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Introduction

Field observations have shown that the performance of stormwater controls is not
always adequate. Under certain conditions, the pre-deposited sediment can be
scoured and transported out of the stormwater control device, resulting in
discharges of previously removed contaminants.

Understanding the scour phenomenon in catchbasin devices is an actual need
when implementing protocols and rules for preventing and managing polluted
stormwater runoff, such as being examined by the Wisconsin Department of
Natural Resources (WDNR).

A full-scale physical model was built to obtain experimental results of scour of pre-
deposited sediment in catchbasin sumps. The scour experiments were conducted
at Lake Lurleen State Park, Alabama, near Tuscaloosa.

Hydrodynamics (velocity measurements), Turbidity, Total Suspended Solids (TSS),
and Particle Size Distributions (PSD) of the scoured material leaving the device
were measured and analyzed.

Nature speaks to us through real data. (Humberto Avila)
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Physical Model Description

mThe full-scale physical model was based on the geometry of the optimal
catchbasin geometry recommended by Larger, et al (1977), and tested by Pitt
1979; 1985; and 1993. The diameter of the chamber (4D) was assumed to be
1.20 m, with D= 0.3 m (12 in) being the diameter of the outlet.

mTwo different evaluations were performed:
v'Hydrodynamics: Velocity measurements (Vx, Vy, and Vz)
v'Scour: Sediment scour at different elevations and flow rates




Experimental Description: Hydrodynamics

mTwo inlet geometries: Rectangular (50 cm wide), and Circular (30 cm diameter)

mThree flow rates: 10, 5, and 2.5 LPS (160, 80, and 40 GPM)

u Velocity measurements (Vx, Vy, and Vz)

mFive Elevations: 16, 36, 56, 76, and 96 cm below the outlet

mTotal points per test: 155
®30 instantaneous velocity measurements at each point
m|nstrument: Acoustic Doppler Velocity Meter (ADV) - Flowtraker

Experimental Description: Scour Test

Leveling of sediment bed: 20 cm thick

Performing scour test

Sediment bed after test

Experimental Description: Scour Test

m|nlet: Rectangular (50 cm wide)

mFour Sediment elevations: 10, 25, 46,
and 106 cm below the outlet (overlaying

water)

mFive Successive steady Flow rates: (5,
20, 50, 100 and 160 GPM). Each flow rate

lasted 25 min.

®|mpacting test : Four impacts at 160

GPM for 3 min each.
m\Measurements:

*Turbidity at the outlet (HORIBA
Probe) for Turbidity Time Series
*Two composite samples for each

Sediment Mixture - PSD

— — Target ——

Final mix

Sand 1
IL-CO-SIL 250

flow rate: 5 min, and 20 min

composite samples, using the Cone &

Splitter.
#A sediment mixture was created to

obtain the Particle Size Distribution -
of pre-deposited sediment found by Pitt
(1997), Valiron and Tabuchi (1992), and
Pitt and Khambhammuttu (2006)

PSD

% Smaller than

1000 10000
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Hydrodynamic Tests Results: z-velocities at different
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u The plunging water jet does not affect directly
the flow at deeper locations.

u\elocity magnitudes are reduced in deeper
water due to turbulent dispersion.

®Buoyancy generated in the impacting zone by
the air entrainment also reduces the impacting

effect.

m Secondary flows are responsible for the shear
stress magnitudes in deeper water.

Simulation: Rectangular inlet, 10 LPS
Colors represents Velocity magnitude (On calibration
process).
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Hydrodynamic Tests Results: z-velocities for different inlet
geometries

V2 0156 em betow the outlet ®#The inlet geometry controls the magnitude of
Cirodr — — Rectanguar the impacting effect of the plunging water jet.

®The impact of a circular plunging jet is

concentrated and the flow rate per unit width is

greater than with a rectangular jet.

mCircular plunging jets affect deeper than

rectangular jets.

Hydrodynamic Tests Results: Air entrainment effect

u Observations during the test showed that
the air entrainment reduces the impacting
effect of the plunging water jet.

® Air bubbles creates an ascending
velocity component due to buoyancy.

Velocity (cmis)

= Air entrainment will be considered for
calibration and simulation of sediment
scour.
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Scour Tests Results: Turbidity Time Series —

Scour Tests Results: Turbidity Time Series — Sequential Flow rate

Sequential Flow rate

Turbidity Time Series at the Outlet Turbidity Time Series at the Outlet
) . ) Turbidity Time Series at the Outlet Elevation: 10 cm below outlet Elevation: 25 cm below outlet
u A decreasing exponential pattern was found in Elevation: 10 cm below outlet

the turbidity time series for each flow rate at
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Scour Tests Results: Turbidity Time Series -
Impacting Test

Turbidity Time Series - Elevation: 10 cm below outlet
Impacting Test

mThe decreasing exponential pattern is o 10em
maintained after each impact.

101Ps | 10LPS 10LPs.

