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REV BY CHK'D DATE
PAHSﬂNS Slurry Pipeline Hydraulic Analysis
COMMERCIAL TECHNOLOGY GROUP Honeywell Onondaga Lake Dredging Project 1 AN MA 6/8/2011
SYRACUSE, NEW YORK 444853 0 AN MA 11/16/2010

HYDRAULIC EVALUATION OF THE DREDGE SLURRY PUMPING SYSTEM

ASSUMPTIONS

1) Dredging season 7 months/year 6 days x 24hrs per week

2) Hydraulic calculations performed for dredging in Remediation Area - D with a maximum on water pipe length of 4020 ft

3) Pumping system includes Dredge pump + 4 booster pumps

4) Booster pumps assumed to be Warman MD 36" impeller slurry pump (See Pump Curve tab)

5) Slurry in Remediation Area D - assumed design maximimum slurry SG of 1.11 and ds, 0.1 mm ; expected slurry SG of 1.08 and ds, 0.1 mm (values based on max design and
expected dredge production rates and sediment data)

6) Pressure at BP# 1 inlet is assumed to be a minimum of 15 psi

7) HGL elevation at the dredge is calculated as the sum of 15 psi (BP#1 inlet pressure) + headloss between Dredge and BP#1

8) Pressure at BP# 2 - BP# 4 suction is assumed to be a minimum of 10 psi

9) Discharge head of dredge pump to vary based on the location in the lake

10) C values (friction factor) based on specific gravity of slurry, sediment ds, and pipe material (see friction factor tab)

11) Carrier pipe 16" DR 11 HDPE pipe

12) All minor losses assumed at Booster Station

13) Drawings:Slurry Pipeline P&ID 444853-200-D-101 to 444853-D-106- Rev C Issued for Draft Final Design_1/21/11)

14) Drawings: Slurry Pipeline Plan drawings ( 444853-C-101 to 444853-C-121 Rev C Issued for Draft Final Design_1/21/11)

15) Drawings:Slurry Pipeline Alignment Profile ( 444853-C-130 Rev A Issued for Draft Final Design_1/21/11)

Constants
Parameter | Design | Expected Units
Qpump 5,500 5,500 |gpm
Crippe 135 140
g 32.2 32.2  |ft/lsec?
Sg 1.11 1.08
% Solids 18% 10%
Area D Head Loss Calculations for Design of Slurry Pipe - Sg = 1.11 or C = 135
Bottom of
Station  Ground EL. Length Flow Flow Flow C Diameter | Diameter Area Velocity Headloss HGL Pipe
(ft) (ft MSL) (ft) (mgd) (cfs) (gpm) (in.) (ft) (sq ft) (ft/s) SG (ft of water) (ft MSL) (ft MSL)
-40+20 363 4020 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11| 160.1 560.0 363
0+00 365 0 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 0.0 399.9 365
0+00 365 400 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 22.0 614.0 365
4+00 369 600 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 22.9 592.0 369
10+00 368 1000 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 38.2 569.1 368
20+00 373 250 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 9.5 531.0 373
22450 375 350 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 13.4 521.4 375
26+00 373 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 7.6 508.1 373
28+00 378 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 7.6 500.5 378
30+00 372 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 7.6 492.8 372
32+00 369 100 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 3.8 485.2 369
33+00 371 38 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 1.4 481.4 371
33+38 371 0 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 0.0 479.9 371
33+38 371 62 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 12.4 690 371
34+00 366 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 7.6 677.6 366
36+00 396 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 7.6 670.0 396
38+00 395 100 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 3.8 662.4 395
39+00 406 100 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 3.8 658.6 406
40+00 406 1000 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 38.2 654.7 406
50+00 404 500 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 19.1 616.6 404
55+00 418 300 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 11.4 597.5 418
58+00 408 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 7.6 586.1 408
60+00 407 500 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 19.1 578.4 407
65+00 403 100 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 3.8 559.3 403
66+00 407 400 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 15.3 555.5 407
70+00 406 1000 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 38.2 540.3 406
80+00 406 600 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 22.9 502.1 406
86+00 408 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 7.6 479.2 408
88+00 415 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 7.6 471.6 415
90+00 407 451 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 17.2 464.0 407
94451 409 0 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 0.0 446.7 409
94+51 409 149 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 18.5 667 409
96+00 376 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 7.6 648.5 376
98+00 391 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 7.6 640.9 391
100+00 375 500 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 19.1 633.3 375
105+00 380 500 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 19.1 614.2 380
110+00 371 500 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 19.1 595.1 371
115+00 380 500 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 19.1 576.0 380
120+00 373 150 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 5.7 556.9 373
121+50 365 50 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 1.9 551.2 365
122+00 370 750 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 28.6 549.3 370
129+50 370 50 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 1.9 520.7 370
130+00 375 150 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 5.7 518.8 375
131+50 377 450 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 17.2 513.1 377
136+00 373 400 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 15.3 495.9 373
140+00 376 500 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 19.1 480.6 376
145+00 379 150 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 5.7 461.5 379
146+50 371 50 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 1.9 455.8 371
147+00 379 282 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 10.8 453.9 379
149+82 378 0 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 0.0 443.1 378
149+82 378 18 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 14.4 665 378
150+00 378 1000 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 38.2 650.6 378
160+00 378 750 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 28.6 612.5 378
167+50 378 50 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 1.9 583.8 378
168+00 375 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 7.6 581.9 375
170+00 384 700 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 26.7 574.3 384
177+00 386 300 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 11.4 547.6 386
180+00 398 800 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 30.5 536.1 398
188+00 447 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 7.6 505.6 447
190+00 446 400 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 15.3 498.0 446
194+00 451 100 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 3.8 482.7 451
195+00 432 300 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 11.4 478.9 432
198+00 430 200 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 7.6 467.5 430
200+00 430 650 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 111 24.8 459.8 430
206+50 435 100 7.9 12.3 5,500 135 12.974 1.08 0.92 13.35 1.11 3.8 435.0 435

Pressure

(psi)

Comments
85
15 Booster Pump 1
108
96
87
68
63
58
53
52
50
48
47 Booster Pump 2
138
135
118
116
109
108
92
78
77
74
68
64
58
41
31
24
24
16 Booster Pump 3
112
118
108
112
101
97
85
79
80
77
65
62
59
53
45
36
37
32
28 Booster Pump 4
124
118
101
89
89
82
70
60
25
22
14
20
16
13
0/SCA

Head of
pump

214.1

210.1

220.3

221.9



REV BY CHK'D DATE
PAHSﬂNS Slurry Pipeline Hydraulic Analysis
COMMERCIAL TECHNOLOGY GROUP Honeywell Onondaga Lake Dredging Project 1 AN MA 6/8/2011
SYRACUSE, NEW YORK 444853 0 AN MA 11/16/2010

HYDRAULIC EVALUATION OF THE DREDGE SLURRY PUMPING SYSTEM

ASSUMPTIONS

1) Dredging season 7 months/year 6 days x 24hrs per week

2) Hydraulic calculations performed for dredging in Remediation Area - D with a maximum on water pipe length of 4020 ft

3) Pumping system includes Dredge pump + 4 booster pumps

4) Booster pumps assumed to be Warman MD 36" impeller slurry pump (See Pump Curve tab)

5) Slurry in Remediation Area D - assumed design maximimum slurry SG of 1.11 and ds, 0.1 mm ; expected slurry SG of 1.08 and ds, 0.1 mm (values based on max design and
expected dredge production rates and sediment data)

6) Pressure at BP# 1 inlet is assumed to be a minimum of 15 psi

7) HGL elevation at the dredge is calculated as the sum of 15 psi (BP#1 inlet pressure) + headloss between Dredge and BP#1

8) Pressure at BP# 2 - BP# 4 suction is assumed to be a minimum of 10 psi

9) Discharge head of dredge pump to vary based on the location in the lake

10) C values (friction factor) based on specific gravity of slurry, sediment ds, and pipe material (see friction factor tab)

11) Carrier pipe 16" DR 11 HDPE pipe

12) All minor losses assumed at Booster Station

13) Drawings:Slurry Pipeline P&ID 444853-200-D-101 to 444853-D-106- Rev C Issued for Draft Final Design_1/21/11)

14) Drawings: Slurry Pipeline Plan drawings ( 444853-C-101 to 444853-C-121 Rev C Issued for Draft Final Design_1/21/11)

15) Drawings:Slurry Pipeline Alignment Profile ( 444853-C-130 Rev A Issued for Draft Final Design_1/21/11)

