.13 -122.27 579 8/26/1960 1.70 2.04 

35-3340 Goble 3 SW OR 32 45.98 -122.92 530 6/30/1963 0.87 1.05 

45-4769 Longview WA 31 46.15 -122.92 12 8/23/1963 1.05 1.05 

45-7773 Snoqualmie Falls WA 31 47.53 -121.83 440 9/19/1964 1.17 1.19 

45-0986 Burlington WA 31 48.47 -122.32 30 8/12/1965 1.28 1.50 

45-6678 Port Townsend WA 32 48.10 -122.75 100 9/10/1967 0.84 1.02 

35-6751 Portland Intl Airport OR 32 45.58 -122.60 19 1/11/1970 1.15 1.41 

45-2675 Everett WA 31 47.98 -122.18 60 9/22/1972 0.99 1.13 

45-1191 Castle Rock 2 NW WA 31 46.27 -122.92 39 9/20/1973 1.46 2.35 

45-1277 Centralia 1 W WA 31 46.70 -122.97 185 7/8/1974 1.20 1.50 

45-7470 Seattle EMSU WA 31 47.68 -122.25 60 8/26/1977 1.64 1.66 

45-1146 Carnation 4 NW WA 31 47.68 -121.98 50 9/20/1977 1.20 1.30 

45-4486 Landsburg WA 31 47.38 -121.98 535 7/9/1980 0.90 1.00 

45-7473 Sea-Tac Airport WA 31 47.45 -122.30 400 10/6/1981 0.85 1.21 

45-1146 Carnation 4 NW WA 31 47.68 -121.98 50 6/18/1986 1.00 1.30 

45-1146 Carnation 4 NW WA 31 47.68 -121.98 50 9/19/1988 1.10 1.40 

45-0729 Blaine WA 31 49.00 -122.75 60 8/15/1989 1.40 2.00 

 Seattle SPU RG08 WA 31    9/23/1992 1.02 1.02 

 King County East Pine PS WA 31    8/22/2004 1.84 2.50 

 Seattle SPU RG16 WA 31    5/31/2005 0.92 0.95 

 Seattle SPU RG10 WA 31    6/1/2005 1.15 1.28 

 Seattle SPU RG02 WA 31    5/27/2006 1.09 1.12 

 Seattle SPU RG20 WA 31    12/14/2006 1.10 1.13 
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Table 4 - Catalog of Short-Duration Extreme Storms for Regions 15, 151 and 142 

 Mountain Areas in Western Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

2-HR 6-HR 

45-5704 Mud Mountain Dam WA 15 47.15 -121.93 1308 6/10/1942 0.99 1.08 

45-5704 Mud Mountain Dam WA 15 47.15 -121.93 1308 9/1/1943 0.99 1.11 

45-1759 Cougar 4 SW WA 15 46.02 -122.35 520 9/21/1944 1.49 1.98 

45-7709 Skykomish 1 ENE WA 15 47.70 -121.37 1030 5/25/1945 1.78 1.78 

45-6295 Palmer 3 ESE WA 15 47.30 -121.85 920 5/27/1948 1.20 1.45 

45-5663 Mount Baker Lodge WA 15 48.87 -121.67 4150 6/16/1949 1.53 1.53 

45-1457 Cinebar 2 E WA 15 46.60 -122.48 1040 6/9/1953 1.51 1.90 

45-6909 Randle 1 E WA 15 46.53 -121.93 900 8/28/1957 1.40 1.44 

45-7657 Silverton WA 15 48.07 -121.57 1475 9/10/1967 1.40 2.10 

35-0897 Bonneville Dam OR 15 45.63 -121.95 62 11/20/1970 1.40 1.45 

45-6385 White River RS WA 15 46.92 -121.53 3553 5/10/1975 1.20 1.30 

45-1233 Cedar Lake WA 15 47.42 -121.73 1560 9/20/1977 1.40 2.00 

45-6909 Randle 1 E WA 15 46.53 -121.93 900 6/28/1978 1.30 1.30 

45-5704 Mud Mountain Dam WA 15 47.15 -121.93 1308 7/9/1979 1.11 1.28 

45-7657 Silverton WA 15 48.07 -121.57 1475 9/30/1980 1.80 2.00 

45-6851 Quilcene Dam 5 SW WA 142 47.78 -122.98 1028 11/29/1980 1.40 1.69 

45-0013 Aberdeen 20 NNE WA 151 47.27 -123.70 435 5/28/1982 2.50 2.50 

45-5876 Nooksack Salmon Hatchery WA 15 48.90 -122.15 410 10/20/1992 1.80 2.30 

45-1233 Cedar Lake WA 15 47.42 -121.73 1560 6/22/1993 1.40 1.50 

 

 

 

 

Table 5 - Catalog of Short-Duration Extreme Storms for Region 14 

 East Face of Cascade Mountains 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

2-HR 6-HR 

45-1257 Centerville 2 SW WA 14 45.73 -120.95 1650 6/7/1947 0.80 0.80 

45-5133 Mazama WA 14 48.60 -120.43 2170 1/17/1971 0.90 0.97 

35-4003 Hood River Exp Stn OR 14 45.68 -121.52 500 5/20/1972 1.00 1.30 

45-5659 Mount Adams RS WA 14 46.00 -121.53 1960 1/12/1980 1.30 1.70 

45-1160 Carson Fish Hatchery WA 14 45.87 -121.97 1134 1/12/1980 1.40 2.00 

45-2384 Easton WA 14 47.23 -121.18 2170 8/26/1983 1.80 1.90 

45-4446 Lake Wenatchee WA 14 47.83 -120.78 2005 2/11/1985 1.10 1.30 

45-5133 Mazama WA 14 48.60 -120.43 2170 7/16/1985 1.10 1.10 

45-6472 Peshastin Telemetering WA 14 47.57 -120.62 1028 8/6/1991 0.90 1.00 

45-2157 Diablo Dam WA 14 48.72 -121.15 891 7/20/1992 1.10 1.40 

35-4003 Hood River Exp Stn OR 14 45.68 -121.52 500 9/18/1998 1.60 2.40 

45-2384 Easton WA 14 47.23 -121.18 2170 9/9/2000 0.90 1.40 

35-0571 Bear Springs RS OR 14 45.12 -121.53 3360 9/14/2001 1.00 1.10 

45-3183 Glenwood WA 14 46.02 -121.28 1896 5/23/2006 0.90 1.00 
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Table 6 - Catalog of Short-Duration Extreme Storms for Transition Zone 147 

