Technical Inputs to Dredging
Estimates

Robert Ramsdell
Manager of Production Engineering
Great Lakes Dredge & Dock




Production Engineering

* Estimate the productivity of dredging
eguipment

o \Work to improve productivity on
ongoing projects

 Evaluate the design of new and
upgraded equipment




Cost Production

Estimator < > Estimator
How much How much time?
money?
Project

Estimate




Cost Estimator




Cost Estimator

e Mobilization,
subcontract &
supply costs

L+ Daily cost for
dredging plant

e Lays out estimate




Ing Area Plan

Dredg
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Rock Contours
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Takeoff




Takeoff — Dredge/Borrow Area

e Dredge & fill guantities (CY)

* Material quantities/breakout (CY)

* Area to be dredged or filled (SF)

* Pipeline/Sail/Haul Distances (LF/NM)




Takeoff: Project Layout
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Production Estimator




Production Estimator

Evaluate Geotechnical Information:

e Adequacy of the

| - __ Information

:ﬁ“?ﬁ" w @ &a ¢ « Material Types
PN LW - Strength



Evaluating Materials




Production Estimator

Productivity of equipment

J - CSD vs Hopper vs

§ Mechanical

— Digging versus pumping for

| ~ each section of the project

ry— ~ — References to similar past
Teem—— projects

Time = Qty/Production




Crucial Variables for

Production
e Material Type e Face/Thickness
— Strength  Pipeline Length

— Grain Size




Material Classification

1 [Approxime
Location)
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hard to +3.1
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Materlal Strength

J | ” II \ ,{.a — Standard Penetration Test

- *Compressive, tensile or shear
strength

Indicative or non-standard tests
are no substitute for proper
. tests!




Grain Size Distribution

GRAIN SIZE DISTRIBUTION
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GRAIN SIZE IN MILLIME TERS
COBBLES | SRAVEL I _S2ND | SILT OR CLAY
| coarse | fine | coarse | medium | ine |
Specimen Identification Classification D100 D85 D50 D10 “eGravel %Sand %Fines Remarks
® B1 0751 POORLY GRADED SA&ND with GRAVEL SP 195 5352 164 0819 171 829 00 40% shell fragments
W B-1 3751 POORLY GRADED S&ND SP 195 1581 0627 0322 27 973 00 10 % shell ragmerts
A B-1 6731 POORLY GRADED E_rf"‘"E' ‘-{,p 185 1816 0399 25 572 10.3 20% shell fragments
% B1 9751 POORLY GRADED SAND P a5 0434 0241 0112 03 944 53 noshel fagments
S
v "" Great Lakes Dredge & Dock Co.
2122 York Ro_ad_ Project. Beach Reclamation Project
Oak Brook, lllinois, 60523 .
B Telephone: 630-574-2945 Location:
Fax BI0-574-1515 Nurber. 12345-DPR-002

Important in determining how well the
material can be pumped.




Material Type

The Perils of Poor Information

| m3/WH

Estimate: 5

depth below MLW (ft)

-150 -100 -50 0 50 100 150 200 250 300 350
VerticallHorizontal Scale Ratio: 1:20

Caprock Layer Shown by Fugro Borings Data (July 1996)




Material Type
The Perils of Poor Information
Actual: 605 m3/WH

Project

e _ s Estimate: 5 Teeth/Day

0 50 100 150 200 250 300 -350
VerlicaliHorizontal Scale Ratio: 1:20

Caprock Layer Shown by Using Foundation Engineering Borings Data (July 1997)




SPT vs. CORING

Via boring & SPT Description

Loose, slightly silty
GRAVEL and SAND

Dense GRAVEL
and SAND with cobbles
of conglomerate

Very dense SAND

B B

Elevation
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Via coring

Description

Moderate fy_s:tFDng
_GONG LOMERATE

Firm sandy CLAY

Clayey SILT

becoming sandy



Bank Height — Face

The thickness of material to be
dredged.