Constants
Parameter | Design | Expected Units
Qpump 5,500 5,500 |gpm
ChippE 135 140
g 32.2 32.2  |ft/lsec?
Sg 1.11 1.08
% Solids 18% 10%
Area D Head Loss Calculations for Expected - Sg of 1.08 - C = 140
Bottom of
Station  Ground EI.  Length Flow Flow Flow C Diameter | Diameter Area Velocity Headloss HGL Pipe
(ft) (ft MSL) (ft) (mgd) (cfs) (gpm) (in) (ft) (sq ft) (ft/s) SG (ft of water) (ft MSL) = (ft MSL)
-40+20 363 4020 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 150.1 550.0 363
0+00 365 0 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 0.0 399.9 365
0+00 365 400 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 21.0 604.0 365
4+00 369 600 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 21.4 583.0 369
10+00 368 1000 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 35.7 561.6 368
20+00 373 250 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 8.9 526.0 373
22450 375 350 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 12.5 517.0 375
26+00 373 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 504.5 373
28+00 378 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 497.4 378
30+00 372 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 490.3 372
32+00 369 100 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 3.6 483.1 369
33+00 371 38 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 1.4 479.6 371
33+38 371 0 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 0.0 478.2 371
33+38 371 62 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 12.2 678 371
34+00 366 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 665.8 366
36+00 396 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 658.7 396
38+00 395 100 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 3.6 651.5 395
39+00 406 100 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 3.6 648.0 406
40+00 406 1000 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 35.7 644.4 406
50+00 404 500 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 17.8 608.7 404
55+00 418 300 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 10.7 590.9 418
58+00 408 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 580.2 408
60+00 407 500 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 17.8 573.0 407
65+00 403 100 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 3.6 555.2 403
66+00 407 400 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 14.3 551.6 407
70+00 406 1000 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 35.7 537.4 406
80+00 406 600 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 21.4 501.7 406
86+00 408 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 480.3 408
88+00 415 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 473.1 415
90+00 407 451 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 16.1 466.0 407
94+51 409 0 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 0.0 449.9 409
94+51 409 149 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 18.1 656 409
96+00 376 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 637.9 376
98+00 391 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 630.7 391
100+00 375 500 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 17.8 623.6 375
105+00 380 500 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 17.8 605.8 380
110+00 371 500 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 17.8 587.9 371
115+00 380 500 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 17.8 570.1 380
120+00 373 150 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 54 552.3 373
121+50 365 50 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 1.8 546.9 365
122+00 370 750 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 26.8 545.1 370
129+50 370 50 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 1.8 518.4 370
130+00 375 150 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 54 516.6 375
131+50 377 450 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 16.1 511.2 377
136+00 373 400 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 14.3 495.2 373
140+00 376 500 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 17.8 480.9 376
145+00 379 150 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 54 463.1 379
146+50 371 50 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 1.8 457.7 371
147+00 379 282 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 10.1 455.9 379
149+82 378 0 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 0.0 445.9 378
149+82 378 18 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 14.3 651 378
150+00 378 1000 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 35.7 636.7 378
160+00 378 750 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 26.8 601.0 378
167+50 378 50 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 1.8 574.2 378
168+00 375 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 572.4 375
170+00 384 700 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 25.0 565.3 384
177+00 386 300 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 10.7 540.3 386
180+00 398 800 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 28.5 529.6 398
188+00 447 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 501.1 447
190+00 446 400 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 14.3 494.0 446
194+00 451 100 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 3.6 479.7 451
195+00 432 300 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 10.7 476.1 432
198+00 430 200 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 7.1 465.4 430
200+00 430 650 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 23.2 458.3 430
206+50 435 100 7.9 12.3 5,500 140 12.974 1.08 0.92 13.35 1.08 3.6 435.1 435

Pressure

(psi)

Comments
81
15|Booster Pump 1
103
93
84
66
61
57
52
51
49
47
46 Booster Pump 2
133
130
114
111
105
103
88
75
74
72
66
62
57
41
31
25
25
17 Booster Pump 3
107
113
104
107
98
94
82
77
79
76
64
61
58
53
45
36
37
33
29 Booster Pump 4
118
112
96
85
85
78
67
57
23
21
12
19
15
12
0/SCA

Head of
pump

204.1

199.8

206.1

205.1
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REV BY CHK'D DATE
PAHSQNS Slurry Pipeline Hydraulic Analysis
COMMERCIAL TECHNOLOGY GROUP Honeywell Onondaga Lake Dredging Project 1 AN MA 6/8/2011
SYRACUSE, NEW YORK 444853 0 AN MA 11/16/2010

HYDRAULIC EVALUATION OF THE DREDGE SLURRY PUMPING SYSTEM

ASSUMPTIONS

1) Dredging season 7 months/year 6 days x 24hrs per week

2) Hydraulic calculations performed for dredging in Remediation Area - E with a maximum in water pipe length of 6260 ft.

3) Pumping system includes Dredge pump + 4 booster pumps

4) Pump assumed to be Warman 36" impeller slurry pump MD

5) Slurry in Remediation Area E - assumed design maximum SG of slurry 1.18 and ds, 0.2 mm -expected slurry of SG 1.13 and dso, 0.2 mm (values based on design
and expected dredge production rates and sediment data)

6) Pressure at BP # 1 suction assumed to be will be a minimum of 15 psi

7) HGL elevation at the dredge is calculated as the sum of 15 psi (BP#1 inlet pressure) + headloss between Dredge and BP#1

8) Pressure at pump suction will be a minimum of 10 psi

9) Speed and discharge head of dredge pump to vary based on the location in the lake

10) C values (friction factor) based on specific gravity of slurry, sediment ds, and pipe material (See friction factor tab)

11) Carrier pipe 16" DR 11 HDPE pipe

12) All minor losses assumed at Booster Station

13) Drawings:Slurry Pipeline P&ID 444853-200-D-101 to 444853-D-106- Rev C Issued for Draft Final Design_1/21/11)

14) Drawings: Slurry Pipeline Plan drawings ( 444853-C-101 to 444853-C-121 Rev C Issued for Draft Final Design_1/21/11)

15) Drawings:Slurry Pipeline Alignment Profile ( 444853-C-130 Rev A Issued for Draft Final Design_1/21/11)

Constants
Parameter| Design | Expected Units
Qpump 5,500 5,500 |gpm
Chiope 127 132
g 32.2 32.2  |fsec?
SG 1.18 1.13
Area E Head Loss Calculations for Design of Slurry Pipe - Sg = 1.18 or C = 127
Station |Ground El.| Length Flow Flow Flow C Diameter | Diameter Area Velocity Headloss HGL
(ft) (ft MSL) (ft) (mgd) (cfs) (gpm) (in.) (ft) (sq ft) (ft/s) SG (ft of water) | (ft MSL)
-62+60 363 6260 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 274.1 674.0
0+00 365 0 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 0.0 399.9
0+00 365 400 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 23.8 629.2
4+00 369 600 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 25.6 605.4
10+00 368 1000 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 42.7 579.8
20+00 373 250 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 10.7 537.1
22+50 375 350 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 15.0 526.4
26+00 373 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 511.4
28+00 378 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 502.9
30+00 372 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 494.3
32+00 369 100 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 4.3 485.8
33400 371 38 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 1.6 481.5
33+38 371 0 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 0.0 479.9
33438 371 62 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 12.6 717.9
34+00 366 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 705.3
36+00 396 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 696.7
38+00 395 100 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 4.3 688.2
39+00 406 100 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 4.3 683.9
40+00 406 1000 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 42.7 679.6
50+00 404 500 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 21.4 636.9
55+00 418 300 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 12.8 615.5
58+00 408 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 602.7
60+00 407 500 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 21.4 594.2
65+00 403 100 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 4.3 572.8
66+00 407 400 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 17.1 568.5
70+00 406 1000 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 42.7 551.4
80+00 406 600 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 25.6 508.7
86+00 408 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 483.1
88+00 415 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 474.5
90+00 407 451 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 19.3 466.0
94+51 409 0 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 0.0 446.7
94451 409 149 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 19.2 692.2
96+00 376 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 673.0
98+00 391 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 664.5
100+00 375 500 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 21.4 655.9
105+00 380 500 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 21.4 634.6
110+00 371 500 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 21.4 613.2
115+00 380 500 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 21.4 591.9
120+00 373 150 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 6.4 570.5
121+50 365 50 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 2.1 564.1
122+00 370 750 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 32.0 562.0
129+50 370 50 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 2.1 529.9
130+00 375 150 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 6.4 527.8
131+50 377 450 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 19.2 521.4
136+00 373 400 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 17.1 502.1
140+00 376 500 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 21.4 485.1
145+00 379 150 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 6.4 463.7
146+50 371 50 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 2.1 457.3
147+00 379 282 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 12.0 455.1
149+82 378 0 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 0.0 443.1
149+82 378 18 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 14.5 690.8
150+00 378 1000 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 42.7 676.3
160+00 378 750 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 32.0 633.6
167+50 378 50 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 2.1 601.6
168+00 375 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 599.4
170+00 384 700 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 29.9 590.9
177+00 386 300 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 12.8 561.0
180+00 398 800 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 34.2 548.2
188+00 447 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 514.0
190+00 446 400 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 17.1 505.4
194+00 451 100 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 4.3 488.3
195+00 432 300 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 12.8 484.1
198+00 430 200 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 8.5 471.3
200+00 430 650 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 27.8 462.7
206+50 435 100 7.9 12.3 5,500 127 12.974 1.08 0.92 13.35 1.18 4.3 434.9

