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Conclusions

Many coastal navigation structures have performed well, but are now
In a condition of high vulnerability due to deferred maintenance.

High vulnerability leads to an uncertain future: Active Monitoring informs real-time
risk management. Intervention options = fix as fails — systems based solutions.

Dredged material (sand) can be used to augment the sediment budget

of eroding tidal shoals at Inlets: IMPROVE long term resiliency of the inlet’s
morphology and navigation infrastructure = RSM. May not address active jetty
damage

Requires flexibility - adapt to environmental forcing, structure response, natural
resource impacts, and stakeholder concerns.

Major Rehabilitation: restores a Structure’s Life-Cycle and address system risk.
Major Rehab requires a Stochastic Reliability-based Life Cycle Simulation to
evaluate structures subjected to complex loading scenarios.

Match the Tool with the Task



Coastal Jetties

Secure Consistent and Safe Navigation Channel
from Ocean to Inland Waters

1) Constrict Flow through inlet — Stabilize Inlet and shoals
2) Use scour to promote the Authorized Channel Depth
3) Protect inlet from excessive Wave and Current action

4) Minimize Negative Consequences to estuary, adjacent
shoreline, jetties



Four Approaches for Dealing with Coastal Navigation Infrastructure
- may also be applicable to other projects
Increasing Commitment to

Systems-based Management
= Increased Sustainability

Deferred Intervention: Repair Structure AFTER it loses function.
Continually operating with high risk.
Not sustainable

Preventative or Adaptive Repairs: Repair Structure to PREVENT
function loss; adapt repairs to changing conditions.
Failure to act in time = Deferred Intervention

Morphology Augmentation/Stabilization: Use dredged material
(implement RSM) to IMPROVE THE RESILIENCY of a Structure
and reduce hydraulic loading.

Requires flexible Systems-based approach.

Structure Rehabilitation: Rebuild the Structure cross-section and

augment with engineering features to RESTORE SERVICE LIFE.
Requires rigid Systems-based approach.




Vulnerability due to Jetty Head Recession
| Causes jetty root to be

A% affected by waves intended {j
* g for the heads

L og-Spiral
Bay g

: N South Jetty Head
North Jetty Head Recession: ' recession allows more

~200 ft since last repair ' wave action into
: channel
1000+ ft from full authorized length ’



Emergency Jetty Root Repair : 2002

-

November 8, 2002 North Jetty
Breach

Sediment Transport
through Breach
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Wave Overtopping at
Weakened Jetty Root
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High tide flow through

jetty root transports ~

40,000 cubic yards of
sand into channel
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Emergency Jetty Root Repair

= g™

December_?_'--_ ' T —— . - January 2003

50,000 cubic yards of
material placed to re-
create a “sand fillet”

= Protecting structure

for remainder of storm
season and beyond

Repair Jetty Root — Armor Stone
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I = North Jetty Berm Repair 2008 — = Pmp-ashore
placement area — 125,000 CY pipeline location Scale

0 ft NAVD =
+0.2 ft MLLW Contour data (ft NAVD) are based on 1999 -2003, contour elevations east of north jetty are approximate. 1,000 ft




Sept 2002, the Fore Dune along
North Jetty was in fair condition;

Acting to intercept storm surge flow
before attacking the landward
(vulnerable) area of the north jetty

In 2008, the fore dune along
the North Jetty is non-existent |
(area affected shown in RED)

Erosive
outwash area

storm-driven hydraulic action (tide +
storm surge + IG Transients) passes |
along the landward area of the north |
jetty, acting to destabilize the jetty. Area to re-establish
Protective Beach Dune




North Jetty Berm Repair Hopper Dredge Pump-out Activity: 2008

125,000 cy placed - 90% retained in project template

Great Lakes Hopper Dredge — Liberty Island
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Floating/submerged pipe to shore

North Jetty




Final Sand Placement
extends NNW 900 ft from
North Jetty and ties in to
existing topography at .
20 ft NAVD
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= final sand placement
0NAVD =0.2 ft MLLW
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Portland District

Lead Engineer, MCR Jetty Construction - 1903

“The jetty Is a long, thin, narrow backbone of solid
material, resting upon a very doubtful foundation,
against which the forces of Nature have accumulated
large quantities of the shifting sand.

