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HFE Protocol

1. Planning

2. Modeling
• Hydrology 

Modeling
• Sediment 

Modeling

3. Decision & 
Implementation

Presenter
Presentation Notes
Adapted from HFE-EA document
Sediment in this case means sand only (model does not represent fines (i.e. silt or clay))



Hydrology Modeling

• Hourly release at 
Glen Canyon Dam
– Historic hourly
– Forecasted

• 24 Month Study
• Hourly patterns by 

WAPA

Presenter
Presentation Notes
Model uses historic data until it is not available then uses forecast
WAPA uses the GTMax model to determine hourly release patterns given monthly release volumes.
Western Area Power Administration



Hydrology Modeling

• Hourly flow at 3 
locations
– RM30 (upper Marble 

Canyon)
– RM61 (lower Marble 

Canyon)
– RM87 (eastern Grand 

Canyon)

Presenter
Presentation Notes
Flows at these 3 locations are determined by routing hourly flows at GCD using USGS UNSTEADY model (Wiele and Griffin, 1996)
Note locations of Paria River and Little Colorado River
River miles are measured beginning at Lees Ferry (GCD is 15 miles upstream of Lees Ferry)



Sand Budget Model

• Developed from USGS model (Wright et al. 2010)
– Empirically based rating curves
– Computes sand budget in 3 reaches

• Inputs:
– Hourly Paria sand load
– Antecedent conditions

• Determines HFE peak and duration
– Potential HFE range:

• 45,000 to 31,000 cfs, 96 hours to 1 hour

• Output
– Sand mass balance between RM 0 and RM 61

Presenter
Presentation Notes
Paria sediment input available real-time from USGS-GCMRC
Model predicted uncertainty of 20-30%
Laboratory adjusted loads uncertainty of 10%
USGS sand budget model developed by Wright et al. 2010
Sediment from Little Colorado River can also be input (only affects Eastern Grand Canyon reach)
Antecedent conditions include bed thickness and median sediment size (sand)




Sand Inputs

Presenter
Presentation Notes
Average monthly loads beginning with Nov1924
Year divided into two accounting periods due to the nature of the Paria River sediment inputs, shown here.
Highest sediment loads months on the Paria River are July through October and February-March.  Greatest inputs typically occur August-September




HFE Types

HFE No. Peak Magnitude 
(cfs)

Peak Duration 
(hrs)

1 37,000 96

2 37,000 72

3 37,000 60

4 37,000 48

5 37,000 36

6 37,000 24

7 37,000 12

8 37,000 1

9 35,125 1

10 33,250 1

11 31,375 1

Presenter
Presentation Notes
Model begins with HFE No. 1 and steps through until it finds an HFE which does not result in a negative sand balance.  
If all HFEs result in a negative sand balance then the results is no HFE. 



Potential for Fall HFE

• August 28th model results
• Hydrology modeling

– Observed hourly GCD release (through 8/28)
– Most probable hydrology

• Sand budget modeling
• Year-to-date sand load + zero future input



Paria Sand Inputs

Presenter
Presentation Notes
Blue line represents July average
Red line represents July 2012 input through July 10th 



Historic 
Data

Presenter
Presentation Notes
Sand balance based on actual sediment inputs to date



Questions?



Supplemental Slides



24 Month Study

• Presents 2-year projected operations for the 
Colorado River system reservoirs given:
– Existing reservoir conditions
– Monthly reservoir inflow forecasts (from NWS-CRBRFC)

• Most probable (50%) forecast
– Operational policies & guidelines

• Maximum (90%) and minimum (10%) probable 
forecasts included in:
– January
– April
– August
– October



Sand Budget Modeling

• Developed by USGS: “Modeling Long-Term 
Sediment Budgets in Supply-Limited Rivers” (Wright 
et. al. 2010)
– Empirically based rating curves
– Computes sand budget in 3 reaches

• Inputs
– Hourly flow in each reach
– Sediment inputs from Paria and Little Colorado Rivers

• Output
– Sand mass balance
– Thickness of bed, D50 of bed material, suspended sediment 

D50 and concentration



Sand Budget Modeling

• Model simulates 13 HFEs
– Magnitude 45,000 to 31,000 cfs
– Duration 96 hours to 1 hour

• HFE windows
– March/April
– October/November

• Model determines greatest magnitude HFE that will 
not result in a negative sand balance
– Spring accounting period (Dec 1 to Jun 30)
– Fall accounting period (Jul 1 to Nov 30)



Modeling Timeline
Modeling for Fall Accounting Period (Jul-Nov)

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Hydrology Component

Most Probable X X X X X X X X X X X
Minimum &
Maximum X X

Sediment Component

Probabilistic 
(10,50,90) X X X X X X X X X ? ?

Sediment Input 
to Date, Zero
Future Input

X X X X X

Modeling Frequency: 
Event-Driven

Presenter
Presentation Notes
Current process imitates EA modeling
The 10/50/90% are actual historic traces of sediment input
Actual sediment inputs included beginning in July
Sediment Input to Date modeling would only include sediment inputs to date – most conservative estimate
If a baseline simulation results in an HFE then that establishes the floor for conducting an HFE
Unless releases change
Proposed to simulate all historic traces and use statistical summary of the results
This would allow analysis of what % load would be threshold for HFE
May require modifications to the model code





Historic 
Data

Presenter
Presentation Notes
Sand balance based on actual sediment inputs to date
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