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Teton Dam, ID, 1976  
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Shih-Kang Dam, Taiwan, 1999 
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Lake Delhi Dam, IA, 2010 
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Statistics of dam failures 
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85,000+ Dams in the US 
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Fort Calhoun NPP, NE, 2011 
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New Orleans 2005 
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Statistics of dam failures (%) 

FAILURE 
GRUNER 

1967 

MIDDLE-
BROOKS 

1953 

TAKASE 
1967 

USCOLD 
1975 

BABB 
AND 

MERMEL 
1968 

Spillway 
capacity 

23 30 28 38 36 

Piping or 
seepage 

40 38 44 44 30 

Slides 2 15 10 9 15 

Misc 35 17 18 9 19 

Baecher, Paté, and de Neufville (1980). “Risk of dam failure in 
benefit-cost analysis,” Water Resources Research, 16(3): 449-456 
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Systems thinking about flow control 

Noppikoski Dam, Finland, 7 Sept 1985 

Courtesy, Patrick Regan, FERC 
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Systems thinking about flow control 

The uncommon combination of common events 

 
1. Occurred on a Saturday night. 

• Extreme precipitation and high ground water level. 
• Mechanical fault in hoisting stop logs. 

2. Difficulties using roads. 
• Transmission poles fell, resulting in blackouts. 
• Telephone went dead. 
• Problems getting (sober) crane operators. 
• Helicopters unable to fly. 
• The helicopter radio could only communicate with an airforce base 

– but not on Saturdays, when it is closed. 
3. At Vässinkoski there were difficulties providing large capacity 

pumps. 
• Unforeseen high downstream water level, preventing normal 

opening of the gate in the diversion tunnel. 
• Complications when trying to drain the tunnels, since the raised 

upper water level surpassed the intake gate, filling the tunnels. 
4. Staff problems 

• Exhausted personnel.   
• Hard getting hold of qualified extra personnel to work 24-hour 

shifts during a weekend. 
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Systems thinking about flow control 
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Systems thinking about flow control 
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Adapted from Leveson 2012 

SCADA 
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Model-Disturbance-Operations Interaction 
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Göta River 

Göta River catchment  
~ 1/10 of area of Sweden 
~ 51 000 km2 

 

Climate conditions 
north – stable winters & spring flood 
south – unstable winters 

 

Mean annual runoff    
~ 550 m3/s 

 

Power generation 
1,6 TWh ~ almost 5 % of 
Vattenfall’s hydro generation 

 

WI Facilities 



Göta River – Hydropower Plants and WI Facilities 

 Generation       Discharge     Reservoir       
Level 

Ormo flip gates against  

salt water intrusion 

26 MW 19 MW 

181 
MW 

Gothenburg 

North Sea 



Systems Dynamics Model of Göta River 
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Thank you. 

Courtesy, OPG 
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Discussion slides … 

Courtesy, OPG 
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I-1 Scope Definition

Scope is fairly well defined for standard 

civil works features. The pumping plant 

requires considerable design and 

approximates 20% of the cost.

LIKELY SIGNIFICANT HIGH UNLIKELY SIGNIFICANT MODERATE UNIFORM I-2
Project 

Manager/Planner
Construction Cost Cost & Schedule

I-2
Scope Growth / 

Reduction

Scope is fairly well defined for standard 

civil works features. The pumping plant 

has potential of VE savings through 

better data and VE.

LIKELY MARGINAL MODERATE LIKELY MARGINAL MODERATE UNIFORM I-1, I-16
Project 

Manager/Planner
Construction Cost Cost & Schedule

I-3
Labor 

Availability/Pricing

$3 Billion construction will be 

occurring in locale over the next 5 

years.

LIKELY SIGNIFICANT HIGH LIKELY MARGINAL MODERATE TRIANGULAR
Project 

Manager/Planner

Labor/Production 

Rates
Cost & Schedule

I-4
Equipment 

Availability/Pricing

Large cranes required, but available.  

Pump plant equipment long lead time.
UNLIKELY NEGLIGIBLE LOW UNLIKELY MARGINAL LOW TRIANGULAR I-15 Cost Engineering

Equipment/Productio

n Rates
 

I-5
Material 

Availability/Pricing

Needed aggregates in short supply 

locally.  This affects concrete, rip rap, 

base course and asphalt

VERY 

LIKELY
SIGNIFICANT HIGH LIKELY MARGINAL MODERATE TRIANGULAR Cost Engineering Material Costs Cost & Schedule

I-6 Fuel Prices

$2.65 per gallon was used in the Oct 06 

MCACES, increases will effect 

equipment and delivery or materials

VERY 

LIKELY
SIGNIFICANT HIGH UNLIKELY NEGLIGIBLE LOW TRIANGULAR Cost Engineering Equipment Cost   

I-7 Utility Relocations

Location is rural.  However, several 

unmarked and abandoned farm related 

utilities are prevalent at this location.

LIKELY MARGINAL MODERATE LIKELY MARGINAL MODERATE TRIANGULAR Civil Design Construction Cost Cost & Schedule

I-8
Environmental 

Mitigation

Studies indicate that the area is heavily 

saturated with de-icing chemicals as 

well as agricultural fertilization and 

pesticide residuals.

LIKELY SIGNIFICANT HIGH LIKELY SIGNIFICANT HIGH UNIFORM

Environmental 

Compliance 

Specialist

Construction Cost Cost & Schedule

I-9 HTRW

A small portion of the project is located 

within the limits of an Army Chemical 

Depot undergoing BRAC.

