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List of Design Calculations
 
Desanding and Dewatering Facilities
 

New Bedford Harbor Superfund Site - OU#1
 

Civil 
C-01 Stormwater Management Systems 
C-02 Rail Area Subsurface Drainage 
C-03 Pavement Design 
C-04 Parking Design 
C-05 Handicapped Accessibility 
C-06 Roof Drainage System 

Electrical 
E-01 Electrical Power Requirements 

Utilities 
U-01 Potable Water Calculations for Personnel Area 
U-02 Fire Suppression System Water Requirements 
U-03 Sanitary Sewer Calculation for Personnel Area 
U-04 Sanitary Sewer Calculation for Support Trailers 
U-05 Potable Water Calculation for Support Trailers 

Mechanical 
M-01 Dewatering Facility Process Building Heating Load Calculation 
M-02 Dewatering Facility Process Building Cooling Ventilation Calculation 

Rail 
R-01 Rail Design: Ballast Track/Top of Rail 
R-02 Rail Design: Final Design Criteria 
R-03 Rail Design: Rail Size/Rail GaugeATie Size and Material/Track Geometry 
R-04 Rail Design: Rail Layout and Equipment 
R-05 Rail Design: Rail Attachment in Dewatering Building 
R-06 Rail Design: Weigh Scale 

Structural 
S-01 Dewatering Facility Foundation Design 
S-02 Dewatering Facility Footing Design 
S-03 Estimate of Settlement of Spread Footings 

Process 
P-01 Dredging, Dewatering, and Water Treatment Mass Balance 
P-02 Desanding Operation Sizing 
P-03 +3/8 inch and +200 mesh Material Storage Bin Sizing 
P-04 Desanded Dredged Slurry Storage Capacity 
P-05 Slurry Transfer Pump Sizing (Area C to Area D) 
P-06 Dewatering Building Sump Sizing 
P-07 Filtrate Transfer Pump Sizing (Area D to Area C) 
P-08 Filtrate Transfer Pipeline Sizing (Area D to Area C) 
P-09 Polymer Usage 
P-10 Process Area Secondary Containment Volume 
P-l 1 Filter Cake Loading 
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Summary of Drainage Areas 

Project: New Bedford Harbor 
Mechanical Dewatering Building 

' Catchment Area A A C Description 
(SF) (Acres) (*) V — 

1 11142 0.26 0.95 (2) 
2 9247 0.21 0.95 (2) 
3 
4 
5 
6 
7 

7510 
13347 
6180 
8411 
9907 

0.17 
0.31 
0.14 
0.19 
0.23 

0.95 
0.95 
0.95 
0.95 
0.95 

(D 
(1) 
(D 
(D 
(2) 

8 6888 0.16 0.95 (2) 
9 6888 0.16 0.95 (2) 
10 12625 0.29 0.95 (2) 
11 49157 1.13 0.04 (3) 
12 
13 

1968 
26145 

0.05 
0.60 

0.95 
0.95 

(1) 
(4) 

14 19305 0.44 0.95 (4) 
15 8100 0.19 0.95 (4) 
16 25565 0.59 0.70 (5) 

Total Drainage Area 222385 5.11 - — 

Notes: 
n Runoff coefficients for Rational Method are based on the following cover types. 

(See runoff coefficient table attached) 
(1) Cover types within these areas are primarily asphalt, concrete and roof with very little pervious coverage. 
(2) Asphalt and Concrete 
(3) Primarily gravel w/ some asphalt and concrete 
(4) Roof 
(5)	 Off-site gravel, roof and asphalt 

"*•* 
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User Name: maherd Date: 03-29-02 
Proj ect: NBHDEWAT Time: 15:42:23 
Network: 01 - System 1 Page:1 

Storm Sewers Summary Report
 

Pipe Name Total Pipe H6L HGL Inv. Inv. Downstream 
Flow Dia. Down Up Down Up Junction 
(cfs) (in) (ft) (ft) (ft) (ft) 

DMH1 to OUTFALL 15.18 24.00 2.50 2.64 0.89 1.03 Outfall" 
WQU1 to DMH1 9.67 18.00 2.78 2.79 1.53 1.58 DMH1 
DMH2 to WQO1 9.67 18.00 3.07* 3.09* 1.58 1.60 WQU1 
DMH3 to DMH2 5.90 18.00 3.77* 3.79* 1.70 1.73 DMH2 
CB1 to DMH3 5.96 18.00 3.94* 4.05* 1.83 1.97 DMH3 
CB2 to CB1 5.18 18.00 4.22* 4.36* 2.07 2.25 CB1 
CB3 to CB2 3.24 15.00 4.49* 4.81* 2.50 2.96 CB2 
CB4 to CB3 2.51 12.00 4.95* 5.51* 3.21 3.86 CB3 
CB5 to CB4 1.47 10.00 5.70* 5.95* 4.02 4.25 CB4 
CB2A to CB2 1.58 10.00 4.36* 4.58* 2.81 3.35 CB2 
CB6 to DMH2 4.15 15.00 3.96 4.03 3.13 3.15 DMH2 
CB7 to CB6 3.04 12.00 4.22* 4.36 3.15 3.37 CB6 
CB8 to CB7 2.26 12.00 4.64* 4.75* 3.37 3.50 CB7 
CB9 to CBS 1.47 10.00 4.90* 5.11* 3.66 3.83 CB8 
DMH4 to DMH1 (1) 6.25 12.00 2.64 6.30* 2.03 4.50 DMH1 

*Surcharged Condition
 

Note:
 

(1) TOTAL FLOW TO DMH4 (6.25 CFS) IS THE ESTIMATED RATIONAL FLOW INPUT TO
 
SYSTEM 1 FROM THE ROOF DRAIN SYSTEM (SYSTEM 2) TO BE DESIGNED BY OTHERS.
 



User Name: maherd Date: 03-29-02 
Project: NBHDEWAT Time: 15:42:23 
Network: 01 - System 1 Page: 1 

Storm Sewers Detail Report 

PIPE DESCRIPTION: DMH1 to OUTFALL
 

RAINFALL INFORMATION
 
Return Period
 
Rainfall File
 

PIPE INFORMATION
 
Current Pipe
 
Downstream Pipe
 
Pipe Material
 
Pipe Length
 
Plan Length
 
Pipe Type
 
Pipe Dimensions
 
Pipe Manning's "n"
 
Pipe Capacity at Invert Slope
 
Invert Elevation Downstream
 
Invert Elevation Upstream
 
Invert Slope
 
Invert Slope (Plan Length)
 
Rim Elevation Downstream
 
Rim Elevation Upstiream
 
Crown Elevation Downstream
 
Crown Elevation Upstream
 

FLOW INFORMATION
 
Catchment Area
 
Runoff Coefficient
 
Inlet Time
 
Inlet Intensity
 
Inlet Rational Flow
 
Total Area
 
Weighted Coefficient
 
Total Time of Concentration
 
Total Intensity
 
Total Rational Flow
 
Uniform Capacity
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream
 
HGL Elevation Upstream
 
HGL Slope
 
EGL Elevation Downstream
 
EGL Elevation Upstream
 
EGL Slope
 
Critical Depth
 
Depth Downstream
 
Depth Upstream
 
Velocity Downstream
 
Velocity Upstream
 
Uniform Velocity Downstream
 
Uniform Velocity Upstream
 
Area Downstream
 
Area Upstream
 
Kj (JLC)
 
Calculated Junction Loss
 

=10 Year
 
= New Bedford Rainfall
 

= DMH1 to OUTFALL
 
= Outfall
 
= PVC
 
= 30.42 ft
 
= 32.42 ft
 
= Circular
 
= 24.00 in
 
= 0.013
 
= 15.34 cfs
 
= 0.89 ft
 
= 1.03 ft
 
= 0.46V
 
= 0.43%
 
= 11.50 ft
 
= 8.45 ft
 
= 2.89 ft
 
= 3.03 ft
 

0.00 ac
 
0.950
 
5.00 min
 
5.31 in/hr
 
0.00 cfs
 
3.38 ac
 
0.950
 
7.93 min
 
4.69 in/hr
 
15.18 cfs
 
15.34 cfs
 

= 2.50 ft
 
= 2.64 ft
 
= 0.46 %
 
= 2.99 ft
 
= 3.13 ft
 
= 0.46 %
 
= 16.86 in
 
= 19.32 in
 
= 19.33 in
 
= 5.60 ft/s
 
=5.60 ft/s
 
=0.00 ft/s
 
=5.57 ft/s
 
= 2.71 ft^2
 
= 2.71 ft*2
 
= 0.50
 
= 0.135 ft
 



User Name: maherd Date: 03-29-02 
Proj ect: NBHDEWAT Time: 15:42:23 
Network: 01 - System 1 Page: 2 

Storm Sewers Detail Report 

PIPE DESCRIPTION: WQU1 to DMH1
 

RAINFALL INFORMATION
 
Return Period
 
Rainfall File
 

PIPE INFORMATION
 
Current Pipe
 
Downstream Pipe
 
Pipe Material
 
Pipe Length
 
Plan Length
 
Pipe Type
 
Pipe Dimensions
 
Pipe Manning's "n"
 
Pipe Capacity at Invert Slope
 
Invert Elevation Downstream
 
Invert Elevation Upstream
 
Invert Slope
 
Invert Slope (Plan Length)
 
Rim Elevation Downstream
 
Rim Elevation Upstream
 
Crown Elevation Downstream
 
Crown Elevation Upstream
 

FLOW INFORMATION
 
Catchment Area
 
Runoff Coefficient
 
Inlet Time
 
Inlet Intensity
 
Inlet Rational Flow
 
Total Area
 
Weighted Coefficient
 
Total Time of Concentration
 
Total Intensity
 
Total Rational Flow
 
Uniform Capacity
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream
 
HGL Elevation Upstream
 
HGL Slope
 
EGL Elevation Downstream
 
EGL Elevation Upstream
 
EGL Slope
 
Critical Depth
 
Depth Downstream
 
Depth Upstream
 
Velocity Downstream
 
Velocity Upstream
 
Uniform Velocity Downstream
 
Uniform Velocity Upstream
 
Area Downstream
 
Area Upstream
 
Kj (JLC)
 
Calculated Junction Loss
 

10 Year
 
New Bedford Rainfall
 

WQU1 to DMH1
 
DMH1 to OUTFALL
 
PVC
 
8.62 ft
 
17.62 ft
 
Circular
 
18.00 in
 
0.010
 
10.40 cfs
 
1.53 ft
 
1.58 ft
 
0.58%
 
0.28%
 
8.45 ft
 
7.66 ft
 
3.03 ft
 
3.08 ft
 

0.00 ac
 
0.950
 
5.00 min
 
5.31 in/hr
 
0.00 cfs
 
2.15 ac
 
0.950
 
7.90 min
 
4.69 in/hr
 
9.67 cfs
 
10.40 cfs
 

= 2.78 ft
 
= 2.79 ft
 
= 0.20 %
 
= 3.37 ft
 
= 3.41 ft
 
= 0.54 %
 
= 14.41 in
 
= 14.94 in
 
= 14.55 in
 
=6.16 ft/s
 
= 6.32 ft/s
 
= 6.69 ft/S
 
= 6.69 ft/s
 
=1.57 ft"2
 
= 1.53 ft"2
 
= 0.50
 
= 0.279 ft
 



User Name: maherd Date: 03-29-02 
Project: NBHDEWAT Time: 15:42:23 
Network: 01 - System 1 Page: 3 

Storm Sewers Detail Report 

PIPE DESCRIPTION: DMH2 to WQU1
 

RAINFALL INFORMATION
 
Return Period
 
Rainfall File
 

PIPE INFORMATION
 
Current Pipe
 
Downstream Pipe
 
Pipe Material
 
Pipe Length
 
Plan Length
 
Pipe Type
 
Pipe Dimensions
 
Pipe Manning's "n"
 
Pipe Capacity at Invert Slope
 
Invert Elevation Downstream
 
Invert Elevation Upstream
 
Invert Slope
 
Invert Slope (Plan Length)
 
Rim Elevation Downstream
 
Rim Elevation Upstream
 
Crown Elevation Downstream
 
Crown Elevation Upstream
 

FLOW INFORMATION
 
Catchment Area
 
Runoff Coefficient
 
Inlet Time
 
Inlet Intensity
 
Inlet Rational Flow
 
Total Area
 
Weighted Coefficient
 
Total Time of Concentration
 
Total Intensity
 
Total Rational Flow
 
Uniform Capacity
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream
 
HGL Elevation Upstream
 
HGL Slope
 
EGL Elevation Downstream
 
EGL Elevation Upstream
 
EGL Slope
 
Critical Depth
 
Depth Downstream
 
Depth Upstream
 
Velocity Downstream
 
Velocity Upstream
 
Uniform Velocity Downstream
 
Uniform Velocity Upstream
 
Area Downstream
 
Area Upstream
 
Kj (JLC)
 
Calculated Junction Loss
 

10 Year
 
New Bedford Rainfall
 

DMH2 to WQU1
 
WQU1 to DMH1
 
PVC
 
3.00 ft
 
12.00 ft
 
Circular
 
18.00 in
 
0.010
 
11.53 cfs
 
1.58 ft
 
1.60 ft
 
0.71%
 
0.18%
 
7.66 ft
 
7.75 ft
 
3.08 ft
 
3.10 ft
 

0.00 ac
 
0.950
 
5.00 min
 
5.31 in/hr
 
0.00 cfs
 
2.15 ac
 
0.950
 
7.89 min
 
4.70 in/hr
 
9.67 cfs
 
11.53 cfs
 

3.07 ft
 
3.09 ft
 
0.60 %
 
3.54 ft
 
3.55 ft
 
0.49 %
 
14.41 in
 
17.90 in
 
17.81 in
 
5.48 ft/s
 
5.48 ft/s
 
7.31 ft/s
 
7.31 ft/S
 
1.77 ftA2
 
1.77 ft*2
 
0.50
 
0.687 ft
 



User Name: maherd Date: 03-29-02 
Project: NBHDEWAT Time: 15:42:23 
Network: 01 - System 1 Page: 4 

Storm Sewers Detail Report 

PIPE DESCRIPTION: DMH3 to DMH2
 

RAINFALL INFORMATION
 
Return Period
 
Rainfall File
 

PIPE INFORMATION
 
Current Pipe
 
Downstream Pipe
 
Pipe Material
 
Pipe Length
 
Plan Length
 
Pipe Type
 
Pipe Dimensions
 
Pipe Manning's "n"
 
Pipe Capacity at Invert Slope
 
Invert Elevation Downstream
 
Invert Elevation Upstream
 
Invert Slope
 
Invert Slope (Plan Length)
 
Rim Elevation Downstream
 
Rim Elevation Upstream
 
Crown Elevation Downstream
 
Crown Elevation Upstream
 

FLOW INFORMATION
 
Catchment Area
 
Runoff Coefficient
 
Inlet Time
 
Inlet Intensity
 
Inlet Rational Flow
 
Total Area
 
Weighted Coefficient
 
Total Time of Concentration
 
Total Intensity
 
Total Rational Flow
 
Uniform Capacity
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream
 
HGL Elevation Upstream
 
HGL Slope
 
EGL Elevation Downstream
 
EGL Elevation Upstream
 
EGL Slope
 
Critical Depth
 
Depth Downstream
 
Depth Upstream
 
Velocity Downstream
 
Velocity Upstream
 
Uniform Velocity Downstream
 
Uniform Velocity Upstream
 
Area Downstream
 
Area Upstream
 
Kj (JLC)
 
Calculated Junction Loss
 

= 10 Year
 
= New Bedford Rainfall
 

DMH3 to DMH2
 
DMH2 to WQU1
 
PVC
 
11.69 ft
 
15.69 ft
 
Circular
 
18.00 in
 
0.010
 
6.75 cfs
 
1.70 ft
 
1.73 ft
 
0.24*
 
0.18*
 
7.75 ft
 
7.96 ft
 
3.20 ft
 
3.23 ft
 

0.00 ac
 
0.950
 
5.00 min
 
5.31 in/hr
 
0.00 cfs
 
1.31 ac
 
0.950
 
7.84 min
 
4.70 in/hr
 
5.90 cfs
 
6.75 cfs
 

= 3.77 ft
 
= 3.79 ft
 
= 0.19 *
 
= 3.95 ft
 
= 3.97 ft
 
= 0.19 *
 
= 11.26 in
 
= 18.00 in
 
= 18.00 in
 
= 3.34 ft/s
 
= 3.34 ft/s
 
= 4.31 ft/s
 
= 4.31 ft/s
 
= 1.77 ftx2
 
= 1.77 ft*2
 
= 0.50
 
= 0.147 ft
 



User Name: maherd Date: 03-29-02 
Project: NBHDEWAT Time: 15:42:23 
Network: 01  System 1 Page: 5 

Storm Sewers Detail Report 

PIPE DESCRIPTION: CB1 to DMH3
 

RAINFALL INFORMATION
 
Return Period
 
Rainfall File
 

PIPE INFORMATION
 
Current Pipe
 
Downstream Pipe
 
Pipe Material
 
Pipe Length
 
Plan Length
 
Pipe Type
 
Pipe Dimensions
 
Pipe Manning's "n"
 
Pipe Capacity at Invert Slope
 
Invert Elevation Downstream
 
Invert Elevation Upstream
 
Invert Slope
 
Invert Slope (Plan Length)
 
Rim Elevation Downstream
 
Rim Elevation Upstream
 
Crown Elevation Downstream
 
Crown Elevation Upstream
 

FLOW INFORMATION
 
Catchment Area
 
Runoff Coefficient
 
Inlet Time
 
Inlet Intensity
 
Inlet Rational Flow
 
Total Area
 
Weighted Coefficient
 
Total Time of Concentration
 
Total Intensity
 
Total Rational Flow
 
Uniform Capacity
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream
 
HGL Elevation Upstream
 
HGL Slope
 
EGL Elevation Downstream
 
EGL Elevation Upstream
 
EGL Slope
 
Critical Depth
 
Depth Downstream
 
Depth Upstream
 
Velocity Downstream
 
Velocity Upstream
 
Uniform Velocity Downstream
 
Uniform Velocity Upstream
 
Area Downstream
 
Area Upstream
 
Kj (JLC)
 
Calculated Junction Loss
 

10 Year
 
New Bedford Rainfall
 

CB1 to DMH3
 
DMH3 to DMH2
 
PVC
 
57.55 ft
 
61.55 ft
 
Circular
 
18.00 in
 
0.010
 
6.67 cfs
 
1.83 ft
 
1.97 ft
 
0.24%
 
0.22*
 
7.96 ft
 
7.48 ft
 
3.33 ft
 
3.47 ft
 

0.19 ac
 
0.950
 
5.00 min
 
5.31 in/hr
 
0.97 cfs
 
1.31 ac
 
0.950
 
7.61 min
 
4.75 in/hr
 
5.96 cfs
 
6.67 cfs
 

3.94 ft
 
4.05 ft
 
0.19 %
 
4.12 ft
 
4.23 ft
 
0.19 %
 
11.31 in
 
18.00 in
 
18.00 in
 
3.37 ft/s
 
3.37 ft/s
 
4.27 ft/S
 
4.27 ft/S
 
1.77 ft*2
 
1.77 ftA2
 
0.50
 
0.172 ft
 



User "Name: maherd Date: 03-29-02 
Project: NBHDEWAT Time: 15:42:23 
Network: 01 - System 1 Page: 6 

Storm Sewers Detail Report 

PIPE DESCRIPTION: CB2 to CB1
 

RAINFALL INFORMATION
 
Return Period
 
Rainfall File
 

PIPE INFORMATION
 
Current Pipe
 
Downstream Pipe
 
Pipe Material
 
Pipe Length
 
Plan Length
 
Pipe Type
 
Pipe Dimensions
 
Pipe Manning's "n"
 
Pipe Capacity at Invert Slope
 
Invert Elevation Downstream
 
Invert Elevation Upstream
 
Invert Slope
 
Invert Slope (Plan Length)
 
Rim Elevation Downstream
 
Rim Elevation Upstream
 
Crown Elevation Downstream
 
Crown Elevation Upstream
 

FLOW INFORMATION
 
Catchment Area
 
Runoff Coefficient
 
Inlet Time
 
Inlet Intensity
 
Inlet Rational Flow
 
Total Area
 
Weighted Coefficient
 
Total Time of Concentration
 
Total Intensity
 
Total Rational Flow
 
Uniform Capacity
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream
 
HGL Elevation Upstream
 
HGL Slope
 
EGL Elevation Downstream
 
EGL Elevation Upstream
 
EGL Slope
 
Critical Depth
 
Depth Downstream
 
Depth Upstream
 
Velocity Downstream
 
Velocity Upstream
 
Uniform Velocity Downstream
 
Uniform Velocity Upstream
 
Area Downstream
 
Area Upstream
 
Kj (JLC)
 
Calculated Junction Loss
 

10 Year
 
New Bedford Rainfall
 

CB2 to CB1
 
CB1 to DMH3
 
PVC
 
96.06 ft
 
100.06 ft
 
Circular
 
18.00 in
 
0.010
 
5.95 cfs
 
2.07 ft
 
2.25 ft
 
0.19%
 
0.18%
 
7.48 ft
 
7.50 ft
 
3.57 ft
 
3.75 ft
 

0.14 ac
 
0.950
 
S.OO min
 
5.31 in/hr
 
0.71 cfs
 
1.12 ac
 
0.950
 
7.18 min
 
4.83 in/hr
 
5.18 cfs
 
5.95 cfs
 

4.22 ft
 
4.36 ft
 
0.14 %
 
4.36 ft
 
4.49 ft
 
0.14 %
 
10.52 in
 
'18.00 in
 
18.00 in
 
2.93 ft/s
 
2.93 ft/s
 
3.79 ft/s
 
3.79 ft/S
 
1.77 ft*2
 
1.77 ft*2
 
0.50
 
0.127 ft
 



User Name: maherd Date: 03-29-02 
Project: NBHDEWAT Time: 15:42:23 
Network: 01  System 1 Page.- 7 

Storm Sewers Detail Report 

PIPE DESCRIPTION: CB3 to CB2
 

RAINFALL INFORMATION
 
Return Period
 
Rainfall File
 

PIPE INFORMATION
 
Current Pipe
 
Downstream Pipe
 
Pipe Material
 
Pipe Length
 
Plan Length
 
Pipe Type
 
Pipe Dimensions
 
Pipe Manning's "n"
 
Pipe Capacity at Invert Slope
 
Invert Elevation Downstream
 
Invert Elevation Upstream
 
Invert Slope
 
Invert Slope (Plan Length)
 
Rim Elevation Downstream
 
Rim Elevation Upstream
 
Crown Elevation Downstream
 
Crown Elevation Upstream
 

FLOW INFORMATION
 
Catchment Area
 
Runoff Coefficient
 
Inlet Time
 
Inlet Intensity
 
Inlet Rational Flow
 
Total Area
 
Weighted Coefficient
 
Total Time of Concentration
 
Total Intensity
 
Total Rational Flow
 
Uniform Capacity
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream
 
HGL Elevation Upstream
 
HGL Slope
 
EGL Elevation Downstream
 
EGL Elevation Upstream
 
EGL Slope
 
Critical Depth
 
Depth Downstream
 
Depth Upstream
 
Velocity Downstream
 
Velocity Upstream
 
Uniform Velocity Downstream
 
Uniform Velocity Upstream
 
Area Downstream
 
Area Upstream
 
Kj (JLC)
 
Calculated Junction Loss
 

10 Year
 
New Bedford Rainfall
 

CB3 to CB2
 
CB2 to CB1
 
PVC
 
217.71 ft
 
221.71 ft
 
Circular
 
15.00 in
 
0.010
 
3.87 cfs
 
2.50 ft
 
2.96 ft
 
0.21%
 
0.21%
 
7.50 ft
 
7.45 ft
 
3.75 ft
 
4.21 ft
 

0.17 ac
 
0.950
 
5.00 min
 
5.31 in/hr
 
0.86 cfs
 
0.67 ac
 
0.950
 
6.14 min
 
5.04 in/hr
 
3.24 cfs
 
3.87 cfs
 

4.49 ft
 
4.81 ft
 
0.15 %
 
4.60 ft
 
4.92 ft
 
0.15 %
 
8.70 in
 
15.00 in
 
15.00 in
 
2.64 ft/s
 
2.64 ft/s
 
3.53 ft/s
 
3.53 ft/s
 
1.23 ft^2
 
1.23 ft*2
 
0.25
 
0.135 ft
 



User Name: maherd Date: 03-29-02 
Project: NBHDEWAT Time: 15:42:23 
Network: 01 - System 1 Page: 8 

Storm Sewers Detail Report 

PIPE DESCRIPTION: CB4 to CB3
 

RAINFALL INFORMATION
 
Return Period 10 Year
 
Rainfall File New Bedford Rainfall
 

PIPE INFORMATION
 
Current Pipe CB4 to CB3
 
Downstream Pipe CB3 to CB2
 
Pipe Material PVC
 
Pipe Length 191.60 ft
 
Plan Length 195.60 ft
 
Pipe Type Circular
 
Pipe Dimensions 12.00 in
 
Pipe Manning's "n" 0.010
 
Pipe Capacity at Invert Slope 2.69 cfs
 
Invert Elevation Downstream 3.21 ft
 
Invert Elevation Upstream 3.86 ft
 
Invert Slope 0.34*
 
Invert Slope (Plan Length) 0.33*
 
Rim Elevation Downstream 7.45 ft
 
Rim Elevation Upstream 8.08 ft
 
Crown Elevation Downstream 4.21 ft
 
Crown Elevation Upstream 4.86 ft
 

FLOW INFORMATION
 
Catchment Area 0.21 ac
 
Runoff Coefficient 0.950
 
Inlet Time 5.00 min
 
Inlet Intensity 5.31 in/hr
 
Inlet Rational Flow 1.07 cfs
 
Total Area = 0 50 ac
 
Weighted Coefficient 0.950
 
Total Time of Concentration 5.32 min
 
Total Intensity 5.23 in/hr
 
Total Rational Flow 2.51 cfs
 
Uniform Capacity 2.69 cfs
 

HYDRAULIC INFORMATION 
HGL Elevation Downstream = 4.95 ft 
HGL Elevation Upstream = 5.51 ft 
HGL Slope = 0.29 * 
EGL Elevation Downstream = 5.10 ft 
EGL Elevation Upstream = 5.67 ft 
EGL Slope = 0.29 * 
Critical Depth = 8.14 in 
Depth Downstream = 12.00 in 
Depth Upstream = 12.00 in 
Velocity Downstream =3.19 ft/s 
Velocity Upstream =3.19 ft/s 
Uniform Velocity Downstream =3.89 ft/s 
Uniform Velocity Upstream =3.89 ft/s 
Area Downstream =0.79 ft*2 
Area Upstream =0.79 ft^2 
Kj (JLC) = 0.25 
Calculated Junction Loss = 0.188 ft 
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Storm Sewers Detail Report 

PIPE DESCRIPTION: CBS to CB4
 

RAINFALL INFORMATION
 
Return Period 10 Year
 
Rainfall File New Bedford Rainfall
 

PIPE INFORMATION
 
Current Pipe CBS to CB4
 
Downstream Pipe CB4 to CB3
 
Pipe Material PVC
 
Pipe Length 64.22 ft
 
Plan Length 68.22 ft
 
Pipe Type Circular
 
Pipe Dimensions 10.00 in
 
Pipe Manning's "n" 0.010
 
Pipe Capacity at Invert Slope 1.69 cfs
 
Invert Elevation Downstream 4.02 ft
 
Invert Elevation Upstream 4.25 ft
 
Invert Slope 0.35%
 
Invert Slope (Plan Length) 0.33%
 
Rim Elevation Downstream 8.08 ft
 
Rim Elevation Upstream 8.08 ft
 
Crown Elevation Downstream 4.86 ft
 
Crown Elevation Upstream 5.08 ft
 

FLOW INFORMATION
 
Catchment Area = 0.29 ac
 
Runoff Coefficient = 0.950
 
Inlet Time = 5.00 min
 
Inlet Intensity =5.31 in/hr
 
Inlet Rational Flow = 1.47 cfs
 
Total Area = 0.29 ac
 
Weighted Coefficient = 0.950
 
Total Time of Concentration =5.00 min
 
Total Intensity =5.31 in/hr
 
Total Rational Flow = 1.47 cfs
 
Total Flow = 1.47 cfs
 
Uniform Capacity = 1.69 cfs
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream 5.70 ft
 
HGL Elevation Upstream 5.95 ft
 
HGL Slope 0.40 %
 
EGL Elevation Downstream 5.81 ft
 
EGL Elevation Upstream 6.07 ft
 
EGL Slope 0.40 %
 
Critical Depth 6.53 in
 
Depth Downstream 10.00 in
 
Depth Upstream 10.00 in
 
Velocity Downstream 2.70ft/3
 
Velocity Upstream 2.TO ft/s
 
Uniform Velocity Downstream 3.48 ft/s
 
Uniform Velocity Upstream 0.00 ft/s
 
Area Downstream 0.55 ft*2
 
Area Upstream 0.55 ft*2
 
Kj (JLC) 0.75
 
Calculated Junction Loss NA
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Storm Sewers Detail Report 

PIPE DESCRIPTION: CB2A to CB2
 

RAINFALL INFORMATION
 
Return Period 10 Year
 
Rainfall File New Bedford Rainfall
 

PIPE INFORMATION
 
Current Pipe CB2A to CB2
 
Downstream Pipe CB2 to CB1
 
Pipe Material PVC
 
Pipe Length 51.69 ft
 
Plan Length 55.69 ft
 
Pipe Type Circular
 
Pipe Dimensions 10.00 in
 
Pipe Manning's "n" 0.010
 
Pipe Capacity at Invert Slope 2.91 cfs
 
Invert Elevation Downstream 2.81 ft
 
Invert Elevation Upstream 3.35 ft
 
Invert Slope 1.05%
 
Invert Slope (Plan Length) 0.97%
 
Rim Elevation Downstream 7.50 ft
 
Rim Elevation Upstream 7.18 ft
 
Crown Elevation Downstream 3.64 ft
 
Crown Elevation Upstream 4.18 ft
 

FLOW INFORMATION
 
Catchment Area 0.31 ac
 
Runoff Coefficient 0.950
 
Inlet Time 5.00 min
 
Inlet Intensity 5.31 in/hr
 
Inlet Rational Flow 1.58 cfs
 
Total Area 0.31 ac
 
Weighted Coefficient 0.950
 
Total Time of Concentration 5.00 min
 
Total Intensity 5.31 in/hr
 
Total Rational Flow 1.58 cfs
 
Uniform Capacity 2.91 cfs
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream 4.36 ft
 
HGL Elevation Upstream 4.58 ft
 
HGL Slope 0.43 %
 
EGL Elevation Downstream 4.49 ft
 
EGL Elevation Upstream 4.71 ft
 
EGL Slope 0.43 %
 
Critical Depth 6.75 in
 
Depth Downstream 10.00 in
 
Depth Upstream 10.00 in
 
Velocity Downstream 2.89 ft/s
 
Velocity Upstream 2.89 ft/s
 
Uniform Velocity Downstream 6.50 ft/s
 
Uniform Velocity Upstream 0.00 ft/s
 
Area Downstream 0.55 ft*2
 
Area Upstream 0.55 ft*2
 
Kj (JLC) 0.50
 
Calculated Junction Loss NA
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Storm Sewers Detail Report 

PIPE DESCRIPTION: CB6 to DMH2
 

RAINFALL INFORMATION
 
Return Period
 
Rainfall File
 

PIPE INFORMATION
 
Current Pipe
 
Downstream Pipe
 
Pipe Material
 
Pipe Length
 
Plan Length
 
Pipe Type
 
Pipe Dimensions
 
Pipe Manning's "n"
 
Pipe Capacity at Invert Slope
 
Invert Elevation Downstream
 
Invert Elevation Upstream
 
Invert Slope
 
Invert Slope (Plan Length)
 
Rim Elevation Downstream
 
Rim Elevation Upstream
 
Crown Elevation Downstream
 
Crown Elevation Upstream
 

FLOW INFORMATION
 
Catchment Area
 
Runoff Coefficient
 
Inlet Time
 
Inlet Intensity
 
Inlet Rational Flow
 
Total Area
 
Weighted Coefficient
 
Total Time of Concentration
 
Total Intensity
 
Total Rational Flow
 
Uniform Capacity
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream
 
HGL Elevation Upstream
 
HGL Slope
 
EGL Elevation Downstream
 
EGL Elevation Upstream
 
EGL Slope
 
Critical Depth
 
Depth Downstream
 
Depth Upstream
 
Velocity Downstream
 
Velocity Upstream
 
Uniform Velocity Downstream
 
Uniform Velocity Upstream
 
Area Downstream
 
Area Upstream
 
Kj (JLC)
 
Calculated Junction Loss
 

10 Year
 
New Bedford Rainfall
 

CB6 to DMH2
 
DMH2 to WQU1
 
PVC
 
7.00 ft
 
11.00 ft
 
Circular
 
15.00 in
 
0.010
 
4.49 cfs
 
3.13 ft
 
3.15 ft
 
0.29%
 
0.18%
 
7.75 ft
 
7.55 ft
 
4.38 ft
 
4.40 ft
 

0.23 ac
 
0.950
 
5.00 min
 
5.31 in/hr
 
1.17 cfs
 
0.84 ac
 
0.950
 
5.62 min
 
5.16 in/hr
 
4.15 cfs
 
4.49 cfs
 

3.96 ft
 
4.03 ft
 
1.12 %
 
4.32 ft
 
4.35 ft
 
0.39 %
 
9.90 in
 
9.90 in
 
10.60 in
 
4.83 ft/s
 
4.48 ft/s
 
4.24 ft/s
 
4.15 ft/S
 
0.86 ft'2
 
0.93 ft*2
 
0.25
 
0.186 ft
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Storm Sewers Detail Report 

PIPE DESCRIPTION: CB7 to CB6
 

RAINFALL INFORMATION
 
Return Period
 
Rainfall File
 

PIPE INFORMATION
 
Current Pipe
 
Downstream Pipe
 
Pipe Material
 
Pipe Length
 
Plan Length
 
Pipe Type
 
Pipe Dimensions
 
Pipe Manning's "n"
 
Pipe Capacity at Invert Slope
 
Invert Elevation Downstream
 
Invert Elevation Upstream
 
Invert Slope
 
Invert Slope (Plan Length)
 
Rim Elevation Downstream
 
Rim Elevation Upstream
 
Crown Elevation Downstream
 
Crown Elevation Upstream
 

FLOW INFORMATION
 
Catchment Area
 
Runoff Coefficient
 
Inlet Time
 
Inlet Intensity
 
Inlet Rational Flow
 
Total Area
 
Weighted Coefficient
 
Total Time of Concentration
 
Total Intensity
 
Total Rational Flow
 
Uniform Capacity
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream
 
HGL Elevation Upstream
 
HGL Slope
 
EGL Elevation Downstream
 
EGL Elevation Upstream
 
EGL Slope
 
Critical Depth
 
Depth Downstream
 
Depth Upstream
 
Velocity Downstream
 
Velocity Upstream
 
Uniform Velocity Downstream
 
Uniform Velocity Upstream
 
Area Downstream
 
Area Upstream
 
Kj (JLC)
 
Calculated Junction Loss
 

10 Year
 
New Bedford Rainfall
 

CB7 to CB6
 
CB6 to DMH2
 
PVC
 
46.00 ft
 
50.00 ft
 
Circular
 
12.00 in
 
0.010
 
3.17 cfs
 
3.15 ft
 
3.37 ft
 
0.47%
 
0.43t
 
7.55 ft
 
7.66 ft
 
4.15 ft
 
4.37 ft
 

0.16 ac
 
0.950
 
5.00 min
 
5.31 in/hr
 
0.81 cfs
 
0.61 ac
 
0.950
 
5.45 min
 
5.20 in/hr
 
3.04 cfs
 
3.17 cfs
 

4.22 ft
 
4.36 ft
 
0.31 *
 
4.45 ft
 
4.60 ft
 
0.31 %
 
8.97 in
 
12.00 in
 
11.97 in
 
3.87 ft/s
 
3.87 ft/s
 
4.60 ft/s
 
4.60 ft/s
 
0.79 ft*2
 
0.79 ft"2
 
0.25
 
0.280 ft
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Storm Sewers Detail Report 

PIPE DESCRIPTION: CBS to CB7
 

RAINFALL INFORMATION
 
Return Period
 
Rainfall File
 

PIPE INFORMATION
 
Current Pipe
 
Downstream Pipe
 
Pipe Material
 
Pipe Length
 
Plan Length
 
Pipe Type
 
Pipe Dimensions
 
Pipe Manning's "n"
 
Pipe Capacity at Invert Slope
 
Invert Elevation Downstream
 
Invert Elevation Upstream
 
Invert Slope
 
Invert Slope (Plan Length)
 
Rim Elevation Downstream
 
Rim Elevation Upstream
 
Crown Elevation Downstream
 
Crown Elevation Upstream
 

FLOW INFORMATION
 
Catchment Area
 
Runoff Coefficient
 
Inlet Time
 
Inlet Intensity
 
Inlet Rational Flow
 
Total Area
 
Weighted Coefficient
 
Total Time of Concentration
 
Total Intensity
 
Total Rational Flow
 
Uniform Capacity
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream
 
HGL Elevation Upstream
 
HGL Slope
 
EGL Elevation Downstream
 
EGL Elevation Upstream
 
EGL Slope
 
Critical Depth
 
Depth Downstream
 
Depth Upstream
 
Velocity Downstream
 
Velocity Upstream
 
Uniform Velocity Downstream
 
Uniform Velocity Upstream
 
Area Downstream
 
Area Upstream
 
Kj (JLC)
 
Calculated Junction Loss
 

= 10 Year
 
= New Bedford Rainfall
 

CBS to CB7
 
CB7 to CB6
 
PVC
 
46.00 ft
 
50.00 ft
 
Circular
 
12.00 in
 
0.010
 
2.45 cfs
 
3.37 ft
 
3.50 ft
 
0.28%
 
0.26%
 
7.66 ft
 
7.66 ft
 
4.37 ft
 
4.50 ft
 

0.16 ac
 
0.950
 
5.00 rain
 
5.31 in/hr
 
0.81 cfs
 
0.45 ac
 
0.950
 
5.23 min
 
5.25 in/hr
 
2.26 cfs
 
2.45 cfs
 

4.64 ft
 
4.75 ft
 
0.24 %
 
4.77 ft
 
4.88 ft
 
0.24 %
 
7.72 in
 
12.00 in
 
12.00 in
 
2.88 ft/s
 

= 2 88 ft/s
 
3.55 ft/s
 
3.55 ft/s
 
0.79 ft*2
 
0.79 ftA2
 
0.25
 
0.148 ft
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Storm Sewers Detail Report 

PIPE DESCRIPTION: CB9 to CBS
 

RAINFALL INFORMATION
 
Return Period = 10 Year
 
Rainfall File = New Bedford Rainfall
 

PIPE INFORMATION
 
Current Pipe = CB9 to CBS
 
Downstream Pipe = CBS to CB7
 
Pipe Material = PVC
 
Pipe Length = 46.00 ft
 
Plan Length = 50.00 ft
 
Pipe Type = Circular
 
Pipe Dimensions = 10.00 in
 
Pipe Manning's "n" = 0.010
 
Pipe Capacity at Invert Slope = 1.70 cfs
 
Invert Elevation Downstream = 3.66 ft
 
Invert Elevation Upstream = 3.83 ft
 
Invert Slope = 0.36*
 
Invert Slope (Plan Length) = 0.33%
 
Rim Elevation Downstream = 7.66 ft
 
Rim Elevation Dpstream = 7.66 ft
 
Natural Ground Slope = 0.00%
 
Crown Elevation Downstream = 4.50 ft
 
Crown Elevation Upstream = 4.66 ft
 

FLOW INFORMATION
 
Catchment Area 0.29 ac
 
Runoff Coefficient 0.950
 
Inlet Time 5.00 min
 
Inlet Intensity 5.31 in/hr
 
Inlet Rational Flow 1.47 cfs
 
Total Area 0.29 ac
 
Weighted Coefficient 0.950
 
Total Time of Concentration 5.00 min
 
Total Intensity 5.31 in/hr
 
Total Rational Flow 1.47 cfs
 
Uniform Capacity 1.70 cfs
 

HYDRAULIC INFORMATION
 

HGL Elevation Downstream = 4.90 ft
 
HGL Elevation Upstream = 5.11 ft
 
HGL Slope = 0.45%
 
EGL Elevation Downstream = 5.01 ft
 
EGL Elevation Upstream = 5.22 ft
 
EGL Slope = 0.45%
 
Critical Depth = 6.53 in
 
Depth Downstream = 10.00 in
 
Depth Upstream = 10.00 in
 
Velocity Downstream = 2.70 ft/s
 
Velocity Upstream =2.70 ft/s
 
Uniform Velocity Downstream =3.52 ft/s
 
Uniform Velocity Upstream =0.00 ft/s
 
Area Downstream =0.55 ft*2
 
Area Upstream = 0.55 ft*2
 
Kj (JLC) = 0.75
 
Calculated Junction Loss = NA
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Storm Sewers Detail Report 

PIPE DESCRIPTION: DMH4 to DMH1
 

RAINFALL INFORMATION
 
Return Period 10 Year
 
Rainfall File New Bedford Rainfall
 

PIPE INFORMATION
 
Current Pipe DMH4 to DMH1
 
Downstream Pipe DMH1 to OUTFALL
 
Pipe Material PVC
 
Pipe Length 65.70 ft
 
Plan Length 69.65 ft
 
Pipe Type Circular
 
Pipe Dimensions 12.00 in
 
Pipe Manning's "n" 0.010
 
Pipe Capacity at Invert Slope 8.98 cfs
 
Invert Elevation Downstream 2.03 ft
 
Invert Elevation Upstream 4.50 ft
 
Invert Slope 3.76V
 
Invert Slope (Plan Length) 3.55%
 
Rim Elevation Downstream 8.45 ft
 
Rim Elevation Upstream 9.10 ft
 
Crown Elevation Downstream 3.03 ft
 
Crown Elevation Upstream 5.50 ft
 

FLOW INFORMATION
 
Catchment Area = 1.23 ac
 
Runoff Coefficient = 0.950
 
Inlet Time = 5.00 min
 
Inlet Intensity =5.31 in/hr
 
Inlet Rational Flow =6.25 cfs
 
Total Area = 1.23 ac
 
Weighted Coefficient = 0.950
 
Total Time of Concentration = 5.00 min
 
Total Intensity =5.31 in/hr
 
Total Rational Flow = 6.25 cfs
 
Uniform Capacity =8.98 cfs
 

HYDRAULIC INFORMATION
 
HGL Elevation Downstream 2.64 ft
 
HGL Elevation Upstream 6.30 ft
 
HGL Slope 5.57
 
EGL Elevation Downstream 5.02 ft
 
EGL Elevation Upstream 8.68 ft
 
EGL Slope 5.57
 
Critical Depth 11.54 in
 
Depth Downstream 7.37 in
 
Depth Upstream 7.37 in
 
Velocity Downstream 12.36 ft/s
 
Velocity Upstream 12.36 ft/s
 
Uniform Velocity Downstream 13.80 ft/s
 
Uniform Velocity Upstream 0.00 ft/s
 
Area Downstream 0.51 ftA2
 
Area Upstream 0.51
 
Kj (JLC) 0.50
 
Calculated Junction Loss NA
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User Name: maherd Date: 03-29-02
 
Project: New Bedford Harbor
 
Network: Mechanical Dewatering Building
 

Rainfall Report
 

Eastern/Central

New Bedford Rainfall
 

Rainfall Type

Rainfall Library
 

Eastern/Central Precipitation
 

2yr/5min 0.34 in 
2yr/15min 0.69 in 
2yr/60min 1.21 in 
100yr/5min 0.61 in 
100yr/15min 1.29 in 
100yr/60mi n 2.57 in 

Rainfall intensity (in/hr)
 

5 min 15 min 
2 yr 4.08 2.75 
5 yr 4_^8-i it 3.30 
10 yr /fjJOj 3.71 
25 yr "STOo 4.29 
50 yr 6.69 4.75 
100 yr 7.30 5.21 

BDE values intensity = B/(TC +

B D
 
2 yr 40.70 11.27
 
5 yr 40.73 11.21
 
10 yr 42.48 11.23
 
25 yr 46.19 11.29
 
50 yr 49.41 11.34
 
100 yr 52.71 11.39
 

2 hr 
0.73 
0.96 
1.11 
1.33 
1.51 
1.68 

Y
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 

24 hr
 
0.10
 
0.15
 
0.19
 
0.23
 
0.27
 
0.31
 

30 min 
1.90 
2.33 
2.64 
3.09 
3.44 
3.79 

 D)AE 

E
 
0.82
 
0.77
 
0.75
 
0.73
 
0.72
 
0.71
 

60 min 
1.21 
1.53 
1.76 
2.08 
2.33 
2.58 

x
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
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http:100yr/15min1.29
http:100yr/5min0.61
http:2yr/15min0.69
http:2yr/5min0.34


Runoff Coefficients
 

Description of Area Coefficient 

Business Central Business 0.70 - 0.95 

District and Local 0.50- O!TO|| x OFF- s ITS 

Residential Single Family 0.30 - 0.50 

Multi-units 0.40 - 0.75 

1/2 acre lots or larger 0.25 - 0.40 

Industrial Light 0.50 - 0.80 

Heavy 0.60 - 0.90 

Parks, cemeteries 0.10-0.25 

Playgrounds 0.20 - 0.35 

Railroad yards 0.20 - 0.35 

Unimproved 0.10-0.30 

Langworthy, V.W. et al., Design and Construction of Sanitary and Storm Sewers (ASCE 
Manuals and Reports on Engineering Practice No. 37). Fourth Edition. Water Pollution 
Control Federation, 1970. 

For Impervious Surfaces 

Description of Surface Coefficient 

Asphalt 0.70 0.95
 

Concrete 0.70- 0.95
 

Roofs 0.75 0.95
 

184 Storm Sewers 

http:0.70-0.95
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Langworthy, V.W. et al., Design and Construction of Sanitary and Storm Sewers (ASCE 
Manuals and Reports on Engineering Practice No. 37). Fourth Edition. Water Pollution 
Control Federation, 1970. 

For Pervious Surfaces 

Slope SCS Soils -

A B c D 

Flat (0  2%) f 0.041* 0.07 0.11 0.15 

Average (2 - 6%) 0.09 0.12 0.16 0.20 

Steep (Over 6%) 0.13 0.18 0.23 0.28 

Texas Highway Department, Hydraulic Manual. Third Edition. December, 1985. 

VS£ KAIL 
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Roughness Coefficients - Manning's "n" Value
 

Surface

Reinforced concrete pipe

Reinforced concrete box

Vitrified clay

Coated cast iron

Uncoated cast iron

Commercial wrought-iron, black

Commercial wrought-iron, galvanized

Smooth lockbar and welded OD pipe

Riveted and spiral steel

Corrugated metal pipe

Corrugated aluminum pipe

Corrugated metal pipe (paved invert)

Corrugated metal multi-plate

Polyvinyl chloride (PVC) 

Manning's "n" Value 

 J0.013 | - fQ& CoA'C^jfff 

 0.013
 

 0.013
 

 0.011
 

 0.012
 

 0.012
 

 0.013
 

 0.010
 

 0.013
 

 0.0225
 

 0.0225
 

 0.020 

 0.035 

- FO*. 

