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Presentation Notes
my name’s Jeff Greenwald. I’m a Planner and a Project Manager in the Omaha District Planning Branch. I’ve worked on a little bit - just a quick background on me. I’ve worked on some CAP ecosystem projects, caps, flood risk, some GI flood risk and some GI watershed-type studies in my career here at the Corps.  	For about the last four years however I’ve been working on some dam safety work. For the first couple years I was the Project Manager for the Omaha District Risk Cadre which - at the time they were working on several issue evaluation studies. So I got to sort of see what comes before the dam safety modification study process when I was doing that work.  	And then for the last couple years I’ve been working as the Lead Planner for the Cherry Creek Dam Safety Modification Study. I’m actually not the project manager for that. We have a project manager, we have a lead engineer and we have a lead planner that are sort of heading that up as a team. So that’s a little bit about my background.
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Presentation Overview
 Cherry Creek Dam Info/Background

 Topic #1:  Dam Safety Modification Studies are new

 Topic #2:  Formulating alternatives to address problems associated with 
dam failure

 Topic #3:  Formulating alternatives to reduce consequences of a dam 
failure

 Topic #4:  Public meeting tips
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Presenter
Presentation Notes
Right now on the Cherry Creek Dam Safety Modification Study we are approaching the TSP milestone. So I think since we’ve worked through a decent amount of the plan formulation and there’s a lot of other people out there in the country who are starting these studies out, some folks thought that it would be a good idea for us to get on one of these calls and share our lessons learned. So that’s the purpose of the presentation.  	I’m going to walk through some of the things that we’ve done and give you some of the lessons that, you know, I’ve brought out of this from a planning perspective. There’s a lot that we could discuss in relation to these studies and no two studies are the same. So, you know, keep that in mind. You know, I pulled out what I thought could be useful. Clearly it’s not going to apply to everybody.  	So this is the - kind of the agenda that I’ve laid out. I’ve got a few slides on the Cherry Creek project, some information and background. I’m going to talk about the fact that these are new studies but they’re actually quite similar in terms of the process that we use on our other studies. And then I’ll talk a little bit about the developing alternatives to address problems associated with dam failure and then both developing alternatives to reduce the consequences associated with a dam failure. And then I threw in some public meeting lessons learned from us running our public meetings. 
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Cherry Creek Dam 1948

Downtown Denver
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Presentation Notes
So this is a photo of Cherry Creek dam being built in 1948. Construction for this project finished in 1950 but off in the distance from the dam there -- about 11 miles downstream -- is downtown Denver. And at that time it was pretty undeveloped between the dam and the city. 
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Downtown Denver

Cherry Creek Dam4

Presenter
Presentation Notes
So here’s that same view today. You know, as you can see, the city has grown up. Everything is now developed. And Cherry Creek there flows - at the base of the dam there’s a faint red line there. You can see it moving through the urban area towards downtown where it meets up with the South Platte River in downtown and then it seems - the South Platte continues on to the northeast. 	So the big issue at Cherry Creek is that the design flow that they used to size the dam in the 1940s has changed. It’s actually not always referred to as the design flow, I guess, anymore. It’s the probable maximum flow or PMP or probable maximum precipitation event, sorry, PMF or PMP. I’ll be using those terms for - interchangeably.  	But if that storm were to happen today, the dam would overtop by three feet. It would create a breach, the dam would fail and obviously that’s not a good situation for the public downstream.
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Cherry Creek Project Location Map

Presenter
Presentation Notes
So just a quick map to show you where we’re at in relation to downtown. Southeast is downtown. You can see the blue line there, Cherry Creek running right into the downtown area. The project boundary is the black and yellow line on that USGS topo. 
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Cherry Creek Project Features Map

Presenter
Presentation Notes
this is a map of the Cherry Creek project with an aerial photo and showing the project features. The red line is the Corps property boundary, the embankment of the dam. It’s about a 3-mile-long dam, about 140 feet high. The outlet works is situated on the right side of the embankment and discharges into Cherry Creek.  	The spillway on this project is actually about 12,000 feet in itself and probably different than just about any other spillway in the Corps is that this spillway discharges into an adjacent basin. Typically a spillway would, you know, discharge back into the channel downstream of the dam.  	But in this case we’re discharging water into the West Colgate Creek which continues on and meets up with Bang Creek which meets up with the South Platte River just past downtown Denver near Commerce City. So that’s something that makes this project even more challenging, one of the things.
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Hydrologic Sequence of Events Leading to Dam Failure

Prior Rainfall

Probability of Combined Event = 1:93,500

Presenter
Presentation Notes
So this is a chart that was developed by our Water Control Section. I actually like it. I think it tells the story of how the storms are modeled and some of the timing in a way that, you know, non-engineers can understand.  	We’ve actually got a more public-friendly chart or we’ve adapted this to be even more public friendly. And I’ve got an example of that later. 	But there’s actually two storms on this chart. The first one on the left there is actually an eight-phase storm. We call it the antecedent event. And it happens before the PMPs.  	It consists of about 8 inches of rain over a three-day period and then there’s a five-day period where the reservoir pool is drawn down. And then that’s when the PMP begins.  	The PMP itself is about a three-day storm and it’s about 25 inches of rain. After about two days of rainfall roughly, a little more, the spillway overtops. Four hour later the spillway flows.  	And then four hours later the dam overtops and then an hour after that - three hours after that the floodway has arrived in downtown Denver. And then an hour after that the peak flood arrives in downtown Denver.  	And so the probability of these two storms is very rare. The combined probability is actually over 1 in 90,000. Now that’s an important point which I’ll get into later. So we’re talking about a very rare storm. 
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Cherry Creek Consequences

