Environmental Clamshell Dredging

Application of
Environmental Dredging Tips

Lessons learned from more than 10 years
of completing environmental dredging projects
with Cable Arm Environmental Clamshell Buckets

By: Ray Bergeron & Darrell Nicholas
Cable Arm Professional Services
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Hardware Issues in Environmental Dredging
Navigation Buckets vs. Environmental Buckets

- 12 -

=== 12"

Cable Arm Level-Cut

Conventional Bucket Environmental Bucket
3.6 cu. yd. 5.4 cu. ya.

Level-Cut Clamshell Bucket vs. Conventional Bucket

50% more material removed
with the same penetration and footprint
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Hardware Issues in Environmental Dredging
Navigation Buckets vs. Environmental Buckets

= 24" - footprint of two buckets -

48% remaining
with conventional bucket

Cable Arm Buckets ,
5.4 cu. yd./bucket Conventional Buckets

- ] v K
- 12' - center to center - el Yo btcke
No Overlap

27—

Level-Cut Clamshell Bucket vs. Conventional Bucket
48% of the contaminated sediment left with a conventional bucket
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Hardware Issues in Environmental Dredging
Navigation Buckets vs. Environmental Buckets

- 18" - footprint of two -
conventional buckets

i 6' =]

center to center
with 50% overlap

6% remaining Area where conventional bucket
with conventional bucket doesn't reach target depth

- 24’ =i
footprint of two Cable Arm buckets

Level-Cut Clamshell Bucket vs. Conventional Bucket

Conventional bucket still leaves 6%
of the contaminated sediment with a 50% overlap
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Where Have | Been and How Deep Did | Go?
Environmental Dredging = Sensors and Software
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Operational Procedures - Where the Bucket Meets the Mud

Same Equipment, But Different Results with Different Procedures

Navigational Dredging Procedures - Dec. 5, 2005

Cvycle Time Observations Turbidity Measurements

Bucket
Position

Elapsed

Time

Elapsed

Time Turbidity

In water A 0 Dredging begins 40
Qut of water 29 5 69
Dump In scow 27

In wash tank 2

! 79
0 99 12 05
mental Dredging Procedures - Dec. 8, 2005

Environ

Cycle Time Observations Turbidity Measurements
Elapsed Elapsed

Bucket Time Time
Position
(T - —
In water 74 0 Dredging begins 30
Outofwater | 31 |
End of draining 35 - 39
Dump In ScCow 27 5, 28
In wash tank 28 178 / 29
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Communicate project goals to the entire dredging team,
thoroughly explaining differences between environmental
and navigational dredging.

* Production Oriented vs. Removal Oriented
(you get what you pay for!)
» Basis for payment - contract terms & conditions
* Disposal costs

 Resuspension Control
* Turbidity & water quality standards
« Contamination of new areas
« Recontamination of old areas
 Water Handling
 Treatment costs
* Discharge standards

 Debris Handling
« Effects on water quality & sediment handling
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ELEV.
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535

530
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SELECTIVE REMOVAL OF LAYERED SEDIMENTS BY PCB CONCENTRATION
WHITE LAKE, MICHIGAN - SUMMER 2003

Final Pass

MM&WM&MW

3rd Pass

Removal of non-TSCA to final grade
2nd Pass

/-Original Bottom

'Removal of TSCA (>50 ppm)

/

tstPass
’-' Removal of 1' of non-TSCA

10x vertical exaggeratipn

\1 ft depth increments (typ.)

B

100

STATION, FT.

200 300 400

500

0000



Precision dredging requires a crane in top mechanical condition;
precision instrumentation can be wasted on a poorly functioning crane.
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Then remove harder, native material with a “digging” bucket.

Navigational Bredging Area, EnvirenmentaliBreaginglAiea,
Hand, Native Clay Soith Contaminated Sediment
UseBigging|Buckets UserEnvironmentalfBuckets

side slopes



<Navigation

Conventional Clam Articulated Fixed-Arm

Excavator
MECHANICAL

Enclosed Bucket

Horizontal Auger Conventional Cutterhead Diver-Assisted

H I D RAU LI C From “Cleanup and Remediation of Persistent Bioaccumliative

Toxics in the Great Lakes Basin, G Bayer, CH2M Hill, 2005
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Minimize sediment volumes by using
an Environmental Clamshell Bucket
to remove only soft, contaminated sediment.
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For comparability, sample & test sediments
using the same methods before & after dredging

Pre-Dredging |

(by Coring) Profile

Contaminated 7 98" | 99.8% qf
Sediment Layer ' Contaminated

>500 ppm PCB : Sediment Removed

Resuspended and
Resettled Sediment,
>500 ppm PCB

Native Clay, Native Clay,
PCBs Not Detected PCBs Not Detected

POST-DREDGING RESULTS FROM CORE SAMPLES - 1.25 PPM PCBs
POST-DREDGING RESULTS FROM PONAR SAMPLES - >500 PPM PCBs

If you don’t sample it correctly,
don’t expect credit for dredging it correctly!
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Dredging al
Boundary

R | i

" Shoreline—"

CNR - could not r
ND - not detect

pad

0.045

not sampling variability

AMOUNT
REMOVED
(FEET)

mm 2.5

2.0

1.5

1.0

— 0.0

Locate samples accurately so “numbers” reflect dredging results;
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Where you thought you sampled
Where you actually sampled!