Langworthy, V.W. et al., Design and Construction of Sanitary and Storm Sewers (ASCE 
Manuals and Reports on Engineering Practice No. 37), Fourth Edition. Water Pollution 
Control Federation, 1970. 

Tchobanoglous, George, Wastewater Engineering: Collection and Pumping of 
Wastewater. 6th Edition. McGraw-Hill, New York, 1981. 
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Junction Loss Coefficients (K.)
 

Description of Condition Dynamic Method 
Coefficient 

Approximate Method 
Coefficient 

Manhole on main line .50-1.50 

Manhole on main line with 45 degree branch .75 -1.50 

Manhole on main line with 90 degree branch .75 -1.25 

Jnlet or manhole at beginning 1.00-1.50 

Orifice (see explanation following) 1.75 - 2.75 

Storm Drain Design, Bureau of Engineering Manual, Part G. City of Los Angeles 
Department of Public Works, 1973. 

The above ranges are typical values for the junction loss coefficient. However, you may 
need a value other than the ones listed due to varying designs. Check your design 
standards or hydraulics textbook for the correct Kj to use. 

Using a Line as an Orifice 
In certain cases you may wish to model a line as a restriction in order to limit the final 
outflow to a "target" outflow. In these conditions the line would have a very short length 
and relatively small diameter making the line act as an orifice and causing a backwater 
effect upstream. To model this type of configuration you can modify the junction loss 
coefficient as follows. 

The general orifice equation is 

Q = C0A(2ghf5 

A.1 

where: 

Q = outflow in cfs 

C0 = orifice coefficient (usually 0.63) 

A = area of flow in sq. ft 

g = gravity 

h = head in feet 

The orifice equation can be rewritten as 
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General Modeling Guidelines 
Storm Sewers allows you to model and/or design storm sewer networks much in the 
same fashion as traditional methods except that non-uniform flow is analyzed. In brief, 
Storm Sewers can design and model a network of up to 2000 pipes at once. The network 
is basically made up of pipes. Junctions can be manholes, junction boxes or other.— 
structures where losses occur. There may be more than one pipe entering a junction, but 
only one can exit. Storm Sewers allows you to enter required data one pipe at a time 
starting at the most downstream point or multiple pipes at a time using the Global Editor 
feature. The data you need to enter includes subcatchment drainage areas and drainage 
times, runoff coefficients, return periods and other pipe and inlet parameters. 

When you enter a pipe in the system, Storm Sewers numbers it for you by default 
according to the order the line was input. You can also assign some other unique 
description for the line rather than using numbers. Pipe 1 is the first pipe you enter in the 
system (the most downstream line), Pipe 2 is the second pipe input, etc. The order you 
input the pipes doesn't mean that they flow into each other. Specify which pipes flow into 
each other by entering the downstream pipe number. This indicates to Storm Sewers 
how the sewer network is arranged. For example, if you enter pipe 3 into the system, you 
can specify Pipe 1 as the downstream pipe number to indicate that pipe 3 flows into pipe 
1. Once you enter the required data, you can compute and view the results which include 
the hydraulic grade line and the full flow capacity of the system along with other pertinent 
data. 

Existing Systems 
Use Storm Sewers to model existing systems by describing each individual pipe's invert 
elevations, length, size, etc. Storm Sewers allows you to input anticipated flows for each 
pipe by direct entry and/or by using the Rational Method. Automatic capacity calculations 
allow you to compare the actual conditions with the system's full flow capacity, thereby 
determining any undersized pipes and to correct any deficiencies in the existing system. 

Determining Sewer and Catchment Flow Rates 
In performing storm sewer designs, there are two types of flows: 

*•• Catchment Flow: the flow rate that drains to the inlet point of each catchment. 

**• Sewer Flow: the flow rate that occurs in the sewer. 

Catchment flow is used to design the size of the inlet device that collects this amount of 
flow. If given an existing inlet, it is also used to determine how much of the catchment flow 
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is captured in this inlet (captured flow) and how much is bypassed to the next downstream 
inlet (bypassed flow). This bypassed flow (by default) then becomes an input to the 
downstream inlet. You also have the option to direct the bypassed flow to a specified inlet. 

The sewer flow is used to perform the hydraulic computations required to establish the 
hydraulic grade line. To evaluate the total sewer flow, Storm Sewers uses the Rational 
formula to calculate the cumulative rational flow, to which are added known flow and 
infiltration flows. 

Rational Flow Rate 
The Rational Flow Rate (below) is used by Storm Sewers to determine the flow rate that 
emanates from a single catchment (the most upstream catchment) or from multiple 
catchments. 

Q = CAi 
1.1 Rational Flow Rate 

where: 

Q = flow rate, cubic feet per second (cfs)
 
C = runoff coefficient
 
A = drainage areas, acres
 
/ = rainfall intensity, inches per hour
 

For metric units, the equation is 

Q = 2.77 xlO~3 CAi 

1.2 

where: 

Q = flow rate, cubic meters per second (m3/s)
 
C = runoff coefficient
 
A = drainage areas, hectares
 
/= rainfall intensity, millimeters per hour
 

Inlet Flows 
The Rational formula is used to find the flow from each individual catchment in order to 
perform analysis and design calculations for all inlets. The rainfall intensity (;) used in the 
formula is computed using the individual catchment drainage time in the IDF equation (see 
Intensity-Duration-Frequency Curves on page 6). Additional information on how inlets are 
sized and how carry-over flow from upstream inlets is handled, is presented in Inlets on 
page 12. 

The program uses the Rational formula for an: 

Chapter 1: Introduction 



**• Individual catchment to determine the flow rate within that catchment for the purpose 
of sizing an inlet for any user-defined capture efficiency of the runoff. 

**• Existing inlet to evaluate the amount of flow that enters the sewer at that point versus 
the amount that bypasses the inlet and proceeds to the next inlet. 

Network Flows 
The Rational formula is also used to find the flow in all of the sewers in the network from 
all upstream catchments (Qsewer). The intensity (/) used in this case is computed from the 
IDF equation using the maximum time of concentration along any hydraulic path to the 
node where the flow is being computed, including both overland and pipe flow times. 

Only in the most upstream subcatchments is this flow rate directly used for the pipe flow 
rate. The flow in any downstream pipe is calculated using the protocol explained below. 

When the watershed consists of multiple catchments in a series, Storm Sewers uses the 
most common approach in engineering practice to determine the sewer flow rate. For a 
pipe under consideration, the time of concentration (y is determined as the maximum of 
the hydraulic flow times of the pipe's catchment time and the longest upstream catchment 
time plus pipe travel time to the pipe under consideration (see Figure 1-1 on page 5). This 
tc is then used in the IDF equation to determine the rainfall intensity to use in the Rational 
formula. Information on the time of concentration calculations is given in chapter 4 of the 
HEC-22 documentation (reprinted as Appendix D: HEC-22 Chapter 4-Pavement 
Drainage, which begins on page 205 of this manual). 

Storm Sewers 



Figure 1-1 Network Flows Example 

Time of Concentration for drainage area: 
Subarea 7tcl = tdl 

Subarea 6 tc6 = maximum td6 or(tdl + f 7) 

Flow Rates 
Sewer #7 Qs7 = /7 = C7A7i(tcl) 

Sewer #66*6 = \^(CA) • i(tc6)] 

= (C A + C A ) • i(t ) 

lnW#6fi/6 = C6A6i(td6) 

where: 

sewer 

i(tc) = rainfall intensity as a function of the time of concentration 

Chapter 1: Introduction 

1.3 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY DATE _ SHEET_rLI_OF 
DEPT 

CHKD BY DATE_ OFS NO NO 

PROJECT 

SUBJECT 

I 

l BE A tooF &/MMJ 
BY 

7J?3^ J 

fo ro 

OF 

SYSTEM 

3. 

3 Q&S/SK of A 4 
70 

FWENC 581D 10/96 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

RY D&Sl DATE _ SHEET OF 
DEPT. ^ 

CHKD BY DATE_ OFS NO. NO. 

CLIENT
 

PROJECT AJCU 

SUBJECT 

SYSTEM 

/T 

/5 To 

SfaLt < 3-0 
/ 5 

/ 

= /. 75 Cfs 

-- 390 

0.27 fr 

FWENC 581D 10/96 I 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

RY DOM DATE_ SHEET OF 
^ ^ DEPT. 

CHKD. BY DATE_ OFS NO. NO. 

CLIENT _ 

PROJECT AJ£W ££ 

SUBJECT 

SgCT/O^J 

= O-fZ. 

0. 7 f=rs .-. 

FJJJ& DEPTH 

CFs) 

A 

5 '- O.OoS FT/ FT 
P -- 2.0 FT
 
U '- /. 0 FT 

FWENC 581D 10/96 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY £>tS7

CHKD. BY

 DATE

 DATE OFS NO.

 SHEET ̂
DEPT 

 NO. 

 OF ̂  

CLIENT tSSACfc 

PROJECT AJf&J 

SUBJECT 

V&TEZ 

ro 

^55 

TO ster&y 9 /s gy 

Zoopr 
u/WS ^#f/tS ^/JJ)£t £f CtPTfrgg-p 

&W6, ousisztep To 

T55 
P#£rR£AT?1&ur 

z - . 

0.Z5 

(0.7$) * BMP 2. ££Wx?Z (0.9o) * O-57.S 
( 0. 75 - 0- £>0 ) = O./S 

fS5 gS7o\J^ - 1.00 - O 

FWENC581D 10/96 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

RY 

CHKD. BY 

CLIENT 

SUBJECT 

A/£u) 

DATE _ 

DATE_ OFS NO 

SHEET
DEPT. 

NO. 

 OF 

5 YS TTM 1 

QUALITY 

of 

To 

0, 5 /n ~ S m * O. W At. 
0,00-7 

0. 

/o
 

FWENC 581D 10/96 



Data for NBH System 4 Page 1
 
DURATION= 5 MIN INTEN= 5.30 IN/HR
 

Prepared by FOSTER WHEELER ENVIRONMENTAL 22 Apr 02
 
HydroCAD 5.11 001411 (c) 1986-1999 Applied Microcomputer Systems
 

WATERSHED ROUTING =============================================================
 

SUBCfiTCHMENT a REfiCH APOND LINK
 o


SUBCATCHMENT 1 = Catchment 16 -> REACH 1
 

REACH 1 = Perimeter Swale
 



Data for NBH System 4	 . Page 2
 
DURATION= 5 MIN INTEN= 5.30 IN/HR
 

Prepared by FOSTER WHEELER ENVIRONMENTAL 22 Apr 02
 
HvdroCAD 5.11 001411 (c) 1986-1999 Applied Microcomputer Systems
 

SDBCATCHMENT 1	 Catchment 16
 

PEAK= 1.75 CFS @ 10.10 HRS, VOLUME= .01 AF
 

ACRES CN C= .70	 RATIONAL METHOD 
.59 0 ^ .Off-Si te	 DURATION- 5 MINL 

INTEN= 5.30 IN/HR 
SPAN= 10-30 HRS, d t= . l HRS 

Method Comment Tc (min) 
DIRECT ENTRY Marine Hydraulics Run-off 5.0 

SUBCATCHMENT 1 RUNOFF
 
Catchment 16
 

.7 

.6 AREA= . 59 AC 

.5 Tc= 5 MIN 

.4 C= .7 

.3 

.2 RflTIONftL METHOD 

. 1 DURATION^ 5 MIN 4 .0 INTEND 5.30 IN/HR 

.9 

.8 PEAK= 1 . 75 CFS 

. 7 e IB . 1 HRS 
UOLUME= .m_at 

'5
 
.4
 
.3
 
.2
 
. 1
 

a n.0.0K r u ^ r v a c o o o j ^ r u  J CD CS 
(\J
 

TIME (hours)
 



Data for NBH System 4
DURATION= 5 MIN INTEN= 5.30 IN/HR 

Prepared by FOSTER WHEELER ENVIRONMENTAL•
HydroCAD 5-. 11 001411 (c) 1986-1999 Applied Microcomputer Systems 

 Page 3 

 22 Apr 02 

REACH 1 Perimeter Swale 

Qin =
Qout=

 1.75 CFS @ 10.10 HRS,
 .83 CFS @ 10.22 HRS,

 VOLUME=
 VOLUME=

 .01 AF 
 .01 AF, ATTEN= 53%, LAG= 7.0 MIN 

DEPTH END AREA _ DISCH 
(FT) (SO-FT) (CFS) I1 X .5' CHANNEL STOR-IND+TRANS METHOD 

0 .00 0 .00 0 .00 S/S= .33 & .5 '/' PEAK DEPTH= .29 FT 
.05 .06 .04 n= .02 PEAK VELOCITY= 1.8 FPS 
.10 .13 .12 LENGTH= 390 FT TRAVEL TIME = 3.7 MIN 
.15 .21 .26 SLOPE= .005 FT/FT SPAN= 10-30 HRS, d t= . l HRS 
.22 .33 .50 
.30 .53 .95 
.40 .80 1.69 
.50 1.13 2.68 

REACH I INFLOLJ & OUTFLOW 
Per i meter SwaIe 

. 7 

.6 1' x .5' CHANNEL 

.5 S/S= .33 & .5 V 

.4 n=,02 L=390' S=.005 

.3 
^ 
in 

.2 

. 1 
STOR-IND+TRANS METHOD 

UELOCITY= 1 .8 FPS 

u .0 
.9 

TRAUEL= 3.7 MIN 

.8 Qin= 1 .75 CFS 

o
_j 
u_ 

.7 

. 6 

.5 

Qout= .83 CFS 
LAG= 7 MIN 

.4 

.3 
2 
1 

i ri 
'•

B
G ( M ^ r i O C D G J C V J ^ T U J O D C S : 

TIME Chours) 



Data for NBH System 4 DUP1 Page 1
 
DURATION= 5 MIN INTEN= 5.30 IN/HR
 

Prepared by FOSTER WHEELER ENVIRONMENTAL- 22 Apr 02
 
HydroCAD 5.11 001411 (c) 1986-1999 Applied Microcomputer Systems
 

WATERSHED ROUTING =============================================================
 

\ 1 

SUBCATCHMENT f | REACH APOND LINK
 

SDBCATCHMENT 1 = Catchment 16 -> REACH 1
 

REACH 1 = Perimeter Swale
 



Data for NBH System 4	 DUP1 Page 2
 
DURATION= 5 MIN INTEN= 5.30 IN/HR
 

Prepared by FOSTER WHEELER ENVIRONMENTAL 22 Apr 02
 
HvdroCAD 5.11 001411 (c) 1986-1999 Applied Microcomputer Systems
 

SUBCATCHMENT 1	 Catchment 16
 

PEAK= 1.75 CFS @ 10.10 HRS, VOLUME= .01 AF
 

ACRES CN C= .70	 RATIONAL METHOD 
.59 0 Off -Site DURATION=-.5 MIN 

INTEN= 5.30 IN/HR 
SPAN= 10-30 HRS, dt=.l HRS 

Method Comment Tc (min) 
DIRECT ENTRY Marine Hydraulics Run-off 5.0 

SUBCATCHMENT t RUNOFF
 
Catchment. 1 6
 

.7 

.6 AREft= .59 flC 
5 Tc= 5 MIN 

.A C= 7 

.3 
•p	 RATIONAL METHOD 

«n	 ' t DURATION= 5 MIN 
INTEN= 5.30 IN/HR *u -0 

>_/ . 9 
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U_ 5 
.A 
3	 . , 

.2
 

. \
 
r» a , i . , , i i i i i i 

' K>  f M T l X I C D C a f U ^	 r i D a D K ) 

TIME (hours)
 



Data for NBH System 4 DUP1 Page 3
 
DURATION= 5 MIN INTEN= 5.30 IN/HR
 

Prepared by FOSTER WHEELER ENVIRONMENTAL	 22 Apr 02
 
HvdroCAD 5.11 001411 (c) 1986-1999 Aoolied Microcomputer Svstems
 

REACH 1	 Perimeter Swale
 

Qin	 = 1.75 CFS @ 10.10 HRS, VOLUME= .01 AF
 
Qout= .42 CFS (§ 10.49 HRS, VOLUME= .01 AF, ATTEN= 76%, LAG= 23 .3 MIN
 

DEPTH END AREA - DISCH
 
(FT) (SO-FT) (CFS) 1' x 1' CHANNEL STOR-IND+TRANS METHOD
 
0.00	 0.00 0.00 S/S= .33 & .5 '/' PEAK DEPTH= .51 FT
 
.10 .13 .02 n= .12 PEAK VELOCITY= .4 FPS
 
.20 .30 .07 LENGTH= 390 FT TRAVEL TIME = 15.9 MIN
 
.30 .53 .16 SLOPE= .005 FT/FT SPAN= 10-30 HRS, dt =.1 HRS
 
.43 .90 .33
 
.60 1.51 .66
 
.80 2.41 1.24
 

1.00 3.52 2.06
 

REACH ! INFLOW & OUTFLOW
 
Per i meter SwoIe
 

1 . 7 
1 .6	 t ' x 1 ' CHANNEL 
1 .5	 5/5= .33 & .5 '/' 
1 .A	 n=. 12 L=390' S=.005 
1 .3 
i 2	 STOR-IND+TRANS METHOD 
]iH	 1  .4 FPS UELOCITY=

U ' 0 TRAUEL= 15 9 MIN 
9 
8 Qin= 1 .75 CFS 13 7 Qout= .42 CFS 

_J LAG= 23 3 MIN 
O 6 
u_	 5
 

4
 >
 
M
3 

2 1
11 

V
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Trapezoidal Channel Analysis & Design
 
Open Channel


Worksheet Name: Grassed swale
 

Comment: rassed Swale
 

Solve For Depth
 

Given Input Data:
 

Bottom Width....
 
Left Side Slope.,
 
Right Side Slope.
 
Manning's n
 
Channel Slope... .
 
Discharge
 

Computed Results:
 

Depth
 
Velocity
 
Flow Area
 
Flow Top Width...
 
Wetted Perimeter.
 
Critical Depth...
 
Critical Slope...
 
Froude Number....
 

- Uniform flow
 

1.00 ft
 
0.33:1 (H:V)
 
0.50:1 (H:V)
 
0.120
 
0.0050 ft/ft
 
2.63 Cfs
 

2.06 ft *•—
 
0.69 fps
 
3.82 sf
 
2.71 ft
 
5.47 ft
 
0.55 ft
 
0.4685 ft/ft
 
0.10 (flow is Subcriticai;
 

Open Channel Flow Module, Version 3.12 (c) 1990
 
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY D Martoccia DATE 9/25102	 SHEET 1 OF_ 

CHKD BY K Boqatch DATE 10/8/02 OFS NO 51971720930200010 DEPT NO 

CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DEWATERING FACILITY 

SUBJECT PROPOSED SWALE CAPACITY (REVISED SEPTEMBER 2002 FOR NEW SWALE DIMENSIONS) 

Estimated Drainage Flow: 

•	 Using Rational Method1 

Q = CIA 

C = Rational method runoff coefficient
 
1 = Rainfall intensity (in/hr)
 

A = Drainage area (acres)
 

•	 Estimated Drainage Area
 

Total estimated drainage area = 95,220 ft2 = 2.19 acres
 

Estimated drainage area consisting of gravel = 19,370 ft2 = 0.44 acres
 
Estimated drainage area consisting of asphalt = 75,850 ft2 = 1J4 acres 

• Weighted "C" Value 

For asphalt1 , C = 0.85 
For gravel1 , C = 0.28 

Weighted C = (0.85)(1.74) + (0.28)(0.44)
= 0.73 

• Rain Intensity 

I = 1.20 in/hr for 2 year storm2 

I = 2.00 in/hr for 10 year storm2 

I = 2.60 in/hr for 25 year storm2 

• Estimated Drainage Flow 

- (0.44 + 1.74)
 

Q = (0.73)(1.20)(2.18) = 1.92 ft3/s for 2 year storm 

Q = (0.73)(2.00)(2.18) = 3.20 ft3/s for 10 year storm 

Q = (0.73)(2.60)(2.18) = 4.16 tf/s for 25 year storm 

The proposed swale has side slopes that vary from 2H:1V, 3H:1V, and 4H:1V and the channel 
slope varies from 0.0050 ft/ft to 0 0070 ft/ft. The critical section of the proposed swale that has the 
least amount of hydraulic capacity is the section that has a side slope of 2H:1V and a channel 
slope of 0.0050 ft/ft. Using the Open Channel Flow Module, Version 3.12 © 1990, the hydraulic 
capacity of this critical swale section was calculated to be 7.04 ffVs, which is greater than the 
estimated flow rate generated by a 25 year storm event (4.16 ft3/s). Therefore, it was calculated 

http:0.73)(2.60)(2.18
http:0.73)(2.00)(2.18
http:0.73)(1.20)(2.18


FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY D Martoccia DATE 9/25102 SHEET. 

CHKD. BY K Boqatch DATE 10/8/02 OFS NO. 519717209302.00010 DEPT. NO. 

CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DEWATERING FACILITY 

SUBJECT PROPOSED SWALE CAPACITY (REVISED SEPTEMBER 2002 FOR NEW SWALE DIMENSIONS) 

that the dimensions of the proposed swale has enough hydraulic capacity to manage the 
estimated surface run-off flow rate generated during a storm 25-year storm event.— 

References: 

1. Civil Engineering Reference Manual - Seventh Edition, by M. Lindeburg. 

2. National Oceanic and Atmospheric Administration (NOAA) Technical Paper No. 40 



Trapezoidal Channel Analysis & Design
 
Open Channel - Uniform flow
 

Worksheet Name: NBH-Revised Swale
 

Comment: Revised Swale
 

Solve For Discharge
 

Given Input Data:
 

Bottom Width
 
Left Side Slope..
 
Right Side Slope.
 
Manning's n
 
Channel Slope
 
Depth
 

Computed Results:
 

Discharge
 
Velocity
 
Flow Area
 
Flow Top Width...
 
Wetted Perimeter.
 
Critical Depth...
 
Critical Slope...
 
Froude Number
 

1.00 ft
 
2.00:1 (H:V)
 
2.00:1 (H:V)
 
0.030
 
0.0050 ft/ft
 
1.00 ft
 

7.04 cfs
 
2.35 fps
 
3.00 sf
 
5.00 ft
 
5.47 ft
 
0.74 ft
 
0.0190 ft/ft
 
0.53 (flow is Subcritical)
 

Open Channel Flow Module, Version 3.12 (c) 1990
 
Haestad Methods, Inc. * 37 Brookside Rd * Uaterbury, Ct 06708
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CATCHMENT AREA! 1' 
CONTOUR 

INTERMEDIATE CONTOUR 

BREAKUNE 

TOP OF CURB 

BOTTOM OF CURB 

i/̂ /.'-,/; BEDFORD SUPERFUND SITE 
NEW BEDFORD. MASSACHUSETTS 

uFr>u,AK,,oDESANDING ^AGILITIES AND 
MECHANICAL DEWATERING FACILITIES DESIGN 

TOP OF GRATE 

SPOT ELEVATION PROPOSED DRAINAGE AREA MAP 

SCALE- r-60' 172093-C-701DAM.DGN 



CALCULATION COVER SHEET
 

Sheet 1 of /I 

PROJECT New Bedford Harbor Superfund Site OU#1 

SUBJECT Rail Area Subsuface Drainage 

CLIENT U.S. Army Corps of Engineers - New England District (USAGE - NED) 

CALCULATION NO. C-02 PROJECT NO. 5197.1720.9302 

NO OF SHEETS /9 DESIGN LEVEL 

CALCULATION BY OTHERS YES X NO 

PREPARER A, 7^ 

REVIEWED BY DATE 10-3-3-z-

ASSUMPTIONS THAT REQUIRE CONFIRMATION YES NO 

AS SUMPTIONS CONFIRMED BY DATE 

PR INT NAME, DATE AND INITIAL 

Rev No Affected Prepared by Checked by Verified by 
Sheets Date Date Date 

.. 

Engineering Procedure ENG-6 Attachment 1 Uncontrolled COPY 
Proprietary Information 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

CLIENT: NE-USACE/EPA PROJECT: New Bedford Harbor
 
SUBJECT: Rail Area Subsurface Drainage
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FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

CLIENT: NE-USACE/EPA I PROJECT: New Bedford Harbor
 
SUBJECT: Rail Area Subsurface Drainage
 

BY/DATE: ARMT 05/18/02 PROJECT NO.: 5197.1720.9302.00010 
CHKD/DATE: CALCNO.: 

GENERAL INFORMATION 

DESCRIPTION: New Bedford Harbor Rail Area Subsurface Drainage Design 

The following documents adequacy of subsurface drainage for the rail access area at the New 
Bedford Harbor Dewatering Facility. 

DRAINAGE CRITERIA 

Drainage criteria for the subsurface drainage is based on ETL 1110-3-435 Technical Guidance 
for Design of the Subsurface Drainage for Military Pavements. 

For drainage beneath the rail area, the design of the drainage layer shall be based on the premise 
that the capacity of the drainage layer should be greater than the volume of water entering the 
area, and that the drainage layer, if saturated, should reach a degree of drainage of 0.85 within 1 
day after the inflow of water stops. The degree of drainage for the drainage layer is defined as the 
volume of water that has drained from the layer over a specified time period divided by the total 
volume of water in the layer that can be drained by gravity. 

The subsurface drainage for the rail area is to be designed to handle water infiltration through the 
rail area from a design storm index for a design storm of 1 hr duration at an expected return 
frequency of 2 years. For the continental United States, this can be determined from Exhibit 1 
(taken from Th 5-820-1/AFM 88-5, Chap. 1). Rainfall intensity index values are based upon 
surface infiltration estimated using Hydrocad software for a 10 year design storm. 

EVALUATION 

Capacity of Drainage Layer 

The capacity of the drainage layer (Q in cubic feet per foot width of rail area) is computed based 
on the effective porosity (n) and the volume of water draining from the drainage layer during the 
1 hr of water inflow. Since the criterion is for a degree of drainage of 0.85 within 24 hr, it is to be 
assumed that only 85 percent of the voids will be available for storage of water. Thus, the 
capacity of the drainage layer may be computed by the equation. 

Q = (0.85) (n) (H) (L) + (k/24) (t) (i) (H)/2 

Where, 

T
 
U \NBH\lteiJ OptkmWjil DiaiaieaNBH-Ria DmajeJoe 
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Q = capacity of the drainage layer in cubic feet/feet 
n = effective porosity 
H = thickness of the drainage layer in feet 
L = length of the drainage path in feet 
k = permeability of the drainage layer in feet/day 
t = 1 hr (length of design storm) 
i = slope of the drainage path in feet/foot 

Minimum Thickness of Drainage Layer 

The minimum thickness in feet of the drainage layer required to provide the storage capacity for a 
1 hour design storm is determined from the equation: 

H - 4 F R L/[40.8 n L + ki) 

n = effective porosity 
k = permeability of the drainage layer in feet/day 
i = slope of the drainage path in feet/foot 
H = thickness of the drainage layer in feet 
L = length of the drainage path in feet 
F = infiltration coefficient 
R = design rainfall index in inches per hour 

If the term (ki) is small compared to the term (40.8n L) which would probably be the case for 
long drainage paths (> 20 ft), then the required thickness of the drainage layer can be estimated 
by deleting the term (ki) resulting in: 

H = (FR)/(10.2n) 

Time for Drainage 

The time for drainage of the drainage layer is a function of effective porosity, length of the 
drainage path, thickness of the drainage layer, slope of the drainage path, and permeability of the 
drainage layer. This function has been solved in terms of time factor TF and a parameter m. The 
time factor is obtained from Exhibit 2 as a function of the parameter S which is determined by 
the equation 

S = Li/(H) 

U \NBlHUil OpuooJUil Pt»imtrtNBH-Riil DnunfC Joe 
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After determining the time factor TF from Exhibit 2, the time required to obtain a degree of 
drainage of 0.85 is computed from: 

T = (TF)(m) 

Where, 

T = time in days required to obtain a degree of drainage of 0.85 
m = a parameter defined as 
m=n L 

MATERIAL PARAMETERS 

Exhibit 3, presents documentation of the parameters used in the evaluation for the drainage layer 
(subballast material). Rapid draining materials were assumed for the subballast layer, which 
represents a well graded gravel or a well graded sand (grain size distribution given in Exhibit 3). 
Permeability of the subballast layer was assumed to be 2500 ft/day or the median of the typically 
observed for a rapid draining material. 

RESULTS 

Results from the subsurface drainage estimates are contained hi Exhibit 4. Capacity of Drainage 
Layer, Minimum Thickness of Drainage Layer, and Time for Drainage were calculated, using 
design rainfall estimates assumed for surface water evaluations conducted using HydroCADD 
software (output provided in Exhibit 4). Minimum thickness of the drainage layer was estimated 
to be 1.8 ft for the peak design rainfall index. Which is slightly thicker than the subballast layer 
(1.25 ft) which suggests some mounding (~6 inches) in the ballast layer at peak rainfall. 

For the subballast material assumed, the 1 day required for drainage meets the drainage criteria; 
thus, the design would call for a 2 ft. drainage layer with a 85-ft drainage path. 

RECOMMENDATIONS 

Stabilized fill should be graded to a minimum of a 0.5% slope towards the northern swale drain. 

The subballast layer between the stabilized fill and the ballast should be made up of a rapid 
draining material, classified as a well graded gravel or sand as indicated on the grain size 
distribution chart in Exhibit 3. 
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The drainage layer must be protected from contamination of fines from the overlying and 
underlying layers by a separation layer to be placed directly above or beneath the drainage layer. 
Given that the ballast rail area will be subject to storm water infiltration, a filter fabric placed 
between the ballast and the subballast should minimize fines entering the subballast layer and 
maintain better drainage over time. 

REFERENCES
 

1.	 USAGE (1992) "Technical Guidance for Design of the Subsurface Drainage for Military 
Pavements", ETL 1110-3-435,1 May 92 
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EXHIBIT 1
 

DESIGN STORM INDEX
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Of* /f 

ETL 1110-3-435 
1 May 92 

J-VCA* J.MOU* MAIMFAU ,INCMESI 

Figure 1. Design Storn Index, 1-hr Rain
fall Intensity-Frequency Data for Conti
nencal United States Excluding Alaska
 
(Chart reproduced froa US Weather Bureau,
 
Technical Paper Ho. 40, Rainfall Fre
quency Atlas of The United States, Wash

ington, DC, May 1961.)
 

water to the drainage layer but such water would be minor and would not be a
 
consideration in the design of the drainage layer. Should ground water be
 
present in any substantial quantities, special provisions should be made to
 
intercept and drain the water before it reaches the drainage layer. The
 
drainage layer is expected to aid in draining of water in the subbase and
 
subgrade caused by frost action, but this volume of water will not be consid
ered in computing the design water inflow.
 

c. Length and Slope of Drainage Path. The length of drainage path is
 
measured along the slope of the drainage layer from the crest of the slope to
 
where the water will exit the drainage layer. In simple terms, the length of
 
the drainage path is the maximum distance water will travel in the drainage
 
layer. The length of drainage path (L) in feet may be computed by the
 
equation
 

(eq 2)
 

where
 

X = the length in feet of the transverse slope of the drainage layer
 

5
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Figure 2. Time Factor for 85 Percent Drainage
 

The slope of the drainage path (i) = 0.01
 

The infiltration coefficient (F) =0.5
 

First the thickness, H, of the drainage layer required to provide the neces
sary storage capacity is computed by substituting into equation 5 as follows
 

H= [4(0.5)(2.0) (150)]/[40.8(0.2) (150) + (0.01) (2,000))
 

H = 0.48 ft. or 5.8 in.
 

Rounding the computed thickness up to the next full inch gives a design thick
ness of 6 in. Equation 6 could have been used to estimate the thickness as
 
follows
 

H = F R/10.2 no = [(0.5) (2)]/[(10.2) (0.2)] = 0.49 ft
 

Again the thickness would round up to 6 in. The next step would be to use
 
Figure 2 to determine the time to obtain a degree of drainage of 0.85. Using
 
equation 7 the value of s is computed to be 3.0 and from equation 9 the value
 
of m is computed to be 4.5. From Figure 2 the time factor, TF, is found to be
 
0.32. The time to obtain a degree of drainage of 0.85 is computed from
 
equation 8.
 

T85= (TF) (m) = ( 0 32) (4.5) = 1.44 days
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MATERIAL PARAMETERS FOR RAPID DRAINING MATERIALS
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Table 1 

ot Materials TOT nra^Tiaoe anrt Qioltg Shong 

Sl«v» Opro Crwled 

1-1/2 in. 100 100 100 
1 in. 70-100 95-100 100 

V* in 100 
1/2 io. 25-80 100 
3/» in. 80-100 
Ha 4 10-50 0-10 

0-25 0-5 5-40 
No. 16 0-5 0-10 

Table 2
 

Of Mafc@T'33l-8 for 

Opm Gra4»d 
mt^y^fl 

1;000-S.OOO >5,000 

Eff*cciv* nmtlty 0.29 0.32 

»0t f or 10 cut 90% for *0 CM 

F«c** (COS Mtttod) 75* for 50 CM 75% t« 50 OK 

c, >3.3 

U •QtO <M 

!• tb« co»fficl«nt 
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Data for NBH - System 3 Page 1
 
DURATION= 5 MIN INTEN= 5.30 IN/HR
 

Prepared by FOSTER WHEELER ENVIRONMENTAL 15 May 02
 
HydroCAD 5.11 001411 (c) 1986-1999 Applied Microcomputer Systems _
 

WATERSHED ROUTING ================== ========================================
 

/ \SUBCfiTCHMENT [ | REACH /\ POND LINK 
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C= .04 RATIONAL METHOD^
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Method Comment Tc (min)
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GENERAL INFORMATION 

DESCRIPTION: New Bedford Harbor Pavement Design 

The following documents pavement designs for the dewatering building at the New Bedford 
Harbor Dewatering Facility. 

EVALUATION 

Exhibit 1 and Exhibit 2 contain hand calculations and PCASE software output for the pavement 
section. The pavement design for the dewatering facility assumes that traffic use will consist of 
HS20 truck loading at a frequency of approximately 50 trips per day. 

Design methods are based on Traffic Load Design Indexes commonly used for pavement design. 
Design indexes of 5 through 7 were evaluated in the pavement design, provided in figure below 
and in more detail in Exhibit 1. 
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GENERAL INFORMATION 2 
DESCRIPTION: NEW BEDFORD HARBOR PAVEMENT DESIGN. 2 
EVALUATION 2 
RECOMMENDATIONS 3 
REFERENCES 4 

LIST OF EXHIBITS 

Exhibit 1 - Pavement Design Hand Calculations 

Exhibit 2 - PCASE Pavement Design Software Output 
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Design indexes are empirically correlated to provide appropriate to for asphalt, base and subbase 
courses. A summary of the results from the Exhibits 1 and 2 are given in Table 2. 

Table 2 - Results from pavement evaluations 

Hand PCASE DI=5 PCASE PCASE PCASE PCASE Calc. Sub-base 
DI=5a DI=6a DI=7a DI=8a 

- DI=7a CBR=10 

Asphalt 3" 2.5" 3" 3" 3.5" 2.5" 

Base Course (CBR-80)" 4" 5.5" 6" 7" 7.5" 9" 

Subbase 3" — — — — — 

a - assumes a subgrade CBR of 15 

b - base course assumed to achieve a CBR of 80 

RECOMMENDATIONS 

California bearing ratio assumed for the subgrade was 15 which is typical of a medium dense 
silty or clayey sand, which represents the midrange of silty/clayey sand material (where CBR 
ranges from 10 to 20). Reduction of the subgrade CBR to 10 (fora DI of 5) resulted in a 2 fold 
increase in required base course, demonstrating the need to properly prepare the subgrade for 
subsequent pavement courses. Proper preparation should include proof rolling before placement 
of the base material. 

Site preparations indicate that when sub-grades are less than the specified density, the ground 
surface shall be broken up to a minimum depth of 6 inches, pulverized, and compacted to 95% 
Proctor. Where additional fill is required to achieve final grades, compacted common fill will be 
used beneath the pavements. Given the proposed subgrade preparation, the PCASE (DI=6) case 
is even more conservative than the hand calculation, which recomrnmended a 3" sub-base. 
Therefore the PCASE (DI=6) was selected for final design, which consists of a 3" asphalt layer 
with a 6" base course, along with proper proof rolling of the subgrade. The design course 
thickness selected reflect a balance between design indexes and sufficient flexibility for larger 
vehicle equipment and inherent payloads potential for the operation of the dewatering facility. 

T
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EXHIBIT 1 

PAVEMENT DESIGN HAND CALCULATIONS 
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7riJcft Loading 

The HS20-44 truck is defined below as one 8 kip axle toad and two 3°
 
kip axle loads spaced as shown.
 

Clearance STLoad Lane Width 

8 kips 32kJpsT) 32 kips(*) 

Varies = Variable spacing 14'to 30' inclusive. Spacing to be 
used is that which produces the maximum stresses. 

< >* 

Curb 

18k 

32k 32k 

14ft 
.,. 14-30ft » 

(a) Standard HS20-44 Loading 

8k 

32k 

6401b/ft 

32k 

14ft 14-30 ft 

(b) LRFD HL-93 Loading 
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TM 5-822-5/AFM 88-7, Chap. 1 ; 

CHAPTER 3
 

VEHICULAR TRAFFIC
 

3-1. Effect on Pavement Design. 
Pavement thickness must be designed to withstand 
the anticipated traffic, categorized by type and 
weight of vehicles^ and measured by average daily 
volume (ADV) of each type for the design life of 
the pavement. For most pavements, the magnitude 
of the axle load is of greater importance than the 
gross weight of pneumatic-tired vehicles because 
axle spacings are generally so large that there is 
little interaction between the wheel loads of one 
axle and the wheel loads of the other axles. Thus, 
for the case of pneumatic-tired vehicles having 
equal axle loads, the increased severity of loading 
imposed by conventional four- or five-axle trucks 
as compared with that imposed by two- or three-
axle trucks is largely a fatigue effect resulting from 
an increased number of load repetitions per vehicle 
operation. For forklift trucks where the loading is 
concentrated largely on a single axle and for 
tracked vehicles where the loading is evenly divided 
between the two tracks, the severity of the vehicle 
loading is a function of the gross weight of the 
vehicle and the frequency of loading. Relations 
between load repetition and required rigid 
pavement thickness developed from accelerated 
traffic tests of full-scale pavements have shown 
that, for any given vehicle, increasing the gross 
weight by as little as 10 percent can be equivalent 
to increasing the volume of traffic by as much as 
300 to 400 percent On this basis, the magnitude of 
the vehicle loading must be considered as a more 
significant factor in the design of pavements than 
the number of load repetitions. 

3-2. Traffic Evaluation. 
Procedures for the evaluation of traffic and selec
tion of design index are as follows. 

a. Pneumatic-tired vehicles. To aid in 
evaluating vehicular traffic for the purpose of 
pavement design, pneumatic-tired vehicles have 
been divided into the following three groups — 

Group 1. Passenger cars, panel trucks, and 
pickup trucks
 

Group 2. Two-axle trucks
 
Group 3. Three-, four-, and five-axle trucks
 

The design weights for various pneumatic-tired ve
hicles have been based on average weights, as de
termined from Federal Highway Administration 
traffic surveys made on public highways, plus one-
fourth of die difference between these average 

weights and the maximum allowable weights. For 
group 2 and group 3 vehicles, maximum allowable 
weights-are based on single-axle and tandem-axle 
loadings not exceeding I'S.OOO and 32,000 pounds, 
respectively. Since traffic rarely will be composed 
of vehicles from a single group, pneumatic-tired 
vehicular traffic has been classified into five general 
categories based on the distribution of vehicles 
from each of the three groups listed above. These 
traffic categories are defined as follows — 

Category I. Traffic composed primarily of pas
senger cars, panel and pickup trucks (group 1 
vehicles), but containing not more than 1 percent 
two-axle trucks (group 2 vehicles). 
Category II. Traffic composed primarily of pas
senger cars, panel and pickup trucks (group 1 
vehicles), but may contain as much as 10 percent 
two-axle trucks (group 2 vehicles). No trucks 
having three or more axles (group 3 vehicles) are 
permitted in this category. 
Category III. Traffic containing as much as 15 
percent trucks, but with not more than 1 percent 
of the total traffic composed of trucks having 
three or more axles (group 3 vehicles). 

Category IV. Traffic containing as much as 25 
percent trucks, but with not more than 10 percent 
of the total traffic composed of trucks having 
three or more axles group 3 vehicles). 

Category WA Traffic containing more than 25 
~ ircent trucks. 
b. ~~1racked vehicles andjorklijt /rwcfoTTracked 

vehicles having gross weights not exceeding 15,000 
pounds and forklift trucks having gross weights not 
exceeding 6,000 pounds may be treated as two-
axle trucks (group 2 vehicles) and substituted for 
trucks of this type in the traffic categories defined 
above on a one-for-one basis. Tracked vehicles 
having gross weights exceeding 15,000 pounds but 
not 40,000 pounds and forklift trucks having gross 
weights exceeding 6,000 pounds but not 10,000 
pounds may be treated as group 3 vehicles and 
substituted for trucks having three or more axles in 
the appropriate traffic categories on a on-for-one 
basis. Traffic composed of tracked vehicles ex
ceeding 40,000 pounds gross weight and forklift 
trucks exceeding 10,000 pounds gross weight has 
been divided into the following three categories — 

3-1
 



TM 5-822-5/AFM 88-7, Chap. 1 

increase in numerical value indicative of an increase Maximum Vehicle Gross Weight, Pounds 
in pavement design requirements. Table 3-1 gives 

Tracked Forklift the appropriate design index for combinations of Category Vehicles Trucks the eight traffic categories based on distribution of 
traffic, vehicle type, and the six-letter classifications 

V.... ....„ . .	 60,000 15.000 
-*VJ	 based on the volume of traffic. For example, . . 90000 25,00lf"» 
~VTT	 suppose an average daily traffic (ADT) of 2,000 

vehicles composed primarily of passenger cars, 
* Forklift truck* exceeding 26,000-poun<b (TIMS weight are panel trucks, and pickup trucks (group^ 1), but treated in TM 5-809-12/AFM 88-3, Chap. 15. 

including 100 two-axle trucks- (group 2) is 
c. Selection of design index. The design of anticipated for a road in flat terrain. First, the road 

pavements for Army and Air Force roads, streets, class is determined from TM 5-822-2/AFM 88-7, 
and similar areas is based on a "design index," Chap. 5 to be a class D road. Second, the group 2 
which represents the combined effect of the loads vehicles are 100/2,000 or 5 percent of the total of 
defined by the traffic categories just described and groups 1 and 2, making this category II traffic. 
the traffic volumes associated with each of the Therefore, the appropriate design index from table 
lettered classifications of roads or streets. This 3-1 is 2. 
index extends "from one through ten with an 

Table 3-1. Pavement Design Index 

Pare meotE	 'omen 1Index (' or KMSam 
ft Clan OUM*«M Traffic Category	 kJUV 

A B	 f&} D E F 

I . „ _	 2 j 2 1 1 1 
n _ „ 3 j 2 2 2 1 
m „... __. 4 4 4 3 3 2 
IV	 . -..-„-„,.-- 5 S _ 4 4 3 

.._ 6 6 /6\ 5 S"1 ' J? 
V (60-kilopound {kip) track-laying vehicles or 15 kip forklifti) ;.~r~ :̂—T~ —T~J*3pt 7 (*) 

500/day.. 6 6 6 6 $ (*) 
200/day .. „ 6 g 6 6 g (") 
100/day— - - 6 6 6 6 6 
40/day _ _ _ - 6 6 6 5 5 5 
10/day .. . . -. . . . _ _. 5 S 5 5 5 s 
4/day . _ _. . 5 s 5 5 4 4 
I/day..- _ . _ _ 5 S 5 4 4 4 

VI (90-kip track-laying vehidw or 25 kip forklifta) 
200/day _ 9 9 9 9 9 (•) 
100/day ... . _ ... 8 g 8 g

--->— 40/day ... - - _ "~ 7 / 7 i 7 
10/day. — 6— 

—9—
T^ 

4/day _„ _ „ 6 G 6 6 6 6 
I/day - . . 5 5 5 5 g 5 
I/week _ 5 5 5 4 4 4 

VII (120-kip track laying vehicle*): 
100/day 10 10 10 10 10 10 

9 9 9 9 9 9 
10/day  g g g g g g 

;. _ ._ „ 7 7 7 7 7 7 
I/day - 6 6 6 6 g 6 
I/week ... 5 5 5 5 5 5 

' Traffic limited to 100 *ehidM per day. 

(1) Tracked vehicles and forklift trucks. tired vehicles, forklifts, and tracked vehicles are to 
Provision is made whereby the designer may be considered, the proper letter classification of the 
determine pavement design requirements for road or street is determined from TM 5-822-27 
tracked vehicles or forklifts in combination with AFM 88-7, Chapter 5 according to the total volume 
traffic by pneumatic-tired vehicles or for traffic by of traffic from all types of vehicles. In table 3-1 the 
tracked vehicles or forklifts only. Where pneumatic- traffic for categories V, VI, and VII has been 

3-2 
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TM 5-822-5/AFM 88-7, Chap. 1 

fore the reduction Will be affected in the subbase consideration will be given to the sensitivity of the 
course immediately above the subgrade. when only subgrade to small increases in moisture content 
limited rainfall records are available, or the annual before any reduction in thickness is made. 
precipitation is close to the 15-inch criterion, careful 

3 4 5 6 7 8  9 1  0 

CBR /T *£ 

Figure 8-1. Flexible Pavement Design Curve for Roads and Streets. 

8-5. Example Thickness Design-Conventional requirements will necessitate an increase in 
Flexible Pavements. subgrade density to a depth of 9 inches below the 
This example illustrates design by the CBR method subgrade surface and that a soft layer occurs within 
when the subgrade, subbase, or base course the subgrade 24 inches below the subgrade surface. 
materials are not affected by frost Assume that a The CBR design values of the various subgrade 
design is to be prepared for a road that will require layers and the materials available for subbase and 
a design index of 5. Further assume that compaction base course construction are as follows: 

8-2
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Table 6-1. Minimum, Thickness of Pavement and Base Course. 

__ Minimum Base Course CBR _
 

80 50*
 
Design Pavement Base Total Pavement Base Total Pavenent Base Total
 
index in. In. in. in. _i!U in. in. -llL. _in.
 

1 ST** 4 4-1/21 MSTtt 4 4-l/2t 2 4 6
 
2 MSTtt 4 5t 1-1/2 4 5-l/2t 2-1/2 4 6-1/2
 
3 1-1/2 4 5-l/2t 1-1/2 4 5-l/2t 2-1/2 4 6-1/2

4 1-1/2 4 5-l/2t 2 4 6 3 4 7
 
5 2 4 6 2-1/2 4 6-1/2 3-1/2 4 - 7-i/r

6, 2-1/Z 4 6-1/2 ji 4 7 4 ~" 4— 8
 

^7} 2-1/2 4 6-1/2 Ĉ 5 5̂5 7 4 £ 8
 
8 4 7 -̂1/2 Tf 7-1/2 4-1/2 4 8-1/2
 
9 3 4 7 3-1/2 4 7-1/2 4-1/2 4 8-1/2

10 3-1/2 4 7 4 4 8 5 4 9
 

* In general 50-CBR base course will only be used foe classes £ and F roads and streets.
 