 Dam overtops 3.5 feet

 Inundation area is: 
 > 1 mile wide 
 > 50 feet deep at deepest

 Consequences are:
 >14,000 life loss 
 >$12B in economic damages

8

Dam Failure Inundation Area

Presenter
Presentation Notes
in that situation and that scenario with the full PMP under the future conditions for the study, the dam actually overtops by 3-1/2 feet.  	And so, you know, kind of a summary of some of the impacts and consequences are that the inundation area is over a mile wide in some areas, over 50 feet deep at its deepest. And the consequences are greater than 14,000 life loss and then greater than 12 billion in economic damages.  	So if you’re not that familiar with these studies, life loss is actually the most important metric when it comes to measuring consequences. We still calculate economic damages and environmental impacts of these types of disasters but the decisions are focused on reducing life loss and life loss being the most important metric.
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Cherry Creek Dam Study History
 Current Dam Safety Action Classification 

(DSAC) Rating of 2 was initially assigned in 
2008

 Issue Evaluation Study (IES) conducted 
during 2009-2011
– The DSAC 2 rating was confirmed by HQ in September 

2011

 Dam Safety Modification Study (DSMS) 
began in 2013
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Presentation Notes
So a quick history of Cherry Creek in terms of the - its movement through the dam safety management portfolio. The dam’s actually got a defect rating of two. That was initially assigned in 2008.  	If you’re not familiar with the defect rating, it’s essentially a five-point scale, defect one through defect five. Defect ones are the worst. Defect fives are essentially a perfect dam. DSAC =  Dam Safety Action Classification. DSAC's help prioritize the USACE portfolio of dams so that the dams with the highest risk are studied first 	And Cherry Creek’s, you know, got the very high consequences that I just went over and so it’s - that is what makes it a high hazard dam. It’s got a defect of two.  	So the issue evaluation study for this project occurred from 2009 to 2011. Headquarters confirmed the defect rating of two following that study and then we began the dam safety mod study in 2013. 



PLANNING SMART
BUILDING STRONG®

10

Topic 1:  Dam Safety Mod Studies are New

 New business line for Omaha Planning Branch staff

 New Engineering Regulation:  
– ER 1110-2-1156, Safety of Dams – Policy and Procedures

 Familiar Regulations:     
– ER 1105-2-100, Planning Guidance Notebook
– ER 200-2-2, NEPA Regulations
– Other necessary to support the decision

 Biggest change is that the focus is on reducing life safety risk
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Presentation Notes
So this is my first topic I think as with a lot of you, the dam safety planning process or dam safety modification study planning process was fairly knew to the Omaha District when we started this study. You know, I’ve kind of learned that once you realize the process is very similar or is the same as the planning process we use for other study authorities, it becomes a lot less confusing.  	And I mean - by that I mean, you know, when you start to - you develop your objective and your formulate plans to achieve that objective, the types of plans you formulate consist of structural and nonstructural alternatives. You know, you develop measures. They’re still the building blocks of plans. We screen the measures. You screen the plans and you narrow it down to a select plan. So it’s actually quite familiar.  	There is a new regulation that comes along with these studies. It’s ER 1110-2-1156. And within that ER it actually says that these studies are supposed to follow the planning guidance notebook so that’s something we’re all familiar with. It also has to follow the needs and regulations and document our environmental impacts and so on and then whatever other regulations are necessary to support our decision.  So for Cherry Creek, we’re running real estate processes the same way we run them for other studies. We’re running cost estimating processes the same way. You know, there are - the cost estimating process is - probably doesn’t change much at all and I don’t think the real estate does either. So those are, you know, a couple of similarities.  	I think the biggest difference between these studies and the other types of studies we work on is that we really don’t ever hear about NER or NED or benefits-cost ratios. If you’re working on a dam safety mod study, it’s - pretty much the focus is to reduce life safety risk, at least in my experience.  	And, you know, there’s a very - it’s a very technical process that, you know, it’s laid out in the Dam Safety ER. My suggestion to folks on the phone who are not familiar with it at all would be to go look at Chapter 5. It will explain, you know, kind of the theory behind, you know, how the Corps calculates risk. And then Chapter 9 is very focused on dam safety mod studies.  	So it’s a 500-page ER. It’s one of those overwhelming ERs but once you start realizing where the useful information is for the planners, it becomes a lot less overwhelming, I guess.
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Six Step Process

Issue Evaluation Study Phase Start
1. Identify dam safety issues and risk-reduction opportunities

