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Missouri River Mainstem System
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Mainstem Project Storage
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Mainstem System Congressionally Authorized
Project Purposes

Flood Control
Navigation
Hydroelectric Power
Irrigation
Water Supply and Water Quality
Recreation
Fish and Wildlife
Endangered Species
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Storage Capacity of
Corps Lakes
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Two Significant Parts: Flood Control and Drought

Storage Capacity of Corps Reservoirs

I I Oahe

Fort Peck I

- Waker Conservation Storage
Big-Ben J

Fort Randall

Flood Control Storage Gavins Poig

Vertical Height of Bar
Indicates Relative Volume

Over 650 Corps of Engineer Reservoirs




Missouri River Basin
Mountain Snowpack Water Content
2008-2009

Total Above Fort Peck Total Fort Peck to Garrison

. Inches of Water Equivalent Inches of Water Equivalent

2 \
0~ 0 -
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Historic Average M Computed Average Historical Average M Computed Average

The Mountain Snowpack in the reach above Fort Peck peaked at 109% of the normal peak accumulation on May 4.
The Mountain Snowpack in the reach between Fort Peck and Garrison peaked at 110% of the normal peak

accumulation on April 17. The Missouri River basin Mountain Snowpack normally peaks near April 15 and 5%
normally remains on July 1

July 1, 2009




2009 Missouri River Runoff

» Above Sioux City, lowa
Million Acre-Feet (MAF)

Calendar Year Runoff Estimate - 32.9 MAF 133%
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2008 Missouri River Runoff
Above Sioux City, lowa

Million Acre-Feet (MAF)
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Types of Missouri River Basin Runoff

wyoming

Mountain Snow  + Plains Snow + 2009 Rainfall = 32.9 MAF
109% & 110% = 1109% significant plains snow  Wet above and below System 133% of Normal
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Missouri River Mainstem

Annual Runoff at Sioux City, lowa

Million Acre-Feet

2009 Fcst

Historic Drought Periods

34.3 MAF

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Years




Missouri River Runoff Above Sioux City
CY 1988-2009 vs Average

Million Acre Feet
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Average 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
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Forecast
October 2009




Missouri River Mainstem System
Storage Zones and Allocations

Maximum July 23, 1975

Exclusive Flood Control 6%

July 13,1997

Annual Flood Control &
Multiple Use 16%

October 1, 2009

Carryover
Multiple Use 53% October 1, 2008

Permanent
Pool 25%

Total Storage = 73.1 MAF

Storage
in MAF

73.1
68.4




Missourl River Mainstem
System Storage 1967-2009 >

Historic | Forecast

73.1 Storage in MAF

68.4,
56.8

Annual Flood Control &
ultiple Use - 11.6 MAF
- 16%

Carryover Multiple Use - 38.9 MAF - 53%

17.9

Permanent - 17.9 MAF - 25%
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October 2009



Missouri River Mainstem
Comparisons 1930-1943, 1987-1994 & 2000-current

Storage in MAF
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Missouri River
Total Navigation Tonnage

B Commercial M \Waterway Materials M Sand and Gravel = Estimated

Million Tons
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Updated Using 2007 Final Tonnage Years




Commercial Navigation Tonnage

M All Others M Primary Metal maStone, Clay, Cem
Petro & Coke Chemicals M Food & Kindred
Non-Metallic M Farm Products m Estimated

Million Tons

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Excludes Sand, Gravel & Waterway Materials
Updated Using 2007 Final Tonnage




Missouri River Total Tonnage Value
Based on 2009 Present Worth

B Commercial M Waterway Materials B Sand and Gravel

M Estimated Power Plant
Million $
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Commercial Navigation Tonnage Value
Based on 2009 Present Worth

M All Others M Primary Metal mStone, Clay, Cem miPetro & Coke
Chemicals M Food & Kindred Non-Metallic B Farm Products
M Estimated Power Plant

Million $

Excludes Sand, Gravel & Waterway Materials
Updated Using 2007 Final Tonnage
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System Storage

2009-2011 Draft AOP vs Actual

Storage in MAF

Actual

Decision Points
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Upper Decile
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Missourl River Mainstem Reservolrs
2009 Downstream Flow Support Provided

Winter System releases provided above the minimum levels for
water conservation (12,500 cfs) but levels were adequate in winter

of 2008-20009.