** Bituminous surface treatment (spray application).
 

t Minimum total thickness of pavement plus base for classes A through D roads and streets will be
 

6 inches.
 

tt Multiple bituminous surface treatment (spray application).
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EXHIBIT 2
 

PCASE DESIGN SOFTWARE OUTPUT
 



FLEXIBLE/RIGID PAVEMENT DESIGN PROGRAM
 
(ROADS FOR WINDOWS VERSION 1.Oa)
 
(ENGLISH UNITS - Thickness = in)
 

PROJECT NAME : NBH Pavement
 
PROJECT INSTALLATION: New Bedford Harbor
 
PROJECT COMMENTS : Flexible Pavement Design for Dewatering Facility
 

DESIGN INFORMATION
 

DESIGN ID Design A
 
DESIGN DESCRIPTION : Pavement layers over prepared subgrade
 
DESIGN TYPE : Flexible
 
TYPE OF SUBGRADE MATERIAL: COHESIONLESS FILL PI <= 5~ AND LL <= 25
 
FROST PENETRATION, in. : 0.0
 

Avg Daily Effective
 
Traffic ADT Terrain: Flat (2. 0)
 

Group 1 0 /"̂ V-̂ 

Group 2 0 / DesignX
 

,<5l<r>np -* 50 "" 100 "̂ j Category / Index \
 
SuEtotal 50 ' 100 IVA 5
[  J
 

^ '
 
Tracked (60k-90k) 0 VI
 
Tracked (90k-120k) VII
 
Total 50 100
 

X 12 %
 
Design Hourly Vehicles (DHV) = 12 Class: E Lanes : 2 DI: 5
 

Tracked (40k-60k) 0 V
 

Layer Layer Frost Frost Eqv Cumul Thk Calc
 
No. Type Thick CBR Code CBR Subb Subb Mins Thick
 

1 PA-AC 2.50 2.50 2.50 0.50 

2 BA-CRST 5.50 80.0 FO 5.50 2.50 4.00 5.50 

i 
3 SB-GRAN 15.0

r,

 Fl

 T-, 

 9.0 8.00 

Layer Type Compaction From To Thickness 

£r-r
 



FLEXIBLE/RIGID PAVEMENT DESIGN PROGRAM I/,
 
(ROADS FOR WINDOWS VERSION l.Oa)
 
(ENGLISH UNITS - Thickness = in)
 

PROJECT INFORMATION
 

PROJECT NAME : NBH Pavement
 
PROJECT INSTALLATION: New Bedford Harbor
 
PROJECT COMMENTS : Flexible Pavement Design for Dewatering Facility
 

DESIGN ID : Design A
 
DESIGN DESCRIPTION : Pavement layers over prepared subgrade
 
DESIGN TYPE : Flexible
 
TYPE OF SUBGRADE MATERIAL: COHESIONLESS FILL PI <= 5 AND LL <= 25
 
FROST PENETRATION,^in. : 0.0
 

INFORMATION —
 

Avg Daily Effective
 
Traffic ADT Terrain: Flat (2.0) _~—=̂ ---̂ .
 .


Group 1 0 s^ "̂"̂ ^
 
Group 2 0 / Design *>k
 
Group 3 50 100 Category Index
 
Subtotal 50 100 IVA 5
 

Tracked (4Ok-6Ok) 0 V
 
Tracked (6Ok-90k) 0 VI
 
Tracked (90k-12Ok) VII
 
Total 50 100
 

X 12 %
 
Design Hourly Vehicles (DHV) = 12 Class: E Lanes: 2 DI: 5
 

Non-Frost 

Layer Layer Frost Frost Eqv Cumul Thk Calc 
No. Type Thick CBR~ Code CBR Subb Subb Mins Thick 

l PA-AC 2.50 2.50 0.50
 

2 BA-CRST FO 2. SO 4.00 9.00
 

3 SB-GRAN Fl 9.0 11.50
 

Compaction Requirement
 

Layer Type Compaction From To Thickness
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FLEXIBLE/RIGID PAVEMENT DESIGN PROGRAM
 
(ROADS FOR WINDOWS VERSION l.Oa)
 
(ENGLISH UNITS - Thickness = in)
 

PROJECT INFORMATION
 

PROJECT NAME : NBH Pavement
 
w
 PROJECT INSTALLATION: New Bedford Harbor
 

PROJECT COMMENTS : Flexible Pavement Design for Dewatering Facility
 

DESIGN INFORMATION
 

DESIGN ID : Design A
 
DESIGN DESCRIPTION : Pavement layers over prepared subgrade
 
DESIGN TYPE : Flexible
 
TYPE OF SUBGRADE MATERIAL: COHESIONLESS FILL PI <= 5~AND LL <= 25.
 
FROST PENETRATION, in. 0.0
 

Avg Daily Effective
 
Traffic ADT Terrain: Flat (2.0)
 

Group 1 0
 
Group 2 0 Design
 
Group 3 0 Category Index
 

TVA
 

50 100 V
 
Tracked (60k-90k) 0 VI
 
Tracked (90k-120k) VII
 
Total 50 100
 

X 12 %
 
Design Hourly Vehicles (DHV) = 12 Class:E Lanes: 2 DI: 6
 

Non-Frost
 

Layer Layer Frost Frost Eqv Cumul Thk Calc
 
No. Type Thick CBR Code CBR Subb Subb Mins Thick
 

1 PA-AC 3.00 3.00 3.00 0.50
 

2 BA-CRST 6.00 80.0 FO 6.00 3.00 4.00 6.00
 

3 SB-GRAN 15.0 Fl 9.0 9.00
 

Compaction Requirement
 

Layer Type Compaction From To Thickness
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FLEXIBLE/RIGID PAVEMENT DESIGN PROGRAM
 
(ROADS FOR WINDOWS VERSION l.Oa)
 
(ENGLISH UNITS - Thickness = in)
 

PROJECT INFORMATION
 

PROJECT NAME : NBH Pavement
 
PROJECT INSTALLATION: New Bedford Harbor
 
PROJECT COMMENTS : Flexible Pavement Design for Dewatering Facility
 

DESIGN ID : Design A
 
DESIGN DESCRIPTION : Pavement layers over prepared subgrade
 
DESIGN TYPE : Flexible
 
TYPE OF SUBGRADE MATERIAL: COHESIONLESS FILL PI <= 5 AND LL <= 25
 
FROST PENETRATION, -in. : 0.0 

rtn-nvT̂ T̂ -r/-! Tvrnv-vr»iur7V T»T/-V*T 

Avg Daily Effective 
Traffic ADT Terrain: Flat (2.0) 

Group 1 0 
Group 2 0 Design 
Group 3 0 Category Index 
Subtotal IVA 

Trackad (10k GOto — <;n 100 V 6
 
jfracked (60k-90k) 20 40 VI ~~ T-̂ 
 
Tracked (90k-120k) VII
 
Total 70 140
 

X 12 %
 
Design Hourly Vehicles (DHV) = 17 Class: E Lanes: 2 DI: 7
 

Layer
No.

 Layer
 Type Thick CBR

 Frost
 Code

 Frost
 CBR

 Eqv 
 Subb 

Cumul
Subb

 Thk
 Mins

 Calc 
 Thick 

1

2

3

 PA-AC

 BA-CRST

 SB-GRAN

 3.00

 7 .00 80.0

 15.0

 FO

 Fl 9.0 

 3.00 

 7.00 3.00

10.00 

3.00

 4 .00

 0.50 

 7.00 

Layer Type Compaction From To Thickness 
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FLEXIBLE/RIGID PAVEMENT DESIGN PROGRAM
 
(ROADS FOR WINDOWS VERSION l.Oa)
 
(ENGLISH UNITS - Thickness = in)
 

PROJECT
 

PROJECT NAME : NBH Pavement
 
PROJECT INSTALLATION: New Bedford Harbor
 
PROJECT COMMENTS : Flexible Pavement Design for Dewatering Facility
 

DESIGN
 

DESIGN ID : Design A
 
DESIGN DESCRIPTION : Pavement layers over prepared subgrade
 
DESIGN TYPE : Flexible
 
TYPE OF SUBGRADE MATERIAL: COHESIONLESS FILL PI <= 5 AND LL <= 25
 
FROST PENETRATION,-in. : 0.0
 

Avg Daily Effective
 
Traffic ADT Terrain: Flat (2. 0)
 

Group 1 0
 
Group 2 0
 
Group 3 0 Category
 
Subtotal IVA
 

Tracked _ 0 V
 
TrSCKea (60k-90kf 50 100 VI
 
Tracked (90k- 120k) VII
 
Total 50 100
 

X 12 %
 
Design Hourly Vehicles (DHV) = 12 Class: E Lanes: 2 DI:8
 

Non-Frost
 

Layer Layer Frost Frost Eqv Cumul Thk Calc 
No. Type Thick CBR Code CBR Subb Subb Mins Thick 

1 PA-AC 3.50 3.50 3.50 1.00 

2 BA-CRST 7.50 80.0 FO 7.50 3.50 4.00 7.50 
3 SB-GRAN 15.0 Fl 9.0 11.00 

Compaction Requirement
 

Layer Type Compaction From To Thickness
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§ 9-207A NEW BEDFORD CODE 

Sec. 9-207A. Off-street parking and off-street loading regulations. 

(A) Applicability of regulations. 

(1) Every building erected, enlarged, converted, relocated or changed and each use 
of land shall be provided with off-street parking spaces and off-street loading 
spaces in accordance with their use as set forth in this section, "Table I, 
Schedule Off-Street Parking and Off-Street Loading Regulations," following: 

TABLE I 

Schedule of Off-Street Parking and Off-Street Loading Facilities 

Use 

One-family dwelling 
Two-family dwelling 
Multifamily (3) or more per struc
ture) 

Hotel, motel, rooming, boarding, 
lodging or tourist home dormito
ries or other non-family res
idence accommodations 

Offices: General, professional, 
business, banks, medical clinics 
and laboratories, radio and tele
vision stations; offices of non
profit educational, cultural, or 
charitable organizations 

Fast-food, drive-in, carry-out 
restaurants 

Businesses engaged in retail sale 
of goods and services, not else
where enumerated herein 

Businesses engaged in the retail 
sale, rental, repair, servicing, 
storage and distribution of 
motor vehicles, trailers, camp-
en, boats, furniture or building 
materials 

Supp.No. 11 

Parking Requirement 

Two (2) spaces per dwelling unit 
Two (2) spaces per dwelling unit 
One and one-half (1.5) spaces per 
dwelling unit 

One (1) space per guest room 

One (1) space per each 200 sq. ft. 
of gross floor area but not less 
than two (2) spaces for each 
business unit intended to occupy 
the premises 

One (1) space per each full-time 
employee per shift for a mini
mum of five (5) spaces plus one 
(1) space per 100 sq. ft of gross 
floor 

One (1) space per each 200 sq. ft 
of gross floor area, but not less 
than two (2) spaces for each 
business use intended to occupy 
the premises 

One (1) space per each 400 sq. ft 
of gross floor area, but not less 
than two (2) spaces for each 
business use intended to occupy 
the premises 

Off-Street Loading
 
Requirements
 

One (1) loading space for each 
multi-family dwelling containing 
more than ten (10) dwelling 
units, or more than twenty (20) 
housekeeping units 

One (1) loading space for each 
building containing more than 
20 guest rooms 

One (1) loading space for each 
building containing 10.000 sq. ft. 
or more of groea floor area. Two 
(2) loading spaces for 100,000 sq. 
ft. or more of gross floor area 

One (1) loading space for each 
building 

One (1) loading space for each 
building containing more than 
5,000 and less than 10,000 sq. ft 
of gross floor area. Thereafter, 
one (1) additional loading space 
shall be required for each addi
tional 25,000 sq. ft of gross floor 
area 

543
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COMPREHENSIVE ZONING	 § 9-207A
 

Off-Street Loading
Use Parking Requirement Requirements 

Hospital, convalescent homes, 
nursing homes, rest homes or 
homes for the aged 

Places of assembly, including 
theatres, veterans, faternal, so
cial and recreational clubs and 
organizations not operated for a 
profit; facilities primarily for the 
education and instruction of 
persons 16 yrs. of age and older; 
taxi, bus & railroad passenger 
terminals; auditoriums, theatres, 
bowling alleys and dance halls; 
sports facilities; places of wor
ship; funeral homes 

Businesses engaged in the man
ufacturing, processing, assem
bly, fabrication of products, in
cluding research and testing 
laboratories and facilities 

Businesses engaged in the ware
housing and distribution of 
goods & materials including 
building and construction con
tractors, equipment & supplies 
on the premises, motor freight 
terminal, facilities for storing & 
servicing of motor vehicles used 
in conducting a business or 
public transportation, industrial 
machinery & equipment, grain, 
petroleum product* & junkyard* 

One (1) space per three (3) beds 

One (1) space per five (5) seats 
for which the building is de
signed or one (1) space for each 
200 sq. ft of gross floor area 
whichever results in the greatest 
number 

One (1) space per each 350 sq. ft 
of gross floor area plus one (1) 
space for each vehicle used in 
conducting the business 

One (1) space per 1500 sq. ft of 
gross floor area up to 15,000 «q. 
ft Thereafter, one (1) additional 
•pace for each 5,000 aq. ft or 
portion thereof in excess of 
15,000 sq. ft, plus one (1) space 
Tor •each vehicle utilized in the 
business 

One (1) loading space for each 
building containing 10,000 sq. ft 
or more of gross floor area. Two 
(2) loading spaces for buildings 
containing 100,000 sq. ft or more 
of gross floor area 

Two (2) loading spaces for each 
building containing 10,000 sq. ft 
of gross floor'area. Thereafter, 
one (1) additional loading space 
shall be required for each addi
tional 25.000 sq. ft of gross floor 
area or for each fifteen (15) feet 
of dock, platform or opening in 
the building where the loading or 
unloading of commodities is in
tended to occur, whichever is the 
greatest 

. (2) In the event of the enlargement of a structure existing on the effective date of 
the ordinance from which this section is derived, or the construction or 
relocation of additional structures on a lot, after such effective date, the 
regulations of this section shall apply only to the enlargement, construction or 
relocation thereof, except that any off-street parking and off-street loading 
facilities established to serve any buildings and any uses prior to such effective 
date shall not be reduced below the required number. 

(3)	 For a building or premises used for combined purposes, the number of 
off-street parking spaces and off-street loading spaces shall be determined as 
the sum of the required number of spaces in each component of the combined 
use. 

(4)	 Where the computation of required parking spaces and loading spaces result in 
a fractional number, only the fraction of one-half (  Vi ) or more shall be counted 
as one. 

Supp. No. 11 
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§ 9-207A	 NEW BEDFORD CODE 

(B) Location and layout of off-street parking and off-street loading facilities. 
Off-street parking spaces and off-street loading spaces shall be provided in structures 
or in open air, and shall be subject to the following regulations pertaining to their 
layout and location: 

(1)	 Parking spaces shall be located on the same lot as the building or use where 
they are intended to serve, except that they may be provided on an adjoining 
lot fii the same ownership. Where parking space for less than five (5) vehicles is to be 
provided for in the form of a driveway on a lot, there shall be a side yard of at least 
four (4) feet between the side lot line and the parts of the driveway nearest to such lot 
line. 

Where parking space for one (1) or two (2) vehicles is to be provided for in the form of 
a driveway on a lot, the improved surface may be extended to one (1) foot of the side 
line. 

Where parking space for three (3) or four (4) vehicles is to be provided for in the form 
of a driveway on a lot, the improved surface or parts of the improved surface shall not 
extend to within four (4) feet of the side line, and the parking of vehicles shall not take 
place on any part of the required front yard. 

(2)	 If five (5) or more parking spaces are required by ordinance, and the board of 
appeals of the city has determined that the rule set forth in the preceding 
paragraph (1) of subsection (B) cannot be complied with, then parking spaces 
can be located on a lot in the same ownership within two hundred (200) feet of 
the building or lot they are intended to serve. 

(3)	 The number of required 'parking spaces on a lot can be reduced, subject to the 
approval of the board of appeals, if the lot is located on a block which has 
within its boundaries a municipally-owned public parking facility, or on a lot 
which is located within five hundred (500) feet of a municipally-owned parking 
facility on an adjacent block. In either case, the total number of parking spaces 
included in the public parking facility cannot be exceeded by the total number 
of off-street parking spaces required for all the buildings and uses within five 
hundred (500) feet of the facility. 

A parking space shall be a rectangle at least eight and one-half (8Vz) feet by 
twenty (20) feet exclusive of any required drive or aisle. In parking lots where 
more than fifty (50) spaces are required by ordinance, as many as thirty (30) 
per cent of the total number of spaces required may be sized especially for 
compact cars. 

(5)	 Specially designated parking spaces for the physically handicapped shall be 
provided in accordance with the rules and regulations of the Architectural 
Barriers Board, Commonwealth of Massachusetts, Department of Public 
Safety; except that the following shall be exempted: 

(a)	 Residential structures with less than twenty (20) units. 

o. 11 
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(b) Businesses engaged in the manufacturing, processing, assembly, fabrica
tion of products, including research and testing laboratories and facilities. 

(c)	 Businesses engaged in the warehousing and distribution of goods and 
materials including building and construction contractors, equipment and 

-	 supplies on the premises, motor-freight terminal, facilities for-storing and 
servicing of motor vehicles used in conducting a business or for public 
transportation, industrial machinery and equipment, grain, petroleum 
products and junkyards. 

(6)	 Where a drive or aisle, other than a street, is required to maneuver a vehicle 
into or out of a parking space, such drive or aisle shall be at least twenty-two 
(22) feet wide for parking spaces situated at right-angles, or nearly 
right-angles to the aisle. For parking spaces situated at an angle of thirty- (30) 
to sixty (60) degrees to the aisle, the required width of the aisle shall be at least 
fifteen (15) feet. 

(7)	 Open-air off-street parking facilities may be located in required front, rear and 
side yards; except that in a residential district, no open-air off-street parking 
space shall be located in a required front yard closer than five (5) feet from any 
property line. 

(8)	 When five (5) or more parking spaces are required on a lot, the provisions of 
section 9-207(2) shall apply. 

(9)	 Where five (5) or more parking spaces are required on a lot, all spaces shall be 
laid out so that vehicles can enter or leave any parking space directly from a 
drive or aisle other than'a street. Additionally, all spaces shall be laid out so 
the vehicles entering a street may do so facing the street. 

(10) Buildings on contiguous lots may be provided with common off-street parking 
facilities subject to approval by the board of appeals. 

(11) The area of required off-street loading space is not to be included as off-street 
parking space in the computation of required off-street parking space. 

(12) All parking spaces and loading areas or berths in the open-air and the access 
drives or aisles, shall be provided with a permanent dust-free surface such as 
concrete, asphalt or compacted gravel or stone, which will permit travel in all 
weather. 

(13) No off-street loading areas or berths shall be laid out in such a manner as will 
result in loading or unloading being carried on within a street right-of-way or 
other public property. Each area or berth shall be sufficient size as to 
accommodate the largest expected truck or tractor trailer common to the 
building use. 

The requirements of (1) through (13) aforementioned shall be considered minimum 
requirements and are not intended to prohibit provisions of more or larger spaces than 

Supp. No. 11 
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•7A 

required consistent with other provisions of this article. {Code 1963, § 9-207A; Ord. of 
10-28-65, § 1; Ord. of 4-14-66, § 1; Ord. of 11-22-66, § 1; Ord. of 8-15-74, § 1; Ord. of 9-25-80, §

JS. 
1; Ord. of 2-8-90, §§ 1, 2; Ord. of 10-25-90, § 1; Ord. of 12-20-90, § 1) nd 

nd 
Sec J9-207B. Trailers and trailer parks. ad 

lie No\trailer" shall be occupied for dwelling or sleeping purposes withiiL any 
m residential district, nor shall more than one trailer be parked, stored or location any 

lot in a residential district. A "trailer" or a "trailer camp or park" may be permitted to 
locate within any district other than a residential district provided a special permit for 

e 
such use is granted by the city council in accordance with the provisions of section o 
9-207C. (Code 1963̂ 5 9-207B; Ord. of 4-14-66, § 1) y 

Sec. 9-207C. Special permit procedure. 

Before granting a special permit the city council shall/hold a public hearing 
thereon; notice of time and plate of such hearing and the subject thereof, sufficient for 
identification shall be published in a newspaper of general circulation in the City of 
New Bedford once in each of two (31 successive weeks, tne first publication to be not 
less than fourteen (14) days before the\day of hear ing .and, also, notice of said hearing 
shall be sent by mail, postage prepaid\to the petitioner and to the owners of all 
property deemed by the city council to_be affected .thereby as they appear on the most 
recent local tax list and to the planning boarov In/granting any special permit provided 
for in this chapter the city council may issuVsaid special permit subject to such 
appropriate conditions and safeguards as in iu discretion will make an excepted use 
harmonious with the general purpose and intent of this chapter. No special permit 
shall be granted under this section except by a two-thirds (2/3) vote of all of the 
members of the city council. (Code 1903, § 9-207C;\^rd. of 4-14-66, § 2; Ord. of 
11-22-66, § 2) 

Sec. 9-207D. Special permit for^lub, etc. use. 

No building or buildings shall ̂ e used for club, lodge, social or spmmunity center pur
poses within any district, unless a/special permit for such use is grantedNjy the city council in 
accordance with the provisions (^section 9-207C of this chapter. (Code 196\, § 9-207D; Ord. of 
11-22-66, § 1; Ord. of 8-19-82 

/ 

Sec. 9-207E. Keeping •egistered motor vehicles, junk motor vehicles\motor vehi
cle p 

No person or entity, corporate or otherwise, as owner or as one in control orpremises 
situated within the'limits of the City of New Bedford shall keep in the open on said pVemises 
more than one unregistered motor vehicle and shall not keep a wrecked or partially disman
tled motor vehicle or junk motor vehicle or motor vehicle parts thereon except as hereinafter 

i restriction shall apply to "stock racing cars" so-called. 
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52! CMR ARCHITECTURAL ACCESS BOARD 

2U.1 GENERAL 
An accessible route shall provide a continuous unobstructed path connecting accessible spaces and 
elements inside and outside a facility Accessible routes may include but are not limited to walks, 
halls, corridors, aisles, skywalks, and tmnels Accessible routes may not include stairs, steps, or 
escalators, even if the stairs and steps are required to be accessible under 521 CMR. 

20.2	 LOCATION 
Within the boundary of the site, an accessible route(s) shall be provided from accessible parking, 
accessible passenger loading zones, and public streets or sidewalks to the accessible building 
entrance they serve The accessible route(s) shall coincide with the route for the general public 

20 2 1 At least one accessible route shall connect accessible buildings, facilities, elements and spaces that 
are on the same site 

20.3	 WIDTH 
An accessible route shall have a minimum clear width of 36 inches (36" = 914 mm) except at doors 
and at openings less than 24 inches (24" = 610mm) deep where it shall comply with 521 CMR 26, 
DOORS AND DOORWAYS 

20.4	 TURNS 
If a person in a wheelchair must make a turn around an obstruction, the minimum clear width of the 
accessible route shall comply with Fig. 20a or 20b 

> 36: I 4»- ..or mort > 36! 1. 
^ 9 1  4 * 1219 * 914 * 1067 '•f 1067 

less than 48' 

Minimum Clearances for Turning 
Figure 20a 

Minimum Clearances for Turning 
Figure 20b 

20.5	 PASSING SPACE 
If an accessible route has less than 60 inches (60" = 1524mm) clear width, then passing spaces at least 
60 mches by 60 mches (60" x 60" = 1524mm by 1524mm) shall be located at intervals not to exceed 
200 feet (2001 = 61m) A T-intersechon of two corridors or walks is an acceptable passing place 

20.6	 PROTRUDING OBJECTS 
Objects shall not reduce the clear width of an accessible route or maneuvering space (see Fig. 20c) 
and must comply with 521 CMR 20.6.1 

2/23/96	 521 CMR-77 



521 CMR ARCHITECTURAL ACCESS BOARD 

i , VWPWP
»~jv"~ t̂ »._ 'i'i^—^ T^^ l̂S^ —i. i 1  1 i —• •

-* n I I . 

Additional protectionj Protruding Objects Floor mounted, 
not required between hanging on wall with dispensing unit 

wing walls leading edges above wing walls not 
27* (686 mm) required 

Protruding Objects
 
Figure 20c
 

20 6 1 Objects projecting from walls (for example, telephones) with their leading edges between 27 inches and 
80 mches (27" and 80" = 686mm and 2032mm) above the finished floor shall protrude no more than 
four inches (4" = 102mm) into walks, halls, corridors, passageways, or aisles and shall not have sharp or 
abrupt edges See Fig. 20A 

Lobby 
102 

_Protrudlng 
~~ Object 

Walking Parallel to a Wall 
Figure 20d 

20 6 2 Objects mounted with their leading edges at or below 27 inches (27" = 686mm) above the finished floor 
may protrude any distance as long as they do not reduce the accessible route below 36 inches (36" = 
914mm) See Fig. 20e 

s 

Walking Perpendicular to a Wall Walking Parallel to a Wall 
Figure 20e 

20 6 3 Free-standing objects mounted on posts or pylons may have a maximum overhang of 12 inches (12" = 
305mm) measured between 27 inches and 80 inches (27" and 80" = 686mm and 2032mm) above the 
ground or finished floor See Fig. 20f 
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521 CMR ARCHITECTURAL ACCESS BOARD 

Conference 

Objects Mounted on Posts or Pylons
 
Figure 201
 

HEADROOM 
Walks, halls, corridors, passageways, aisles, or other circulation spaces shall have a minimum of 80 
inches (80" = 2032mm) clear headroom. See Fig. 20d. If vertical clearance of an area adjoining an 
accessible route is reduced to less than 80 inches (80" = 2032mm), a barrier shall be provided to warn 
blind or visually- impaired persons of the reduced headroom. See Fig. 20g 

Protect shaded ere*
 
from cross-traffic'
 

Mlnumum Clear Hesdroom
 
Figure 20g
 

20.8	 SURFACE TEXTURES 
The surface of an accessible route shall comply with 521 CMR 29, FLOOR SURFACES. 

20.9 SLOPE AND CROSS SLOPE 
An accessible route with a running slope steeper than 1.20 (5%) is a ramp and shall comply with 
521 CMR 24, RAMPS. Nowhere shall the cross slope of an accessible route exceed 1 50 (2%) 

20.10 CHANGES IN LEVELS 
Changes m levels along an accessible route shall comply with 521 CMR 29.2, Level Changes. See 
Fig 20h. 

Changes In Level
 
Figure 20h
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2U.11 EGRESS 
Accessible routes serving any accessible space or element shall also serve as a means of egress for 

emergencies or connect to an accessible area of rescue assistance. 

20.12 AREAS OF RESCUE ASSISTANCE 
Shall be provided where an accessible means of egress is not provided and shall comply with the 

following requirements: 

Exception: Areas of rescue assistance are not required in: 
a.	 existing buildings undergoing alterations, remodeling, reconstruction 
b.	 buildings orfacilities having a supervised automatic sprinkler systems 
c.	 tunnels; 
d.	 open air parking garages and open air transit stations 

20.12.1 Location and Construction: An area of rescue assistance shall be one of the following: 

a.	 A portion of a stairway landing within a smokeproof enclosure (complying with applicable 
requirements of 780 CMR: the State Building Code). See Fig. 2 Oi. 

Dn 

Area of Rescue Assistance In Stairway 
Figure 201 

b. A portion of an exterior exit balcony located immediately adjacent to an exit stairway when the 
balcony complies with applicable requirements of 780 CMR: the State Building Code for exterior 
exit balconies. Openings to the interior of the building located within 20 feet (201 = 6m) of the area 
of rescue assistance shall be protected with fire assemblies having a J/4 hour fire protection rating. 

c. A portion of a one hour fire-resistive corridor (complying with applicable requirements of 
780 CMR: the State Building Code for fire-resistive construction and for openings) located 
immediately adjacent to an exit enclosure. (See Fig. 20j) 
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Exit 

Area of Rescue Assistance In Corridor
 
Figure 20)
 

d.	 A vestibule located immediately adjacent to an exit enclosure and constructed to the same 
fire-resistive standards controlling corridors and openings. 

e.	 A portion of a stairway landing withm an exit enclosure which is vented to the exterior and is 
separated from the interior of the building with not less than one hour fire-resistive doors. 

£	 When approved by the appropriate applicable building official, an area or a room that is separated 
from other portions of the building by a smoke barrier. Smoke barriers shall have a fire-resistive 
rating of not less than one hour and shall completely enclose the area or room. Doors in the smoke 
barrier shall be tight-fitting smoke- and draft-control assemblies having a fire-protection rating of not 
less than 20 minutes and shall be self-closing or automatic closing. The area or room shall be 
provided with an exit directly to an exit enclosure. Where the room or area exits into an exit 
enclosure which is required to be of more than one hour fire-resistive construction, the room or 
area shall have the same fire-resistive construction, including the same opening protection, • as 
required for the adjacent exit enclosure. 

g.	 An elevator lobby where elevator shafts and adjacent lobbies are pressurized as -required for 
smokeproof enclosures by 780 CMR: the State Building Code or 524 CMR: the State Board of 
Elevator Regulations, and when complying with requirements herein for size, communication, and 
signage. Such pressunzation system shall be activated by smoke detectors on each floor located in 
a manner approved by the appropriate local authority. Pressunzation equipment and its duct work 
within the building shall be separated from other portions of the building by a minimum two-hour fire 
restrictive construction. 

20.12.2 Size: Each area of rescue assistance shall provide at least two accessible spaces, not less than 30 
inches by 48 mches (30" x 48" = 762mm by 1219mm) each. 

a.	 The area of rescue assistance shall not encroach on any required exit width. 
b.	 The total number of such 30 inch by 48 inch (30" x 48" = 762mm by 1219mm) areas per story 

shall be not less than one for every 200 persons of calculated occupant load served by the area of 
rescue assistance. 

20.12.3 Stairway Width: Each stairway adjacent to an area of rescue assistance shall have a minimum clear 
width of 48 inches (48" = 1219mm) between handrails. . 

20.12.4 Two-way Communication: A method of two-way communication, with both visible and audible signals, 
shall be provided between each area of rescue assistance and the primary entrance to the building. 
The fire department or appropriate building official may approve a location other than the primary 
entrance to the building. Any operable mechanism shall comply with 521 CMR 39, CONTROLS. 
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20.12.5 Identification: Each	 area of rescue assistance shall be identified by a sign that states "area of rescue 
assistance" and displays the international symbol of accessibility. The sign shall be illuminated when exit 
sign illumination is required Signage shall also be installed at all inaccessible exits and where otherwise 
necessary to clearly indicate the direction to areas of rescue assistance. In each area of rescue 
assistance, instructions on the use of the area under emergency conditions shall be posted adjoining the 
two-way communication system. 

2/23/96	 521CMR-82
 



521 CMR: ARCHITECTURAL ACCESS BOARD 

GENERAL 
Whenever sidewalks, walkways, or curbs on streets and ways are constructed, reconstructed, or 
repaired, curb cuts are required. All curb cuts shall comply with the following: 

21.2	 LOCATION 
Curb cuts shall occur wherever an accessible route crosses a curb and at the following locations: 

21.2.1	 Curb cuts are required at each comer of each intersection, located within the crosswalk and/or the 
pedestrian path of travel. Curb cuts shall be perpendicular to the curb at street crossings and each shall 
have a level landing at the top. At marked crossings, the bottom of the ramp run, exclusive of flared 
sides, shall be wholly contained with the marked crossing. See Fig. 2la. Single (i.e. diagonal or 
depressed corner) curb cuts serving two street crossing directions are not allowed 

Curb Cuts at Intersection
 
Figure 21 a
 

Exception: Where pedestrian right-of-way established width will not accommodate a perpendicular 
curb cut and landing, a parallel public sidewalk curb cut with a level landing at its bottom shall be 
provided instead of a perpendicular curb cut. 

21.2.2	 Reciprocal curb cuts: When curb cuts or sidewalks are being constructed or reconstructed on one 
side of the street, and when such curb cuts or sidewalks are connected to an opposite side of the street 
by one or more pedestrian paths of travel, then at least one curb cut shall be provided on the opposite 
side of the street where such side is controlled by the same owner. 

21.2.3	 Driveways: Curb cuts are required at driveways intersecting sidewalks when the driveway has side 
curbs. 

21.2.4	 Raised Islands: Any raised islands in crossings shall be cut through level with the street or have curb 
cuts at both sides and a level area at least 48 inches (48" = 1219mm) long between the curb cuts in die 
part of the island intersected by the crossings. 

21.2.5	 Obstructions: Curb cuts shall be located or protected to prevent their obstruction by parked vehicles. 
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21J SLOPE 
The maximum slope shall be one- m-12 (1.12) (8.3%). Where sidewalks are too narrow to install a 
straight-fine curb cut at a slope of one-m-12 (1:12) (8.3) the sides of the curb cut shall not exceed 
one-m-12 (1:12) (8.3%). See Fig. 21b. The maximum cross-slope for any curb cut shall be 1:50 
(2%). (There is no tolerance allowed on slope requirements) 

Level 
Landing"! 

~ Level 
f Landing 

Horizontal Projection of Run 

Slope 
Figure 21 b 

21-4 TRANSITIONS 
Transitions from curb cuts to walks, gutters, or streets shall be flush or free of changes in level greater 
than l/2 inch (V4" = 13mm). Maximum slopes of adjoining gutters, road surface immediately adjacent to 
the curb cuts, or accessible route shall not exceed one-in-20 (1:20) (5%). 

M.3 DRAINAGE 
Grading and drainage shall be designed to minimize pooling of water, accumulation of ice, or flow of 
water across the base of the curb cut. 

21.6 WIDTH 
The minimum width of a curb cut shall be 36 inches (36" = 914mm), exclusive of flared sides. See Fig. 
21c. 

\„ II 

21.6.1 Landing width: Where a perpendicular curb cut is provided, a landing the width of the curb cut shall be 
provided at the top of the curb cut. The landing shall be 48 inches (48"= 1219mm) in length. The slope 
of said landing shall not exceed one-in-50 (1:50) (2%) in any direction. 

21.7 FLARED SIDES 
Sides of curb cuts shall extend at least 24 inches (24" = 610mm) at the curb. The maximum slope of 
the flare is one-in-ten (1:10) (10%). Curbing at the flared sides must blend with the slope of the flared 
sides. SeeFig.21c. 

1:12 

1:10 

24" mln. 36* mln. f 24" mln [_ 

Curb Cut with Flared Sides
 
Figure 21 c
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21 S ' RETURNED SIDES 
Curb cuts with returned sides are only permitted where they are protected by handrails pursuant to 
521 CMR 24.5, Handrails or where pedestrian travel across the ramp is obstructed by permanently 
installed street hardware or landscaping See Fig. 2Id. 
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36" min. 

Curb Cut With Returned Sides 
Figure 21 d 

21.9 BUILT-UP CURB CUTS 
Built-up curb cuts are allowed only where they do not project into vehicular traffic lanes See Fig. 21e 

Sidewalk 

non vehicular non vehicular 
lane lane 

barrier 
Figure 21 e 

barrier Built up curb cut 

PEDESTRIAN STREET CROSSINGS 
Where provided, pedestrian street crossings at, above, or below grade shall comply with the following: 

21101 Crossing controls shall be raised from or flush with their housings and shall be a minimum of two inches 
(2" = 51mm) m the smallest dimension. The force required to activate controls shall be no greater than 5 
Ibs 

21 102 Location Controls shall be located as close as practicable to the curb cut serving the controlled 
crossing and shall permit operation from a clear ground space 

21103 Mounting Height Pedestrian-actuated crossing controls shall be a maximum of 42 inches (42" = 
1067mm) above the finished sidewalk 

21104 Clear ground space A stable and firm area, complying with 521 CMR 6.5, Forward Reach, or 
521 CMR 6.6, Side Reach shall be provided at the controls Where a parallel approach is provided, 
controls shall be withm ten inches (10" =254mm) horizontally of and centered on the clear ground 
space Where a forward approach is provided, controls shall abut and be centered on the clear ground 
space 
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21.11 DETECTABLE WARNINGS - Reserved until further notice. 
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ZTT~"	 GENERAL 

Walkways shall include but not be limited to all walks, sidewalks, overpasses, bridges, tunnels, 
underpasses, plazas, courts and other pedestrian pathways, and shall comply with the following 
requirements: 

22.2	 WIDTH 
Width of walkways shall be not less than 48 inches (48"= 1219mm), excluding cmjb stones. An_ 
unobstructed path of travel shall be provided which is at least 36 inches (36" = 914mm) clear, excluding 
curb stones. 

22.3	 GRADE 
Walkways with a running slope greater than one-kv20 (1:20) (5%) are ramps and shall comply with 
521 CMR 24, RAMPS. 

22.3.1	 Nowhere shall the cross slope of walkways exceed one-in-50 (1:50) (2%). 

Exception: Sidewalks on streets and ways shall be considered walkways, with the exception that if the 
slope of the natural topography exceeds one-in-20 (1:20) (5%) a ramp is not required. 

22.4	 LEVEL CHANGES 
Walkways shall have continuous common surfaces, not interrupted by steps or changes in level greater 
than Vt inch (1A" = 6mm). 

22.4.1	 Changes in level between Vt inch and Vi inch (1A" and W = 6mm and 13mm) shall be beveled with a 
slope no greater than 1:2 (50%) See Fig. 22a. 

1/4" to	 1/2 

1/2

Change* In Lewi
 
Figure 22a
 

22.4.2	 Changes in level greater than Vi inch (W = 13mm) shall require a curb cut, walkway, ramp, elevator, 
or platform lift that complies with 521 CMR 21 CURB CUTS, 521 CMR 22 WALKWAYS, 
521 CMR 24 RAMPS or 521 CMR 28, ELEVATORS. 

22.5	 SURFACE 
Walkway surfaces shall be stable, and firm and shall lie generally in a continuous plane with a minimum 

_____ of surface warping. 

22.6	 DRAINAGE 
Grading and drainage shall be designed to minimize pooling of water or accumulation of ice or flow of 

"""•••• water across walkways. 

22.7 GRATINGS 
If gratings are located in walking surfaces, they shall have spaces no greater than 1A inch (W = 13mm) 
wide in the direction of the flow of travel If gratings have elongated openings, then they shall be placed 
so that the long dimension is perpendicular to the dominant direction of travel. See Fig. 22b. 
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Predominant Direction of Traffic 

M I N I M
 
Ll/2"Lmax Section through Grating 
1 3 

Long dimension perpendicular 
/ to route of travel 

Gratings
 
Figure 22b
 

INTERSECTIONS 
Wherever a walkway crosses or joins streets, public ways, driveways or parking lots, it shall comply 
with the following: 

22.8.1	 The intersecting surfaces shall blend to a common level with a slope no greater than 1:20 (5%), or a 
curb cut shall be installed in compliance with 521 CMR 21, CURB CUTS. 
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U.I	 GENERAL 
Any person who has lawful control of improved or enclosed private property used as off-street parking 
for businesses, auditoriums, sporting or recreational facilities, cultural centers, or general public use 
where the public has the right of access as invitees or licensees, shall cause such parking areas to comply 
with 521 CMR- For parking related to residential and transient lodging facilities, see 521 CMR 8, 
TRANSIENT LODGING FACILITIES and 521 CMR10.3, Parking Spaces. 

23.2	 NUMBER
 
Accessible spaces shall be provided as follows:
 

23.2.1	 Total Parking in Lot Required Minimum Number of Accessible Spaces
 
15-25 1
 

->• 26-50 2
 
51-75 3
 
76-100 4
 
101-150 5
 
151-200 6
 
201-300 7
 
301-400 8
 
401-500 9
 
501-1,000 2% of total
 
1,001 and over 20 plus 1 for each 100 over 1000
 

23.2.2	 One in every eight accessible spaces, but not less than one, shall be van accessible, See 521 CMR 
23.4.7. 

23.2.3	 Spaces required by the table in 521 CMR 23.2.1 need not be provided in a particular lot They may be 
provided in a different location if equivalent or greater accessibility, in terms of distance from an 
accessible entrance, cost and convenience, is ensured. 

23.2.4	 Specialized Medical Facilities: At facilities providing medical care for persons with mobility 
impairments, parking spaces shall comply with the following: 

a.	 Outpatient units and facilities: 10% of the total number of parking spaces provided to serve each 
such outpatient unit or facility shall be accessible. 

b.	 Units and facilities that specialize in treatment or services for persons with mobility impairments: 
20% of the total number of parking spaces provided, serving each such unit or facility, shall be 

___ accessible. 

233 LOCATION 
Accessible parking spaces shall be located as follows: 

23.3.1	 Accessible parking spaces serving a particular building shall be located on the shortest accessible route 
of travel from adjacent parking to an accessible entrance. 

23.3.2	 In parking facilities that do not serve a particular building, accessible parking shall be located on the 
shortest accessible route of travel to an accessible pedestrian entrance of the parking facility. 

23.3.3	 In buildings with multiple accessible entrances with adjacent parking, accessible parking spaces shall 
be dispersed and located closest to the accessible entrances. 

Exception: Where accessible spaces cannot be located within 200 feet (200' = 61m) of an accessible 
entrance, an accessible passenger drop-off area shall be provided within 100 feet (1001 = 30m) of an 
accessible entrance. 
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23.3.4	 Garages: In multi-level garages where no elevator is provided, such spaces shall all be located near the 
accessible entrance. See special van requirement in 521 CMR 23.4.7. 

2T3— PARKING SPACES 
Shall comply with the following: 

23.4.1	 Width:Accessible parking spaces shall be at least eight feet (81 = 2438mm) wide, plus the access aisle. 

23.4.2	 Length: The length of accessible parking spaces shall be at least the same as for parking spaces 
generally in accordance with 780 CMR: the State Building Code or local zoning requirements. Parked 
vehicles shall not reduce the clear width of an accessible route by overhanging or protruding into it 

23.4.3	 Slope: Parking spaces shall be level with surface slopes not exceeding 1:50 (2%) in all directions. 

23.4.4	 Surface: Spaces shall have a uniform, paved or hard packed smooth surface. 

23.4.5	 Delineation: Accessible spaces shall be marked by high contrast painted lines or other high contrast 
delineation. 

23.4.6	 Access aisles: All accessible spaces shall have access aisles that comply with the following: 

a. Parking access aisles shall be part of an accessible route to the building or facility entrance and 
shall comply witii 521 CMR 20, ACCESSIBLE ROUTE. 

b. Access aisles adjacent to accessible spaces shall be five feet (5" = 1524mm) wide minimum, 
except adjacent to van accessible spaces the access aisle shall be a minimum of eight feet (8* = 
2438mm) wide. 

c. Two accessible parking spaces may share a common access aisle. See Fjg. 23a and 23b. 

Wheel Stop n
 

96' mln JfO" mill 96' mln 
2438 1 1524" 2438 

Alternate Stall
 
Figure 23a
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Angled Parking
 
Figure 23b
 

d Access aisles shall be level with surface slopes not exceeding 1 50 (2%) in all directions 

e Access aisles shall be clearly marked by means of diagonal stnpes 

23 4 7 Van Accessible spaces shall comply with the following: 

a Provide mmmmm vertical clearance of eight feet, two inches (8*2" = 2489mm) at the parking space 

and along at least one vehicle access route to such spaces from site entrances) and exit(s) See 
Fig. 23c 

Van Accessible Space 
Figure 23c 

b

c

d

e

 Each space shall have a sign designating it "Van Accessible" as required by 521 CMR

Signage 
 All such spaces may be grouped on one level of a parking structure 

 Eight foot minimum(81 = 2438mm) wide space 

 Provide an access aisle of eight feet (8' = 2438mm) 

 23.6, 
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Exception: Van accessible spaces do not have to be separately provided if all required accessible 

parking spaces are 11 feet wide (IT = 3353mm) with a five foot (5'= 1524mm) access aisle. 

SIDEWALKS 

Where sidewalks are provided at accessible parking spaces, a curb cut shall be installed at the access 
aisle of each accessible space or pair of spaces. 

23.6	 SIGNAGE
 
Accessible parking spaces shall be identified by signs indicating that they are reserved.
 

23.6.1	 A sign shall be located at the head of each space and no more than ten feet (10' = 3048mm) away, and 
at accessible passenger loading zones. Signs may also include wording identifying its use. 

23.6.2	 The sign shall show the international symbol of accessibility. 

23.6.3	 Van accessible spaces shall includes the words: "Van-Accessible". 

23.6.4	 Such signs shall be permanently located at a height of not less than five feet (5' = 1524mm), nor more 
than eight feet (8' = 2438) to the top of the sign. 

23.7	 PASSENGER LOADING ZONE 
If passenger loading zones are provided, at least one of them shall comply with the following: 

23.7.1	 Wherever a passenger loading zone or parking area is provided, an accessible route to an accessible 
entrance is required. 

23.7.2	 Passenger loading zones shall provide an access aisle at least 60 inches (60" = 1524mm) wide and 20 
feet (20' = 6096mm) long, adjacent and parallel to the vehicle pull-up space. 

23.7.3	 If mere are curbs between the access aisle and the vehicle pull-up space, then a curb cut complying 
with 521 CMR 21, CURB CUTS, shall be provided. 

23.7.4	 Vehicle standing spaces and access aisles shall be level with surface slopes not exceeding 1:50 (2%) in 
all directions. 

23.7.5	 Vertical Clearance: A minimum of nine feet, six inches (91- 6" = 2896mm) of vertical clearance shall be 
provided at accessible passenger loading zones and along at least one vehicle access route to such 

—— areas from site entrance(s) and exit(s). 

23.8	 VALET PARKING 
Valet parking facilities shall provide a passenger loading zone complying with 521 CMR 23.7, 
Passenger Loading Zone located on an accessible route to the entrance of fas facility. 521 CMR 
23.2 Number and 521 CMR 23.4.7 Van Accessible Spaces, do not apply to valet parking facilities. 
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25H— GENERAL 
AD public entrance(s) of a building or tenancy in a building shall be accessible. Public entrances are 
any entrances that are not solely service entrances, loading entrances, or entrances restricted to 
employee use only. 

25.1.1	 Service entrances: If the only entrance to a building, or tenancy in a facility, is a service entrance, 

that entrance shall be accessible. 

25.2	 APPROACH 
The approach to an accessible entrance shall be a paved wa/fc or ram/? with a slip resistant surface, 
uninterrupted by steps. Entrance(s) shall have a level space on the interior and exterior of the entrance 

doors complying with Fig. 25a and 25b. 

25.3 VESTIBULES 
Between any two hinged or pivoted doors, there shall be a minimum of 48 inches (48" = 1219mm) phis 
the width of any door swinging into the space. See Fig. 25a and 25b. 