 Cascade Foothills in Eastern Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

2-HR 6-HR 

45-2505 Ellensburg WA 147 46.97 -120.53 1480 5/12/1943 0.62 0.74 

45-9465 Yakima Airport WA 147 46.57 -120.53 1064 6/19/1944 0.90 0.91 

45-6187 Oroville 1 S WA 147 48.93 -119.43 932 6/16/1947 1.25 1.25 

45-5327 Methow 2S WA 147 48.13 -120.02 1165 8/10/1948 1.08 1.08 

45-5327 Methow 2S WA 147 48.13 -120.02 1165 6/17/1950 0.89 0.89 

45-9082 Wenatchee AP WA 147 47.38 -120.20 1229 8/10/1952 1.29 1.29 

45-9082 Wenatchee AP WA 147 47.38 -120.20 1229 8/25/1956 1.38 1.73 

45-5731 Naches 10 NW WA 147 46.87 -120.77 2280 5/5/1957 0.90 0.90 

45-5327 Methow 2S WA 147 48.13 -120.02 1165 7/8/1958 1.33 1.33 

45-9082 Wenatchee AP WA 147 47.38 -120.20 1229 8/23/1965 0.96 1.19 

45-9082 Wenatchee AP WA 147 47.38 -120.20 1229 6/9/1972 1.05 1.45 

35-5734 Moro OR 147 45.47 -120.72 1870 6/9/1972 0.90 0.90 

45-9465 Yakima Airport WA 147 46.57 -120.53 1064 8/18/1975 0.98 1.39 

35-5734 Moro OR 147 45.47 -120.72 1870 9/27/1981 0.80 0.80 

45-5731 Naches 10 NW WA 147 46.87 -120.77 2280 7/7/1982 1.20 1.20 

45-5731 Naches 10 NW WA 147 46.87 -120.77 2280 8/1/1984 0.80 0.80 

35-0265 Arlington OR 147 45.72 -120.20 277 4/29/1992 0.80 0.80 

45-2505 Ellensburg WA 147 46.97 -120.53 1480 7/3/1998 0.90 0.90 
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Table 7 - Catalog of Short-Duration Extreme Storms for Regions 77 and 7 

 Central Basin and Lowland Areas in Eastern Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

2-HR 6-HR 

45-6982 Republic RS WA 7 48.63 -118.73 2630 8/23/1941 1.43 1.54 

45-9397 Withrow WA 77 47.72 -119.82 2533 6/13/1944 1.06 1.11 

45-2030 Dayton 1 WSW WA 7 46.30 -118.00 1557 7/8/1946 0.79 0.83 

45-8207 Sunnyside WA 77 46.32 -120.00 747 6/7/1947 1.62 1.83 

45-3515 Harrington 1 NW WA 77 47.48 -118.25 2190 6/10/1948 1.03 1.13 

45-9327 Wilson Creek WA 77 47.42 -119.12 1280 6/18/1950 1.50 1.55 

45-6789 Pullman 2 NW WA 7 46.75 -117.18 2545 8/10/1952 1.77 2.39 

45-9327 Wilson Creek WA 77 47.42 -119.12 1280 7/24/1955 0.80 0.94 

45-8931 Walla Walla WSO WA 7 46.03 -118.33 949 5/8/1957 1.15 1.15 

45-3883 Ice Harbor Dam WA 77 46.23 -118.87 368 6/5/1957 1.67 1.67 

45-8931 Walla Walla WSO WA 7 46.03 -118.33 949 5/24/1958 1.60 1.62 

45-1400 Chief Joseph Dam WA 77 47.98 -119.65 820 6/7/1958 0.71 0.71 

45-6982 Republic RS WA 7 48.63 -118.73 2630 7/5/1958 1.10 1.20 

10-7188 Plummer 3 WSW ID 7 47.30 -116.95 2920 7/7/1958 0.87 1.03 

45-1767 Coulee Dam 1 SW WA 77 47.95 -119.00 1700 4/29/1961 0.85 0.93 

45-6982 Republic RS WA 7 48.63 -118.73 2630 8/9/1962 1.26 1.26 

45-6789 Pullman 2 NW WA 7 46.75 -117.18 2545 6/16/1963 1.47 1.47 

45-6610 Pomeroy WA 7 46.47 -124.58 1900 9/13/1966 1.12 1.12 

45-9397 Withrow WA 77 47.72 -119.82 2533 8/14/1968 0.94 1.18 

45-9397 Withrow WA 77 47.72 -119.82 2533 12/11/1969 0.93 0.94 

45-8931 Walla Walla WSO WA 7 46.03 -118.33 949 5/26/1971 1.75 1.82 

35-8726 Ukiah OR 7 45.13 -118.93 3400 7/9/1975 2.10 2.10 

45-7938 Spokane Intl AP WA 7 47.62 -117.52 2353 6/7/1977 0.96 1.10 

45-9200 Whitman Mission WA 7 46.03 -118.45 632 8/5/1977 0.94 0.96 

45-2030 Dayton 1 WSW WA 7 46.30 -118.00 1557 7/7/1978 1.20 1.20 

45-3515 Harrington 1 NW WA 77 47.48 -118.25 2190 6/1/1982 1.00 1.00 

45-6982 Republic RS WA 7 48.63 -118.73 2630 7/1/1982 1.10 1.10 

45-8207 Sunnyside WA 77 46.32 -120.00 747 9/15/1986 1.15 1.25 

45-1400 Chief Joseph Dam WA 77 47.98 -119.65 820 7/25/1987 1.00 1.00 

45-4679 Lind 3 NE WA 77 46.98 -118.57 1630 8/20/1990 0.80 0.90 

45-9200 Whitman Mission WA 7 46.03 -118.45 632 7/22/1992 0.80 0.90 

45-1400 Chief Joseph Dam WA 77 47.98 -119.65 820 7/9/1993 1.10 1.10 

35-1765 Condon OR 7 45.22 -120.17 2840 7/13/1993 1.70 2.00 

35-3827 Heppner OR 7 45.35 -119.55 1885 7/19/1993 1.20 1.20 

45-4679 Lind 3 NE WA 77 46.98 -118.57 1630 7/22/1993 1.40 1.40 

35-1765 Condon OR 7 45.22 -120.17 2840 7/27/1998 1.20 1.40 

35-9213 Weston OR 7 45.82 -118.42 1922 10/8/2000 0.70 0.70 

45-8348 Tekoa WA 7 47.22 -117.08 2495 6/27/2001 0.80 0.80 

10-7269 Porthill 1 SW ID 7 48.98 -116.50 1700 7/8/2002 0.80 1.10 
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Table 8 - Catalog of Short-Duration Extreme Storms for Region 13 