Bottom of
Pipe
(ft MSL)
363
365
365
369
368
373
375
373
378
372
369
371
371
371
366
396
395
406
406
404
418
408
407
403
407
406
406
408
415
407
409
409
376
391
375
380
371
380
373
365
370
370
375
377
373
376
379
371
379
378
378
378
378
378
375
384
386
398
447
446
451
432
430
430
435

Pressure
(psi) Comments
135
15|Booster Pump 1
114
102
92
71
65
60
54
53
50
48
47 Booster Pump 2
150
147
130
127
120
118
101
85
84
81
73
70
63
44
32
26
25
16|Booster Pump 3
122
128
118
121
110
105
92
85
86
83
69
66
62
56
47
36
37
33
28 Booster Pump 4
135
129
111
97
97
89
76
65
29
26
16
22
18
14
0/SCA

Head of
pump

229.3

238.0

245.5

247.7



PARSONS

COMMERCIAL TECHNOLOGY GROUP
SYRACUSE, NEW YORK

Slurry Pipeline Hydraulic Analysis

Honeywell Onondaga Lake Dredging Project

444853

REV BY CHK'D DATE
1 AN MA 6/8/2011
0 AN MA 11/16/2010

HYDRAULIC EVALUATION OF THE DREDGE SLURRY PUMPING SYSTEM

ASSUMPTIONS
1) Dredging season 7 months/year 6 days x 24hrs per week
2) Hydraulic calculations performed for dredging in Remediation Area - E with a maximum in water pipe length of 6260 ft.
3) Pumping system includes Dredge pump + 4 booster pumps
4) Pump assumed to be Warman 36" impeller slurry pump MD
5) Slurry in Remediation Area E - assumed design maximum SG of slurry 1.18 and ds, 0.2 mm -expected slurry of SG 1.13 and dso, 0.2 mm (values based on design

and expected dredge production rates and sediment data)
6) Pressure at BP # 1 suction assumed to be will be a minimum of 15 psi

7) HGL elevation at the dredge is calculated as the sum of 15 psi (BP#1 inlet pressure) + headloss between Dredge and BP#1

8) Pressure at pump suction will be a minimum of 10 psi
9) Speed and discharge head of dredge pump to vary based on the location in the lake
10) C values (friction factor) based on specific gravity of slurry, sediment ds, and pipe material (See friction factor tab)
11) Carrier pipe 16" DR 11 HDPE pipe

12) All minor losses assumed at Booster Station

13) Drawings:Slurry Pipeline P&ID 444853-200-D-101 to 444853-D-106- Rev C Issued for Draft Final Design_1/21/11)
14) Drawings: Slurry Pipeline Plan drawings ( 444853-C-101 to 444853-C-121 Rev C Issued for Draft Final Design_1/21/11)
15) Drawings:Slurry Pipeline Alignment Profile ( 444853-C-130 Rev A Issued for Draft Final Design_1/21/11)

Constants
Parameter| Design | Expected Units
Qpump 5,500 5,500 |gpm
Crippe 127 132
g 32.2 32.2  |fsec?
SG 1.18 1.13
Station |Ground El.| Length Flow
(ft) (ft MSL) (ft) (mgd)
-62+60 363 6260 7.9
0+00 365 0 7.9
0+00 365 400 7.9
4+00 369 600 7.9
10+00 368 1000 7.9
20+00 373 250 7.9
22+50 375 350 7.9
26+00 373 200 7.9
28+00 378 200 7.9
30+00 372 200 7.9
32+00 369 100 7.9
33+00 371 38 7.9
33+38 371 0 7.9
33+38 371 62 7.9
34+00 366 200 7.9
36+00 396 200 7.9
38+00 395 100 7.9
39+00 406 100 7.9
40+00 406 1000 7.9
50+00 404 500 7.9
55+00 418 300 7.9
58+00 408 200 7.9
60+00 407 500 7.9
65+00 403 100 7.9
66+00 407 400 7.9
70+00 406 1000 7.9
80+00 406 600 7.9
86+00 408 200 7.9
88+00 415 200 7.9
90+00 407 451 7.9
94+51 409 0 7.9
94+51 409 149 7.9
96+00 376 200 7.9
98+00 391 200 7.9
100+00 375 500 7.9
105+00 380 500 7.9
110+00 371 500 7.9
115+00 380 500 7.9
120+00 373 150 7.9
121+50 365 50 7.9
122+00 370 750 7.9
129+50 370 50 7.9
130+00 375 150 7.9
131+50 377 450 7.9
136+00 373 400 7.9
140+00 376 500 7.9
145+00 379 150 7.9
146+50 371 50 7.9
147+00 379 282 7.9
149+82 378 0 7.9
149+82 378 18 7.9
150+00 378 1000 7.9
160+00 378 750 7.9
167+50 378 50 7.9
168+00 375 200 7.9
170+00 384 700 7.9
177+00 386 300 7.9
180+00 398 800 7.9
188+00 447 200 7.9
190+00 446 400 7.9
194+00 451 100 7.9
195+00 432 300 7.9
198+00 430 200 7.9
200+00 430 650 7.9
206+50 435 100 7.9

Flow
(cfs)
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3

Flow
(gpm)
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500

C

132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132

Area E Head Loss Calculations for expected - Sg =1.13 - C =132

Diameter
(in.)
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974

Diameter
(ft)
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08

Area
(sq ft)

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92

Velocity
(ft/s)
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35

SG
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13
1.13

Headloss
(ft of water)

255.7
0.0
22.6
23.9
39.8
9.9
13.9
8.0
8.0
8.0
4.0
1.5
0.0
12.5
8.0
8.0
4.0
4.0
39.8
19.9
11.9
8.0
19.9
4.0
15.9
39.8
239
8.0
8.0
17.9
0.0
18.7
8.0
8.0
19.9
19.9
19.9
19.9
6.0
2.0
29.8
2.0
6.0
17.9
15.9
19.9
6.0
2.0
11.2
0.0
14.4
39.8
29.8
2.0
8.0
27.8
11.9
31.8
8.0
15.9
4.0
11.9
8.0
25.9
4.0

HGL
(ft MSL)

655.0
399.3
610.0
587.4
563.5
523.7
513.8
499.9
491.9
484.0
476.0
472.0
4705
701
688.5
680.6
672.6
668.6
664.7
624.9
605.0
593.1
585.1
565.2
561.2
545.3
505.6
481.7
473.7
465.8
447.8
678
659.3
651.3
643.4
623.5
603.6
583.7
563.8
557.8
555.9
526.0
524.0
518.1
500.2
4843
464.4
458.4
456.4
445.2
675
660.6
620.8
591.0
589.0
581.0
553.2
541.3
509.4
501.5
485.6
481.6
469.7
461.7
4358

Bottom of
Pipe
(ft MSL)
363
365
365
369
368
373
375
373
378
372
369
371
371
371
366
396
395
406
406
404
418
408
407
403
407
406
406
408
415
407
409
409
376
391
375
380
371
380
373

370
370
375
377
373
376
379
371
379
378
378
378
378
378
375
384
386
398
447
446
451
432
430
430
435

Pressure
(psi) Comments
126
15 Booster Pump 1
106
94
84
65
60
55
49
48
46
44
43 Booster Pump 2
143
140
123
120
114
112
95
81
80
77
70
67
60
43
32
25
25
17|Booster Pump 3
116
123
113
116
105
101
88
82
83
80
67
64
61
55
47
37
38
33
29 Booster Pump 4
128
122
105
92
92
85
72
62
27
24
15
21
17
13
0/SCA