Overall scour reduction

8 An overall exponential reduction of turbidity is
found for the series of impacts.

Turbidity (NTU)

® When sediment is at 10 cm below the outlet,
the forth impact shows a reduction of turbidity of
about 5 times (from 1,000 to 200 NTU),
suggesting that the armoring also protects
significantly the sediment bed under a series of
impacting flows.

Time (min)

Turbidity Time Series - Elevation: 106 cm below outlet
Impacting Test

-o- 106 cm

8 A similar pattern was found when sediment is at
25 cm below the outlet. T 10TFS

At 46 cm below the outlet no pattern was
detected after the third impact.

Turbidity (NTU)

2 At 106 cm below the outlet no pattern was
detected at all.

Time (min)

Scour Tests Results: Total Scour Flux Rate

Total Scour Flux rate (gr/min)
by Composite Sample (5 min and 20 min)

) . S5 min 820 min
® A maximum flux rate of 500 gr/min was w00
obtained with sediment at 10 cm below the outlet < 50
and at 10 LPS (160 GPM) for the first 5 min of é 400
flow. £ 300
g
5 200
= \When the sediment bed is more exposed to the 5 10 al
@& 0 -

plunging jet (close to the outlet), the flux rate for " s s

the next 20 min of flow is smaller than for the first Flow rate (LPS)

5 min. This suggests the action of the armoring

phenomenon. At 10 cm below the outlet
Total Scour Flux rate (grimin)

m At 25 cm below the outlet the maximum flux ‘ hycog:::emmwmmm::nm:: ‘

rate was 40 gr/min at 6.3 LPS, which shows that g

with only a difference of 15 cm in the sediment ;:

elevation the scour rate was reduced by more 20

than 10 times.
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mAgain, the overlaying water protects
significantly from scour.

Scour Flux Rate (gr/min)

3
Flow rate (LPS)

At 25 cm below the outlet
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Scour Tests Results: PSD

Particle Size Distribution Q=10 LPS, 10 cm below outlet
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——5 min ©-20mn___—— Original Sediment Mixture |
u As expected, larger sediment particles are more 100
likely to scour at high flow rates and when the % | &
sediment bed is located close to the water < £
surface. 25 N &
% O Y O W | &
mAt 10 cm below the outlet, a high concentration ey
of large particles were found for the first 5 min 20
when a 10 LPS flow rate was applied (D5, = 10 i
2,500 um). This shows that the armoring ° o o o 1m0
developed by the previous sequence of lower Particle Size (um)
flow rates was broken by the 10 LPS flow. For the —
next 20 min the Dsg = 1’000 um. Particle Size Distribution Q=10 LPSMbelowoutlet
—*—5 min o -20 min = Original Sediment Mixture
uThe overlaying water layer significantly reduces o
the sediment scour. At 46 cm below the outlet oy
and at 10 LPS flow, the Dg, = 100 um for the first 5 %
5 min, which is a reduction of 25 times the § 60
previous scenario. T
&
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Scour Tests Results: Total Scour Flux Rate

Total Scour Flux rate (gr/min)

Total Scour Flux rate (gr/min) by Composite Sample (5 min and 20 min)

by Composite Sample (5 min and 20 min)
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Scour Tests Results: Scoured Sediment Mass

Total Mass Scoured plotted by Elevation of
Sediment below the Outlet
46 cm

Scour Tests Results: Scoured Sediment Mass by Particle Size

Mass Scoured plotted by Particle Size Range M . " : 3 :
. ) B Sediment at 10 cm below Outlet mAt cm below the outlet: Particle
.lAn increment in therverIaylng water results - T 502500 | sizes > 250 um are scoured after flow
in a significant reduction of the scoured mass. —o—4251200um  —— 12004750 um _—— Totalat 10 cm
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Conclusions

mThe scour potential in a catchbasin sump depends directly on the inlet geometry. Circular inlets
are more erosive than rectangular inlets.

m\/elocity magnitudes are reduced in deeper water due to turbulent dispersion and buoyancy (air
entrainment). Secondary flows are responsible for the shear stress magnitudes in deeper water.

mA decreasing exponential pattern was found in the Turbidity Time Series, which suggest that the
scour mass trend to decrease exponentially under steady flow conditions. Than k yOU '

mFluctuating flow rates have more impact on the scour production. However, the decreasing
exponential trend is maintained for successive flow rate fluctuations of equal magnitude.
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® The overlaying water has a significant reduction of sediment scour. The particle sizes scoured
at 10 cm below the outlet (D5, = 1,000) is reduced by 25 times if the sediment bed is located at 25
cm below the outlet (D5, = 100) .

B The same effect is detected with the flux rate, in which a magnitude of 500 gr/min was found for
10 LPS and sediment at 10 cm below the outlet, while at the same flow rate but at 25 cm below
the outlet the flux rate was 40 gr/min.

mThe total mass scoured at 10 cm below the outlet was 15,400 gr equivalent to about a depth of
0.9 cm of material, while at 46 cm below the outlet the scoured mass was 270 gr, equivalent to
0.02 cm of material in the catchbasin.




