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OROVILLE DAM AND RESERVOIR 

Feather River, California 

REPORT ON RESERVOIR REGULATION 

FOR FLOOD CONTROL 

By agreement betveen the State ot Cal1torn1a and the Corps ot Engineers, 
selection o-r the max:tmum -flood control spe.ce requirement -for Oroville 
Reservoir wa based primarily o.n protection ot urban end agricultural 
area.a along Feather River belov the reservoir apinst winter floods 
(rain or rain augmented by snowmelt) up to the magnitude or the standard 
project flood, vith permi11&ible releaaea 11m:1ted to a max1mulll or 
150,000 c.t.e. 

AUGUST 1970

I 
DEPARTMENT OF THE ARMY 

SACRAMENTO DISTRICT, CORPS OF ENGINEERS 
S/\CR/\MENTO. CALI FORNI/\ 



440,000 718,000 

Computod flows 1n c,r.s. 

Standnrd Probe.bloDur&tion 
project onx.1.mum 

Peak •372,000 56o,OOO
72-hour . 255,000 420,000 
24-hour 

The 1970 SPF was a 1/500 year 
event. 

200 

• The agreed upon flood protection 
should remain at a 1 /500 year level. 

OROVILLE DAM AMI> RmERVOIR 
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G.6 Simulation of FIRO Alternatives 

Simulation of alternatives was completed at an hourly time step using scaled hydrology for 
the 1986 and 1997 flood events developed by the CNRFC. These scaled events were 
developed by scaling precipitation by different factors as summarized in Table G-3. Also 
included with this table are associated return periods (developed by MBK Engineers), 
however these return periods were based on hydrology from the Central Valley Hydrology 
Study (CVHS) (US Army Corps of Engineers Sacramento District, 2015), which scaled 
observed hydrology by the same factors. It should be noted that the resultant hydrology 
developed by the CNRFC is not necessarily equivalent to the CVHS hydrology, and the 
CNRFC hydrology typically exceeds the CVHS hydrology for the same scale factor.  

Table G-3. CNRFC Scaled Events 

Year Scale Factor (%) Return Period (Year) 
1986 100 75 
1986 110 112 
1986 120 164 
1986 130 238 
1986 140 346 
1986 150 499 
1997 90 106 
1997 100 166 
1997 110 268 
1997 120 420 
1997 130 653 

 

  



SPF equivalent 440K cfs peak inflows 

• Surcharges Auxiliary Spillway by 5-7 ft.

• The 2017 event surcharged 20 inches

• Outflows 300-350K cfs

• Targeted outflow limit of 150K cfs











City of Oroville Inundation Map 

• Standard Project Flood
equivalent 440K cfs inflows

• 300K cfs outflows at Oroville



• Recovery of the conservation pool after a large event isAr not a 
concern. 

• Are there infrastructure concerns when operating the FIRO
space at elevation 813, bottom of the FCO-Gates?



Level of Flood Protection 

Let the 1/500 year flood protection agreement in the 1970 Water Control Manual dictate the bottom of the FIRO Space, 

versus allowing a predetermined FIRO Space of elevation 835 ft dictate the level of flood protection achieved. 

Make every effort possible to uphold 1 /500 yr level of flood protection agreement in Oroville's 1970 Water Control Manual, 

currently the equivalent of 1 /500 yr protection would be safely passing the 1997 storm x 123% and 1986 storm x 150% 

Why was elevation 835' made a hard constraint for the bottom of the FIRO Space throughout the FIRO FVA Appendix hydrographs: 

Question1 a) recovery of the conservation pool? 

1 b) concerns regarding the unlined FCO-Gate Intake Channel 

1c) piezometers reading when the gates are operating between elevation 815' - 830'? 

Oroville's FIRO Space requirement 

Remove the hard constraint of 835' bottom of the FIRO Space from the ResSim "Rule Stack" 

and create new hydrographs of reservoir and downstream outcome for the 1997 x 120% event. 

Question 2) Did the reservoir still surcharge the auxiliary spillway by 4-7 feet? 

Question 3) Were reservoir outflows still 300,000cfs, twice their constraint level? 

Question 4) What elevation was the bottom of the reservoir drawdown? 

Question 5) Does Oroville's infrastructure have the ability to operate at this new elevation (Yes/No) ? 

Question 6) If No, what infrastructure improvements projects would enable safe passage of the SPF? 
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Table 4-1. Relative performance of FIRO alternatives (IDJA and /D4A) compared to baseline 
operations (/DJ E). Color coding indicates lower (light green) and higher (medium green) 
effectiveness in meeting performance metrics, as indicated by the highest scale factor that 
achieved the objective. The "E" following the baseline alternative designates no ARC Spillway at 
NBB, while the ''.,4 "following FJRO alternatives indicates the evaluation assumed operation of the 
ARC Spillway.  