Head of
pump

210.7

230.5

230.2

229.8
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REV BY CHK'D DATE
pAHSONs Slurry Pipeline Hydraulic Analysis
COMMERCIAL TECHNOLOGY GROUP Honeywell Onondaga Lake Dredging Project 1 AN MA 6/8/2011
SYRACUSE, NEW YORK 444853 0 AN MA 11/16/2010
Assumptions:
1)Pressure at BP # 1 suction is 15 psi
System Data (REM D)
Length Flow Flow © Diameter Diameter Area Velocity Minor Loss Headloss
(ft) (gpm) G&D) (in.) (ft) (sq ft) (ft/s) K SG (ft of water)
20650 0 0.0 135 12.974 1.08 0.92 0.00 15.60 1.11 36.10
20650 500 1.1 135 12.974 1.08 0.92 1.21 15.60 1.11 45.79
20650 1000 2.2 135 12.974 1.08 0.92 2.43 15.60 1.11 71.16
20650 1500 3.3 135 12.974 1.08 0.92 3.64 15.60 1.11 110.53
20650 2000 4.5 135 12.974 1.08 0.92 4.85 15.60 1.11 163.07
& 20650 2500 5.6 135 12.974 1.08 0.92 6.07 15.60 1.11 228.26
: 20650 3000 6.7 135 12.974 1.08 0.92 7.28 15.60 1.11 305.69
= 20650 3500 7.8 135 12.974 1.08 0.92 8.49 15.60 1.11 395.05
2 20650 4000 8.9 135 12.974 1.08 0.92 9.71 15.60 1.11 496.09
g 20650 4500 10.0 135 12.974 1.08 0.92 10.92 15.60 1.11 608.59
& 20650 5000 11.1 135 12.974 1.08 0.92 12.14 15.60 1.11 732.35
20650 5500 12.3 135 12.974 1.08 0.92 13.35 15.60 1.11 867.22
20650 6000 13.4 135 12.974 1.08 0.92 14.56 15.60 1.11 1013.04
20650 6500 14.5 135 12.974 1.08 0.92 15.78 15.60 1.11 1169.68
20650 7000 15.6 135 12.974 1.08 0.92 16.99 15.60 1.11 1337.03
20650 7500 16.7 135 12.974 1.08 0.92 18.20 15.60 1.11 1514.96
System data (REM D)
Length Flow Flow C Diameter Diameter Area Velocity Minor Loss Headloss
(ft) (gpm) (ft3Is) (in.) (ft) (sq ft) (ft/s) K SG (ft of water)
3338 0 0.00 135 12.974 1.08 0.92 0.00 2.42 1.11 80.00
3338 500 1.11 135 12.974 1.08 0.92 1.21 2.42 1.11 81.56
3338 1000 2.23 135 12.974 1.08 0.92 2.43 2.42 1.11 85.66
3338 1500 3.34 135 12.974 1.08 0.92 3.64 2.42 1.11 92.01
3338 2000 4.46 135 12.974 1.08 0.92 4.85 2.42 1.11 100.49
; 3338 2500 5.57 135 12.974 1.08 0.92 6.07 2.42 1.11 111.00
a 3338 3000 6.68 135 12.974 1.08 0.92 7.28 2.42 1.11 123.49
5 3338 3500 7.80 135 12.974 1.08 0.92 8.49 2.42 1.11 137.91
& 3338 4000 8.91 135 12.974 1.08 0.92 9.71 2.42 1.11 154.21
§ 3338 4500 10.03 135 12.974 1.08 0.92 10.92 2.42 1.11 172.35
] 3338 5000 11.14 135 12.974 1.08 0.92 12.14 2.42 1.11 192.31
3338 5500 12.25 135 12.974 1.08 0.92 13.35 2.42 1.11 214.07
3338 6000 13.37 135 12.974 1.08 0.92 14.56 2.42 1.11 237.58
3338 6500 14.48 135 12.974 1.08 0.92 15.78 2.42 1.11 262.85
3338 7000 15.60 135 12.974 1.08 0.92 16.99 2.42 1.11 289.83
3338 7500 16.71 135 12.974 1.08 0.92 18.20 2.42 1.11 318.53
6113 0 0.00 135 12.974 1.08 0.92 0.00 3.62 1.11 -33.20
6113 500 1.11 135 12.974 1.08 0.92 1.21 3.62 1.11 -30.35
6113 1000 2.23 135 12.974 1.08 0.92 2.43 3.62 1.11 -22.91
6113 1500 3.34 135 12.974 1.08 0.92 3.64 3.62 1.11 -11.37
6113 2000 4.46 135 12.974 1.08 0.92 4.85 3.62 1.11 4.02
;: 6113 2500 5.57 135 12.974 1.08 0.92 6.07 3.62 1.11 23.11
g- 6113 3000 6.68 135 12.974 1.08 0.92 7.28 3.62 1.11 45.78
3 6113 3500 7.80 135 12.974 1.08 0.92 8.49 3.62 1.11 71.94
5 6113 4000 8.91 135 12.974 1.08 0.92 9.71 3.62 1.11 101.51
g 6113 4500 10.03 135 12.974 1.08 0.92 10.92 3.62 1.11 134.42
a 6113 5000 11.14 135 12.974 1.08 0.92 12.14 3.62 1.11 170.63
6113 5500 12.25 135 12.974 1.08 0.92 13.35 3.62 1.11 210.07
6113 6000 13.37 135 12.974 1.08 0.92 14.56 3.62 1.11 252.72
6113 6500 14.48 135 12.974 1.08 0.92 15.78 3.62 1.11 298.52
6113 7000 15.60 135 12.974 1.08 0.92 16.99 3.62 1.11 347.44
6113 7500 16.71 135 12.974 1.08 0.92 18.20 3.62 1.11 399.45
5531 0 0.00 135 12.974 1.08 0.92 0.00 4.62 1.11 -3.60
5531 500 1.11 135 12.974 1.08 0.92 1.21 4.62 1.11 -1.00
5531 1000 2.23 135 12.974 1.08 0.92 2.43 4.62 1.11 5.83
5531 1500 3.34 135 12.974 1.08 0.92 3.64 4.62 1.11 16.43
5531 2000 4.46 135 12.974 1.08 0.92 4.85 4.62 1.11 30.57
‘; 5531 2500 5.57 135 12.974 1.08 0.92 6.07 4.62 1.11 48.12
g- 5531 3000 6.68 135 12.974 1.08 0.92 7.28 4.62 1.11 68.97
2 5531 3500 7.80 135 12.974 1.08 0.92 8.49 4.62 1.11 93.04
& 5531 4000 8.91 135 12.974 1.08 0.92 9.71 4.62 1.11 120.25
g 5531 4500 10.03 135 12.974 1.08 0.92 10.92 4.62 1.11 150.56
] 5531 5000 11.14 135 12.974 1.08 0.92 12.14 4.62 1.11 183.90
5531 5500 12.25 135 12.974 1.08 0.92 13.35 4.62 1.11 220.23
5531 6000 13.37 135 12.974 1.08 0.92 14.56 4.62 1.11 259.52
5531 6500 14.48 135 12.974 1.08 0.92 15.78 4.62 1.11 301.73
5531 7000 15.60 135 12.974 1.08 0.92 16.99 4.62 1.11 346.83
5531 7500 16.71 135 12.974 1.08 0.92 18.20 4.62 1.11 394.78
5668 0 0.00 135 12.974 1.08 0.92 0.00 4.94 1.11 -8.10
5668 500 1.11 135 12.974 1.08 0.92 1.21 4.94 1.11 -5.43
5668 1000 2.23 135 12.974 1.08 0.92 2.43 4.94 1.11 1.58
5668 1500 3.34 135 12.974 1.08 0.92 3.64 4.94 1.11 12.46
5668 2000 4.46 135 12.974 1.08 0.92 4.85 4.94 1.11 26.99
< 5668 2500 5.57 135 12.974 1.08 0.92 6.07 4.94 1.11 45.02
g' 5668 3000 6.68 135 12.974 1.08 0.92 7.28 4.94 1.11 66.44
& 5668 3500 7.80 135 12.974 1.08 0.92 8.49 4.94 1.11 91.16
§ 5668 4000 8.91 135 12.974 1.08 0.92 9.71 4.94 1.11 119.12
§ 5668 4500 10.03 135 12.974 1.08 0.92 10.92 4.94 1.11 150.25
(= 5668 5000 11.14 135 12.974 1.08 0.92 12.14 4.94 1.11 184.51
5668 5500 12.25 135 12.974 1.08 0.92 13.35 4.94 1.11 221.85
5668 6000 13.37 135 12.974 1.08 0.92 14.56 4.94 1.11 262.22
5668 6500 14.48 135 12.974 1.08 0.92 15.78 4.94 1.11 305.59
5668 7000 15.60 135 12.974 1.08 0.92 16.99 4.94 1.11 351.93
5668 7500 16.71 135 12.974 1.08 0.92 18.20 4.94 1.11 401.20
Head from Single Pump Four Booster in Series Combined Head
GPM 700 RPM 600 RPM 500 RPM 700 RPM 600 RPM 500 RPM
0 255 187 130 1020 748 520
] 1000 257 189 131 1028 756 524
HI 2000 259 190 132 1036 760 528
: 3000 258 189 130 1032 756 520
< 4000 256 187 129 1024 748 516
E 5000 254 185 125 1016 740 500
‘;t 6000 250 181 123 1000 724 492