NOTE: SM Figure* 26d and 26e 

1524 
VettlbuU (Alternate Solution) 

Flgur* 25b 

25.4 MATS AND GRATES 
Door mats '/j inch ('/i" = 13mm) thick or less shall be securely anchored at all edges to avoid tripping. 
Door mats between V4 inch ('/i" = 6mm) and V4 inch (V4" = 13mm) thick must be secured with beveled 
edging that slopes no more than 1:2 (50%). Door mats thicker than Vi inch (%" = 13mm) shall be 
recessed. Grates shall have openings not exceeding 1A inch ('A" = 13mm) in the path of travel. See Fig. 
25c. 
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PROTRUDING OBJECTS 
Objects that protrude into entranceways, (suspended lights, signs, fixtures, door closers, etc.) shall 

comply with 521 CMR 20.6, Protruding Objects^ 

25.6	 SIGNAGE 
Any en/ra/ice/exit of a facility not accessible by persons in wheelchairs shall have a sign clearly 
indicating the location of the accessible entrance/exit. 
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GENERAL 
The following types ofsignage shall be provided: 

41.1.1	 Signs that designate permanent rooms and spaces shall comply with 521 CMR 41.2, 41.5 and 41.6. 
These include toilet room signs, room numbers, stair signs, etc. 

Exception: Building directories, menus, and all other signs that are temporary are not required to 
comply. "" " — 

41.1.2	 Other signs that provide direction to, or information about, functional spaces of the building Mil 
comply with 521 CMR 41.3,41.4, and 41.6. \ 

41.1.3	 Elements aid spaces of accessible facilities which shall be identified by the International Symbol of 
Accessibility (See Fig. 41a) and which shall comply with 521 CMR 41.7, Symbols of Accessibility 
are: 

a. Parkingspaces designated as reserved for individuals with disabilities; 
b. Accessible passenger loading zones; 
c. Accessible entrances when not all are accessible (inaccessible entrances shall have directional 

signage to indicate the route to the nearest accessible entrance); 
d. Accessible toilet and bathing facilities when not all are accessible. 

International Symbol of Accessibility
 
Figure 41a
 

41.2 MOUNTING LOCATION AND HEIGHT 
Where permanent identification is provided for rooms and spaces, signs shall be installed on the wall 
adjacent to the latch side of the door. Where there is no wall space to the latch side of the door, 
including at double leaf doors, signs shall be placed on the nearest adjacent wall. 

41.2.1 Mounting location shall allow a person to approach within three inches (3" = 76mm) of signage without 
encountering protruding objects or standing within the swing of a door. 

41.2.2 Mounting height shall be 60 inches (60" = 1524mm) above the finish floor to the centerline of the sign. 
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41J ' CHARACTER PROPORTION ,_ 

Letters and numbers on signs shall have a width-to-height ratio between 3:5 and 1:1, and a 
stroke-width-to-height ratio between 1:5 and 1:10. 

41.4	 CHARACTER HEIGHT 
Characters and numbers on signs shall be sized according to the viewing distance from which they are to 
be read. - •* :. 

41.4.1	 The minimum height of suspended or overhead characters is three inches (3" = 76mm) and is measured 
using an upper case X. 

41.4.2	 Lower case characters are permitted. 

41.5	 RAISED AND BRAILLED CHARACTERS AND PICTORIAL SYMBOL SIGNS 
Shall comply with the following: 

41.5.1	 Letters and numerals shall be raised one thirty-second of an inch (1/32" = 0.8mm), upper case, sans serif 
or simple serif type. 

41.5.2	 Letters and/or numerals shall be accompanied with Grade 2 Braille. 

41.5.3	 Raised characters shall be at least _ of an inch (_" = 16mm) high, but no higher than two inches (2" = 
51mm). 

41.5.4	 Pictograms shall be accompanied by the equivalent verbal description placed directly below the 
pictogram. The border dimension of the pictogram shall be six inches (6"= 152mm) minimum in height. '"*' ' 

41.6	 FINISH AND CONTRAST 
The characters and background of signs shall be eggshell, matte, or other non-glare finish. Characters 
and symbols shall contrast with their background: either light characters on a dark background or dark 

mmm_mfm	 characters on a fight background 

41.7	 SYMBOLS OF ACCESSIBILITY 

Facilities and elements required to be identified as accessible by 521 CMR 41.1.3 shall use the 
——• international symbol of accessibility. The symbol shall be displayed as shown in Fig. 4la. 

41.8	 VOLUME CONTROL TELEPHONES 
Telephones required to have a volume control under 521 CMR 37.5, shall be identified by a sign 

——" containing a depiction of a telephone handset with radiating sound waves. 

41.9	 TEXT TELEPHONES (TTY) 
Text telephones (777) required by 521 CMR 37.8, Text Telephones shall be identified by tire 
international TTY symbol (See Fig. 41c). In addition, if a facility has a public text telephone (TTY), 

directional signage indicating the location of the nearest text telephone (TTY) shall be placed adjacent 
to all banks of telephones that do not contain a text telephone (TTY). Such directional signage shall 
include the international TTY symbol. If a facility has no banks of telephones but a public text N 

telephone (TTY) is available, the directional signage shall be provided at the entrance (e.g., in a building I 
directory). ,_,,' 
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International TTY Symbol 
Figure 41c 

International Symbol of Access
 
for Hearing Loss
 

Figure 41 b
 

ASSISTIVE LISTENING SYSTEMS 
In assembly areas where permanently installed assistive listening systems are required by 521 CMR 
14.5, Assistive Listening Devices the availability of such systems shall be identified with signage that 
includes the international symbol of access for hearing loss See Fig 41 b 

41.11 ILLUMINATION LEVELS (reserved) 
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FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY DMM DATE 09/11/02 SHEET 1 OF g_ 

CHKD BY KJB DATE 09/12/02 OFS NO 51971720930200010 DEPT NO 

CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DEWATERING FACILITY 

SUBJECT NBH DEWATERING FACILITY - PROPOSED PIPE SIZE FOR ROOF DRAIN SYSTEM 

Estimated Drainage Flow: 

•	 Using Rational Method1 

Q = CIA 

C = Rational method runoff coefficient
 
I = Rainfall intensity (m/hr)
 

A = Drainage area (acres)
 

•	 Estimated Drainage Area for Roofs 

Assumptions 

1) The Process Area roof will drain to the south face of the facility. 
2) The Loadout Area roof (including the eastern portion of the Truck Loading Area) will drain 

to the east face of the facility 
3) The 60'x60' area over the western overhead door (western portion of Truck Loading Area) 

will drain to the west and discharge to the ground surface and into the proposed swale 

Estimated drainage area for Loadout Area Roof (90'x225') = 20,250 ft2 = 0.46 acres
 
Estimated drainage area for Process Area Roof (f 80'x165') = 29,700 ft2 = 0.68 acres
 

•	 "C" Value
 

For roofs1, C = 0.95
 

•	 Rain Intensity
 

I = 2.00 in/hr for 10 year storm2
 

•	 Estimated Drainage Flow
 

To the eastern face of the facility.
 

Q = (0.95)(2.00)(0.46) = 0.87 ft'/s for 10 year storm
 

To the southern face of the facility:
 

Q = (0.95)(2.00)(0 68) = 1.29 ft*/s for 10 year storm
 

http:0.95)(2.00)(0.46


FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY DMM DATE 09/11/02 SHEET. 

CHKD. BY KJB DATE 09/12/02 OFS NO. 5197.1720.9302.00010 DEPT. NO. 

CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DEWATERING FACILITY 

SUBJECT NBH DEWATERING FACILITY - PROPOSED PIPE SIZE FOR ROOF DRAIN SYSTEM 

Size of Lateral Pipes for Proposed Roof Drain System: 

Using Manning's Equation1 , . .  . . . . . . . . . . 

Q = (1.49/n)AR2raS1/2 . . . . . . . . . _ . .  . 

. n = Manning's roughness coefficient, n = 0.009 for a PVCpipe1 

A = Area of pipe 

R = Hydraulic radius = 34 Diam 

S = Slope of pipe => Assume slope of pipe is 1% = 0.01 
. Q= Anticipated flow rate for a 10 year storm (calculated.above). , . .  . 

Or 

D = (1.33)[(nQ)/s05]3'8 

For Eastern Lateral Piping: 

D = (1.33)[(0.009)(0.87)/(0.01)05]3/8 

= 0.51 ft = 6.1 inches 

Therefore, use a 10-inch PVC lateral pipe on the eastern side of the facility 

For Southern Lateral Piping: 

D = (1.33)[(0.009)(1.29)/(0.01)05]3/8 

= 0.59 ft = 7.1 inches 

Therefore, use a 12-inch PVC lateral pipe on the southern side of the facility 

It should be noted that MA Plumbing Codes3 specify that the size of horizontal drains for a roof 
area of 20,700ft2 is 10-inches and 12-rnches for roof area of 33,300 ft2, hence the reason for the 
above specified pipe diameters. In addition, the vertical leaders are to be 8-inch diameter leaders 
in accordance to the MA Plumbing Codes3. 

I 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY DMM DATE 09/11/02 SHEET. 

CHKD BY KJB DATE 09/12/02 OFS NO 51971720930200010 DEPT NO 

CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DEWATERING FACILITY 

SUBJECT NBH DEWATERING FACILITY - PROPOSED PIPE SIZE FOR ROOF DRAIN SYSTEM 

Capacity of 12-inch PVC Line: 

The roof drainage flow from the above specified 10-inch and 12-inch PVC lines will connect into 
the proposed manhole junction located at the southeast corner of the facility and will then flow into 
a 12-inch PVC line sloped at 3.76%. 

Using Manning's Equation1 

Q = (1.49/n)AR2/3S1/2 

n = Manning's roughness coefficient, n = 0.009 for a PVC pipe1 

A = Area of pipe = (3.14y4)(O5am)2 = (3.14/4)(12/12)2 = 0,785 ft2 

R = Hydraulic radius = % Diam = 1/i(12/12) = 0.25 ft 

S = Slope of pipe = 3.76% = 0.0376 ft/ft 

The capacity of 12-inch PVC line at 3.76% slope is-

Q = (1.49/0.009)(0.785)(0.25)2/3(0.0376)1/2 

= 10.0ft3/s 

Total combined flow rate from above specified 10-inch and 12-inch PVC lines 

= 1.29 ft3/s + 0.87 ft3/s = 2.16 ft3/s 

10.0ft3/s»2.16n3/s 

Therefore, the proposed 12-inch PVC line after the manhole junction has enough capacity to 
handle the combined flow rates from the above specified 10-inch and 12-inch PVC lines during a 
10 year storm event. 

References: 

1. Civil Engineering Reference Manual - Seventh Edition, by M. Lindeburg. 

2. National Oceanic and Atmospheric Administration (NOAA) Technical Paper No. 40 

3. Commonwealth of Massachusetts State Building Code, Fifth Edition. Section 2.17 



248 CMR- BOARD OF STATE EXAMINERS 
OF PLUMBERS AND GAS FITTERS 

2 17- Storm Drains 

(1) Storm Water Drainage to Sewer Prohibited. Storm water shall not be drained into 
sewers intended for sewage only. 

(2) Size of Buildine Storm Drain. The size of the building storm drain or any of its 
horizontal branches having a slope of '/4 inch or less per foot, shall be based upon the 
maximum projected roof or paved area to be handled according to Table 1 in 248 CMR 2.17, 
Size of Horizontal Storm Drains. 

TABLE 1 
SIZE OF HORIZONTAL STORM DRAINS' 

Maximum projected roof area for 
drains of various slopes 

Diameter of Vfc in. M in. & in. 
drain, inches slope slope slope 

Square feet Square feet Square feet 

3 1,160 1,644 
4 1,880 2.650 3,760 
5 3^40 4,720 6,680 
6 5.350 7,550 10,700 
8 11.500 16.300 23.000 

10 20,700 29,200 41,400 
12 33.300 47,000 66.600 
15 59,500 84,000 119,000 

Note 1: Table 1 is based upon a maximum rate of rainfall four inches per hour. 

(a) Vertical Leaders. A vertical leader shall be based upon the maximum projected roof 
area to be drained according to the following Table 2 in 248 CMR 2.17. 

TABLE 2 
SIZE OF VERTICAL LEADERS 

Maximum Diameter Maximum Diameter 
Projected of Leaders Projected of Leaders 
Roof Area Roof Area 
(square feet) Cinches) (square feet) (inches) 

720 2 8,650 
1,300 2V4 13400 
2,200 3 29,000 
4,600 4 

(3) Values for Continuous Flow. Where there is a continuous or semicontinuous discharge 
into (he building storm drain or building storm sewer, as from a pump, ejector, air 
conditioning plant, or similar device, each gallon per minute of such discharge shall be 
computed as being equivalent to 24 square feet of roof area, based upon a four-inch rainfall. 

(4) Building Sub-drains. Building sub-drains located inside die building below the public 
gravity sewer level shall discharge into a sump or receiving tank, the contents of which shall 
be automatically lifted and discharged into the drainage system as required for building 
sumps. 

12/1/93 248 CMR- 118 
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Estimated Desanding Facility Process Equipment Electrical Power Requirements 

Equipment Equipment Motor Description Motor Motor Power Total Power 
Description Quantity Power Quantity Requirement Requirement 

Demand 
(hp) 

per 
Equipment 

per 
Equipment 

(hp) 

VTank 3 Auger Motor 20 1 20 60 
V-Tank 3 Linear Motion Shaker 2 2 4 12 
V-Tank 3 Scalping Shaker 5 1 -5 15 
V-Tank 3 Recycle Pumps 75 2 150 450 
Transfer Pumps 2 Slurry Transfer Pumps 79 1 79 158 
Mix Tank 6» Mixer 10 4 40 240 

Total 935 

Estimated Dewatering Facility Process Equipment Electrical Power Requirements 

Equipment Equipment Motor Description Motor Motor Power Total Power 
Description Quantity Power Quantity Requirement Requirement 

Demand 
(hp) 

per 
Equipment 

per 
Equipment 

(hp) 

Filter Press 4 Open/Close Plates 75 1 75 300 
Filter Press 4 Feed Pumps 150 1 150 600 
Mix/Press Feed 8 Mixers 10 4 40 320 
Tanks 
Equalization 2 Recirculation Pumps 25 1 25 50 
Tanks 
Polymer Feed 2 Feed Pumps 7.5 2 15 30 
Filtrate Pumps 2 Filtrate Transfer Pumps 50 1 50 100 
Transfer Pumps 2 Pump from EQ to Mix 25 1 25 50 

Tank 

Total 1,450 

Note: 

Process equipment for desanding and dewatering facilities based on conceptual design presented in Section 
6.0 of the Basis of Design/Design Analysis Report. 
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1.0 Summary 

This calculation determines the heating capacity required to maintain freeze protection in the 
New Bedford Dewatering Facility Process Building The design goal is to maintain 40°F indoor 
temperature down to an outdoor temperature of 11°F. 

This calculation also determines summer ventilation rates required to remove internal heat gains 
necessary to maintain indoor temperature no more than 10°F above outdoor temperature. 

2.0 Introduction and Objectives 

The Process Building is bordered on the East wall by the Loadout Area and on the West wall by 
the Breakroom Area. The South, North, and portions of the West walls are exposed to the 
outside environment. Heating requirements resulting from losses through the East Wall consider 
the Loadout Area to be 11°F since it is unheated. 

Natural gas fired unit heaters are used to replace heat losses through the walls, floor and roof in 
winter including heat losses associated with infiltration. 

An operating goal is to maintain the Process Building at a negative pressure with respect to the 
Breakroom and a positive pressure with respect to the Loadout Area. 

The ventilation system is sized to remove heat generated by lighting, and electrical equipment 
located in the Process Building during the cooling season. 

3.0 Basis of Design 

3.1 References: 

3.1.1 2001 ASHRAE Fundamentals Handbook 

3.1.2 ASHRAE GRP 158 - Cooling and Heating Load Calculation Manual 

3.1.3 Industrial Ventilation - A Manual of Recommended Practice. 23rd Ed., 1998, ACGffl 

3.1.4 ASHRAE Standard 62-1999, Ventilation for Acceptable Indoor Air Quality 

3.1.5 Design Criteria, Scope of Work, and General Arrangement/Equipment Layout Drawings 
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March 23, 2002 

3.2 Design Input 

3.2.1	 Outside design conditions are 41.6° Latitude, 1 l°Fdb for Winter, and 85°Fdt/72°Fwb with a 
14.6 °F daily range for Summer. Average wind speed is 9 mph from 300° with an 
extreme wind speed of 29 mph. (Ref. 3.1.1, page 27.12 & 27.13, East Falmouth, MA) 

3.2.2	 Inside design conditions are 40°Fdb for Winter freeze protection and 10°Fdb maximum 
above outdoor temperature for Summer- Relative humidity is net controUedf 

3.2.3	 Exterior building walls are constructed of sheet metal with an internal R-13 insulation 
wrap. Using an outside film coefficient of R0 = 0.17 for a 15 mph wind and an inside film 
coefficient of R, = 0.68 for still air (Ref. 3.1.2, Table 3.3 page 3.12) the total resistance 
for winter R, = 0.68 + 13.0 + 0.17 = 13.85 and U0 = 1/R, = 0.07 BTU/°F-ft2-hr. 

3.2.4	 The roof is a sloped metal roof having a rise of approximately 2 in per foot with R-19 insulation 
below the deck. Using an outside film coefficient of R<> = 0.17 for a 15 mph wind and an inside 
film coefficient of R, = 0.61 for still air (Ref. 3.1.2, Table 3.3 page 3.12) the total resistance for 
winter R, = 0.61 + 19.0 + 0.17 = 19.78 and U = II R,= 0.05 BTU/ °F-ft2-hr. 

3.2.5 Perimeter heat losses occur in the winter where the concrete floor slab and outside walls 
meet. Beginning at the SW corner the exposed perimeter, 

P = 195's + 165'u + 195'N + 72'w = 630ft. 
Q = P (ft) x Heat Loss per Foot (Btu/(hr-ft) Ref. 3.1.2, Table 7.9A, Page 7.22 

3.2.6 The East Wall faces the Load Out Area. East Wall area is determined as follows: 
v i 

The ridge line of the Process Building roof runs East/West with a 30 ft wall height at the gutter. 
Assuming a 2 in/ft roof rise for 165 ft/2, 

wall height at the ridge would be 30 + (165 ft/2)(2 in/ft rise)(l ft/12 in) = 43.75. 
East Wall Avg height = (30 + 43.75)/2 = 37ft 
East Wall area is 165' x 37' = 6,100 ft2 

3.2.7	 South Wall is 30 ft high by 195 ft long with a total area of 5,850 ft2. 

3.2.8	 The West Wall area faces the Breakroom Area. Deduct the Breakroom Wall area to determine 
the West Wall area facing outside: 

The ridge line of the Breakroom roof runs East/West. 
The Breakroom East Wall Area is 92 ft long by 14 ft high at the gutter plus an assumed 

2 in/ft roof rise for 92 ft/2. 
Breakroom Wall height at ridge would be 14 + (92 ft/2)(2 in/ft rise)(l ft/12 in) = 22 ft. 
Breakroom East Wall Avg height = (14 + 22)/2 = 18 ft 
Breakroom East Wall Area = 92' x 18' = 1,660 ft2 

Process Building West Wall Outside Area is (165' x 37') - (92' x 18') = 4,440 ft2. 

3.2.9	 The North Wall area is 30 ft high by 195 ft long with a total area of 5,850 ft2. 
'«w 
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4.0 Methodology 

4.1	 Heating and cooling loads are determined based on methods contained in the 2001 ASHRAE
 
Fundamentals Handbook, and ASHRAE GRP 158 Cooling and Heating Load Calculation
 
Manual (References 3.1.1 and 3.1.2).
 

4.2	 Ventilation loads for cooling are determined based on methods containedirr ASHRAE
 
Standard 62-1999 and Industrial Ventilation - A Manual of Recommended Practice. 23rd Ed.,
 
1998, ACGffl (References 3.1.4 and 3.1.5).
 

4.3	 Equipment sizing and selection is in accordance with standard engineering practice. 

5.0 Analysis/Calculation 

5.1 Winter Heat Losses 

5.1.1	 Determine Transmission Heat Losses: 

Roof Q = UAAT = 0.05(195' x 165')(40-11) = 46,650 BTU/hr 

Floor Q = 630 ft Perimeter x 55 BTU/hr-ft = 34,650 BTU/hr 
Ref. 3.1.2, P. 7.22, Table 7.9a 

East Wall Q = UAAT = 0.07(165' x 37')(40-11) = 12,390 BTU/hr 

South Wall Q = UAAT = 0.07(30' x 195')(40-11) = 11,880 BTU/hr 

West Wall Q = UAAT = 0.07(4,440 ft2)(40-l 1) = 9,010 BTU/hr 

North Wall Q = UAAT = 0.07(30' x 195')(40-11) = 11,880 BTU/hr 

Total Transmission Heat Losses, (^Transmission = 126,460 BTU/hr 

5.1.2	 Determine Heating Losses Due to Infiltration; 

A.	 Determine Curtain (Outside) Wall Infiltration due to Stack Effect: 
(Similar to Example 5.4, Page 5.4 of Reference 3.1.2) 

From Fig. 5.6, Page 5.4, "Infiltration through a Curtain Wall for the Entire Building due to Stack 
Effect and Zero Pressurization:" 

Q/(A x k x fd) = 0.24 Building Height = 37 ft; AT = 40°F - 11°F 

Q = 0.24(6,100ft2
E + 5,850ft2

s + 4,440ft2
w + 5,850ft2

N) x 0.66 x 0.87 
Q = 3,070 cfm Curtain Wall Infiltration due to the Stack Effect 
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Where: w,, 
k = 0.66 for an average fitting wall, Page 5.16, Fig. 5.4 
A = Process Building Total Outside Wall Area 
fd = 0.87 Page 5.4, Fig. 5.5 for Cd = 0.8 from Example 5.4 

B.	 Determine Curtain Wall Infiltration due to Wind: 
(Similar to Example 5.5, Page 5:5 of Reference 3.1.2) "* • 

From Fig. 5.8, Page 5.5, "Infiltration through a Curtain Wall for the Entire Building due to Wind 
and Zero Pressurization:" 
Q/(AW x k x fe) = 0.23 for a 37ft high wall and a 29mph wind 

Q = 0.23(AW x k x fe) 
Q = 0.23(4,040 x 0.66 x 1.0) 
Q = 610 cfm West Curtain Wall Infiltration due to wind 

Where: 
Aw = 4,040 ft2 Process Building West Outside Wall Area exposed to wind 
Wind Speed = 29 mph wind normal to the West Wall, Reference 3.1.1 
fe = 1.0 for 0 = 0°, for the wind blowing normal to the wall, Page 5.6, Fig. 5.9 

C.	 Determine Infiltration through the West Wall 20 ft high by 20 ft wide overhead door: 
(Similar to Example 5.12, Page 5.11, Reference 3.1.2)	 v«. • 

From Fig. 5.2, Page 5.1, for a 29 mph wind ApJCp = 0.41 and for Cp = 1.0, Apw = 0.41 in. wg 

Crack Area = 0.25 in x (1 ft/12 in) x 2 [(20 + 20)ft] = 1.67 ft2 Assumes a 1/4 in perimeter crack 
Wind Speed = 29 mile/hr x (5,280 ft/mile) x (1 hr/60 min) = 2,550 fpm 

(Compares to a Velocity Pressure pv = (2,550/4,005)2 = 0.41 in wg) 
Infiltration = 1.67 ft2 x (2,550 ft/min) = 4,250 cfm 

D.	 Determine Infiltration through Personnel Doors: 

1.	 Determine Crack Infiltration through the West Wall 7 ft high by 4 ft wide swinging 
personnel door similar to Example 5.12, Page 5.11 of Reference 3.1.2: 

From Fig. 5.2, Page 5.1, for a 29 mph wind Apw/Cp = 0.41 and for Cp = 1.0, Apw = 0.41 in. wg 

Crack Area = 0.125 in x (1 ft/12 in) x 2 [(7 + 4)ft] = 0.23 ft2 Assumes a 1/8 in perimeter crack 
Wind Speed = 29 mile/hr x (5,280 ft/mile) x (1 hr/60 min) = 2,550 fpm
 

(Compares to a Velocity Pressure pv = (2,550/4,005)2 = 0.41 in wg)
 
Door Crack Infiltration = 0.23 ft2 x (2,550 ft/min) = 590 cfm 

2.	 Determine Door Traffic Infiltration through the West Wall 7 ft high by 4 ft wide 
swinging personnel door similar to Example 5.12, Page 5.11 of Reference 3.1.2: •••,» 

Heating Calcs. NB Process Area	 Page 6 of 9 



New Bedford Harbor Dewatering Facility
 
Heating Calcs, NB Process Area
 

March 23, 2002 

From Fig. 5.15, Page 5.8, C = 3,000 for 100 people passing through the door in 1 hour 
From Fig. 5.14, Page 5.8, for C = 3,000, 100 people passing through the door in 1 hour, 
and 0.41 in. wg: 

"Q/Door in CFM" = 2,000 cfm per 100 passages per hour
 
Door Traffic Infiltration = 200 cfm Assumes 10 passages per hour
 

3.	 Determine Crack Infiltration through the South Wall 7 ft high by 4 ft wide swinging 
personnel door similar to Example 5.12, Page 5.11 of Reference 3.1.2: 

From Fig. 5.2, Page 5.1, for a 9 mph wind Apw/Cp = 0.04 and for Cp = 1.0, Apw = 0.04 in. wg 

Crack Area = 0.125 in x (1 ft/12 in) x 2 [(7 + 4)ft] = 0.23 ft2 Assumes a 1/8 in perimeter crack 
Wind Speed = 9 mile/hr x (5,280 ft/mile) x (1 hr/60 min) = 790 fpm 

(Compares to a Velocity Pressure pv = (790/4.005)2 = 0.04 in wg) 
Door Crack Infiltration = 0.23 ft2 x (790 ft/min) =180 cfm 

4.	 Determine Door Traffic Infiltration through the West Wall 7 ft high by 4 ft wide 
swinging personnel door similar to Example 5.12, Page 5.11 of Reference 3.1.2: 

From Fig. 5.15, Page 5.8, C = 3,000 for 100 people passing through the door in 1 hour 
From Fig. 5.14, Page 5.8, for C = 3,000 and 100 people passing through the door in 1 hour, 
and 0.04 in. wg, 

"Q/Door in CFM" = 600 cfm per 100 passages per hour
 
Door Traffic Infiltration = 60 cfm Assumes 10 passages per hour
 

E.	 Determine Infiltration into the Process Building occurring through the doors between the 
Loadout and Process Areas: 

1. Assume the 3 overhead doors are closed and the Process Building is 0.1 in. wg negative 
with respect to the Loadout Building: 

vp = (V/4005)2 

]05V = [(4005)2 vp  = [(4005)2 x O.I]05 = 1,270 fpm 
Crack Area = 0.25 in x (1 ft/12 in) x 2 [(20 + 20)ft] = 1.67 ft2 Assumes a 1/4 in perimeter crack 

Infiltration per OH Door with the door closed = 1.67 ft2 x 1,270 fpm = 2,120 cfm per door 

Total Infiltration = 3 doors x 2,120 cfm = 6,360 cfm with all 3 doors closed 

2. Assume 2 overhead doors are closed and 1 is open with 100 fpm infiltration velocity 
occurring into the Process Building from the Loadout Building across the door opening: 

Infiltration across the open door = 100 fpm x (20 ft x 20 ft) = 40,000 cfm 
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Infiltration across the 2 closed doors is 2 x 2,120 cfm/door = 4,240 cfm 
Total infiltration for this scenario is 44,240 cfm 

Infiltration occurring through the doors between the Loadout and Process Areas will be 
either 6,360 cfm or 44,240 cfm. 

F. Determine Intake Louver Infiltration with Louvers Shut: 

Reference: Ruskin Model ELC6375D 
Air Leakage with Damper Section Closed = 0.8 cfm/ft2 of face area with Ap = 0.3 in. wg 
Louver Area = (60" high by 90" wide)/(144 in2/ft2) = 37.5 ft2 each 
Total Louver Leakage = 6 Louvers x 37.5 ft2 x 0.8 cfm/ft2 =180 cfm 

G. Determine Total Infiltration: 

Curtain Wall Infiltration due to Stack Effect = 3,070 cfm
 
Curtain West Wall Infiltration due to Wind = 610
 
West 20' by 20' Overhead Door Infiltration = 4,250
 
West 4' by 7' Personnel Door Infiltration:
 

Due to Crack = 590 
Due to Traffic = 200 

South 4' by 7' Personnel Door Infiltration: 
Due to Crack = 180 
Due to Traffic = 60 , 

Overhead Doors between Process
 
& Loadout Buildings 6,360
 

Louver Leakage 180
 
Total Infiltration = 15,500 cfm 

H. Determine Infiltration Heating Load: 

Qtafiltration = 1.18cfhlAT 

= M8x 15,500 cfm x (40 - 1 1)°F = 530,410 Btuh 

I. Determine Total Process Building Heating Load: 

VTotal = SF X IVTransmission + Qlnfiltration] 

UseSF =1.3 due to Building Size, Overhead Doors, and resulting 
Infiltration Quantity Uncertainly 

QTotal = 1.3 x [126,460 + 530,410]
 
Qrotai = 1-3 x 656,870 Btuh
 
Ch-otai = 853,931 Btuh Heating Output
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J. Heating Input = (Heating Output)/(Equipment Efficiency) 

Equipment Efficiency = 80% for Natural Gas 

Heating Input = 853,931 Btuh/80% 
Heating Input = 1,067,400 Btuh 

6.0 Conclusion 

Install eleven 1,000,000 Btuh Output Unit Heaters 
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1.0 Summary 

This calculation determines summer ventilation rates required to remove internal heat gains 
necessary to maintain indoor temperature no more than 10°F above outdoor air temperatures 
during the cooling season inside the New Bedford Dewatering Facility Process and Loadout 
Buildings. - . - . _ _ 

2.0 Introduction and Objectives 

The Process Building is bordered on the East wall by the Loadout Area and on the West wall by 
the Breakroom Area. South, West, and North walls are exposed to the outside environment. 

An operating goal is to maintain the Process Building at a negative pressure with respect to the 
Breakroom and a positive pressure with respect to the Loadout Area. 

The ventilation system is sized to remove internal heat gains generated by workers, lighting, and 
electrical equipment located in the Process Building during the cooling season. 

3.0 Basis of Design 

3.1 References; 

3.1.1 2001 ASHRAE Fundamentals Handbook 

3.1.2 ASHRAE GRP 158 - Cooling and Heating Load Calculation Manual 

3.1.3 Industrial Ventilation  A Manual of Recommended Practice. 23rd Ed., 1998, ACGffl 

3.1.4 ASHRAE Standard 62-1999, Ventilation for Acceptable Indoor Air Quality 

3.1.5 Design Criteria, Scope of Work, and General Arrangement/Equipment Layout Drawings 
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3.2 Design Input 

3.2.1	 Outside design conditions are 41.6° Latitude, 1 l°Fdb for Winter, and 85°Fdb/72°Fwb with a 
14.6 °F daily range for Summer. Average wind speed is 9 mph from 300° with an 
extreme wind speed of 29 mph. (Ref. 3.1.1, page 27.12 & 27.13, East Falmouth, MA) 

3.2.2	 Inside design conditions are 40°Fdb for Winter freeze protection and 10°Fdb maximum 
above outdoor temperature for Summer. RelativeTiumidity is not controlled. 

3.2.3	 Exterior building walls are constructed of sheet metal with an internal R-13 insulation 
wrap. Using an outside film coefficient of R0 = 0.17 for a 15 mph wind and an inside film 
coefficient of R, = 0.68 for still air (Ref. 3.1.2, Table 3.3 page 3.12) the total resistance 
for winter R, = 0.68 + 13.0 + 0.17 = 13.85 andU0= 1/R,= 0.07 BTU/°F-ft2-hr. 

3.2.4	 The roof is a sloped metal roof having a rise of approximately 2 in per foot with R-19 insulation 
below the deck. Using an outside film coefficient of R0 = 0.17 for a 15 mph wind and an inside 
film coefficient of Ri = 0.61 for still air (Ref. 3.1.2, Table 3.3 page 3.12) the total resistance for 
winter R, = 0.61 + 19.0 + 0.17 = 19.78 and U = I/ R,= 0.05 BTU/ °F-ft2-hr. 

3.2.5	 Process Building and Loadout Building Floor Areas: 
Process Building Floor Area = 195' x 165' = 32,175 ft2 

Loadout Building Floor Area = (75'x 225')+ (75'x 60') =21,375 ft2 

3.2.6	 The Process Building East Wall faces the Load Out Area. Area is determined as follows: . ^ 
The ridge line of the Process Building roof runs East/West with a 30 ft wall height at the gutter. 
Assuming a 2 in/ft roof rise for 165 ft/2, 

wall height at the ridge would be 30 + (165 ft/2)(2 in/ft rise)(l ft/12 in) = 43.75. 
East Wall Avg height = (30 + 43.75)/2 = 37 ft 
East Wall area is 165' x 37' = 6,100 ft2 

3.2.7	 Process Building South Wall is 30 ft high by 195 ft long with a total area of 5,850 ft2. 

3.2.8	 The Process Building West Wall area faces the Breakroom Area. Deduct the Breakroom Wall 
area to determine the West Wall area facing outside: 

The ridge line of the Breakroom roof runs East/West. 
The Breakroom East Wall Area is 92 ft long by 14 ft high at the gutter plus an assumed 

2 in/ft roof rise for 92 ft/2. 
Breakroom Wall height at ridge would be 14 + (92 ft/2)(2 in/ft rise)(l ft/12 in) = 22 ft. 
Breakroom East Wall Avg height = (14 + 22)/2 = 18 ft 
Breakroom East Wall Area = 92' x 18' = 1,660 ft2 

Process Building West Wall Outside Area is (165' x 37') - (92' x 18') = 4,440 ft2. 

3.2.9	 The Process Building North Wall area is 30 ft high by 195 ft long with a total area of 5,850 ft2. 
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4.0 Methodology 

4.1	 Cooling load input parameters are determined from the 2001 ASHRAE Fundamentals 
Handbook, and ASHRAE GRP 158 Cooling and Heating Load Calculation Manual (References 
3.1.1 and 3.1.2). 

4.2	 Ventilation loads for cooling are determined based on methods contained in ASHRAE 
Standard 62- 1999 and Industrial Ventilation - A Manual of Recommended Practice. 23rd Ed., 
1998, ACGIH (References 3.1.4 and 3.1.5). 

4.3	 Equipment sizing and selection is in accordance with standard engineering practice. 

5.0 Analysis/Calculation 

5.1 Summer Process Building Internal Heat Gains 

5.1.1	 Determine Heat Gains Due to People; 

Qworkers = 1 5 Workers x 1 ,450 Btu/hr (Ref . 3.1.1, Table 1 , Page 29.4)
 
Qworkers = 21,750 Btu/hr Total
 

5.1.2	 Determine Heat Gains Due to Lighting; 

QLighting = 3.4 1 x W x FU, x Fsa (Ref. 3.1 . 1 , Eq. 1 , Page 29.3) 
Where: 

Qei = Heat Gain from Lighting (Btu/hr) 
W = Total Light Wattage 
Fui =1.0 Lighting Use Factor 
Fsa = 1.23 Lighting Special Lighting Allowance Factor for 175 watt Metal 

Halide Fixtures (Page 29.6, Ref. 3.1.1)
 
Assume : 0.8 watt/ft2 Lighting Level
 

QLighting = 3.41 x [0.8(195' x 165')] x 1.0 x 1.23
 
= 108,000 Btu/hr Total Heat Gain Due to Lighting 

5.1.3	 Determine Heat Gains due to Equipment; 

Motor Heat Gains are determined from Reference 3.1.1, Table 3a, Page 29.7, using the "Motor In, 
Driven Equipment In" heat gain value: 

Two 25 hp Mixing Tank Transfer Pumps 72,300 BTU/hr Each x 2 = 144,600 Btu/hr 
Four 25 hp Filter Press Feed Pumps 72,300 BTU/hr Each x 4 = 289,200 
Two 10 hp Eductor Motors 29,900 BTU/hr Each x 2 = 59,800 
Eight 5 hp Mixer Motors 15,500 BTU/hr Each x 8 = 124,000 

Total = 617,600 Btu/hr 
Total Equipment Heat Gains, QEquiPnient = 617,600 BTU/hr 
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5.1.3	 Determine Total Internal Heat Gains: 
•s 

VTotal Internal ~ Qworkers *^~ VLightmg + ^Equipment 

Qrotai internal = 21,750 Btu/hr + 108,000 Btu/hr + 617,600 BTU/hr 
QTOU.I internal = 747,350 Btu/hr 

5.2	 Determine Process BuildingVentilation Requirements: 

Cooling Ventilation = Qs 71.05 x AT Ref. 3.1.4, Eq. 2.20, Page 2-15 
Where: 

Qs = Qrotai internal Sensible Heat 
Heat Transfer Factor for 85°F Air = 1.05 Based on Q = mcpTD 
AT = 10 °F (Allowed temperature rise for ventilation air passing through the 

Process Building) 

Cooling Ventilation = 747,350 Btuh/(l.05 x 10°F) 
Process Building Cooling Ventilation = 71,200 cfm Use 72,000 cfm 

5.3	 Compare the Cooling Ventilation Rate to Air Changes per Hour (AC/hr): 

AC/hr = [1 AC/Building Volume (ft3)] x Airflow (cfm) x (60 min/hr)
 
Where: Floor Area = 32,175ft2 (Paragraph 3.2.5)
 

Average Wall Height = 37 ft (Paragraph 3.2.6)
 
= 7  72,0072,0000 cfcfmm xx (6(600 mmin/hr)
AC/hr  [1 AC/(32,1755 ftft22 xx 3377 ft)ft)]] xx

Process Building Air Change Rate, AC/hr = 3.6 AC/hr 

5.4	 Provide the Loadout Area with 60,000 cfm minimum ventilation in accordance with 
Mike McSherry's Dec. 10,2001 Email to David Beck, Rich Otoski,... (Attachment A): 

Loadout Building Ventilation = 60,000 cfm 
Where: Loadout Building Floor Area = 21,375ft2 (Paragraph 3.2.5) 

Assume an average wall height of 40 ft 
AC/hr = [1 AC/(21,375ft2x40ft)]x 60,000 cfm x (60 min/hr) 
Loadout Building Air Change Rate, AC/hr = 4.2 AC/hr 

6.0 Conclusion 

Install six 12,000 cfm Roof Exhaust Fans in the Process Building. 

Install a combination of two 12,000 cfm Roof Exhaust Fans and four 10,000 cfm Wall Exhaust 
Fans in the Loadout Building. 

7.0 Attachments 

Attachment A 12/10/01 Michael McSherry Email to David Beck, Rich Otoski, 1 Sheet 
identifying ventilation requirementsfor using diesel loaders 
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Attachment A
 

Rich Otoski	 To Joseph Francis/Boston/FWENC@FWENC 
cc. 

12/18/01 08:32 AM Subject Dewatering Plant 

-— Forwarded by Rich Otoski/Boston/FWENC on 12/18/2001 08 33 AM -— 

Michael McSherry To: David Beck/Boston/FWENC@FWENC. Rich 
Otoski/Boston/FWENC@FWENC. Peter 12/10/2001 12:22 PM 
Vernon/Boston/FWENC@FWENC. Tina 
Berceli-Boyle/Boston/FWENC@FWENC 

cc: George Willant/BDSton/FWENC@FWENC 
Subject: Dewatering Plant 

I have modified the loader emissions spreadsheet, attached, adding the minimum ventilation rate for 
which the CAT 966g loader with the 3306 DITA engine is approved by MSHA for use in underground coal 
mines. The ventilation rating for each machine is 15,000 cfm and this is meant to control emissions to 
CO, CO2 and NOX to below the permissible exposure limits. I inserted the 30,000 cfm (2 machines) in the 
NOX column. I will forward the MSHA approvals later today. 

I recommend we double the recommended ventilation rate to try to maintain the emissions to half the 
PEL, as a design critieria. This is consistent with USAGE expectations in dealing with occupational 
exposures to air contaminants. This would give us a design criteria of 60,000 cfm for the building or about 
4.5 changes per hour.	 ^ 

loader emissions.xl 
I called CAT to check on the availability of the MSHA approved engines and also on the availability of 
HEPA filtration for the operator cabs, but have not heard back from them yet. The reason for the HEPA 
filtration is that, while the ventilation should control the gaseous contaminants, there are two types of 
particulates of concern that general dilution ventilation may not be adequate to control. 

1.	 Diesel exhaust participate - although the MSHA approval also includes a ventilation rate for 
particulate, which is less than the rate for the gaseous contaminants, the testing criteria is 1mg/M3. 
The ACGIH has proposed a new TLV for diesel exhuast particulate of 0.02 mg/M' as elemental 
carbon. Should this limit be adopted, the general dilution ventilation may be insufficient to control 
exposures to this level. 

2.	 The sediment samples showed crystalline silica content of 12 - 26%. This would give an exposure 
limit of as low as 0.36 mg/M3of respirable dust. Again, the general dilution ventilation may not be 
sufficient. 

Even if HEPA filtered cabs are available for the operators, I am concerned about the potential for 
exposures to diesel exhaust particulate and silica dust for the laborers. With an excellent housekeeping 
program, we may be able to control the exposures to the silica, but the diesel particulate issue may 
remain. We should discuss the job tasks for the laborers and what, if any, additional engineering controls 
should be designed in. For example, if a majority of their time is spent observing/monitoring the 
operations then a filtered air booth should be considered so that they will not have to spend all day in 
respiratory protection, should the particulate exposures be above the occupational exposure limits. 

Mike 

http:emissions.xl
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SUBJECT DREDGING. DESANDING AND DEWATERING MASS BALANCE 

I. Objective 

Utilizing the data generated during the Bench Scale Dewatering Tests, mass balances were developed to 
determine the impacts of various process parameters on the desanding, dewatering and water treatment 
operations anticipated for New Bedford Harbor OU# 1. Process parameters which were varied included in-situ 
sediment solids content (% by weight), in-situ sand (+200 Mesh) content (% by weight), and % solids (by 
weight) of the filter cake. 

II. Assumptions 

In order to develop the mass balances the following assumptions were utilized for each unit operation: 

1. Physical Properties 

•	 The 15 sediment samples collected for the bench scale dewatering tests are considered 
representative of the variety of in-situ conditions anticipated during the dredging. Of New 
Bedford Harbor OU#1. 

•	 Specific gravity of dry solids within sediment = 2.41 
• Specific gravity of seawater = 1.015 
« Density of water @ 60 °F = 62.3 71 lbs/ft3 (7.4805 gallon/ft3) 

2. Dredging Operations 

•	 A mechanical excavating, hydraulic transport (MEHT) type dredge will be utilized to 
remove the in-situ sediments for the harbor. 

•	 Dredging operations will be conducted in two 10 hour shifts/day, 6 days/week 
•	 Effective operating time will be 8 hours/shift. 
•	 Solids content of in-situ sediments will be based on sediment samples collected for bench 

scale dewatering tests. 
•	 +4 inch material will be removed from dredged sediment prior to being transferred to the 

desanding operations. 
•	 Dredged material will be transferred to the desanding operations in an 10% to 20% solids 

slurry (by weight). 
•	 Filtrate generated by the dewatering operations will be utilized to produce the 10% to 20% 

solids (by weight) slurry. 
•	 Filtrate generated by the dewatering system will be acceptable to the dredging contractor for 

recycle. 
•	 Excavation bucket will be 75% effective during dredging operation (i.e., 25% of each 

bucket volume is excess seawater). 
•	 Maximum allowable dredge rate limited by maximum feed rate to desanding system, 

maximum production rate of the dewatering system and maximum treatment capacity of 
water treatment plant 
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3. Desanding Operations 

Desanding operations will separate the +3/8 inch and +200 Mesh material prior to 
transferring dredged material to the dewatering system.- - - - • 

+3/8 inch material is 1.1% (by weight) dry solids. Based on. data obtained .during bench 
scale dewatering test. 
% solids (by weight) of +200 Mesh material varies from 19% to 80% based on data 
obtained during bench scale dewatering test. — - - - - — 
Desanding operations will remove 100% of the +3/8 inch material and 70% of the +200 
mesh material. 
Separated material will have a solids content of 70% (by weight). 
Desanding operations will operate in parallel with the dredging operations and will be 
conducted in two 10 hour shifts/day, 6 days/week 
Effective operating time will be 8 hours/shift 
Maximum allowable feed rate to desanding system is 2,500 gpm with a maximum daily 
total of 1,600,000 gallons based on average shiny content of 15%.solids by weight. 

4, . Dewatering Operations 

Based on the design criteria approved at the December 6, 2001 Dewatering On Board
 
Review Meeting, the dewatering-system will include four (4) 650 ft3, 225 psig diaphragm
 
plate and frame filter presses.
 
Dewatering system will operate 24 hours/day, 6 days/week
 
Maximum dewatering system production rate is 816 ydVday.
 
Filter cake will be produced from dredged slurry with the +200 mesh material removed.
 
Each filter press will generate 17 yd3 of filter cake per operating cycle.
 
Each filter press completes a full cycle every 2 hours. Therefore, the maximum number of
 
cycles/day is 48.
 
% solids of filter cake will average-65% but could vary from 45% to 70% (by weight)
 
depending on the mechanical dewatering systems utilized.
 

5. Water Treatment Operations 

• The existing CDF Cells #1 arid #2 will be available for water treatment. 
• The water treatment system will operate 24 hours/day, 7 days per week. 
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HI.* Development of Mass Balance Inputs 

1. In-situ Solids and Sand Content 

•	 The maximum, minimum and average values for in-situ solids content and associated sand 
content (+200 mesh material) of dredged sediments were developed from the 15 sediment 
samples collected for the bench scale dewatering tests. In addition, values for in-situ solids and 
sand content for intertidal material were also developed. The sample locations are shown in 

. . FigureJand.thephysicalparametersforeach.sampleareprovidedinTablsl.. _ , . _ _  _ 

The minimum in-situ solids content was determined to be 37% (Sample # 3248) and an 
associated sand content of 19% was used. 

The maximum in-situ solids content was determined to be 50% (Sample #3509) and an 
associated sand content of 55 was used. . .  . 

The intertidal in-situ solids content was developed using Sample # 3528, 3564, 3231 and 3105. 
Sample #'s 3528, 3564, and 3231 were collected from an upland or sandy intertidal locations 
and were determined to be representative of sediment which would contain higher in-situ solids. 
Sample #3105 was collected from the lower harbor but was included with the other samples due 
to its comparable sand content. The physical properties" for these sediment samples are 
presented in Table 2. For the purposes of the mass balance calculations an in-situ solids content 
of 77% and an associated sand content of 80% were utilized. 

The average in-situ solids content of the non-intertidal sediments was developed from the 
remaining sediment samples. The average physical properties for these .sediment samples are; 
presented in Table 3. For the purposes of the mass balance calculations an in-situ solids content 
of 42% and an associated sand content of 32% were utilized. 

2. % Solids of Filter Cake 

Six filter cake solids content values were selected for performing the mass balance calculations. 
These values were selected based on the expected performance of the different mechanical 
dewatering operations as determined by the bench scale dewatering test data. The individual 
filed measurements for each dewatering test presented in Table 4: The % solids content values 
and the corresponding dewatering system used for the mass balance calculations are presented 
in Table 5. 

VI. Mass Balance Spreadsheets 

Based on the assumptions and bench scale data discussed previously, mass balance spreadsheets were developed 
for a variety of potential operational conditions. Spreadsheets were developed for each of the following six 
filter cake % solids (by weight): 45%, 50%, 55%, 60%, 65% and 70%. Process variables that were adjust for 
each were: a) the solids content of the transfer slurry from the SPU (10%, 15% and 20%), and b) the in-situ 
solids content and the associated sand content. As a result 12 mass balance spreadsheets for each filter cake % 
solids were developed. 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY JJB DATE 11/21/02	 SHEET ^ OF 98 

CHKD. BY DATE	 OFS NO. 5197.1720.9302.00010 DEPT. NO. 

CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DEWATERING FACILITY 

SUBJECT DREDGING. DESANDING AND DEWATERING MASS BALANCE 

The dredge rate for each mass balance was adjusted until either the maximum number of plate and frame filter 
press cycles or the maximum WTP capacity was achieved. A summary of each set of 12 mass balance 
spreadsheets is provided in Tables 6 through 11. The complete spreadsheet package is included as Attachment 

, .	 .-i.1 " - • * " " "	 . . - - - — _ _ , 

V. Conclusions 

Based on the.results of the mass balance calculations the following observations were made: . 

1. Dredging 

•	 Assuming the dredge rates determined in the mass balances are achievable, the limiting 
factors for a MEHT dredging operation are the desanding system and the mechanical 
dewatering operation - - • ~ 

•	 The highest dredge rate was 2,384 yd3/day and occurred at 37% in-situ solids content, 15 
and 20% solids dredge transfer slurry, and 70% solids filter cake. 

•	 The lowest dredge rate was 605 ydVday and occurred at 77% 'in-situ solids, 10 to 20%~ 
solids dredge transfer slurry, and 45 to 70% solids filter cake. 

•	 The average dredge rate was 2,002 yd3/day at 42% in-situ solids, 15% dredge transfer 
slurry, and 65% solids filter cake. 

2. Desanding 

•	 The highest flowrate to the desanding system was 1,667-gpm and occurred at a variety of 
operational conditions. 

•	 The lowest flowrate to the desanding system was 540 gpm and occurred at 37% in-situ 
solids, 20% solids dredge transfer slurry, and 45% solids filter cake. - . 

•	 The average flowrate to the desanding system 1,423 gpm and occurs at 42% in-situ solids, 
15% dredge transfer slurry, and 65% solids filter cake. 

•	 The largest quantity of +3/8 inch material generated was 17 dry tons/day and occurred at 
77% in-situ solids content., 20% solids dredge transfer slurry, and 60 to 70% solids filter 
cake. 

•	 The lowest quantity of +3/8 inch material generated was 5 dry tons/day and occurred at 
37% in-situ solids, 10 to 20% solids dredge transfer slurry, and 45% solids filter cake.- ... 

•	 The average quantity of +3/8 inch material generated was 10 dry tons/day and occurs at 
42% in-situ solids, 15% dredge transfer slurry, and 65% solids filter cake 

•	 The largest quantity of+200 mesh material generated was 868 dry tons/day and occurred at 
77% in-situ solids content, 20% solids dredge transfer slurry, and 65% solids filter cake. 

•	 The lowest quantity of +200 mesh material generated was 66 dry tons/day and occurred at 
37% in-situ solids, 10 to 20% solids dredge transfer slurry, and 45% solids filter cake. 

•	 The average quantity of+200 mesh material generated was 213 dry tons/day and occurs at 
42% in-situ solids, 15% dredge transfer slurry, and 65% solids filter cake. 
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3. Dewatering 

•	 The highest flowrate from the desanding operations to the dewatering operations was 1,644 
gpm and occurred at 37% in-situ solids content, 10% solids dredge transfer slurry, and 60 to 
70%-solids filter cake. 

•	 .. TheJowest. flowrate from the desanding operation to the dewatering operations was 525 
gpm and occurred at 37% in-situ solids, 20% solids dredge transfer slurry, and 45% solids 
filter cake. 

•	 -The-average flowrate from the desanding- operation to the dewatering operations was 1,376 
gpm and occurs at 42% in-situ solids, 15% dredge transfer slurry, and 65% solids filter 
cake. 

4. Dewatering System Filtrate 

•	 The highest hourly average filtrate flowrate from the dewatering operations was 1,010 gpm 
and occurred at 37 to 77% in-situ solids content, 10% solids dredge transfer slurry, and 70% 
solids filter cake. 

•	 The lowest hourly average filtrate flowrate from the dewatering operations was 235 gpm 
and. occurred at 37%.in-sjtu solids, 20% solids dredge transfer slurry, and 45% solids filter 
cake. 

•	 The average hourly average filtrate flowrate from the dewatering operations is 803 gpm and 
• occurs at 42% in-situ solids, 15% dredge transfer slurry, and 65% solids filter cake. 

5. Required WTP Capacity 

•	 The highest required WTP capacity was 267 gpm which occurred at 37% in-situ solids 
content, 15 and 20% solids dredge transfer slurry, and 70% solids filter cake. 

•	 The lowest required WTP capacity was -32 gpm" which occurred at 77% in-situ solids, 15 
and 20% solids dredge transfer slurry, and 45% solids filter cake. 

•	 The average required WTP capacity is 196 gpm which occurs at 42% in-situ solids, 15% 
dredge transfer slurry, and 65% solids filter cake. 

Table 12. provides a summary of the maximum/minimum production/flowrates for the five (5) process 
streams identified above. Only the desanding system will be sized for the maximum flowrate. All other 
processes will be designed for the average flowrate. 
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Table 1
 
Homogenized Sediment Characteristics for All Sampling Locations
 

iftQcattonBflltes. 
ftiSarnple IDst̂ 

DWH-3528 silty sand 7289 250 405 0 1 00 61 81 

DWH-3610 silty soils 44 84 249 600 3 1 00 20 26 

DWH-3105 silty sand 7704 241 1 64 3  3 1 4 74 81 

DWH-3576 silty soils 3922 245 1030 153 00 21 26 

DWH-3564 silty sand 7651 228 252 235 04 67 84 

DWH-3231 silty sand 3831 2 17 1740 267 1 4 66 74 

DWH-3248 silty soils 3759 221 14 10 278 00 15 19 

DWH-3509 silty soils 5035 252 730 564 00 38 48 

DWH-3465 silty soils 46 73 255 1560 143 5 12 1 47 55 

")WH-3506 silty soils 38 17 227 1080 1839 00 26 31 

DWH-3442 silty soils 3802 245 1520 2663 00 24 28 

DWH-3313 silty soils 39 37 2 57 848 311 4 00 16 26 

DWH-3269 silty soils 3831 241 11 30 441 2 00 26 31 

DWH-3342 silty soils 38 76 2 44 1030 4587 00 19 24 

DWH-3244 silty soils 48 78 2 36 11 20 1366 0 0 0 33 43 



Table 2
 
Homogenized Sediment Characteristics for Silty Sand Sampling Locations
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DWH-3528 silty sand 72.89 2.50 4.05 0.1 0.0 61 81 

DWH-3105 silty sand 77.04 2.41 1.64 3.3 1.4 74 81 

DWH-3564 silty sand 76.51 2.28 2.52 23.5 0.4 67 84 

DWH-3231 silty sand 38.31 2.17 17.40 26.7 1.4 66 74 



Table 3
 
Homogenized Sediment Characteristics for Harbor Sampling Locations
 

mBBHB mimiffi!m$B8 Illllilllllllillllil 
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DWH-3610 silty soils 44.84 2.49 6.00 3.1 0.0 20 26 
I 

DWH-3576 silty soils 39.22 2.45 10.30 15.3 0.0 21 26 

DWH-3248 silty soils 37.59 2.21 14.10 27.8 0.0 15 19 

DWH-3509 silty soils 50.35 2.52 7.30 56.4 0.0 38 48 

DWH-3465 silty soils 46.73 2.55 15.60 143.5 12.1 47 55 

DWH-3506 silty soils 38.17 2.27 10.80 183.9 0.0 26 31 

DWH-3442 silty soils 38.02 2.45 15.20 266.3 0.0 24 28 

DWH-3313 silty soils 39.37 2.57 8.48 311.4 0.0 16 26 

DWH-3269 silty soils 38.31 2.41 11.30 441.2 0.0 26 31 

OWH-3342 
M1 
ir 

silty soils 38.76 2.44 10.30 458.7 0.0 19 24 

DWH-3244 silty soils 48.78 2.36 11.20 1366.0 0.0 43 43 

Average NA 42 2 11 298 1 27 32 



Table 4: Dewatering System Performance Data 
Bench Scale Dewatering Test 
New Bedford Harbor Superfund Site - OU#1 

3509/100 72.6 62.4 NT 
3509/200 71.2 66.5 65.7 50 
3610/100 70.3 65.3 60.0 50 
3610/200 71.8 NT 60.4 46.8 
3465/100 68.1 NT NT NT 
3465/200 NT 61.1 63.6 45.1 
3248/100 NT 66.8 59.4 NT 
3248/200 71.1 NT NT 48.5 
3269/100 68.4 NT 66.3 47.5 
3269/200 68.2 NT 65.4 NT 
3313/100 66.6 NT 64.7 54 
3313/200 70.3 NT 55.0 NT 
3576/100 NT 69.1 66.2 NT 
3576/200 71.4 NT 64.2 50.6 
3244/100 70.0 NT 65.0 NT 
3244/200 72.2 NT 62.6 51.2 
Average 70.2 65.8 62.9 49.3 
Minimum 66.6 61.1 55.0 45.1 

Notes: 
1.	 NT = Not Tested 
2.	 A /100 or/200 after the 4 digit ID indicates the mesh size which the slurry 

was screened through 
3.	 Only results from dewatering tests performed on the 11 sample locations 

determined to be suitable for dredging were used. 



Table 5
 
Range of % Solids (by weight) Within Filter Cake
 

% Solids (by Wt)
 

70%
 

65%
 

60%
 

55%
 

50%
 

45%
 

Dewatering Operation 

Diaphragm plate & frame filter press (225 
psig squeeze) 

Diaphragm plate & frame filter press (225 
psig squeeze) 

Diaphragm plate & frame filter press (100 
psig squeeze) 

Recessed plate & frame filter press (225 psig 
fill cycle) 

Belt filter press 

Belt filter press 

Comments 

Maximum attainable 

Minimum attainable 

Minimum attainable 

Minimum attainable 

Maximum attainable 

Minimum attainable 



Table 6: Mass Balance Summary Sheet - 70% Solids Filter Cake 
Bench Scale Dewatering Tests 
New Bedford Harbor Superfund Site - OU #1 

^"TC ĵaagigBaSg! Bgfla**p***i"l!i****!*'B'*aHH 10 1195 1667 106 1011 620 434 
High 50.0 55.0 15 1849 1666 163 956 959 672 

20 2260 1479 200 797 1173 821 
10 1785 1666 200 1010 878 615 

Low 37.0 19.0 15 2384 1438 267 825 1173 821 
20 2382 1043 267 562 1172 820 
10 1515 1666 157 1011 785 550 

Avg 42.0 32.0 15 2262 1608 234 922 1172 821 
20 2262 1168 234 629 1172 821 

InterTidal 
Material 

77.0 81.0 
10 
15 
20 

605 
936 
1289 

1666 
1665 
1666 

11 
17 
24 

1010 
955 
897 

433 
670 
923 

303 
469 
646 

mKKmmHK W*î ^B8 MHJBiiMI BBKaHHiBHI wntifflwi plfmHpi ImiJSilHSMi U«8MmmmHBB| 

Assumptions: 
Cake production fixed at 816 yd3/day 
Desanding system loading limited to 1.6 MGD based on an avg slurry content of 15% solids (wt) 
Dredging and desanding operations are based on a 16 hour day 
Dewatering and wastewater treatment based on a 24 hour day 
Sand removal efficiency assumed to be 70% 
Sediment specific gravity set to 2.41 
Amount of material greater than 3/8 inch set to 1.1 % of total weight 
Removal efficiency of material greater than 3/8 is 100% 



i'n 

Table 7: Mass Balance Summary Sheet - 65% Solids Filter Cake 
Bench Scale Dewatering Tests 
New Bedford Harbor Superfund Site - OU #1 

•HHHHnpBaBtemaaf-t î B TMTiljtMrn™TBBBKfxBiB JP̂ 8P8BiS8SaHMI mmam^^mm^^i
j-ULLnn-.-i-r r Mimniian "̂ •SiSSiBBBiBBMiBS 

To 1195 1667 99 1003 I 668 434 
High 50.0 55.0 15 1849 1666 153 944 1033 672 

20 2000 1309 166 692 1118 726 

10 1785 1666 191 999 946 615 
Low 37.0 19.0 15 2110 1272 226 717 1118 727 

20 2110 924 226 414 1118 727 
10 1515 1666 148 1001 846 550 

Avg 42.0 32.0 15 2002 1423 196 803 1117 726 
20 2002 1033 196 543 1117 726 

10 605 1666 6 1005 466 303 
InterTidal 

77.0 81.0 15 936 1665 -28 947 721 469 
Material 

20 1289 1666 14 885 994 646 

Assumptions: 
Cake production fixed at 816 yd3/day 
Desanding system loading limited to 1.6 MGD based on an avg slurry content of 15% solids (wt) 
Dredging and desanding operations are based on a 16 hour day 
Dewatering and wastewater treatment based on a 24 hour day 
Sand removal efficiency assumed to be 70% 
Sediment specific gravity set to 2.41 
Amount of material greater than 3/8 inch set to 1.1 % of total weight 
Removal efficiency of material greater than 3/8 is 100% 



Table 8: Mass Balance Summary Sheet - 60% Solids Filter Cake 
Bench Scale Dewatering Tests 
New Bedford Harbor Superfund Site - OU #1 

10 1195 1667 91 994 723 434
 
High 50.0 55.0 15 1765 1591 135 887 1068 641
 

20 1765 1155 135 597 1068 641
 
10 1785 1666 180 986 1025 615
 

Low 37.0 19.0 15 1861 1122 187 619 1068 641
 
20 1861 815 187 414 1068 641
 
10 1515 1666 139 989 916 550
 

Avg 42.0 32.0 15 1767 1256 162 695 1068 641
 
20 1767 912 162 466 1068 641
 
10 605 1666 1 999 505 303
 InterTidai
 77.0 81.0 15 936 1665 2 937 782 469
 Material
 20 1280 1654 2 866 1069 641
 

Assumptions: 
Cake production fixed at 816 yd3/day 
Desanding system loading limited to 1.6 MGD based on an avg slurry content of 15% solids (wt) 
Dredging and desanding operations are based on a 16 hour day 
Dewatering and wastewater treatment based on a 24 hour day 
Sand removal efficiency assumed to be 70% 
Sediment specific gravity set to 2.41 
Amount of material greater than 3/8 inch set to 1.1% of total weight 
Removal efficiency of material greater than 3/8 is 100% 



Table 9: Mass Balance Summary Sheet - 55% Solids Filter Cake 
Bench Scale Dewatering Tests 
New Bedford Harbor Superfund Site - OU #1 

High 50.0
 
20 1549 1014 510 1023 563
 
10 1633 1524 152 888 1023 562
 

Low 37.0 19.0 15 1633 985 152 529 1023 562
 
20 1633 715 152 349 1023 562
 
10 1515 1666 127 976 999 550
 

Avg 42.0 32.0 15 1551 1102 130 596 1023 563
 
20 1551 801 130 395 1023 563
 
10 605 1666 -5 991 551 303 InterTidal 

77.0 81.0 15 936 1665 -8 925 853 469 Material 
20 1123 1451 -10 745 1023 563 

Assumptions: 
Cake production fixed at 816 yd3/day 
Desanding system loading limited to 1.6 MGD based on an avg slurry content of 15% solids (wt) 
Dredging and desanding operations are based on a 16 hour day 
Dewatering and wastewater treatment based on a 24 hour day 
Sand removal efficiency assumed to be 70% 
Sediment specific gravity set to 2.41 
Amount of material greater than 3/8 inch set to 1.1% of total weight 
Removal efficiency of material greater than 3/8 is 100% 



_____ 

Table 10: Mass Balance Summary Sheet - 50% Solids Filter Cake 
Bench Scale Dewatering Tests 
New Bedford Harbor Superfund Site - OU #1 

ppBBsaBHi jfjBmimB mmmmm fflfUggi^ 
10 1195 1667 71 970 868 434 

High 50.0 55.0 15 1351 1218 80 652 981 491 
20 1351 884 80 430 981 491 
10 1425 1330 120 761 982 491 

Low 37.0 19.0 15 1425 859 120 447 982 491 
20 1425 624 120 290 982 491 
10 1353 1488 101 857 982 491 

Avg 42.0 32.0 15 1882 1338 184 754 1118 727 
20 1353 698 101 330 982 491 
10 605 1666 -13 982 606 303 

InterTidal 
77.0 81.0 15 936 1665 -20 911 938 469 Material 

20 980 1266 -21 636 982 491 

Assumptions: 
Cake production fixed at 816 yd3/day 

\1M 

Desanding system loading limited to 1.6 MOD based on an avg slurry content of 15% solids (wt) 
Dredging and desanding operations are based on a 16 hour day 
Dewatering and wastewater treatment based on a 24 hour day 
Sand removal efficiency assumed to be 70% 
Sediment specific gravity set to 2.41 
Amount of material greater than 3/8 inch set to 1.1 % of total weight 
Removal efficiency of material greater than 3/8 is 100% 



Table 11: Mass Balance Summary Sheet - 45% Solids Filter Cake 
Bench Scale Dewatering Tests 
New Bedford Harbor Superfund Site - OU #1 

HRrafiHoHl
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To 1168 1629 1 56 | 933 943 424 
High 50.0 55.0 15 1168 1053 56 549 943 424 

20 1168 764 56 356 943 424 
10 1232 1150 91 642 943 424 

Low 37.0 19.0 15 1232 743 91 371 943 424 
20 1232 540 91 235 943 424 
10 1170 1287 74 725 943 424 

Avg 42.0 32.0 15 1170 832 74 422 943 424 
20 1170 604 74 270 943 424 
10 605 1666 -23 971 674 303 InterTidal 

77.0 81.0 15 847 1507 -32 809 943 424 Material 
20 847 1094 -32 534 943 424 

Assumptions: 
Cake production fixed at 816 yd3/day 
Desanding system loading limited to 1.6 MOD based on an avg slurry content of 15% solids (wt) 
Dredging and desanding operations are based on a 16 hour day 
Dewatering and wastewater treatment based on a 24 hour day 
Sand removal efficiency assumed to be 70% 
Sediment specific gravity set to 2.41 
Amount of material greater than 3/8 inch set to 1.1% of total weight 
Removal efficiency of material greater than 3/8 is 100% 



Table 12
 
Summary of Project Production/FIowrates
 

New Bedford Harbor Superfund Site - OU#1
 

PROCESS STREAM DESCRIPTION 

Dredge Production Rate 
(ydVday) 

Desanding System Influent 
(gpm) 

+3/8 inch Material Removal 
(dry tons/day) 

+200 Mesh Material Removal 
(dry tons/day) 

Dewatering System Influent from 
Desanding Operations (gpm) 

Dewatering System Filtrate Flowrate 
(gpm) 

Required WTP Capacity 
(gpm) 

AVERAGE 

2,002 

1,423 

10 

213 

1,376 

803 

196 

MAXIMUM 

2,384 

1,667 

17 

868 

1,644 

1,010 

267 

MINIMUM 

605 

540 

5 

66 

525 

235 

-32 

Notes: 
1.	 All values based on dredging, desanding, and dewatering mass balance 

calculation. 



ATTACHMENT #1
 

Mass Balance Spreadsheets
 



Table 6: Mass Balance Summary Sheet - 70% Solids Filter Cake 
Bench Scale Dewatering Tests 
New Bedford Harbor Superfund Site - OU #1 

E9HBSRI3GEH£GK*
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10 1195	 1011 620 434 
High 50.0 55.0	 15 1849 1666 163 956 959 672 

20 2260 1479 200 797 1173 821 
10 1785 1666 200 1010 878 615 

Low 37.0 19.0	 15 2384 1438 267 825 1173 821 
20 2382 1043 267 562 1172 820 
10 1515 1666 157 1011 785 550 

Avg 42.0 32.0	 15 2262 1608 234 922 1172 821 
20 2262 1168 234 629 1172 821 
10 605 1666 11 1010 433 303 InterTidal 77.0 81.0 15 936 1665 17 955 670 469 Material 
20 1289 1666 24 897 923 646 

Assumptions: 
Cake production fixed at 816 yd3/day 
Desanding system loading limited to 1.6 MGD based on an avg slurry content of 15% solids (wt) 
Dredging and desanding operations are based on a 16 hour day 
Dewatering and wastewater treatment based on a 24 hour day 
Sand removal efficiency assumed to be 70% 
Sediment specific gravity set to 2.41 
Amount of material greater than 3/8 inch set to 1.1 % of total weight 
Removal efficiency of material greater than 3/8 is 100% 



37% In-SItu Solids, SPU » 10%, S.Q. 2.41, +200 Mesh, 70% Sand Removal, 70% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.1983 ft3 

Volume of water = 0.8017 ft3 

Weight of Solids = 29.81 Ibs/ft3 

Weight of Water = 50.75 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = |in-situyd /day 
Assumed excavation bucket is .jeffective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,380 yd3/day 
Volume of excess seawater « 595 yd3/day 
Volume of excess seawater = 120,174 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 37 1,941 718 1,223 1,785 354 1,431 289,032 
Excess water in bucket 1B 0 509 0 509 595 0.00 595 120,174 
Total from dredge 1 29 2,450 718 1,732 2,380 364 2,026 409,206 
Recycled in to SPU 2A 0 4,663 0 4,663 5,538 0 5,538 1,118,532 
Out SPU 2 10 7,183 718 6,395 7,918 354 7.564 1,527,738 
plus 3/8 mesh (1.1% of solids) 3A 70 11.29 8 3.39 7.86 3.89 3.96 812 
plus 200 mesh 3B 70 136 96 41 95 47 48 9,676 
Out sand separation 3 8.74 7,035 615 6,420 7,815 303 7,512 1,517,262 
Polymer addition 4 0.5 
Filter Cake 5 70 878 615 264 611 303 308 62,274 
Required Press Capacity (cycles/day)' 
Filtrate to Sawyer St. CDFs 

) 
6 0 6,157 0 6,157 

36 
7,204 0 7,204 1,454,989 

Recycling from press to SPU 2A 0 4,663 0 4,663 0 0 5,538 1,118,532 
Filtrate to treatment 7 0 1,494 0 1,494 99,951 0 99,951 336,457 
Required WTP Capacity (gpm) 200 

- Assumes 17 yd /cycle 



42% In-Situ Solids, SPU « 10%, S.6. 2.41, +200 Mesh, 70% Sand Removal, 70% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

IB?Sll3SOiBiiare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids - 0.2337 fr 
Volume of water» 0.7663 ft3 

Weight of Solids = 35.13 Ibs/ft3 

Weight of Water = 48.51 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/fr 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = 1 in-situ yd3/day 
Assumed excavation bucket is I effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,020 ydVday 
Volume of excess seawater = 505 yd3/day 
Volume of excess seawater = 101,997 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 42 1,711 718 992 1,515 354 1,161 234,479 
Excess water in bucket 1B 0 432 0 432 505 0.00 505 101,997 
Total from dredge 1 34 2,142 718 1,424 2,020 354 1,666 336,476 
Recycled in to SPU 2A 0 4,968 0 4,968 5,900 0 5,900 1,191,681 
Out SPU 2 10 7,185 718 6,392 7,920 354 7.566 1.528,156 
plus 3/8 mesh (1.1% of solids) 3A 70 11.29 8 3.39 7.86 3.89 3.96 812 
plus 200 mesh 3B 70 230 161 69 160 79 81 16,300 
Out sand separation 3 7.92 6,944 550 6,394 7,752 271 7,481 1,511,056 
Polymer addition 4 0.5 
Filter Cake 5 70 785 550 236 546 271 276 55,669 
Required Press Capacity (cycles/day)' 32 
Filtrate to Sawyer St. CDFs 6 0 6,158 0 6,158 7,206 0 7,206 1,455,387 
Recycling from press to SPU 2A 0 4,968 0 4,968 0 0 5,900 1,191,681 
Filtrate to treatment 7 0 1,190 0 1,190 78,339 0 78,339 263,706 
Required WTP Capacity (gpm) 157 

*  Assumes 17 yd3/cycle 



50V. In-SItu Solids, SPU - 10%, S.6.2.41, +200 Mash, 70% Sand Removal, 70% Filter Caka 
New Bedford Harbor Superfund Site - OU#1 

HBSOSlEillSlll are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.2964 ft3 

Volume of water = 0.7036 ft3 

Weight of Solids = 44.55 Ibs/ft3 

Weight of Water = 44.55 Ibs/ft3 

Specific Gravity Sediment = 
% Sand « 
% Sand Removal 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = |in-situ yd /day 
Assumed excavation bucket is t effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 1,593 yd3/day 
Volume of excess seawater = 398 yd3/day 
Volume of excess seawater = 80,453 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yda/day) Volume (yda/day) Volume (yda/day) Water (gal/day) 

From Dredge 1A 50 1,437 719 719 1,195 354 841 169,832 
Excess water in bucket 1B 0 340 0 340 398 0.00 398 80,453 
Total from dredge 1 40 1,778 719 1,059 1,593 354 1,239 250,285 
Recycled in to SPU 2A 0 5,329 0 5,329 6,329 0 6,329 1,278,203 
Out SPU 2 10 7,186 719 6,388 7,922 354 7,568 1,528,487 
plus 3/8 mesh (1.1% of solids) 3A 70 11.29 8 3.39 7.86 3.90 3.96 813 
plus 200 mesh 3B 70 395 277 119 275 136 139 28,022 
Out sand separation 3 6.40 6,780 434 6,346 7,639 214 7,425 1,499,665 
Polymer addition 4 0.5 
Filter Cake 5 70 620 434 186 432 214 218 43,962 
Required Press Capacity (cycles/day)' 
Filtrate to Sawyer St. CDFs 

) 
6 0 6,160 0 6,160 

25 
7,207 0 7,207 1,455,702 

Recycling from press to SPU 2A 0 5,329 0 5,329 0 0 6,329 1,278,203 
Filtrate to treatment 7 0 831 0 831 52,730 0 52,730 177,500 
Required WTP Capacity (gpm) 106 

- Assumes 17 yd /cycle 

http:S.6.2.41


77% In-Sltu Solids, SPU « 10%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 70% Fitter Cake 
New Bedford Harbor Superfund Site - OU#1 

iH5S8i3fflM^Sare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = _____ 
Volume of Solids = 0.5851 ft3 

Volume of water = 0.4149 ft3 

Weight of Solids = 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = Jin-situ yd3/day 
Assumed excavation bucket is |effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 807 yd3/day 
Volume of excess seawater = 202 yd3/day 
Volume of excess seawater = 40,731 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd3/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 77 933 718 215 605 354 251 50,703 
Excess water in bucket 1B 0 172 0 172 202 0.00 202 40,731 
Total from dredge 1 65 1,106 718 387 807 3S4 463 91,435 
Recycled In to SPU 2A 0 5,988 0 5,988 7,111 0 7,111 1,436,282 
Out SPU 2 10 7,183 718 6,375 7,918 354 7,564 1,527,717 
plus 3/8 mesh (1.1% of solids) 3A 70 11.29 8 3.39 7.86 3.89 3.96 812 
plus 200 mesh 3B 70 582 407 175 405 201 204 41,248 
Out sand separation 3 4.60 6,590 303 6,287 7,505 149 7,356 1,485,669 
Polymer addition 4 0.5 
Filter Cake 5 70 433 303 130 301 149 152 30,700 
Required Press Capacity (cycles/day)' 18 
Filtrate to Sawyer St. CDFs 6 0 6,157 0 6,157 7,204 0 7,204 1,454,969 
Recycling from press to SPU 2A 0 5,988 0 5,988 0 0 7,111 1,436,282 
Filtrate to treatment 7 0 169 0 169 5,551 0 5,551 18,686 
Required WTP Capacity (gpm) 11 

* - Assumes 17 yd /cycle 



37% In-Situ Solid*, SPU- 16%, S.Q. 2.41,4-200 Mesh, 70% Sand Removal, 70% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

ifj|00J|SIA|4jrS§|||are shown in yellow cells everything else Is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) 
Volume of Solids « 0.1983 ft3 

Volume of water = 0.8017 ft3 

Weight of Solids = 29.81 Ibs/ft3 

Weight of Water = 50.75 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties; 

Specific Gravity 
Density of water @ 60 F = Ibs/fT 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate * |m-situ yd3/day 
Assumed excavation bucket is I effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 3,179 yd3/day 
Volume of excess seawater = 795 yd3/day 
Volume of excess seawater = 160,502 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd3/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 37 2,593 959 1,633 2,384 473 1,911 386,023 
Excess water in bucket 1B 0 679 0 679 795 0.00 795 160,502 
Total from dredge 1 29 3,272 9S9 2,313 3,179 473 2,706 646,525 
Recycled in to SPU 2A 0 3,077 0 3,077 3,655 0 3,655 738,176 
Out SPU 2 15 6,395 959 5,390 6,833 473 6,361 1,284,701 
plus 3/8 mesh (1.1% of solids) 3A 70 15.07 11 4.52 10.49 5.20 5.29 1,085 
plus 200 mesh 38 70 182 128 55 127 63 64 12,923 
Out sand separation 3 13.25 6,198 821 5,377 6,696 405 6,291 1,270,710 
Polymer addition 4 0.5 
Filter Cake 5 70 1,173 821 352 816 405 412 83,171 
Required Press Capacity (cycles/day)' 
Filtrate to Sawyer St. CDFs 

) 
6 0 5,025 0 5,025 

48 
5,880 0 5,880 1,187,539 

Recycling from press to SPU 2A 0 3,077 0 3,077 0 0 3,655 738,176 
Filtrate to treatment 7 0 1,948 0 1,948 133,491 0 133,491 449,363 
Required WTP Capacity (gpm) 267 

* - Assumes 17 yd /cycle 



42% In-Situ Solids, SPU " 16V., S.G. 2.41, +200 Mesh, 70% Sand Removal, 70% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

|I||CONMIiWi1i!ii|are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.2337 ft3 

Volume of water = 0.7663 ft3 

Weight of Solids » 35.13 Ibs/ft3 

Weight of Water = 48.51 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity * 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = Jin-situyd3/day
 
Assumed excavation bucket is il effective. (I.e., 25% of each bucket volume is excess seawater)
 

Total volume removed = 3,016 yd3/day
 

Volume of excess seawater = 754 yd3/day
 
Volume of excess seawater = 152,288 gal/day
 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd3/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 42 2,554 1,073 1,481 2,262 529 1,733 350,093 

Excess water in bucket 1B 0 644 0 644 754 0.00 754 152,288 

Total from dredge 1 34 3,199 1,073 2,126 3,016 529 2,487 502,382 

Recycled In to SPU 2A 0 3,895 0 3,895 4,625 0 4,625 934,209 

Out SPU 2 15 7,152 1,073 6,020 7,641 529 7,113 1,436,590 

plus 3/8 mesh (1.1% of solids) 3A 70 16.86 12 5.06 11.73 5.82 5.92 1,213 

plus 200 mesh 3B 70 343 240 103 239 118 120 24,338 

Out sand separation 3 12.08 6,791 821 5,971 7,391 404 6,986 1,411,058 

Polymer addition 4 0.5 
Filter Cake 5 70 1,172 821 352 816 404 412 83,117 

Required Press Capacity (cycles/day)' 48 

Filtrate to Sawyer St. CDFs 6 0 5,619 0 5,619 6.575 0 6,575 1,327,941 

Recycling from press to SPU 2A 0 3,895 0 3,895 0 0 4,625 934,209 

Filtrate to treatment 7 0 1,724 0 1,724 116,965 0 116,965 393,732 

Required WTP Capacity (gpm) 234 

*  Assumes 17 yd /cycle 



60% In-Sttu Solid*, SPU - 15%, S.6. 2.41,4-200 Mesh, 70% Sand Removal, 70% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

|are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.2964 ft3 

Volume of water = 0.7036 ft3 

Weight of Solids = 44.55 Ibs/ft3 

Weight of Water = 44.55 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F « Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = |in-situyd3/day 
Assumed excavation bucket is Ineffective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2.465 yd3/day 
Volume of excess seawater = 616 yd3/day 
Volume of excess seawater = 124,483 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd3/day) Water (gat/day) 

From Dredge 1A 50 2,224 1,112 1,112 1,849 548 1,301 262,778 
Excess water in bucket 1B 0 527 0 527 616 0.00 616 124,483 
Total from dredge 1 40 2,761 1.112 1,639 2,466 548 1,917 387,261 
Recycled in to SPU 2A 0 4,593 0 4,593 5,455 0 5,455 1,101,812 
Out SPU 2 15 7,413 1,112 6,232 7,921 548 7,373 1,489,073 
plus 3/8 mesh (1.1% of solids) 3A 70 17.47 12 5.24 12.16 6.03 6.13 1,257 
plus 200 mesh 3B 70 612 428 183 426 211 215 43,358 
Out sand separation 3 9.90 6,784 672 6,112 7,483 331 7,152 1,444,476 
Polymer addition 4 0.5 
Filter Cake 5 70 959 672 288 668 331 337 68,022 
Required Press Capacity (cycles/day)' )* 39 
Filtrate to Sawyer St. CDFs 6 0 5,824 0 5,824 6,815 0 6,815 1,376,454 
Recycling from press to SPU 2A 0 4,593 0 4,593 0 0 5,455 1,101,812 
Filtrate to treatment 7 0 1,231 0 1,231 81,587 0 81,587 274,642 
Required WTP Capacity (gpm) 163 

* - Assumes 17 yd /cycle 



77% In-SItu Solids, SPU « 16%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 70% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

l|lfi|OMI3SIIilliIare shown In yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.5851 ft3 

Volume of water = 0.4149 ft3 

Weight of Solids = 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/fT 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = |in-situyd3/day 
Assumed excavation bucket is |effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 1,248 ydVday 
Volume of excess seawater = 312 yd3/day 
Volume of excess seawater = 63,016 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 77 1,443 1,111 332 936 548 388 78,444 
Excess water in bucket 1B 0 267 0 267 312 0.00 312 63,016 
Total from dredge 1 66 1,710 1,111 699 1,248 648 700 141,460 
Recycled in to SPU 2A 0 5,614 0 5,614 6,668 0 1,346,697 
Out SPU 2 15 7,408 1,111 6,213 7,916 548 7,368 1,488,156 
plus 3/8 mesh (1.1 % of solids) 3A 70 17.46 12 5.24 12.15 6.02 6.13 1,257 
plus 200 mesh 3B 70 900 630 270 626 310 316 63,816 
Out sand separation 3 7.22 6,491 469 6,022 7,277 231 7,046 1,423,103 
Polymer addition 4 0.5 
Filter Cake 5 70 670 469 201 466 231 235 47,496 
Required Press Capacity (cycles/day)' 27 
Filtrate to Sawyer St. CDFs 6 0 5,821 0 5,821 6,811 0 6,811 1,375,607 
Recycling from press to SPU 2A 0 5,614 0 5,614 0 0 6,668 1,346,697 
Filtrate to treatment 7 0 207 0 207 8,588 0 8,588 28,910 
Required WTP Capacity (gpm) 17 

* - Assumes 17 yd /cycle 



From Dredge 
Excess water in bucket 
Total from dredge 
Recycled in to SPU 
Out SPU 
plus 3/8 mesh (1.1% of solids) 
plus 200 mesh 
Out sand separation 
Polymer addition 
Filter Cake 
Required Press Capacity (cycles/day)' )* 

Filtrate to Sawyer St. CDFs 
Recycling from press to SPU 
Filtrate to treatment 
Required WTP Capacity (gpm) 

* - Assumes 17 yd /cycle 

6 
2A 
7 

37% In-Situ Solid*, SPU « 20%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 70% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

| are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties
 
Solids Content (% by weight) =
 
Volume of Solids =
 
Volume of water =
 
Weight of Solids =
 
Weight of Water =
 

Specific Gravity Sediment =
 
% Sand =
 
% Sand Removal =
 

Seawater Properties
 

Specific Gravity =
 
Density of water @ 60 F =
 

Dredging
 

Production Rate =
 
Assumed excavation bucket is
 
Total volume removed =
 
Volume of excess seawater =
 
Volume of excess seawater =
 

Diaphragm Plate and Frame Filter Press 

0.1983 ft3
 

0.8017 ft3
 

29.81 Ibs/ft3 

50.75 Ibs/ft3 

Ibs/fr
 
Ibs/gallon
 

7.4805 gallon/ft3
 

Jin-situ yd3/day 
if effective. (I.e., 25% of each bucket volume is excess seawater) 

3,176 yd3/day 
794 yd3/day 

160,367 gal/day 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd'/day) Volume (yd3/day) Water (gal/day) 

1A 
1B 
1 

2A 
2 

3A 
3B 
3 
4 
5 

37 2,591 959 1,632 2,382 472 1,910 385,699 
0 679 0 679 794 0.00 794 160,367 
29 3,269 969 2,311 3,176 472 2,704 646,066 
0 1,501 0 1,501 1,783 0 1,783 360,021 

20 4,793 959 3,812 4,959 472 4,486 906,087 
70 15.06 11 4.52 10.48 5.20 5.29 1,084 
70 182 127 55 127 63 64 12,912 

17.85 4.595 820 3,775 4,821 404 4,417 892,107 
0.5 
70 1,172 820 352 816 404 411 83,101 

48 
0 3,423 0 3,423 4,006 0 4,006 809,006 
0 1,501 0 1,501 0 0 1,783 360,021 
0 1,922 0 1,922 133,379 0 133,379 448,986 

267 



42% In-SItu Solids, SPU » 20%, S.6. 2.41, +200 Mesh, 70% Sand Removal, 70% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

2sJ!£9H!S8!811tare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.2337 ft3 

Volume of water = 0.7663 ft3 

Weight of Solids = 35.13 Ibs/ft3 

Weight of Water = 48.51 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity * 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = |ln-situyd3/day 
Assumed excavation bucket is f effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 3,016 yd3/day 
Volume of excess seawater = 754 yd3/day 
Volume of excess seawater = 152,288 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (ydj/day) Volume (yds/day) Water (gal/day) 

From Dredge 1A 42 2,554 1,073 1,481 2,262 529 1,733 350,093 
Excess water in bucket 1B 0 644 0 644 754 0.00 754 152,288 
Total from dredge 1 34 3,199 1,073 2,126 3,016 629 2,487 502,382 
Recycled in to SPU 2A 0 2,133 0 2,133 2,533 0 2,533 511,682 
Out SPU 2 20 5,364 1,073 4,259 5,549 529 5,021 1,014,064 
plus 3/8 mesh (1.1% of solids) 3A 70 16.86 12 5.06 11.73 5.82 5.92 1,213 
plus 200 mesh 3B 70 343 240 103 239 118 120 24,338 
Out sand separation 3 16.40 5,004 821 4,183 5,299 404 4,894 988,531 
Polymer addition 4 0.5 
Filter Cake 5 70 1,172 821 352 816 404 412 83,117 
Required Press Capacity (cycles/day)' 48 
Filtrate to Sawyer St. CDFs 6 0 3,831 0 3,831 4,483 0 4,483 905,414 
Recycling from press to SPU 2A 0 2,133 0 2,133 0 0 2,533 511,682 
Filtrate to treatment 7 0 1,698 0 1,698 116,965 0 116,965 393,732 
Required WTP Capacity (gpm) 234 

* - Assumes 17 yd3/cycle
 



60V. In-SItu Solid*, SPU » 20%, S.6. 2.41, +200 Mesh, 70% Sand Removal, 70% Filter Cake 
New Bedford Harbor Superfund Site - OIMM 

tare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 02964ft3 

Volume of water = 0.7036 ft3 

Weight of Solids = 44.55 Ibs/ft3 

Weight of Water = 44.55 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = ;. Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = Iin-situyd3/day 
Assumed excavation bucket is 3effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 3,013 ydj/day 
Volume of excess seawater = 753 yd3/day 
Volume of excess seawater = 152,154 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 

Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd3/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 50 2,718 1,359 1,359 2,260 670 1,590 321,188 
Excess water In bucket 1B 0 644 0 644 753 0.00 753 152,154 
Total from dredge 1 40 3,362 1,359 2,003 3,013 670 2,344 473,342 
Recycled in to SPU 2A 0 3,383 0 3,383 4,017 0 4,017 811,412 
Out SPU 2 20 6,795 1,359 5,386 7,031 670 6,361 1,284,754 
plus 3/8 mesh (1.1 % of solids) 3A 70 21.36 15 6.41 14.86 7.37 7.50 1,537 
plus 200 mesh 3B 70 747 523 224 520 258 262 52,996 
Out sand separation 3 13.62 6,027 821 5,206 6,496 405 6,091 1,230,243 
Polymer addition 4 0.5 
Filter Cake 5 70 1,173 821 352 816 405 412 83,142 
Required Press Capacity (cycles/day)" 48 
Filtrate to Sawyer St. CDFs 6 0 4,854 0 4,854 5,679 0 5,679 1,147,102 
Recycling from press to SPU 2A 0 3,383 0 3,383 0 0 4,017 811,412 
Filtrate to treatment 7 0 1,471 0 1,471 99,723 0 99,723 335,690 
Required WTP Capacity (gpm) 200 

* - Assumes 17 yda/cycle 

OCv 



77% In-Sltu Solids, SPU - 20%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 70% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

SHSPN -̂SyOSBH*1* shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Sltu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.5851 ft3 

Volume of water = 0.4149 ft3 

Weight of Solids = 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = fin-situ yd/day 
Assumed excavation bucket is |effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 1,719 yd3/day 
Volume of excess seawater = 430 yd3/day 
Volume of excess seawater = 86,781 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 77 1,987 1,530 457 1,289 754 535 108,028 
Excess water in bucket 1B 0 367 0 367 430 0.00 430 86,781 
Total from dredge 1 65 2,355 1,530 824 1,719 7S4 966 194,809 
Recycled in to SPU 2A 0 5,219 0 5,219 6,198 0 6,198 1,251,823 
Out SPU 2 20 7,652 1,530 6,043 7,917 754 7,162 1,446,632 
plus 3/8 mesh (1.1% of solids) 3A 70 24.05 17 7.21 16.74 8.30 8.44 1,731 
plus 200 mesh 3B 70 1,240 868 372 863 428 435 87.883 
Out sand separation 3 10.11 6,388 646 5,742 7,037 318 6,719 1,357,044 
Polymer addition 4 0.5 
Filter Cake 5 70 923 646 277 642 318 324 65,408 
Required Press Capacity (cycles/day)* 38 
Filtrate to Sawyer St. CDFs 6 0 5,465 0 5,465 6,395 0 6,395 1,291,635 
Recycling from press to SPU 2A 0 5,219 0 5,219 0 0 6,198 1,251,823 
Filtrate to treatment 7 0 247 0 247 11,827 0 11,827 39,813 
Required WTP Capacity (gpm) 24 

* - Assumes 17 yd'/cycle 



Table 7: Mass Balance Summary Sheet - 65% Solids Filter Cake 
Bench Scale Dewatering Tests 
New Bedford Harbor Superfund Site - OU #1 

•jmilfD ĝjBH:	 gmump MKHJMP ffijiljimsiim 

10 1195 1667 99 1003 668 434 
High 50.0 55.0 15 1849 1666 153 944 1033 672 

20 2000 1309 166 692 1118 726 
10 1785 1666 191 999 946 615 

Low 37.0 19.0 15 2110 1272 226 717 1118 727 
20 2110 924 226 414 1118 727 
10 1515 1666 148 1001 846 550 

Avg 42.0 32.0 15 2002 1423 196 803 1117 726 
20 2002 1033 196 543 1117 726 
10 605 1666 6 1005 466 303 

InterTidal 
77.0 81.0 15 936 1665 -28 947 721 469 

Material 
20 1289 1666 14 885 994 646 

Assumptions: 
Cake production fixed at 816 yd3/day 
Desanding system loading limited to 1.6 MGD based on an avg slurry content of 15% solids (wt) 
Dredging and desanding operations are based on a 16 hour day 
Dewatering and wastewater treatment based on a 24 hour day 
Sand removal efficiency assumed to be 70% 
Sediment specific gravity set to 2.41 
Amount of material greater than 3/8 inch set to 1.1 % of total weight 
Removal efficiency of material greater than 3/8 is 100% 



37% In-Sttu Solid*, SPU - 10%, S.G. 2.41, 4-200 Mesh, 70% Sand Removal, 65% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

|il|CONSiI|g1||j|j|are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.1983 ft3 

Volume of water = 0.8017 ft3 

Weight of Solids = 29.81 Ibs/ft3 

Weight of Water = 50.75 Ibs/ft3 

Specific Gravity Sediment « 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate - Sin-situ yd3/day 
Assumed excavation bucket is 1 effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,380 ydVday 
Volume of excess seawater = 595 yd3/day 
Volume of excess seawater = 120,174 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (ydVday) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 37 1,941 718 1,223 1,785 354 1,431 289,032 
Excess water In bucket 1B 0 509 0 509 595 0.00 595 120,174 
Total from dredge 1 29 2,450 718 1,732 2,380 364 2,026 409,206 
Recycled in to SPU 2A 0 4,663 0 4,663 5,538 0 5,538 1,118,532 
Out SPU 2 10 7,183 718 6,395 7,918 354 7,564 1,527,738 
plus 3/8 mesh (1.1 % of solids) 3A 70 11.29 8 3.39 7.86 3.89 3.96 812 
plus 200 mesh 3B 70 136 96 41 95 47 48 9,676 
Out sand separation 3 8.74 7,035 615 6,420 7,815 303 7,512 1,517,262 
Polymer addition 4 0.5 
Filter Cake 5 65 946 615 331 690 303 387 78,241 
Required Press Capacity (cycles/day)' 41 
Filtrate to Sawyer St. CDFs 6 0 6,089 0 6,089 7,125 0 7,125 1,439,021 
Recycling from press to SPU 2A 0 4,663 0 4,663 0 0 5,538 1,118,532 
Filtrate to treatment 7 0 1,426 0 1,426 95,207 0 95,207 320,489 
Required WTP Capacity (gpm) 191 

* - Assumes 17 yd /cycle 



42% In-SItu Solids, SPU • 10%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 65% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) 
Volume of Solids * 0.2337 ft3 

Volume of water * 0,7663 ft3 

Weight of Solids <= 35.13 Ibs/ft3 

Weight of Water = 48.51 Ibs/ft3 

Specific Gravity Sediment = 
% Sand 
% Sand Removal 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gailon 
7.4805 gallon/ft3 

Dredging 

Production Rate = in-situ yd'/day 
Assumed excavation bucket is effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,020 yd3/day 
Volume of excess seawater = 505 yd3/day 
Volume of excess seawater = 101,997 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
ream i (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 42 1,711 718 992 1,515 354 1,161 234,479 
Excess water in bucket 1B 0 432 0 432 505 0.00 505 101,997 
Total from dredge 1 34 2,142 718 1,424 2,020 354 1,666 336,476 
Recycled in to SPU 2A 0 4,968 0 4,968 5,900 0 5,900 1,191,681 
Out SPU 2 10 7,185 718 6,392 7,920 354 7,566 1,528,156 
plus 3/8 mesh (1.1% of solids) 3A 70 11.29 8 3.39 7.86 3.89 3.96 812 
plus 200 mesh 3B 70 230 161 69 160 79 81 16,300 
Out sand separation 3 7.92 6,944 550 6,394 7,752 271 7,481 1,511,056 
Polymer addition 4 0.5 
Filter Cake 5 65 845.6 550 296 617 271 346 69,943 
Required Press Capacity (cycles/day)' 36 1) 
Filtrate to Sawyer St. CDFs 6 0 6,098 0 6,098 7,135 0 7,135 1,441,113 
Recycling from press to SPU 2A 0 4,968 0 4,968 0 0 5,900 1,191,681 
Filtrate to treatment 7 0 1,130 0 1,130 74,098 0 74,098 249,432 
Required WTP Capacity (gpm) 

