CONTAMINATED SEDIMENT REMOVAL

(Using Mechanical Clamshell Buckets)

Cable Arm Inc. has been custom designing and fabricating clamshell buckets for environmental dredging since 1991. The purpose of this literature is to share some of the lessons learned from more than ten environmental projects that a Cable Arm Clamshell  Bucket  was used successfully.

Included:

· sediment removal criteria 

· record keeping

· dredge plan

· verification

· equipment

· dewatering

· unloading

· Cable Arm Equipment Characteristics (Table 1-1)

· Related Instrumentation

· Operator Procedure (Table 1-2)

· Cable Arm  Low Turbidity Dredging Procedure (SOP CA-99-02)

· Dredging  Tips

Introduction
The removal (dredging) of contaminated sediment with clamshell buckets requires defined procedures using qualified operators and certified equipment. Controlled lowering and lifting capabilities of the equipment should be specified (i.e. feet per second).  Dredging depth tolerances should be specified to  +/- inches. Turbidity monitoring sensors should be strategically located within and outside the confined dredging area. These sensors should have alarms clearly visible to all site personnel. Dry land testing of all equipment (cranes, buckets, instrumentation, GPS, and PC software) should be mandatory.   

Qualified Technicians are required to be on the dredge barge full time. Their responsibility would include; calibrating all instruments, assisting the positioning of the barge, recording activities and personnel movement in daily log book, maintaining dialog with crane operator and saving all data on PC. 

Sediment Removal Criteria

River bottom sediment requiring removal through use of a clamshell bucket on a crane must adhere to a specified procedure that minimizes release of suspended solids into the water column.  The procedure consists of lowering the bucket to the river bottom at a controlled rate, closing the bucket (confirming closure), raising the bucket, swinging the boom, releasing the sediment into a sediment scow, and swinging the boom to the next position - preferably a bucket washing station, prior to re-entry.

Environmental dredging requires controls and records, which result in considerable elaboration of the above basic steps.  The principal elements requiring control are depth and area of cut, complete removal (i.e. no missed areas) of the target sediments, control of turbidity in the water column, prevention of accidental release, complete and credible recovery, and, for most  sites, operating techniques which allow for the presence of debris such as rocks, logs and other foreign materials consistent to local area.

The required controls, records, and operating procedures will be addressed in this document through the application of Cable Arm Environmental Bucket technology and the WINOPS Dredge Positioning Software.

The features of the Cable Arm Environmental Bucket which address the requirements governing sediment removal are listed in Table 1-1, and the specific steps in the procedure to be used at this site are listed in Table 1-2.  Notable among the features given in Table 1-1 is the use of instruments attached to the pivot axle of the bucket. These instruments are pressure transducers and echo-sounders which display the distance of the bucket cutting lip from the bottom with an expected accuracy of 5 cm (2”). Instrument readouts are recorded on the WINOPS data logger. Cable Arm Environmental Buckets utilized to remove contaminated sediments can be equipped with turbidity monitors. The optional turbidity monitor attached to the bucket would provide real-time readouts, and act as an alarm device, especially in an open water situation.   It should be noted that these meters can detect turbidity caused by other activities within an enclosed silt curtained or sheet pile walled area, such as prop wash, driving the anchoring spuds into the bottom, maneuvering the derrick barges, crew boat activity, etc.  These increases in turbidity, of course, are not indicative of the bucket's performance and, as such, the monitoring may not provide useful data in all cases as it may be impossible to distinguish turbidity caused by the bucket from turbidity caused by other activities. Surface vessels required to work inside these confined area can be equipped with GPS positioning systems that can be data logged, thereby, tracking and monitoring the turbidity created by their movement.    Horizontal (X-Y) positioning of the bucket is done using Differential GPS installed on the crane boom tip.  The WINOPS dredge/bucket positioning  software has the capability to convert the GPS longitude/latitude satellite signal into the work site coordinate system in real time, thus allowing the operators to locate each bucket position in reference to the local site coordinate system.

The list of procedural operating steps in Table 1-2 provides an example (see Step 11) of non-closure process for a bucket as occasioned by interference from a debris or boulder. The operator’ follows steps which, in the case of non-closure, call for two adjustments of location to attempt to achieve closure.  If bucket closure is not achieved with two adjustments of the positions of the bucket, the operator moves the bucket the full dimension of the bucket footprint to initiate removal at a new adjacent bucket footprint.  This operational procedure is necessary, as production rate must be maintained.  The area where removal was not possible with the main dredge, can be marked on the daily log and target labeled. The operational dredge plan should  deal with these targets.  