Minimum service flows scheduled first half, then full service
second half of 2009 navigation season.

Navigation Season full length as per master manual storage check
a full season length in 2009.




Missouri River
2009 Navigation Season Closing Dates

Sioux City November 22
Omaha November 24
Nebraska City November 25
Kansas City November 27
Mouth near St. Louis  December 1

Gavins Point releases reduced at 3,000 cfs per
day until winter flow rate reached




Missouri River Downstream Flow Support
Support for 2010 Navigation Season

Annual  July1 Flow Level Above  Length

Runoff Runoff  System or Below Full Service of
Scenario Volume Storage Shortening

(MAF) (MAF) (in CFS) (Days)

Spring Fall

Upper Decile 34.3 63.3 0 0

Median

Lower Decile . . -2,100 -3,600




Misssouri River 2010 Navigation Season
Opening Dates & Full Service Flow Targets

Sioux City March 23 31,000 cfs
Omaha March 25 31,000 cfs
Nebraska City March 26 37,000 cfs

Kansas City March 28 41,000 cfs
Mouth near St. Louis April 1




Gavins Point Monthly Releases
2007 through 2009 Actual & 2009 -2010 AOP Releases

Thousand cfs
80
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B Max/Min = Average Actual Basic Forecast —Upper Decile

Lower Decile

Max, Min, and Avg 1967-2008




Missouri River Mainstem Reservolrs
2010 Draft AOP Downstream Flow Support

Winter System releases scheduled above levels (15,500 cfs) to
conserve water but still met downstream requirements.

Full Service flows likely for navigation season unless very
dry.

No Season shortening likely based on 1 July System storage check
for runoff ranges used in 2009-2010 Draft AOP.

Navigation target flows not supported if commercial navigation
IS not using the reach to conserve main stem system storage.

Missouri River navigation flow support from Kansas River
reservoirs could be utilized as water conservation measure.




Estimated Missouri River Stages and Flows*
For May - October 2010

Gage Location River Stage Flow in cfs

Sioux City 13.7 - 17.0 feet 25-38,000 cfs
Decatur 20.7 - 23.7 feet 25-38,000 cfs
Omaha 14.0 - 18.6 feet 25-41,000 cfs
Nebraska City 8.1-12.5 feet 31-48,000 cfs
Rulo 7.7-12.1 feet 32-51,000 cfs
St. Joseph 7.1-11.6 feet 33-54,000 cfs
Kansas City 9.4 - 14.1 feet 41-64,000 cfs
Waverly 10.4 - 14.0 feet 41-65,000 cfs
Boonville 6.7 - 12.5 feet 42-76,000 cfs
Hermann 4.5 -11.8 feet 43-99,000 cfs

* based on normal runoff conditions in all reaches and summer water
temperatures and not supporting navigation in upper reaches if commercial
navigation is not scheduled..




Missourl River Basin Intakes

Location Municipal
38 (11)
19
891 (199)| 57 (11)

() denotes tribal intake

Location  Powerplant|Capacity in MW | Percent
Above System 4,026

Below System

Total | 25 | 15084 | |

Percent
Total | 891(199) 498600 |

Above System 6%
Total | 57(11)| 3.1Millon | |




2002 0.01 billion

2003 0.06 billion

2004 0.00 billion

$20.3 2005 0.11 billion
2006 0.00 billion

2007 0.37 billion

0 0 1)a O :. O 004 00 00 00 oJo}e. 000 ..: 0ta



2009 Actual Flows

Missouri River at Kansas City
Flows in 1000 cfs

Jan Feb  Mar Apr May ~ Jun | Jul | Aug | Sep

i GAPT-Rel mMKC-06q MKCFL




2009 Actual & Unregulated Flows

Missouri River at Kansas City
Flows in 1000 cfs

Apr = May Jul

i GAPT-Rel mMKC-06g MKCFL
m Unregulated Flows




2009 Actual Flows

Missouri River at Hermann
Flows in 1000 cfs

Jan Feb | Mar Apr May |

M GAPT-Rel mHEMO-06q




2009 Actual Flows

Missouri River at Hermann
Flows in 1000 cfs

Jan Feb | Mar Apr \YE\Y, | Jul Aug

Ml GAPT-Rel mHEMO-06g " Unregulated Flows




RCC Missouri River Flow Forecasting

Added NWS Multi-sensor Precipitation Estimates (MPE) into
Corps' HMS forecasting procedures (Estimated Rainfall).

