6.4

CHAPTER 6

STORAGE FACILITIES

General Procedure

6.4.1 Data Needs
The following data will be needed to complete storage design and routing
calculations.
e Inflow hydrograph for all selected design storms for the land use conditions outlined in the
Chapter 9, Section M 8.2 of this manual.
e Stage-storage curve for proposed storage facility (see Figure 6.4.1-1 below for an example).
e State-discharge curve for all outlet control structures (see Figure 6.4.1-2 below for an
example).
Using these data a design procedure is used to route the inflow hydrograph
through the storage facility with different basin and outlet geometry until the
desired outflow hydrograph is achieved (see example in Section 6.8).
Figure 6.4.1-1 Figure 6.4.1-2
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6.4.2 Stage-Storage Curve

A stage-storage curve defines the relationship between the depth of water and
storage volume in a reservoir. The data for this type of curve are usually
developed using a topographic map and the double-end area frustum of a
pyramid, prismoidal formulas or circular conic section. The double-end area
formula is expressed as:

Vi,=[(4 +4,)/2]d (EQ-6.4.2-1)
Where:V,, = storage volume, ft3, between elevations 1 and 2
Ay = surface area at elevation 1, ft?
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A, = surface area at elevation 2, ft?
d = change in elevation between points 1 and 2, ft

The frustum of a pyramid is expressed as:

V=d/3[A4+(A*A)"0.5+ A2]/3 (EQ-6.4.2-2)
Where: V = volume of frustum of a pyramid, ft’
d = change in elevation between points 1 and 2, ft
Ay = surface area at elevation 1, ft*
A, = surface area at elevation 2, ft?

The prismoidal formula for trapezoidal basins is expressed as:

V=LWD+(L+W)ZD* +4/3Z°D’ (EQ-6.4.2-3)
Where: V = volume of trapezoidal basin, ft’
L = length of basin at base, ft
W = width of basin at base, ft
D = depth of basin, ft
V4 = side slope factor, ratio of horizontal to vertical

The circular conic section formula is:

V=1.047D (R’ +R, +RR,) (EQ-6.4.2-4)
V =1.047D 3R> +3ZDR, +Z,D?) (EQ-6.4.2-5)

Where:R; and R, = bottom and surface radii of the conic section, ft
D = depth of basin, ft
zZ = side slope factor, ratio of horizontal to vertical

Stage-Discharge Curve

A stage-discharge curve defines the relationship between the depth of water and
the discharge or outflow from a storage facility. A typical storage facility has two
spillways: principal and emergency. The principal spillway is usually designed
with a capacity sufficient to convey the design flood without allowing flow to
enter the emergency spillway. A pipe culvert, weir, or other appropriate outlet
can be used for the principal spillway or outlet. The emergency spillway is sized
to provide a bypass for floodwater during a flood that exceeds the design capacity
of the principal spillway. This spillway should be designed taking into account
the potential threat to downstream life and property if the storage facility were to
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6.4.4

fail. The stage-discharge curve should take into account the discharge
characteristics of both the principal spillway and the emergency spillway.

Procedure

A general procedure for using the above data in the design of storage facilities is
presented below.

Step 1-

Step 2 -

Step 3 -

Step 4 -

Step 5 -

Step 6 -

Step 7 -

Compute inflow hydrograph for runoff from the 2-, 5-, 10-, 25-,
and 100-year design storms using the procedures outlined in the
Hydrology chapter. Both pre- and post- development hydrographs
are required.

Perform preliminary calculations to evaluate detention storage
requirements for the hydrographs from Step 1 (see Section 6.6).

Determine the physical dimensions necessary to hold the estimated
volume from Step 2, including freeboard. The maximum storage
requirement calculated from Step 2 should be used. From the
selected shape determine the maximum depth in the pond.

Select the type of outlet and size the outlet structure. The
estimated peak stage will occur for the estimated volume from Step
2. The outlet structure should be sized to convey the allowable
discharge at this stage.

Perform routing calculations using inflow hydrographs from Step 1
to check the preliminary design using the storage routing
equations. If the routed post-development peak discharges from
the 2- through 25-year design storms exceed the pre-development
peak discharges, or if the peak stage varies significantly from the
estimated peak stage from Step 4, then revise the estimated volume
and return to step 3.

Perform routing calculations using the 100-year hydrograph to
determine if any increases in downstream flows from this
hydrograph will cause damages and/or drainage and flooding
problems. If problems will be created (e.g., flooding of habitable
dwellings, property damage, or public access and/or utility
interruption) then the storage facility must be designed to control
the increased flows from the 100-year storm. If not then consider
emergency overflow from runoff due to the 100-year (or larger)
design storm and established freeboard requirements.

Evaluate the downstream effects of detention outflows for the 25-

and 100-year storms to ensure that the routed hydrograph does not
cause downstream flooding problems. The exit hydrograph from
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the storage facility should be routed though the downstream
channel system until a confluence point is reached where the
drainage area being analyzed represent 10 percent of the total
drainage area.

Step 8 - Evaluate the control structure outlet velocity and provide channel
and bank stabilization if the velocity will cause erosion problems
downstream. See the Energy Dissipation Chapter for information
on controlling outlet velocities and the design of energy
dissipators.

This procedure can involve a significant number of reservoir routing calculations
to obtain the desired results.

END OF SECTION 6.4

6.4-4



	Figure 6.4.1-1Figure 6.4.1-2
	Example Stage-Storage CurveExample Stage-Discharge Curve
	
	END OF SECTION 6.4