As dredging continues, and the design depth has been achieved, the area behind the dredge can  be partitioned off using a silt curtain.

NOTE:  Cleaning of the bucket in a washing stage area or rinse tank is optional, depending on the amount of material observed to be adhering to the bucket.  Use of this process can be determined in the field by the Project Engineer or on-site manager.

 All crane operators should be trained on the equipment and procedures prior to initiating the sediment removal operations.

Record Keeping

Record keeping during sediment removal operations can consist of two elements: a manuscript log book kept by site technicians, and computerized (WINOPS) data-logging of the output of sensors and controls.

The manuscript log (Technician’s Logbook) can serve to record matters significant to the removal operations: weather, wind, water conditions, equipment maintenance, instrument calibrations, and personnel who perform any actions relating to the removal operations.  Also, narratives, daily volume removed, actions taken when rock is encountered, locations where rock is encountered and/or not amenable to dredging and decision-making can be noted in the Technician’s Logbook.

The computerized (WINOPS) data logging can record the output of all dredging instrumentation:  positioning, depth, cycles, and operating times. This data can be exported from the WINOPS  files (clam.log) into EXCEL format or other spread sheet software.

Contaminated Sediment Dredge Plan

A dredge plan should be designed to include:

a) Dredging flow pattern (i.e. shore to channel, upstream, downstream etc.)

b) Dredging depth levels

c) Movement of filled bucket to scow (above and below water)

d) Non-closure procedure

e) Hydrographic survey with debris/rocks location 

f) Removal process of debris/rock 

g) Low turbidity procedures

h) Bucket cleaning process before re-entry into water

i) All vessels, barges, cranes, and buckets specifications and dimensions

j) Location of all rocks, debris and non-dredge areas

k) Movement of scows

l) Positioning crane barge

m) Corrective action response to turbidity non compliance

n) Decontamination process of equipment in need of repair during dredging project

 Verification

Design depth verification can be accomplished using pre- and post-dredging surveys.  Prior to commencement of removal operations a pre-dredge hydrographic survey should be performed.  It is anticipated that this survey and the post-dredge survey can be conducted using dual-frequency sonar and all data can be sent to an on-board computer for archiving and manipulation purposes.

Following the removal operations in each area, a post-dredging survey can be conducted to verify final excavation depths.  The two data sets (pre-dredge and post-dredge) can be grided using commercial software and the two grids can be mathematically subtracted.

Verification that the contaminate has been removed to the greatest degree practicable must be verified. During dredging operations, this process defines the level of effort and measurable improvement required to continue dredging in areas that do not meet cleanup goals after dredging to design depths.

Dredge areas in which all the requirements of the dredging procedures and logic flow sheet have been completed but are still above the cleanup goals can be included for further evaluation as described below.

Example

 Remediation requirements can be considered compete in an area if:

· requirements of the dredging procedures and logic flow sheet have been accomplished in each area;

· average contaminate concentration of the area is less than or equal to specified ppm;

· no individual cell within the area has contaminate concentrations greater than specified ppm.

Values to be used for statistical averaging are as follows:

· The average value of the duplicate laboratory results for samples that are less than specified ppm can be used for the areas determined to be less than specified ppm by testing

· The laboratory results for a specific area will be used for that area.

· If the laboratory result is ND (Non-Detect), one-half of the detection limit can be used.

A biased sample can be taken at the location in the area where it was recorded that dredging could not be accomplished due to the interference of boulders or rocks.  If the biased sample result is higher than the final verification sample result for that area, then the contingency plan for dredging around boulders and rocks can be initiated.

If an area does not meet the above criteria, additional measures may be taken in specific areas to achieve the criteria, or the individual areas can be marked for a cap.  The individual specified areas marked for a cap will be excluded from the statistical averaging, and remediation requirements can be considered complete in the balance of the area.

Equipment

Equipment anticipated to be used during removal operations:

· Certified cranes (powered up and down)

· Certified material barges 

· Small tugs or wenches for maneuvering of the barges

· Various small crew boats

· Mobile work barge with boom and winches for maintenance of silt curtain and floating equipment

· Communication system for operator and technical support staff

· On board office for Technical Staff and electronics equipment 

· Offloading equipment - size rated to maintain efficient transportation of removed sediment 

Sediment Dewatering 

Sediment de-watering can  be accomplished by allowing the free water (water trapped above the sediment water interface within the bucket) and any additional drainage from the sediment to flow back into the enclosed dredge area after filtration. Past projects have used onboard sand filter beds lined with permeable (specified flow) geotextile material, located at each end of the material scows.   If clogging of the filter media does occur, the filter medium is changed out. Close monitoring of these filter beds must be maintained. Spent sand is treated as contaminate and disposed of with dredged material. Other methods have employed false bottom containers, drying agents or vacuum systems to draw water from the sediment.   

