THE MECHANICS OF SOLIDS
DEPOSITION AND ENGINEERED
FLUSHING IN SEWER NETWORKS

An analytical framework for multi-physics sediment transport,
the hysteresis trap, and modern stormwater intervention.
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Sewer systems are volatile, non-equilibrium environments
driven by multi-physics interactions.

Storage during dry Combined Sewer

weather, followed by Hudraol Overflows (CSOs) cause
sudden, violent release ydaraulics i severe ecological

during storm events. degradation.

Sediment
Transport

Sediment buildup triggers

severe chemical corrosion
(H,S = H,S0,) and
catastrophic flooding
impacts.

- The defining characteristic of urban sewer systems is their perpetual state of non-equilibrium. \
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Architectural constraints dictate the severity of
deposition and resuspension cycles.
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Single pipe carrying both Highly variable. Acts as a Dedicated pipes for sanitary Sanitary flow is low but steady;

stormwater and sanitary flow. sedimentation basin during low waste and stormwater runoff. Storm flow is highly intermittent.
flow, leading to massive buildup.

.| Legacy Risk Diagnostic Conclusion: Combined sewers
~@%. % | Dense concentrations of Combined Sewer

' Overflows (CSOs) remain a critical issue, especially
in older East Coast/Midwest US municipalities.

inherently trigger strong, destructive
deposition-resuspension cycles.
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Sewer sediment is uniquely difficult because it is highly
mixed and biologically cohesive.

Storm Sewers (Noncohesive)

Mostly sand, silt, and road dust.
Behaves predictably under
classical physics.

Sanitary Sewers (Cohesive)

Organic flocs, biofilms, and fine
particles. Highly biological.

Combined Sewers (Mixed)

The worst of both worlds.
Sand/grit (noncohesive) binds
with fine particles and organics
(cohesive).

0o @ ® @ Sediments
O Nutrients
d & Microorganisms
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(Not to scale)

Floc Size L

Cohesion is driven by organic
matter, biological activity
(biofilms), and electrochemical
forces. This results in
aggregation (flocs) with
time-dependent strength and
significantly higher erosion
thresholds.
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The Hysteresis Trap: Resuspension demands significantly higher
shear stress than deposition.

occurs easily at velocities < 0.27 m/s.
Resuspension requires forcing
velocities around ~0.44 m/s.
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Empirical observation—Settling
Deposition

Erosion
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Deposition Threshold (t,)
Lower shear stress at
which deposition begins
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Erosion Threshold (t,)
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Sediment Flux (g/m?/s)

initiate erosion (resuspension) Engineering Implication: Sed!ment
inevitably accumulates over time.
Passive flow is insufficient; the system
requires active intervention.
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The First Flush releases densely stored pollution
long before peak hydraulic flow occurs.

) A

Pollutograph

The Mechanism: (Sediment Concentration, C)

First 1S min Later stage

UT=t>1.=

Rapid Resuspension Hydrograph

(Discharge, Q)
Because sediment is
stored heavily during dry
weather, initial storm
runoff violently mobilizes
the stored material.

First 15 min Later stage

Time
< Total storm event

First-Flush Index (FFI) Sources:

Typically 0.6 - 0.9. This means 60-90% of the total pollutant Internal (deposited solids, biofilm) + External (urban street
load is discharged in just the first 30% of the runoff volume. runoff, atmospheric deposition).
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Accumulated sediment drives a severe,

infrastructure-destroying biogenic corrosion cycle.

Serious corroded areas
| crown f
- -1

Corroded Area

H,SO,
o H,S + 20, - H,S0,
_ H,S /— Biotic corrosion
Sewer air
CO, + H,0 - H,CO,
H,S STRIPPING H,S = H* + HS"
Abiotic corrosion
| :
Hydraulic =
phase \_ Wil
H,S +20,-H,80, | |
~ Radiation of H,S Biotic corrosion :

e
o .-"':':'f

SOB: Sulphur oxidizing bacteria  SRB: Sulphur reducing bacteria

-~

1. Anaerobic Production
(Liquid/Solid):

| Sulfate-reducing bacteria (SRB) in the

8

deposited sludge produce hydrogen
sulfide (H,S) in the liquid phase.

-

S

2. Stripping (Gas):

H,S escapes into the sewer air.

-
|

L,

3. Biotic/Abiotic Conversion

(Crown/Walls):

Sulfur-oxidizing bacteria (SOB) and
moisture convert H,S into highly
corrosive sulfuric acid (H,SQ,).

~

b

Outcome: Rapid pipe degradation,
severe odor issues, and massive
infrastructure replacement costs.

