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Presentation Outline (project timeline 2018-2021)

Improve Management of Dredged Material within the Lower Columbia River (LCR)
- Intersection of RSM, BUDM, EWN requires “reliable” in-water placement dredged material

Develop an “Improved” Diffuser for Use on the LCR — For Submerged Placement
- A collaborative, slow-rolling, and iterative process

Apply the Newly Fabricated Conical Diffuser — For River Engineering
- Controlled Submerged Placement of Dredged Sand to Enable River Engineered
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The Columbla River Estuary is C stressed ecosystem
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LCR NAVIGATION CHANNEL: 100 miles long, 600 ft wide, 43 ft deep

River Mile 6-106

Each Year, 5 to 7 million CY of sand is dredged to maintain the channel
0.2 to 10 mm, with less than 3% fines
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75 % is placed at Inwater sites > 20ft depth (feed the river-sediment system)

25% is placed as beach nourishment and upland

Objective: Implement Beneficial Use of Dredged Material (BUDM)
Improve use of dredged material to benefit the river system and restore habitat

Do a better job with Inwater Placement




Implementing BUDM within the Lower Columbia River Estuary requires precise in-
water placement that does not adversely affecting the environment.

BUDM Site #5 ’ ; Legend
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PURPOSE: This Technical Note (TN} describes the U.5. Amy Corps of Engineers (USACE)
Portland Distmict (N'WF) process for collaborating with interagency partners to apply a systematic,
structured decision-making framework for placing dredged material to maximize ecosystem
functions and benefits, 1.2, beneficial use of dredged matenal (BUDM).

OBJECTIVES: We hypothesize that the strategies developed by Smdebaker et.al. (2019) can be
utilized to locate potential placement sites and inform the design objectives for strategically
placing dredged material. We seek BUDM ophions that emulate natural sediment fransport
dynamics m large nverme and estnanme environments to create or enhance mter-hdal and
floodplain habitats for the benefit of native fish and wildlife in the Lower Columbia River
(LCR).

BACKGROUND: Over the last 150 years the natural landscape in the LCR has been ContrO”ed |nwater Placement

transformed by human activities through diking, dredging, and other nver training efforts. In o qe
addition, the h];'d.rolagic and geomm'puﬂ pm{:egs;;esetﬁgiistamed the river E{:ﬂsygnm have been ! t h at D oes N Ot C rea te Tu r b | d |ty
altered by hydropower dam operation, upniver diversions. and channel deepening, resulting in the =

loss of 77% of floodplain wetland (Fresh etal. 2003). These remaming intertidal wetlands and 3 F i e i,

floodplains support 13 federally listed. threatened and endangered Pacific Northwest (FNW)

salmomd species (Bottom et al 2011); and the pancity of these habitats is considered a major

limiting factor to salmon recovery (NOAA 2011).

Since 2000, USACE and other federal agencies have mvested significant resources (on the order
of $50M) to restore habifats in the LCR. (primarily through levee breaches) and to evaluate the
effects of ecosystem restoration. Several projects have also been completed that experimented
with supplemental use of dredged matenal to achieve estuary and riverine benefits. While other
oppertunities remain, this process has broadened the range of beneficial use strategies and
opened the dialogue about additional areas in the system that could be enhanced through BUDM.

SITE SELECTION METHODOLOGY: NWF's Product Delivery Team (PDT), consisting of a
diverse group of engineers, scientists, planners, and operations managers, started identifying sites
by utbizing the GIS tools developed based on the systematic, structured decision-making
framework to select sites for the BUDM from Studebaker et.al. (2019). The PDT intentionally
considered NWP’ s multiple busimess ines and missions, e.g., ecosystem restoration sites, 20-
year Dredged Material Management Plan, and pile dike rehabilitation projects

Submerged placement of dredged material to ' éate-—the' .

Regional Sediment Management: integrated ERDC foundation for emergent habitat; while minimizing turbidity effects
US Army Corps Solutions for Sediment Related Chaﬂenges ISNOAVATIVE SOLUTIONS 2 :

for a safer, beltar workd

of Engineers,




|”

for In-Water placement — Dredge Oregon
1970s-2020
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We need a better “tool” to do inwater placement
of dredged material within the Columbia River:
One that manages energy dissipation, minimizes
turbidity, enables shallow water placement (10-20
ft deep), allows controlled deposition of placed
dredged material....So that we can build restoration
features, or feed the river’s sediment budget w/o
adverse effect.