Sediment Unloading

Sediment unloading consists of the transfer, by land or barge-mounted equipment from a loaded sediment barge to the receiving hopper or directly into an approved hauling truck.

The Cable Arm Environmental Bucket is preferred for unloading because it is compatible with the unloading of materials from rectangular and/or flat-bottomed containers (e.g., the sediment barge) and limited loss of material in transfer.  Also, the level cut ability allows for complete removal of the material from the barge.

Few constraints apply to the unloading operation compared to dredging/removal operations, where control of turbidity in the water column and depth of cut are important considerations.  

If the barge and dock are beneath the unloading swing, any drips from the bucket are expected to be evident and controllable before they return to the surrounding water.

The entire unloading area should be constructed to drain dropped liquids, truck and decontamination wash water, and storm water toward a sump.  Large volumes of spillage from the unloading bucket are not anticipated.  The unloading area should be bermed to prevent any spillage into the water. 

Sediment barges should be designated by flag color or other symbols as to the concentration level of contaminate in the removed sediment. Special procedures could apply to varying concentration levels and disposal destinations.. 

Table 1-1

Cable Arm Environmental Bucket

Equipment Characteristics




1.
25o  Overlapping side plates (reduces lateral movement of material) 

2.
Level-Cut ® action, ( ± 3” or 76mm) – minimizes digging and turbidity (no suction) 

3.
Vent covers that allows water to pass through on descent, thereby creating less downward pressure, and closed during lift to prevent washout  to minimize suspended solids

4.
Positive side seals (gaskets) 

5.
Bucket closure alarms (both sides)

6.
Large footprint (allows overlap to ensure complete removal)

7.
Volume control – Multiple Altimeters to control depth of penetration and reduce overfilling.

8.
Vertical control – Pressure transducers to control dredging depth.

9.
Optional:   Turbidity monitors in bucket or adjacent to dredging area for water 

       quality monitoring.  

10.
Optional:   Clamshell locks – avoid accidental opening

11.
Optional:   Clamshell vibrators – removes surface adhering material at discharge

12.
Optional:   Cameras mounted inside clamshells

13
Optional:   Bucket rinse/wash tanks – minimize re- suspension of material adhering                    
       to clamshell surface

Related Instrumentation 
· Computers 
· Boom Tip and crane barge GPS
· GPS Land Base Station 
· Echo sounders
· Pressure transducers
· Boom angle sensor
· Swing angle sensor
· Open/close alarm sensors
· Data loggers
· Turbidity monitors
· Cameras (bucket or deck)
· Remote displays – video and digital
· Communication system
Table 1-2

Operator’s Procedure
(WINOPS Dredging  Positioning Software with GPS and CLAMVISION)

1. 
SWING opened bucket (yellow light ON) to target location.
2. 
LOWER opened bucket slowly (avoid splash) until submerged.  

3.
HOLD bucket in this position until sounders have stabilized (numbers not erratic).

4.  
CONFIRM bucket location with tech before lowering bucket.

5.  
LOWER bucket slowly (< 1 ft per second).

6.  
STOP lowering bucket when sounders read between 2.00 - 1.00 ft.

7.  
HOLD bucket at this reading until readings stable.

8. LOWER bucket until sounders read negative (penetration value)  - 0.8 to - 1.1  

9. STOP when 1 (any one) sounder reads > - 1.5. (this number could change for sounders that have offsets greater or less than 2.5 or buckets that require < 1 ft penetration)

10. INFORM tech that the bucket is stopped. Tech will push F12 key and give you O.K to close.

11. CLOSE bucket completely ( red lights ON). If closure not complete (red lights OFF) follow procedure for NON CLOSURE as specified in the dredge plan.

Example:

11.1
Lift bucket 1 ft off bottom (refer to depth reading)

11.2
Open bucket  - enough to release pressure and slightly open bucket (avoid 
complete discharging )

11.3
Lift semi opened bucket 1 foot (refer to depth reading)


11.4
Close bucket


11.5
If  close lights are “ON” continue to step 12


11.6
If close lights are still “OFF” lower bucket to bottom

11.7 Open bucket 

11.8 Lift 3 ft (depth reading) and discharge contents


11.8
Move bucket a half footprint 


11.9
Repeat steps 7 -11

12. LIFT bucket – to just below rubber vents at surface (partially submerged).

13. Let excess water drain from vents.

14 SWING bucket (partially submerged) to lift area near scow.

15.       Immediately  LIFT bucket  to a height above scow

16.      SWING into scow.

17.      OPEN and discharge bucket.

Note:  Allow 1 ft overlap for each bucket. Failure to follow this procedure increases overfilling problems.
Cable Arm Environmental Low Turbidity Dredging Procedure  with Clamvision