Add 120 hours of NWS QPF data to Corps’ HMS models

during the Spring Pulse Periods and for downstream flood
control situations.

Compare Corps' HMS forecast results with NWS forecast
differences noted and coordinated.

Continue to seek cooperators on gaging stations required for
modeling support throughout the basin. Budget reductions
have reduced or eliminated some data collection for modeling.




Missouri River Basin

Plains Snowmelt —

M&—" Developing HMS
% snowmelt models (HEC

& CRREL)
15 —large basins

24.000/258,000
Sguare miles




Nebraska City, Nebraska

Forecast Assumes Spring Pulse
Initiated on Monday, May 18

/ [NCHF-NEBRASA CITY-MISSOURI/FLOW-RIVER/01JAN2009/ 1DAY/FUIFORECAST-QPF/
Gl Edit iew

Gavins ;
Point Dam

{| Nebraska City
| 47,000 cfs o RS
' Flow limit = 47 kcfs
e L Predicted arrival
of pulse at Nebraska City
440004
NWS Forecast
g 420001
g
400004
380004
COE Forecast with QPF
36000 T T T T T T T T T T T T T T T T T T T
14 95 96 9% 18 19 20 2 22 23 20 2 A 2 2 2 g 3 1
May2009 |
——— HCHNF-NEBRASA CITY-MISSOURI FUIFORECAST-QPF FLOW-RIVER ——— WCHE-NEBRASKA CITY-MISSOURI NUYS-F ORECAST FLOVY-RIVER
——— NCNE-HNEBRASKA CITY-MISSOURI COMBINED-RE FLOW ——— NCHNF-HEBRASKA CITY-MISSOURI FLOW-LIMIT FLOW-RIWVER

Flood Stage — 18 feet
Approximate Flow — 85,000




Gavins
Point Dam

| 71,000 cfs

Kansas City, Missouri
Confluence of Missouri and Kansas Rivers

Forecast Assumes Spring Pulse
Initiated on Monday, May 18

| {MKCF-KANSAS CITY-MISSOURI/FLOW-RIVER/01JAN2009/1DAY/FUIFORECAST-QPF/

Kansas City

file Edit View
120000
o COE Forecast with QPF
1000001
e Predicted arrival
g of pulse at Kansas City
£ 30000
E - -
Flow limit=7 S
70000 ,,h,qm\J
50000
NWS Forecast
50000 P Tl T L T L T T T T T T
14 18 15 47 18 19 3 20 22 23 W 3B B W W W W 3}
hay2 004
MECF-EANSAS CITY-MISSOURI FUIFORECAST-QPF FLOWARIVER — ——— MKC-KANSAS CITY-MISSOUR] HS-FORECAST FLOW-RIVER
MKC-KANSAS CITY-MISSO0URI COMBINED-RE FLOWY ——— MEKCF-KANSAS CITY-MISE0URI FLOW-LIMIT FLOW-RIVER

Flood Stage — 32 feet

Approximate Flow —249,000




Congressionally Authorized
Project Purposes
2009 - 2010 AOP Expected Results

Flood Control - significant flood control storage available
Navigation - full service & normal season.

Water Supply & WQ - will meet downstream flow
requirements with potential for some intake access problems
during winter because of river ice conditions.

Recreation (below System) - No significant issues expected
with normal flows.