These shoals break the force of the waves and protect the
jetty from destruction. Jetty integrity and the permanence of
the channel over the bar depend upon the amount of this
sand that can be accumulated.”



Mouth of the Columbla Rlver - Bathymetry and 2008 Dredged Materlal Placeent Sltes

Pacific

*
MCR-07
drop zone

DWS= Deep Water Site, 102 MPRSA NJ = North Jetty disposal site, 404 CWA SJ Res. Site = South Jetty research site
SWS= Shallow Water Site, 102 MPRSA  White Box = Bathymetry change shown in Fig 34  NJ Berm = North Jetty protection site, fig la




View to the ing = .
Northwest o= S St L

PeaCOCk Shoreline before north jetty

construction - 1912
Spit

AS ODMDS mMmPRsA 102 o 2 =5

g -

2640 ft

Clatsop

Distance
from tip of
south jetty to
tip of north
jetty is 2
miles




CAN WE ? :
* Reduce the rate of erosion affecting the north jetty?
* Reduce shoreline erosion along areas north of MCR?




Hopper Dredges working at MCR

3-5 Million cy of Sand Dredged from MCR Each Year
MCR Maintenance Dredging is Performed during June-Sept

$2.50 — $3.50 / cubic yard







dredged

ing

al in Open Water

,i

T

+

O
£
o

(«B)

=2
=

(eb)

S
=

S

(«B)

&

Q

o
o

S

D

=

=3

‘Mater

t-Hull Ho

-Spl




Utilization of MCR Dredged Material Disposal Sites

Governed by a Regimented System of Protocols: EPA — USACE - Stakeholders

= SEPA

US Asmy Corps
of Engineers -

Priaeet Diamer

2008 Anmmal Use Plan
Management of Open Waier Dredged Maierial Dispasal Siies
Mouth of the Colimbia River, OR amd WA

1. Purpose

The year-to-year rmavagement of open water dredgzed raterial disposal sites located at the
mouth of the Colunbia Rover (IMCR) is controlled and docureented through the
prepatation and adherence to an Arvual Use Plan, This Anrual Use Plan (ATIF) serves
as the pritary rechariemm for evaluating disposal site capacity and managing dredged
material placerent. The AUP is revised for each dredzing and disposal season, as
recpuired by disposal site designation [TSEPA 2005]. It is prepared by USACE and
reviewed and approveed by TTSEPA, Region 10

This docwment i the 2008 AUP for utilizing ocean dredged matenal disposal sites
(ODWIDS) located offshore the mouth of the Colurvbia Fiver, Only dredged material
determmined tobe guitable for unconfined in-water disposal, through application of the
current Sediznent Evaluation Framework (SEF) for the Pacific Morthwest region, may be
placed at the sites described within this AUP. The total solure of dredzed material to be
placed within WVCE. disposal sites during 2008 is expected to be 3-4.5 million cubic yards
(MICY). Dring 2008, the dredged material that is to be placed within availabhle MCE
disposal sites will originate from the WCR. federal navigation channel.

2. Background

Each wear, the Corps of Engineers-Portland District dredges 3-5 MCY of sand at the
racuth of the Colurabia River (IMCR) to reaintain the irdet™s f-mile long deep draft
nevigation charmel (figure 13, Mdost of the dredzing occurs betwresn mver wmile —2.0 and
+2.5. The dredged material is fine-mediur sand (0.19-0.25 ruy and fine-grained
material (passing a 230 mesh sieve) content is 3% or less. The dredzed sand is placed at
two EPA designated ODRIDE [TSEPA 20035], or at sites available under Section 404 of
the Clean Water Act (404 site). Due to the exposed ocean conditions at MCR, onby
ocean-going hopper dredges can perform dredging and disposal at MCE. Dredging is
lirnited to June-Noverdber when wave conditions are favorahle for working on the har.
Refer to Appendix & for additional informmation deserbing the MCER. navigation project,
dredzed material disposal sites, and hopper dredge operating characteristics. Appendix B
surrrnarizes the use of WCR. disposal site during 2007 in context to the batlymetry
changes that have ocourred during 1997-2002. The term “bathrmetry” refers to
topagrapher of the seabed.  Lppendix B also sunnarizes special studies condfrted
during 2007, associated with MCRAODKDS use and potertial irpacts.