7000 247 177 119 988 708 476
8000 242 173 115 968 692 460
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Assumptions:
1)Pressure at BP # 1 suction is 15 psi
System Data (REM E)
Length Flow Flow © Diameter Diameter Area Velocity Minor Loss Headloss
(ft) (gpm) (ftIs) (in.) (ft) (sq ft) (ft/s) K SG (ft of water)
20650 0 0.00 127 12.974 1.08 0.92 0.00 15.60 1.18 36.10
20650 500 1.11 127 12.974 1.08 0.92 1.21 15.60 1.18 46.90
20650 1000 2.23 127 12.974 1.08 0.92 2.43 15.60 1.18 75.19
20650 1500 3.34 127 12.974 1.08 0.92 3.64 15.60 1.18 119.05
20650 2000 4.46 127 12.974 1.08 0.92 4.85 15.60 1.18 177.58
S 20650 2500 5.57 127 12.974 1.08 0.92 6.07 15.60 1.18 250.18
: 20650 3000 6.68 127 12.974 1.08 0.92 7.28 15.60 1.18 336.41
i 20650 3500 7.80 127 12.974 1.08 0.92 8.49 15.60 1.18 435.91
""E: 20650 4000 8.91 127 12.974 1.08 0.92 9.71 15.60 1.18 548.40
;3 20650 4500 10.03 127 12.974 1.08 0.92 10.92 15.60 1.18 673.63
& 20650 5000 11.14 127 12.974 1.08 0.92 12.14 15.60 1.18 811.39
20650 5500 12.25 127 12.974 1.08 0.92 13.35 15.60 1.18 961.49
20650 6000 13.37 127 12.974 1.08 0.92 14.56 15.60 1.18 1123.78
20650 6500 14.48 127 12.974 1.08 0.92 15.78 15.60 1.18 1298.10
20650 7000 15.60 127 12.974 1.08 0.92 16.99 15.60 1.18 1484.31
20650 7500 16.71 127 12.974 1.08 0.92 18.20 15.60 1.18 1682.30
System data (REM E)
Length Flow Flow C Diameter Diameter Area Velocity Minor Loss Headloss
(ft) (gpm) (ft°/s) (in.) (ft) (sq ft) (ft/s) K SG (ft of water)
3338 0 0.00 127 12.974 1.08 0.92 0.00 2.42 1.18 80.00
3338 500 1.11 127 12.974 1.08 0.92 1.21 2.42 1.18 81.74
3338 1000 2.23 127 12.974 1.08 0.92 2.43 2.42 1.18 86.31
3338 1500 3.34 127 12.974 1.08 0.92 3.64 2.42 1.18 93.39
3338 2000 4.46 127 12.974 1.08 0.92 4.85 2.42 1.18 102.83
;‘ 3338 2500 5.57 127 12.974 1.08 0.92 6.07 2.42 1.18 114.55
=3 3338 3000 6.68 127 12.974 1.08 0.92 7.28 2.42 1.18 128.46
5 3338 3500 7.80 127 12.974 1.08 0.92 8.49 2.42 1.18 144.51
o 3338 4000 8.91 127 12.974 1.08 0.92 9.71 2.42 1.18 162.66
'g 3338 4500 10.03 127 12.974 1.08 0.92 10.92 2.42 1.18 182.87
a 3338 5000 11.14 127 12.974 1.08 0.92 12.14 2.42 1.18 205.09
3338 5500 12.25 127 12.974 1.08 0.92 13.35 2.42 1.18 229.31
3338 6000 13.37 127 12.974 1.08 0.92 14.56 2.42 1.18 255.48
3338 6500 14.48 127 12.974 1.08 0.92 15.78 2.42 1.18 283.60
3338 7000 15.60 127 12.974 1.08 0.92 16.99 2.42 1.18 313.64
3338 7500 16.71 127 12.974 1.08 0.92 18.20 2.42 1.18 345.58
6113 0 0.00 127 12.974 1.08 0.92 0.00 3.62 1.18 -33.20
6113 500 1.11 127 12.974 1.08 0.92 1.21 3.62 1.18 -30.02
6113 1000 2.23 127 12.974 1.08 0.92 2.43 3.62 1.18 -21.72
6113 1500 3.34 127 12.974 1.08 0.92 3.64 3.62 1.18 -8.85
6113 2000 4.46 127 12.974 1.08 0.92 4.85 3.62 1.18 8.32
: 6113 2500 5.57 127 12.974 1.08 0.92 6.07 3.62 1.18 29.60
g— 6113 3000 6.68 127 12.974 1.08 0.92 7.28 3.62 1.18 54.88
H 6113 3500 7.80 127 12.974 1.08 0.92 8.49 3.62 1.18 84.04
5 6113 4000 8.91 127 12.974 1.08 0.92 9.71 3.62 1.18 116.99
§ 6113 4500 10.03 127 12.974 1.08 0.92 10.92 3.62 1.18 153.68
] 6113 5000 11.14 127 12.974 1.08 0.92 12.14 3.62 1.18 194.03
6113 5500 12.25 127 12.974 1.08 0.92 13.35 3.62 1.18 237.98
6113 6000 13.37 127 12.974 1.08 0.92 14.56 3.62 1.18 285.50
6113 6500 14.48 127 12.974 1.08 0.92 15.78 3.62 1.18 336.53
6113 7000 15.60 127 12.974 1.08 0.92 16.99 3.62 1.18 391.04
6113 7500 16.71 127 12.974 1.08 0.92 18.20 3.62 1.18 448.99
5531 0 0.00 127 12.974 1.08 0.92 0.00 4.62 1.18 -3.60
5531 500 1.11 127 12.974 1.08 0.92 1.21 4.62 1.18 -0.70
5531 1000 2.23 127 12.974 1.08 0.92 2.43 4.62 1.18 6.91
5531 1500 3.34 127 12.974 1.08 0.92 3.64 4.62 1.18 18.71
5531 2000 4.46 127 12.974 1.08 0.92 4.85 4.62 1.18 34.46
: 5531 2500 5.57 127 12.974 1.08 0.92 6.07 4.62 1.18 53.99
g— 5531 3000 6.68 127 12.974 1.08 0.92 7.28 4.62 1.18 77.20
3 5531 3500 7.80 127 12.974 1.08 0.92 8.49 4.62 1.18 103.98
o 5531 4000 8.91 127 12.974 1.08 0.92 9.71 4.62 1.18 134.26
§ 5531 4500 10.03 127 12.974 1.08 0.92 10.92 4.62 1.18 167.98
a 5531 5000 11.14 127 12.974 1.08 0.92 12.14 4.62 1.18 205.07
5531 5500 12.25 127 12.974 1.08 0.92 13.35 4.62 1.18 245.48
5531 6000 13.37 127 12.974 1.08 0.92 14.56 4.62 1.18 289.18
5531 6500 14.48 127 12.974 1.08 0.92 15.78 4.62 1.18 336.13
5531 7000 15.60 127 12.974 1.08 0.92 16.99 4.62 1.18 386.28
5531 7500 16.71 127 12.974 1.08 0.92 18.20 4.62 1.18 439.60
5668 0 0.00 127 12.974 1.08 0.92 0.00 4.94 1.18 -8.10
5668 500 1.11 127 12.974 1.08 0.92 1.21 4.94 1.18 -5.12
5668 1000 2.23 127 12.974 1.08 0.92 2.43 4.94 1.18 2.69
5668 1500 3.34 127 12.974 1.08 0.92 3.64 4.94 1.18 14.80
5668 2000 4.46 127 12.974 1.08 0.92 4.85 4.94 1.18 30.97
< 5668 2500 5.57 127 12.974 1.08 0.92 6.07 4.94 1.18 51.04
E‘ 5668 3000 6.68 127 12.974 1.08 0.92 7.28 4.94 1.18 74.87
& 5668 3500 7.80 127 12.974 1.08 0.92 8.49 4.94 1.18 102.38
31'3 5668 4000 8.91 127 12.974 1.08 0.92 9.71 4.94 1.18 133.48
§ 5668 4500 10.03 127 12.974 1.08 0.92 10.92 4.94 1.18 168.11
= 5668 5000 11.14 127 12.974 1.08 0.92 12.14 4.94 1.18 206.21
5668 5500 12.25 127 12.974 1.08 0.92 13.35 4.94 1.18 247.72
5668 6000 13.37 127 12.974 1.08 0.92 14.56 4.94 1.18 292.61
5668 6500 14.48 127 12.974 1.08 0.92 15.78 4.94 1.18 340.84
5668 7000 15.60 127 12.974 1.08 0.92 16.99 4.94 1.18 392.35
5668 7500 16.71 127 12.974 1.08 0.92 18.20 4.94 1.18 447.13
Head from Single Pump Four Booster in Series Combined Head
GPM 700 RPM 600 RPM 500 RPM 700 RPM 600 RPM 500 RPM
0 255 187 130 1020 748 520
3 1000 257 189 131 1028 756 524
3' 2000 259 190 132 1036 760 528
g 3000 258 189 130 1032 756 520
< 4000 256 187 129 1024 748 516
E 5000 254 185 125 1016 740 500
; 6000 250 181 123 1000 724 492
7000 247 177 119 988 708 476
8000 242 173 115 968 692 460
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FIGURE 7.31 Constant C for Hazen-Williams equation. Turner, /1984)