“Present Diffuser”= 70-deg deflector with no energy dissipation.
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Q=VA
Discharge = Velocity x Area
Bigger discharge area = lower Velocity
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Figure 3-15. Submerged Diffuser Profile View

Can we get one?



Development of Submerged Diffuser Concept
&

Hydraulic Evaluation of Diffuser Designs

Hydraulic Aspects: Plume encounter on riverbed, energy dissipation and
pressure distribution within diffuser, slurry dispersal within diffuser



DEVELOPMENT OF SUBMERGED DIFFUSER FOR CONTROLLED DREDGED MATERIAL PLACEMENT
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EVALUATION OF THE SUBMERGED
DISCHARGE OF DREDGED MATERIAL SLURRY
DURING PIPELINE DREDGE OPERATIONS
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The Dredge Oregon

Diffuser Nozzle for
Dredge Material Placement

Columbia River — Oregon/Washington

Blending Old and New: The team first consulted the olde ERDC Guidance, Engaged with ERDC
via DOTS request, and then applied CFD Modeling to develop “diffuser of choice”




Initial Consideration focused on previously designed “smooth” diffuser concepts
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Figure 7. Full-scale diffuser processor design

The team determined that these “smooth” designs would be costly to fabricate due to
curve expanding geometry----instead the team adopted a “stepped” concept



The stepped diffuser allows for simpler fabrication
while preserving the rough shape of the smooth
diffuser. Concentric cylinders, joined together, form
the ‘bell’ with a flange at the top-most cylinder to
attach to the dredging pipe. Eight fins on the bottom-
P 1 most cylinder support a diffuser plate, oriented
perpendicular to the flow of incoming slurry to deflect
the slurry into a uniform, annular pattern as it leaves
the plate.

Stepped Diffuser

) Nominal Dredge Plant Aspects
30 in Pipe diameter leading to diffuser =30 in
T =7 Pipe fluid velocity = 16-20 f/s.

Maximum line pressure to diffuser = 120 psi
Typical dredge pumping rate of 40,000 gpm (83 cfs)
Solids content = 30% (by weight).

Slurry specific gravity = 1.23.
Expected dredging production = 25 Kcy/day

Expected Nominal Diffuser Operation

Diffuser located at 20 ft below water.

== Baffle plate elevated 6 ft above the riverbed.

Slurry encounter velocity with riverbed is 5 f/s (max).

8.6 ft

Nominal Diffuser Dimensions

Steel plate thickness varied from 1/2” to 9/16”
Diffuser is 8.6 ft tall.

Inlet has inside diameter = 30 inches

Baffle plate is 6.8 ft diameter.

8 fins connecting baffle plate to diffuser.

6.8 ft Slot clearance varied from 9 to 18 inches




The steeped diffuser geometry was defined within CADD and then input into a
computational fluid dynamics (CFD) software; Star-CCM+ and modeled
numerous times. CADD work was performed by PoP & NWP and CFD modeling
was performed by Portland District (Aaron Litzenberg and Max Wilson-Fey)

Courant:
Inlet Flow: ‘ -

Solution Time 20 (s) Vollume Fraction af Shery

s!uf!y_.'n!er_F-’ow.‘ 109.618 (ftA.?/S) lsTAR-COM+ 0.0000 020000 0.40000 260000 080000 10000
Slurry_Outlet_flow: 109.62 (ft~3/s) Pk e star i@t 000008 +01 '
Sofution Time 2000 (s) [sun 09 jun 2019 05:58:42 Py COT

Courant:
Inlet Flow:
Solution Time

- -

Volume Fraction of Sharry
0.40000 0.60000

g 080000 1.0000
BTAR-CCM +

Version: 12.06.010 - .
File: star_diff@1.00000e+01

Bun 09 Jun 2019 06:06:08 PM CDT

Courant:
STAR-CCM+ Courant: 0.132067 Infet Flow:
i Velocity of Shury: Magmitude (2} Solution Time 20 (s) Volume Fraction of Shary