Collect Survey Data ox Disporal Track-line {coordinaie) Data
Transmit to

Portland District HQ -OP-WWIOP- NWH/EC-R) - -

Process Survey Data and Disposal Track-lme Data
Male R dati F5M, Available Site Capacity; etc
(EPA/EC-HE/HY) -1 day

Provide Proessed, Data, To OP-NW '
(EC-HY)— 0.5 days

Review Pmcessed Data and Apply to S5ie Management & Coordinaie
Male dredge order — request sile survey - commumnicaie with EC-HE and FPA
{OP-NW)- 0.5 day

Produce and Transmit Beport
for MCE Staleholdexs
(OP-NW) - 0.5 day

SHLE LOg PINGES
greater, Offices shown in
task is specified. FEIM = Frecueney for Site Ionitoring.

40




SEPA
Site Management

of Engineers @
Portland District

 Annual Use Plan prepared by the Corps and approved by USEPA

— Information needed: size of contract hopper dredge, channel shoaling &
disposal site capacity

* Placement priorities
— Control mounding to avoid potential increases in wave height
— Safe operation of hopper dredges & survey boats
— Minimize impacts to marine resources

— Minimize interference to other uses - commercial and recreational
fishing & commercial navigation

— Beneficial use of dredged material — Augment MCR Morphology and
shoreland Sediment budget - protect of the North Jetty from
undermining.



BASELINE CONDITION

Mouth of the Columbia River
Shallow Water Site
(SWS ODMDS)
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Northing (ft)

966000

964000

960000

958000

Bathymetry for MCR SWS
in terms of Target Elevations

#9

9 May 1997 Condition + 5 ft "target" acccumulation

= Target Elevation for Bathymetry
within SWS

'\(:f channel buoy 7 and 9
SWS drop zone boundary

contours in ft MLLW SPCS OR-N, ft (NAD 27)
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Northing (ft)

l

966000—

964000—

Difference between Surveys
13 June 2007 - 9 May 1997
24.9 Mcy placed since 1997: 1.9 Mcy remain in SWS

MCR SWS

Deposition

o N OB~ o o
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o & AN

962000
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— — ° MCR channel i-m
- X channel buoy Erosion

958000— contours in ft

- = |05_3 e S\\/S Drop Zone boundary
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Northing (ft)

Northing (ft)

Northing (ft)