Station 568+00
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Layout of Face
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Production vs Face
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Bucket Dredge
Production Curve

1000

Estimate assumes: 24 CY Payload, 45 sec Cycle




Backhoe Dredge
Production Curve

Production (CM/WH)
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Cutter Suction Dredge
Digging Curve

CSD Theoretical Production Curve AN S Ty
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Hopper Dredge in Low Face
Hang Time”
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Pumping Capacity




Pumping Production

PROD,, ;o= T (L/Dpipeiine, Ppumps: Material )

pump




Hopper Dredge Pump
Capacity
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Other Important Variables

e Layout
— Narrow or Odd Shaped Cuts
— Slope Cuts




Layout of Face

=100 0 100 =100 0 100




Ing Area Plan

Dredg
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Tow and Sail Distance

* For Clamshell, a matter of adding
barges and tugs

* For hopper, another element of the
overall cycle

e |n both cases, consider the route when
determining distance




Water Depth

Can the dredge physically reach the
material in deep water?

Can the dredge float and dig in shallow
water?

For clam, cycle is directly dependent on
depth.

For backhoe, bucket size is depende*
on depth. Vo




Estimating Dredge
Productivity

By analysis of the capabillities of the
dredge as compared to the conditions

of the project.

* By reference to similar projects in the
past

By combining the two — Using anaIyS|s
to ‘extend’ references ,




@ Advanced Bucket Mat _ O] =]
File “iew Calculations Databases Material Options Help
i
<>
R
Parameters Profile igw Bucket Mat T Production
Palette

| Boom Owerlap Area Middle/Low 263950, FT

Boom Angles: 50, 62 Degrees 38 FT Moves
Boom Owverlap Middle/Law = 22FT.  Mowve Owerlapis 3.3 FT.
Dredge 54 tove Overlap Area 454.9 50, FT.

Bucket Capacity 21 Cv or 16.1 CM
Outer Radius is 99.73164 FT.

ProcLine 21D - 483
Cutwidth is BOFT.

Murnber of Buckets: 20
Time to Dig 1 Pass: 22.8 Min,

¥ Show Cut Lines
¥ Show Comments

v Show Scow ™ Show All Buck
¥ Shaw Previous Move 7

|(" SpearHeaded (% Rectangular |

Clamshell Fill &
Cycle Analysis

| Dredge 54 | ProrLine 21 YD : 483 Mud |90 PCF [10A7/03 | 206 PM L
Clamshell Bucket Database M= &} Advanced Bucket Mat =] E3
File “iew Calculations Databases Material Options Help
r~ Bucket Specific-ation: | | | m | ml I_ g |
{3
Bucket Mame [z E
Parameters Profile igw Bucket Mat T Production
Bucket GLH# I 479 DOpen Length [ft] 7225 | Max Parts 1 3
Struck. Capacity [C] I =1 Clozed Length [ft] I 17.5 [Closing Line Length 1 E45 g::i?::; YD - 489
Heaped Capacity [C) I 32,4 “width [fr] q75 Max Parts 2 Pl 2'000:
Bucket Weight [Ibs) I rR000 - LipweightsFt I 573 Closing Line Lenath 2 [ 35,33 ]
~ Bucket Geometry 1,500 ]
Bowl Weight [One Side] (Ibs) I 14446 Eccentricity of Point B [ft] a3z =
Upper Sheave Block ‘Weight [Ibs] I 4840 Eccentricity of Paint D [ft] | 2 c :
Lower Sheave Block Weight [Ibs] I 2976 Side Edoge Lenagth [4-H] (ft) 95 f DDD:
Bucket Edge Thickness () I 0167 Distance &-B [ft] 10,625 Production
; CrawH) ]
Top Angle [90-4lpha) [deg) I azr Digtance B-C [ft] a.279
Angle &8-C (d Dist. B-G [t 500
ngle [d=g) | &7 istance B-G (ft) 77 A ]
Angle A-B-G [deg) I 19 Distance D-C [ft] 13 .
Open Angle A-H-4 [deg) I Pulling Welocity [m.z] 1.016 ]
y a T T T T 5I T T T T 1ID T T T T 1\5 T Z\D
Maote: Changing the 5 pecifications in the above figldz will modify the database values et =10 e | Face [Ft]
Before loading, make sure the LI —I LI
Add Bucket To Update Delete Bucket comect bucket is selected at left. Production [T AwH] 7521
Database D atabase From D atabaze Face (] 51 @
[Dredae 54 [ProLine 21 YD : 453 [Mud [0 PCF [10/17/03 [Z08PM 4




CSD Production Limits

 Pumping capacity
* Dig limit — abllity to excavate the material

e Swing limit — How fast can the dredge
swing?