.
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Categorizing sediment transport mechanics
within the unsteady sewer flow profile

, \ Bed Load

T { Sand/gravel/grit. Moves via rolling and
\\ > — i \ saltation along the bed.

Wash Load & Dissolved Load
Suspended Load

[ | Silt and fine sand. Governed by turbulent
= diffusion. This is the major transport
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Wash Load vs. Dissolved Load

Crucial Distinction.

Bed Load Wash load is the finest physical sediment
N T . (clay, organic flocs) that is always in
. TV WyeapyV e N suspension and supply-limited.
A . Dissolved load consists of chemical
ions/nutrients—it is a water quality
concern, not a physical sediment
transport mode.
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Biological cohesion breaks classical river-based sediment transport formulas.

Classical Theory
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Bed Load Discrepancy: Classical equations
rely on a static critical shear velocity (u..). In
sewers, u,. increases dynamically due to
cohesive biofilm bonding, causing the bed to
become armored and consolidated. Classical
formulas underpredict the erosion threshold.

Suspended Load Breakdown: Traditional
diffusion models assume a constant settling
velocity (vs). In a sewer, active flocculation
dynamically changes v, and turbulence
interacts unpredictably with cohesive
structures.
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Self-cleansing design targets the wash load,
but cannot eliminate cohesive accumulation.

Diagnostic Mini-Case
System: Circular pipe (D=0.6m, flowing half-full)
Ve~ o/gH(s—1) | ¥ L g
Parameters: n=0.013, Slope=0.004
Manning's Equation yields a mean velocity of:

The Wash Load Threshold: The minimum V=137m/s

flow speed needed to prevent wash load
i S Design Check: 1.37 m/s > 0.60 m/s (standard

from settiing. Below this, even the finest self-cleansing threshold). The pipe mathematicall
particles drop, forming cohesive beds. 5 NS 1S AR Ak
satisfies the criterion.
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The Limitation: However, because Terosion > Tdepositions VElOCIty alone dees not
guarantee removal once sediment becomes biologically consolidated.

& NotebookLM



The Digital Gap: No current operational model fully
captures cohesive hysteresis.

Model Framework Capabilities Limitations
| : : Treats sediment purely as noncohesive.

SWMM / EXTRAN (EPA) Excellent for hydraulics + bulldup/washof, Cannot capture flocculation or bed strength.
MIKE URBAN (DHI) / Good for integrated water quality and Floc dynamics and cohesive transport are
InfoWorks ICM routing. highly simplified.

) Capable of full cohesive sediment Designed for open channels; computationally
Delft3D-FLOW | (Krone/Partheniades equations). prohibitive for complex sewer networks.
I(?oe‘s)gzll':%l;\ﬂiade CFD | iti]?gglgtsi ;rlﬂl turbulence-sediment I el TL ol el e e

Empirical Models

ol - Useful for preliminary design but fail to predict resuspension dynamics or the effect of
TS oc L109§-0430Q=0-51 giching.
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Interventions: Engineered flushing uses stored
stormwater to break the hysteresis trap.

=A |

S ‘ ki '
’ HIGH-ENERGY
— : / FLUSHING WAVE
i::i’l' ——-’-—|__—- .

i i i .

CONSOLIDATED —/ SCOUR & LIFTING ACTION —'/

SEDIMENT BED

The Strategy Mechanics Systemic Benefits

Rather than using external water, Vacuum vs. Gate flushing Economical and sustainable.
interceptor sewers or storage tanks mechanisms. Restores hydraulic capacity, strips
capture stormwater from previous The weight of sediment flushed cohesive biofilms, reduces first-flush
events. This water is released in a remains approximately the same under pollutant loads, and ultimately lowers
controlled, high-energy wave, - comparable hydraulic conditions | the risk of CSOs.
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The Synthesis: Managing the Non-Equilibrium Reality

Phase 4: The Intervention
(Control)

Because Te > T4, self-cleansing
velocity is insufficient.

Sustainable, engineered flushing
using stored stormwater is
required to reset the cycle.

—y.. Phase 1: Accumulation (Hydraulics)

Oversized pipes and low dry-weather
flow turn combined sewers into
sedimentation basins.

A - 7 i

Phase 2: Bonding
(Chemistry/Biology)

Mixed sediments undergo
flocculation and biogenic
consolidation, raising the
erosion threshold and
triggering the hysteresis trap.

Phase 3: The Shock

(Water Quality)

Storm events trigger rapid
mobilization, resulting in
the disproportionately toxic
First Flush.
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