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Executive Summary 

 

 This analysis was initiated as a result of the record 2011 flood event in the Missouri River 

Basin.  The primary purpose was to examine how additional flood control storage may improve 

flood risk reduction in the future.  The analysis also provides a limited investigation at the 

impacts of providing additional flood control storage on several Congressionally authorized 

project purposes. 

 

 This analysis showed that providing additional flood control storage in the Missouri River 

Mainstem Reservoir System (System) would enhance flood risk reduction in a repeat of the 2011 

flood event.  However, due to the tremendous volume of water that must be moved though the 

System, record releases would be required regardless of the amount of flood control storage 

provided.  If flood control storage were increased by approximately 30 percent, peak release 

could potentially be reduced from 160,000 cubic feet per second (cfs) to 100,000 cfs.  These 

lower releases would reduce flood risk below the reservoirs, but would not have prevented 

widespread damages. 

 

 The second part of the analysis examined the impact of additional flood control storage on 

five authorized purposes.  Flood control is the only one of these authorized purposes that requires 

empty space in the reservoirs.  This analysis indicates that the other four analyzed purposes, 

which all require water-in-storage to maximize benefits, would experience negative impacts with 

additional flood control storage.     

 

Background 

 

 Record runoff occurred in the Missouri River basin during 2011 as a result of historic rainfall 

over portions of the upper basin coupled with heavy plains and mountain snowpack.  Runoff in 

the Missouri River basin above Sioux City, Iowa during the 5-month period of March through 

July totaled 48.4 million acre-feet (MAF).  This runoff volume was more than 20 percent greater 

than the design storm for the System, which was based on the 1881 March-July runoff of 40.0 

MAF, coupled with releases of 100,000 cfs from Fort Randall, during the same 5-month period.   

 

 Flood control regulation of the System is centered on the concept of capturing water in the 

reservoirs during periods of high runoff, typically in the spring and early summer, and 

evacuating it later in the year at the lowest rate possible over a long period of time to reduce 

flood damages in the downstream reach.  A key objective in this operation is to evacuate all of 

the flood water stored in the six reservoirs prior to the start of the following runoff season.  Flood 

water is not carried over from year to year because doing so would limit the ability of the System 

to reduce flood risk in subsequent years.  This means that all of the runoff that occurs in the basin 

in any given year must be released from the reservoirs and must pass through the downstream 

river reach prior to the start of the next runoff season.  Simply put:  “what comes in, must go 



out.” Alternatives that would examine multi-year flood control regulation were beyond the scope 

of this analysis. 

 

 Without the opportunity to carry flood water over from one year to the next, the options 

available to manage tremendous runoff volumes like that experienced in 2011 are limited.  The 

annual runoff volume for 2011 totaled 61.0 MAF.  The sheer magnitude of this volume is 

difficult to visualize.  If the 61 MAF of runoff were spread equally across all 365 days in a year, 

it would equate to 83,500 cfs of water flowing past Sioux City every minute of every day.  Prior 

to 2011, the record release from Gavins Point, which is located 79 miles upstream of Sioux City, 

was 70,000 cfs, and typical tributary flows in the reach between Gavins Point and Sioux City 

would add 3,000 to 5,000 cfs during non-flood periods. 

 

 During the winter months, ice restricts channel capacity, making releases of that magnitude 

infeasible.   Therefore, if flows past Sioux City were restricted to 30,000 cfs during the 90 days 

of winter, the remaining 275 days would require flows past Sioux City of approximately 101,000 

cfs to evacuate all of the flood water.  This assumes perfect foresight of the flood event and 

would preclude the lower releases during the fall to inspect and repair any damages associated 

with the event, as was done in 2011.   

 

Methodology 

 

 As a result of this record runoff event, this technical analysis was initiated to determine how 

additional flood control storage in the System may reduce flood risk for storms greater than the 

current design storm, including runoff volumes equal to and greater than the 2011 event.  This 

analysis also included a limited investigation of the potential impacts on other authorized 

purposes if flood control storage was increased.    