 Mountain Areas in Eastern Washington Eastward of Cascade Mountains 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

2-HR 6-HR 

45-1630 Colville WA 13 48.53 -117.90 1657 7/19/1950 1.00 1.00 

45-1630 Colville WA 13 48.53 -117.90 1657 7/6/1956 0.82 0.88 

45-0849 Boundary Switchyard WA 13 48.97 -117.35 2500 9/10/1962 0.99 1.17 

45-0849 Boundary Switchyard WA 13 48.97 -117.35 2500 5/21/1981 1.10 1.20 

45-1395 Chewelah WA 13 48.27 -117.72 1670 7/20/1983 1.00 1.00 

45-5946 Northport WA 13 48.90 -117.78 1350 5/27/1987 1.00 1.10 

10-1079 Bonners Ferry ID 13 48.68 -116.32 1770 6/15/1987 0.90 1.00 

10-2845 Dworshak Fish Hatchery ID 13 46.50 -116.32 995 5/27/1989 0.80 0.90 

45-1630 Colville WA 13 48.53 -117.90 1657 8/9/1989 1.30 1.50 

35-8985 Walla Walla 13 ESE OR 13 45.98 -118.05 2400 6/6/1991 1.70 2.30 

35-6636 Pilot Rock 11 E OR 13 45.50 -118.60 1920 8/14/1991 1.40 1.40 

10-1956 Coeur D'Alene ID 13 47.67 -116.80 2133 6/30/1998 0.90 1.00 

45-5946 Northport WA 13 48.90 -117.78 1350 7/11/1998 1.10 1.20 

45-1630 Colville WA 13 48.53 -117.90 1657 8/18/2004 1.90 1.90 

 

 

 

Table 9 - Catalog of Intermediate-Duration Extreme Storms for Region 5 

 Coastal Lowlands 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

6-HR 18-HR 

45-1496 Clearwater WA 5 47.58 -124.30 80 11/23/1948 3.40 4.70 

45-5488 Moclips WA 5 47.22 -124.20 120 12/11/1953 2.47 3.49 

45-5549 Montesano 3 NW WA 5 46.97 -123.62 25 12/21/1961 2.46 3.37 

45-6584 Point Grenville WA 5 47.30 -124.28 100 10/29/1967 2.98 4.38 

45-6858 Quillayute AP WA 5 47.93 -124.55 179 1/25/1971 3.21 6.10 

45-3333 Grays River Hatchery WA 5 46.38 -123.57 100 11/6/1980 3.20 4.50 

45-9112 Westport 2 S WA 5 46.87 -124.10 20 7/1/1983 2.20 2.60 

45-3333 Grays River Hatchery WA 5 46.38 -123.57 100 10/26/1985 3.10 4.90 

45-9112 Westport 2 S WA 5 46.87 -124.10 20 12/4/1990 2.20 2.90 

45-6858 Quillayute AP WA 5 47.93 -124.55 179 8/9/1995 2.87 4.13 

35-0328 Astoria AP Port OR 5 46.15 -123.87 9 11/25/1998 2.49 4.72 

45-6858 Quillayute AP WA 5 47.93 -124.55 179 11/28/2003 3.71 6.08 
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Table 10 - Catalog of Intermediate-Duration Extreme Storms for Regions 32 and 31 

 Interior Lowlands Western Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

6-HR 18-HR 

45-7473 Sea-Tac (WSO) WA 31 47.45 -122.30 400 1/19/1943 1.60 2.49 

45-6678 Port Townsend WA 32 48.10 -122.75 100 6/14/1946 1.35 2.21 

45-7473 Sea-Tac (WSO) WA 31 47.45 -122.30 400 2/16/1949 1.50 1.69 

45-6114 Olympia AP WA 32 46.97 -122.90 206 12/9/1956 2.13 3.35 

45-9485 Yelm WA 31 46.95 -122.60 351 11/20/1959 1.44 2.58 

45-2675 Everett WA 31 47.98 -122.18 60 10/23/1960 1.39 1.52 

45-7773 Snoqualmie Falls WA 31 47.53 -121.83 440 10/21/1963 2.08 2.48 

45-1146 Carnation 4 NW WA 31 47.68 -121.98 50 12/3/1968 1.57 1.95 

45-4486 Landsburg WA 31 47.38 -121.98 535 6/23/1969 1.64 2.09 

35-6751 Portland Intl Airport OR 32 45.58 -122.60 19 9/17/1969 1.91 2.38 

45-0729 Blaine 1 ENE WA 31 49.00 -122.75 60 11/3/1971 1.60 3.43 

45-9485 Yelm WA 31 46.95 -122.60 351 12/21/1972 1.43 1.78 

45-6624 Port Angeles WA 32 48.10 -123.42 90 11/3/1978 1.92 2.55 

45-7773 Snoqualmie Falls WA 31 47.53 -121.83 440 1/23/1982 2.00 2.90 

45-7470 Seattle EMSU WA 31 47.68 -122.25 60 12/3/1982 1.56 2.53 

45-5224 Mc Millin Reservoir WA 31 47.13 -122.27 579 8/29/1983 1.90 2.00 

45-0729 Blaine 1 ENE WA 31 49.00 -122.75 60 12/29/1983 1.70 3.10 

45-0729 Blaine 1 ENE WA 31 49.00 -122.75 60 2/15/1986 2.00 2.80 

45-5224 Mc Millin Reservoir WA 31 47.13 -122.27 579 2/19/1991 1.60 2.50 

45-0729 Blaine 1 ENE WA 31 49.00 -122.75 60 11/11/1995 1.60 1.70 

35-6751 Portland Intl Airport OR 32 45.58 -122.60 19 9/15/1996 1.56 2.04 

35-2348 Dixie Mountain OR 32 45.68 -122.92 1430 10/30/1997 2.10 2.80 

45-1277 Centralia 1 W WA 31 46.70 -122.97 185 11/14/2001 2.30 4.40 

45-2675 Everett WA 31 47.98 -122.18 60 11/19/2003 1.40 2.10 

  Seattle RG12 WA 31       12/3/2007 2.38 5.26 
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Table 11 - Catalog of Intermediate-Duration Extreme Storms for  

Regions 15, 151 and 142  Mountain Areas in Western Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