Note- Friction factor has been corrected for pipe material. A clean water C value of 150 is assumed for HDPE pipe. Figure 7.31 assumes a clean water C value of 140 in steel pipe.
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References:

1) Minor loss coefficients Haested Methods (Advanced Distribution Modelling and Management) & Flow of Fluids-Through Valves, Pipes, And Fittings (Crane.Co)
2) Slurry Pipeline P&ID 444853-200-D-101 to 444853-D-106- Rev C Issued for Draft Final Design_1/21/11)

)
3) Slurry Pipeline Plan drawings ( 444853-C-101 to 444853-C-121 Rev C Issued for Draft Final Design_1/21/11)
)

3) Slurry Pipeline Alignment Profile ( 444853-C-130 Rev A Issued for Draft Final Design_1/21/11)

Assumed Minor Losses Coefficient

Type Ki
Wide-Radius Bend 0.20
Knife Gate Valve (fully open) 0.40
Sudden Enlargement 0.1
Sudden Contraction 0.1
Pipe Exit 1

Total Minor Loss Coefficients per Reach

Minor Loss

Reach Total k, | Velocity K

per Reach (ft/s) (ft)
Dredge - Booster 2.42 13.35 6.7
BP#1 - BP#2 2.42 13.35 6.7
BP#2 - BP#3 3.62 13.35 10.0)
BP#3 - BP#4 4.62 13.35 12.8
BP#4 - SCA 494 13.35 13.7
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corrections must be made for density, viscosity and/or other effects of solids. WEIR MINERALS reserves the right to change pump performance and/or delete impellers without notice. Frame

rrect : I S the i r Company, Inc.
suitability must be checked for each duty and drive arrangement. Not all frame alternatives are necessarily available from each manufacturing centre.
325 50%  B0% [FOR UNDERWATER BEARING FRAME REDUCE EFFICIENCY BY APP. 3 POINTS il
— 70%
775 rpm / / T\ 750, Metal Casing
300 e
T Vo~ 78% Impeller
S~ \ Vanes 4
~
275 N \ 7\\'.\\ 80% Vane g 36.0"
/ / N \‘ l| 80% Type Closed
\ -
l / N ' .\ || s L 78% Part No Material
250 (700-rpm i i . MD10145 Metal
\ / 1 ! 75% MD10451 Metal
\
L { bl Frame (Coupled Rating - HP)
225 \ i # 5 MD8003H 536
Y ! MD10003 1307
200 ‘. Seal
/ \
\

Head, H (ft)
2
(6)]

/
/

R
S

1
74 \
\
\
150 /\\ 7/ ; T~
N \ /
A \
125 Soe—rpm/ / NS — }o
\ Vo +
¥ \
100 { ‘
/ : \Z \‘ /
\ 3]
15400 T m ) \
\ | 74
\ 7

50 — ) e /EP/

[ Min 5 () NPSHT +
25

2000 4000 6000 8000 10000 12000

Flow Rate, Q (usgpm)

14000 16000 18000

Gland Sealed Pump

Liner (Norm Max r/min)
Unlined 775

Min Passage Size

5.7" Max Sphere

Curve
Revision 2
Revision Notes B
Reference

Madison Test 051221, SLC Test May,
2006

Last Issued Jan 06
Issued May 08

© 5/2009 Weir Minerals North America
All Rights Reserved

112107/



PARSONS

COMMERCIAL TECHNOLOGY GROUP
SYRACUSE, NEW YORK

Slurry Pipeline Hydraulic Analysis

Honeywell Onondaga Lake Dredging Project

444853

REV

BY

CHK'D

DATE

AN

MA

6/8/2011

HYDRAULIC EVALUATION OF THE DREDGE SLURRY PUMPING SYSTEM

ASSUMPTIONS
1) Dredging season 7 months/year 6 days x 24hrs per week
2) Hydraulic calculations performed for dredging in Remediation Area - A with a maximum on-water pipe length of 2800 ft
3) Hydraulic analysis is performed for length between dredge and BP#3
4) Dredge pump assumed to be Warman MD 40" impeller slurry pump (See Pump Curve tab)

5) Slurry in Remediation Area A - assumed design maximum slurry SG of 1.16 and dsp 0.07 mm ; expected slurry SG of 1.11 and dsg 0.07 mm (values assumed based on max design and

expected dredge production rates and sediment data)
6) Pressure at BP #3 inlet is set to be a minimum of 15 psi
7) HGL elevation at the dredge is calculated as the sum of 15 psi (BP#3 inlet pressure) + headloss between Dredge and BP#3

8) Discharge head of dredge pump to vary based on the location in the lake

9) C values (friction factor) based on specific gravity of slurry, sediment dsq and pipe material (see friction factor tab)
10) Carrier pipe 16" DR 11 HDPE pipe

11) All minor losses assumed at Booster Station
13) Drawings:Slurry Pipeline P&ID 444853-200-D-101 to 444853-D-106- Rev C Issued for Draft Final Design_1/21/11)

14) Drawings: Slurry Pipeline Plan drawings ( 444853-C-101 to 444853-C-121 Rev C Issued for Draft Final Design_1/21/11)

15) Drawings:Slurry Pipeline Alignment Profile Remediation Area 'A' Spur( 444853-C-133 Rev A _6/3/11)

Constants
Parameter | Design | Expected Units
qump 5,500 5,500 gpm
Chiope 137 142
g 32.2 32.2 |ft/isec?
Sg 1.16 1.11
% Solids 22% 16%
Station  Ground El..  Length Flow
(ft) (ft MSL) (ft) (mgd)
-28+00 363 2800 7.9
0+00 363 100 7.9
1+00 378 400 7.9
5+00 377 500 7.9
10+00 378 250 7.9
12+50 378 450 7.9
17+00 379 700 7.9
24+00 383 400 7.9
28+00 384 50 7.9
28+50 387 50 79
29+00 390 93 7.9
29+93 388 0 7.9
Station  Ground El..  Length Flow
M  (@msy) (@) (mgd)
-28+00 363 2800 7.9
0+00 363 100 7.9
1+00 378 400 7.9
5+00 377 500 7.9
10+00 378 250 7.9
12+50 378 450 7.9
17+00 379 700 7.9
24+00 383 400 7.9
28+00 384 50 7.9
28+50 387 50 7.9
29+00 390 93 7.9
29+93 388 0 7.9

Flow

(cfs)
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3

Flow

(cfs)
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3
12.3

Flow

(gpm)
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500

Flow

(gpm)
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500
5,500

Area A Head Loss Calculations for Design of Slurry Pipe - Sg = 1.16 or C = 137

©

137
137
137
137
137
137
137
137
137
137
137
137

Diameter

(in.)

12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974

Diameter
(ft)
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08

Area

(sq ft)

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92

Velocity
(ft/s)
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35

SG
1.16
1.16
1.16
1.16
1.16
1.16
1.16
1.16
1.16
1.16
1.16
1.16

Headloss
(ft of water)
110.7
3.7
14.9
18.6
9.3
16.7
26.0
14.9
1.9
1.9
3.5
0.0

Area D Head Loss Calculations for Expected - Sg of 1.11 - C = 142

©

142
142
142
142
142
142
142
142
142
142
142
142

Diameter

(in.)

