The Dynamic River Blueprint

Guiding Post-Dam Removal Recovery Through Sediment Morphodynamics
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DYNAMIC RECOVERY:
SEDIMENT MORPHODYNAMICS

A Comprehensive Synthesis for Environmental Engineers & Restoration Practitioners.
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DAM REMOVAL IS A SEDIMENT TRANSPORT DISTURBANCE

DISTURBANCE SEDIMENT PULSE ADJUSTMENT RESTORATION

(THE DAM REMOVAL) (THE CAUSE) (THE EFFECT) (THE GUIDED SOLUTION)
Engineered deconstruction Rapid mobilization of River channel re-shapes Long-term recovery towards
triggers immediate release. accumulated sediment load. through erosion & deposition. ecological balance.
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Restoration does not begin
when the dam falls. It
follows a prolonged period
of engineered instability.
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DIAGNOSING THE PRE-REMOVAL BASELINE
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THE MATHEMATICS OF MORPHODYNAMIC CHANGE

INPUT: 9q, / OX

Change in sediment flux
along the channel

OUTPUT: on / ot

Change in bed elevation over time

IF MORE LEAVES THAN ARRIVES

NET EROSION (BED LOWERING)
-> THE "FORMER RESERVOIR" RESPONSE

IF MORE ARRIVES THAN LEAVES

NET DEPOSITION (AGGRADATION)
-> THE "NEAR DOWNSTREAM" RESPONSE

DYNAMIC EQUILIBRIUM: SEDIMENT SUPPLY = TRANSPORT CAPACITY
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MECHANISMS OF THE SEDIMENT PULSE

upstream migrating headcut

sheer drop forcing rapid incision

Distance Downstream

SEDIMENT WAVE THROUGH SPACE AND TIME

Amplitude decreases downstream
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GRAIN SIZE CONTROLS
Sand Rapid
Gravel Morphologic Restructuring

Cohesive Delayed / Chunk release
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THE REGIME SHIFT

qscapacity

The defining characteristic of a

post-removal river is a supply of

sediment that vastly exceeds the
river's transport capacity.

Breach (Hours/Days) » Sediment Release (Weeks/Months) » Stabilization (Years)
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The Dynamic River Blueprint

THE GEOGRAPHY OF IMPACT

FORMER RESERVOIR NEAR / INTERMEDIATE DOWNSTREAM FAR DOWNSTREAM

Velocity T
Incision / Headcut Migration
Reservoir converts to river habitat

o T e i PV
Sediment Load 7
Flow Redistribution
Severe Aggradation & Widening
Habitat Burial

Sediment Attenuation
Recovery
Ecological Re-establishment
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Anticipating Downstream Risks

ﬁ/ Hydraulic
e Conveyance |, Flood
AN

stage 1

B

Morphologic

e Bar growth, channel
migration, local scour,
aggradation

Ex )

Infrastructure

e Bridge scour, culvert
blockage, intake burial

%

Ecological & Water Quality

e Habitat burial, turbidity
spikes, potential
contaminant release

=

Takeaway: Regulatory constraints (e.g., TSS limits) often
hinge heavily on the Ecological quadrant.
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Release sediment or remove it?

Pre-Removal Sediment Management Strategies

Pre-Assessment

Checklist
Approach Profile Use Case © Quantity
(Volume /
Low Cost, Best for clean sediment Distribution)

Natural ﬁ‘“
1 Release =

High Risk

A

and insensitive
downstream areas.

©
@®

infrastructure.

2 Phased _1‘4- Moderate Risk, ,[Erzﬁ:ﬂ;r?j;nai;:g
Removal Complex b Pats i
over time.
Necessary for
: Controlled, (§) contaminated sediment
3 Biecging % Expensive f’ or ultra-sensitive

thu

Characteristics
(Grain size /
Cohesion)

Quality
(Contaminants /
Nutrients)
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From Disturbance to Guided Recovery

Il DAM REMOVAL

Y SEDIM
[ —— 2l

ENT PULSE

(Base level drop)

Rapid sediment release
Sediment wave propagation
Supply >> transport capacity

SEDIMENT WAVE PROPAGATION
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UPSTREAM

E¥ RESTORATION

Grade control
(if needed)

Floodplain reconnection
_ Selective bank stabilization
4 £ % Natural recovery processes

SEDIMENT
SUPPLY
qgupplv

supply ~
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CAPACITY
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capacity
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Defining Restoration: Form vs. Process

"Restoration is
not rebuilding a
static channel
from scratch. It
Is guiding the
river toward a
stable sediment

transport
« Heavy machinery required balance” » Broad floodplain connection
» Fixed, static channels « High materials retention
 Restricted process space « Dynamic equilibrium allowed
 High carbon footprint « Natural sediment sorting

Sediment Transport
Supply Capacity
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Intervention vs. Natural Adjustment

Adjsut:tblLeent # DO NOTHING

Often the best design

Excessive »' Grade Control |

Incision Lower slope = lower shear stress.
Warning: overuse = artificial channel.

Is the channel Uncontrolled » Selective Bank Stabilization
adjusting Widening

dangerous|y? Bioengineering preferred over hard armoring.

Floodplain # Reconnect Flood lain
Disconnection P

Before

Sediment  Transport
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The Tangible Math of Aggradation

The Disturbance » The Deposition Zone » The Result

20,000 m?®
Stored Sediment

Az ~ 0.4m

(40 cm of bed
aggradation)

L 40% mobilizes in Year 1
— 8,000 m? Released

A seemingly modest release yields 40 cm of aggradation—enough to
bury riffle habitat, raise local flood stages, and choke culvert openings.

Sediment Transport
Supply Capacity
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System Hysteresis and Adaptive Monitoring

Flow Adjustment

Essential Long-Term
Monitoring Metrics

Hysteresis Gap

v Cross-sectional surveys
v, Bed elevation tracking

v Grain size and armoring
development

(Non-equilibrium
morphodynamics
dominate)

Sediment Adjustment

Adjustment Magnitude

Modeling Warning: Standard 1D
hydraulic models struggle here.
Tools like HEC-RAS sediment
Time or Delft3D are required for

non-equilibrium transport.

Sediment T =
Supply =—p ranspo

Capacity J
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The Blueprint Realized
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» 2. Sediment transport, not just »» 3. True restoration is guided
hydraulics, drives the physical recovery, not forced geometry.

Monitoring (cross-sections, bed elevation, grain

response.
size] ensures dynamic equilibrium persists.

Restoration is adaptive, not a one-time event.

» 1. Dam removal is a
calculated disturbance.
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( [Disturbance] *[Sedimenfﬁulsé]j*" [Adjustmeni]‘w 4. RESTORATION] *EE DYNAMIC EQUILIBRIUM)
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