Dam Safety Modification Study Phase Start
2. Estimate existing and future without federal action condition risk
3. Formulate alternative risk management plans
4. Evaluate alternative risk management plans
5. Compare alternative risk management plans
6. Select a risk management plan
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Presentation Notes
So this is the six-step process as it’s laid out in the Dam Safety ER. I guess I can just start off by typically, you know, we see different sort of terms within these six steps.  	Like the first step there, we’re used to seeing Identify Problems and Opportunities. I think with the dam safety process it’s just a little bit different in that we’re more focused on identifying, you know, issues associated with dam failure.  	So we look at various ways in which dams could fail and then what those consequences of failure are. So it’s worded - the steps is adapted a little bit but you’re still looking at problems and then you still look at opportunities as well. 	And the second step is kind of the same thing. We’re used to seeing Inventory and Forecast. And, you know, we typically do that for a lot of difference resources in other studies associated with, you know, the natural environment or the (unintelligible) environment.  	With these studies we’re really looking at what’s the existing condition risk and then we have a 50-year period of analysis -- at least in Cherry Creek’s case -- which is similar to other studies. And we’re characterizing that risk at the end of that 50-year period so what could happen within that time frame that would cause the risk to increase or decrease, etcetera.  	And then after that it’s pretty much exactly like we’re used to in terms of formulating alternatives. We develop measures. We screen those measures. We combine them into alternatives. We screen those down to a final array of alternatives. And then we compare and evaluate and we select a plan. 	And, I guess, my final point that I wanted to make on this slide was, in Cherry Creek’s case the planner actually did not get involved in the study until the middle of step three.  	The way that it should work is that the first step -- the issue evaluation study phase -- there is no planner involved. That’s a technical analysis where they are looking at all the different ways the dam could fail. And then at the end, one of the objectives is to determine whether the risk warrants moving into the dam safety modification study phase. So once you move into that phase the planner gets assigned.  	And I guess now is the time to say in Cherry Creek’s case the planner did not get involved until step three. And, you know, what we found was - we had to actually go back and start over and step three - and redo some things in step two as well, particularly associated with some of the consequences. We didn’t have our population projections, you know, done quite the way they should have been done.  	And then for - as far as getting - moving through the plan formulation process, the lead engineer was running through that process with the team and, you know, he just didn’t have the correct concept down of how to develop screening criteria and screen the measures against those criteria, you know, the way that we’re used to doing it, you know, when we work on planning studies.  	So it was nobody’s fault really. I think it just emphasizes, you know, that there’s a need for planners to be involved with these studies.
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Major Milestones (Vertical Team Meetings)

 Study Kickoff Meeting 
 Risk Management Measures Identification Meeting 
 Risk Management Plan Meeting 
 Tentatively Selected Plan Meeting
 Dam Senior Oversight Group (DSOG)  Meeting

*In-Progress Reviews as needed by:
– MSC, Risk Management Center (RMC), HQ
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So this is the list of major milestones that they use with the dam safety mod study - within the dam safety mod study. These are out of the regulation as well. You know, after the study moves out of the IES phase into a dam safety mod study, they have a kickoff meeting.  	And then they have a - the second milestone is this risk management measures identification meeting which is essentially a check-in with the vertical team to disclose the results of your measure screening and tell them which measures you propose to carry forward into the alternative development stage. 	The next milestone is the risk management plan meeting. The purpose of that is to disclose your final array of alternatives to the vertical team.  	The next meeting is kind of where you select plans. That’s very similar to what we’re used to.  	And then you have the DSOG meeting which is sort of a more formal TSP, kind of a combination I think maybe of… One way I look at it is a combination of maybe what a civil works review board and an agency decision milestone would achieve for a smart planning study.  	So then, you know, within the regulation there’s also this - there’s also a - oftentimes you’ll have in-progress reviews in between these milestones. But, you know, it’s - they’re - but they sound different. The timing is a little bit different than the smart planning process. But they function the same. They serve the same purpose. You check in with the vertical team. You know, you update the report before each one. You go through a DQC. You go through ATR.  	So I feel like it’s just different terms and different timing more than anything. And it’s just maybe confusing at first.
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Figure 9.1:  
Dam Safety Modification 
Study, Review, Decision, 

and Approval Process
(ER 1110-2-1156)
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Start DSM Study 
Sec 9.6.1 & 9.6.2 & 9.6.5 & 9.6.8 & 

Appendices E, W, Y, Z, & AA

Funding Approved

 DSMR approved.
FONSI or ROD signed.

IEPR is finalized.  
Sec 9.6.8.2.6 & 9.8.3 

Notify USACE CDR 
and MSC CDR. 

Sec 9.8.3.3

Risk Management Measures 
Identification Meeting (IPR)  

Sec 9.6.3.2

Risk Estimate for Existing and 
Future Without Action Condition  

Sec 9.5.2, 9.5.3, & Sec 9.6.7

Kickoff Meeting*   Sec 9.6.3.1

Formulate Alternative Risk Management Plans 
Sec 9.5.4 District DSO, MSC DSO, and 

DSOG Chair sign joint memo 
recommending  approval of the 

DSMR.  Sec 9.6.3.6 & 9.8.3

DSM Study Completed

Risk Management Plan 
Meeting (IPR) Sec 9.6.3.3

Evaluate and Compare Alternative 
Risk Management Plans /Conduct 

Constructability Evaluations 
Sec 9.5.5 & 9.5.6

Tentatively Selected Plan 
Meeting (IPR) 

Sec 9.5.7 & 9.6.3.5

Start  Agency Reviews Sec 9.6.8.2

*The Kickoff meeting starts the ongoing process of the vertical team QA and policy compliance 
review which will be completed at the time the District DSO, MSC DSO, and DSOG Chair sign 
the joint memo to the USACE DSO recommending  approval of the DSM report.
** MSC IPR as required.