DEPTH l /
WATER
o LEVEL
N
ﬁ!"_
(cl)._.
C?..
ol | |
~— " 5X VERTICAL |
o P [
0 25 50 75 100 125
STATION, FT

DEPTH

-12 -10 -8

Be sure your results reflect dredging performance; not sampling bias!
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Use a differential global positioning system,
bucket and crane instrumentation, tide gauge, and dredging software
(Clamvision) to track bucket location in 3-D.

L h L 13
o I"'] 12

Q | ] 11 0.17
.ff 10

)‘ 0
<\ ’
| Current: 6.5 Survey: 6.5 |
Project: 7.7 Tide Level: 0.7 [ 7
Bites Remaining: 1 :
Target: 7.7
| Bucket: 3.1 5 I .

SEALED1
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otprint of

—Clamshell
Bucket

F
i

Z)

Single-Beam
Sonar Readings
Boundary

Dredging Area
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Provide time In the project schedule to train crane operators to use
new instrumentation and procedures for precision dredging.
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Provide independent QA/QC of hydrographic surveys.
Identify GPS reference marks for confirming surveying
& positioning equipment accuracy.

Depth Depth
-40 -40
50 -90

0 50 100 150 200 250 300 350
= June 30 Survey 5X Vertical Exaggeration
—July 1 Survey Uncorrected for Tide Gauge

Comparison of Profiles from June 30 & July 1 Surveys
Miller Springs Remediation - Montague, Michigan
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QUALITY CONTROL IDENTIFIED LARGE SURVEY ERRORS
CAUSED BY FAILURE TO CORRECT LATENCY

Difference in
Surveys

I }12"

6" to 12"

_6" to 6"

Plan View
Jacksonville Harbor
Contaminated Sediment Removal

-6" to -12°

S o,

COMPARISON OF

JUNE 19, 2004 AND JUNE 23, 2004 SURVEYS <-12"
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4
5 "-----... BENCHMARK,
SURVEYED BY GPS

RENCE BENCHMARK,

DETERMINED FROM
LOCAL COORDINATES.
CALCULATED LOCATION OF END

OF BULKHEAD BASED ON.COMPARISON

OF LOCAL & GPS COORDINATES

12.64 FT DIFFERENCE BETWE

X=665952.57
Y=818158.87 §.

&==__LOCAL AND GPS COORDINATES .

[ = ‘E :

| \_END OF BULKHEAD -
FROM HYDROGRAPHIC SURVEY

273.33 FT
DIFFERENCE BETWEEN 2467
R N ——

FROM ENGINEERING DRAWINGS
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Rapid mobilization with usually lower costs

Equipment and labor readily aval ble in most markets
Handles deep water greater ;:ﬁ 40 feet
Some rock and debris hand capablhty

Much lower water treatmen sts
4;...
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Use the depth instrumentation & target depths
from the software to avoid excess water or overfilling the bucket.

Bucket Performance

As Designed Bucket Just Right

No slope 5% slope

12
5.4 cu. yd. sediment 5.4 cu. yd. sediment
negligible water negligible water
Bucket Too Shallow 5% slope Bucket Too Deep 5
5% slope
i WSS S S
N
© 15.6 sq. ft. x-sec. area

8.4 sq. ft. x-sec area

3.8 cu. yd. sediment 6.6 cu. yd. sediment
1.6 cu. yd. water 1.2 cu. yd. sediment lost

Bucket overlap is necessary on slopes to achieve project depths
without producing excess water or overfilling the bucket.
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Use the depth instrumentation & target depths
from the software to avoid overfilling the bucket.

/ —

[ §

B i Al v
Use the horizontal bucket position

to provide adequate overlap of each bite.
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Locate sediment receiving containers or scCows
close to the working area to minimize cycle time.
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Install drip pan at discharge point to receive the closed, filled bucket.
Rinse the empty bucket in a wash tank.

% '"'“—"'——-__.,
HCABLE*ARM'S:ENVIRONMENTAEDREQQING‘CONCEPT

Integrated

i
‘N'j www.cablearm.com

| info@cablearm.com
WODCON XVII 3452 West Jefferson Ave
Trenton, MI USA 48183

ph: 734.676.6108
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Install drip pan at discharge point

to receive the closed, filled bucket.
Rinse the empty bucket in a wash tank.

