WATER QUALITY IMPACTS
AND BUCKET DREDGING
OPERATIONS

Donald Hayes, The Dredging Professor, LLC

David James, Joshua Gonzales, Caitlyn Schreiber, UNLV
Mark Zhang, Columbia University

Ali Saber Sichani, University of Toronto




Bucket Types
- Cable Arm Navigation Bucket
- Great Lakes Enclosed Bucket
- Conventional Clamshell Bugcket



Front of dredge barge
Turbidity /TSS at 4 depths

~ 10 m from bucket

Video recordings of dredging



- ADCP (currents, turbidity)
- BOSS sampling (TSS, turbidity, etc.) |
- Upstream and downstream e 3
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Clamshell Bucket
(26 cu yd)
Boston Harbor

08/07/99

© D. Hayes 2000



GLDD Enclosed Bucket
(39 cu yd)

Boston Harbor

08/06/99

© D. Hayes 2000



Monitoring

Before Dredging o After
» Initial
Predge redge Starting | Sediment r.n 'cl Dredging| Dredge
Bucket Cut Tide .
Date Used Nfelg] End (m) Depth* Elev. (m) Depth* | Movement
(m) (M MLLW) (m)
g/5 |CORICAMI gancy | 13:0347 | 07 12.7 -10.7 2.0 134 | Upstream
(26 cy)
g/ |ENclosedl gona6 | 13:1000 | 1.5 13.1 104 2.7 Vil s rea
(39 cy)
8:27:34 10:29:59 0.5 15.3 -12.5 2.8 15.8
Convent.
8/7 24 Upstrea
(26.CY) | 10:30:00 | 14:35:28 | 1.0 10.7 8.7 2.0 W /

*These values varied with time due to tides; values shown reflect NOAA station 8443970 tid

the beginning of the monitoring period.

SITE CHARACTERISTICS



Specific Gra

> 140 sieve (%)

(medium and coarse) . v

Fine Sand (%) 19 23 23 9 29
Silt (%) 63 47 44 33 51
Clay (%) 18 30 33 27 18

Classification

Sandy Silt (ML), Dark Gray

Clay
(CH)

SEDIMENT CF

ARACTERISTICS




» ~200,000 turbidity readings

» Significant noise and some outliers
» Kalman Filter used to remove noise

» Hompel outlier detection

Time (Sech

TURBIDITY DATA, SMOOTHING, AND OUTLIERS



Dredging Start Duration | Bucket Dredging| Start |Duration| Bucket
Period Time (m:s) Cycles Period Time (m:s) Cycles
D-5-A 8:33:51 2:30 D-6-I 9:28:19 16:33 17
D-5-B 8:36:22 17:16 17 D-6-J 9:46:36 2:47
D-5-C 8:56:01 6:51 D-6-K 9:49:24 15:35 18
D-5-D 9:02:53 13:11 11 D-6-L 10:05:00 9:59
D-5-E 9:16:05 4:15 D-6-M | 11:23:32 | 22:11
D-5-F 9:37:24 4:55 D-6-N | 11:46:49 19:01
D-5-G 9:42:20 12:47 12 D-6-O | 12:08:29 | 45:42
D-5-H 9:56:51 3:07 D-6-P 12:55:18 | 14:42
D-5-1 9:59:59 9:46 10 D-7-A 8:37:24 54:23 18
D-5-J 10:09:46 3:59 BEVAL 8:59:30 24:57 28
D-5-K 10:13:46 2:04 2 D-7-C 9:24:28 04:45
D-5-L 10:18:48 2:43 D-7-D 9:29:14 3:46 5
D-5-M 10:21:32 /.08 / D-7-E 9:33:01 4:11
D-5-N 12:04:53 44:33 D-7-F 9:41:25 11:39 14
D-5-O 12:50:07 13:40 D-7-G | 10:18:05 | 11:17 13
D-6-A 8:00:36 8:35 D-7-H 10:44:25 5:37
D-6-B 8:09:12 9:49 8 D-7-I 10:56:26 11:33
D-6-C 8:22:40 20:18 21 D-7-J 11:09:25 | 28:01
D-6-D 8:43:57 3:06 D-7-K 12:31:43 | 28:16
D-6-E 8:47:04 19:19 21 D-7-L 13:01:33 | 28:10
D-6-F 9:07:13 11:59 D-7-M | 13:33:55 | 20:31
D-6-G 9:19:13 4:55 6 D-7-N | 13:57:38 | 29:21
D-6-H 9:25:31 2:47 D-7-O | 14:27:55 | 07:33

DREDGING
PERIODS
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» Influence of external factors

» Temporal changes, especially sensor proximity to bottom

BACKGROUND TSS/TURBIDITY



100 150 200

Background Adjusted TSS (mg/L)

COMBINED DATA ANALYS

Sensor B C D E
Count | 36,706 | 36,706 | 36,706 | 36,706
Max | 2401 | 281 438 448
Min 0 0 0 0
Median| 47.1 2.3 29.9 | 104.6
Mean 81.3 35.7 49.6 111.6

StdDev| 1167 | 55 55.1 | 87.1
25% | 12 0 1.6 | 367
75% | 1174 | 552 | 837 | 15/

Skewness| 5.6 1.5 1.2 // (}K
Kurtosis | 58.5 1.2 1271 /03

S



Upcurrent
Monitoring
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Conventional Clamshell
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O Thin Cut
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VS FULL (4 FT)
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Enclosed Clamshell
Conventional Clamshell

VERTICAL TSS
DISTRIBUTION
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- . Conventional Clamshell (Regular Cut)
Cable Arm Clamshell . Enclosed Clamshell - Conventional Clamshell (Thin Cut)
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1SS VS DEPTH RELATIONSHIP OR IMPACT OF
WATER DEPTH CHANGES DUE TO TIDES




Enclosed Clamshell Bucket

Action Canmventional Clamshell Bucket (Thin Cut)

Above water surface, ready to begin cycle
Descent through water column

Bottom impact and closure

A juted TSS (magL)
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E

Ascent through water column

Breaks water surface; slew to barge

Bucket over barge and being emptied

] 4

Cycle Position Cycle Position

Slew to next dredging location

Cablearm

VARIATION WITH
BUCKET CYCLE
POSITION

Adljusted TSS (mg/L)




» Local curre
» Upcurrent monitoring location — Enclosed Bucke

» Enclosed bucket seems to generate less turbidity/TSS, but see
above

» Bucket flushing an issue

CONCLUSIONS



» Paper 2 — Developme

» Improvements:
» More robust assessment of ambient TSS

» Near-field TSS modeling o compensate for the upstream
dredge monitoring position associated with the enclosed
bucket

NEXT STEPS