District & DSPC complete draft DSMR 
Sec 9.6.8.2.7, 9.7, & 9.8.2

DSOG Meeting and Review 
TSP and draft DSMR presented to the 

DSOG for endorsement and confirmation of 
the TSP and draft DSMR. 

Sec 9.6.3.6, 9.6.8.2.4, & 9.7

MSC QA while HQDSPM sends DSMR to 
the RIT and logs report with OWPR.

Concurrent public, policy, technical, & legal 
review.  Start IEPR (Type 1)(If required).   

sec  9.6.8.2.5, 9.6.8.2.6, 9.8.1, & 9.8.2

NO

Resolution
 of Comments 
Require DSOG 

Review?
Sec 9.6.3.6

DSMR 
presented to 
the DSOG 

by the 
district & 
DSPC.

YES

DSOG
Concurs with 

Revised
DSMR?

Update IRRMP as 
informed by the 
risk assessment. 

Sec 9.6.9

Revise DSMR 
based on DSOG 

guidance. YES

NO

Notify ASA-CW for 
concurrence with 

construction and budgeting.  
Sec 9.9

MSC IPR**

MSC IPR**

District & DSPC revise DSMR 
based on comments.

District & DSPC finalize DSMR 
Sec 9.7& Appendices  W, X, Z, & AA  

USACE Dam Safety Fact Sheet 
Sec 9.7.1.3 & Appendix E 

HQDSPM sends final draft report to RIT and logs 
report with OWPR for final MSC & HQ Policy Review, 

& Legal Certification Sec 9.6.8.2.7, 9.8.1, & 9.8.2

MSC IPR**

MSC IPR**

District & DSPC finish DQC and ATR

District & DSPC revise DSMR 
based on DSOG comments.

Step 2

Step 3

Steps 4 & 5

Steps 6

Presenter
Presentation Notes
So this is just a - I just wanted to put this in here again to show you that it really does follow the planning process. This is a figure 9-1 out of the dam safety ER.  	It shows you the review and decision point and approval process for these studies. And you can see the six steps there -- I’ve highlighted them -- and then the IPRs that I just showed you, the in-progress review. They’re also weaved in - woven in there. 
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Topic 1 Lessons Learned
1. Planning process is similar to what planners are used to

2. Policies are mostly the same as other planning studies

3. Planner take the lead but share ownership with Engineering 
Office

4. Make sure that you have the correct PDT identified
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So I guess the lessons from this topic are the planning process is similar to what planners are used to. The policies that we follow are basically the same.  	That third bullet there, you know, I think that that bullet - what I want to say about that is, you know, when Cherry Creek was moving through its study without a planner involved, I think we learned some lessons about, you know, why the planner, you know, should have been there from the beginning just in terms of understanding, you know, how to develop measures, how to form those into plans, how to screen all that. 	But also communicating the results of those various phases to the vertical team at those milestone meetings was something that I don’t think they had a lot of experience with.  	We’re used to doing that on the planning side of the house where we have these vertical team meetings where we check in, you know, we explain the problem, you know, what we’re doing to address it, you know, how we’re comparing and evaluating the alternative.  	And so developing the PowerPoint, giving those presentations, you know, I think the planner sort of naturally fits into that role. And I think we saw a lot more success on that end of it as well -- just as far as upward reporting -- once the planner got involved.  	And then in addition to the planner, you know, you need to make sure you have your - meet the specialists. We actually assigned an economist in the Omaha District even though the risk cadres have an economist on them. We were more comfortable with our economist doing the population projections. And they’re good just to bounce ideas off of. But then you have real estate, costs, other disciplines as well, as needed. 
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Topic 2:  Formulating to Address Problems 
Associated with Dam Failure

 Objective of DSMS is to reduce risk

 Risk = f [(Probability of Dam Failure) X (Consequences)]

 Probability of Dam Failure is very technical analysis that is 
lead by the risk cadre

 District leads the alternative development
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Presentation Notes
So this is topic two. I guess - I broke up the next two topics into two separate sides of the risk equation. And, you know, since the objective of a dam safety mod study is to reduce risk, you know, I wanted to define it and show you sort of how we addressed both sides of the equation in the Cherry Creek study. 	So this topic is how we developed alternatives to address problems associated with the dam failure. So risk is defined as a function of probability of dam failure times the consequences of dam failure.  	So just as a reference, in Cherry Creek’s case we have a very low probability of dam failure but we have very high consequences. Therefore we have high risk. 	The probability of dam failure analysis is actually a very technical analysis that is led by the risk cadre which is assigned to your PDC by the Risk Management Center. But the district takes the analysis that the cadre has done and you can use that to formulate your alternatives. 
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Formulating to Address Overtopping

 Cherry Creek’s primary problem is overtopping during a 
Probable Maximum Flood (PMF)

16

Starting Pool 
Elevation 

(Overtopping)