6-HR 18-HR 

45-7781 Snoqualmie Pass WA 15 47.42 -121.40 3020 12/4/1941 2.74 3.73 

45-7919 Spirit Lake RS WA 15 46.27 -122.15 3240 10/24/1943 3.12 5.46 

45-4999 Marblemount RS WA 15 48.53 -121.45 348 1/7/1945 2.04 4.12 

45-7657 Silverton WA 15 48.07 -121.57 1475 2/7/1945 2.84 4.52 

45-7781 Snoqualmie Pass WA 15 47.42 -121.40 3020 10/24/1945 3.87 6.00 

45-7319 Sappho 8 E WA 151 48.07 -124.12 760 2/1/1947 3.32 4.28 

35-0897 Bonneville Dam OR 15 45.63 -121.95 62 10/19/1947 3.60 4.79 

45-6851 Quilcene Dam 5 SW WA 142 47.78 -122.98 1028 12/1/1948 2.55 3.95 

45-1992 Darrington RS WA 15 48.25 -121.60 550 9/27/1953 2.20 3.32 

45-4634 Lester WA 15 47.20 -121.48 1630 12/9/1953 2.15 3.53 

45-6851 Quilcene Dam 5 SW WA 142 47.78 -122.98 1028 2/7/1955 2.64 3.93 

45-0013 Aberdeen 20 NNE WA 151 47.27 -123.70 435 11/2/1955 3.47 7.14 

45-7657 Silverton WA 15 48.07 -121.57 1475 12/9/1956 3.30 5.31 

45-6295 Palmer 3 ESE WA 15 47.30 -121.85 920 9/26/1959 2.69 3.85 

45-1064 Camp Grisdale WA 151 47.37 -123.60 820 11/19/1959 4.14 7.62 

45-8009 Stampede Pass WA 15 47.28 -121.33 3958 11/22/1959 2.94 6.26 

45-8009 Stampede Pass WA 15 47.28 -121.33 3958 11/21/1961 2.56 4.71 

45-2984 Frances WA 142 46.55 -123.50 231 11/25/1962 2.72 4.40 

45-6385 White River RS WA 15 46.92 -121.53 3553 11/9/1973 2.00 3.70 

45-5704 Mud Mountain Dam WA 15 47.15 -121.93 1308 8/18/1975 2.13 3.41 

45-7781 Snoqualmie Pass WA 15 47.42 -121.40 3020 12/1/1975 2.90 4.90 

45-0013 Aberdeen 20 NNE WA 151 47.27 -123.70 435 12/26/1975 3.30 5.40 

45-3357 Greenwater WA 15 47.13 -121.63 1730 12/2/1977 2.70 4.00 

45-6864 Quinault RS WA 151 47.47 -123.85 220 2/15/1981 4.00 7.10 

45-2984 Frances WA 142 46.55 -123.50 231 12/15/1982 2.90 4.20 

45-6295 Palmer 3 ESE WA 15 47.30 -121.85 920 11/3/1983 2.40 3.60 

45-3357 Greenwater WA 15 47.13 -121.63 1730 1/3/1984 2.10 2.80 

45-1233 Cedar Lake WA 15 47.42 -121.73 1560 1/24/1984 2.40 4.10 

45-1934 Cushman Dam WA 142 47.42 -123.22 760 1/18/1986 4.30 8.00 

45-6864 Quinault RS WA 151 47.47 -123.85 220 11/23/1986 5.00 9.10 

35-3770 Headworks Portland Water OR 15 45.45 -122.15 748 4/25/1989 2.60 3.30 

45-7781 Snoqualmie Pass WA 15 47.42 -121.40 3020 11/9/1989 2.90 6.04 

45-6909 Randle 1 E WA 15 46.53 -121.93 900 2/19/1991 1.80 2.80 

45-6851 Quilcene Dam 5 SW WA 142 47.78 -122.98 1028 12/10/1993 2.70 5.10 

45-1759 Cougar 4 SW WA 15 46.02 -122.35 520 10/31/1994 2.80 5.60 

45-0013 Aberdeen 20 NNE WA 151 47.27 -123.70 435 10/31/1994 3.40 4.20 

45-8715 Upper Baker Dam WA 15 48.65 -121.68 690 2/21/2002 3.30 5.90 

45-1233 Cedar Lake WA 15 47.42 -121.73 1560 9/8/2003 2.60 3.10 

45-5876 Nooksack Salmon Hatchery WA 15 48.90 -122.15 410 11/24/2004 2.60 5.80 

35-0897 Bonneville Dam OR 15 45.63 -121.95 62 12/14/2006 2.30 3.30 
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Table 12 - Catalog of Intermediate-Duration Extreme Storms for Region 14 

 East Face of Cascade Mountains 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

6-HR 18-HR 

45-2384 Easton WA 14 47.23 -121.18 2170 10/31/1942 2.13 4.39 

45-5133 Mazama WA 14 48.60 -120.43 2170 7/6/1955 1.83 1.92 

45-2157 Diablo Dam WA 14 48.72 -121.15 891 12/8/1971 2.50 3.70 

45-4849 Lucerne 2 NNW WA 14 48.23 -120.60 1200 12/8/1971 1.45 2.23 

45-5133 Mazama WA 14 48.60 -120.43 2170 1/11/1972 2.20 2.99 

45-4446 Lake Wenatchee WA 14 47.83 -120.78 2005 1/17/1975 2.10 2.50 

45-8059 Stehekin 4 NW WA 14 48.35 -120.72 1270 11/26/1977 2.60 5.74 

45-3183 Glenwood WA 14 46.02 -121.28 1896 12/1/1977 1.65 2.48 

45-6472 Peshastin Telemetering WA 14 47.57 -120.62 1028 2/6/1979 1.60 2.61 

45-7342 Satus Pass 2 SSW WA 14 45.95 -120.67 2610 1/12/1980 2.10 2.90 

45-4849 Lucerne 2 NNW WA 14 48.23 -120.60 1200 1/23/1982 1.58 2.46 

45-5659 Mount Adams RS WA 14 46.00 -121.53 1960 2/20/1982 2.00 3.37 

45-5133 Mazama WA 14 48.60 -120.43 2170 12/3/1982 2.10 3.30 

45-3183 Glenwood WA 14 46.02 -121.28 1896 11/2/1988 1.40 1.98 

45-2384 Easton WA 14 47.23 -121.18 2170 10/31/1994 2.10 3.86 

45-8059 Stehekin 4 NW WA 14 48.35 -120.72 1270 12/29/1996 2.40 2.48 

45-7342 Satus Pass 2 SSW WA 14 45.95 -120.67 2610 10/30/1997 1.70 2.08 

45-5133 Mazama WA 14 48.60 -120.43 2170 10/20/2003 1.50 3.37 

35-0571 Bear Springs RS OR 14 45.12 -121.53 3360 12/21/2005 1.60 2.48 

 

