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Project Description

Ventura

Burbank

Pyramid Dam

Presenter
Presentation Notes
Pyramid Dam located in Southern California (Southern end of Coast Range), adjacent to I-5 about 50 miles NW of Los Angeles



Project Description

Pyramid Dam and Reservoir

Presenter
Presentation Notes
Pyramid Dam is an earthfill and rockfill dam.  It is 400 feet high, crest length is 1,090 ft, and it stores about 170,000 AF.  Water can be passed through a stream release into Piru Creek (up to 1,500 cfs), can be passed to Castaic Power Plant through the Angeles Tunnel, or can pass through a spillway radial gate (up to 20,000 cfs).



Project Description

State Water Project, West Branch
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Presenter
Presentation Notes
Pyramid Dam and Reservoir is part of the State Water Project, West Branch.  The State Water Project consists of aqueduct, tunnel, pipelines, pumping plants and power plants that deliver water to various parts of the state.



Project Description

Project water stored in reservoir, runoff is not stored

Presenter
Presentation Notes
Water enters in from the West Branch.  Project water stored in Pyramid reservoir.  Run-off from either Hungry Valley/Gorman Creek or Piru Creek is not stored but passed through.



PMP/PMF History

• Initial Design (DWR, 1968)
• Hydrometeorological Report (HMR) 

36, (DWR, 1990)
• HMR 59, (DWR,2005)
• HMR 59, (DWR, 2011 update)
• Site Specific Probable Maximum 

Precipitation (SSPMP), 2011

Presenter
Presentation Notes
DWR design guidelines require spillway design to pass the Probable Maximum Flood.  The PMF was first developed during original design in the 1960’s and documented in the Final Design Report published in 1968.  Subsequent updates for HMR 36 and HMR 59 were done in the 90’s and 2000’s.



PMP Development, HMR 59

HMR 59 General Storm Procedure:
1. Drainage Outline
2. Decide - All Season or Seasonal (All Season, 72-

hr)
3. All Season Index PMP Estimates
4. Seasonal Index PMP (skipped)
5. Depth-Duration Relations
6. Areal Reduction Factors
7. Incremental Estimates
8. Snowmelt, temporal, and areal distributions

Presenter
Presentation Notes
The steps in HMR 59 to develop the probable maximum precipitation (PMP).  The All-Season storm was used (step 2) 72 hour.  Step 4 is therefore skipped.



PMP Development, HMR 59

Step 1 - Drainage Outline

Piru Basin Drainage Area = 423 sq. mi.
Drainage into Pyramid Res. = 295 sq. mi.

Piru Basin
Pyramid

Piru

Presenter
Presentation Notes
Pyramid is located within the Piru Basin (Piru Creek Watershed), 423 sq. miles total.  Pyramid Reservoir itself collects runoff from 295 sq. miles.  The lower portion of the Piru Basin was not considered for Pyramid Dam’s PMP/PMF.



PMP Development, HMR 59

Step 3 - All Season Index PMP;
Plate 1. CA – South

Presenter
Presentation Notes
Step 2  - decide All-Season.  Then from the All season index from HMR 59, the drainage basin was broken into five sub basins, and the average depth within each sub-basin estimated from the figure (overlay of the drainage basin onto Plate 1).
.



PMP Development, HMR 59
Averages for different Sub-Basins

Sub-Basin B1 B2 B3 B4 B5
10-sq mi, 24 hr

(inches) 23.58 29.23 27.15 16.02 22.4

Presenter
Presentation Notes
All season index from HMR 59, drainage basin broken into five sub basins, average of each sub-basin estimated from the figure (overlay of the drainage basin onto Plate 1).



PMP Development, HMR 59

Step 5 - Depth-Duration Relation

Presenter
Presentation Notes
Step 4 is skipped since we are estimating PMP from All-Season (not seasonal).  Going to step 5 - the drainage basin is located entirely within the Southwest Region for Depth Area Duration, HMR 59 (Figure 13.11).



PMP Development, HMR 59

• Table 13.1, Ratios, Southwest Region

Duration (hrs) 1 6 12 24 48 72
Ratio 
(Southwest) 0.14 0.48 0.76 1.00 1.41 1.59

• From Plate 1 - All Season Index Map

Sub Basin B1 B2 B3 B4 B5
10-sq mi, 24 hr

(inches) 23.58 29.23 27.15 16.02 22.4

Presenter
Presentation Notes
Southwest Region ratios, HMR 59 Table 13.1   Multiplied by depth values developed from all season index map.



PMP Development, HMR 59

• Results for Step 5.  Product of  all 
season index depths (Plate 1) and 
region ratio (Table 13.1).

Sub
Basin

DEPTH (IN) BY DURATION

1 (hr) 6 (hr) 12 (hr) 24 (hr) 48 (hr) 72 (hr)

B1 3.30 11.32 17.92 23.58 33.25 37.5
B2 4.09 14.03 22.21 29.23 41.21 46.47
B3 3.80 13.03 20.63 27.15 38.28 43.17
B4 2.24 7.69 12.18 16.02 22.59 25.48
B5 3.14 10.75 17.02 22.4 31.58 35.61

Presenter
Presentation Notes
Depth by sub-basin for each 6 hour duration.  This is the product of all-season index depths and Southwest region ratio.