Presenter
Presentation Notes
And so this is an event tree from the issue evaluation study that’s showing the overtopping failure mode for Cherry Creek. And I feel like this helps you understand sort of the logic of what leads to a dam failure.  	And, you know, you can use this as a tool to begin your plan formulation. And this one’s maybe a little bit more simple than some of the other ones out there on some of the other dams around the country.  	But essentially you have a starting pool elevation which in this case is overtopping. And then you ask yourself, “Does flow over the dam have enough velocity to begin removing vegetation.” If it does, you move to the next node. If it doesn’t -- the dam -- you know, progression towards a failure stops so the dam doesn’t fail. 	So then if it - if it does remove the vegetation, then you ask yourself, “Does a nick point develop and do flows concentrate enough to lead to a head cut.” So then if the answer is yes, if the head cut’s formed, you move to the next node.  	And so anyway you can move through this thing and then sort of ask yourself, “At what point in the event tree can I keep the dam from overtopping.” Well at this - I’m sorry, “keep the dam from failing.”  	And in this situation, once the head cut forms, you’re pretty much - it’s going to fail. It’s too late. So you really have to look at ways in which you can prevent the dam from overtopping. And that’s pretty much where we have to address the problem in this case. 	We did look at if you were to riprap the entire downstream of the dam and cover the vegetation and just put riprap on that, could that prevent it from failing. But that’s not a cost effective way because it’s such a long dam and because you have to have energy dissipation at the toe of the dam. It really jumps the cost up. So it’s not a cost effective way to address this problem. 	So the bottom line for Cherry Creek -- in order to keep the dam from failing -- we need to prevent it from overtopping. And so there’s two ways that we looked at being able to do that. We can store more water behind the dam or we can pass more water safely through the dam. And based on the amount of water coming into the basin, we were able to calculate that there’s 40,000 acre feet of excess water. So now we’ve gone from we need to address an overtopping problem to, all right, now the problem is we have 40,000 acre feet of excess water, what are we going to do with it. 
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Plan Formulation Process
 Formulate plans that keep dam from 

overtopping
• Store more water behind the dam
• Pass more water safely through the dam
• 40,000 acre-feet of excess water 

 Two types of alternatives:
Operational Alternatives 
• Water control plan modifications

Structural Alternatives 
• Dam raise
• Excavate reservoir storage area
• Upstream dams
• Spillway modifications
• Diversions
• Etc.

17

Presenter
Presentation Notes
So there’s two types of alternatives that we have associated with solving this. One of them is an operational alternative. So can we evacuate more water from the outlet works essentially. And I’ve got a picture of the outlet works there, just showing you. That’s something that we’re seriously looking at on this project.  	Two of those tunnels are only operable at the current time so we could make the third one operable. And then the way the water control plan is designed for this project, it allows us - it restricts how much water we can release. So we’re looking at potentially increasing that threshold. 	And then we have structural alternatives as well. So you got a dam raise. Obviously that’s one obvious method probably. We looked at excavating the reservoir area, upstream dam, modifying the spillway, diverting water, things like that. This isn’t a comprehensive list but I just wanted to give you kind of an example. 
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Structural / Operational Alternatives 
Screening Criteria for Cherry Creek

Criteria
Measures 
Screening 

Phase

Initial Array of 
Alternatives 
Evaluation

Final Array of 
Alternatives

Effectiveness (Eliminate Overtopping) P (N/A) (N/A)
Constructability P (N/A) (N/A)
Cost P P P
Non-breach consequences S P P
Requires Additional Authorization S S P
Quantitative Risk Assessment (N/A) (N/A) P
Environmental/Social Impacts S S S

18

P = Primary Screening Criteria
S = Secondary Screening Criteria
N/A = Not Applicable at that phase

Presenter
Presentation Notes
Okay so this is a slide that shows a table of the screening criteria we use for the structural and operational alternatives. There’s a lot I could talk about on this. There is really - I got three points I want to make. 	The first is that we prioritize their screening criteria so at each phase, the measures phase, the initial array of alternatives phase and then the final array. We determine which criteria were - carried enough weight to eliminate or carry forward something which was really important because we got a lot of questions along the way, you know, why didn’t you look at…  	We got - one question we kept getting is why didn’t we look at effectiveness after the measure screening phase. And the answer is all the alternatives that we came up with in our initial array were effective, 100% effective, at eliminating the overtopping problem. So we didn’t really have to come back to that criteria.  	We only carried forward alternatives - or measures from the measure screening phase that were constructible. So we didn’t really have to go back to that criteria either.  	So, I mean, that’s just kind of one example or a couple examples of how prioritizing the criteria and saying why we were using one and not the other helped us.  	The second point I wanted to make is dam breach consequences was a big screening criteria for us. Anything we do to raise the dam creates more risk on pools behind - or on homes behind the dam because of the higher pool that you create.  	Anything we do that pushes more water down the spillway also puts more homes at risk because like for example if we raise the dam, we have a higher pool that’s going to shove more water down the spillway. So that’s a non-breach consequence that we have to be cognizant of.  	And then modifying the water control plan, it’s really the same thing. We’re talking about putting more water down Cherry Creek and understanding what those impacts are.  	So we’re really looking at all three of those consequence areas as - in terms of their economic impact and potential life loss impact. And it’s becoming a very key piece of the decision, especially right now where we’re at with the final array.  	The third point I want to make here is the authority question for us has come up throughout the entire process. So get your office of counsel on your team right off the bat. Figure out, you know, how you’re going to interact with them and get clear guidance from them as you move through this as to what types of activities require new authority.  	That’s a question that’s come up just about at every vertical team meeting. And, I don’t know, it’s been one that we’ve had challenges with, put it that way.
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Topic 2 Lessons Learned
1. Simplify the problem