Version: 12.06.010 00000 3. 7028 7 4055 11108 14 811 18514 2.0000 8.20000 0.40000 2.60000 0.80000 1.0000
Fite: Smaller_domain@2.00000e+03 [T m gfﬁéﬁfﬁ;os - " n
Won 23 Sep 2019 05:01:03 PM UTC [File: star diff@1. 00000e+01

Sfur!]f_.'n!e r_!c.,io w: 109‘ 618 (ffA.?/S) Bun 0% jun 2019 05:55:57 PM COT

Slurry_Outlet_Flow: 109.62 (ftA3/s) Fasiduay Figure 5: Run 2 at 20 model-seconds showing volume fraction profiles of slurry for original

: = (Top). reduction of one third (Middie), and reduction of one half (Bottom) exit slot heights. Note
Solution Time 2000 (S) boundary condition edge effects and how the reduction of one half configuration diffuser is full’
of slurry.

Sturry_Infet_Flow: 109.618 (ftA3/s)
Slurry_Outlet_Flow: 109.623 (ftA3/s)

9480 285,48 148
Courant: 0.132067
Turbulent Kinetic Evergy of Sy [kg)
20001 760) & 18887 0.33766 0.50641 TAR-COME
. Version."12:06.010
i1 23 Sep 2019 05:01:36 PM UTC File: Smaller_demain_20fi_depth_Copy@5.000008+02

[Tue 01 Oct 2019 08:43:47 PM UTC
Figure 7: Run 6, steady-state slurry velocity profile (Top) and diffuser plafe pressures (Botfom).

Figure 6: Run 5, steady-state slurry velocity profile (Top) and turbulent kinetic energy profile
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After PoP consulted with their fabricator concerning the “stepped” diffuser, the fabricator

determined that a simple conical diffuser would be easier/less cost to produce.
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The conical diffuser geometry was defined within CADD and then input into a
computational fluid dynamics (CFD) software; Star-CCM+ and modeled numerous
times. CADD work was performed by PoP and CFD modeling was performed by
Portland District (Aaron Litzenberg and Max Wilson-Fey

ical diffuser steady-state slurry velocity profile.
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Figure 15: Conical diffuser steady-state stiffener pressures.




CFD Results: Differences Between Stepped and Conical Diffusers

there are some differences between the two designs. First, the conical diffuser appears to have more pronounced
recirculation zones underneath the diffuser, which could be caused by a more pronounced downward trajectory of the slurry
after it departs the edge of the plate. This is supported by the observation that the approximate diameter of the slurry plume,
from the conical diffuser, along the riverbed is 15 — 20 ft, rather than 45 — 60 ft observed from the stepped diffuser (Fig. 13).
Despite the pronounced downward trajectory of the slurry and recirculation zones, the maximum shear velocity along the
riverbed is 4.8 ft/s, less than the 5 ft/s threshold. Fig. 14 shows how much of the slurry plume contains velocities greater than
or equal to 5 ft/s but the slurry velocity dissipates to below 5 ft/s before encountering the riverbed.

Second, the stagnation dome near the center of the conical diffuser appears larger in size than the stagnation dome of the
stepped diffuser. Looking at the conical diffuser’s pressure on the diffuser plate (Fig. 11), the maximum is 10.3 psi, correlating
to a 69% increase in pressure compared to the stepped diffuser’s maximum diffuser plate pressure of 6.1 psi. In addition, for
the conical diffuser, the area of influence that the maximum pressure acts upon is larger in diameter than that of the stepped
diffuser. This may be due to the central stiffeners inhibiting slurry flow near the joint where the stiffeners attach to each other,
trapping slurry in the corners of the stiffeners and creating a larger area of high pressure. The pressure on the stiffeners
themselves is comparable to pressures on the conical diffuser plate, a maximum of 10.3 psi (Fig. 15).

Third, the slurry velocities within the diffuser bell are generally higher for the stepped diffuser than the conical diffuser. This is
likely due to the geometry of the bell. The stepped diffuser concentrates the slurry into a fast-moving column, separate from
stagnation zones at the edge of the bell, whereas the conical diffuser spreads the slurry out as it moves down the bell. The
stagnation zones can be clearly identified in the stepped diffuser’s TKE profile (Fig. 6, Bottom) as areas where energy is
dissipated. The conical diffuser’s TKE profile (Fig. 12) shows little to no energy dissipation within the diffuser bell but rather
the energy dissipation occurs within the slurry plume, after it exits the diffuser plate but before it impacts the riverbed.