12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974
12.974

Diameter
(ft)
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08

Area

(sq ft)

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92

Velocity
(ft/s)
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35
13.35

SG
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.11

Headloss
(ft of water)
104.0
3.5
20.6
17.4
8.7
15.6
24.3
13.9
1.7
1.7
3.2
0.0

HGL

(ft MSL)
645.0
534.3
530.6
515.8
497.2
487.9
4712
4452
430.4
4285
426.6
4232

HGL

(ft MSL)
638.0
534.0
530.5
509.9
4925
483.9
468.2
443.9
430.0
4283
426.5
4233

Bottom of
Pipe

(ft MSL)
363
363
378
377
378
378
379
383
384
387
390
388

Bottom of
Pipe

(ft MSL)
363
363
378
377
378
378
379
383
384
387
390
388

Pressure

(psi)

122
74
66
60
51
47
40
27
20
18
16
15

Pressure

(psi)

119
74
66
57
49
46
38
26
20
18
16
15

Comments

Comments

Head of

pump
282.0

Head of

pump
275.0



Remediation Area A
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REV BY CHK'D DATE
PARSONS Slurry Pipeline Hydraulic Analysis
COMMERCIAL TECHNOLOGY GROUP Honeywell Onondaga Lake Dredging Project
SYRACUSE, NEW YORK 444853 0 AN MA 6/8/2011
Assumptions:
1)Minimum pressure at BP #3 suction set at 15 psi
System Data (REM A)
Length Flow Flow C Diameter Diameter Area Velocity Minor Loss Headloss Total Head
(ft) (gpm) (ft°/s) (in.) (ft) (sq ft) (ft/s) K SG (ft of water) (ft of water)
5793 0 0.00 137 12.974 1.08 0.92 0.00 2.42 1.16 26.00 60.6
5793 500 1.11 137 12.974 1.08 0.92 1.21 2.42 1.16 28.60 63.2
5793 1000 2.23 137 12.974 1.08 0.92 2.43 2.42 1.16 35.40 70.0
5793 1500 3.34 137 12.974 1.08 0.92 3.64 2.42 1.16 45.94 80.6
5793 2000 4.46 137 12.974 1.08 0.92 4.85 2.42 1.16 59.99 94.6
" 5793 2500 5.57 137 12.974 1.08 0.92 6.07 2.42 1.16 77.41 112.1
§ 5793 3000 6.68 137 12.974 1.08 0.92 7.28 2.42 1.16 98.08 132.7
\ 5793 3500 7.80 137 12.974 1.08 0.92 8.49 2.42 1.16 121.93 156.6
gn 5793 4000 8.91 137 12.974 1.08 0.92 9.71 2.42 1.16 148.89 183.5
< 5793 4500 10.03 137 12.974 1.08 0.92 10.92 2.42 1.16 178.88 213.5
e 5793 5000 11.14 137 12.974 1.08 0.92 12.14 2.42 1.16 211.87 246.5
5793 5500 12.25 137 12.974 1.08 0.92 13.35 2.42 1.16 247.81 282.5
5793 6000 13.37 137 12.974 1.08 0.92 14.56 2.42 1.16 286.65 321.3
5793 6500 14.48 137 12.974 1.08 0.92 15.78 2.42 1.16 328.37 363.0
5793 7000 15.60 137 12.974 1.08 0.92 16.99 2.42 1.16 372.92 407.6
5793 7500 16.71 137 12.974 1.08 0.92 18.20 2.42 1.16 420.27 454.9
Head from Dredge Pump
GPM 700 RPM 600 RPM
0 315 230
g 1000 317 233
9 2000 318 234
2 3000 318 233
< 4000 316 232
E 5000 315 230
; 6000 313 228
7000 310 226
8000 308 223




Head (ft)
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FIGURE 731 Constant C for Hazen-Williams equation. Turner, 1984)

Note- Friction factor corrected for pipe material. A clean water C value of 150 is assumed for HDPE pipe. Figure 7.31 assumes a clean water C value of 140 for steel pipe.
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1)

2)

3)
4)

5)

6)

7)
8)

9)
10)

11)

12)

Critical Velocity Calculation Methodology

Various empirical formulas for critical velocity exist in the literatures. Several formulas
were evaluated in the critical velocity analysis.

Critical velocity calculation was performed for slurry from Remediation Area E. Based
on Parsons Sediment data Remediation Area E had the largest d50 and will have the
greatest slurry solids concentration by weight as compared to all other remediation areas
(see Appendix F for sediment data and Appendix E for production rates).

Critical velocity calculation was performed for the average slurry production rate of
18.5% solids by weight.

Critical velocity analysis was performed for a d50 of 0.11 mm obtained from
Remediation Area E sediment data.

A second analysis was performed for the settling portion of the slurry. Sizes greater than
0.075 mm was assumed to constitute the settling portion of the slurry. Based on the
sediment data and the PSD curve developed from the sediment data (see Figure 1) a d50
of 0.2 mm was used for the settling portion of the slurry for Remediation Area E.

Slurry concentration for the settling portion of the slurry was obtained by multiplying the
solids concentration of the slurry during average production rate with the settling fraction
(1-0.433=0.567) which was obtained from the sediment data.

Critical velocity for horizontal pipe was derived using three methods.

Method (1) Critical velocity for narrow graded slurry using Durand’s formula (Egn 7.18,
Herbich, 2000; Egn 4.2, Abulnaga, 2002) and Durand velocity factor versus particle size
curve (Figure 4-7, Abulnaga, 2002 also shown in Figure 2 of this calculation.

Method (2) Critical velocity for broad graded slurry was obtained using Modified
Durands and Schillers formula (Egn 4.4 Abulnaga, 2002).

Method (3) Critical velocity for broad graded slurry was obtained using Wilsons
Nomograph. (Figure 3, Wilson, 2006) also shown as Figure 3 in this calculation.

Critical velocity for inclined pipe was calculated using equation 7.81 (Herbich, 2000),
Figure 8.1 (Wilson, 2006) also shown as Figure 4 of this calculation, and using critical
velocity for narrow graded slurry obtained from Step 8.

A maximum inclination of 8% of the pipeline was used based on pipeline profile drawing
444853-200-130. Long distance pipe inclinations were considered for inclined critical
velocity calculations. All short distance inclines e.g., under roads and rail crossings were
assumed to have turbulent conditions within the pipeline to keep the solids in suspension.
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Equations
C,, - Conc. (by weight)
SG.\SG,, - SG
(Eq. 7-76, Herbich, 2000) "= S( m f ) Eqn -1
SG,(SG, - SG, )
C,- Conc. (by volume) SG
(Eq. 7-77, Herbich, 2000) c,=—"(c,) Eqn 2
SG,
Modified F|_g4s0
Eq. 4.4 Albuga Fro, = [03xC, 2% )x [L—exp®* %)) Egna
V¢ nor - Critical Velocity V. —F |2g SG, - 3G, b Eqn 3
(Eq. 7-79, Herbich, 2000) e:hor - SG,
(Eq. 4.2, Albuga, 2004)
V¢ inc - INclined
Critical Velocity Viine =Venor TAp (\/29 (SGS - 1)D ) Eqn 5
(Eq. 7-81,Herbich, 2000)
Symbol Description
FL Coefficient that is a function of slurry concentration by volume
Inside diameter of of pipe in feet
g Acceleration due to gravity in ft/sec’
Ap Factor affecting angle of inclination on durand deposition parameter (Fig 7.29, Herbich 2000)
Cw Slurry concentration by weight
C, Slurry concentration by volume
SG, Specific gravity of solids
SG¢ Specific gravity of the carrier fluid (i.e., water), assumed to be 1.0
SG,, Specific gravity of slurry




Constants

Parameter Rem E (Total) Rem E_settling

ds 0.11 0.2
Cw 18.5% 10.5%
g 32.2 32.2
SG; 2.58 2.58
SG; 1.0 1.00

Parameter Rem E (Total) Rem E_settling

dso 0.11 0.2
SG, 1.13 1.07 Eqn 1
C, 8.1% 4.3% Egn 2
FL_Narrow Graded (dso = 0.2-mm) - 1.07 Fig 2
FL_Narrow Graded (d50 =01 1'mm) 0.96 - Flg 2
F\_Broad Graded (dso= 0.2-mm) - 0.66 Eqgn 4
FL_Broad Graded(dso= 0.11-mm) 0.50 - Eqgn 4
Ap 0.1 0.1 Fig 4

Critical Velocity for Various Particle Diameters
Ve nor (ft/sec) Ve nor (ft/sec)
HDPE Rating Dpom (in.) ID (in.) Durand narrow craded | DUrand groaq V”\‘/‘;/’”(;Ziec) (f\t//‘;i;;) Vpipeline
Slurry Graded Slurry

Rem Area E (0.11 mm) DR 11 16 12.974 10.1 5.3 <6.2 11.1 13.5
Rem Area E (0.2 mm) DR 11 16 12.974 11.2 6.9 8.9 12.3 13.5




Figure 1 Dredge Area Particle Size Distribution
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Figure 2 Durand Velocity Factor Versus Particle Size

Durand velocity factor versus paticle size.
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Figure 3. Nomograph for determining deposit velocity.
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Figure 4 Effect of Angle of Inclination on Durand
Deposition Parameter

8. Vertical and Inclined Slurry Flow
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Figure 8.2. Effect of angle of inclination on Durand deposition parameter, after Wilson and
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4.8 CHAPTER FOUR

&= ratio of density of solids to density of liquid
C,;, = volume fraction solids in the bed

(When USCS units are used, express density in slugs/ft® rather than Tbm/ft?).

For 0.7 mm (mesh 24) sand with water in a 90 mm (3.5 in) pipe, Wilson measured A =
0.35 and concluded that the assumptions of hydrostatic distribution of the gramular pres-
sure were correct.