2. Prioritize your screening criteria along the way

3. Work with cadres H&H/econ people to define non-breach 
consequences

4. Work with Office of Counsel to clearly define what activities 
require additional authorization

19
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So lessons learned from this: Simplify the problem. Like I said, we went from, you know, not really having a lot of familiarity with these studies and thinking we had to somehow prevent the dam for overtopping to just solving the problem of what do we do with 40,000 acre feet. 	Prioritize your screening criteria: We just talked about that. Working with the cadre is really important. You know, they’re the ones that do the technical risk analysis.  	But, you know, getting them to assist you with understanding where the non-breach consequences are occurring and giving you the model output so that you can create maps so that you can speak to these items, you know, in your vertical team meetings and in your reporting - it’s really important. Those folks are basically on all the PDP calls. And then -- like I said -- work with your office of counsel. 
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Topic 3:  Formulating to Reduce Consequences

20

 Objective of DSMS is to reduce risk

 Risk = f [(Probability of Dam Failure) X (Consequences)]

 Consequences analyses require involvement from a 
combination of PDT members:  
– Cadre consequence modeler
– Environmental specialist 
– Nonstructural lead

Presenter
Presentation Notes
So topic three is formulating to reduce consequences. So like I said earlier, the objective of a dam safety mod study is to reduce risk. Risk is a cross-function of probability of dam failure and the consequences of dam failure. So now we’re looking at the consequence side.The cadre has - actually Kurt Buchanan -- who you mentioned earlier -- has done a presentation on one of these Webinars. He’s our consequence modeler on this project. So he’s been good to work with. He runs HEC-FIA.  	And if you’re not familiar with HEC-FIA, HEC-FIA is essentially to a dam safety mod study what HEC-FDA is to a traditional flood risk study. It’s the tool that they use to calculate the economic damages and the life loss.  	And so there’s all sorts of input similar to, you know, what we do with an FDA model. But basically, you know, the cadre consequence modeler runs that.  	The nonstructural lead - and we have a nonstructural lead as well on our study which has been really helpful for me. He takes the lead on formulating the nonstructural alternatives and then he even helps out with running the models a little bit. Actually he gets the model from Kurt and we have an economist here kind of run simulations so that we can see the benefits that we get out of some of these nonstructural alternatives that we’re looking at. 	And then the environmental specialist will look at the - basically it’s a GIS exercise. They get the GIS shapefiles, the dam failure and then they calculate the environmental impact using those inundation - flood inundation boundaries.  	So this is - so like I said, you know, the HEC-FIA model is the primary tool they use to calculate consequences. Really I didn’t have any familiarity with it -- at least in depth -- when I started working on this.  	And so, you know, I kind of sat down with Kurt at the beginning of this and said, “You know, what the heck is it that we need to be considering to reduce life loss? You know, what are the inputs into your model that affect life loss?”  	You know, it wasn’t really all that clear. It’s not written down anywhere that I can find. So you really do have to talk to them and kind of pick it and pull it out of their brains.
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Formulating to Reduce Consequences 
of Dam Failure

21

Federal 
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Presenter
Presentation Notes
But essentially this is kind of the scenario of how the agencies respond in terms of getting the warning out to the public when we would realize the dam’s going to fail.  	So once the federal agencies notice there’s a problem, we issue a warning to the state and local agencies. So I think that’s the Corps and the National Weather Service. The time it takes us to do that is called the warning issuance time.  	Once the state and local agencies have the information that the dam’s going to fail, they issue a warning to the public. The time it takes them to do that is the warning lag time.  	Once the public gets the information - or once the warning’s been issued to the public, the time it takes for them to receive it is the warning dissemination time.  	And then it just kind of moves out. The mobilization time is the time it takes to - for the public to evacuate after they have received the warning. And then the evacuation time - or wait, mobilization time is the time it takes for them to start evacuating. And then the evacuation time is the time it takes to get to safety after they start to evacuate. So anyway we have - we were able to pull this, you know, sort of together and realize that these five times are the inputs into HEC-FIA. And so we used these as screening criteria for our measures as well. These are defined for existing conditions. There’s a certain time for each one of these variables.  	You redefine it for the future condition and then, you know, you show how these things are improved with your alternative.  	So anyway this was helpful for us to understand this. I actually think this stuff has changed a little bit since we had this conversation with Kurt. I think the model is maybe a little bit more complex now. There’s more questions and more inputs that go into it. But have this conversation with your nonstructural person if you’re working on one of these. 
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Measures that Reduce Consequences
Nonstructural Alternatives

– Physical measures were eliminated because they did not address 
the life loss in the inundation area, things like:

• Flood proofing
• Relocation
• Structure mitigation

– Nonphysical measures were investigated because of their 
potential to reduce life loss

• Flood Warning systems
• Evacuation plans
• Response communications
• Long-term flood risk preparedness

22

Presenter
Presentation Notes
When we got into the nonstructural alternative development phase, we looked at two different types of nonstructural alternatives, physical and nonphysical. We ended up eliminating all of the physical measures because the physical measures are more effective at reducing the economic damages rather than life loss.  	And then also due to the large amount of structures and the depth of flooding, they’re really not practical in Cherry Creek’s case. You know, you’re not going to go flood proof, you know, thousands and thousands of structures for such a rare event.  	So we shifted our focus over to these nonphysical measures which - they have more of a potential to reduce life loss. And they go right back to the screening criteria and the model input that I just talked about.  	Getting your flood warning systems, you know, establishing some. There’s really nothing in Denver to speak of. There’s not a lot of evacuation planning that’s been done for these types of things. The communication processes aren’t very well laid out. So those are the types of things that we realized we needed to focus on if we wanted to reduce life loss. 
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Alternative
Property