* - Assumes 17 yd3/cycle 

148 



60% In-SItu Solids, SPU » 10%, S.G. 2.41, +200 Me*h, 70% Sand Removal, 65% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
nftrfla* In-SItu Sediment Properties 

Solids Content (% by weight) 
Volume of Solids = 0.2964 ft3 

Volume of water = 0.7036 ft3 

Weight of Solids - 44.55 Ibs/tt3 

Weight of Water = 44.55 Ibs/ft3 

Specific Gravity Sediment = 
% Sand 
% Sand Removal 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = jin-situ yd3/day 
Assumed excavation bucket is _ jeffective. (I e , 25% of each bucket volume is excess seawater) 
Total volume removed = 1,593 yd3/day 
Volume of excess seawater = 398 ydVday 
Volume of excess seawater = 80,453 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd3/day) Volume (yd3/day) Water (gal/day) 

From Dredge " 1A 50 1,437 719 719 1,195 354 841 169,832 
Excess water in bucket 1B 0 340 0 340 398 0.00 398 80,453 
Total from dredge 1 40 1,778 719 1,059 1,593 364 1,239 250,286 
Recycled in to SPU 2A 0 5,329 0 5,329 6,329 0 6,329 1,278,203 
Out SPU 2 10 7,186 719 6,388 7,922 354 7,568 1,528,487 
plus 3/8 mesh (1.1% of solids) 3A 70 11.29 8 3.39 7.86 3.90 3.96 813 
plus 200 mesh 3B 70 395 277 119 275 136 139 28,022 
Out sand separation 3 6.40 6,780 434 6,346 7,639 214 7,425 1,499,665 
Polymer addition 4 0.5 
Filter Cake 5 65 667.8 434.1 234 487 214 273 55,235 
Required Press Capacity (cycles/day)' 29 
Filtrate to Sawyer St. CDFs 6 0 6,112 0 6,112 7,152 0 7,152 1,444,430 
Recycling from press to SPU 2A 0 5,329 0 5,329 0 0 6,329 1,278,203 
Filtrate to treatment 7 0 783 0 783 49,381 0 49,381 166,227 
Required WTP Capacity (gpm) 99 

-Assumes 17 yd /cycle 



77% In-SItu Solids, SPU « 10%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 65% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) > 
Volume of Solids - 0.5851 ft3 

Volume of water = 0.4149 ft3 

Weight of Solids = 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

_ $!£. Ibs/gallon 
7.4805* gallon/ft3 

Dredging 

Production Rate = J m-situ yd3/day 
Assumed excavation bucket is i effective. (I.e , 25% of each bucket volume is excess seawater) 
Total volume removed = 807 yd3/day 
Volume of excess seawater = 202 yd3/day 
Volume of excess seawater = 40,731 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd3/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 77 933 718 215 605 354 251 50,703 
Excess water in bucket 1B 0 172 0 172 202 0.00 202 40,731 
Total from dredge 1 66 1,106 718 387 807 364 463 91,436 
Recycled in to SPU 2A 0 5,988 0 5,988 7,111 0 7,111 1,436,282 
Out SPU 2 10 7,183 718 6,375 7,918 354 7,564 1,527,717 
plus 3/8 mesh (1.1% of solids) 3A 70 11 29 8 3.39 7.86 3.89 3.96 812 
plus 200 mesh 3B 70 582 407 175 405 201 204 41,248 
Out sand separation 3 4.60 6,590 303 6,287 7,505 149 7,356 1,485,669 
Polymer addition 4 0.5 
Filter Cake 5 65 466 303 163 340 149 191 38,572 
Required Press Capacity (cycles/day)' 
Filtrate to Sawyer St. CDFs 

) 
6 0 6,123 0 6,123 

20 
7,165 0 7,165 1,447,097 

Recycling from press to SPU 2A 0 5,988 0 5,988 0 0 7,111 1,436,282 
Filtrate to treatment 7 0 136 0 136 3,213 0 3,213 10,815 
Required WTP Capacity (gpm) 6 

* - Assumes 17 ydVeycle 



37% In-SItu Solids, SPU » 15%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 66% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

fare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.1983 ft3 

Volume of water = 0.8017ft3 

Weight of Solids = 29.81 Ibs/ft3 

Weight of Water = 50.75 Ibs/fr 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = |Ibs/ft3 

?8;lbs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate - |in-situyd7day 
Assumed excavation bucket is I effective. (I.e., 25% of each bucket volume Is excess seawater) 
Total volume removed = 2,813 yd7day 
Volume of excess seawater = 703 yd3/day 
Volume of excess seawater = 142,055 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Tout Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 37 2,295 849 1,446 2,110 418 1,692 341,656 
Excess water in bucket 1B 0 601 0 601 703 0.00 703 142.055 
Total from dredge 1 29 2,896 849 2,047 2,813 418 2,395 483,711 
Recycled in to SPU 2A 0 2,724 0 2,724 3,235 0 3,235 653,335 
Out SPU 2 15 5,660 849 4,770 6,048 418 5,630 1,137,047 
plus 3/8 mesh (1.1% of solids) 3A 70 13.34 9 4.00 9.29 4.60 4.68 960 
plus 200 mesh 38 70 161 113 48 112 56 57 11,437 
Out sand separation 3 13.25 5,486 727 4,759 5,927 358 5,568 1,124,663 
Polymer addition 4 0.5 
Filter Cake 5 65 1,118 727 391 816 358 458 92,487 
Required Press Capacity (cycles/day)' 48 
Filtrate to Sawyer St. CDFs 6 0 4,368 0 4,368 5,110 0 5,110 1,032,177 
Recycling from press to SPU 2A 0 2,724 0 2,724 0 0 3,235 653,335 
Filtrate to treatment 7 0 1,644 0 1,644 112,542 0 112,542 378,841 
Required WTP Capacity (gpm) 

* - Assumes 17 yd /cycle 

226 



42% In-SItu Solids, SPU • 16%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 65% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

are shown In yellow cells everything else Is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) 
Volume of Solids » 0.2337 ft3 

Volume of water • 0.7663 ft3 

Weight of Solids « 35.1 3 Ibs/ft3 

Weight of Water= 4851 |bs/f,3 

Specific Gravity Sediment • 
% Sand * 
% Sand Removal= 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F « Ibsm3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate « |ln-situyd3/day 
Assumed excavation bucket is |effective. (I.e., 25% of each bucket volume Is excess seawater) 
Total volume removed * 2,669 yd3/day 
Volume of excess seawater - 667 yd'/day 
Volume of excess seawater * 134,784 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (ydj/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge
Excess water in bucket
Total from dredge
Recycled in to SPU
Out SPU
plus 3/8 mesh (1.1% of solids)
plus 200 mesh
Out sand separation
Polymer addition

 1A
 1B

 1
 2A

 2
 3A

 ZB
 3

 4

 42
 0
 34
 0

 15
 70
 70
 12.08
 0.5 

 2,261 
 570 
 2,831 

 3,447 
 6,330 
 14.92 
 304 

 6,011 

949 
0 

949 
0 

949 
10 

213 
726 

1,311 
570 

1,881 
3,447 
5,328 
4.48 
91 

5,284 

2,002 
667 
2,669 
4,094 
6,763 
10.38 
211 
6,541 

468 
0.00 
468 
0 
468 
5.15 
105 
358 

1,534 
667 
2,201 
4,094 
6,295 
5.24 
107 
6,183 

309,853 
134,784 
444,637 
826,828 

1,271,465 
1,074 

21,540 
1,248,867 

Filter Cake 5
Required Press Capacity (cycles/day)' 

 65 1,117 726 391 816 

48 
358 458 92,426 

Filtrate to Sawyer St. CDFs
Recycling from press to SPU
Filtrate to treatment
Required WTP Capacity (gpm) 

6
 2A

 7

 0
 0

 0

 4,893 
 3,447 
 1,446 

0 
0 
0 

4,893 
3,447 
1,446 

5,726 
0 

97,918 

0 
0 
0 

5,726 
4,094 
97,918 

1,156,441 
826,828 
329,613 

196 

polymer addition (4 Ibs/dry ton) > 2905 Ibs/day 
18 gal/hr 

1156 gpm® 0.5% 
* - Assumes 17 yd3/cycle 

I 



60% In-Situ Solids, SPU * 16%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 66% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

^^CjO^HJ/̂ l̂l̂ are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties __________ 
Solids Content (% by weight) = 
Volume of Solids - 0.2964 ft3 

Volume of water = 0.7036 ft3 

Weight of Solids - 44.55 Ibs/ft3 

Weight of Water = 44.55 Ibs/ft3 

Specific Gravity Sediment = 
% Sand * 
% Sand Removal 

Seawater Properties 

Specific Gravity 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = Sin-situ yd /day 
Assumed excavation bucket is 1 effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,465 ydVday 
Volume of excess seawater = 616 yd3/day 
Volume of excess seawater = 124,483 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 50 2,224 1,112 1,112 1,849 548 1,301 262,778 
Excess water in bucket 1B 0 527 0 527 616 0.00 616 124,483 
Total from dredge 1 40 2,761 1,112 1,639 2,466 S48 1,917 387,261 
Recycled in to SPU 2A 0 4,593 0 4,593 5,455 0 5,455 1,101,812 
Out SPU 2 15 7,413 1,112 6,232 7,921 548 7,373 1,489,073 
plus 3/8 mesh (1.1% of solids) 3A 70 17.47 12 5.24 12.16 6.03 6.13 1,257 
plus 200 mesh 3B 70 612 428 183 426 211 215 43,358 
Out sand separation 3 9.90 6,784 672 6,112 7,483 331 7,152 1,444,476 
Polymer addition 4 0.5 
Filter Cake 5 65 1,033 672 362 754 331 423 85,463 
Required Press Capacity (cycles/day)' 44 
Filtrate to Sawyer St. CDFs 6 0 5,751 0 5,751 6,729 0 6,729 1,359,013 
Recycling from press to SPU 2A 0 4,593 0 4,593 0 0 5,455 1,101,812 
Filtrate to treatment 7 0 1,157 0 1,157 76,406 0 76,406 257,200 
Required WTP Capacity (gpm) 153 

- Assumes 17 yd3/cycle 



77% In-SItu Solids, SPU « 16%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 66% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

%KffiffiQ8HOHRare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = "Trs*""' «C23§t 
Volume of Solids = * 0.5851 ft3 

Volume of water = 0.4149ft3 

Weight of Solids = 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate - I'in-situ yd3/day 
Assumed excavation bucket is i'effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 936 yd3/day 
Volume of excess seawater = 0 yd3/day 
Volume of excess seawater = 0 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
:ream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 77 1,443 1,111 332 936 548 388 78.444 
Excess water in bucket 1B 0 0 0 0 0 0.00 0 0 
Total from dredge 1 77 1,443 1,111 332 936 S48 388 78,444 
Recycled in to SPU 
Out SPU 

2A 
2 

0 
15 

5,877 
7,408 

0 
1,111 

5,877 
6,209 

6,980 
7,916 

0 
548 

6.980 
7,368 

1.409,713 
1,488,156 

plus 3/8 mesh (1.1% of solids) 3A 70 17.46 12 524 12.15 6.02 6.13 1,257 
plus 200 mesh 38 70 900 630 270 626 310 316 63,816 
Out sand separation 3 7.22 6,491 469 6,022 7,277 231 7,046 1,423,103 
Polymer addition 4 0.5 
Filter Cake 5 65 721 469 253 527 231 295 59,674 
Required Press Capacity (cycles/day)' ) 31 
Filtrate to Sawyer St. CDFs 6 0 5,769 0 5,769 6,751 0 6,751 1,363,428 
Recycling from press to SPU 2A 0 5,877 0 5,877 0 0 6,980 1,409,713 
Filtrate to treatment 7 0 -108 0 -108 -13,750 0 -13,750 -46,284 
Required WTP Capacity (gpm) 

* - Assumes 17 yd3/cycle 

-28 



37% tn-Situ Solid*, SPU « 20%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 66% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

9HKfflB!fflHHare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.1983 ft3 

Volume of water = 0.8017 ft3 

Weight of Solids = 29.81 Ibs/ft3 

Weight of Water = 50.75 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

?lbs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = ^Jjin-situ yd3/day 
Assumed excavation bucket is effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,813 yd3/day 
Volume of excess seawater - 703 yd3/day 
Volume of excess seawater = 142,055 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yda/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 37 2,295 849 1,446 2,110 418 1,692 341,656 
Excess water in bucket 1B 0 601 0 601 703 0.00 703 142,055 
Total from dredge 1 29 2,896 849 2,047 2,813 418 2,395 483,711 
Recycled in to SPU 2A 0 1,330 0 1,330 1,579 0 1,579 318,910 
Out SPU 2 20 4,245 849 3,376 4,392 418 3,974 802,621 
plus 3/8 mesh (1.1% of solids) 3A 70 13.34 9 4.00 9.29 4.60 4.68 960 
plus 200 mesh 3B 70 161 113 48 112 56 57 11,437 
Out sand separation 3 17.85 4,071 727 3,344 4,271 358 3,913 790,238 
Polymer addition 4 0.5 
Filter Cake 5 65 1,118 727 391 816 358 458 92,487 
Required Press Capacity (cycles/day)' 48 
Filtrate to Sawyer St. CDFs 6 0 2,952 0 2,952 3,455 0 3,455 697,751 
Recycling from press to SPU 2A 0 1,330 0 1,330 0 0 1,579 318,910 
Filtrate to treatment 7 0 1,623 0 1,623 112,542 0 112,542 378,841 
Required WTP Capacity (gpm) 226 

•-Assumes 17 yd3/cycle 



42% In-Situ Solids, SPU » 20%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 65% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment PropertlM 
Solids Content (% by weight) 
Volume of Solids = 0.2337 ft3 

Volume of water = 0.7663 ft3 

Weight of Solids = 35.13 Ibs/ft3 

Weight of Water * 48.51 Ibs/ft3 

Specific Gravity Sediment « 
% Sand = 
% Sand Removal « 

Seawater Properties 

Specific Gravity * 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = in-situyd3/day 
Assumed excavation bucket is : effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,669 yd3/day 
Volume of excess seawater - 667 yd3/day 
Volume of excess seawater = 134,784 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 42 2,261 949 1,311 2,002 468 1,534 309,853 
Excess water in bucket 1B 0 570 0 570 667 0.00 667 134,784 
Total from dredge 1 34 2,831 949 1,881 2,669 468 2,201 444,637 
Recycled in to SPU 2A 0 1,888 0 1,888 2,242 0 2,242 452,868 
Out SPU 2 20 4,747 949 3,769 4,912 468 4,444 897,505 
plus 3/8 mesh (1.1% of solids) 3A 70 14.92 10 4.48 10.38 5.15 5.24 1,074 
plus 200 mesh 3B 70 304 213 91 211 105 107 21,540 
Out sand separation 3 16.40 4,428 726 3,702 4,690 358 4.332 874,907 
Polymer addition 4 0.5 
Filter Cake 5 65 1,117 726 391 816 358 458 92,426 
Required Press Capacity (cycles/day)* 48 l)
 
Filtrate to Sawyer St. CDFs 6 0 3,311 0 3,311 3,874 0 3,874 782,481 
Recycling from press to SPU 2A 0 1,888 0 1,888 0 0 2,242 452.868 
Filtrate to treatment 7 0 1,423 0 1,423 97,918 0 97,918 329,613 
Required WTP Capacity (gpm) 196 

* -Assumes 17 yd /cycle 



60% In-SItu Solids, SPU - 20%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 66% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

I are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = ______ „_____,__ 
Volume of Solids = 0.2964 ft3 

Volume of water- 0.7036 ft3 

Weight of Solids « 44.55 Ibs/ft3 

Weight of Water = 44.55 Ibs/ft3 

Specific Gravity Sediment = 
% Sand 
% Sand Removal 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = iin-situ ydVday 
Assumed excavation bucket is I effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed • 2,667 ydj/day 
Volume of excess seawater = 667 yd3/day 
Volume of excess seawater = 134,649 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd3/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 50 2,405 1,203 1,203 2,000 593 1,407 284,238 
Excess water in bucket 1B 0 570 0 570 667 0.00 667 134,649 
Total from dredge 1 40 2,976 1,203 1,772 2,667 593 2,074 418,887 
Recycled in to SPU 2A 0 2,994 0 2,994 3,555 0 3,555 718,063 
Out SPU 2 20 6,014 1,203 4,766 6,222 593 5,629 1,136,950 
plus 3/8 mesh (1.1% of solids) 3A 70 18.90 13 5.67 13.15 6.52 6.63 1,360 
plus 200 mesh 3B 70 662 463 198 460 228 232 46,899 
Out sand separation 3 13.62 5,333 726 4,607 5,748 358 5,390 1,088,711 
Polymer addition 4 0.5 
Filter Cake 5 65 1,118 726 391 816 358 458 92,443 
Required Press Capacity (cycles/day)' 48 
Filtrate to Sawyer St. CDFs 6 0 4,216 0 4,216 4,933 0 4,933 996,268 
Recycling from press to SPU 2A 0 2,994 0 2,994 0 0 3,555 718,063 
Filtrate to treatment 7 0 1,222 0 1,222 82,646 0 82,646 278,205 
Required WTP Capacity (gpm) 166 

• Assumes 17 yd3/cycle 

I 



77% In-Situ Solldt, SPU " 20%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 65% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

fare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.5851 ft3 

Volume of water« 0.4149 ft3 

Weight of Solids = 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = '"•̂ rapSBPin-situ yc|3/day 

Assumed excavation bucket is t ĵ£%>.*pSî effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed - 1,719 yd3/day 
Volume of excess seawater = 430 yd3/day 
Volume of excess seawater = 86,781 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (ydVday) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 77 1,987 1,530 457 1,289 754 535 108,028 
Excess water in bucket 1B 0 367 0 367 430 0.00 430 86,781 
Total from dredge 1 65 2,366 1,630 824 1,719 764 966 194,809 
Recycled in to SPU 2A 0 5,219 0 5,219 6,198 0 6,198 1,251,823 
Out SPU 2 20 7,652 1,530 6,043 7,917 754 7,162 1,446,632 
plus 3/8 mesh (1.1% of solids) 3A 70 24.05 17 7.21 16.74 8.30 8.44 1.731 
plus 200 mesh 3B 70 1,240 868 372 863 428 435 87,883 
Out sand separation 3 10.11 6,388 646 5,742 7,037 318 6,719 1,357,044 
Polymer addition 4 0.5 
Filter Cake 5 65 994 646 348 725 318 407 82,180 
Required Press Capacity (cycles/day)' 43 
Filtrate to Sawyer St. CDFs 6 0 5,395 0 5,395 6,312 0 6,312 1,274,864 
Recycling from press to SPU 2A 0 5,219 0 5,219 0 0 6,198 1,251,823 
Filtrate to treatment 7 0 176 0 176 6,845 0 6,845 23.041 
Required WTP Capacity (gpm) 14 

* • Assumes 17 yd /cycle 



Table 8: Mass Balance Summary Sheet - 60% Solids Filter Cake 
Bench Scale Dewatering Tests 
New Bedford Harbor Superfund Site - OU #1 

mmmnmttt: [giHSiEH8 •jjupaai imjuiijuumSfflroyiamiiMi jp^pjppm iSi^jKJi BKPHlSllai ^^^fSHSSSSSSSii^i^i^asUmuuiSS^SiifaiiiiiS "™T^r\--mmmmmBHF™3™ 

10 1195 1667 91 994 723 434 
High 50.0 55.0 15 1765 1591 135 887 1068 641 

20 1765 1155 135 597 1068 641 
10 1785 1666 180 986 1025 615 

Low 37.0 19.0 15 1861 1122 187 619 1068 641 
20 1861 815 187 414 1068 641 
10 1515 1666 139 989 916 550 

Avg 42.0 32.0 15 1767 1256 162 695 1068 641 
20 1767 912 162 466 1068 641 
10 605 1666 1 999 505 303 InterTidal 

77.0 81.0 15 936 1665 2 937 782 469 Material 
20 1280 1654 2 866 1069 641 

Assumptions: 
Cake production fixed at 816 yd3/day 
Desanding system loading limited to 1.6 MGD based on an avg slurry content of 15% solids (wt) 
Dredging and desanding operations are based on a 16 hour day 
Dewatering and wastewater treatment based on a 24 hour day 
Sand removal efficiency assumed to be 70% 
Sediment specific gravity set to 2.41 
Amount of material greater than 3/8 inch set to 1.1 % of total weight 
Removal efficiency of material greater than 3/8 is 100% 



37V. In-Situ Solids, 8PU- 10%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 60% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) 
Volume of Solids = 0.1983 ft3 

Volume of water = 0.8017 ft3 

Weight of Solids = 29.81 Ibs/ft3 

Weight of Water = 50.75 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F= Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = |in-situyd3/day 
Assumed excavation bucket is Ineffective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed - 2,380 ydVday 
Volume of excess seawater = 595 yd3/day 
Volume of excess seawater « 120,174 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd3/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 37 1,941 718 1,223 1,785 354 1,431 289,032 
Excess water in bucket 1B 0 509 0 509 595 0.00 595 120,174 
Total from dredge 1 29 2,450 718 1,732 2,380 354 2,026 409,206 
Recycled in to SPU 2A 0 4,663 0 4,663 5,538 0 5,538 1,118,532 
Out SPU 2 10 7,183 718 6,395 7,918 354 7,564 1,527,738 
plus 3/8 mesh (1.1% of solids) 3A 70 11.29 8 3.39 7.86 3.89 3.96 812 
plus 200 mesh 3B 70 136 96 41 95 47 48 9,676 
Out sand separation 3 8.74 7,035 615 6,420 7,815 303 7,512 1,517,262 
Polymer addition 4 0.5 
Filter Cake 5 60 1,025 615 410 783 303 480 96,870 
Required Press Capacity (cycles/day)' )* 46 
Filtrate to Sawyer St. CDFs 6 0 6,010 0 6,010 7,033 0 7,033 1,420,392 
Recycling from press to SPU 2A 0 4,663 0 4,663 0 0 5,538 1,118,532 
Filtrate to treatment 7 0 1,347 0 1,347 89,673 0 89,673 301,860 
Required WTP Capacity (gpm) 180 

* - Assumes 17 yd /cycle 



42% In-Sltu Solids, SPU « 10%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 60% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Sltu Sediment Properties 
Solids Content (% by weight)= 
Volume of Solids - 0.2337 ft3 

Volume of water = 0.7663 ft3 

Weight of Solids - 35.13 Ibs/ft3 

Weight of Water = 48.51 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = I in-situ yd /day 
Assumed excavation bucket is 5 effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,020 yd3/day 
Volume of excess seawater = 505 ydVday 
Volume of excess seawater = 101,997 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 42 1,711 718 992 1,515 354 1,161 234,479 
Excess water In bucket 1B 0 432 0 432 505 0.00 505 101,997 
Total from dredge 1 34 2,142 718 1,424 2,020 354 1,666 336,476 
Recycled in to SPU 2A 0 4,968 0 4,968 5.900 0 5,900 1,191,681 
Out SPU 2 10 7,185 718 6,392 7.920 354 7,566 1,528,156 
plus 3/8 mesh (1.1% of solids) 3A 70 11.29 8 3.39 7.86 3.89 3.96 812 
plus 200 mesh 3B 70 230 161 69 160 79 81 16,300 
Out sand separation 3 7.92 6,944 550 6,394 7,752 271 7,481 1,511,056 
Polymer addition 4 0.5 
Filter Cake 5 60 916 550 366 700 271 429 86,596 
Required Press Capacity (cycles/day) 41 
Filtrate to Sawyer St. CDFs 6 0 6,028 0 6,028 7,053 0 7,053 1,424,460 
Recycling from press to SPU 2A 0 4,968 0 4,968 0 0 5,900 1,191,681 
Filtrate to treatment 7 0 1,060 0 1,060 69,151 0 69,151 232,779 
Required WTP Capacity (gpm) 139 

* - Assumes 17 yd /cycle 



50% In-Sltu Solid*, SPU " 10%, S.6.2.41, +200 Mesh, 70% Sand Removal, 60% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight t 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.2964 ft3 

Volume of water = 0.7036 ft3 

Weight of Solids = 44.55 Ibs/ft3 

Weight of Water = 44.55 Ibs/ft3 

Specific Gravity Sediment 
% Sand = 
% Sand Removal 

Seawater Properties 

Specific Gravity * 
Density of water @ 60 F = Ibs/ft3 

libs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = 
?2S^weffectivAssumed excavation bucket is e. (I.e., 25% of each bucket volume is excess seawater) 

Total volume removed = 1,593 yd3/day 
Volume of excess seawater = 398 yd3/day 
Volume of excess seawater = 80,453 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 50 1,437 719 719 1,195 354 841 169,832 
Excess water in bucket 1B 0 340 0 340 398 0.00 398 80,453 
Total from dredge 1 40 1,778 719 1,059 1,593 364 1,239 250,286 
Recycled in to SPU 2A 0 5,329 0 5,329 6,329 0 6,329 1,278,203 
Out SPU 2 10 7,186 719 6,388 7,922 354 7,568 1,528,487 
plus 3/8 mesh (1.1% of solids) 3A 70 11.29 8 3.39 7.86 3.90 3.96 813 
plus 200 mesh 38 70 395 277 119 275 136 139 28,022 
Out sand separation 3 6.40 6,780 434 6,346 7,639 214 7,425 1,499,665 
Polymer addition 4 0.5 
Filter Cake 5 60 723 434 289 552 214 339 68,386 
Required Press Capacity (cycles/day)' ) 32 
Filtrate to Sawyer St. CDFs 6 0 6,056 0 6,056 7,086 0 7,086 1,431,279 
Recycling from press to SPU 2A 0 5,329 0 5,329 0 0 6,329 1,278,203 
Filtrate to treatment 7 0 728 0 728 45,474 0 45,474 153,076 
Required WTP Capacity (gpm) 

* - Assumes 17 yd/cycle 

91 
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77% In-Situ Solids, SPU • 10%, 8.6. 2.41, +200 Mesh, 70% Sand Removal, 60% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

llS|RHSS3Sil̂ Sare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.5851ft3 

Volume of water = 0 4149 ft3 

Weight of Solids = 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/tt3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/fT 

'Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = Kin-situyd3/day 
Assumed excavation bucket is jl effective. (I e., 25% of each bucket volume is excess seawater) 
Total volume removed = 807 yd3/day 
Volume of excess seawater = 202 yd3/day 
Volume of excess seawater - 40,731 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd3/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 77 933 718 215 605 354 251 50,703 
Excess water in bucket 1B 0 172 0 172 202 0.00 202 40,731 
Total from dredge 1 65 1,106 718 387 807 364 463 91,436 
Recycled in to SPU 2A 0 5,988 0 5,988 7,111 0 7,111 1,436,282 
Out SPU 2 10 7,183 718 6,375 7,918 354 7,564 1,527,717 
plus 3/8 mesh (1.1 % of solids) 3A 70 11.29 8 3.39 7.86 3.89 3.96 812 
plus 200 mesh 3B 70 582 407 175 405 201 204 41,248 
Out sand separation 3 4.60 6,590 303 6,287 7,505 149 7,356 1,485,669 
Polymer addition 4 0.5 
Filter Cake 5 60 505 303 202 386 149 236 47,755 
Required Press Capacity (cycles/day)' 23 
Filtrate to Sawyer St. CDFs 6 0 6,084 0 6,084 7,119 0 7,119 1,437,913 
Recycling from press to SPU 2A 0 5,988 0 5,988 0 0 7,111 1,436,282 
Filtrate to treatment 7 0 97 0 97 484 0 484 1,631 
Required WTP Capacity (gpm) 1 

* - Assumes 17 yd /cycle 



37% In-SItu Solids, SPU • 15%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 60% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.1983 ft3 

Volume of water = 0.8017 ft3 

Weight of Solids = 29.81 Ibs/ft3 

Weight of Water = 50.75 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 

7.4805 gallon/ft3 

Dredging 

Production Rate - jin-situ yd /day 
Assumed excavation bucket is § effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,481 yd3/day 
Volume of excess seawater = 620 yd3/day 
Volume of excess seawater - 125,291 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 

Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 37 2,024 749 1,275 1,861 369 1,492 301,338 
Excess water in bucket 1B 0 530 0 530 620 0.00 620 125,291 
Total from dredge 1 29 2,654 749 1,805 2,481 369 2,112 426,629 
Recycled in to SPU 2A 0 2,402 0 2,402 2,853 0 2.853 576,236 
Out SPU 2 15 4,992 749 4,208 5,334 369 4,965 1,002,864 
plus 3/8 mesh (1.1% of solids) 3A 70 11.77 8 3.53 8.19 4.06 4.13 847 
plus 200 mesh 3B 70 142 100 43 99 49 50 10,088 
Out sand separation 3 13.25 4,838 641 4,197 5,227 316 4,911 991,942 
Polymer addition 4 0.5 
Filter Cake 5 60 1,068 641 427 816 316 500 100,994 
Required Press Capacity (cycles/day)' 48 
Filtrate to Sawyer St. CDFs 6 0 3,770 0 3,770 4,411 0 4,411 890,948 
Recycling from press to SPU 2A 0 2,402 0 2,402 0 0 2,853 576,236 
Filtrate to treatment 7 0 1,368 0 1,368 93,491 0 93,491 314,712 
Required WTP Capacity (gpm) 187 

- Assumes 17 yd /cycle 

4?
 



42% In-SItu Solid*, SPU « 16%, S.6. 2.41, +200 Mesh, 70% Sand Removal, 60% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight)= 
Volume of Solids = 0.2337 ft3 

Volume of water = 0.7663 ft3 

Weight of Solids = 35.13 Ibs/ft3 

Weight of Water = 48.51 Ibs/ft3 

Specific Gravity Sediment 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = Jin-situyd3/day 
Assumed excavation bucket is |effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,356 ydj/day 
Volume of excess seawater = 589 yd3/day 
Volume of excess seawater - 118,963 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 42 1,995 838 1,157 1,767 413 1,354 273,481 
Excess water in bucket 1B 0 503 0 503 589 0.00 589 118,963 
Total from dredge 1 34 2,499 838 1,661 2,366 413 1,943 392,444 
Recycled in to SPU 2A 0 3,042 0 3,042 3,613 0 3.613 729,773 
Out SPU 2 15 5,587 838 4,703 5,969 413 5,556 1,122.217 
plus 3/8 mesh (1.1% of solids) 3A 70 13.17 9 3.95 9.16 4.54 4.62 948 
plus 200 mesh 3B 70 268 188 80 187 93 94 19,012 
Out sand separation 3 12.08 5,305 641 4,664 5,773 316 5,457 1,102,272 
Polymer addition 4 0.5 
Filter Cake 5 60 1,068 641 427 816 316 500 101,000 
Required Press Capacity (cycles/day) 48 
Filtrate to Sawyer St. CDFs 6 0 4,237 0 4,237 4,957 0 4,957 1,001,272 
Recycling from press to SPU 2A 0 3,042 0 3,042 0 0 3,613 729,773 
Filtrate to treatment 7 0 1,194 0 1,194 80,654 0 80,654 271,499 
Required WTP Capacity (gpm) 162 

* - Assumes 17 yd3/cycle 

<5V
 



60% In-SItu Solid*, SPU « 18%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 60% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

are shown In yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) > 
Volume of Solids = 0.2964 ft3 

Volume of water = 0.7036 ft3 

Weight of Solids = 44.55 Ibs/ft3 

Weight of Water = 44.55 Ibs/ft3 

Specific Gravity Sediment = 
% Sand « 
% Sand Removal 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = Sin-situ yd3/day 
Assumed excavation bucket is |effective. (I.e , 25% of each bucket volume is excess seawater) 
Total volume removed = 2,353 yd3/day 
Volume of excess seawater = 588 yd3/day 
Volume of excess seawater = 118,828 gal/day 

Diaphragm Plate and Frame Filter Press 

% solid* Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd3/day) Volume (ydj/day) Water (gal/day) 

From Dredge 1A 50 2.123 1,061 1,061 1,765 523 1,242 250,840 
Excess water in bucket 1B 0 503 0 503 588 0.00 588 118,828 
Total from dredge 1 40 2,626 1,061 1,564 2,363 523 1,830 369,668 
Recycled in to SPU 2A 0 4,385 0 4,385 5,207 0 5,207 1,051,757 
Out SPU 2 15 7,076 1,061 5,949 7,561 523 7,038 1,421,425 
plus 3/8 mesh (1.1% of solids) 3A 70 16.68 12 5.00 11.61 5.75 5.85 1,200 
plus 200 mesh 3B 70 584 409 175 406 201 205 41,389 
Out sand separation 3 9.90 6,476 641 5,835 7,143 316 6,827 1,378,854 
Polymer addition 4 0.5 
Filter Cake 5 60 1,068 641 427 816 316 500 101,005 
Required Press Capacity (cycles/day)" 
Filtrate to Sawyer St. CDFs 

) 
6 0 5,407 0 5.407 

48 
6,327 0 6,327 1,277,849 

Recycling from press to SPU 2A 0 4,385 0 4,385 0 0 5,207 1,051,757 
Filtrate to treatment 7 0 1,022 0 1,022 67,165 0 67,165 226,092 
Required WTP Capacity (gpm) 135 

* - Assumes 17 yd3/cycle 



77% In-Situ Solids, SPU- 15%, S.6. 2.41, +200 Mesh, 70% Sand Removal, 60% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.5851 ft3 

Volume of water« 0.4149 ft3 

Weight of Solids = 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/fT 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = I. in-situ yd3/day 
Assumed excavation bucket is F effective, (i.e., 25% of each bucket volume Is excess seawater) 
Total volume removed = 1,248 yd3/day 
Volume of excess seawater = 312 yd3/day 
Volume of excess seawater - 63,016 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (ydVday) Volume (ydVday) Water (gal/day) 

From Dredge 1A 77 1,443 1,111 332 936 548 368 78,444 
Excess water in bucket 1B 0 267 0 267 312 0.00 312 63,016 
Total from dredge 1 66 1,710 1,111 599 1,248 548 700 141,460 
Recycled in to SPU 2A 0 5,614 0 5,614 6,668 0 6,668 1,346,697 
Out SPU 2 15 7,408 1,111 6,213 7,916 548 7,368 1,488,156 
plus 3/8 mesh (1.1% of solids) 3A 70 17.46 12 5.24 12.15 6.02 6.13 1,257 
plus 200 mesh 38 70 900 630 270 626 310 316 63,816 
Out sand separation 3 7.22 6,491 469 6,022 7,277 231 7,046 1,423,103 
Polymer addition 4 0.5 
Filter Cake 5 60 782 469 313 597 231 366 73,883 
Required Press Capacity (cycles/day)' 35 
Filtrate to Sawyer St. CDFs 6 0 5,709 0 5,709 6,680 0 6,680 1,349,220 
Recycling from press to SPU 2A 0 5,614 0 5,614 0 0 6,668 1,346,697 
Filtrate to treatment 7 0 95 0 95 750 0 750 2,523 
Required WTP Capacity (gpm) 2 

* -Assumes 17 yd /cycle 



From Dredge 
Excess water in bucket 
Total from dredge 
Recycled in to SPU 
Out SPU 
plus 3/8 mesh (1.1% of solids) 
plus 200 mesh 
Out sand separation 
Polymer addition 
Filter Cake 
Required Press Capacity (cycles/day)'ay) 
Filtrate to Sawyer St. CDFs 6 
Recycling from press to SPU 2A 
Filtrate to treatment 7 
Required WTP Capacity (gpm) 

* - Assumes 17 yd3/cycle 

37% In-SItu Solid*, SPU- 20%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 60% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

iSIM5B,Sttfflî Sare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Sttu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids =
Volume of water =
Weight of Solids «
Weight of Water =

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity 
Density of water @ 60 F = 

Dredging 

Production Rate =
 
Assumed excavation bucket is
 
Total volume removed =
 
Volume of excess seawater =
 
Volume of excess seawater =
 

Diaphragm Plate and Frame Filter Press 

0.1983 ft3
 

0.8017ft3
 

29.81 Ibs/ft3 

50.75 Ibs/ft3 

Ibs/ft3
 

Ibs/gallon
 
7.4805 gallon/ft3
 

Sin-situ yd /day 
HSjflleffective. (I.e., 25% of each bucket volume is excess seawater) 
2,481 yd3/day 

620 ydVday 
125,291 gal/day 

% solids Total Weight of Dry Total Solid* Water 

Stream (by wt) Weigh  (toniWeightt (tons/day) Solid* (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd3/day) Volume (yd3/day) Water (gal/day) 

1A 
1B 
1 

2A 
2 

3A 
3B 
3 
4 
5 

37 2,024 749 1,275 1,861 369 1,492 301,338 
0 530 0 530 620 0.00 620 125,291 

29 2,654 749 1,806 2,481 369 2,112 426,629 
0 1,173 0 1,173 1,393 0 1,393 281,276 

20 3,744 749 2,978 3,874 369 3,505 707,904 
70 11.77 8 3.53 8.19 4.06 4.13 847 
70 142 100 43 99 49 50 10,088 

17.85 3,590 641 2,949 3,767 316 3,451 696,982 
0.5 
60 1,068 641 427 816 316 500 100,994 

48 
0 2,522 0 2,522 2,951 0 2,951 595,988 
0 1,173 0 1,173 0 0 1,393 281,276 
0 1.349 0 1,349 93,491 0 93,491 314,712 

187 



42% In-SItu Solids, SPU « 20%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 60% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

||tC!C3N8|jj|NJ||i|lare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.2337 ft3 

Volume of water = 0.7663 ft3 

Weight of Solids = 35.13 Ibs/ft3 

Weight of Water = 48.51 Ibs/ft3 

Specific Gravity Sediment 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = |in-situyd3/day 
Assumed excavation bucket is | effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,356 ydvday 
Volume of excess seawater = 589 ydVday 
Volume of excess seawater - 118,963 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd3/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 42 1,995 838 1,157 1,767 413 1,354 273,481 
Excess water in bucket 18 0 503 0 503 589 0.00 589 118,963 
Total from dredge 1 34 2,499 838 1,661 2,356 413 1,943 392,444 
Recycled in to SPU 2A 0 1,666 0 1,666 1,979 0 1,979 399,709 
Out SPU 2 20 4,190 838 3,327 4,335 413 3,922 792,153 
plus 3/8 mesh (1.1% of solids) 3A 70 13.17 9 3.95 9.16 4.54 4.62 948 
plus 200 mesh 3B 70 268 188 80 187 93 94 19,012 
Out sand separation 3 16.40 3,909 641 3,268 4,139 316 3,823 772,208 
Polymer addition 4 0.5 
Filter Cake 5 60 1,068 641 427 816 316 500 101,000 
Required Press Capacity (cycles/day)' 48 
Filtrate to Sawyer St. CDFs 6 0 2,840 0 2,840 3,323 0 3,323 671,208 
Recycling from press to SPU 2A 0 1,666 0 1,666 0 0 1,979 399,709 
Filtrate to treatment 7 0 1,174 0 1,174 80,654 0 80,654 271,499 
Required WTP Capacity (gpm) 162 

* - Assumes 17 yd /cycle
 

r
 



50V. In-Situ Solid*, SPU » 20%, S.6. 2.41, +200 Mesh, 70% Sand Removal,60% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

hing else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight)= 
Volume of Solids = 0.2964 ft3 

Volume of water = 0.7036 ft3 

Weight of Solids = 44.55 Ibs/ft3 

Weight of Water = 44.55 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal 

Seawater Properties 

Specific Gravity * 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = j?in-situyd3/day 
Assumed excavation bucket is |effective. (I.e , 25% of each bucket volume is excess seawater) 
Total volume removed = 2,353 yd3/day 
Volume of excess seawater = 588 yd3/day 
Volume of excess seawater = 118,828 gal/day 

Diaphragm Plate and Frame Filter Press 

•/. solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weigh  (toniWeightt (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd3/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 50 2,123 1,061 1,061 1,765 523 1,242 250,840 
Excess water in bucket 1B 0 503 0 503 588 0.00 588 118.828 
Total from dredge 1 40 2,626 1,061 1,564 2,353 523 1,830 369,668 
Recycled in to SPU 2A 0 2,642 0 2,642 3,137 0 3,137 633,691 
Out SPU 2 20 5,307 1,061 4,206 5,491 523 4,968 1,003,359 
plus 3/8 mesh (1.1% of solids) 3A 70 16.68 12 5.00 11.61 5.75 5.85 1,200 
plus 200 mesh 3B 70 584 409 175 406 201 205 41,389 
Out sand separation 3 13.62 4,707 641 4,066 5,073 316 4,757 960,788 
Polymer addition 4 0.5 
Filter Cake 5 60 1,068 641 427 816 316 500 101,005 

a\/\*Required Press Capacity (cycles/day)'ay) 48 
Filtrate to Sawyer St. CDFs 6 0 3,638 0 3,638 4,257 0 4,257 859,783 
Recycling from press to SPU 2A 0 2,642 0 2,642 0 0 3,137 633,691 
Filtrate to treatment 7 0 996 0 996 67,165 0 67,165 226,092 
Required WTP Capacity (gpm) 

-Assumes 17 yd /cycle 

135 



77V. In-SItu Solids, SPU « 20%, S.6. 2.41, +200 Mesh, 70% Sand Removal, 60% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) 
Volume of Solids = 0.5851 ft3 

Volumeofwater = 0.4149 ft3 

Weight of Solids = 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = lin-situ yd3/day 
Assumed excavation bucket is |effective. (I e., 25% of each bucket volume is excess seawater) 
Total volume removed - 1,707 yd3/day 
Volume of excess seawater = 427 yd3/day 
Volume of excess seawater = 86,175 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd'/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 77 1,974 1,520 454 1,280 749 531 107,273 
Excess water in bucket 1B 0 365 0 365 427 0.00 427 86,175 
Total from dredge 1 65 2,338 1,520 819 1,707 749 958 193,449 
Recycled in to SPU 2A 0 5,182 0 5,182 6,155 0 6,155 1,243,082 
Out SPU 2 20 7,598 1,520 6,001 7,861 749 7,112 1,436,531 
plus 3/8 mesh (1.1 % of solids) 3A 70 23.88 17 7.16 16.62 8.24 8.38 1,718 
plus 200 mesh 3B 70 1,231 862 369 857 425 432 87,269 
Out sand separation 3 10.11 6,343 641 5,702 6,988 316 6,672 1,347,569 
Polymer addition 4 0.5 
Filter Cake 5 60 1,069 641 428 816 316 500 101,036 
Required Press Capacity (cycles/day)' 48 
Filtrate to Sawyer St. CDFs 6 0 5,275 0 5,275 6,172 0 6,172 1,246,533 
Recycling from press to SPU 2A 0 5,182 0 5,182 0 0 6,155 1,243,082 
Filtrate to treatment 7 0 92 0 92 1,025 0 1,025 3,451 
Required WTP Capacity (gpm) 2 

* -Assumes 17 yd3/cycle 



Table 9: Mass Balance Summary Sheet - 55% Solids Filter Cake 
Bench Scale Dewatering Tests 
New Bedford Harbor Super-fund Site - OU #1 

10 1195 I 1667 82 983 789 434 I
 
High 50.0 55.0 15 1549 1396 106 765 1023 563
 

20 1549 1014 106 510 1023 563
 
10 1633 1524 152 888 1023 562
 

Low 37.0 19.0 15 1633 985 152 529 1023 562
 
20 1633 715 152 349 1023 562
 
10 1515 1666 127 976 999 550
 

Avg 42.0 32.0 15 1551 1102 130 596 1023 563
 
20 1551 801 130 395 1023 563
 
10 605 1666 -5 991 551 303
 InterTidal
 

77.0 81.0 15 936 1665 -8 925 853 469
 Material
 
20 1123 1451 -10 745 1023 563
 

Assumptions: 
Cake production fixed at 816 yd3/day 
Desanding system loading limited to 1.6 MGD based on an avg slurry content of 15% solids (wt) 
Dredging and desanding operations are based on a 16 hour day 
Dewatering and wastewater treatment based on a 24 hour day 
Sand removal efficiency assumed to be 70% 
Sediment specific gravity set to 2.41 
Amount of material greater than 3/8 inch set to 1.1 % of total weight 
Removal efficiency of material greater than 3/8 is 100% 



37% In-Situ Solids, SPU » 10%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 55% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

MiC_ONS|fflJ8IlIlare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.1983 ft3 

Volume of water = 0.8017 ft3 

Weight of Solids = 29.81 Ibs/ft3 

Weight of Water = 50.75 Ibs/ft3 

Specific Gravity Sediment 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

IJ9'lbs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = |in-situyd3/day 
Assumed excavation bucket is | effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,177 yd3/day 
Volume of excess seawater = 544 yd3/day 
Volume of excess seawater = 109,941 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 37 1,776 657 1,119 1,633 324 1,309 264,419 
Excess water in bucket 1B 0 465 0 465 544 0.00 544 109,941 
Total from dredge 1 29 2,241 657 1,684 2,177 324 1,864 374,360 
Recycled in to SPU 2A 0 4,266 0 4,266 5,066 0 5,066 1,023,285 
Out SPU 2 10 6,571 657 5,850 7,244 324 6,920 1,397,645 
plus 3/8 mesh (1.1% of solids) 3A 70 10.33 7 3.10 7.19 3.56 3.62 743 
plus 200 mesh 3B 70 125 87 37 87 43 44 8,852 
Out sand separation 3 8.74 6,436 562 5,873 7,150 277 6,872 1,388,061 
Polymer addition 4 0.5 
Filter Cake 5 55 1,023 562 460 816 277 538 108,762 
Required Press Capacity (cycles/day)' 48 
Filtrate to Sawyer St. CDFs 6 0 5,413 0 5,413 6,334 0 6,334 1,279,299 
Recycling from press to SPU 2A 0 4,266 0 4,266 0 0 5,066 1,023,285 
Filtrate to treatment 7 0 1,147 0 1,147 76,054 0 76,054 256,014 
Required WTP Capacity (gpm) 152 

* - Assumes 17 yd3/cycle 



42% In-SItu Solid*, SPU • 10%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 66% Filter Cake 
New Bedford Harbor Superfund Site - OUfM 

|are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.2337 ft3 

Volume of water = 0.7663 ft3 

Weight of Solids = 35.13 Ibs/ft3 

Weight of Water = 48.51 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = I in-situ yd /day 
Assumed excavation bucket is J effective. (I e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,020 yd3/day 
Volume of excess seawater = 505 yd3/day 
Volume of excess seawater = 101,997 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd'/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A
Excess water in bucket 1B
Total from dredge 1
Recycled In to SPU 2A
Out SPU 2
plus 3/8 mesh (1.1% of solids) 3A
plus 200 mesh 3B
Out sand separation 3
Polymer addition 4
Filter Cake 5
Required Press Capacity (cycles/day)' 
Filtrate to Sawyer St. CDFs 6
Recycling from press to SPU 2A
Filtrate to treatment 7
Required WTP Capacity (gpm) 

 42
 0
 34
 0

 10
 70
 70

 7.92
 0.5 
 55

 0
 0

 0

 1,711 
 432 
 2,142 

 4,968 
 7,185 
 11.29 
 230 
 6,944 

 999 

 5,944 
 4,968 
 976 

718 
0 

718 
0 

718 
8 

161 
550 

550 

0 
0 
0 

992 
432 

1,424 
4,968 
6,392 
3.39 
69 

6,394 

450 

5,944 
4,968 
976 

1,515 
505 

2,020 
5,900 
7,920 
7.86 
160 

7,752 

797 
47 

6,955 
0 

63,305 

354 
0.00 
354 
0 

354 
3.89 
79 
271 

271 

0 
0 
0 

1,161 
505 

1,666 
5,900 
7,566 
3.96 
81 

7,481 

526 

6,955 
5,900 

63,305 

234,479 
101,997 
336,476 

1,191,681 
1,528,156 

812 
16,300 

1,511,056 

106,276 

1,404,779 
1,191,681 
213,099 

127 

* - Assumes 17 yd /cycle 

CN. 