Current Reservoir Levels - October 1, 2009

Fort Peck

Exclusive Flood Control
Annual Flood Control &
Multiple Use

Carryover
Multiple Use

Poo
Annual Change = +10.8 Feet

13.9 feet below desired

Oahe

Exclusive Flood Control

Annual Flood Control &
Multiple Use

Carryover
Multiple Use

Poo
Annual Change = +15.1 Feet

Garrison

Exclusive Flood Control

Annual Flood Control &
Multiple Use

Carryover
Multiple Use

Poo
Annual Change = +16.4 Feet

4.1 feet above desired

System Storage

1620
b 1617

Annual Flood Control &
Multiple Use
16075

Exclusive Flood Control

Carryover
Multiple Use

b 1540

Poo
|15 Annual Change = +11.3 MAF

1.0 MAF below desired

ft msl

b 1854
b 1850

b 1837.5

Storage
in MAF

b 73.1
L 68.4

b 56.8




System Storage
2009-2010 Draft AOP Simulations

Storage in MAF
75

Top Exclusive Flood Control - 73.1

70
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Fort Peck
2009-2010 Draft AOP Simulations

Elevation, feet msl

Top Exclusive Flood Control - 2250

Base Exclusive Flood Control - 2246

Average Upper Decile
Base Flood Control 2234

Lower Decile

2200
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2009 2010 2011
Average: 1967-2008




Garrison
2009-2010 Draft AOP Simulations

Elevation, feet msl

Top Exclusive Flood Control - 1854

Base Exclusive Flood Control - 1850

Upper Decile

Base Flood Control 1837.

Average

Lower Decile
Actual

1810
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2009 2010 2011
Average: 1967-2008




Oahe
2009-2010 Draft AOP Simulations

Elevation, feet msl

Top Exclusive Flood Control - 1620

Base Exclusive Flood Control - 1617

Upper Decile

Base Flood Control - 1607.5

N~

Average
Median

Lower Decile

1580
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Oahe
2009-2010 Draft AOP Simulations

Elevation, feet msl

Top Exclusive Flood Control - 1620

Base Exclusive Flood Control - 1617

Upper Decile

Base Flood Control - 1607.5

N~

Average
Median

Lower Decile

1580
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2009 2010 2011

Average: 1967-2008




System Storage
2009 - 2010 AOP Decision Points

Storage in MAF

Average

Upper Decile

Lower Decile

FM A M J J
2010
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Water Supply & Water Quality

All municipal water intakes
remain operational throughout
study period under all runoff
scenarios

Fewer water quality issues
expected on upper three
reservoirs

Better access for irrigation

Winter releases from Gavins
Point higher than In previous
winters




2009 Reservoir Access Areas

Higher reservoir levels on upper three projects result in better
access than in previous several years.

Usable Total

Fort Peck 9 11
Garrison 36 36
Oahe*

- North Dakota 18
- South Dakota 27




Mainstem Project Visits
2002 - 2009

Million Visitor Hours

Fort Peck Garrison Oahe Big Bend Fort Randall Gavins Point
2002 m2003 2004 ®W=2005 m2006 2007 =2008 - 2009
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Missouri River Mainstem System

Actual & Forecasted Energy Generation
Energy in GWh

Jan Feb Mar AprMay Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar AprMay Jun Jul Aug Sep Oct Nov Dec

2009 2010

1967-2008 mm Actual ® Forecast

2009 Forecast = 6.8 BKWh
2010 Median Forecast =9.0 BKWh




Reservoir Levels During 2009 Forage Fish Spawn
Change from April 1 Elevation

1 Apr 15 Apr 1 May 15 May 1 Jun 15 Jun




2010 Forage Fish Spawn

Provide steady to rising reservoir levels at the upper three
reservoirs from April to June

Favor Fort Peck and Oahe from April 20 to May 20, if runoff is
not sufficient to keep all three reservoirs rising

All reservoirs higher than previous years innundating vegetation

Initial analysis indicates no issues with cold water habitat at

Garrison due to higher reservoir level




Reservoir Unbalancing

First implementation of MRNRC recommendation

Fort Peck Garrison Oahe
Implement if March 1 pool 2934 1837.5 1607.5

above

Implement if March 1 greater

and pool expected to rise 3 ft 22217-2234 1827-1837.5 1600-1607.5
after 1 March

Transition to unbalancing during 2010

Median Runoff - March 1, 2011
Fort Peck +1.0 feet, Garrison -1.0 feet, Oahe balanced

Upper Quartile, Upper Decile - March 1, 2011
Fort Peck +4.2 feet, Garrison -3.0 feet, Oahe balanced
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2009 Nesting Locations

Piping Plovers

GARR River
30.4%
\

B A

17.2% /

_— .

