Sediment Impacts
Associated with
Dam Removal:
State of the Science




America’s infrastructure
portfolio is aging!
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15,498 (17%) dams identified
as high-hazard potential Age, in 2013

(in years)

Federal Agency Number of Dams' Range Median

BOR 97 20-106 62
TVA 30 34-102 70
USACE 359 18-129 49

Figures: ASCE (2017), Juracek (2013)

US Army Corps of Engineers + Engineer Research and Development Center




And there are more than a few
dams on the landscape

Relatively few of which are large, federal structures

Small 24,613 97
Medium 736 3
Large 13 1
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Dam removal represents a
growing intersection of interests

WARNELL

SCHOOL OF FORESTRY AND MATURAL RESOURCES

THE UNIVERBITY OF GLOMGIA

—

White Dam: Athens Banner Herald, Duncan Elkins, Big Dogs on the River



Over 1,200 removals nationwide

* Scientific evaluations < 10% of removals

* Growing body of knowledge and data every day
 Dam Removal Information Portal (Duda et al. 2016)
* American Rivers tracking projects nationwide

* USGS Powell Center Working Group
: Number of dams removed
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Data from American
Rivers 1912-2014




St u d y m Ot|Vat| on Common Management Concerns in

Dam Removal Projects

 Dam removal projects are
being pursued nationwide by s <
Corps districts, restoration ' oy
advocates, & permit seekers e aeE

* Sediment is directly related
to key management
concerns associated with
dam removal

e Potential impacts of sediment

(and possibly contaminant)
release

 Guidance needed to
streamline evaluation of
sediment processes, quantity,
and quality

Tullos et al. (2016) US Army Corps of Engineers « Engineer Research and Development Center



Objectives

e Assess the
current state of
knowledge

* Adding to the
state of
knowledge

The Elwha River flows into the Strait of Juan
de Fuca, carrying sediment once trapped
behind dams. The gradual release has rebuilt
riverbanks and created estuary habitat for =

Dungeness crabs, clams, and other species.
Photograph by Elaine Thompson

US Army Corps of Engineers + Engineer Research and Development Center




Build from existing knowledge:
sediment screening

Dam Removal Analysis Guidelines
for Sediment

Advisory Committee on Water Information
Subcommittee on Sedimentation

U.S. Department of the Interior
Bureau of Reclamation
Technical Service Center

Denver, Colorado December 2017
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Assessing the state of the science

Aug 23-24, 2017

Participation from ERDC,
CENAE, CENWS, USACE
Regulatory, USACE Dam
Safety, US Bureau of
Reclamation, NOAA, USGS,
Oregon State Univ.,
American Rivers, The
Nature Conservancy, State
of Massachusetts

US Army Corps of Engineers « Engineer Research and Development Center



Dam removal workshop

Ultimately we attempted to address six questions:

1: How much sediment is stored behind a dam?

2: What are the geomorphic implications of removal?

3: What alternatives exist for managing sediment before, during, and after dam
removal?

4: What is the quality of the sediment

5: What are the ecological impacts of sediment or contaminant release?

6: How do these (and other) factors influence permitting decisions?
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Admittedly, these questions led
to other questions.

US Army Corps of Engineers « Engineer Research and Development Center



(1) How much sediment
Is stored behind a dam?

PP
Where can we get this info: Vs —V

-\ =0t
« Awesome databases like time t=0 QS age
RESSED and RSI

* Site-specific surveys
e Bathymetric mapping

* Longitudinal profiling R&D Needs:
* Probing and sounding * Compile reservoir sediment
» Hyper-local measurement and volume survey data!
_(e'g" Se'sm_'c’ GPR) _ e Estimate reservoir volume
e Estimate sediment loading with statistical models

* Loading rate
e Structural age
* Trap efficiency

» Refine field methods for
rapid sediment analyses
(particularly vertical zonation

* Reservoir volume as a proxy and compaction)

US Army Corps of Engineers « Engineer Research and Development Center



(2) What are the geomorphic
implications of removal?

e  How much of the sediment impounded within a reservoir will erode?
e  How quickly will the eroded sediment move through the downstream
river corridor?

e  Will a “knick point” form and propagate upstream? If so, how far?
e  Will upstream infrastructure be affected (e.g., bridge piers)?

e  Where will sediment deposit longitudinally (on average and
specifically around infrastructure)?

Will bedforms be affected (e.g., pool filling)?

Will sediment fill interstitial spaces (i.e., embeddedness)?

Will channel complexity be reduced?

Will flood levels increase?

Will downstream water bodies be impacted?

Will suspended sediment exceed ecological or regulatory thresholds?
Will turbidity influence human uses of the river (e.g., recreation,
water intake)?




(2) What are the geomorphic
implications of removal?

Tools vary widely: Key R&D needs:

e Conceptual models  Compile more dam removal data
* Minor amounts at all sites
e Build out “test beds”

* Generalized rules

* Geomorphic analysis
P Y  Compare multiple models and

* Preliminary sediment analyses tools at a single site

* 1-D Hydraulic Models  Higher order tools are missing
* 2-D Hydraulic Models  Uncertainty analyses are not
* 3-D Hydraulic Models explicitly included

* Lagrangian models

* Physical models

Tullos et al. (2016, JAWRA)  US Army Corps of Engineers + Engineer Research and Development Center



(3) What alternatives exist for
managing sediment?