e the dredge has placed the specified number of d
1 I I | ! |
Utilization Plan #1a for SWS - 2007
966000 based on 13 JUNE 2007 Survey A # I r
The number of loads allowed to be dumped 4
per cell may be morified throug the season A
- on periodic surveys by the government. %
Refer to the Dredge Order P 2 .
for additional details conceming placement ~TK L 1 Pass Thru a Minimum of 4 cells
of dredged material within SWS T A 1 during release of dredged
964000 piace NO more than 2 material within SWS. Place no [~
5 loads per DAY more that 30% of a given load
within SWS within a cell.
7 v
. 5 \o”” Distribute placement (release points) AND
9620004 \oZ v 2 Dump TrackLines uniformly thru out available cells; |
& 2 DO NOT clump dump points or tracklines
2 together in space and time. NO STAR PATTERNS
1 X2 4 Avoidance Zone
A 2 -- NO placement in this area --
7
960000 2 A Capacity Zone
-- Dredge can not initiate placement in these cells --
- BUT can pass over this area during placement initiated elsewhere -
Disposal Events Specified per Cell for
ss5000.| Government Hopper Dredge @ 5,000 cy/dump channel buoy
Total Disposal Events shown = 80 @ 400 Kcy S\ Drop Zone boundary
Distribution of Disposal Events will be Refined
4 throughout course of 2007 dredging season SPCSOR-N. t (NAD 27)
T T T I T | T T T I T T
1084000 1086000 1088000 1090000 1092000 1094000 1096000
Easting (ft)
Site Use Sequence = Atl 1;
I Il -
Utilization Plan #4 for SWS - 2007
966000 based on 13 SEP 2007 Survey
“The number of loads allowed to be dumped
per cell may be moified throug the season
== ;"ﬁ'?ﬁﬂ?;ﬁ,z{:;ﬂmmm“ _ For each dump placed within
for additonal detals concerning placement 7 red box, spread dredged
of dredged material within SWS material evenly over a
9640007 place NO more than < minimunm of 3 cells WITHIN [~
8 loads per DAY eaiza p e, Red Box, before passing out
within SWS P s of Red Box
1 - = q > Place no more that 25%
5 b Al of a given load within any given cell,
962000 f 1 Distribute placement (release points) AND r
L Dump TrackLines uniformly thru out available cells;
2 DO NOT clump dump points or overlap tracklines
1 2 together in space and time. NO SPOKE PATTERNS
= Avoidance Zone
2 - m -~ NO placement in this area --
960000 2 DA -Limited capacity zone
-~ Dredge can not initiate placement in these cells --
- BUT can pass over this area during placement initiated elsewhere -
Disposal Events Specified per Cell for
Contract Hopper Dredge @ 3,400 cy/dum|
958000 PP lge @ 3,400 cy) P channel buoy
Total Disposal Events shown = 77 @ 261 Kcy ‘= SWS Drop Zone boundary
Distribution of Disposal Events will be Refined
| throughout course of 2007 dredging season SPCSOR-N, ft (NAD 27)
T T T T T T T T T T T
1084000 1086000 1088000 1090000 1092000 1094000 1096000
Easting (ft)
. AL
Once the dredge has placed the specified number of dumps in a cell that cell shall become a Limited Capacity Zone
I I 1 N I
Utilization Plan #7(last) for SWS - 2007
966000 based on 11 OCT 2007 Survey r
“The number of loads allowed o be dumped
per cell may be modified throug the season
~{ based on periodic surveys by the government.
Refer to the contract specifications.
for additional details concerning placement
of dredged material within SWS
964000 r
Place NO more than
8 loads per DAY
{ within SWs,
962000 Distribute placement (release points) AND r
Dump TrackLines uniformly thru out available cells;
unless DO NOT clump dump points or overlap tracklines
 otherwise together in space and time. NO SPOKE PATTERNS
directed by .
the GOVT DID OAvloldance (Zux
- placement in thisarea - |
960000 P -Limited capacity zone
- Dredge can not initiate placement in these cells -
| - BUT can pass over this area during placement initiated elsewhere -
Disposal Events Specified per Cell for
— Contract Hopper Dredge @ 3,400 cy/dump channel buoy |
Total Disposal Events shown =21 @ 71 Kcy = SWS Drop Zone boundary
Distribution of Disposal Events will be Refined
4 throughout course of 2007 dredging season SPCSOR-N. ft (NAD 27)
T T T T T T T T T T T
1084000 1086000 1088000 1090000 1092000 1094000 1096000

Easting (ft)

Northing (ft)

Northing (ft)

960000

958000

Utilization Plan #2a for SWS - 2007
based on 14 AUG 2007 Survey

“The number o loads allowed to be dumped
per cell may be modified throug the season
based on periodic surveys by the goverment.
Refer to the contract specifications

for aditional details concerning placement
of dredged material within SWS
Place NO more than
15 loads per DAY
within SWS

For each dump placed with
red box, spread dredged
material evenly over a

of Red Box

For dumps assigned outside of redbox
Place no more that 25%

of a given load within any given cell.
Distribute placement (release points) AND

Dump TrackLines uniformly thru out available cells;
DO NOT clump dump points or overlap tracklines
together in space and time. NO SPOKE PATTERNS

m = Avoidance Zone

- NO placement in this area
7
imited Capacity Zone

~- Dredge can not initiate placement in these cells -

Disposal Events Specified per Cell for
Contract Hopper Dredge @ 3,600 cy/dump channel buoy
Total Disposal Events shown = 133 @ 478 Kcy ‘= SWS Drop Zone boundary
Distribution of Disposal Events will be Refined

throughout course of 2007 dredging season SPCS OR-N, ft (NAD 27)

minimum of 3 cells WITHIN |-
Red Box, before passing out

~ BUT can pass over this area during placement initiated elsewhere

in

T T T T
1088000 1090000 1092000 1094000

Easting (ft)