 

 

 

Table 13 - Catalog of Intermediate-Duration Extreme Storms for Transition Zone 147 

 Cascade Foothills in Eastern Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

6-HR 18-HR 

35-0265 Arlington OR 147 45.72 -120.20 277 1/8/1953 1.02 1.42 

45-9082 Wenatchee AP WA 147 47.38 -120.20 1229 10/31/1973 1.49 1.68 

45-9082 Wenatchee AP WA 147 47.38 -120.20 1229 8/18/1975 1.38 2.04 

45-5731 Naches 10 NW WA 147 46.87 -120.77 2280 1/23/1982 1.00 1.60 

45-5731 Naches 10 NW WA 147 46.87 -120.77 2280 12/9/1987 1.30 2.40 

35-0265 Arlington OR 147 45.72 -120.20 277 12/27/1998 1.00 1.40 
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Table 14 - Catalog of Intermediate-Duration Extreme Storms for Regions 77 and 7 

 Central Basin and Lowland Areas in Eastern Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

6-HR 18-HR 

10-7188 Plummer 3 WSW ID 7 47.30 -116.95 2920 6/6/1947 1.46 1.67 

45-9327 Wilson Creek WA 77 47.42 -119.12 1280 6/16/1948 1.06 1.19 

45-5231 McNary Dam WA 77 45.93 -119.28 361 10/1/1957 1.86 3.00 

10-7188 Plummer 3 WSW ID 7 47.30 -116.95 2920 6/17/1965 1.42 2.40 

45-1400 Chief Joseph Dam WA 77 47.98 -119.65 820 8/23/1965 1.02 1.36 

45-1767 Coulee Dam WA 77 47.95 -119.00 1700 11/12/1973 1.19 1.34 

45-8348 Tekoa WA 7 47.22 -117.08 2495 7/4/1978 1.30 2.00 

45-6400 Pasco WA 77 46.22 -119.10 350 9/13/1980 1.30 1.60 

45-8931 Walla Walla WSO WA 7 46.03 -118.33 949 10/13/1980 1.97 2.82 

45-8348 Tekoa WA 7 47.22 -117.08 2495 8/23/1989 1.40 1.60 

45-7938 Spokane Intl AP WA 7 47.62 -117.52 2353 7/25/1990 1.32 1.78 

35-9213 Weston OR 7 45.82 -118.42 1922 8/16/1993 2.20 2.80 

45-1690 Connell 1 W WA 77 46.65 -118.87 1020 5/15/1994 1.00 1.30 

45-3515 Harrington 1 NW WA 77 47.48 -118.25 2190 5/9/2005 1.10 1.50 

 

 

 

 

Table 15 - Catalog of Intermediate-Duration Extreme Storms for Region 13 

 Mountain Areas in Eastern Washington Eastward of Cascade Mountains 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

6-HR 18-HR 

10-7188 Plummer 3 WSW ID 7 47.30 -116.95 2920 6/6/1947 1.46 1.67 

45-9327 Wilson Creek WA 77 47.42 -119.12 1280 6/16/1948 1.06 1.19 

45-5231 McNary Dam WA 77 45.93 -119.28 361 10/1/1957 1.86 3.00 

10-7188 Plummer 3 WSW ID 7 47.30 -116.95 2920 6/17/1965 1.42 2.40 

45-1400 Chief Joseph Dam WA 77 47.98 -119.65 820 8/23/1965 1.02 1.36 

45-1767 Coulee Dam WA 77 47.95 -119.00 1700 11/12/1973 1.19 1.34 

45-8348 Tekoa WA 7 47.22 -117.08 2495 7/4/1978 1.30 2.00 

45-6400 Pasco WA 77 46.22 -119.10 350 9/13/1980 1.30 1.60 

45-8931 Walla Walla WSO WA 7 46.03 -118.33 949 10/13/1980 1.97 2.82 

45-8348 Tekoa WA 7 47.22 -117.08 2495 8/23/1989 1.40 1.60 

45-7938 Spokane Intl AP WA 7 47.62 -117.52 2353 7/25/1990 1.32 1.78 

35-9213 Weston OR 7 45.82 -118.42 1922 8/16/1993 2.20 2.80 

45-1690 Connell 1 W WA 77 46.65 -118.87 1020 5/15/1994 1.00 1.30 
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Table 16 - Catalog of Long-Duration Extreme Storms for Region 5 - Coastal Lowlands 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

24-HR 72-HR 

45-1496 Clearwater WA 5 47.58 -124.30 80 12/3/1943 8.41 10.87 

45-8332 Tatoosh Island WB WA 5 48.38 -124.73 100 10/23/1944 5.33 6.53 

45-3333 Grays River Hatchery WA 5 46.38 -123.57 100 1/14/1958 6.64 8.83 

45-5549 Montesano 3 NW WA 5 46.97 -123.62 25 11/18/1962 5.40 7.09 

45-6858 Quillayute AP WA 5 47.93 -124.55 179 1/18/1968 8.32 12.32 

45-1496 Clearwater WA 5 47.58 -124.30 80 1/25/1971 7.90 10.20 

45-1496 Clearwater WA 5 47.58 -124.30 80 7/11/1972 8.90 10.90 

45-5549 Montesano 3 NW WA 5 46.97 -123.62 25 2/27/1980 5.00 7.40 

45-1496 Clearwater WA 5 47.58 -124.30 80 2/13/1982 9.30 14.50 

35-0328 Astoria AP Port OR 5 46.15 -123.87 9 1/9/1990 5.14 6.33 

45-9112 Westport 2 S WA 5 46.87 -124.10 20 11/24/1990 5.40 6.90 

45-5549 Montesano 1 S WA 5 46.97 -123.62 25 12/10/1993 5.40 6.70 

45-3333 Grays River Hatchery WA 5 46.38 -123.57 100 12/27/1994 7.70 10.50 
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Table 17 - Catalog of Long-Duration Extreme Storms for Regions 32 and 31 