 

 For this analysis, a two-step process was followed.  The first step was to determine the 

potential effect of additional flood control storage on the 2011 flood releases.  The second step 

evaluated potential economic impacts of alternative flood control scenarios. 

 

 Under the first step, a range of scenarios was developed to determine the volume of 

additional flood control storage necessary to limit Gavins Point peak releases. For the 2011 flood 

volume, limiting peak releases to 140,000 cfs, 120,000 cfs and 100,000 cfs required 0.9 MAF, 

2.6 MAF and 4.6 MAF of additional flood control storage, respectively.  

 

 Under the second step, these three flood control storage scenarios were modeled to determine 

the impact of this additional storage on reservoir levels and releases over the period of record.  

The Daily Routing Model, which was used in this analysis, simulates the regulation of the 

System using historic inflows from 1930 through 2011.  Since flood control is the only 

authorized purpose that requires empty space in the reservoirs, increasing the volume of flood 

control storage impacts the other purposes.  The degree of impact varies depending on how the 

alternative is implemented, and in particular, whether or not the navigation and winter release 

rule curves are adjusted.  Therefore, each storage scenario was modeled twice – the first time 

with the existing navigation and winter release rule curves, and the second time with rule curves 

lowered an amount equivalent to the additional flood control volume.  For comparison purposes, 



the “No Action” alternative that has the existing flood control volume of 16.3 MAF was also 

modeled.  Output of this modeling includes reservoir levels and releases and flows at key gaging 

stations for the 80+ year period of record.    

 

 Output from the Daily Routing Model was then used as input to several key economic impact 

models.  These models were used to determine the potential economic effects of changes in the 

regulation of the reservoir system to authorized purposes.  These purposes include flood control, 

navigation, water supply, hydropower, and recreation. 

 

Limitations of the Current Analysis 

 

 This report is not intended to be a complete analysis of impacts and is not intended to be a 

decision document.  It includes a limited investigation of the potential impacts on other 

authorized purposes for flood risk reduction alternatives.  Given the complexity of the System, 

further studies of economic, environmental, and cultural resource impacts would be required if 

alternatives to the design regulation are pursued.  Additional modeling may also be required to 

properly assess the coincident flood risk in the lower basin. 

 

 This analysis utilizes a portion of the historic hydrologic period-of-record.  The analysis does 

not incorporate future climate change scenarios that might alter the frequency and magnitude of 

high and low runoff events represented in the historic record.  The analysis did not include 

alternatives that incorporate multi-year flood control regulation or new storage projects. 

 

 Economic models that were part of the Missouri River Master Water Control Manual Review 

and Update Study (Master Manual Study) were used for this report.  These models were not 

updated to 2011 economic conditions for this analysis, however, relative differences between 

alternatives can still be examined and remain a valid representation of the impacts of changing 

the regulation of the System utilizing the best available information.  The report does not present 

updated stage/damage relationships at key downstream locations. 

 

Summary of Economic Impacts 

 

 The analysis shows that when compared to the No Action alternative, the average annual 

benefits of the System decrease as the amount of additional flood control storage increases.  The 

reduction in average annual benefits is, for the most part, due to negative impacts to the 

authorized purposes including navigation, hydropower, water supply and recreation.  This loss of 

economic benefits to other purposes is not offset by an increase in flood control benefits on an 

average annual basis.  The addition of flood control storage has little impact on flood control 

benefits on an average annual basis, although it can provide significant benefits in a single high 

runoff year like 2011.   

 

 For the period of 1930-2010, there was essentially no change in flood control benefits under 

all the alternatives modeled.  This is because additional flood control storage does not change the 

volume of runoff that must be passed through the System annually; it simply changes the 

magnitude and timing of releases.  In some cases, the shift in timing of flood evacuation releases 

can exacerbate flooding and result in an overall reduction in flood benefits.  The report contains 



additional information regarding the 2011 analysis.  When 2011 is considered alone, flood 

control benefits show a 1.5 to 3 percent increase as flood storage increases.  With the inclusion 

of 2011, average annual flood benefits (1930-2011) increase.  The percentage change from the 

No Action alternative, though higher, remains less than one percent. 