Damages ($)

Estimated Life Loss

Day Night

Existing 18,470,422,360 15,300 13,500

FWAC 18,570,357,308 14,800 13,100

Response Communications 18,563,809,280 10,000 10,000

Flood Warning Systems 18,561,712,128 7,000 6,000

Evacuation Plans 18,561,712,128 7,000 6,000

Long-Term Preparation 18,561,175,552 7,000 5,000

Nonphysical Nonstructural Measures Comparison

 Flood warning systems, evacuation plans, and long-term preparedness reduce life 
loss the most

 Next step is to look at these things by impact area

Presenter
Presentation Notes
So this is just a snapshot of a few of the things that we evaluated. This isn’t a comprehensive list but I just wanted to show you kind of what some of this looks like when you put it in a table.  	You know, we have these life loss numbers downstream of the dam for the existing and the FWAC. And so we needed to kind of understand, you know, how much improvement we could actually make in this situation. I don’t know if it’s possible. I don’t think it would be possible to totally reduce the consequences to an acceptable level in this case just because you have such a high population at risk.  	But, you know, at the same time, the flood warning systems, the evacuation plans and the long-term preparedness -- which is kind of an educational outreach alternative - they do reduce life loss. So I think it’s worth showing. You know, we plan on looking at this by impact area. We’ve got I think seven or eight area impact areas that we’re going to look at. 	This slide - this is the results of the entire inundation area. But I guess you can see that the life loss numbers here are going - they’re basically cut in half from the future without-action condition.  	That’s one of those terms that’s different in a dam safety mod study. Future without-action condition is the same as future without-project condition, probably what you’re used to hearing.  	So the other thing that we did for this study that, you know, we sort of just kind of went out and did -- and I think a lot of it had to do with the nature of the problem here and the - such high risk for life loss -- is we developed these maps.  	This is an example of part of the inundation area for one of these categories. We developed maps showing nine different types of critical infrastructure and critical facilities within the inundation area.  	This isn’t something that HEC-FIA gives you. We actually pulled together our own information working with our GIS people in Omaha to show this. 
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Critical Facilities and 
Critical Infrastructure

24

 Maps for local emergency managers 
showing:

• Fire and Rescue Stations
• Medical Facility
• Emergency Operation Center

 HEC-FIA does not identify impacts associated 
with critical facilities/infrastructure

Note:  If critical facilities become 
inoperable during a flood event, the area 
of impact extends beyond the area of 
flooding.  For example; emergency 
services, utilities, communications, water 
and wastewater treatment plants. 

Presenter
Presentation Notes
So this is a good - an example. This is showing fire and rescue stations, medical facilities. The City of Denver’s emergency operations center’s actually right kind of in the middle there. It’s one of those red dots.  	And so we shared this with them. They didn’t - they weren’t actually aware that, you know, this is something that was potentially problematic.  	And the nonstructural lead always likes to point out the fact that, you know, if things like power stations and the emergency facilities become inoperable during a flood event, the impact extends beyond the area of inundation.  
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Topic 3 Lessons Learned

1. Understand how the models measure consequences 
(then use those inputs as your screening criteria)

2. Coordinate with local emergency management community 
regularly

3. Consider impacts that the models don’t measure

25

Presenter
Presentation Notes
So just to kind of reiterate some of the lessons learned on this topic, you know, understand the - how the model measures consequences. It’s not necessarily going to be written down for you.  	You’ll have to, you know, coordinate and communicate with the consequence modeler and get that information. Coordinate with your local EMs. We had a lot of EMs with the local - or a lot of meetings with the local EM community. And consider impacts the models don’t measure like critical infrastructure and critical facilities. 
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Topic 4:  Public Meetings Lessons Learned
Presentation Materials and PPT

 Communicate risk so that the public can 
understand

 Go over public meeting materials with 
local Emergency Management Officials 
prior to meeting

 Establish presenters early on so they 
can get familiar with good risk 
communication techniques

 The tables and open house format, with 
a presentation and Q&A worked well

 Having local emergency management 
and Corps staff with each discipline 
available for discussion was good

 Facilitated format helped keep meeting 
on track 

 Having facilitator to lay the ground 
rules, field questions, get those who 
wanted to speak recognized in a timely 
manner, and passed to the right person 
was very helpful

 Facilitator helped diffuse tension when 
the questions and answers were 
difficult or contentious