 Interior Lowlands Western Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

24-HR 72-HR 

45-7473 Seattle WB City WA 31 47.45 -122.30 400 2/6/1945 3.00 3.55 

45-0986 Burlington WA 31 48.47 -122.32 30 10/24/1945 4.91 6.85 

45-0986 Burlington WA 31 48.47 -122.32 30 2/15/1949 3.42 3.79 

45-0729 Blaine 1 ENE WA 31 49.00 -122.75 60 11/3/1955 3.63 4.38 

45-0324 Auburn WA 31 47.32 -122.23 79 11/20/1959 3.63 4.77 

45-6624 Port Angeles WA 32 48.10 -123.42 90 1/14/1961 3.12 3.19 

45-4769 Longview WA 31 46.15 -122.92 12 11/19/1962 5.41 5.91 

45-1191 Castle Rock 2 NW WA 31 46.27 -122.92 39 11/23/1964 4.62 6.68 

45-7773 Snoqualmie Falls WA 31 47.53 -121.83 440 1/18/1967 4.72 5.94 

45-7773 Snoqualmie Falls WA 31 47.53 -121.83 440 3/5/1972 4.90 5.20 

45-4769 Longview WA 31 46.15 -122.92 12 12/2/1977 4.70 5.50 

45-7473 Sea-Tac Airport WA 31 47.45 -122.30 400 10/6/1981 3.71 4.33 

45-7470 Seattle EMSU WA 31 47.68 -122.25 60 1/18/1986 4.48 5.37 

45-4769 Longview WA 31 46.15 -122.92 12 2/23/1986 4.70 5.30 

45-5224 Mc Millin Reservoir WA 31 47.13 -122.27 579 11/24/1986 3.80 4.90 

45-7773 Snoqualmie Falls WA 31 47.53 -121.83 440 1/9/1990 4.90 6.70 

45-0986 Burlington WA 31 48.47 -122.32 30 11/9/1990 3.00 4.10 

45-1277 Centralia 1 W WA 31 46.70 -122.97 185 11/24/1990 5.10 5.80 

35-2348 Dixie Mountain OR 32 45.68 -122.92 1430 4/5/1991 4.00 6.10 

35-6751 Portland Intl Airport OR 32 45.58 -122.60 19 10/27/1994 4.44 5.10 

45-1277 Centralia 1 W WA 31 46.70 -122.97 185 2/8/1996 4.00 6.60 

35-6751 Portland Intl Airport OR 32 45.58 -122.60 19 11/19/1996 3.98 4.56 

 Seattle RG03 WA 31    12/29/1996 2.83 4.43 

45-5224 Mc Millin Reservoir WA 31 47.13 -122.27 579 11/25/1998 3.60 4.30 

 Seattle RG18 WA 31    10/20/2003 4.01 4.26 

35-6751 Portland Intl Airport OR 32 45.58 -122.60 19 11/6/2006 2.59 5.13 

 Seattle RG12 WA 31    12/3/2007 5.61 7.56 
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Table 18 - Catalog of Long-Duration Extreme Storms for Regions 15, 151 and 142 