FTRA River / GAPT River
1.8% 26.6%

Least Terns

OAHE

FTRA River 10.2% GARR River

15.6%

3.3% \ ,
N /
\ / _ FTPK River

6.6%

GAPT _
30.7%

AN
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Fledge Ratios - Missouri River 1986-2009

Number of Chicks Fledged Per Pair

Piping Plover Goal 1.22

Least Tern Goal 0.94

86 87 88 8990919293949596 979899 00010203040506070809
Year

Least Tern M Piping Plover




Adult Census - Missouri River 1986-2009

Adult Birds

Plovers

Piping Plover Goal 1050

86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09




Summary of 2009 Incidental Take

Reservoirs
Fort Peck: 4 plover eggs
Garrison: 97 plover eggs and 1 tern eggs
Oahe: 3 plover eggs
Fort Randall: 2 tern eggs
Gavins Point: 6 plover eggs and 4 tern eggs

River Reaches
Garrison: 2 tern eggs
Gavins Point: 47 plover eggs

Total Incidental Take: 157 plover eggs
0 plover chicks
9 tern eggs
0 tern chicks




2010 Tern and Plover Nesting Seasons

Steady release - flow to target

Spring pulse from Gavins Point in May
Cycle Gavins Point releases: 1 day of higher
releases followed by 2 days of navigation
flows

Intra-day peaking patterns established at
Garrison and Fort Randall

Target flows may not be met in reaches
without commercial navigation

Utilize Kansas River projects as authorized




Spring Pulses from Gavins Point Dam

Part of a Reasonable and Prudent Alternative
(RPA) in the USFWS 2003 Amended
Biological Opinion to avoid jeopardy to the
pallid sturgeon

Master Manual revised in 2006 to include
bimodal spring pulse from Gavins Point dam




Spring Pulses from Gavins Point Dam

First ever May spring pulse in May 2006
Peak magnitude of 9,000 cfs for 2 days

First ever March spring pulse in March 2008
Peak magnitude of 5,000 cfs for 2 days
Pulse eliminated downstream of the
confluence with the Kansas River




Spring Pulses from Gavins Point Dam

March 2009 pulse cancelled due to high
downstream flows
May pulse implemented beginning May 18
Peak magnitude of 6,000 cfs for 2 days
Pulse tail shortened to minimize take of
nesting piping plovers
Pulse essentially eliminated downstream of
the confluence with the Kansas River
March and May pulses planned in spring 2010
under all runoff scenarios




2010 Spring Pulses from Gavins Point

March
Estimated peak magnitude

5,000 cfs for 2 days
Timing at start of navigation season

May

Estimated peak magnitude
11,600 to 20,000 cfs for 2 days depending on 1 May
system storage and runoff forecast

Timing between 1 May and 19 May
Water temperature
Nesting terns and plovers
Downstream flow limits

Impact at end of water year
Balance impact among upper three reservoirs
0.2 to 0.3 foot lower than without May pulse




Gavins Point
Spring Pulse Releases

System Release in 1000 cfs

—Master Manual =—Minimum Navigation
| i i
1-Apr 1 May 1-Jun




Gavins Point Releases

System Release in 1000 cfs

2009 Actual —Master Manual —Navigation
i i i
1 May 1-Jun 1-Jul




Navigation Targets and Downstream Flow Limits
during Spring Pulses

Minimum  Full Downstream
Service Service Flow Limit

Omaha 25 kcfs 31 kcfs 41 kcfs
Nebraska City 31 kcfs 37 kcfs 47 kcfs

Kansas City 35 kcfs 41 kcfs 71 kcfs




Congressionally Authorized

Project Purposes
2010 Expected Results

Hydroelectric Power
Forecast 90% of normal in 2010
Irrigation
Improved access due to higher reservoir levels and releases.
Water Supply & Water Quality
Improved access & water quality due to higher reservoir
levels.
Recreation
Near normal access due to higher reservoir levels and
releases.
Fish and Wildlife
Endangered Species
March and May spring pulses from Gavins Point dam.
Releases adjusted when birds begin nesting activities.
Attempt to keep lakes steady to rising during fish spawn;
favor Fort Peck and Oahe if necessary.



Missouri River Mainstem System

Fall Draft AOP Public Meeting

Thank ¥,