Objective 1986 
ID1E 

1986 
ID3A 

1986 
ID4A 

1997 
ID1E 

1997 
ID3A 

1997 
ID4A 

ORO Gross Pool (901 feet) 116 118 118 106 108 110 
ORO Max. Release (150 
kcfs) 

116 118 118 106 108 110 

Feather at Yuba City (180 
kcfs) 

116 120 120 108 110 110 

NBB Gross Pool (1,956 
feet) 

114 118 120 102 110 130 

NBB Max. Release (50 
kcfs) 

114 118 120 102 108 108 

Yuba at Marysville (180 
kcfs) 

116 118 120 104 104 106 

Feather below Yuba (300 
kcfs) 

114 118 118 106 106 108 

Feather below Bear (320 
kcfs) 

104 106 106 106 106 108 

 

Performance of FIRO alternatives ID3 and ID4 

• 1986 and 1997 storm scaled by 106% is largest to achieve all 8 objectives 
• 1986 x 106% estimated as a 1/90 year storm event 
• 1997 x 106% estimated as a 1/200 year storm event 

  



Figure 4.10 The Inverse of AEP or Annual Return Period for Peak Total 

Sacramento River Flow Rate At-latitude of the City of Sacramento for Selected 

CVHS Flood Events 



CVFPP Update 2022 - Technical Analyses Summary Report 

Figure 4.7 Example curve fitting, consistent curves where the durations do not 

cross for rare events, and inconsistent curves where the 1-day curve cross the 

3-day curve near the p=0.005 (200-year) AEP

In general. the medium climate change ratios for the San Joaquin River Basin were 
observed to be greater than those in the Sacramento River Basin. For example, the 
San Joaquin River Basin 3-day p=0.01 (100-year) ratios range from 1.07 to 1.86, 
whereas the Sacramento River Basin 3-day p=0.01 ( 100-year) ratios range from 
0.99 to 1.35. Detailed results of the climate change ratios are included in Attachments 
A through C of Appendix B, "Climate Change Volume-Frequency Analysis." Plots of 
regulated stage-frequency curves, the ultimate application of the climate change 
ratios, at each index point are included in Appendix D, "Risk Analysis Summary by 
Index Point."





Key Components of a PMF Calculation With Snowmelt 

Key components of a PMF calculation with snowmelt 

A PMF calculation with snowmelt is not a simple lookup from a table: it 
requires a detailed study using specific meteorological data and hydrologic 
modeling. ,;, 

1 .  Probable Maximum Precipitation (PMP): PMP is the starting point for a PMF. For a 

rain-on-snow event. this is not a value from Atlas 14 but a specialized estimate. The 
process involves: The current probable maximum flood did not 
• Moisture maximization: Determining the maximum possible atmospheric follow these key components. 

moisture content for the area. 

• Storm transposition: Maximizing a historic storm by placing it over the basin in The next PMF will likely be much larger. 
the most critical position. 

2. Snowpack analysis: The PMF assumes the worst-case scenario. For a rain-on-snow 

event. this means assuming the maximum possible pre-existing snowpack. This might

be a100-year return level snow water equivalent (SWE) or the Probable Maximum 
Snowpack (PMSP).

3. Critical combination: The PMF analysis determines the worst-case timing and 

intensity of the PMP event occurring over the maximum snowpack. The calculations

include: 

• Pre-existing conditions: The ground is often assumed to be frozen or saturated
to maximize runoff. 

• Energy budget: Modeling the effects of solar radiation, wind. and air temperature 

on the snowpack. 

• Melt factor: The heat transfer from rain and warm. humid air is a dominant factor 

in generating rapid snowmelt.
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Handwritten Note: Example of historical snow water content compared to 2018 PMF. 

Bucks Lake (BKL) 

Date Depth W.C. Density 
03/15/2023 -- 70.9 0% 
03/16/2023 -- 68.9 0% 
03/17/2023 -- 68.5 0% 
03/18/2023 -- 68.6 0% 
03/19/2023 -- 68.9 0% 
03/20/2023 -- 69.8 0% 
03/21/2023 -- 70.4 0% 
03/22/2023 -- 70.8 0% 
03/23/2023 -- 71.4 0% 
03/24/2023 -- 72.1 0% 
03/25/2023 -- 72.7 0% 
03/26/2023 -- 73.2 0% 
03/27/2023 -- 73.7 0% 
03/28/2023 -- 74.2 0% 
03/29/2023 -- 76.1 0% 
03/30/2023 -- 77.5 0% 
03/31/2023 -- 78.2 0% 
04/01/2023 -- 78.5 0% 
04/02/2023 -- 78.7 0% 
04/03/2023 -- 78.7 0% 
04/04/2023 -- 78.7 0% 
04/05/2023 -- 78.7 0% 
04/06/2023 -- 78.7 0% 
04/07/2023 -- 78.8 0% 
04/08/2023 -- 79.0 0% 
04/09/2023 -- 78.8 0% 
04/10/2023 -- 78.7 0% 
04/11/2023 -- 78.6 0% 
04/12/2023 -- 78.4 0% 
04/13/2023 -- 77.8 0% 
04/14/2023 -- 77.2 0% 

 