 Mountain Areas in Western Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

24-HR 72-HR 

45-6892 Rainier Carbon River WA 15 47.00 -121.92 1735 11/17/1946 4.30 5.71 

45-2493 Electron Headworks WA 15 46.90 -122.03 1730 12/10/1946 4.77 7.69 

45-1992 Darrington RS WA 15 48.25 -121.60 550 11/26/1949 4.98 8.30 

45-0013 Aberdeen 20 NNE WA 151 47.27 -123.70 435 11/3/1955 8.39 11.76 

45-6851 Quilcene Dam 5 SW WA 142 47.78 -122.98 1028 1/17/1959 5.80 12.66 

45-7709 Skykomish 1 ENE WA 15 47.70 -121.37 1030 12/14/1959 7.70 9.86 

45-6896 Rainier Ohanapecosh WA 15 46.73 -121.57 1950 11/19/1962 7.78 9.70 

45-6295 Palmer 3 ESE WA 15 47.30 -121.85 920 1/28/1965 5.14 9.46 

45-3160 Glacier RS WA 15 48.88 -121.95 935 3/5/1972 4.90 5.10 

45-8009 Stampede Pass WA 15 47.28 -121.33 3958 12/1/1975 6.84 14.96 

45-1457 Cinebar 2 E WA 15 46.60 -122.48 1040 12/2/1977 6.80 8.60 

45-3160 Glacier RS WA 15 48.88 -121.95 935 12/14/1979 5.70 7.34 

45-8715 Upper Baker Dam WA 15 48.65 -121.68 690 11/21/1980 5.80 7.30 

45-3357 Greenwater WA 15 47.13 -121.63 1730 1/23/1982 5.30 6.90 

45-6851 Quilcene Dam 5 SW WA 142 47.78 -122.98 1028 10/22/1982 7.90 9.80 

45-7657 Silverton WA 15 48.07 -121.57 1475 12/3/1982 7.70 8.40 

45-5876 Nooksack Salmon Hatchery WA 15 48.90 -122.15 410 1/10/1983 6.30 9.60 

45-3357 Greenwater WA 15 47.13 -121.63 1730 1/24/1984 4.50 7.00 

45-1992 Darrington RS WA 15 48.25 -121.60 550 1/18/1986 6.60 9.20 

45-2984 Frances WA 142 46.55 -123.50 231 1/18/1986 5.20 7.80 

45-4999 Marblemount RS WA 15 48.53 -121.45 348 2/24/1986 6.20 8.50 

45-5704 Mud Mountain Dam WA 15 47.15 -121.93 1308 11/24/1986 4.20 5.10 

45-2984 Frances WA 142 46.55 -123.50 231 3/3/1987 6.20 9.10 

45-1457 Cinebar 2 E WA 15 46.60 -122.48 1040 1/9/1990 5.00 7.20 

45-5876 Nooksack Salmon Hatchery WA 15 48.90 -122.15 410 2/10/1990 6.70 9.80 

45-4999 Marblemount RS WA 15 48.53 -121.45 348 11/10/1990 6.20 9.50 

45-6864 Quinault RS WA 151 47.47 -123.85 220 11/10/1990 13.50 17.60 

45-1233 Cedar Lake WA 15 47.42 -121.73 1560 11/24/1990 6.40 9.10 

35-3705 Haskins Dam OR 142 45.30 -123.35 756 4/5/1991 5.60 9.00 

45-1934 Cushman Dam WA 142 47.42 -123.22 760 11/20/1994 8.20 14.90 

35-1033 Brightwood 1 WNW OR 15 45.38 -122.03 978 11/27/1994 7.50 8.80 

45-7319 Sappho 8 E WA 151 48.07 -124.12 760 11/8/1995 6.40 9.30 

45-4764 Longmire Rainier NPS WA 15 46.75 -121.82 2762 11/27/1995 6.40 10.60 

45-2984 Frances WA 142 46.55 -123.50 231 4/23/1996 6.20 7.70 

35-0897 Bonneville Dam OR 15 45.63 -121.95 62 11/19/1996 5.90 8.10 

45-1934 Cushman Dam WA 142 47.42 -123.22 760 3/19/1997 9.20 15.00 

45-6851 Quilcene Dam 5 SW WA 142 47.78 -122.98 1028 1/29/1999 7.40 9.80 

45-8715 Upper Baker Dam WA 15 48.65 -121.68 690 10/16/2003 6.80 8.70 

45-8009 Stampede Pass WA 15 47.28 -121.33 3958 11/6/2006 8.79 14.06 

45-2984 Frances WA 142 46.55 -123.50 231 11/6/2006 4.90 9.20 

35-4824 Lees Camp OR 151 45.58 -123.52 655 11/6/2006 13.70 23.40 
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Table 19 - Catalog of Long-Duration Extreme Storms for Region 14 

 East Face of Cascade Mountains 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

24-HR 72-HR 

45-2157 Diablo Dam WA 14 48.72 -121.15 891 10/24/1945 6.42 9.23 

45-8688 Underwood 4 W WA 14 45.73 -121.60 1260 12/11/1946 4.04 7.29 

35-4003 Hood River Exp Stn OR 14 45.68 -121.52 500 1/6/1948 3.26 4.48 

45-2157 Diablo Dam WA 14 48.72 -121.15 891 2/16/1949 7.80 9.71 

45-2157 Diablo Dam WA 14 48.72 -121.15 891 2/9/1951 6.47 12.99 

45-1257 Centerville 2 SW WA 14 45.73 -120.95 1650 1/9/1953 2.36 2.76 

45-7342 Satus Pass 2 SSW WA 14 45.95 -120.67 2610 11/24/1960 3.25 4.43 

45-4849 Lucerne 2 NNW WA 14 48.23 -120.60 1200 11/19/1962 3.05 3.43 

45-5133 Mazama WA 14 48.60 -120.43 2170 2/27/1972 3.80 6.00 

45-7342 Satus Pass 2 SSW WA 14 45.95 -120.67 2610 1/15/1974 3.60 5.20 

45-4849 Lucerne 2 NNW WA 14 48.23 -120.60 1200 12/2/1975 3.17 6.64 

45-7342 Satus Pass 2 SSW WA 14 45.95 -120.67 2610 12/13/1977 3.30 5.00 

45-5133 Mazama WA 14 48.60 -120.43 2170 1/12/1980 3.20 3.60 

45-8059 Stehekin 4 NW WA 14 48.35 -120.72 1270 1/23/1982 5.00 6.60 

45-7342 Satus Pass 2 SSW WA 14 45.95 -120.67 2610 12/10/1987 3.90 4.40 

45-4446 Lake Wenatchee WA 14 47.83 -120.78 2005 1/9/1990 5.30 7.60 

45-2384 Easton WA 14 47.23 -121.18 2170 11/24/1990 6.40 10.20 

45-3183 Glenwood WA 14 46.02 -121.28 1896 10/27/1994 3.80 4.20 

45-2384 Easton WA 14 47.23 -121.18 2170 2/8/1996 4.10 8.90 

35-4008 Hood River Tucker Bridge OR 14 45.65 -121.53 383 11/19/1996 4.70 6.60 

45-7342 Satus Pass 2 SSW WA 14 45.95 -120.67 2610 12/28/1998 4.10 4.60 

45-5659 Mount Adams RS WA 14 46.00 -121.53 1960 11/6/2006 3.90 7.50 

45-6472 Peshastin Telemetering WA 14 47.57 -120.62 1028 11/6/2006 3.20 4.90 

 

 

Table 20 - Catalog of Long-Duration Extreme Storms for Transition Zone 147 

 Cascade Foothills in Eastern Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

24-HR 72-HR 

45-5327 Methow 2 S WA 147 48.13 -120.02 1165 5/28/1948 2.02 2.32 

45-6187 Oroville 1 S WA 147 48.93 -119.43 932 11/16/1950 1.96 2.02 

45-5731 Naches 10 NW WA 147 46.87 -120.77 2280 1/14/1956 1.43 1.59 

35-0265 Arlington OR 147 45.72 -120.20 277 12/22/1964 2.18 4.51 

45-2505 Ellensburg WA 147 46.97 -120.53 1480 12/10/1987 1.80 1.80 

35-0265 Arlington OR 147 45.72 -120.20 277 4/21/1988 1.70 2.20 

45-2505 Ellensburg WA 147 46.97 -120.53 1480 11/18/1996 1.90 1.90 
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Table 21 - Catalog of Long-Duration Extreme Storms for Regions 77 and 7 

 Central Basin and Lowland Areas in Eastern Washington 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

24-HR 72-HR 

45-4679 Lind 3 NE WA 77 46.98 -118.57 1630 6/25/1942 1.53 1.77 

45-7956 Sprague WA 7 47.30 -117.98 1970 9/21/1945 1.55 2.33 

45-6789 Pullman 2 NW WA 7 46.75 -117.18 2545 9/15/1947 2.10 2.59 

45-1767 Coulee Dam 1 SW WA 77 47.95 -119.00 1700 5/28/1948 1.66 1.82 

45-5231 McNary Dam WA 77 45.93 -119.28 361 10/2/1957 3.15 3.20 

45-8931 Walla Walla WSO WA 7 46.03 -118.33 949 10/14/1980 3.08 3.62 

45-1400 Chief Joseph Dam WA 77 47.98 -119.65 820 9/19/1986 1.50 1.70 

45-6982 Republic RS WA 7 48.63 -118.73 2630 7/27/1988 2.00 2.00 

45-2030 Dayton 1 WSW WA 7 46.30 -118.00 1557 11/1/1994 2.20 2.40 

45-9200 Whitman Mission WA 7 46.03 -118.45 632 11/19/1996 2.00 2.40 

45-6982 Republic RS WA 7 48.63 -118.73 2630 5/27/1998 2.50 2.80 

45-7938 Spokane Intl AP WA 7 47.62 -117.52 2353 4/5/2000 1.53 1.73 

 

 

 

 