UNLIKELY MARGINAL LOW UNLIKELY SIGNIFICANT MODERATE UNIFORM

Environmental 

Compliance 

Specialist

Construction Cost Schedule

I-10 Permits

Substantial permitting delays may 

occur if there are significant 

environmental mitigation/HTRW issues, 

or political opposition.

LIKELY NEGLIGIBLE LOW LIKELY MARGINAL MODERATE TRIANGULAR I-14, E-4 Planning/Regulatory
PED/Lands & 

Damages
Schedule

I-11
Environmental 

Windows

Project site is a natural habitat for 

various species of threatened wildlife 

that spawn during Spring months.  No 

excavation is permitted from April 15 - 

June 30.

VERY 

LIKELY
SIGNIFICANT HIGH

VERY 

LIKELY
SIGNIFICANT HIGH TRIANGULAR E-2

Project 

Manager/Planner
Construction Cost Cost & Schedule

I-12
Sufficient Planning 

Schedule

Project is a fast-track project, although 

complicated.  Concerns exist on 

obtaining appropriate schedule and 

funding for sufficient review and effort 

by specialized team members and 

contractors

LIKELY MARGINAL MODERATE LIKELY SIGNIFICANT HIGH TRIANGULAR
Project 

Manager/Planner
Construction Cost Cost & Schedule

I-13
Adequate Technical 

Staff

Due to fast-tracking, portions of design 

and planning effort are split between 

Gov't and AE specialists.  Concern 

remains that the integration of staff 

may create delays.

LIKELY NEGLIGIBLE LOW LIKELY MARGINAL MODERATE TRIANGULAR
Project 

Manager/Planner
PED Schedule

I-14 Site Access

Site access is limited due to clearances 

required from U.S. Army installation, 

and local farmers remaining on 

property.  Also, no excavation (or 

boring) is permitted April 15 - June 30.

VERY 

LIKELY
MARGINAL MODERATE

VERY 

LIKELY
NEGLIGIBLE LOW TRIANGULAR I-10

Project 

Manager/Planner
Construction Cost Cost

I-15
Special Equipment 

Fabrication

There are only two known 

manufacturers of the specialized 

filtration and pumping stations required 

on site, and neither are domestic.

UNLIKELY NEGLIGIBLE LOW UNLIKELY NEGLIGIBLE LOW TRIANGULAR I-4 Cost Engineering Construction Cost  

I-16

Potential savings due 

to innovation, 

streamlining, and gains 

in efficiency

Value Engineering has already been 

incorporated into the project. VE 

remains on the pumping plant.

LIKELY MARGINAL MODERATE UNLIKELY NEGLIGIBLE LOW UNIFORM I-2
Value Engineering 

Team
Productivity Cost

I-17 Acquisition Plan

The estimate was based on full and 

open competition, with minimal tiering 

of contractor subs.  The Acq Plan has 

not been finalized, therefore there is a 

potential for additional tiering of the 

contracts.

LIKELY SIGNIFICANT HIGH LIKELY MARGINAL MODERATE TRIANGULAR E-3
Acquisition Strategy 

Board
Construction Cost Cost & Schedule

I-XX Other Potentials

E-1 Weather

Work will be done on the river, 

unpredictable, scour protection is more 

vulnerable 

LIKELY NEGLIGIBLE LOW LIKELY MARGINAL MODERATE TRIANGULAR N/A
Labor/Production 

Rates
Schedule

E-2
Environmental Policy 

Changes

There are external environmental policy 

changes that can change the 

construction work windows.

LIKELY SIGNIFICANT HIGH LIKELY SIGNIFICANT HIGH TRIANGULAR I-11
Project 

Manager/Planner
Construction Cost Cost & Schedule

E-3
Bidding Climate – 

Saturated Local Market

$3 Billion construction will be going on 

in downtown Pittsburgh over the next 5 

years.

LIKELY MARGINAL MODERATE LIKELY NEGLIGIBLE LOW UNIFORM I-16
Acquisition 

Professional
Construction Cost Cost

E-4
Political 

Support/Opposition

Project is highly visible and 

controversial.  Delays due to political 

ramifications are possible and could 

critically delay or terminate the work.

LIKELY SIGNIFICANT HIGH LIKELY SIGNIFICANT HIGH UNIFORM I-10
Project 

Manager/Planner
Project Cost Cost & Schedule

E-5
Sufficient Incremental 

Funding

Budget constraints could limit or delay 

funding, creating potential sequencing 

delays and issues, considering the 

environmental window constraints.

VERY 

LIKELY
SIGNIFICANT HIGH

VERY 

LIKELY
SIGNIFICANT HIGH TRIANGULAR

Project 

Manager/Planner
Project Cost Cost & Schedule

E-XX Other Potentials

Project 

Implications

Risk 

No.

Risk/Opportunity 

Event

Variance 

Distribution

External Risks (External Risk Items are those that are generated, caused, or controlled exclusively outside the PDT's sphere of influence.)

Responsibility/P

OC

Affected Project 

Component
Discussion and Concerns

Internal Risks (Internal Risk Items are those that are generated, caused, or controlled within the PDT's sphere of influence.)

Project Cost Project Schedule
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IPET/DRMS (T-V-C) Risk Model 
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Gatún Spillway 
Courtesy, Dr. Luis Alfaro, ACP 

Systems thinking about flow control 
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Courtesy, Patrick Regan, FERC 
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