Site Use Sequence= ll;
of dumps in a ce

T
1086000

T
1084000

966000

964000

962000

960000

958000

|
Utilization Plan #5 for SWS - 2007
based on 20 SEP 2007 Survey

‘The number of loads allowed to be dumped
per cell may be moified throug the season
based on periodic surveys by the goverment.
Refer to the contract specifications

for additional detals conceming placement
of dredged material within SWS
Place NO more than
8 loads per DAY
within SWS

For each dump placed within
red box, spread dredged
material evenly over a

Red Box, before passing out
of Red Box

Place no more that 26%
of agiven load within any given cell.

Distribute placement (release points) AND
Dump TrackLines uniformly thru out available cells;
DO NOT clump dump points or overlap tracklines

together in space and time. NO SPOKE PATTERNS

m = Avoidance Zone

. -~ NO placement in this area --
=Limited Capacity Zone

-- Dredge can not initiate placement in these cells --

-~ BUT can pass over this area during placement initiated elsewhere —

Disposal Events Specified per Cell for

Contract Hopper Dredge @ 3,400 cy/dump

channel buoy
Total Disposal Events shown =80 @ 272 Kcy = SWS Drop Zone boundary
Distribution of Disposal Events will be Refined

throughout course of 2007 dredging season SPCSOR-N, ft (NAD 27)

T T T T
1088000 1090000 1092000 1094000

Easting (ft)

T T
1084000 1086000 109¢

minimum of 3 cells WITHIN [~

1096000

000

7 dump plans were used
placement within the SWS during 2007. Plan #1
applied to the government dredge for 424 K cubic
yards, during 15 — 28 July. Plans #2-7 applied to the
contract dredge for 1.3 M cubic yards during 30 Aug —
28 Oct.

Northing (ft)

Northing (ft)

Site Use Sequence = Atl 1:
Once the dredge has placed the specified number of dumps in a cell, that cell shall become a Limited Capacity Zone
I I I I I I

966000

964000

962000

960000

958000

Utilization Plan #3 for SWS - 2007
based on 4 SEP 2007 Survey

“The number of loads allowed to be dumped 4 4

per cell may be moiified throug the season X4

based on periodic surveys by the government.

Refer to the contract specifications

#3

For each dump placed within
4 red box, spread dredged

foraitanl cetlls corcming material evenly over a
Place NO more than minimum of 3 cells WITHIN
< Red Box, before passing out
13 loads per DAY _oefart of Red Box
within SWS EcamaE:
& For dumps assigned outside of redbox
2 X3 Place no more that 25%
3 of a given load within any given cell
W s 3, Distribute placement (release points) AND
“\ i 3 Dump TrackLines uniformly thru out available cells;
DO NOT clump dump points or overlap tracklines
together in space and time. NO SPOKE PATTERNS

[ = Avoidance Zore

- NO placement in this area --
v

) -Limited capacity zone

- Dredge can not initiate placement in these cells -

— BUT can pass over this area during placement initiated elsewhere -

Disposal Events Specified per Cell for
Contract Hopper Dredge @ 3,400 cy/dump channel buoy
Total Disposal Events shown = 133 @ 363 Kcy e SWS Drop Zone boundary
Distribution of Disposal Events will be Refined

throughout course of 2007 dredging season SPCS OR-N, ft (NAD 27)

T | | T
1088000 1090000 1092000 1094000

Easting (ft)