SOP CA-99-02

1.0
 Low Turbidity Dredging  

1.1.0 Verify barge on target position (DGPS or survey)

1.2.0 Set  boom  angle “Y”  (as per XY footprint map)

1.3.0 Open “decontaminated bucket” ( yellow indicator light  “ON”) 

1.4.0 Rotate crane  to starting “X “position (as per XY footprint map or WINOPS bucket pattern)

1.5.0 Lower  bucket  at a rate not to exceed  1 foot per second (machine capability) AVOID SPLASHING
1.6.0 Stop lowering bucket  when penetration displays 6 ft

1.7.0 Hold position for 5 seconds (allow echo sounder display to stabilize)

1.8.0 Lower (1 ft/sec)  until desired penetration or final depth ( do not  exceed final depth as specified)

1.9.0 Close bucket (red  indicator lights  “ON”)

[ If red lights do not come “ON”]

1.9.1 Loosen & tighten closing line  repeatedly

1.9.2 Open bucket  slightly and lift about 1 ft and then close

1.9.3 Place bucket on bottom and slowly open to  discharge sediment  in original area.

1.9.4 Mark area using WINOPS' target software tool 

1.9.5 Reposition a few degrees from original swing  position  and repeat  steps (1.5.0 - 1.9.0)

1.10.0 Lift bucket out of water just below rubber flapper vents

1.11.0 Allow water to drain

1.12.0 Rotate (swing) partially submerged bucket toward receiving scow

1.13.0 Lift  and swing over scow

1.14.0 Open bucket completely (yellow indicator light “ON”)  and discharge all contents (use vibrators if available)

1.15.0 Close bucket ( red indicator lights “ON”) and move above wash tank

1.16.0 Open bucket (yellow light “ON) and immerse completely into wash tank 

1.17.0 Move bucket up and down to rinse internal walls and corners (bucket vibrators and or spray equipment  ) 

1.18.0 Lift bucket 2 feet above wash tank

1.19.0 Close bucket ( red indicator lights “ON”)

1.20.0 Swing to next position (as per bucket footprint map) and repeat steps       ( 1.1.0 – 1.19.0)

Dredge Tips

(The following comments come from lessons learned)
· Involve entire crew in project and update daily 

· Provide written/verbal orientation package for all crew (especially new crew)

· Train crane operators for precision dredging (set standards +/- 3 inches)

· Dry land test all equipment and instrumentation

· Design dredge plan to maximize removal volume within turbidity criteria

· Provide current pre-dredge survey 

· Use DGPS positioning system (i.e. WINOPS) with boom tip antenna 

· Provide Radial Bucket Footprint Dig Pattern (use boom tip GPS)

· Bucket footprint sized to sediment depth requirements

· Lower bucket through water column at controlled speed 

· Setup crane to ensure bucket can descend smoothly and penetrate sediment 

· Dig to refusal -soft sediment normally contains the contaminate 

· If digging "to grade" requires removal of consolidated material - remove soft sediment first with a CA Environmental clamshell bucket

· Equip digging bucket with instrumentation (CLAMVISION) 

· Dig from high to low on slopes

· Have an approved Debris Removal Plan

· Expect some water (averaging 10-15 % of sediment removed) - cannot completely fill buckets to capacity when precision dredging.  

· Locate receiving container close to working area to minimize cycle time.

· Receiving container must be large enough for easy bucket entry

· Transport filled bucket close to water surface (avoid airborne contamination and splashing)

· Wash bucket prior to re-entry (position a Dip Tank equipped with bucket stop bar near receiving container)     

· Continually monitor turbidity inside and outside silt curtains or other barriers

· Identify all turbidity generators (i.e.  prop wash, spudding, bucket, storm events, outfalls within work area  etc.)

· Display turbidity conditions to all site personnel (green, amber ,red flashing dome lights mounted in work area)

· Train crane operators to calibrate and maintain instrumentation (confidence in instrumentation improves productivity and accuracy)

· Have a data management plan if data logging.

· Provide software to manage data from logger

· Depth control instrumentation should be tide compensated

· Provide a constant power supply for instrumentation 

· Provide a dry and temperature controlled facility to accommodate computers, instrumentation and tech support personnel

· Have a well trained technical support person on site 

· Have an alternate dredge plan when electrical or satellite systems fail.

· Install surface camera on front of crane to observe/record dredging process

· Avoid working at night if possible
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