T //

R |
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Continually monitor turbidity in accordance with work plan.
Identify & control sources of turbidity other than dredging.
Link measurements with activities and show cause-effect to crew.

Turbidity Monitoring Report
White Lake, Michigan - Cable Arm Clamshell

Miller Springs Remediation
Date: 8/1/03 00:00 to 8/1/03 23:50

Statistical Summary

SWO | SWO | SW7 | SW7 | SW3 | SW3

Station Top |Bottom| Top |[Bottom| Top |Bottom

No. of Samples| 144 144 144 144 144 144
Average 5.18 2.7 3.04 2.30 3.81 1.42

Maximum 107 | 121 1084 | 5.15 | 2.42
Minimum 3.2 0.8 1.84 | 167 | 2.65 0.8
Std. Dev. 1.4 2 0.32

All readings in NTU.
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Expect debris.
Have a plan for dealing with materials

that won=t allow the bucket to seal.
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Have a plan for dealing with debris and excess water
both on the water and at the shore.
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Involve the crew.
Track project status on a real-time basis and provide daily updates.
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- " i |_M preaeing
Provide feedback that includes both successes and areas for

improvement. Establish realistic expectations for performance.
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SHEET PILE WALL

-

N DEPTH TO
Nl FINAL GRADE (FT)

HIGH SPOT, GREATER THAN
1.5 FT ABOVE GRADE

TOP OF CUT SLOPE

TARGETED

Cp HARDBOTTOM AREA, AREA

NO SOFT MUD REMAINS,

MULTIPLE PASSES MADE SCALE
WITH LESS THAN 3 INCHES b
OF MATERIAL REMOVED ( 19 u

CUMULATIVE AREA DREDGED - OCTOBER 8, 2004
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Comparison of Water Treatment Needs
Environmental Clamshell vs. Cutterhead

TYPICAL TYPICAL
RESULTS RESULTS Cutterh_ead
WITH WITH dredging
CLAMSHELL CUTTERHEAD typically
9 0
(50% SOLIDS) (7% SOLIDS) roanCes
4 to 14 times
more water
1000 LBS SOLIDS e
1 TON OF 7.6 TONS OF TR
SEDIMENT SEDIMENT clams{we”
dredging.

134 GALLONS 1910 GALLONS
OF WATER OF WATER

1000 LB SOLIDS
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Sherman Reservoir — Fall 2004

Another Site 100% Successfully Remediated
By Combining the Right Hardware, Software & Procedures

— e __

| Applying the lessons learned from past

| environmental dredging experience with
the right hardware, software, and procedures
can produce results that are easy to explain to
your clients, to the public and to the regulators.

-,
—
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Comparison of Typical Water Treatment Costs
Environmental Clamshell vs. Cutterhead

Treat more water, spend more money!

__

de;r;lﬂent Volume Removed, 30.000 30,000

Water Volume,
Million Gallons 26.8

___

___
Coagulation & Precipitation $8,028 $18,732 $40,140 -  $93,659

Sand Filtration $36.928 $122.024 $184.642 - $610,121
Carbon Absorption $32,112 $168,586 $160,558 $842,931

___
TOTAL WATER
TREATMENT COST Ri T 0 SR

Unit Treatment Costs from Federal Remediation Technologies Roundtable VWeb Site, www.frtr.gov

Based on 12% solids for cutterhead dredging and 60% solids for clamshell dredging.
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Clamshell Disadvantages

Lower production rates usyally vs. hydraulic

Need for onshore unlo% ng/transfer facilities, trucks
‘-

Loss of volatile organi¢',compounds from open barges

Need for secondaryépill containment at transfer points




When Selecting
Environmental Dredging Technologies,
Evaluate Total Project Costs

Investigations, Lab, Pilot Tests & Engineering Studies
Administrative — Cost, Schedule, Work Plans
Mobilization & Demobilization

Shore Facilities — Docks, Roads, Storage, Processing
Silt Containment & Turbidity Mitigation

Water Treatment & Air Pollution Control

Solid Waste Treatment & Disposal

Sampling, Monitoring & Regulatory Compliance
Health & Safety

Dredging Equipment & Operations
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Navigational vs Environmental
Dredging

 Battling Misconceptions about Clamshells

A hydraulic (vacuum-style) dredge should be used.
A horizontal auger cutterhead seems to stir

sediments less than a swinging ladder style.

(Don't allow clamshell dredging --- it's very messy!)

From Fox River Watch Web Site,
http ://www .foxriverwatch.com/index.html
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Navigational vs Environmental
Dredging

e Hardware

¢ Sensors
and Software

* Operational
Controls
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