* Existing methods are well- R&D Needs:
studied (over 1,200 to date)  Comparison of methods for
e Typically one method a single site (particularly
assessed at a given site with competing models)

* Cost drivers and sources are * Need cost engineering data
well-known to fill the gaps

Single-season, blow-and-go Mechanical excavation

Phased removal Sediment stabilization

(Failure / accidental) Upstream water management
Grade control installation

— Pilot channels



(4) What is the quality of the sediment?

e Quality —what is in the sediment?

* @Grain size, contaminants, nutrients
Level of
* How do we assess the sediment? investigation
commensurate

with potential
« Minimal mobile sediment + little reason to  risk

* Guidance - tiered approach

believe contaminant issues = no need for
contaminant testing

 What are appropriate sediment quality
thresholds?

e Bulk sediment concentrations

e Dissolved concentrations
R&D Needs:

* Requirements to meet WQS - dilution

. , . * Evaluate appropriate thresholds
* Prediction tools: passive samplers, equilibrium

partitioning, elutriate analysis * Non-traditional contaminants

US Army Corps of Engineers « Engineer Research and Development Center



(5) W
sedinr

nat are the eco
ent or contami

Concerns

R&D Needs:

ogical impacts of
nant release?

* Deposition (burial, grain size alteration) .
* Turbidity
* Contaminant impacts

Factors that influence risk

 Volume, V*

* Timing/Duration

* Deposition (how much, where, stability)
* Q@Grain size

* Contaminants

* Removal method/management

Assessing ecological impact
* Bioassays and bioaccumulation studies

* Modeling sediment transport and
ecological impacts

Management options
Impacts vs. benefits

Information on long-term B
success of management
options

Standardization of data collection to better
understand how impacts and response of
ecosystems

Modeling contaminant risk

Modeling to predict species recovery and food
web response

Quantification of benefits

© 2012 Wendee Nicole

US Army Corps of Engineers « Engineer

Research and Development Center



(6) How do these (and other) factors
influence permitting decisions?

* Ecological Factors * Other Factors
e Sediment discharge * Navigation
e USACE for Clean Water Act  Section 10 of the Rivers and
Section 404 permit Harbors Act of 1899
* Water quality * Historical sites
e Clean Water Act section * Federal, State agencies or Tribe
401 by state, tribe or U.S. governments
EPA * Floodplain impacts
* Air quality « FEMA
* U.S. EPA Clean Air Act * Demolition and waste disposal
* Endangered species * State, County or City
« U.S. FWL Endangered governments
Species Act * Dam classification

* Nationwide Permit 53 for low-
head dam removal

* R&D Needs
e Streamlined guidance for navigating the permit process
 SLOPES

US Army Corps of Engineers « Engineer Research and Development Center



Adding to the state of the science
(ongoing work)

1. Estimating reservoir volume

2. Comparing modeling tools
* Qualitatively through capability
* Quantitatively through case study

US Army Corps of Engineers « Engineer Research and Development Center



Estimating reservoir volume
(with Lauren Dunkin and Molly Reif)

* Book-end estimate of sk T Sieate [
sediment release s |
# oadsn 1ieh st
» Estimation of volumes at many |- 5 I:f |
reservoirs across large spatial phss o wmhsn g f
scales for prioritization Sl

* Not just large dams, but small
dams too

e Develop statistical prediction
tools for rapidly estimating
maximum reservoir volume

e Database of volume estimates
for Chesapeake Bay region

Martin and Apse (2013) US Army Corps of Engineers « Engineer Research and Development Center



Modeling/Tools/Database information for
dam removal HecRas model

The tools created for the purpose of understanding
risk due to dam removal and predicting sediment
transport currently seem to fall within the 1-D
model capability. There are many reasons for this:

1) The amount of data required to populate a fully 3-D unsteady sediment transport
model

2) The capability and efficiency of 2-D and 3-D unsteady models to adequately model
the processes needed to resolve and support this type of transport

The benefit of 1-D modeling is that through simplification it’s easier to look at
alternatives more efficiently. The limitation is the spatial resolution of your final
solution

The following slides contain a list of models considered in our work as well as databases
that are utilized to support our efforts.

US Army Corps of Engineers « Engineer Research and Development Center



Dam Removal Assessment: Tools and Models

Channel
evolution
models

Dream-1 & 2

HEC-RAS

PTM

GSMB
(LTFATE)

Several variations of CEMs

1-D sediment transport models that

simulate pulsed transport in rivers
and address issues following dam
removal

1-D quasi-unsteady and unsteady
sediment transport model that
performs transport/movable
boundary calculations in rivers and
reservoirs.

Lagrangian Particle Tracking Model.

Determines 3-D sediment fate and
pathways in both large and small
scale scenarios.

Fully 3D unsteady multiblock
sediment transport model.