 

 Navigation benefits diminish as additional flood control storage is added when there is no 

change to the current navigation rule curves.  Lowering the rule curves an amount corresponding 

to the flood storage change results in the general retention of the navigation benefits.  Reductions 

in navigation benefits range from less than one percent when the rule curves are lowered in the 

2.6 and 4.6 MAF scenarios, to more than 22 percent with 4.6 MAF of additional storage without 

modified rule curves.   

 

 In the case of water supply, there is a direct relationship between the flood control storage 

and the water supply benefits in the reservoirs.  Reservoir benefits drop as flood storage 

increases.  Impacts to water supply in the river reaches are not as well defined.  Overall benefits 

are not changed significantly for water supply with the addition of flood control storage. 

 

 Overall hydropower benefits generally drop as flood control storage is added.   Reductions 

range from less than one percent for the 0.9 MAF alternative with existing rule curves, to 2.4 

percent with the 4.6 MAF alternative with modified rule curves.  Modifying the rule curves 

accentuates the drop in each scenario.  In addition, hydropower revenues decline as flood control 

storage space increases.  Capacity at risk and energy-at-risk were also analyzed and showed 

increased losses as the flood storage increases. 

 

 Average annual recreation benefits generally decline as flood storage increases.  In general, 

increasing the amount of flood control storage reduces the recreation benefits for the upper three 

reservoirs, but has little impact on the lower three reservoirs or the river reaches.  The lowering 

of the rule curves has a varying impact on recreation benefits in the reservoirs and river reaches. 

 

 Many of the impacts noted above are a result of a general lowering of the upper three 

reservoirs, particularly during periods of extended drought.  Results of the period-of-record 

simulation shows that minimum reservoir levels during the most recent drought, which extended 

from 2000 through 2008, would have been 5.3 to 6.0 feet lower with the alternative with 4.6 

MAF of additional flood control storage and modified rule curves.    

 

Conclusions 

 

 This analysis showed that increasing the volume of flood control storage in the System would 

enhance flood risk reduction in a repeat of the 2011 flood event, but would not have prevented 

record releases from the reservoirs or widespread damages.   When analyzed over the 82-year 

period (1930-2011), despite additional flood control storage, there was no significant increase in 

average annual flood benefits for any of the alternatives when compared to the No Action 

alternative.  The largest increase in annual flood benefits was less than one percent.  When 2011 

is considered alone, flood control benefits show a 1.5 to 3 percent increase as flood storage 

increases.  Utilizing the additional flood control storage to reduce flows for long periods in the 

spring may reduce peak stages during that part of the year, but floods that occur at other times 



may be aggravated by the higher releases made to evacuate the water stored during that extended 

low release period.   

 

 The lower basin has experienced several years, 2010 being the most recent, when 

downstream flooding has occurred primarily due to runoff from downstream rainfall events, 

rather than System releases.  Additional flood control storage may reduce flood risks on the 

lower river during certain runoff events; however, peak downstream flows and maximum stages 

cannot be reduced in all events.  This is due to the difficulty in predicting flood-producing 

rainfall below the System, including during the late summer and fall evacuation period.  The 

ability to reduce downstream stages depends on the timing of the peak flows and the distance 

from the control point.  Therefore, flood control storage in the System is just a piece of the 

solution; increasing channel capacity and reducing encroachment in the flood plain are two of 

many additional methods to effectively reduce flood risk. 

 

 Impacts to other authorized purposes were also considered in this analysis.  Flood control is 

the only authorized purpose that requires empty space in the reservoirs, therefore, the other 

authorized purposes, all of which require water-in-storage to maximum benefits, would 

experience negative impacts with additional flood control storage.     
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Missouri River Mainstem System 
Annual Runoff above Sioux City, IA 
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