 Determine limited # of folks up front to 
answer questions worked much better 

Facilitator/Q&A

Presenter
Presentation Notes
So real quick -- I’m running out of time here -- I’ve only got three slides on my last topic. So we had public meetings a couple different times out in the Denver area. And these are some of the things that we had as far as lessons learned.  	As far as related to presentation materials and the PowerPoint, communication of the problem in ways that the public can understand was critical. The dam safety community has a whole bunch of technical jargon that you can’t go out and start using in front of the public in a public meeting.  	So you need to really communicate it in terms that the public can understand. I really tried to keep a lot of that out of this presentation because I think there’s other forums to get trained up on that stuff on.  	But the second bullet there, going over the public meeting materials with the local EMs was really helpful. You know, they were able to sort of screen it for us and say, “Yes, that’s not going to make sense.” I think it’s good to have the people that are kind of separated from the day-to-day project kind of review this stuff. 	Establishing your presenters early on: That’s helpful. We learned that lesson the hard way the first time.  	Make sure your presenters know they’re presenting as soon as possible because it is kind of sensitive information.  We had an open house format. That seemed to work well.  We had local EMs at the table with Corps staff to help sort of show that they were supporting the study and, you know, kind of give it a local perspective.  We had a facilitator that helped us keep the meetings on track and lay the ground rules. They helped defuse tensions with questions and that sort of thing. 	And then we had -- on our first meeting we had just about everybody on the CDT try to answer any questions during the Q&A. And that wasn’t very good. You need to narrow it down to one or two people answering questions. 
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Example of more Public Friendly Overtopping Graphic

27

Presenter
Presentation Notes
So this is an example of, you know, kind of how we tailored that graphic from earlier to make it more public friendly. They like to see, you know, things in relation to events that have actually happened. So we threw in some real life data here, the 2013 Boulder event which filled the dam up so high, that sort of thing.
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Public Meeting Lessons Learned
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Attendance Considerations
 Having PAO there was critical to 

respond to media requests 
immediately, on-site interviews

 Attendance at all sessions was good. 
However, meeting outreach should 
focus on communities d/s of the dam 
more heavily

 Expand reach to neighborhood 
associations, particularly downstream 
and upstream watershed

 Encourage leaders in other 
cities/counties downstream of CC and 
spillway, and upstream, to get word out, 
give them PR and links to the web early

Presenter
Presentation Notes
As far as attendance considerations, so we had our public affairs office there. So I think the public affairs office was just nice to have there because the media could, you know - she was kind of out there keeping the media at bay until it was time to have interviews.  	That’s a picture of our hydro branch. (Keith’s) there giving an interview. I know the PM gave a few interviews too.  	Attendance was good at all sessions but we could’ve done a better job of reaching downstream of the dam -- to those folks down there -- and getting them to participate.  	Work with the locals to expand the outreach and then encourage leaders in other cities, counties downstream of Cherry Creek and spillway and upstream. So encourage the locals to get the word out as much as possible as well so you can improve attendance.
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Other Dam Safety Webinars
• Sep 2015 “Understanding the Consequences 

in the Dam Safety Periodic Assessment 
Process” (Buchanan) 

• May 2014 “Utilizing Risk Assessment 
Methodologies for Public Safety and Flood 
Risk Management” (Harper & Needham)

• Feb 2014 “Dam Safety & Planning: Examples 
of Collaboration & Lessons Learned” (Halpin, 
Wegner et al.)
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http://planning.usace.army.mil/toolbox/resources.cfm?Id=0&Optio
n=Planning%20Webinars

Available on the Planning Toolbox at:

http://planning.usace.army.mil/toolbox/resources.cfm?Id=0&Option=Planning%20Webinars
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Point of Contact
• Dam Safety Modification Mandatory Center of 

Expertise:
– Jay Ayaay
Jonathan.J.Ayaay@usace.army.mil
– Marci Jackson
Martha.C.Jackson@usace.army.mil
– Lance Awsumb 
Lance.G.Awsumb@usace.army.mil

30
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US Army Corps of Engineers
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Questions?
Type questions in the chat box. 

We will answer as many 
as time allows.

For more information:
http://www.corpsplanning.us

Presenter
Presentation Notes
Q: If a multipurpose smart planning feasibility study is being performed on a DSACs 3 dam, does the team need to go through the dam safety planning process in tandem with the smart planning process? And if so, can these milestones be completed with the smart planning milestones or does the team need to do both?  A: The answer from Lance is, not necessarily. If there is an ongoing dam safety mod study, that would be a separate study with its own milestones. The outcome of that study may affect your feasibility study.  If no DSMS, your feasibility study should consult with the Risk Management Center for ATR. They are the mandatory review management organization for dam safety or levee safety products studies with life safety considerations. Q: Can describe the flood warning system you considered?A: Yes. So, you know, we didn’t get into the detail design of it. The nonstructural measures and the alternatives are - they’re somewhat challenging because we haven’t really found that we have the authority to actually implement any of those alternatives or at least it’s unclear to us.  So what we’re doing is we’re going to come up with some rough cost estimates for each one of the final kind of configurations and then recommend that it’s something that either the locals pursue or we pursue in tandem with them.  But I think our nonstructural lead could get some information out to whoever would like to know as far as specifically what type of warning systems we’re looking at. Contact me I can put you in touch with that person.Q: Where does DQC, ATR and IEPR occur in developing the dam safety modification study? A: The DQC and ATR is more - for dam safety is usually more of a team wants to review. So usually after step two, the existing and future condition risk assessments get DQC then ATRed and then again after - right before your TSP. Before is - so there’s two major milestones you go through for the dam senior oversight group, the DSOG. So usually you have a DQC and ATR prior to the DSOG before presenting your existing and future risk assessments and then again before you present your TSP.  And then IEPR occurs at the - once you’ve selected your TSP and the vertical team has concurred on your TSP. And then when you submit for IEPR, usually around DSOG. Some teams have started and awarded that contract prior to the DSOG vertical meeting and some right after. So it kind of depends on the study but that’s the general time frame and milestones. 
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