Production Engineering Tools

DFumpZ [C:\Program Files\PUMFP3100171917 Morehead CityATexas\Tx 89 Bstrf6 Bst 76 fsand 16000ft.P57]

gl sl Ball] ] @ A |

crit Avg : 13.5 Margin: 3.0)
crit Max : 14.1 Margin: 0.0

Pump / system
analysis

1 | | 1
18837 22803 26769 30735 34700 38666 42632 46598 50563

14872

'crit Max - 14 1 Margin: 0.0]

Total Line 16.275 ft
Dredge to Booster 1 : 4.000 ft

817 Head
[e'?] 198 [ Booster 1 to Booster 2 : 8,000 ft

1
18837 22803 2676

14872

| | | 1 \J | 1
] 1708 3413 5128 6838 8547 10257 11966 13676 15385
Distance [ft)
[Welocity: 20.1 FP5 in 30" Pipe [TotalHead: 854 Feet ]  [Pumping 1.380 5G sluny E
[Flow 44,284 GPM ]  [Total Pressure: 3695 PSIg P ion: 5,334 CY/7wH|
Pump Name Imp @ RPM TDH(F]  Suction PSlg Discharge PSlgq
Ladder: Alaska Type UWP 3v (TX] 60" @ 275 93 154 58.8

Texas 88@330 89" @ 303
Bstr #1/4/5 TBC84 3V76@376." @ 284
Bstr #1/4/5 TBC84 3V76@376." @ 284

346
204
204

Main: 136 160.2

Booster #1: 742

17.6 inHg

1627

Booster #2: 798

Booster #3: Mo Pump Selected

Booster #4: Mo Pump Selected

closing Gap: -37.1




=101 %]

File Edit “iew Options Graph Help
Port YWinch Port YWinch Starboard YWinch Starboard Winch 280 T
Rope Faorce Rope Speed Rope Speed Rope Farce :
500.0 60.0 1000.0
400.0 360 36.0 800.0
300.0 120 12.0 B00.0
-12.0 -12.0 400.0
100.0 -36.0 -36.0
0.0 -60.0 E 0.0
171.2 kM 56.5 m/rnin 557 mérnin 166.0 ki
Swing Froduction Swing Cutter -
“Welocity Rate Angle Depth
B0.0 3600.0 90 10.0 ‘ S S r ' I l I
36.0 2850.0 54.0 0.0 D I I at O rS
120 18.0 -
-12.0 1440.0 -180 =200
-36.0 7200 -54.0 -30.0
: 0o -80.0 -40.0
-60.8 mérmin 19908  m’Srhr =318 ded. -11.0 m
Slurry Slurry Cutter Cutter
Density Welocity Speed Targue
2.000 10.00 50.0 800.0
1.800 8.00 40.0 640.0
1.600 d 480.0
1.400 4.00 20.0 3200
2.00 10.0 160.0 U
1.000 0.00 0o - o D @ ' CSD Production E stimating T ool ¥1.243: CAKW144 =10 x|
1.214  tonfmed 5686 misec 261 rom 13.3 kMm File Edit Miew DOptions Graph Help
Ladder |Main Pump| Flow  |Cutter Drive| Part Wire [Starh. Wire Ladder Purmp Ladder Pump Ladder Pump  Ladder Pump
- 100%|__- 100%| | - 100%|__- 100%| | - 100%| | - 100% Rk o . AR | [ e
80% 80% I - B0% 80% 80% - 80% 3200 1600.0 60.0 1600.0
B0% B0% - BO% B0% - BO0% - BD% 20— [ 12000 [ 200 [ 12000
40% A0% - 40% 40% - A0% - 40% 160.0 800.0 Bl 800.0
© 20%| | - 20%| | - 20%| | : 20% -I-’; 20%, -I-’; 0% 800 4000 60.0 400.0
- 0% - 0% - 0% - 0% - 0% - 0% L 00 88— L 1000 88—
Revolutions |Revolutions|  Flow  |Revolutions|Brake Force|Brake Force 257.0 i 182 KWWY -30.9 kP2 -22.0 kPa
Start|Stap] nld Mlain Purmp Mzin Pump Main Pump Main Purmp
| C:\Program Files\CSD Praduction Estimating ToohScript'Start_CA scr | Script completed S_pe%dm o P_wéﬁrm 0 \/a_cuu1E|nD o DlschargeZPDrDeDSEure
DA7Z200319 PM 120832 A [ Okl [Sc=202mkK 400.0 4800.0 B0.0 1600.0
iaSlaﬂ”J F- h‘ﬁl :ﬂ “ 3 C:\Pragram Files\CSD Pro. | GESD Production E stimating. | n 3333 n 3?353 C igg C ‘%ng
100.0 1200.0 B0.0 400.0
= 0.0 E 00 —toeE— —aa—
3430 rarm 4121 by -162.2 kPa -17.5 kPa
Eooster Pump Eooster Pump Eooster Pump Booster Pump
Speed Fower “acuum Discharge Pressure
500.0 BO00.0 100.0 2000.0
400.0 4300.0 B0.0 1600.0
300.0 3600.0 200 1200.0
200.0 2400.0 -20.0 800.0
100.0 1200.0 £0.0 400.0 ;
£ - -100.0
0.0 i 0.0 kY 0.0 kPa 0.0 kPa 190 _1.05 _7.0 ‘ _3\5 3.5 7.0 10.5 M\D
& ery lonse sand | el ‘
% ! = ] |
I |
0 ~Z T L0 j i —
-25 ! -25 I
50 I -50 ‘
1:1I] —1IEI5 —FIEI ‘ —3‘5 q 3.5 7ID 1[.|5 M‘EI I? 3.5 7ID 1FI5 1?IS F!D 245 2§D
0A7/2003:20 PM[ 120856 A | Erad | Ilain pump cavitating, raize ladder [SC=202mkC= 6014 nfC=20388 nfC=-1098 r| P=585m3