4-3-2 The Transitional Velocity V; or Speed for Minimum
Pressure Gradient

The transitional velocity ¥; is extremely important because it is the speed at which the
pressure gradient is at a minimum. Although there is evidence that solids start to settle at
slower speeds in coinplex mixtures, operators and engineers often referred to transitional
velocity as the speed of deposition.

Durand and Condolios (1932) derived the following equation for uniformly sized sand
and gravel: :

Yp=V3=F;{2-g- D](p,— p;)p 1} (4-2)

where
Fy =1is the Durand factor based on grain size and volume concentration
V5 = the critical transition velocity between flow with a stationary bed and a heteroge-
neous flow
D; = pipe inmer diameter {in m)
g = acceleration due to gravity (9.81 m/s)
o, = density of solids in a mixture (kg/m*)
pp = density of liquid carrier

The Durand factor F; is typically represented in a graph for single or narrow graded
particies, as in Figure 4-7 after the work of Durand {1953). However, since most slurries

For single or narrow

&= 15% graded slurries
Cy=10%
2.0 Based on Schiiler
5 equation using d,
2 i
o =25 m
ia L
£ 10]] 2%
g . =15%
T v
= 7
2
0
0 1.9 2.0 3.0
ig“ E’EC‘;{ Eeﬁiﬁf&ﬂ’ Particle diameter (min)

FIGURE 4-7 Durand velocity factor versus particle size—comparison between the conven-
tional values for single graded slurries and Schiller’s equation using dsg for wide graded shury.

Copyright © 2002 by The McGraw-Hill Companies  Retrieved from: www knovel.com



HETEROGENEOUS FLOWS OF SETTLING SLURRIES 4.9

are mixtures of particles of different sizes, this plot is considered too conservative. The
Durand velocity factor bas been refined by a number of authors.

In an effort to represent more diluted concentrations, Wasp et al. {1970) proposed in-
cluding a ratio between the particle diameter and the pipeline diameter. Wasp proposed
the use of a modified factor F} so that

— 12| d, |ue
VDEI@:F;[Zng%] [j’] 3

Schiller and Herbich (1991) proposed the following equation for the Durand velocity
factor based on the ds, of the particles:

Fp={(13 x C¥¥)[1 — exp (-6.9 dsp)1} 4-4

where dy 18 expressed in mm.

Some reference books define a Froude number as Fr = F, - V2. The particle size ds,
is the statistically determined particle size below which half (or 50%) would be equal or
smaller to that set size. The following exampie illustrates the concept of dy;.

Example 4-1
A sample of shury is sieved for particle size. The data is collected in the laboratory (see
Table 4-1). Plot the data on a logarithmic graph and determine the ds;.

Solution
The data is plotted in Figure 4-6; the dy, is determined to be 145 um.

Example 4-2

A slurry mixture has a dsy of 300 wm. The slurry is pumped in a 30 in pipe with an
ID of 28.28". The volumetric concentration is {.27, Using Equations 4-4 and 4-2, deter-
mine the speed of deposition for a sand—water mixture if the specific gravity of sand is
2.65.

Solution in SI Units
From Equation 4-4:

Fy=(1.3 x 0.27%12%)(1-exp (—6.9 = 0.3})
F,=1.1x 08738
Fy=0.964
From Equation 4-2 the deposition -velocity is
V,=0.964 (2 x 9.81 x 28.25 x 0.0254 x 1.65)'2
¥, =4.64 m/s '

TABLE 4-1 Data for Example 4-1

Particle size (pm) 425 300 212 150 106 75 53 45 38 —38

Cumulative 972 871 683 513 359 205 145 118 108 —
passing (%)

Copyright © 2002 by The McGraw-Hill Companies  Retrieved from: www.knovel.com
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7.14 CHAPTER SEVEN

mixture, differs appreciably from head loss, in feet of water, for flow of water at the!
sponding flow conditions. At velocities greater than the critical velocity, homogens
flows may be expected. Durand® also concluded that for homogeneous flow the
losses for sand-water mixtures are similar to head losses for water, provided the head
is expressed in feet of mixture.

Newitt, et al.'> made the same conclusions as O’Brien and Folsom!'? and Durmd

suggested that

where i, = gradient of piezometric head line for mixture
i = gradient of plezometnc head line for water
= sediment concentration by volume
ps = density of the sediment
= density of water

!
|

However, as reported by Shen,'® the numerical value of Eq. (7.17) is approximue
which is greater than (p/p,) — 1 for sand with a mean particle size.of 0.02 mm. Sii
the left-hand side of Eq. (7.17) is less than (p/p,) — 1 for sand with mean particle:
0.096 mm for velocities greater than 5.5 {i/s.

Several investigators, including Homayounfar,” Zandi,* and Herbich and Vallenti
have found that head losses for coal-water and silt-clay-water mixtares were lowi
the head losses for water at the corresponding conditions. Shen suggests that the ho
neous flow with sediments slightly larger than the fine sediments required for truly Tom
geneous flow may be assumed to have approximately- the same head losses ‘as:

homogeneous flows. 4

Heterogeneous Regime and Saltation Flow

The heterogeneous flow regime is most important from an economic point of view;
regime the sediment is nonuniformly distributed, as shown in Fig. 7.7b. Fead losses ¥
higher in flow with a moving bed, as depicted schematically in Fig. 7.7c.

Durand and Condolios conducted extensive experimental studies on the transpoit
of solids in the heterogeneous regime and the equanons presented are valid only for
with no net deposition of solids at the bottom. of the pipe. They defined the limiting de

velocity as
172

v =F, | 2gd| £ -

w

where F, = constant = {C,d,).
F,is gwen inFig.7.8a for the range of concentration of solids by votume (C,) as a fur
tion of grain diameter. It will be noted that for particles having a grain size greater than
the concentration has no effect, and F, is approximately equal to 1.34. :
Limiting deposit velocities for sand (5.G. = 2.,62) and coal (S.G. = 1.5) are sho?
Table 7.5.
Durand and Condolios!! presented an equation for flow based on test tesults as fol

1.3
%—i_mlwwﬁwﬁ) 1
Cit v VG,
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2 [ .
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Vs -
LT
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FIGURE 7.27 Variation of pararteter &, with grain diameter 4. (Durnd, 19.53) £
¢
the inside pipe diamaeter, in weiers (Matousck, 1997). The mechanical friction cocfficiad
of (.44 agrees better with the results obtained from Fig. 7.28. H

i

The effect of pipe inclination on deposit fiwit or crifical velocity is illusirated in Fgg
7.29. These results show the critical velocity increases as the angle berween the pxpeamf—
the horizonta] increase up to an angle of approximately 35°. The increase in the cnt:m]n
velocity is determined using Eq. (7.81). Thus, shurry pipe systems with inclined pipes mmg
allow for the increased catical velocity or else deposits may occur in the inclined sectionst
and the pipe may plug. K also may suggest that vertical sections may be preferble uvu‘»
short Inclines to prevent deposit in the pipe. Thus

V. (inctined) = V, (horizontal) + A, {Vlg 5,— 1 D] (731§ :
Heterogeneous to Homogeneous Fow g
3
Wilson, et al. (1992) proposed that the ratio 4/D could be used as an indicator of transitin %

from heterogeneous to homogeneous flow. When &/ > 0.018, the flow is fully stratifiefy
(homogeneous), and when d/D < 0.015, the flow is partially stratified (heterogencomshy
Both types of slurcy flow can occur for the region 0.015 < d/D > 0.018. The transmmg
velocity (V,) between homogeneous and heterogeneous regimes is also approximated by £

V., = (1800 gdv)*®

nal velocity.




PEPELINE TRANSPORT OF SGLIDS 1.63

i[‘g"zen and Williams Equation
: er equation that is often used in the dredging industry is the Hazen-Williams equation:

185 QU‘S
d= 02083( c) (948655) (7.8%

5o HlS friction head, in feet of freshwater per 100 feat of pipe; D is inside diameter of
% pipe, in inches; @ is flow, in gallons per mimute; and C is a constant describing plpB
3 ghnessdetﬁnmned from Fig. 7.3 1.

o saltation flow [dig > 0.001 in (0,625 mm)}, the head loss per unit length of pipe [Fect
“uatesffect of pipe {meters of water/meters of pipe)] may be expressed as
&

L=66Ci (—:— );;ﬂ {7.86)
| is the head loss due to mixture per unit pipe length [feet of water/feet of pipe
re of water/meters of pipe)], i is the head loss due to water per woit length of pipe [feet

feet of pipe (meters of water/meters of pipe)j, C, is the sediment concentration by
alame, D is the internal pipe diaeter, Vis the average sluny velocity, p and p,_ are the
mﬁﬁty of sturry and waler, respectively; and g is l:he gravrtatlona! acceleration.
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