T T
1084000 1086000

109¢

966000

964000

962000

960000

958000

I I I
Utilization Plan #6 for SWS - 2007

based on 11 OCT 2007 Survey A
The number of loads allowed to be dumped 2 4 4
per cell may be modified throug the season 1 1
e O penodic survey: 2 4 " For each dump placed within
for additional details cont 2 1 red box, spread dredged
of dredged material within SWS i 1 X1 material evenly over a
1K 1 2 minimum of 3 cells WITHIN [~
Place NO more than 11 Red Box, before passing out
8 loads per DAY 72X 2X1 of Red Box
within SWS, X1 %1
1% ) Place no more that 25%
1T 1 5 of agiven load within any given cell.
X1 2 Distribute placement (release points) AND

Dump TrackLines uniformly thru out available cells;
DO NOT clump dump points or overlap tracklines
2 together in space and time. NO SPOKE PATTERNS

unless N\ h

otherwise X L3¢5
directed by \ 1
the GOVT 2

[ = Avoidance Zone
1 . - NO placement in this area --
2 P -Limited capacity zone
-- Dredge can not initiate placement in these cells -

- BUT can pass over this area during placement initiated elsewhere -
Disposal Events Specified per Cell for
Contract Hopper Dredge @ 3,400 cy/dum|

PP e @ cyldump channel buoy

Total Disposal Events shown = 79 @ 268 Kcy e SWS Drop Zone boundary
Distribution of Disposal Events will be Refined

throughout course of 2007 dredging season SPCSOR-N, ft (NAD 27)

T T T T
1088000 1090000 1092000 1094000

Easting (ft)

T T
1084000 1086000 1091

to guide dredged material

000

000



Northing (ft)

| I |

966000

964000

MCR Shallow Water Ssite (SWS)
6 November 2007

TERRAPIN ISLAND (ctr) Placed 1.3 Mcy
during 30 Aug - 28 Oct 2007

960000
/
/
_ s @ =Terrapin |. - END Dump Coord.
%~ ® = Terrapin - BEGIN Dump Coord.
9580004 Z d 7/ 4 - - MCR channel
SPCS OR-N, ft (NAD27) 7 .7 *  channel buoy
. /
| contoursinftMLLW g e SWS Drop Zone boundary
/
| | | | | T | | ‘ | ‘
1084000 1086000 1088000 1090000 1092000 1094000

Easting (ft)

1096000



Northing (ft)

966000—

1

964000—

962000—

960000—

958000—

1 n
MCR SWS S
Difference between Surveys L C’
6 Nov 2007 - 9 May 1997 , ’/ (O
26.8 Mcy placed since 1997: 3.0 Mcy remain in SWS OJ ‘e, g
Target threshold for dredged material \ 2 .,

accumulation within SWS =5 ft, %
with respect to 1997 bathymetry = ~ .

"..
Yeod : YN () 7

rea ..c ~ 500,000 cy transported out

é? . of SWS during summer 2007 P
. e
‘,“" \‘ 0 ) , 4
0.45 Moy placed by GVT hopper
contours in ft dregge during 13-28 JUL 2007
- = loss ,
+ = gain 1.3 Mc¥ placed by KTR hopper

drgdge during 30 AUG - 28 OCT 2007
/

SWS is managed such that the ./ — — - MCR channel

target level is not exceded by”
more than 2 ft within an area
of 500 x 500 ft. B 4

/

X channel buoy
SWS Drop Zone boundary

Deposition

ft

o N OB O OO

o & AN

I-lO

Erosion

T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T

X

1084000 1086000 1088000 1090000 1092000 1094000 1096000

Easting (ft)



Northing (ft)

MCR SWS
| Difference between Surveys B
966000 1 Apr 2008 - 9 May 1997 '%.
26.8 Mcy placed since 1997: 2.2 Mcy remain in SWS KX
. L3 % e
k’ 0“ ’o" - [/
‘ “o “” > (3
964000 \.‘ “" . %, L
| . % >800,000cy transported
~, out of SWS during winter
_ - Deposition
962000 2007 . P = I
- 8
6
_| —i5
—4
2 ft
960000 -
-4
6
_ I‘8
- - MCR channel 10
958000  contours in ft channel buoy  Erosion
-= |05_5 SWS Drop Zone boundary
+ = gain
N /
\ ‘ \ \ ‘ \ \ \ \
1084000 1086000 1088000 1090000 1092000 1094000 1096000

Easting (ft)



1997-2008: 27 Million cy has been placed
25M cy remain within SWS




Peacock Spit

Change, ft
. - L

[ -6to-10 ;
[]4vs | q g Gl \
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B sto10
B -

1958 to 2003 Bathymetric Change

Use of the SWS
has reduced the
rate of recession
affecting Peacock
Spit.