J^
f 



60% In-Situ Solids, SPU- 10%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 55% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

| are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.2964 ft3 

Volume of water = 0.7036 ft3 

Weight of Solids = 44.55 Ibs/ft3 

Weight of Water = 44.55 Ibs/ft3 

Specific Gravity Sediment« 
% Sand = 
% Sand Removal 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Jibs/ft3 

jibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = iin-situyd3/day 
Assumed excavation bucket is ._„„%effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 1,593 yd3/day 
Volume of excess seawater = 398 yd3/day 
Volume of excess seawater = 80,453 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd'/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 50 1,437 719 719 1,195 354 841 169,832 
Excess water in bucket 1B 0 340 0 340 398 0.00 398 80,453 
Total from dredge 1 40 1,778 719 1,059 1,593 354 1,239 250,285 
Recycled In to SPU 2A 0 5,329 0 5,329 6,329 0 6,329 1,278,203 
Out SPU 2 10 7,186 719 6,388 7,922 354 7,568 1,528,487 
plus 3/8 mesh (1.1% of solids) 3A 70 11.29 8 3.39 7.86 3.90 3.96 813 
plus 200 mesh 3B 70 395 277 119 275 136 139 28,022 
Out sand separation 3 6.40 6,780 434 6,346 7,639 214 7,425 1,499,665 
Polymer addition 4 0.5 
Filter Cake 5 55 789 434 355 629 214 416 83,928 
Required Press Capacity (cycles/day)' 37 
Filtrate to Sawyer St. CDFs 6 0 5,991 0 5,991 7,010 0 7,010 1,415,737 
Recycling from press to SPU 2A 0 5,329 0 5,329 0 0 6,329 1,278,203 
Filtrate to treatment 7 0 662 0 662 40,857 0 40,857 137,534 
Required WTP Capacity (gpm) 82 

* - Assumes 17 yd /cycle 



77% In-SItu Solids, SPU " 10%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 55% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

I are shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.5851 ft3 

Volume of water = 0.4149 ft3 

Weight of Solids « 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805* gallon/ft3 

Dredging 

Production Rate = |5» in-situ yd3/day 
Assumed excavation bucket is I effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 807 yd3/day 
Volume of excess seawater = 202 yd3/day 
Volume of excess seawater = 40,731 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (ydj/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 77 933 718 215 605 354 251 50,703 
Excess water in bucket 1B 0 172 0 172 202 0.00 202 40,731 
Total from dredge 1 65 1,105 718 387 807 354 453 91,435 
Recycled in to SPU 2A 0 5,988 0 5,988 7,111 0 7,111 1,436,282 
Out SPU 2 10 7,183 718 6,375 7,918 354 7,564 1,527,717 
plus 3/8 mesh (1 . 1 % of solids) 3A 70 11.29 8 3.39 7.86 3.89 3.96 812 
plus 200 mesh 3B 70 582 407 175 405 201 204 41,248 
Out sand separation 3 4.60 6,590 303 6,287 7,505 149 7,356 1,485,669 
Polymer addition 4 0.5 
Filter Cake 
Required Press Capacity (cycles/day)' 

5 
) * 

55 551 303 248 440 
26 

149 290 58,609 

Filtrate to Sawyer St. CDFs 6 0 6,039 0 6,039 7,066 0 7,066 1,427,060 
Recycling from press to SPU 2A 0 5,988 0 5,988 0 0 7,111 1,436,282 
Filtrate to treatment 7 0 51 0 51 -2,740 0 -2,740 -9,223 
Required WTP Capacity (gpm) -5 

* - Assumes 17 yd3/cycle 



37% In-SItu Solid*, SPU « 15%, S.G. 2.41, +200 Mash, 70% Sand Removal, 66% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

are shown In yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) » 
Volume of Solids = 0.1983 ft3 

Volume of water = 0.8017 ft3 

Weight of Solids = 29.81 Ibs/ft3 

Weight of Water = 50.75 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal= 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = fin-situ ydVday 
Assumed excavation bucket is f effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,177 ydVday 
Volume of excess seawater = 544 yd3/day 
Volume of excess seawater = 109,941 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd3/day) Volume (ydVday) Water (gal/day) 

From Dredge 1A 37 1,776 657 1,119 1,633 324 1,309 264,419 
Excess water in bucket 1B 0 465 0 465 544 0.00 544 109,941 
Total from dredge 1 29 2,241 657 1,584 2,177 324 1,854 374,360 
Recycled in to SPU 2A 0 2,108 0 2,108 2,503 0 2,503 505,638 
Out SPU 2 15 4,381 657 3,692 4,681 324 4,357 879,999 
plus 3/8 mesh (1.1% of solids) 3A 70 10.33 7 3.10 7.19 3.56 3.62 743 
plus 200 mesh 3B 70 125 87 37 87 43 44 8,852 
Out sand separation 3 13.25 4,246 562 3,683 4,587 277 4,310 870,415 
Polymer addition 4 0.5 
Filter Cake 5 55 1,023 562 460 816 277 538 108,762 
Required Press Capacity (cycles/day)' 48 
Filtrate to Sawyer St. CDFs 6 0 3,223 0 3,223 3,771 0 3,771 761,653 
Recycling from press to SPU
Filtrate to treatment
Required WTP Capacity (gpm) 

 2A 
7 

0 
0 

2,108 
1,115 

0 
0 

2,108 
1,115 

0 
76,054 

0 
0 

2,503 
76,054 

505,638 
256,014 
152 

* - Assumes 17 yd3/cycle
 



42% In-SItu Solids, SPU « 16%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 55% Filter Cake 
New Bedford Harbor Superfund Site • OU#1 

fare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids - 0.2337 ft3 

Volume of water = 0.7663 ft3 

Weight of Solids = 35.13 Ibs/ft3 

Weight of Water = 48.51 Ibs/ft3 

Specific Gravity Sediment = 
% Sand » 
% Sand Removal 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7~4805 gallon/ft3 

Dredging 

Production Rate « |in-situyd3/day 
Assumed excavation bucket is „„,„,_Jeffective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,068 yd3/day 
Volume of excess seawater = 517 yd3/day 
Volume of excess seawater = 104,420 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 42 1,751 736 1,016 1,551 362 1,189 240,051 
Excess water in bucket 1B 0 442 0 442 517 0.00 517 104,420 
Total from dredge 1 34 2,193 736 1,458 2,068 362 1,706 344,471 
Recycled in to SPU 2A 0 2,670 0 2,670 3,172 0 3,172 640,565 
Out SPU 2 15 4,904 736 4,128 5,240 362 4,877 985,036 
plus 3/8 mesh (1.1% of solids) 3A 70 11.56 8 3.47 8.04 3.99 4.06 832 
plus 200 mesh 3B 70 235 165 71 164 81 83 16,688 
Out sand separation 3 12.08 4,657 563 4.094 5,068 277 4,790 967,529 
Polymer addition 4 0.5 
Filter Cake 5 55 1,023 563 460 816 277 539 108,802 
Required Press Capacity (cycles/day)' 
Filtrate to Sawyer St. CDFs 

') 
6 0 3,634 0 3,634 

48 
4,252 0 4,252 858,727 

Recycling from press to SPU 2A 0 2,670 0 2,670 0 0 3,172 640,565 
Filtrate to treatment 7 0 963 0 963 64,809 0 64,809 218,162 
Required WTP Capacity (gpm) 130 

* - Assumes 17 yd3/cycle 



50% In-SItu Solids, SPU- 16%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 56% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

|||f(|C(|mAjJJg|5are shown in yellow cells everything else Is calculated based on highlighted numbers and percent solids by weight as 
In-Situ Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids » 0.2964 ft3 

Volume of water = 0.7036 ft3 

Weight of Solids = 44.55 Ibsffi3 

Weight of Water = 44.55 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = |in-situyd3/day 
Assumed excavation bucket Is |effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,065 yd3/day 
Volume of excess seawater = 516 yd'/day 
Volume of excess seawater = 104,286 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solid* Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 50 1,863 932 932 1,549 459 1,090 220,142 
Excess water in bucket 1B 0 441 0 441 516 0.00 516 104,286 
Total from dredge 1 40 2,304 932 1,373 2,065 459 1,606 324,428 
Recycled in to SPU 2A 0 3,848 0 3,848 4,570 0 4,570 923,043 
Out SPU 2 15 6,210 932 5,221 6,635 459 6,176 1,247,471 
plus 3/8 mesh (1.1 % of solids) 3A 70 14.64 10 4.39 10.19 5.05 5.14 1,053 
plus 200 mesh 3B 70 512 359 154 357 177 180 36,323 
Out sand separation 3 9.90 5,683 563 5,121 6,269 277 5,991 1,210,110 
Polymer addition 4 0.5 
Filter Cake 5 55 1,023 563 460 816 277 539 108,790 
Required Press Capacity (cycles/day)' 48 
Filtrate to Sawyer St. CDFs 6 0 4,660 0 4,660 5,453 0 5,453 1,101,320 
Recycling from press to SPU 2A 0 3,848 0 3,848 0 0 4,570 923,043 
Filtrate to treatment 7 0 812 0 812 52,960 0 52,960 178,276 
Required WTP Capacity (gpm) 106 

* - Assumes 17 yd /cycle 



77% In-SItu Solid*, SPU « 16%, S.6. 2.41, +200 Mesh, 70% Sand Removal, 56% Filter Cake 
New Bedford Harbor Supetfund Site • OU#1 

IS180BIBfflISllllare shown in yellow cells everything else is calculated based on highlighted numbers and percent solids by weight i 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.5851 ft3 

Volume of water = 0.4149ft3 

Weight of Solids - 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal = 

Seawater Properties 

Specific Gravity = 
Density of water @ 60 F = Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate = lin-situ yd3/day 
Assumed excavation bucket is ([effective. (I.e., 25% of each bucket volume is excess seawater} 
Total volume removed - 1,248 yd3/day 
Volume of excess seawater = 312 yda/day 
Volume of excess seawater = 63,016 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (by wt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd3/day) Volume (yd3/day) Volume (yd3/day) Water (gal/day) 

From Dredge 1A 77 1,443 1,111 332 936 548 388 78,444 
Excess water in bucket 1B 0 267 0 267 312 0.00 312 63,016 
Total from dredge 1 65 1,710 1,111 599 1,248 548 700 141,460 
Recycled in to SPU 2A 0 5,614 0 5,614 6,668 0 6,668 1,346,697 
Out SPU 2 15 7,408 1,111 6,213 7,916 548 7,368 1,488,156 
plus 3/8 mesh (1.1% of solids) 3A 70 17.46 12 5.24 12.15 6.02 6.13 1,257 
plus 200 mesh 3B 70 900 630 270 626 310 316 63,816 
Out sand separation 3 7.22 6,491 469 6,022 7,277 231 7,046 1,423,103 
Polymer addition 4 0.5 
Filter Cake 5 55 853 469 384 680 231 449 90,674 
Required Press Capacity (cycles/day)' 40 
Filtrate to Sawyer St. CDFs 6 0 5,638 0 5,638 6,597 0 6,597 1,332,429 
Recycling from press to SPU 2A 0 5,614 0 5,614 0 0 6,668 1,346,697 
Filtrate to treatment 7 0 24 0 24 -4,239 0 -4,239 -14,268 
Required WTP Capacity (gpm) -8 

*  Assumes 17 yd /cycle 

CN
 



37% In-SItu Solids, SPU « 20%, S.G. 2.41, +200 Mesh, 70% Sand Removal, 65% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

everything else is calculated based on highlighted numbers and percent solids by weight as 
In-SItu Sediment Properties 
Solids Content (% by weight) = 
Volume of Solids = 0.1983 ft3 

Volume of water = 0.8017 ft3 

Weight of Solids = 29.81 Ibs/ft3 

Weight of Water » 50.75 Ibs/ft3 

Specific Gravity Sediment = 
% Sand » 
% Sand Removal = 

Seawater Properties 

Specific Gravity » 
Density of water @ 60 F = „ §  ,Ibs/ft3 

i|7B;lbs/gallon 
7.4805 gallon/tt3 

Dredging 

Production Rate = |in-situyd3/day 
Assumed excavation bucket is |effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed = 2,177 yd3/day 
Volume of excess seawater = 544 yd3/day 
Volume of excess seawater - 109,941 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
Stream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd'/day) Volume (yd'/day) Water (gal/day) 

From Dredge 1A 37 1,776 657 1,119 1,633 324 1,309 264,419 
Excess water in bucket 1B 0 465 0 465 544 0.00 544 109,941 
Total from dredge 1 29 2,241 667 1,684 2,177 324 1,864 374,360 
Recycled in to SPU 2A 0 1,029 0 1,029 1,222 0 1,222 246,815 
Out SPU 2 20 3,286 657 2,613 3,399 324 3,076 621,176 
plus 3/8 mesh (1.1% of solids) 3A 70 10.33 7 3.10 7.19 3.56 3.62 743 
plus 200 mesh 3B 70 125 87 37 87 43 44 8,852 
Out sand separation 3 17.85 3,150 562 2,588 3,305 277 3,028 611,592 
Polymer addition 4 0.5 
Filter Cake 5 55 1,023 562 460 816 277 538 108,762 
Required Press Capacity (cycles/day) 48 
Filtrate to Sawyer St. CDFs 6 0 2,128 0 2,128 2,490 0 2,490 502,830 
Recycling from press to SPU 2A 0 1,029 0 1,029 0 0 1,222 246,815 
Filtrate to treatment 7 0 1,099 0 1,099 76,054 0 76,054 256,014 
Required WTP Capacity (gpm) 

* - Assumes 17 yd /cycle 

152 



ATTACHMENT #1
 

DESAISfDING SYSTEM TECHNICAL INFORMATION
 



H
 

B 

oc
 o
 

2, o
' 



O
f C
 



FIGURE 1
 
CYCLONE CUTAWAY
 

Cylindrical Feed Chamber 

Vortex Finder 

Cylinder Section 

Conical Section 
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Hydrocyclones 

The principle of the hydrocyclone is simple and 
straightforward. It features a stationary cylindrical/ 
conical separation vessel in which the feed pressure 
provides the sole separation force. 

Due to the tangential position of the feed inlet, a 
strong spiraling motion is created in the feed slurry. 
Those solids having sufficient mass settle to the wall 
of the vessel and move downwards towards the cone 
apex, becoming more concentrated as the cone nar
rows. As the cross-sectional area decreases the less 
dense fluid nearer to the cone axis turns back to
wards the top of the cone and exits via the vortex 
finder and overflow outlet. This fluid carries with it 
those particles having insufficient mass to settle. 

The centrifugal force developed in hydrocyclones 
is about 700 to 1,000 times that of gravity giving a 
cut-point of about 65 um in desanders and 30 urn in 
desilters. The difference between the two is due to 
the larger diameter of the desanders and subsequ
ently the longer settling distances. 

Vortex 
(Air core) 

Overflow opening 
(Fluid discharge) 

Feed
 
inlet
 

Vortex finder 

Cylinder 
(Feed chamber) 

Cone 

Underflow opening 
(Solids discharge) 



Solids Control
 

SWACO" 
ADJUSTABLE 
LINEAR SHAKER
 
(ALS-H') 

FEATURES 

Optional Quick Screen Tensioner 
combines simple, easy-to-use set 
release with exterior adjustment coUar. 

The SWACO ALS-II Adjustable Linear Motion Shaker combines 
field-proven ALS technology with advanced performance and 
control capabilities. Adjust-while-drilling features enable oper
ators to optimize shaker performance throughout the drilling 
program. Designed for increased feed volumes and drier solids 
removal, the ALS-II improves cuttings removal at the flow 
line. Bonded screens provide greater solids conveyance and 
extend screen life, even with very fine mesh sizes. 

Three-Way Adjustment: 
Deck Angle adjusts from -3° to +3° for 
precise control of flow rates and solids 
dryness, while eliminating pooling 
and back flow. Foot-operated jack 
makes adjustment easy, even while 
drilling, and permits the operator to 
view the effects of angle changes. 
Vibrator Angle adjusts in 10° incre
ments from 25° to 65° to improve 
conveying speed. Allows operators 
to optimize vibrator angle for high 
solids loading or for fine cuttings 
separation when drilling slows 
near TD. 
Vibrator Energy is set by dial 
adjustment to a maximum force 
of 6.25 G's. Fine tuning of ampli
tude promotes optimal solids sepa
ration, improved cuttings dryness 
and extended screen life. 

Two-Screen Design reduces costs 
by 33%. The ALS-II uses only two 
4 x 4-ft screens, compared to three 
screens for comparable units. 
Optional Quick Screen Tensioners 
or Rapid Action Tensioners allow 
instant setting and adjustment of 
screen tension for optimal shaker 
performance. Easy-to-use set release 
with exterior adjustment collar 
makes screen changeouts fast and 
simple. Adjustment collars and 
tension rails are stainless steel to 
minimize corrosion. 
Louvered Weir Plate is mounted 
1.5 in. above the screen deck to 
dissipate mud impact on screens; 
it evenly distributes flow and 
helps extend screen life. 

Optional Rapid Action Tensioners 
ensure fast screen changes and 
secure locking. 



Replacement Screens are readily 
available in all standard sizes, with 
V-pattern, layered, oblong and plas
tic-bonded screens up to 325 mesh. 

1 Improved solids conveyance 
and extended screen life 
Economical two-screen design 
Purchase costs, inventory and 
downtime for changeout are 
reduced by one-third 

1 No daily, weekly or monthly 
routine maintenance is required 

FEATURES FOND 

CSA-approved A-B starters feature 
moisture-proof enclosures and 
simple hook-up to single-point 
electrical box. , 

BENEFITS 

SPECIFICATIONS
 

Flow Diverters improve control 
and distribution of mud flow, pro
viding a more flexible flow path 
during low-flow conditions and 
distributing flow more efficiently 
on crowned screens. 
CSA-Approved Starters with O-ring 
enclosures prevent moisture intru
sion. Cables are protected and routed 
through the skid frame, away from 
damage and vibration. 

1 Increased feed volumes with drier 
solids removal 

•	 Optimal performance throughout 
the drilling program from extensive 
control and adjust-while-drilling 
capabilities 

1 Improved cuttings removal at
 
the flow line
 

Length 128.75 in

Width 63.00 in

Height 61.00 in

Weight 3,500 Ibs

Flow Line Connections . . . . 10.00 in

Motor Rating
Horse Power
Nominal RPM
Voltage
Nominal Screen Size 

(Two Screens)
Screen Area
Screen Mounting

Support Rails
Weir Height

This information is supplied solely for informational purposes and SWACO makes no guar
antees or warranties, either expressed or implied, with respect to the accuracy and use of 
this data. All product warranties and guarantees shall be governed by the Standard Terms 
of Sale or Standard Terms of Equipment Rental. 

S1999 SWACO, A Division of M-I m. All rights reserved. 
<S>SWACO is a registered trademark of M-I LU. 
™Adjustable Linear Shaker and ALS-II are trademarks of SWACO, A Division of M-I ii<
SW-7038R 2.SM 9/99 Litho in U.S.A. 

 60 Hz
 2.5 

 1,800
 230/460

 4 f t x 4 f t
 32 ft2

 3,188 mm 
 1,600 mm 
 1,549 mm 
 1,587 kg 

 254 mm (pipe diameter) 
 50 Hz 

 1,500 
 190/380 

 1,219 mm x 1,219 mm 
 2.97 m2 

 Overslung design/quick-release 
tension bolts both sides or optional quick 
screen tensioners and rapid action tensioners 

 Six (6) bottom rails 
 33.6 in 852 mm (with adjustable 

vanes) 

A Smith/Schlumberger Company 

P.O. Box 42842 
Houston, Texas 77242-2842 
Tel: 713-308-9455 

1-800-654-0660 
Fax: 713-308-9463 
www.swaco.midf.com 

http:www.swaco.midf.com
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CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DESANDING/DEWATERING FACILITIESY 

SUBJECT +3/8 INCH AND +200 MESH STORAGE BINS 

I. Objective 

Based on the conclusions of the Dredging, Desanding and Dewatering Mass Balance Calculation (P-01) 
determine the size requirements for the +3/8 inch and +200 mesh material separated in the desanding operations. 

II. Assumptions 

The following assumptions were utilized for sizing the storage bins for the separated materials: 

•	 Quantity of +3/8 inch and +200 mesh material generated (dry tons/day) based on calculation P
01 - Dredging, Desanding and Dewatering Mass balance. 

•	 Storage capacity will be based on maximum sand production rate that occurs @ 77% in-situ 
solids (by wt) and 81% (by wt) in-situ sand (+200 mesh). 

•	 Per the Excavation BD/DA (October 2002) the peak hourly flow rate to the desanding facility 
will be limited to 2,500 gpm, subject to maximum production volume of 1.6 mgd, based on an 

_. . average slurry-content of 15%, solids by weight. . . . 
•	 A total of five (5) storage bins will be provided for separated material. One (1) for oversized 

material separated at the dredge, one (1) for +3/8 inch material, and Three <3) for the +200 mesh 
- - - material. All five (5) storage bins will be of equal size to provide -for flexibility in the 

dredging/desanding operations. 
•	 Storage bins will be sized to store three (3) days worth of +200 mesh material at the average 

• dredge rate. " ' 
•	 Storage piles are assumed to be pyramid in shape and have a side slope of 1:1 (45 degrees). 
•	 Sizing will neglect side wall effects. 

HI. Sizing . . , , _ _ . „ . _ 

. Volume of a Pyramid = Area of Base * H ,
 
3
 

• • where: - • —
Area, of Base = width x length
 
H = height of pyramid
 

Daily volume of+200 mesh generated when excavating in the mudflats (77% in-situ solids, 81% sand, 
15% solids in slurry, 1:6 gpd) = 629 yd3 

Solution: Vary the dimensions of the base to determine the height and then calculate corresponding 
volume. 
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BY JJB DATE 11/20/02 SHEET J> OF 

CHKD. BY DATE OFS NO. 5197.1720.9302.00010 DEPT. NO. 

CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DESANDING/DEWATERING FACILITIESY 

SUBJECT +318 INCH AND +200 MESH STORAGE BINS 

Assume a base 40 ft square . . 

Height of pile = 20 feet 

Volume of the corresponding pyramid = (40x40x20) = 10,667 ft3 = 395 yd3 < 629 yd3 

3 

Assume a base 50 ft square 

Height of pile = 25 feet . . . . .  . 

Volume of the corresponding pyramid = (50 x 50 x 25) = 20,833ft3 = 772yd3 > 629 yd3 

f t. - , - l> * - - „ . . . - . . 

Assume a base of 45 ft 

Height of pile = 22.5 feet 

Volume of the corresponding pyramid = (45 x 45 x 22.5) '= 15,188ft3 = 562yd3 < 629 yd3 

3 

Assume a base of 46.5 ft 

.Height of pile = 23-25 feet . .. . . 

Volume of the corresponding pyramid = (46.5 x 46.5 x 23.25) = 16,757ft3 = 621yd3 ~629yd3 

_ _ . _ 7 __ . „ . . . , . _ . . _ . - . . . - . . - -

Therefore: 

Each storage bin will be a minimum 46.5 ft x,46.5 ft and will be capable of holding a minimum 621 yd 
of material. 



77% In-Sttu Solids, SPU • 16%, S.O. 2.41, +200 Mesh, 70% Sand Removal, 66% Filter Cake 
New Bedford Harbor Superfund Site - OU#1 

[are shown In yellow cells everything else is calculated based on highlighted numbers and percent solids by weight as 
In-Sttu Sediment Properties __^___«_-_.._i. 
Solids Content (% by weight) = 
Volume of Solid* = 0.5851 ft3 

Volume of water* 0.4149 ft3 

Weight of Solids • 87.94 Ibs/ft3 

Weight of Water = 26.27 Ibs/ft3 

Specific Gravity Sediment = 
% Sand = 
% Sand Removal * 

Seawater Properties 

Specific Gravity « 
Density of water @ 60 F * Ibs/ft3 

Ibs/gallon 
7.4805 gallon/ft3 

Dredging 

Production Rate « lin-situ ydVday 
Assumed excavation bucket is I effective. (I.e., 25% of each bucket volume is excess seawater) 
Total volume removed « 935 yd3/day 
Volume of excess seawater « 0 yd3/day 
Volume of excess seawater = 0 gal/day 

Diaphragm Plate and Frame Filter Press 

% solids Total Weight of Dry Total Solids Water 
tream (bywt) Weight (tons/day) Solids (tons/day) Water (tons/day) Volume (yd'/day) Volume (yd3/day) Volume (ydVday) Water (gal/day) 

From Dredge 1A 77 1,442 1,110 332 935 547 388 78,360 
Excess water In bucket 1B 0 0 0 0 0 0.00 0 0 
Total from dredge 1 77 1,442 1,110 332 936 647 388 78,360 

Recycled in to SPU 2A 0 5,871 0 5,871 6,972 0 6,972 1,408,207 

Out SPU 2 15 7,400 1,110 6,202 7,907 547 7,360 1.486,567 
plus 3/8 mesh (1.1% of solids) 3A 70 17.44 12 5.23 12.14 6.02 6.12 1,255 
plus 200 mesh 3B 70 899 629 270 626 310 316 63,747 
Out sand separation 3 7.22 6,484 468 6,015 7,269 231 7,038 1,421,582 
Polymer addition 4 0.5 
Filter Cake 5 65 721 468 252 526 231 295 59,611 

,\*Required Press Capacity (cycles/day)' ) 31 
Filtrate to Sawyer St CDFs 6 0 5,763 0 5,763 6,743 0 6,743 1,361,972 
Recycling from press to SPU 2A 0 5,871 0 5,871 0 0 6,972 1,408,207 
Filtrate to treatment 7 0 -108 0 •108 -13,735 0 -13,735 -46,235 

Required WTP Capacity (gpm) 

* - Assumes 17 yd3/cycle
 

-28 
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CHKD. BY DATE OFS NO. 5197.1720.9302.00010 DEPT. NO. 

CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DESANDING/DEWATERING FACILITIES 

SUBJECT DESANDED DREDGED SLURRY STORAGE CAPACITY 

I. Objective 

Based on the conclusions of the Dredging, Desanding and Dewatering Mass Balance Calculation (P-01)
 
determine the required storage capacity of desanded dredged slurry at Area C.
 

n. Assumptions 

The following assumptions were utilized for sizing the storage bins for the separated materials: 

•	 Effective operating time of dredge will be 8 hours/shift, two shifts/ day for a total dredge time of 16 
hours/day. 

•	 Dewatering will be conducted 24 hours/day. 
. • Initial^ storage capacity will be sized based on the average slurry flowrate to dewatering system 

'based on average dredge conditions: 42% in-situ solids (by wt), 29% in-situ sand (by wt), 10 to 
20% transfer slurry from dredge, 65% solids (by wt) filter cake. 

- - * Slurry storage capacity at Area D =. 260,000 gallons and includes two (2) equalization tanks at 
50,000 gallons each and eight (8) frac tanks with a volume of 20,000 gallons each. 

m. Sizing 

a.) At average dredge conditions and 15% slurry transfer, the desanding system effluent = 1,376 
gpm. " • 

Assuming 16 hours/day operation the total volume of slurry requiring dewatering= 

1,376 gpm x 60 min/hour x 16 hours/day= 1,320,960 gallons 

Flowrate to the dewatering system based on 24 hours/day operations = 

1,320,960 gallons/day x 1 .day/24 hours x 1. hour/60 rain = 917 gallons/min 

Required storage = (1,376 gpm - 917 gpm) x 60 min/hour x 8 hours = 

220,320 gallons < 260,000 gallons 

—	 . _b.) At average dredge conditions and a 10%-slurry transfer^ the desanding system effluent = 1,631 
gpm 

• Assuming 16 hours/day operation the total volume of slurry requiring dewatering = 

1,631 gpm x 60 min/hour x 16 hours/day = 1,565,900 gallons 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY JJB DATE 11/21/02 SHEET
s-s 

 J" OF 3_ 

CHKD. BY DATE OFS NO. 5197.1720.9302.00010 DEFT. NO. 

CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DESANDING/DEWATERING FACILITIES 

SUBJECT DESANDED DREDGED SLURRY STORAGE CAPACITY 

Flowrate to the dewatering system based on 24 hours/day operations = 

1,565,900 gallons/day x 1 day/24 hours x 1 hour/60* min= 1,087 gallons 

Required storage = (1,631 gpm - 1,087 gpm) x 60 min/hour x 8 hours = 

260,912 gallons > 260,000 gallons 

c.) At mudflats dredge conditions (77% in-situ solids), a 15% slurry transfer, and 65% filter cake 
- - .- the desanding system effluent = 1,531 gpm - - . . .  . 

Assuming 16 hours/day operation the total volume of slurry requiring dewatering = 

1,531 gpm x 60 min/hour x 16 hours/day = 1,469,954 gallons 

Flowrate to the dewatering system based on 24 hours/day operations = 

1,469,954 gallons/day x 1 day/24 hours x 1 hour/60 min= 1,021 gallons 

Required storage = (1,531 gpm - 1,021 gpm) x 60 min/hour x 8 hours = 

244,900 gallons < 260,000 gallons 

If additional storage capacity is required at Area C, space is available for four (4) 20,000 gallon frac tanks. 
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CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DESANDING/DEWATERING FACILITIESY 

SUBJECT DESANDED DREDGED SLURRY TRANSFER PUMPS FROM AREA C TO AREA D 

I. Objective 

Based on the conclusions of the Dredging, Desanding and Dewatering Mass Balance Calculation (P-01)
 
determine the required size of the desanded dredge slurry transfer pumps from Area C to Area D.
 

II. Assumptions 

The following assumptions were utilized for sizing the slurry transfer pumps for the separated materials: 

•	 Dewatering will be conducted 24 hours/day. 
•	 100% of +3/8 inch and 70% of +200 mesh material will be separated from the dredged slurry prior 

to transfer to the dewatering facility. 
•	 Average .flowrate to dewatering facility is 918 gpm at an average dredge rate of 2,002 yd3/day (42% 

in-situ solids (by wt), 32% in-situ sand (by wt), transfer slurry solids content of 12%, and 65% 
solids filter cake). 

»	 The highest flowrate to the dewatering facility = 1,096 gpm . . . 
•	 The average density of the desanded slurry is 75 lbs/ft3 

•	 The transfer pipeline will consist of a 14 inch outside diameter SDR 11 HOPE pipe. 
•	 The headloss in the HOPE pipe is less than 1 ft/100 ft. 
•	 The distance from Area C to Area D is approximately 7,800 ft. 
•	 Pump efficiency will be 60%. 
•	 Assume pump is capable of 2,000 gpm. 

m. Sizing 

The transfer pumps for Area C will be capable of handling 2,000 gpm.	 . 

Power required of pumping: 

bhp= OHp 

Where:
 
bhp "= Braking horse power
 
Q = Flowrate, ft3 /sec
 
H = headloss in pipe, feet
 
p = density of fluid, Ibs7 ft3
 

HP = horsepower, 550 ft-lb/sec
 
.Cp = pump efficiency
 

(Crane's TechnicaLPaper No..410, " Flow of Fluids Through Valves, Fittings and Pipe", p, B-9) 
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SUBJECT DESANDED DREDGED SLURRY TRANSFER PUMPS FROM AREA C TO AREA D 

Therefore: 

bhp = ((2.000 gal/min)*f0.1337 ftVgalWO.0167 min/secV)*f(7.800 LF)*(1 fVlOO ft»*(7S lbs/ft3) 
(550 ft-lbs/sec)*(0.6) 

= 79 HP 
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PROJECT NEW BEDFORD HARBOR DESANDING/DEWATERING FACILITIES 

SUBJECT DEWATERING BUILDING FILTRATE SUMP SIZING 

I. Objective 

Based on the conclusions of the Dredging, Desanding and Dewatering Mass Balance Calculation (P-01)
 
determine the required size of the filtrate sump to be installed within the dewatering facility.
 

II. Assumptions 

The following assumptions were utilized for sizing the filtrate slurry pump: ' . . . 

•	 Maximum filtrate instantaneous flowrate from a 650 ft3 diaphragm plate and frame filter press = 
3,000 gpm. This flowrate occurs at the beginning of the dewatering'operationalcycle and last: for 
approximately 5 minutes. Following this initial fill rate the filtrate flowrate decreases. 

•	 Two (2) filter presses will not be filled at the same time. 
•	 Based on the mass balance calculations (P-01) the average filtrate flowrate is 803 gpm. This value 

is based on an hourly average flowrate and does not reflect the higher initial flowrate of 3,000 gpm. 
•	 Filtrate transfer line has been sized for a 3,000 gpm flowrate - , . 
•	 The filtrate transfer pumps will be rated for 1,500 gpm.. 

ED. Sizing 

|* 

. ,
(.*> x\, 

Useabie volume = (30 ft)*(30 ft)*(4 ft)- (r.5'ft)*(l .5 ft)* (4 ft) =3,555 ft3 

= 26,593 gallons 
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SUBJECT DEWATERING BUILDING FILTRATE SUMP SIZING 

Assuming that a 1,500 gpm sump pump will be utilized to transfer filtrate from Area D to Area C the anticipated 
cycle times for the pump are provided in Table 1. 

3& /Vi-vf*. O 

86* 



Table 1: Summary of Anticipated Sump Pump1 Cycle Time 
New Bedford Harbor Superfund Site - OU#1 

Dredge Rate in-Situ Solids SPU Solids Filter Cake Solids Filtrate Flowrate Pump Cycle Time 
(ydVday) (%bywt) (% by wt) (% by wt) (gpm) (min) 

2,002 42 15 65 803 38.15 

1,849 50 15 65 944 47.83 

1,515 42 10 70 1,010 54.27 

1,195 50 10 70 1,010 54.27 

Notes: 1. Assumes 1,500 gpm sump pump 
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CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DESANDING/DEWATERING FACILITIES 

SUBJECT FILTRATE TRANSFER PUMP SIZING (AREA D TO AREA C) 

I. Objective 

Based on the conclusions of the Dredging, Desanding and Dewatering Mass Balance Calculation (P-01)
 
determine the size requirements for filtrate transfer pumps.
 

II. Assumptions 

The following operational assumptions were utilized for sizing the transfer pumps:	 * 

•	 The system will be sized to handle the maximum anticipated flowrate from the desanding operations 
(1,011 gpm) based on calculation P-01 - Dredging, Desanding and Dewatering Mass Balance. 

«	 The system will be provided with a backup system with the capability to handle 100% of the 
maximum flowrate. 

•	 The density of seawater is 63.31 lbs/ft3 

• The transfer pipeline will consist of 14" outside diameter SDR 11 HOPE pipe.
 
. • The headloss in the HOPE is less than 1 ft/100 ft.
 

•	 The distance from Area C to Area D is approximately 7,800 ft 
•	 Pump efficiency will be 60%. 
•	 Assume pump is capable of T,500 gpm 

m. Equipment Sizing 

Power required of pumping:
 

Bhp= QHp Equation #1
 

Where: 

bhp = braking horse power
 
Q = flowrate, ft3/sec
 

- •- H -— head loss in pipe, feet
 
p = density of fluid, lbs/ft3
 

HP = horse power, 550 ft-lb/sec
 
~ e ,̂ == pump efficiency 

(Crane's Technical Paper No. 410 "Flow of Fluids Through Valves, Fittings, and Pipe" p. B-9) 

Therefore, . . . . . . . . . . . . . ., . . 

bfap-ra.50Q-gal/mm')*r0.1337 frVgalWO.0167 min/secVt*f(7.800 LFVflft/100 ftY)*r63.31lbs/ft3) -50.12 HP 
(550.ft-lbs/sec)*(0.6) . .	 . .. 

http:ftY)*r63.31
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Piping Calculations From Area D to Area C 

KNOWN VARIABLES 
Pipe Length (Ft) =
Flow Rate (GPM) =
Static Head (Ft) =
Seawater Density at 60F (p) (Ib/Ft3) =
H2O Viscosity centerpoise(n) =

Seawater Specific Gravity @60F =
Pump Efficiency =

 7824 
 525 

 16.6 
 63.31 

 1.129 

 1.015 
 0.6 

MINOR LOSSES 

90 Degree Elbow 
Plug Valve 
Swing Check Valve 
Butterfly Valve 
Flow Into T 
Flow Along T 
Exit 

0.39 
0.23 

1.3 
0.46 
0.78 
0.26 

1 
Sum Total For K,= 

6 
0 
1 
2 
0 
0 
1 

2.34 
0 

1.3 
0.92 

0 
0 
1 

5.56 

LOSSES DUE TO OTHER ELEMENTS 

Static Mixer 
Total Elemental Loss (h^ = 

Pipe Diameter (Inches) 8.000 10.000 12.000 14.000 16.000 

Velocity (Ft/Sec.) 3.347 2.142 1.488 1.093 0.837 

Reynolds Number 186018.3 148814.6 124012.2 106296.2 93009.1 

Friction Factor smooth pipe (f) 0.020 0.020 0.021 0.022 0.022 

Kp 234.720 187.776 164.304 144.185 129.096 

KT 240.280 193.336 169.864 144.185 134.656 

head loss (hj 41.877 13.802 5.848 2.679 1.467 

Total Dynamic Head (H) 58.477 30.402 22.448 19.279 18.067 

Braking Horse Power 12.921 6.718 4.960 4.260 3.992 



Piping Calculations From Area D to Area C 

KNOWN VARIABLES 
Pipe Length (Ft) = 7824 
Flow Rate (GPM) = 800 
Static Head (Ft) = 16.6 
Seawater Density at 60F (p) (Ib/Ft3) = 63.31 
H2O Viscosity centerpoise(n) = 1.129 
Seawater Specific Gravity @60F = 1.015 
Pump Efficiency = 0.6 

MINOR LOSSES 

90 Degree Elbow 
Plug Valve 
Swing Check Valve 
Butterfly Valve 
Flow Into T 
Flow Along T 
Exit 

0.39 
0.23 

1.3 
0.46 
0.78 
0.26 

1 

'

Sum Total For K,= 

6 
0 
1 
2 
0 
0 
1 

2.34 
0 

1.3 
0.92 

0 
0 
1 

5.56 

LOSSES DUE TO OTHER ELEMENTS 
•panBal
5 0 

Total Elemental Loss (hE) = 

Pipe Diameter (Inches) 8.000 10.000 12.000 14.000 16.000 

Velocity (Ft/Sec.) 5.100 3.264 2.267 1.665 1.275 

Reynolds Number 283456.4 226765.1 188970.9 161975.1 141728.2 

Friction Factor smooth pipe (f) 0.020 0.020 0.021 0.022 0.022 

Kp 234.720 187.776 164.304 144.185 129.096 

KT 240.280 193.336 169.864 144.185 134.656 

head loss (hj 97.238 32.047 13.579 6.221 3.406 

Total Dynamic Head (H) 113.838 48.647 30.179 22.821 20.006 

Braking Horse Power 38.329 16.380 10.161 7.684 6.736 



Piping Calculations From Area D to Area C 

KNOWN VARIABLES 
Pipe Length (Ft)= 7824 
Flow Rate (GPM) = 1010 
Static Head (Ft) = 16.6 
Seawater Density at 60F (p) (Ib/Ft3) = 63.31 
H2O Viscosity centerpoise(n) = 1.129 
Seawater Specific Gravity @60F = 1.015 
Pump Efficiency = 0.6 

MINOR LOSSES 

90 Degree Elbow 
Plug Valve 
Swing Check Valve 
Butterfly Valve 
Flow Into T 
Flow Along! 
Exit 

0.39 
0.23 

1.3 
0.46 
0.78 
0.26 

1 
Sum Total For K,= 

6 
0 
1 
2 
0 
0 
1 

2.34 
0 

1.3 
0.92 

0 
0 
1 

5.56 

LOSSES DUE TO OTHER ELEMENTS 
HKffiMPI 
5] 0| 

Total Elemental Loss (hE) = 

Pipe Diameter (Inches) 8.000 10.000 12.000 14.000 16.000 

Velocity (Ft/Sec.) 6.439 4.121 2.862 2.102 1.610 

Reynolds Number 357863.7 286291.0 238575.8 204493.6 178931.9 

Friction Factor smooth pipe (f) 0.020 0.020 0.021 0.022 0.022 

KP 234.720 187.776 164.304 144.185 129.096 

KT 240.280 193.336 169.864 144.185 134.656 

head loss (hj 154.989 51.081 21.643 9.916 5.429 

Total Dynamic Head (H) 171.589 67.681 38.243 26.516 22.029 

Braking Horse Power 72.940 28.770 16.257 11.272 9.364 



Piping Calculations From Area D to Area C 

KNOWN VARIABLES 
Pipe Length (Ft) = 7824 
Flow Rate (GPM) = 1500 
Static Head (Ft) = 16.6 
Seawater Density at 60F (p) (Ib/Ft3) = 63.31 
H2O Viscosity centerpoise(n) = 1.129 
Seawater Specific Gravity @60F = 1.015 
Pump Efficiency = 0.6 

MINOR LOSSES 

0.39 •

Swing Check Valve 1.3 
Butterfly Valve 0.46 0.92 
Flow Into T 0.78 
Flow Along T 0.26 
Exit 

Sum Total For K,= 5.56 

LOSSES DUE TO OTHER ELEMENTS
 
JBtQSiiriliSl
 
5| 0 

Total Elemental Loss (h^ = 

Pipe Diameter (Inches) 8.000 10.000 / 12.000 ^ 14.000 16.000 
/ \ 

Velocity (Ft/Sec.) 9.563 6.120 / 4.250 \ 3.122 2.391 
/ \ 

Reynolds Number 531480.8 425184.6 354320.5 \ 303703.3 265740.4 

Friction Factor smooth pipe (f) 0.020 0.020 0.021 0.022 0.022 

Kp 234.720 187.776 164.304 144.185 129.096 

KT 240.280 193.336 I 169.864 144.185 134.656 

I 
head loss (hj 341.853 112.667 \ 47.737 21.872 11.974 

I 
Total Dynamic Head (H) 358.453 129.267 \ 64.337 38.472 28.574 

\ / 
Braking Horse Power 226.296 81.608 \ 40.617 / 24.288 18.039 

Fr/v 
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Anticipated Filter Cake Loading Sequence
 
New Bedford Harbor Dewatering Facility
 

New Bedford Harbor Superfund Site, OU#1
 

Assumptions 

Dewatering Process 

•	 Four (4) 650 ft3 diaphragm plate and frame filter presses to be utilized. 
•	 Maximum volume filter cake (65% by wt) that can be produced per press cycle is 17.5 yd3 . 
•	 Each filter press cycle is 2 hours. 
•	 Each filter press operation sequence is staggered by 30 minutes. 
•	 70 yd3 of filter cake is generated every two hours (17.5 yd3 /press) 
•	 Density of filter cake is 105 lbs/ft3 (1.4 tons/yd3 ). 

Rail Gondolas 

•	 Each gondola has a capacity of 100 yd3 

•	 Each gondola can hold 100 tons of filter cake. 
•	 Assume 4 filter press cycles (98 tons) will fill one (1) gondola. 

Gondola Loading 

•	 Assume one (1)5 yd3 bucket excavator will be utilized to load gondolas. 
•	 Assume 4 trips to load 17.5 yd3 of filter cake. 
•	 Assume maximum distance between filter press and gondola is 200 feet 
•	 Assume 4 minutes (round trip) per load for a total of 16 minutes per filter press dump. 
•	 Total time required to load gondola is 64 minutes. 
•	 Assume liner is placed in gondolas prior to entering loadout facility. 
•	 Assume 15 minutes to place and secure tarp over gondola. 

Gondola Changeout 

•	 Assume rail car mover operates at the low maximum speed of 2.4 mph (211 ft/min). 
•	 Maximum distance required to transfer loaded gondola from Track #3 to Track #2 is 1,000 ft. 

Therefore, assume 5 minutes. 
•	 Maximum distance to transfer empty gondola from Track #1 to Track #3 is 2,000 ft (Track #2 to 

Track #1 to Track #3). Therefore, assume 10 minutes. 
•	 Assume 2 minutes required to hookup/unhook gondolas. (Two hookups and two disconnects). 8 

minutes. 