Oroville Dam 2018 Probable Maximum Flood snowpack depths varied from zero at 4,000 ft. 
elevation to about 60 inches at 8,000-foot elevation. The snow melt over the entire 
watershed contributed to an additional 4.5 inches of total water above the PMP of 28.9 
inches. March of 2023 Bucks Lake snow gage at elevation 5,820 hand “water content” of 78 
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inches, and as an historical amount should be used in calculating the next PMF. Key 
components of a calculation with snowmelt:  

Determine the maximum possible atmospheric moisture content and placing it over the 
basin’s most critical position. Snowpack analysis – the PMF assumes the worst-case 
scenario. For a rain-on-snow event, this means assuming the maximum possible pre 
existing snow pack.  
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COMPREHENSIVE NEEDS ASSESSMENT ALT ERNAT IVE PLANS AND SCORING 

Increase Spillway Release 

Capacity 

• Plans 4, 7 Extend Auxiliary RCC

• Plans 1 ,  2, 3, 6, 1 0  Add
FCO - Gates

• Plans 1 ,  2, 3, 4, 5, 6, 7 Low
Level Outlet



Figure 3-3. FIRO Space for ORO Reservoir. 

USACE Original Flood Pool 750K af 

• Fl RO Space 600-950K af

• Addition of Wetness Index can
decrease Flood Pool to 350K af by
assuming the watershed will absorb
the first 250K af of precipitation

• Wetness Index does not account for
the snowpacks water equivalency
sitting on top of the soil



Map of wildfires in  Feather River watershed 
By Cnllfornln Wntor Scionco Con tor Februory 2023 (approx.) 
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I Any use of a soil wetness index 
should factor in the reduced 
soil absorbtion of the fire­
scarred watershed. 
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SNOWMELT DURING 201 7 OROVILLE DAM SPILLWAYS INCIDENT 
Center for Western Weather and Water Extremes, Brian Henn 

• An analysis of distributed snow

water equivalency indicates that
snow melt increased water

available for run off - watershed
wide by 37%

• Currently snow melt is not being
considered in sizing of the

variable Fl RO flood pool

• Forecasted reservoir releases
could be 37% higher on already
reduced flood pool



• FIRO FVA 4-3 Transfer of
Benefits to Downstream Flows

• Avoid the indirect costs of
downstream evacuations. 

• Estimated at $50M-$75M
during the 201 7 spillway event



• Need to create a non-evacuation
constraint as lower priority in  the rule
stack (1 60,000 cfs @ YC)

• Then estimate the cost of evacuation
and then prioritize the rule
accordingly.



YUBA-FEATHER FORECAST INFORMED RESERVOIR OPERATIONS (FIRO) 
End of Season Storage Gains From WCP Alternatives 

Storage Benefit 

200,000 AF 

220,000 AF 

Alternative Plan 

Plan 1D4 to 
Baseline 

Plan 1D3 to 
Baseline 

Estimated value of stored water $1 000/AF 
200,000 AF x $1 000 = $200M annual benefit 
(Annual benefit over 5 years equals $1 bil l ion) 



Climate-altered Reservoir Inflows 

Obtain climate-altered reservoir inflows, possibly from CVFPP 2022 Appendix D "Risk Analysis Summary by Index Point to better 
understand the deteriorating level of flood protection that will result from a "no-action: approach to Oroville's limited FIRO Space 
capacity. 

Question 7) What level of flood protection would Oroville provide downstream communities in 2050, 2075? 

Outdated Probable Maximum Flood (PMF) 

The current 2018 PMF was rushed to the Board of Consultants during the rebuilding of the main spillway for construction design and 
failed to calculate key components. Should have developed PMP from Atlas 14 and have used the largest historical snowpack. Now 
the Billion dollar spillway design is already outdated and there minor infrastructure projects needed to pass the PMF and its 
associated freeboard. 

The same PMF was given to the FERG Part 12 / L2RA Independent Consultants in 2018 during its very comprehensive investigation. 
In 2029 another FERG Part 12 / L2RA investigation will be conducted and the dam owners are planning to give those independent 
consultants the same outdated PMF. A New PMF will most likely be larger and require a propose CNA infrastructure plan 

Question 8) Instead of waiting for new PERCIP Act guidance, can DWR partner with NOAA and help lead the dam industry 
in the development of PMF so as to have a new PMF hydrology available for the 2029 Part 12 / L2R? 

Soil Wetness Index - With the current FIRO Space, Oroville already fails to safely pass major storms for lack of adequate early 
releases. To evacuate the 250,000 acre feet in the wetness index would require 2 ½ days of an additional 50,000cfs of early 
releases. Soil absorption and snowmelt forecasts have inherently low accuracy rates and including all three of these risk 
uncertainties into the sizing of the FIRO Space to benefit spring refill is not putting safety first within the WCM update. 

Question 9) What other options are available to increase spring refill that doesn't require this level of risk uncertainty? 

Recommendation - Create a ResSim rule stack that lowers downstream evacuation probabilities. FIRO FVA 4-3 Transfer of Benefit 
Assign the indirect cost of downstream stream evacuations, and prioritize the ResSim rule stack accordingly. 
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