Sustain the
Spits/shoals, and
they will protect
the jetties and
inlet.



.
s Army Corpa MCR Morphology Augmentation

Portland District

*\We CAN we use sand dredged at MCR to “protect” the North

Jetty and sustain the inlet: SWS has prevented lowering of
Peacock Spit by 4-8 ft

*\We CAN use sand dredged at MCR to augment the littoral

Budget north of the inlet: 12-25 Million cy introduced into littoral

drift of WA since 1997 ---- 50-120% of material placed each year is
transported out of SWS

* We CAN place MCR dredged sand in water depth of 40 - 60

ft depth and have positive impact on nearshore zone: Shown
by Tracer Study and bathymetry change analysis.



Mouth of the Columbia Rivr - Bathymetry and 2007 Dredged Material Placement Sltes

Pacific

DWS= Deep Water Site, 102 MPRSA NJ Site = North Jetty disposal site, 404 CWA SJ Res. Site = South Jetty research site,
SWS= Shallow Water Site, 102 MPRSA restricted use by EPA permit




MCR Jetties appear to have performed well, based on past expenditures
-annualized maintenance has been less than 0.5% per year (DEFERRAL)

Present damage is too extensive and rate of degradation too high for
Preventative Repairs

SHOAL AUGMENTATION NOT ENOUGH
-Institute Major Rehabilitation Evaluation

Major Rehabilitation Requires reliability-based analysis
- Burns Harbor Breakwater Major Rehab Report (Chicago District)

MAJOR REHAB Reports are NOT Easy to Complete — Requires dedicated
multidisciplinary effort from a TEAM intimately familiar with the project of
interest



Stochastic Reliability-based Life Cycle Simulation

Account for Non-Stationary Processes & Responses Affecting Structure Performance

Define Initial Conditions (Hindcast or Forecast)

Discretize Structure into 100 ft segments

Structure geometry and Design parameters — spatially variable
Shoreline Position — on each side of structure

Toe Elevation — spatially variable

Wave Forcing — spatially variable
Structure Damage Functions — variable based on sustained damage

Maintenance Strategy — Threshold based

Performance Modes are Addressed on each side of structure

Waves — Incident & Overtopping
Foundation / Toe Scour

Annually Accumulate Damages to Upper and Lower X-Section
— Adjust X-section geometry based on Damage; coupled to Performance modes
— Simulate Life-Cycle using Monte Carlo approach

- Engineering Features — Jetty Head, spurs, root stabilization
- Rehab Alternatives — Spatial variation and phased implementation

- Maintenance Strategies — Options



Stochastic Reliability-based Life Cycle Simulations
Model Application Steps

1) Simulate Structure’s Previous Life-Cycle — Hindcast: Calibrate Model
— Model replicates observed life-cycle costs and timing & location of

observed repairs

Key inputs = actual repair history; location, timing, frequency, and cost

2) Simulate Future Life-Cycle — Forecast: Establish Base Condition

Evaluate potential maintenance scenarios
— Select the Base Condition which is most likely to be implemented in a

“without project” framework

3) Simulate Future Life-Cycle — Forecast. Rehab Alternative Analysis
Evaluate alternatives by life cycle cost (monetized risk) and other metrics.
— Select the Rehab Alternative Which achieves best Life-Cycle

performance
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Elevation, MLLW, ft
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HINDCAST

MONTE CARLO: North Jetty CREST Profile Evolution ,1917-2006
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HINDCAST

Change in North Jetty Cross-Section Area, at STA:84.5, during1917-2006

I I I I I I I I I
| | | | I I I I I I S
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |

- | | | | | |
| ] ] ' " | | | |
| | | | | | | | |
| | | | | | | | | |
| | | | | | | | | o
== H4------ +f----- --- -~ H----=-- To---—- [ 4= t-—-—--= ----- —
| | | | | | | | | | c©
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | o

m-—-—- - - T g T~ il T - [t aT - T - [ N
| | | { | | | | | |
| | | | | ’ | | | |
| | | | | | | | | |
| | | | | | | | |
| | | | | . | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | |
| | I | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | . | | | o

m-—-—- - i i [ a9 T4 (i aT - T - [ — ©
| | | | | p | | |
| | | | | | | | | |
| | | | | f | | |
| d | | | | | | | |
| | | | | | | | | |
| | | | | | ! | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | I I | I I
| | | | | | | d | |

Y A ) R e E [ ‘%7
| | | | | | | | | | -—
| | | | | | | | | [e))
| | | | | | | ? | |
| | | | | | | | | | 4“
| | | | | | | | | |
I I | | | | | | | | ()
| | | | | | | | | | ﬂ
| | | | | | | | | |
| | | | | | | | | | «©
| | | | | | | | | | -
| | | | | | | | | |

Ly L Y o o %
1 | 1 | | 1 | 1 1 | <
| I I I I I I | | | >

| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | ] o
O [ [ R I —. o
| | | | | | | | |
| | | | | | | | |
| | | | | | | | :
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
— : | | | | |
| | | | ] ' > | |
| | | | | | | | |

Lo i __ ol ____ o [ T n W\m
| | | | | | | | | | | N
| | | | | | | | | | 0
| | | | | | | | | |
| | | | | | | | | | m =
| | | | | | | | | | o=
| | | | | | | I | I ..ﬁu. =
| | | | | | | | | D
| | | | | | | | |
| | | | | | | | | | n\.v !
| | | | | | | )
| | | | | | | | | | ()] W
| | | | | | | | | | o]

I B 1 _____ [ o L ____ o _____L______ 1| 0\0
| | | | | | | | | O M -

I I I I I I I I o <
| | | | | | | | [ -

| | | | | | | | = ©
| | | | | | | | e mlv
| | | | | | | | | |

| | | | | | | | | | w <
| | | | | | | | |

| I | | | | | | | |

| | | | | | | | | |

| | | | | | | | | |

| | | | | | | | | o

(= (=4 (=] o o o o o o o o

o [+2] -] N~ © n < (3] N -

-

BaJY UOII99S-X [eIU] JO (%) Juad1ad



HINDCAST
MONTE CARLO: North Jetty - Repair & Breach Frequency/100-ft Segment :1917-2006
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HINDCAST

MONTE CARLO: North Jetty Life-Cycle Cumulative Costs ,1917-2006
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HINDCAST
MONTE CARLO: Variation in North Jetty "Structure Reliability" during :1917-2006
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FORECAST — REHABILITATION

MONTE CARLO: Variation in North Jetty "Structure Reliability" durlng :2006- 2070
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Elevation, MLLW, ft

FORECAST — REHABILITATION
MONTE CARLO:North Jetty CREST Profile Life-Cycle Evolution, Rehab Plan B:2006-2070
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Conclusions

Many coastal navigation structures have performed well, but are now
in a condition of high vulnerability due to deferred maintenance.

High vulnerability leads to an uncertain future: Active Monitoring informs real-time
risk management. Intervention options = fix as fails — systems based solutions.

Dredged material (sand) can be used to augment the sediment budget

of eroding tidal shoals at Inlets: IMPROVE long term resiliency of the inlet’s
morphology and navigation infrastructure = RSM. May not address active jetty
damage

Requires flexibility - adapt to environmental forcing, structure response, natural
resource impacts, and stakeholder concerns.

Major Rehabilitation: restores a Structure’s Life-Cycle and address system risk.
Major Rehab requires a Stochastic Reliability-based Life Cycle Simulation to
evaluate structures subjected to complex loading scenarios.

Match the Tool with the Task



Cost $ Millions, 2007 Value

Cumulative Observed Life-Cycle Investment Costs - Jetty
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