PMP Development, HMR 59

Step 6 - Areal Reduction Factor

All-Season Depth-Area Relations (Southwest)
Duration (hour)

Area 1 6 12 24 48 72

100 mi2 81.75 83.25 84.75 86.25 87.75 89.25

200 mi2 75.75 78.00 79.75 81.50 83.75 85.75

500 mi2 67.50 70.50 72.50 75.00 77.50 80.00

295 mi2 72.3 73.7 76.7 78.7 81.1 83.3

• Areal Reduction Factor, Table 13.3
• Linear Interpolation between 200 and 500 sq. mi.

Presenter
Presentation Notes
Areal Reduction Factors in Table 13.3 are estimated by linear interpolation between 200 and 500 sq. mile values in Table 13.3.  Results are as shown.  These values are then applied to the results shown for step 5.



PMP Development, HMR 59

Results for Step 6.  Areal Reduction Factor 
applied to each sub-basin

Six Hour Cumulative Depths (inches)
Duration (hour)

Sub Basin 1 6 12 24 48 71

B1 2.39 8.34 13.74 18.57 26.97 31.24

B2 2.96 10.34 17.03 23.02 33.42 38.72

B3 2.75 9.6 15.82 21.38 31.05 35.97

B4 1.62 5.67 9.34 12.62 18.32 21.23

B5 2.27 7.92 13.05 17.64 25.61 29.67

Mean 2.40 8.40 13.85 18.72 27.18 31.49

Presenter
Presentation Notes
These are the results for Areal Reduction Factors (interpolated from Table 13.3) and applied to the depths for each sub-basin for each duration.



PMP Development, HMR 59

Step 7 - Incremental Relationships

Presenter
Presentation Notes
The values from Step 6 are plotted and best fit lines are plotted.  Following the guidelines in Step 8, the temporal distributions are determined.
 



PMP Development, HMR 59

Step 8 - Incremental Relationships

Presenter
Presentation Notes
Here is an example of incremental, one hour, rain fall distributed over time for sub-basin B1, centered on hour 54.



PMP Development, HMR 59

Rainfall distribution, 
variation, Sub-Basin B1

Presenter
Presentation Notes
The temporal distribution was varied to find the most conservative routing through Pyramid Reservoir.



PMP Development, Comparison

DURATION 
(hrs)

DEPTH (inches)
DESIGN

DWR (1968)
HMR 36, 

DWR (1990)
HMR 59

DWR (2005)      DWR (2011)
SSPMP
(2011)

1 - 1.68 2.39 2.40 1.29
6 1.27 6.27 8.48 8.40 4.48
12 2.73 10.49 13.75 13.85 7.18
24 6.58 16.66 18.57 18.72 10.36
48 22.74 23.97 26.96 27.18 13.78
72 26.14 28.12 31.21 31.49 15.32

Presenter
Presentation Notes
Current results (depth of precipitation) for 2011 using HMR 59 are comparable to the past result (2005).  They area about a 12 percent increase from HMR 36, and a 20 percent increase from original design.



PMP to PMF

• PMP entered into HEC-HMS to estimate 
runoff.

• Items to consider:
– Rainfall/runoff relationship – unit hydrograph;
– Loss rates;
– Rain on snow, is it a factor?
– Routing through the reservoir.

Presenter
Presentation Notes
The PMP estimated from HMR 59 is then entered into HEC-HMS to estimate run-off and reservoir response.  For modeling runoff and reservoir routing inputs are needed for rainfall/runoff relations and for reservoir response (storage capacity, rating curves for outlets).



PMP to PMF

• Reservoir is full (but not spilling), outlet 
works are not functional;

• Control spillway is functional, radial 
gate can open;

• Radial gate rating curve.

Presenter
Presentation Notes
Other considerations for modeling – the reservoir is full, the stream release and outlet to Castaic do not work, but the radial gate is functional.



PMP to PMF

PMP input into Hydrologic Model (HEC-
HMS, Version 3.4).  Results show…

Presenter
Presentation Notes
Here is an example of the model set-up showing the five sub-basins.



PMF Results, HMR 59 (2011)

Dam Crest 
Design elev.
2,606 (ft)

Inflow – 278,400 cfs
Outflow – 234,100 cfs
Stage – 2,608 (ft)

St
ag

e 
(ft

)

Presenter
Presentation Notes
Results of the HEC modeling  using the PMP developed from HMR 59 - Peak inflow = 278,500 cfs, peak outflow = 234,000 cfs and reservoir stage maximum 2,608 (ft).



PMF Results, Comparison

Design
(1968)

HMR 36
(DWR, 
1990)

HMR 59
SSPMP
(2011)

(DWR, 
2005)

(DWR, 
2011)

Peak Inflow 
(cfs) 180,000 180,400 250,700 278,400 136,400
Peak Outflow 
(cfs) - 165,900 223,000 234,100 105,600
Max Stage 
(elev) - 2,601 2,607 2,608 2,594

Presenter
Presentation Notes
The 2011 results are shown compared to those from previous studies as well as the results from the Piru Creek Site Specific Probable Maximum Precipitation (SSPMP) study.




Conclusions

• Using HMR 59 PMP (as is) results in 
overtopping of Pyramid.

• PMP estimates have changed with time 
effecting the adequacy of the spillway.

• These changes lead to required modifications 
if spillway becomes undersized (dam 
overtops).

• Does not consider likelihood (return period).  



Pyramid Dam PMF

QUESTIONS?

Pyramid Dam control spillway release and 
stream release into Piru Creek, 2005

Presenter
Presentation Notes
Questions?
The photo shows the stream release and control spillway being used in 2005 at Pyramid Dam.
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