Table 22 - Catalog of Long -Duration Extreme Storms for Region 13 

 Mountain Areas in Eastern Washington Eastward of Cascade Mountains 
 

NOAA 
STATION 

ID 
STATION NAME STATE REGION LAT LONG ELEV  

(ft) 
STORM  
DATE 

PRECIPITATION (in) 

24-HR 72-HR 

35-8985 Walla Walla 13 ESE OR 13 45.98 -118.05 2400 12/28/1945 3.95 4.71 

10-1079 Bonners Ferry ID 13 48.68 -116.32 1770 11/18/1946 2.78 4.11 

45-2197 Dixie 4 SE WA 13 46.08 -118.10 2250 11/23/1964 2.70 3.00 

45-2037 Dayton 9 SE WA 13 46.22 -117.85 2343 12/24/1964 3.01 4.55 

45-2037 Dayton 9 SE WA 13 46.22 -117.85 2343 1/2/1966 2.53 3.69 

10-2845 Dworshak Fish Hatchery ID 13 46.50 -116.32 995 12/1/1977 2.30 2.40 

45-0849 Boundary Switchyard WA 13 48.97 -117.35 2500 2/15/1986 3.10 3.20 

35-4622 La Grande OR 13 45.32 -118.07 2755 2/23/1986 2.00 2.80 

45-5946 Northport WA 13 48.90 -117.78 1350 6/13/1992 2.30 2.50 

10-6586 Ola ID 13 44.17 -116.27 3075 12/27/1996 3.10 5.00 

45-1395 Chewelah WA 13 48.27 -117.72 1670 5/26/1998 2.70 3.40 

10-2845 Dworshak Fish Hatchery ID 13 46.50 -116.32 995 11/25/1999 2.50 3.10 

35-8985 Walla Walla 13 ESE OR 13 45.98 -118.05 2400 10/1/2000 4.30 4.50 
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APPENDIX B 
DIMENSIONLESS DEPTH-DURATION CURVES 
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OVERVIEW 
 

This appendix contains listing of the ordinates of dimensionless depth-duration curves for 

use in developing short, intermediate and long-duration candidate design storms for large 

watersheds.  See Section 4.3 for a discussion of the procedures for developing candidate 

design storms for large watersheds.  

 

 

 

 

 

 

 

 

Table 23 – Listing of Ordinates of Dimensionless Depth-Duration Curves 

for Developing Short-Duration Candidate Design Storms for Large Watersheds 
 

TIME            
(minutes) 

CLIMATIC REGIONS 
Western WA 14 – 147 – 13 77 – 7 

0 0.000 0.000 0.000 

5 0.224 0.272 0.302 

10 0.364 0.436 0.532 

15 0.499 0.565 0.649 

20 0.567 0.626 0.730 

25 0.630 0.687 0.807 

30 0.685 0.739 0.875 

45 0.831 0.837 0.993 

60 0.924 0.902 1.000 

75 0.957 0.970 1.000 

90 0.972 1.000 1.000 

105 0.986 1.000 1.000 

120 1.000 1.000 1.000 

180 1.139 1.091 1.035 

240 1.193 1.111 1.040 

300 1.255 1.125 1.055 

360 1.256 1.180 1.085 
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Table 24 – Listing of Ordinates of Dimensionless Depth-Duration Curves 

for Developing Intermediate-Duration Candidate Design Storms for Large Watersheds 
 

TIME            
(hours) 

CLIMATIC REGIONS 

5 151 – 142 
15 – 154 31 – 32 14 147         

77 – 7 13 

0.00 0.000 0.000 0.000 0.000 0.000 0.000 

0.25 0.132 0.132 0.139 0.127 0.157 0.145 

0.50 0.204 0.204 0.212 0.200 0.240 0.228 

0.75 0.268 0.268 0.273 0.266 0.320 0.306 

1.00 0.324 0.324 0.330 0.327 0.402 0.381 

1.50 0.420 0.420 0.428 0.420 0.502 0.504 

2.00 0.508 0.508 0.520 0.498 0.560 0.596 

3.00 0.671 0.671 0.704 0.672 0.717 0.730 

4.00 0.787 0.787 0.818 0.830 0.852 0.861 

5.00 0.917 0.917 0.939 0.940 0.926 0.946 

6.00 1.000 1.000 1.000 1.000 1.000 1.000 

9.00 1.291 1.314 1.291 1.324 1.287 1.295 

12.00 1.507 1.501 1.507 1.571 1.435 1.485 

15.00 1.597 1.671 1.597 1.686 1.500 1.540 

18.00 1.667 1.854 1.667 1.883 1.520 1.595 
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Table 25 – Listing of Ordinates of Dimensionless Depth-Duration Curves 

for Developing Long-Duration Candidate Design Storms for Large Watersheds 
 

TIME            
(hours) 

CLIMATIC REGIONS 

5 151 – 142 
15 – 154 31 – 32 14 147         

77 – 7 13 

0.00 0.000 0.000 0.000 0.000 0.000 0.000 

0.25 0.043 0.037 0.047 0.052 0.067 0.071 

0.50 0.070 0.058 0.071 0.084 0.100 0.112 

0.75 0.090 0.078 0.094 0.114 0.127 0.143 

1.00 0.107 0.096 0.117 0.139 0.149 0.167 

1.50 0.139 0.130 0.158 0.178 0.199 0.208 

2.00 0.170 0.163 0.194 0.209 0.248 0.245 

3.00 0.235 0.229 0.262 0.274 0.310 0.325 

4.00 0.299 0.290 0.320 0.337 0.374 0.405 

5.00 0.362 0.336 0.373 0.402 0.440 0.448 

6.00 0.414 0.385 0.429 0.455 0.505 0.490 

9.00 0.558 0.521 0.578 0.564 0.649 0.650 

12.00 0.702 0.667 0.713 0.706 0.777 0.776 

18.00 0.870 0.873 0.901 0.888 0.974 0.915 

24.00 1.000 1.000 1.000 1.000 1.000 1.000 

30.00 1.117 1.155 1.100 1.170 1.076 1.124 

36.00 1.203 1.281 1.149 1.280 1.112 1.234 

42.00 1.275 1.347 1.197 1.380 1.149 1.278 

48.00 1.342 1.403 1.247 1.460 1.149 1.326 

54.00 1.379 1.469 1.292 1.520 1.154 1.369 

60.00 1.425 1.501 1.349 1.580 1.239 1.378 

66.00 1.457 1.556 1.363 1.634 1.256 1.412 

72.00 1.480 1.630 1.390 1.678 1.256 1.464 

 

 

 

































































































































































































 
 

 

 