HAstan ||| & B 51 [ || B0 Piogen Fies\CsD Pro_|[CSD Praduction Esti... | 88, Paint Shop Pro - Imags?

[Bgwases

2:20PM



& Loading Graphs

Title: Seabright Test

Description: checking program against
actual data Seabright

Actual (in situ) Load [shT]

s000

==

Mat'l Load = 3486.58 CY \ /";7"
Total Load = 5846.82 shT B \ '_____..Jw“"'"
Loading Time = §7.2 win 5 >(/ /
Loading Production = 51.89 CY¥/min — 206G
Cryerflow losses (=situ) = 386.96 CT "'"-’_F \
D50 = 0.46 nm
hes = dpd mm -250 -200 -150 100 -50 ] 50 100
Hixture 3.G. = 1.21 5.49. . .
Mixture Flow-single arm = 30000 GPM Time(min)
== grctual load == tangent to the optimum load
lotal Hopper Load (mat'l and water) [shT] Total Material Overflow [shT]
10000 1000
= — = . /
= \. o J
\\ el
250 -200 -150 100 -50 ] 50 100 -250 -200 -150 100 -50 il 50 100

Time(min)

Time(min)

i Grain Distribution Chart

Skimmer Height [ft]

/| e e | 575 | 5314

Hopper Load
& Cycle
Analysis




References
Florida Beach 1995

Sub Job  Booster Face Line Length Qty/Day
1 No 11.6 11000 37600
2 Yes 11 18900 33300

9500

28700




Reference Comparison

Sub Job

B~ WO DN B

Total

Florida Beach 2005

Booster Face Line Length
9.6 14200

8.6 18800

10.8 23300

7.0 27800

6.8 30900

8.4 22800

Qty/Day




References — Comparing

Projects
1995 2005
e 12.4' Face e 8.4’ Face
« 17900’ Pipe « 22800’ Pipe

 Dredge Alaska e Dredge Texas




1995 Project — by Face
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1995 Project — by Line Length
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1995 Project — by Line Length
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2005 Project - Results
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%Robert Ramsdell
hager of Productlon i