In general, compared to the stepped diffuser, the conical diffuser slows and spreads the slurry within the diffuser bell with
greater effectiveness . The diffuser plate sees higher pressures, perhaps because of the central stiffeners, and it also has a
narrower slurry plume and greater zones of recirculation underneath the diffuser. The conical diffuser did not exceed the
riverbed shear velocity threshold of 5 ft/s.



Use of Submerged Conical Diffuser within the Lower Columbia River Estuary
First Deployment — AUG-OCT 2021

River Enginnering at Miller Sands (RM25)

Place 400,000 cy of dredged sand within an evolving tidal side channel to re-
direct river flow (back) within the thalweg and reduce FNC shoaling



| Problems: Lower Columbia River Estuary OR & WA Bl
N, * Miller Sands is encroaching northward into FNC m 2 '

** Columbia River thalweg is leaking flow into Grays Bay .
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Opportunity: El, m NAVD
Wi Use sand dredged from northern lobe of Miller Sands * @29

to redirect (baffle) Columbia River flow within thalweg**

.~ Solution: Use conical diffuser to precision place dredged g
material within “slot” where flow is leaving the thalweg

SOERER g - Plug the “slot”, increase flow in the FNC, and reduce northward
L5 e & . migration of Miller Sands into the FNC

B 3

: w-“;\’/I.iller Sands

2 During 17 Aug-3 Oct 2021, 550 Kcy of advance maintenance dredging was performed by the
Port of Portland cutterhead dredge Oregon along Miller Sands to remove a northward
migrating part of the shoal*. 450 Kcy of sand was precision-placed within a 4300 ft x 450 ft
area** to redirect flow within the Columbia River thalweg and reduce future FNC shoaling

along Miller Sands. A newly fabricated conical diffuser was used to placed the dredged sand.
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DIFFUSER OPERATION — Default Method

In water placement approach

The diffuser and its accompanying end scow swing from 400" — 700’ in
the placement box. The combination was placed at the beginning of
the placement area (upstream) and worked downriver. The material is
placed along this arc and at the change of each tide the conditional
survey of the placement area determines whether pipe is added or
removed. In this way, the end scow is moved forward or retracted along

the placement area. This is historically how in water placement has
been done.

Actively move the diffuser across the placement site at 80-150 ft/hr to control mounding
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Dredged Material Placement at RM 23-24 (400 Kcy)
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DIFFUSER OPERATION - Adaptive Improvement 1/2

Resultant summary

When the targets from Hypack survey are laid over the post placement
hydro survey, it shows that the placed material has mounded along this
arc in the exact same distance as the length of pipe that was changed.

This created what can be referred to as ‘corn rowing’ of the material; it
effectively remained very close to where it was placed. After review of
the data, it has been determined that this approach is not the most
effective way to insure even distribution in the placement box.



DIFFUSER OPERATION - Adaptive Improvement 2/2

Proposed solutions

Three possible changes to the method are proposed; the placement
box will be divided into sub cells, approximately 100’ by 100’ square
with a known allowed quantity allowed in each. Based on this allowed
cubic yardage, a timetable can be populated so it can be forecasted
how long the end scow should be placing material in the cell. Once the
time has lapsed a quick survey check will determine whether it is time
to move to the next sub cell.

Incorporation of the swing elbow into the tail line of the pipe near the
end scow would also allow more lateral movement of the end scow, as
well as up/down stream. This would allow more unassisted movement
within each sub cell.

Possible perforation of the diffuser plate with multiple 4”-6” holes may
also provide smoother placement, rather than the current
configuration.



Diffuser in final stage of fabrica |on021

=

Diffuser end, post placment

Diffuser Operational Summary
* New diffuser constructed for the 2021 dredge season

* Used at Miller Sands under task order F0O027, WAD #12
* Cut one from 8/2 to 8/19, cut two from 8/21to 9/17

* Tide changes ranged from 1’-8’

* Pipe was added or removed as the tide changed
* Pipe lengths were either 120’ or 240’

* Passed approximately 400,000 cubic yards of material

* Shows little wear

* No larger debris issues; did not clog

* Maintenance does not appear to be an issue at this point
* Did not produce turbidity

Close-up view of
diffuser plate and
stiffener vanes,
post-placement

OCT 2021
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