DREAM-1 simulates non-cohesive fine sediment.
DREAM-2 simulates fine and coarse sediment
transport. Spatial resolution output limited to 1-
D.

Simulates potential scour and deposition trends
in rivers and reservoirs. Provides erosion bed
change options for reservoir flushing drawdown
or dam removal. Spatial resolution output
limited to 1-D.

Hydro is not coupled. Best used in dam removal
if we just want to know where sediment is
potentially going to go. Can run multiple
scenarios easily, and can make up for lack of data

Determines Bed morphology change and easily
depicts areas of deposition and erosion.
Requires data, might not be needed for smaller
dams that don't have much money



Dam Removal Assessment: Webtool/Database

These are sites/databases which contain data which can add in dam removal assessment

American Rivers Dam
Removal Database

Sediment Analysis
and Geo-App (SAGA)

Corps Map National
Inventory of Dams
(NID)

Dam Removal
Information Portal
(DRIP)

Clearinghouse for
Dam Removal
Information (CDRI)

Includes all dam removals in the United States in
which a significant portion of the dam has been
removed such that ecological function, natural river
flow and fish passage can be restored at the site.

Provides georeferenced data of sediment
characterization (grainsize distribution, chemical
content, moisture content) within the United States.

Includes all Dams that meet at least one of the
following criteria: 1) High hazard potential 2)
Significant hazard potential 3) => 25 ft height and >
15 acre-ft storage 4) => 50 acre-ft storage and > 6 ft
height.

Online representation and visualization tool for the
USGS Dam Removal Science Database, provides
map-based visualization of information of dam
removals and associated scientific studies.

Online repository for documents about proposed

and completed dam removal projects across country.

https://figshare.com/a
rticles/ /5234068

http://navigation.usac
e.army.mil/SEM/Analy
Sis

http://nid.usace.army.
mil/cm_apex/f?p=838:
1:0::NO

https://www.scienceb
ase.gov/drip/

https://calisphere.org
/collections/26143/



- Application of modeling
tools to case studies

* Provide guidance on applicable models
and data requirements depending on
information needs

e Simkins Dam, MD on Patapsco river
* Dam removal Fall 2010
» Sand/gravel

Credit Mary Andrews

Kim Couranz / NOAA

* Milltown Dam, MT on confluence of
Clark Fork and Blackfoot rivers

e Superfund site — heavy metals

* 2.2 mcy (of 6.6) fine-grained sediment
removed prior to dam removal

« 28-ft dam removed 2008 |[Earieiibie




Concluding remarks

* Current state of knowledge
* Workshop
* Literature review
e Review of dam removals for case studies

* Adding to the state of knowledge
* Estimating reservoir volumes

e Evaluation of tools to assess sediment
risks

US Army Corps of Engineers « Engineer Research and Development Center



Extra Slides

US Army Corps of Engineers + Engineer Research and Development Center




" River Analysis System (HEC-RAS)

Description:

* HEC-RAS is an integrated system of software
that performs 1-D steady flow and 1-D, 2-D
unsteady flow calculations, 1-D sediment
transport/movable bed computations and
water quality modeling.

Applicability

* HEC-RAS has been applied in multiple rivers
across the country and worldwide for planning
studies, dam break analysis, reservoir flushing,
flood damage reduction, and ecosystem
evaluation.

* HEC-RAS v5.0.5 can perform sediment
computations using a quasi-unsteady or
unsteady hydrograph.

US Army Corps of Engineers « Engineer Research and Development Center



" The Particle Tracking Model (PTM)

Description

* PTM models the transport of multiple
constituents (sediment, chemicals, debiris,
biota, etc) released from user specified local
sources (dredges, placement sites, dam

removal, etc) in complex hydrodynamic and
wave environments.

Applicability
* PTM has been applied to transport various

constituents in river, lakes, estuarine and
coastal flows with complex currents/waves.

* For quantifying sediment concentration and
deposition, PTM works best with fine
sediments, but can also be used to determine
pathways for coarse materials.

Two month predicted fate of sediment
tracer placed at Coos Bay, Oregon open
water placement sites.

US Army Corps of Engineers « Engineer Research and Developmer? Zenter




28

" GSMB (Geophysical Scale Multi-Block)
Modeling System

Meteorological Forcing SMS

T Interface
waAam

Description Model

ADCIRC’

* Hydrodynamic, water quality, and
sediment transport modeling system
built upon modularized models and
linkages, handling oceanographic
scales (~ 100 miles) to project scales
(~ ft) in the same domain.

Wind & Pressure +
Waves + Surge

Parallel
CE-QUAL-ICM
wam

Modeling
framework

Applicability
* Environmental impact study
* Dredged material displacement

* Planning and Design

US Army Corps of Engineers « Engineer Research and Development Center



Description

* Publicly accessible database to
store sediment sampling
locations, results of sediment
characterization testing, and
related digital reports.

Applicability
e Visualize distribution of detected chemicals

* Symbolize sites based on average grain size

* Isolate sites based on attributes. E.g.,
material type or date tested

e Determine volume of material at specified
depths

Example : Symbol size reflects average grainsize

US Army Corps of Engineers « Engineer Research and Development Center