Gondola Decontamination 

•	 Assume 15 minutes to decontaminate and weigh gondola prior to leaving loadout facility. 
•	 Assume decontamination is conducted after tarp is secured on gondola 
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45

24 hour Loading Sequence 

1. Filter Press # 1 discharges 17.5 yd3 of filter cake	 0600 
2. Front-end loader transfers filter cake to gondola #1	 0616 
3. Filter press #2 discharges 17.5 yd3 of filter cake	 0630 
4.	 Front-end loader transfers filter cake to gondola #1 0646 

. Filter press #3 discharges 17.5 yd3 of filter cake 0700 
6. Front-end loader transfers filter cake to gondola #1	 0716 
7. Filter press #4 discharges 17.5 yd3 of filter cake	 0730 
8. Front-end loader transfers filter cake to gondola #1	 0746 
9.	 Complete loading of gondola #1 0746 

. Filter press #1 discharges 17.5 yd3 of filter cake 0800 
11. Place and secure tarp over gondola #1	 0801 
12. Decontaminate gondola # 1	 0816 
13. Transfer gondola # 1 from Track #3 to Track #1	 0825 
14.	 Filter press #2 discharges 17.5 yd3 of filter cake 0830 

. Transfer gondola #2 from Track #2 to Track #3 0839 
16. Filter press #3 discharges 17.5 yd3 of filter cake	 0900 
17. Front-end loader transfers filter cake from presses #1, and #2 to gondola #2 0911 
18. Front-end loader transfers filter cake from press #3 to gondola #2	 0927 
19.	 Filter press #4 discharges 17.5 yd3 of filter cake 0930 

. Front-end loader transfers filter cake from press #4 to gondola #2 0946 
21. Complete loading of gondola #2	 0946 
22. Filter press #1 discharges 17.5 yd3 of filter cake	 1000
 
23. Place and secure tarp over gondola #2	 1001
 
24.	 Decontaminate gondola #2 1016
 

. Transfer gondola #2 from Track #3 to Track #1 1025
 
26. Filter press #2 discharges 17.5 yd3 of filter cake	 1030
 
27. Transfer gondola #3 from Track #2 to Track #3	 1039
 
28. Filter press #3 discharges 17.5 yd3 of filter cake	 1100
 
29.	 Front-end loader transfers filter cake from presses # 1, and #2 to gondola #3 1111
 

. Front-end loader transfers filter cake from press #3 to gondola #3 1127
 
31. Filter press #4 discharges 17.5 yd3 of filter cake	 1130
 
32. Front-end loader transfers filter cake from press #4 to gondola #3	 1146
 
33. Complete loading of gondola #3	 1146
 
34.	 Filter press # 1 discharges 17.5 yd3 of filter cake 1200
 

. Place and secure tarp over gondola #3 1201
 
36. Decontaminate gondola #3	 1216
 
37. Transfer gondola #3 from Track #3 to Track #1	 1225
 
38. Filter press #2 discharges 17.5 yd3 of filter cake	 1230
 
39.	 Transfer gondola #4 from Track #2 to Track #3 1239
 

. Filter press #3 discharges 17.5 yd3 of filter cake 1300
 
41. Front-end loader transfers filter cake from presses #1, and #2 to gondola #4 1311
 
42. Front-end loader transfers filter cake from press #3 to gondola #4	 1327
 
43. Filter press #4 discharges 17.5 yd3 of filter cake	 1330
 
44.	 Front-end loader transfers filter cake from press #4 to gondola #4 1346
 

. Complete loading of gondola #4 1346
 
46. Filter press #1 discharges 17.5 yd3 of filter cake	 1400
 
47. Place and secure tarp over gondola #4	 1401
 
48. Decontaminate gondola #4	 1416
 
49. Transfer gondola #4 from Track #3 to Track #1	 1425
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50. Filter press #2 discharges 17.5 yd3 of filter cake 1430
 
51. Transfer gondola #5 from Track #2 to Track #3 1439
 
52. Filter press #3 discharges 17.5 yd3 of filter cake 1500
 
53. Front-end loader transfers filter cake from presses #1, and #2 to gondola #5 1511
 
54. Front-end loader transfers filter cake from press #3 to gondola #5 1527
 
55. Filter press #4 discharges 17.5 yd3 of filter cake 1530
 
56. Front-end loader transfers filter cake from press #4 to gondola #5 1546
 
57. Complete loading of gondola #5 1546
 
58. Filter press #1 discharges 17.5 yd3 of filter cake . 1600
 
59. Place and secure tarp over gondola #5 1601
 
60. Decontaminate gondola #3 1616
 
61. Transfer gondola #5 from Track #3 to Track #1 1625
 
62. Filter press #2 discharges 17.5 yd3 of filter cake 1630
 
63. Transfer gondola #6 from Track #2 to Track #3 1639
 
64. Filter press #3 discharges 17.5 yd3 of filter cake 1700
 
65. Front-end loader transfers filter cake from presses #1 & #2 to gondola #6 1711
 
66. Front-end loader transfers filter cake from press #3 to gondola #6 1727
 
67. Filter press #4 discharges 17.5 yd3 of filter cake 1730
 
68. Front-end loader transfers filter cake from press #4 to gondola #6 1746
 
69. Complete loading of gondola #6 1746
 
70. Filter press # 1 discharges 17.5 yd3 of filter cake 1800
 
71. Place and secure tarp over gondola #6 1801
 
72. Decontaminate gondola #6 1816
 
73. Transfer gondola #6 from Track #3 to Track #1 1825
 
74. Filter press #2 discharges 17.5 yd3 of filter cake 1830
 
75. Transfer gondola #7 from Track #2 to Track #3 1839
 
76. Filter press #3 discharges 17.5 yd3 of filter cake 1900
 
77. Front-end loader transfers filter cake from presses #1 & #2 to gondola #7 1911
 
78. Front-end loader transfers filter cake from press #3 to gondola #7 1927
 
79. Filter press #4 discharges 17.5 yd3 of filter cake 1930
 
80. Front-end loader transfers filter cake from press #4 to gondola #7 1946
 
81. Complete loading of gondola #7 1946
 
82. Filter press # 1 discharges 17.5 yd3 of filter cake 2000
 
83. Place and secure tarp over gondola #7 2001
 
84. Decontaminate gondola #7 2016
 
85. Transfer gondola #7 from Track #3 to Track #1 2025
 
86. Filter press #2 discharges 17.5 yd3 of filter cake 2030
 
87. Transfer gondola #8 from Track #2 to Track #3 2039
 
88. Filter press #3 discharges 17.5 yd3 of filter cake 2100
 
89. Front-end loader transfers filter cake from presses # 1 & #2 to gondola #8 2111
 
90. Front-end loader transfers filter cake from press #3 to gondola #8 2127
 
91. Filter press #4 discharges 17.5 yd3 of filter cake 2130
 
92. Front-end loader transfers filter cake from press #4 to gondola #8 2146
 
93. Complete loading of gondola #8 2146
 
94. Filter press #1 discharges 17.5 yd3 of filter cake 2200
 
95. Place and secure tarp over gondola #8 2201
 
96. Decontaminate gondola #8 2216
 
97. Transfer gondola #8 from Track #3 to Track #1 2225
 
98. Filter press #2 discharges 17.5 yd3 of filter cake 2230
 
99. Transfer gondola #9 from Track #2 to Track #3 2239
 
100. Filter press #3 discharges 17.5 yd3 of filter cake 2300
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101. Front-end loader transfers filter cake from presses #1 & #2 to gondola #9 2311 
102.
103.

 Front-end loader transfers filter cake from press #3 to gondola #9
 Filter press #4 discharges 17.5 yd3 of filter cake

 2327 
 2330 

104. Front-end loader transfers filter cake from press #4 to gondola #9 2346 
105.
106.

 Complete loading of gondola #8
 Filter press # 1 discharges 17.5 yd3 of filter cake

 2346 
 2400 

107. Place and secure tarp over gondola #9 0001 
108. Decontaminate gondola #9 0016 
109.
110.

 Transfer gondola #9 from Track #3 to Track #1
 Filter press #2 discharges 17.5 yd3 of filter cake

 0025 
 0030 

111.
112.

 Transfer gondola # 10 from Track #2 to Track #3
 Filter press #3 discharges 17.5 yd3 of filter cake

 0039 
 0100 

113. Front-end loader transfers filter cake from presses #1 & #2 to gondola #10 0111 
114.
115.

 Front-end loader transfers filter cake from press #3 to gondola #10
 Filter press #4 discharges 17.5 yd3 of filter cake

 0127 
 0130 

116. Front-end loader transfers filter cake from press #4 to gondola # 10 0146 
117.
118.

 Complete loading of gondola #10
 Filter press # 1 discharges 17.5 yd3 of filter cake 0200 

 0146 

119. Place and secure tarp over gondola # 10 0201 
120. Decontaminate gondola #10 0216 
121.
122.

 Transfer gondola # 10 from Track #3 to Track # 1
 Filter press #2 discharges 17.5 yd3 of filter cake 0230 

 0225 

123.
124.

 Transfer gondola # 11 from Track #2 to Track #3
 Filter press #3 discharges 17.5 yd3 of filter cake

 0239 
 0300 

125. Front-end loader transfers filter cake from presses #1 & #2 to gondola #11 0311 
126.
127.

 Front-end loader transfers filter cake from press #3 to gondola #11
 Filter press #4 discharges 17.5 yd3 of filter cake

 0327 
 0330 

128. Front-end loader transfers filter cake from press #4 to gondola # 11 0346 
129.
130.

 Complete loading of gondola #11
 Filter press #1 discharges 17.5 yd3 of filter cake

 0346 
 0400 

131. Place and secure tarp over gondola #11 0401 
132. Decontaminate gondola #11 0416 
133.
134.

 Transfer gondola # 10 from Track #3 to Track #1
 Filter press #2 discharges 17.5 yd3 of filter cake

 0425 
 0430 

135.
136.

 Transfer gondola #12 from Track #2 to Track #3
 Filter press #3 discharges 17.5 yd3 of filter cake

 0439 
 0500 

137.
138.

 Front-end loader transfers filter cake from presses #1, #2 & #3 to gondola #12
 Filter press #4 discharges 17.5 yd3 of filter cake

 0511 
 0530 

139. Front-end loader transfers filter cake from press #4 to gondola #12 0546 
140. Complete loading of gondola # 12 0546 
141. Filter press #1 discharges 17.5 yd3 of filter cake 0600 
142. Place and secure tarp over gondola #12 0601 
143. Decontaminate gondola #12 0616 
144.
145.

 Transfer gondola #12 from Track #3 to Track #1
 Filter press #2 discharges 17.5 yd3 of filter cake 0630 

 0625 

146.
147.

 Transfer gondola # 1 from Track #2 to Track #3
 Filter press #3 discharges 17.5 yd3 of filter cake

 0639 
 0700 

148.
149.

 Front-end loader transfers filter cake from presses # 1, #2 & #3 to gondola # 1
 Filter press #4 discharges 17.5 yd3 of filter cake

 0711 
 0730 

150. Front-end loader transfers filter cake from press #4 to gondola # 1 0746 
151. Complete loading of gondola #1 0746 
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Sheet 2 of 12 

CALCULATION SUMMARY FOR BALLASTED TRACK 

1. Rail Size =115 RE 

2. Wood Tie Size 

a. Cross-Sectional = 7.0 inch x 9.0 inch 
b. Length = 8.5 feet 

3. Wood Tie Spacing = 21 inch 

4. Subgrade must withstand 33 pounds per square inch 

5. AREMA 12 inch tie plate for 51A inch rail base width - Plan No. 6 

6. Elevation Above Top of Tie = 11A inch 

7. Total Load (Gondola + Load) = 266,000 pounds 

8. Design Wheel Load = 33,250 pounds 
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(4) Hie AREMA brack design method uses the beam-on-elastiofoundation model. In this modal, the 
track has two components: the beam, which is the raO, and the elastic foundation, which represents 
everything below the raH combined. The basic expression in the model relates three main variables: the 
load on the rail, the stiffness of the track system, and the amount of vertical raB deflection, as shown in 
equation 6-4. 

Y = 

Y = vertical rail deflection at a point (inches). 

P = applied wheel load (including contributions from adjacent wheels) (Ib). 

El = stiflhess of the rail, where: 

E = modulus of elasticity for steel (30x1 06psO

I = vertical moment of inertia of the rail section (inches4). 

u - stiffness of raH support, or track modulus (psi). 

In this equation, El represents the stiffness of the "beam" and u the stiffness of the 'elastic foundation." 

c. Design Load and Wheel Spacing. r ' 

(1) Select the design wheel load from table 2-2, based on the most common, heaviest car expected 
to travel over the track. 

(2) Figure 6-13 shows the two most common wheel configurations. Mgstgars have two^axte trucks 
and the design wheel configuration Is that in drawing (a), with an average 75-irUMieel spacing. The 140
ton series flat cars (for carrying M-1 tanks and other heavy vehicles) and some 100-ton flat cars have 3
axle trucks; their design wheel configuration is that in drawing (b). with 66-in. wheel spacing. 
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A. Cars with 2-axl« trucks 4 

B. Cars with 3-oxle trucks 

Figure 6-13. Design Wheel Configurations 

(3) The track is evaluated assuming that a wheel is centered over a tie, with an adjacent wheel on 
either side contributing to the loads, deflections, and stresses—as occurs when two cars are coupled 
together. Referring to figure 6-13(a), ihe maximum Be. ballast, and subgrade loads wiH occur under 
wheels one and four (counting from the left), while the maximum tail bending stress will occur at wheels 
two and three. For the wheel configuration in figure 6-13{b), the maximum tie, ballast, and subgrade 
loads will occur under wheels two and five, while the maximum rail bending stress will occur at wheels 
three and four. 

(4) The effect of wheels farther than 100 in, from the design wheel is negligible. 

d. Select Trial Track Modulus (u). The track modulus values listed in table 6-6 are suggested starting 
points for design. In the table, track type 'main*' refers to main running tracks, while "auxffiary" includes 
sidings, wyes, loading, spur, storage, interchange, and light use tracks. 

Table 6-6. Suggested Design Track Modulus Values 

Design Wheel Load Range (1,QQOaijf pounds) 

Track Type 20-25 25-30 ^30-35 \35-40 40-45 45-50 
Main 1500 1800 I 2000 2300 2600 2900 
Auxiliary 1200 1300 \ 1500 /1700 2000 2200 

^ I5OO
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e. Select Rail Size. 

(1) Use equation 6-5 to determine a minimum rail weight
 

27200
 

W0 = Weight of rail (Ib/yd) H <c 

P = Design wheel toad (b) 33 \ &5 0 lb 

a = Impact factor, where: 

a = Mjvhere design operating speed is 25 mph or less. <— 
' 1 I 4- Va = 1.4. where design operating speed is more than 25 mph. 

(2) Select a rait section from table 6-7 of equal or greater weight than calculated above. 

Table 6-7. Rail Sections 

Moment of Inertia: Section Modulus to
 
Rail Section lOnctws*} B«s«:Zb, (inches')
 

100ARA-B 41.3 15.7
 * H, r 
112 RE 65.5 21 & 

ÎS"RE~> ^65.6^) 22.0 

130 RE 77,4 25.5 

132 RE 882 27.6 

133 RE 86.0 27.0
 

136RE 95.4 28.4
 

f. Determine Moment and Loading Coefficients. 

(1) The moment and loading coefficients account for the affects of wheels adjacent to the design 
wheel. Adjacent wheels reduce rail moment and increase tie, ballast, and subgrade load. 

(2) Calculate X1 using equation 6-6. (X1 should normally range between 28 and 40): 
.•2-5 

,-«•*

4 = Eq6-6 

X^ = Distance from design wheel load to point of zero bending moment (inches). 

I = Vertical moment of inertia of rail section (in/). (0(5. b / fv 

u = Stiffness of rail support, or track modulus (psi). / 5 O 0 p S>l 
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(3) Determine coefficients €„, and Cj as foBows: 

(a) For most design situations, and for cane with either 2-axle or 3-axte trucks, the rail moment 
coefficient (Cm) can be taken asO.8. 

(b) The load coefficient Cd can be taken from the following: 

XI= 28 30 32 34 36 (to) 40 

Design 66: 1.24 1.30 1.36 1.44 1.54 1.62 1.70 
Wheel Spacing (7X) 1.08 1.15 1.22 1.30 1.36 >1.42< 1.50 

g. Check Rafl Bending Stress. Use equation 6-7to check that rail bending stress is less than 32,000: 

(0.318P,COTXJ 
fa -* Eq 6-7 

f0 - Maximum flexural stress (psi).
 

Pd = Dynamic (design) wheel toad (lb)#efiMabte*-2. 33 , o> 5O lb
 

Cm= Moment coefficient- O-8>
 

Xj - Distance from wheel load to point of zero bending moment (inches). 2> 2> \
 

'n3Section modulus of rail base, from table 6-7 (cu in.). 3^ol . O

h. Tfes and Tie Spacing. 

(1) Choose a trial tie spacing and calculate the maximum rail seat load using equation 6-8: 

Eq6-8 

QQ = Maximum rail seat load (Ib). 

P<i= Dynamic (design) wheel load (Ib) frewtebte**. 

Cj= Load coefficient for adjacent wheels. I - 4^ 

S = Tie spacing (inches). fl̂ S «X^ e, cM > O. 

X^ = Distance from wheel load to point of zero bending moment (inches). 2>2> » 

nr 
36 

(2) Select fie size, either 6-in. x 8-in. x 8.5 ft, or/7-in. x 9-in. x 8.5 ̂  

6-18 
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(3) Check tie bending stress using equation 6-9a or 6-9b, and fj = 1100 psi as a suggested fimfc 

For 6x8 Ties :f, = Eq 6-9a 
£*$ 

- >> For 7x9Ties :ft =%*- Eq 6-9b 
O^£ 

f(= Flexural stress on underside of fie below rail seat (psi). 

qQ = Maximum ral seat load (to). 

53 

(4) If ft > 1 100. choose a larger tie size or decrease tie spacing. 

i. Ballast and Subgrade. 

(1) Determine ballast surface stress from equation 6-10, with pm = 65 psi as a suggested limit: 

P.=**
4 Eq 6-10 

pm - Ballast surface stress (psi). 

q,, = Maximum rail seat toad (to). Dm = | 0 , I1b Ib 

Ah = Effective bearing area of H tie on ballast (sq in.). , T~ 
Z> I 3t'i rr 

^7x9 ties.^= 312.̂  pro- 3 3 p S * v \ ^ (o 5 p 

(2) If pm exceeds 65 psi, choose a larger tie and/or decrease tie spacing. 

(3) Select design subgrade bearing capacity (PC) according to results of soil tests or other data. (In 

the absence of other guidance, the design bearing capacity for cohesive soils may be the same as the 
unconfined compressive strength). 
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CAR DESCRIPTION;
 

52'6' Inside Length 

43'4" Track Centers 
54'3" Over Sinkers 

OFF of Couplers 

DESCRIPTION: 

AAR MECHANICAL DESCRIPTION: GBS 
CAR TYPE CODE: E 534 
BUILDER; Thrall 
DATE BUILT: NEW: 1999 

REBUILT 
CUBIC FO OT CAPACITY: 2,743 
NOMINAL CAPACITY: 220,000 
LIGHTWEIGHT: ~S6,000'«
CLEARANCE DIAGRAM: Plate "B" 
LINING TYPE: 
DOOR TYPE: 
BEARINGS: Roller 
ROOF TYPE: 
FLOORTYPE: Steel 
JOURNAL SIZE! 6 I/I" X 12" 
DRAFT GEAR: Group T 
CAR CLASS: 

Extreme Width 
10'5" 

Extreme Height
9-2" 

Inside Width: 9' 6" 
Inside Height: 5' 6" 

co 

SPRING ARRANGEMENT: 
SPRING SIZE: 
BRAKE SYSTEMS 
COUPLER: 
B OLKHEAD OR CONTAINER: 
TOPWDDTHi 
HEIGHT ABOVE PLATFORM: 
LENGTH BETWEEN PULLING FACES: 
MINIMUM CURVE NEGOTIABILITY: 
OVER PULLING FACE OF COUPLERS: 
OVER STRIKERS: 54' 3" 
INSIDE LENGTH: 52' 6' 
INSIDE: Height 5'6" 
EXTREME: Height 9'2" 
MISCELLANEOUS; 

D-5 
DB-60 

56' 

TRUCK CENTERS: 
milli-. 9' 6" 
Width 10'5" 

43' 4" 

75 

£. 
05 

e 
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! 1 ! i 1 ! i
 
i 1 i i ! i i i
 

i _r> \

TOf ) Oi » TU-i i ry 
f

i 
* S 

j I !1 i '


frop G, an \' r i ua f~<d 6 U q -d>" --H i. 
1
 I J I M ! 

| i SB q> i j 3/g ̂  
i 

i ! ! i 1 ' • : I i
 

-l 
'it— i
 Zk I - I 

-1—f—I—h 
-} -f-

PWPMO t!Bin m/Qfi 



Sheet 10 of 12 

Design 

h «»- 1 

1. Rail Area (square inch)
 
Head
 
Web
 
Base
 
Whole Rail
 

2. Rail Weight (Ib/yd) (based on specific gravity of rail steel = 7.84) 
3. Moment of Inertia about the neutral axis ^ ~{"̂  

4. Section modulus of the head 
Section modulus of the base 

5. Height of neutral axis above base 

3. Lateral moment of inertia 
7. Lateral section modulus of the head 

Lateral section modulus of the base 
8. Height of shear center above base 

9. Torsional rigidity is 'KG where G is the modulus of rigidity and 
K = (error for K greater than 10%) 

Figure 4-1-1. 115 RE Rail Section1 

_ L 

3.9156 
3.0363 
4.2947 

11.2465 

114.6758 
65.9 
18.1 
22.0 

3.00 
10.7 

7.90 
3.90 
1.45 

4.69 

1 References, Vol 16,1915, pp. 399, 1117; Vol. 35, 1934, pp. 875, 1144; Vol 38,1937, pp. 251, 635; Vol 48,1947, pp. 660,908; Vol. 54,1953,
 
pp. 1177; Vol. 63,1962, pp. 498,768; Vol. 92,1991, p. 49.
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<J Tie Plates 

SECTION 1.3 DESIGN OF TIE PLATES FOR USE WITH AREMA RAIL SECTIONS (1992) 

Refer to Table 5-1-3 and Figure 5-1-1 through Figure 5-1-12 for tie plate design. 

Table 5-1-3. Tie Plate Designs for use with AREMA Rail Sections 

Plan Number Figure No. Length
 

1 5-1-1 10 Inch For Use With Rail Having a 5Vs Inch Base
 

2 5-1-2 11 Inch For Use With Rail Having a 5Va to 5% Inch Base
 

3 5-1-3 12 Inch For Use With Rail Having a 5% Inch Base 

6 5-1-4 12 Inch For Use With Rail Having a 5Vz Inch Base 

7 5-1-5 13 Inch For Use With Rail Having a 5>/2 Inch Base 

8 5-1-6 14 Inch For Use With Rail Having a 51A Inch Base 

11 5-1-7 13 Inch For Use With Rail Having a 6 Inch Base
 

12 5-1-8 14 Inch For Use With Rail Having a 6 Inch Base
 

13 5-1-9 143/4 Inch For Use With Rail Having a 6 Inch Base
 

20 5-1-10 15 Inch For Use With Rail Having a 5Vi Inch Base
 
21 5-1-11 16 Inch For Use With Rail Having a 6 Inch Base
 
22 5-1-12 18 Inch For Use With Rail Having a 6 Inch Base
 

Rail Plate 

AREMA Base Plan Length 
Rail Sections Widths Number Inches 

22 18 

21 16 

140RE, 136RE, 133RE, 132RE 6 inch 13 14% 

12 14 

11 13 

20 15 

119RE, 115RE 5l/2 inch 
8 14 

7 13 

6 12 

3 12 
100RE 5s/8 inch 

2 11 

2 11 
90RA-A 

1 10 

^ote 1: Tie plates are double shoulder except for plan number 1 and 2 which are single 
shoulder. 
All tie plate sections canted 1: 40. 
All tie plate sections have inclined ends. 

© 2001, American Railway Engineering and Maintenance-of-YVay Association 

AREMA Manual for Railway Engineering 5-1 -7 



Sheet 12 of 12 

Rl-3b 
Tie Plates 

ESTIMATED WEIGHTS
 
IN POUNDS
 

PER FOOT 25.84
 
PER 7*" 16. 69
 

PUNCH ED
 
8 HOLES 15.86
 
6 HOLES IS.*)*)
 
4 HOLES 16. 12
 
ADO FOR RIBS
 

PER FOOT 0. 34
 
PER 7 *- a 22
 

Size and location of spike 
holes to be optional with 
maximum of eight. 

%• 1 «• l
i 
56—f 

%7h 2!*' h *• u r" 1 1 % •?OV t SO. 
so. I•%V.J=\ 1 fc"- M^ ^ Kso  so u s[i i K fc- 1 -J s0so. .. . •> u- r . 1'" L /I - • , . 1•» « 1 &" - 4-3 K- T4-J 4&• - 1I -&• Ji' -F ^3 ft Vl_ .1. 1 * '& • 

1  1I Lr
¥• W 

2 * i % • rZ.-> 3£-»78 * 1 £'. S • ̂  
I— i ' * l" 1 % 

PUNCHING A - 8 SPIKE HOLES PUNCHING 8 - 6 SPIKE HOLES
 
PUNCHING C - 4 LINE SPIKE HOLES PUNCHING 0 - 4 LINE SPIKE HOLES
 

Of PUNCHING A OF PUNCHING B
 

ALL SQUARE SPIKE HOLES WILL HAVE &" FILLETS IN CORNERS.
 
WHEN SPECIFIED 
SUPPLY SECTION WITH RIBS ON BOTTOM OF PLATE.
 
CENTERLINE DISTANCE BETWEEN HOLD DOWN SPIKE HOLES A &' INSTEAD OF 5"
 
ROUND HOLES MAY BE SUBSTITUTED FOR SQUARE HOLD DOWN SPIKE HOLES.
 

x-r 

Figure 5-1-3. Plan No. 3 - AREMA 12 Inch Tie Plate for 53/s Inch Rail Base Width 

ESTlKttTEO WEIGHTS
 
IN POUNDS
 

PER FOOT 25.95
 
PER 7^' 16. 76
 

PUNCHED
 
8 HOLES 15. 94
 
6 HOLES 16.06
 
4 HOLES 16. 19
 

ADD FOR RIBS
 
PER FOOT 0.34
 

PER 7%- 0.22
 

Size and location of spike 
holes to be optional with 
maximum of eight. 

i %' 
•2- %• 

H

so. 1-3 % • £•% • 
so. so. 1* SO. 

sp._ 5" 7 X ' -tt &" --&• 

-£} -£} 

PUNCHING A - 8 SPIKE HOLES
 
PUNCHING C - A LINE SPIKE HOLES
 

OF PUNCHING A
 

1 

PUNCHING B - 6 SPIKE HOLES
 
PUNCHING O - 4 LINE SPIKE HOLES
 

OF PUNCHING B
 

ALL SQUARE SPIKE HOLES WILL HAVE Jfe* FILLETS IN CORNERS.
 
WHEN SPECIFIED 
SUPPLY SECTION WITH RIBS ON BOTTOM OF PLATE.
 
CENTERLINE DISTANCE BETWEEN HOLD DOWN SPIKE HOLES 4 J£' INSTEAD OF 5"
 
ROUNO HOLES MAY BE SUBSTITUTED FOR SQUARE HOLD DOWN SPIKE HOLES.
 

90' NOT TO EXCEED 92' 

: 4a « / - 5 

x-

Figure 5-1-4. Plan No. 6 - AREMA 12 Inch Tie Plate forSVz Inch Rail Base Width 

O 2001, American Railway Engjoeecmg and Mamtenance-of-Way Association 

AREMA Manual for Railway Engineering 5-1-9 
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Track Structural Evaluation Program Report 
10-10-2002 

Description of Track Conditions and Loading - Input: 

***Track Loading*** 
Car Type 263,000 Ib car (100 ton) 
Operating Level Light Use 
Design Wheel Load 32,900 Ibs 
***Rail*** 
Rail Weight 1151bs/yd 
Rail Section Type AREMA 
Joint Bolt State Tight 
***Ties*** 
Cross Section Dimensions 7 inx 9 in 
Wood Type Hardwood 
Tie Plate Size 8.0 in x 6.0 in 
Spacing 21.0 in 
Age 0 years 
Average Remaining Tie Life 35 years 
Tie Modulus/Stress Reduction Factor 1.00 
Decay Hazard 2 
Typical Tie Condition Uniform 
Tie Grade AREMA mainline 
Most Important Defect Type None 
Moment of Inertia 257.25 inA4 
Modulus of Elasticity 1, 000,000 psi 
***Ballast*** 
Ballast Depth Sin 
Ballast Grade 1 
Drainage Quality Good 
Number of Wet Days 120 
Modulus of elasticity 36,083 psi 
***Subgrade*** 
Classification System ASTM 
Source of Allowable Subgrade Stress Program 
Subgrade Drainage Quality Good 
Modulus of Elasticity 11, 000 psi 
Soil Classification SW -Well graded Sands 

Analysis Results: 

Description Stresses and Loads Suggested Limits 
***At rail section*** 
Rail Bending Stress 7,723 psi 32,000 psi 24% 
Tie Reaction 14,433 Ibs 26,400 Ibs 55% 
Tie Bending Stress 779 psi 2,500 psi 31% 
Ballast Surface Stress 50 psi 70 psi 72%
 
Subgrade Stress 2 1.5 psi 43.0 psi 50%
 
***At a joint***
 
Jt. Bar Bending Stress 18,205 psi 45,000 psi 40%
 
Tie Reaction 16,454 Ibs 26,400 Ibs 62%
 
Tie Bending Stress 881 psi 2,500 psi 35%
 
Ballast Surface Stress 58 psi 70 psi 83%
 
Subgrade Stress 23.7 psi 43.0 psi 55%
 

% of Limits 

E:\Work\Ncw Bedford HarborXrail design nbh\raildesign3.tk3 
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FINAL DESIGN CRITERIA
 

These final design criteria will be used to complete the drawings. 

7-,. %.',- .' 
( 

General 
Design Load 
Rail Gage 
Rail Weight 
Rail Gage Spacing 
Rail Length 

Ties 
Tie Cross-Section 
Tie Length 
Wood Tie 
Concrete Tie 
Tie Spacing 

Ballast 

Ballast Depth 
Ballast Grade 
Drainage Quality 
Modulus of Elasticity 

Subgrade 

Subgrade Soil Classification 
Subdrainage Quality 
Modulus of Elasticity 

$Mm; - . : 

263,000 lb car (100 ton) 

AREMA section 115 Ibs/yd 
4' 8-1/2" 
33ftor39ft 

7 in x 9 in 
8 '-6" 
New Hardwood (Oak) tie for outdoor use 
New concrete tie for indoor use 
21 in 

Sin 
AREMA No. 5 (1/4 in to 1 in) 
Good 
36,083 psi 

ASTM SW-Well graded sands 
Good 
11 ,000 psi 



FINAL TYPICAL CROSS-SECTION DESIGN
 

TM 5-850-2/AFJMAN 32-1046 

6" WIN 

(TYPICAL) (TYPICAL) 

FILL 
COMPACTED SUBGRADE

20' MIN. 

V TYPT ' 
I 

CUT 

TYPICAL SECTION 

NOT TO SCALE 

Cfl 
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-Fi ~ \ Design 

I 

1. Rail Area (square inch) 
Head 3.9156 
Web 3.0363 
Base 4.2947 
Whole Rail 11.2465 

2. Rail Weight (Ib/yd) (based on specific gravity of rail steel = 7.84) 114.6758 
3. Moment of Inertia about the neutral axis 65.9 
4. Section modulus of the head 18.1 

Section modulus of the base 22.0 
5. Height of neutral axis above base 3.00 
6. Lateral moment of inertia 10.7 
7. Lateral section modulus of the head 7.90 

Lateral section modulus of the base 3.90 
8. Height of shear center above base 1.45 
9. Torsional rigidity is 'KG where G is the modulus of rigidity and 4.69 

K = (error for K greater than 10%) 

Figure 4-1-1.115 RE Rail Section1 

1 References, Vol 16,1915, pp. 399,1117; Vol. 35, 1934, pp. 875,1144; Vol 38,1937, pp. 251, 635; Vol 48,1947, pp. 660, 908; VoL 54,1953, 
pp. 1177; Vol. 63, 1962, pp. 498, 768; Vol. 92,1991, p. 49. 

« 2001. American Railway Engineering and MaMenanoMrf-Way Association 

4-1-3 AREMA Manual for Railway Engineering 



Connectors, Bolts, Spikes, Rail, Joint Bars, Tie Plates Sheet 4 of 10 

Connectors 
Rail Sections | Trackwork | Transit Systems 

Home Crane Runway Systems | Railroad Accessories 

About Us Joint Bars | Compromise Joints j Tie Plates | Bolts | Spikes 

Products Joint bars and bolts are used to fasten rails together. Tie plates 
and spikes attach rails and ties to produce track. Compromise bars FAQ's 
join rails of unequal size. 

Contact i 
Joint Bars 

Illustrated are the three types of standard joint bars which are 
currently in service. Six-
hole joint bars are provided 
for all crane rail and new 
tee rail sections over 100
Ib. per yard. New rail 100- spitce Short Toe 

Ib. per yard and less is 
furnished with four-hole joint bars. All relay rail is supplied with 
matching joint bars. 

Back To Top 

ComgromweJ^ointsJ 
Heat-treated compromise joints are used to connect and align 

rails of unequal size and drilling. A standard bar is re-formed by a 
custom forging process in both the vertical 
and horizontal planes so that the gage and 
running surfaces of the joined rails are in 

compromise John true alignment. 
Atlantic Track can also supply compromise weld joint kits or shop-
fabricated transition rail joints as suitable alternates to the standard 
joint. 

Back To Top 

Tie Plates 
Tie plates fasten the rail to the tie and maintain gage and 

alignment of rails in track. New double shoulder tie plates are 
available for 5-1/2" and 6" base rail and are 
manufactured according to AREA 

5/18/2002 http://www.atlantictrack.com/connectors.html 

http://www.atlantictrack.com/connectors.html
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194 Track Geometry 

space and operating at lower costs per ton mile and more ton miles ner 
train hour. *̂  

Regardless, standard gage is the accepted rail spacing, and it i 
tant that this spacing be maintained. Wide gage results in rough-ridW 

£ trains because the greater nosing action increases lateral stresses and 
M bending. When the wideness is irregular, rail head wear will also be 
9 irregular. Wide gage is likely to initiate and further poor line and sur
£ face. Because of the wide wheel treads, there is little danger of a loco
'c^ motive or car falling between the rails unless the gage is 3^ in. wide or 
£- - - more. However, no track should be permitted a gage wider than 1 in. 
-M Gage may be widened on sharp curves to reduce wheel binding 

There is less need for this practice with the disappearance of steam 
locomotives with long trains of drivers, but 3-axle power truck* on 
diesel-electric locomotives can create problems on high-degree curves. 
The amount of widening varies. One road has used ^ hi. for curves 
over 10°. Another widens | in. for each degree over 6° to a maximum 
of 4 ft 9| in. The AREA makes no recommendation at this writing. 
pRA Safety Standards permit no gage less than 4 ft 8 in. and no wider 
than 4 ft 9-3 in. (for Class 1, 2, and 3 tracks-Rule 213.53). Regaguigls' 
usually not attempted unless it is^ in. or more wide. " 

Wide; gage may result from several causes. Unfortunately carelessness 
of the workmen in using the track gage is not the least common of 
these causes. Close supervision and instruction are necessary to main
tain a snug but not tight fit on the track gage and to have the rail and 
tte plate both firmly and squarely seated. In gaging track one rail b 
taken as the gage rail (by railroad standard) and the other rail is gaged 
to it, regardless of the effects on line. The line rail should be initially in 
good alignment. 

The lateral component or side thrust on the head of rail has an over
turning moment intensified on curves that forces the rail base or out
side edge of tie plate into the tie and spreads the rail heads apart. Hunt
ing intensifies the process. The tie damage resulting is fully as seriousw 
the wide gage. Wide gage is likely to occur at those locations where 
decayed ties do not provide sufficient holding power for the spiket. In 
extreme cases, where several such ties are together, spread track tad 
derailments may occur. 

In regaging, the cut surfaces of the tie must be smoothed by hand or 
machine to provide a smooth, flat bearing surface for the tie plate (or 
rail base) and the rail drawn in to proper gage. In spot gaging it is hardly 
economical or feasible to regage spots less than \ in. in width. 
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TABLE 22^ AREA Recommended Tie Grading 

Dimensions 

Sawed or Hewed 
Sawed or Hewed Top and Bottom 

Size Four Sides Only Usual Assignments 

1 6 in. depth by 6 in. 6 in. depth by 6 in. Yard tracks and side tracks 
width on top width on top 

2 6 in. depth by 7 in. 6 in. depth by 7 in. Yard tracks and side tracks 
width on top width on top 

3 6 in. depth by 8 in. 6 in. depth by 8 in. Sidings and secondary side 
width on top width on top lines 

7 in. depth by 7 in. 
width on top 

7 In. depth by 8 in. 7 in. depth by 8 in. Primary main lines 
width on top width on top 

7 in. depth by 9 in. 7 in. depth by 9 in. Primary main lines 
width on top width on top (especially on curves) 
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3. Types of Ties 

"^ Wood fies may be classified according to species, the method of cutting 
*	 aad dressing the timber, use, and according to an AREA grading system 

based on cross section. 

Wood	 Species. The use of various woods is indicated in Table 22. 1 , 

{
en which shows	 the number of cross ties given preservative treatment in 

1975	 and 1976. Not all of these were used in maintenance in those /

5 
^ 

years; some went into new construction and others were held in storage 
for later use. Hardwood ties check more readily than softwoods and c resist the penetration of treating compounds. Softwoods accept treating '<r> c penetration more readily, but they are more susceptible to wear. 

aJ Oak has long been a favorite material, preferably white oak. Other 
hardwoods, including chestnut (now practically extinct) and gum, have -t7 

tf been popular. Softer woods must of necessity be used when hardwoods 
0 

TABLE 22.1. Cross Ties Treated (thousand ties)' 

1
1
£ Tie Wood	 1975 1976 

_a_ Douglas fir 171 354 
cb Gum* 471 398
 

Hemlock 143 146
 
lOak 12,336 13,435]
 
Ponderosa pine 253 341
 
Southern pine 1,854 738
 

J5	 Mixed hardwoods* 10,022 10,976
 
Mixed softwoods 2,546 1,130
 
Not specified 698 653
 
Total 27,884 28,171
 

"Croaties, Railway Tie Association, St. Louis, 
Missouri, April 1978, p. 14. 
*A great deal	 of gum may be reported in the 
mixed hardwoods category. 
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tf. Three4IVay and Lapped Turnouts 

three-way switch is used where space is limited and where 
and left-hand diversions are desired at the same point. The exam-

Field Layout Procedures 647 

H 
Pi 

*s
^ 

& 

Figure 27.17. Three-way and lap turnouts. 

pie illustrated in Figure 27.17a has some limited use in the yards of -o Europe, where the type of the yard layout is definitely related to this 
<J design of switch. As can be seen, three frogs and two sets of points are 

£-i ?! required, with one set of points acting as stock rails for the other set. ^ 
-P 

Two throw rods and stands are also required. This layout is structurally c<£ weak, complicated to install, and difficult to maintain. 
Jmuch simpler and structurally sound three-way or lap turnout is 
lisecj by U.S. railroads, as seen in Figure 21.lib. Here the switches" v*fc*« *»**M^-j*%v>^f^ Try. . . %^** ~*~ .T ^P**^ ^^ * r f » «  * * V  » »*Vf# V fc*»^ W *• ^
^. itmart i i.K. i .11.. i . i a jn .— .1. m*-mt***m— f* . ..«»,*!;•*.'- •y^.-i.^-u .. . , .u_.^*ii»iti.M*fcfcii|i **nn<mu-i*m.*+**——.^^&4 with the points bearing against cpnventlonai stock 

" other switch points 
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8.0 Design Criteria
 

Design criteria to be used for sidetracks with operating speeds
 
not to exceed 15 mph are listed in the following table. The
 
criteria are not intended for Yard and Terminal track, Intermodal
 
track, Branch or Spur Lines, nor any trackage with operating
 
speed greater than 15 mph.
 

CRITERIA INDUSTRx TKAcK LEAD TRACK LOAD / UNLOAD
 
IN MOTION
 

Turnout Size
 
Number 8 Number 10 Number 10
 

Note: turnouts in main tracks shall be No. 10 or larger l[£
 

Degree 12«-00'-00" 10«-00'-00" 10«-00'-00"
 
Radius	 478.34' 573.69' 573.69'
 

(Chord Definition: R=50/sinV$D)
 
Tangent Between
 
Reverse Carves
 

Preferred 100'	 100'
 
Minimum	 60' 60' 100'
 

Maximum <?rndfl
 

2.5% t 2.5% t 1.5% t
 
Loop Track 0.7% *
 

t Gncompensated $ Compensated at 0.04% per degree of curve
 
Vertical Curve
 

Summits	 40 x algebraic 40 x algebraic 400 x algebraic
 
difference in difference in difference in
 
grades grade grades
 

Sags	 50 x algebraic 50 x algebraic 500 x algebraic
 
difference in difference in difference in  *H
 

grades grades grades 
'


*
 

1 ftA * «mt ̂ -i -t
 Length 100' minimum 1 Uv BR1TI1 !IH,lin 100* roxTixiccmn
 

v cot r\ -tr\ 
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Table 7-2. Design Superelevation for Curved Track 

Maximum Operating Speed, mph 
Degree of 
Curvature ("lO}' 15 20 25 30 35 40 

^^^ ••»• 0.50 
1.00 
1.50 / NOr \ | 1.0 
2.00 ( SUPERELEVATION ) P 1-0 1.0 
2.50 , !•* V REQUIRED J/ 1 .0 1.0 1.5 
3.00 X— ^>^ I .0 1.5 2.0 

3.50 1.0 .0 2.0 2.5 
4.00 1.0 .5 2.0 3.0 1 
4.50 1.0 1.0 .5 2.5 3.5 
5.00 1.0 1.0 .5 2.5 | 
5.5O 1.0 1.5 2.0 | 
6.00 1.0 1.5 2.0 | 
6.50 1.0 1.5I 
7.00 
7.50 1.0 1 
8.00 1.S 1 DO NOT DESIGN 
8.50 FOR OPERATION 
9.00 IN THIS RANGE 
9.50 
10.00 
10.50 
11.00 
11.50 

Note: Table entries are superele vation in inches. 

(2) Full si iperelevation must tje provided around the f. Increase in Gage on Very Sharp Curves. Where 
~ entire curve. For curves with 1-in< ;h superelevation, that curves of 12 degrees or more cannot be avoided, 

elevation may be run out (transitio ned back to level) in 40 finished track gage will be as follows: 
feet of tangen t at the beginning and end of the curve. 

-Where supere levation is more tha n 1 inch, spirals will be Curvature Range Track Gage
 
provided at ea oh end of the curve. (degrees) (Inches)
 

12 to 14 56 5/8
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NEW BEDFORD HARBOR SUPERFUND SITE
 
NEW BEDFORD, MASSACHUSETTS
 

RAILCAR LAYOUT
 
GONDOLAS AND INTERMODALS
 

SCALE: 1" = 50'
 



CAR DESCRIPTION;
 

DESCRIPTION: 

AAH MECHANICAL DESCRIPTION:

CAR TYPE CODE:

BUILDER:

DATE BUILT: NEW:


REBUILT 
CUBIC FO OT CAPACITY:
NOMINAL CAPACITY:
LIGHTWEIGHT:
CLEARANCE DIAGRAM:
LINING TYPE: 
DOOR TYPE: 
BEARINGS:
ROOF TYPE: 
FLOOR TYPE:
JO URNAL SIZE:
DRAFT GEAR:
CAR CLASS: 

52'6" Instde Length 

43'4" Track Centers 
54'3" OverSlrikers 

OFF of Couplers 

 GBS 
 E 534 

 Thrall 
 1999 

 2,743
 
 220,000
 

 -66,000
 
 Plate "B"
 

 Roller 

 Steel 
6 1/2" X 12" 

 Group T 

Extreme Width 
10'5" 

r 
Extreme Height 

9" 2" 

Inside Width: V 6" 
Inside Height: 5'6" 

SPRING ARRANGEMENT: 
SPRING SIZE: D-5 
BRAKE SYSTEM: DB-40 
COUPLER: SBE-60DC 
BULKHEAD OR CONTAINER: 
TOPWTOTH: 
HEIGHT ABOVE PLATFORM: 
LENGTH BETWEEN POLLING FACES', 56' 11" 
MINIMUM CURVE NEGOTIABILITY: 
OVER PULLING FACE OF COUPLERS; 
OVER STRIKERS: 54'3* 
INSIDE LENGTQ: 52'6" TRUCK CENTERS: 43' 4" 
INSIDE: Height - 5'6" Width- 9'6" 
EXTREME: Height- 9'2" Wiihh- 10' 5" 
MISCELLANEOUS: 



r ™i r 
|

r 4- ~i 

V^apec-y ^ " . 

36-6" TRUCK CENTERS 36'-6" TRUCK CENTERS 

85-1" LENGTH OVER STRIKERS 

89'-11 1/2" OVER PULLING FACE OF FREE COUPLER 

GROSS RAIL 429,000|
 
LT. WT 70,900#
 

1 1/8" MAX LD. LMT -&354,000# 
IBC (6 - 59,000 CONTAINERS) 

CD 
I
 

"tD
 8'-2 

3'-10 1/16" 
3'-10 1/16", 

A.B.C. CAR 
SECTION AT CENTER SECTION AT END SILL CROSSBEARER 



4I¥0 TM RailCar Mover 

42,814 Ibs. [19,420 kg] Double Coupled Tractive Effort 

27,139 Ibs. [12,310 kg] Single Coupled Tractive Effort 

34,740 Ibs. [15,758 kg] Vehicle Weight 

6 cylinder Turbo-charged Diesel Engine 

Four Speed Electronically Controlled forward & reverse Transmission 

Two heavy duty, cast steel Weight Transfer Couplers 

Dual controls for rail operation 

DIMENSIONS 

ON RAIL AAR Clearance ON ROAD Pattern Maintained 

(Both Directions) 

Wheelbase 121" 3073mm 59.2" 1505mm 

Length 154.2" 3917mm 154.2" 3917mm 

Width 122.5" 3111mm 122.5" 3111mm 

Height 136" 3455 mm 146" 3701 mm 

Weight 34,740 Ibs. (15,758kg) 

TABLE OF PERFORMANCE 

Max Speed* ON RAIL ON ROAD 

Low 2.4 mph 3.9Km/H 1.5 mph 2.4 Km/H 

2nd Range 4.0 mph 6.4 Km/H 2.5 mph 4.0 Km/H 

3rd Range 8.0 mph 12.9 Km/H 5.1 mph 8.2 Km/H 

4th Range 13.6 mph 21.9 Km/H 8.7 mph 14.0 Km/H 



1 or 9 

Bearings: Rolling Resistance for low friction roller bearings = 10.0; if your 

railcars have older style bushing-type bearings, enter 20.0 

Curves: Enter the degrees of curvature of the tightest curve through which you will 

be moving the railcars. If you only know the radius of curvature, refer to the 

conversion chart button above to obtain the number of degrees. Don't forget to 

include curvature for switch turnouts even if your track is otherwise straight. 

Grades: Enter the percent of grade for the steepest grade up which you will be 

moving railcars. If you only know the rise (the amount of vertical distance above 

true horizontal) and the distance overwhich the rise takes place, divide the rise by 

the run and enter the percentage as a whole number. For example, if the grade is 

0.8% enter 0.8 in the box (that would be a rise of 8 inches over a run of 100 inches). 

If you will pull the load through the curve and grade at the same time, enter Y in the 

box. If you will pull through the grade, then the curve or curve then grade, leave 

blank. 

Weather and Track Conditions: If you encounter frequent ice and snow conditions 

during the winter months, put 10.0 in the box. If your track has gaps between rails 

and/or dips over the length of individual rails, use 5.0. Use 15 for both bad track and 

ice conditions. 

Enter the total weight in tons that you want to move For example, if your railcars 

weigh 100 tons each (CAR + LOAD) and you want to move 8 cars, enter 800 (100 x 8) 

In the matrix below the models and conditions (single or double coupled operation) 

that meet the tractive effort requirements will be maked with 'Y' 
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SBP Bumping Post 

CH Bumping Post 

Nolan offers a range of bumping posts, some of which can 
be installed with ordinary hand tools. There is no center rail 
and spiking is unnecessary. The SBP model clamps to the 
rails at all four comers. Attached pads rest securely against 
the ties. Impact force is transferred down into the ties, 
providing a cushioned stopping action. The SBP-TR model 
bolts through the rails at all four corners. A cushion head is 
available for all models 

SPECIFICATIONS* 

Model Type Length Weight Yield point 
in. (bs. Ibs. 

(mm.) (kgs.) (kgs.) 

SBP Standard 76-5/8 1,045 486,000 
(1,946) (474) (220,449) 

HDBP Heavy 76-5/8 1,150 804,000 
Duty (1,946) (522) (364,694) 

TBP Transit Built to Specifications and Orders 

SBP- Standard 76-5/8 1,045 486,000 
TR Bolt on (1,946) (474) (220,448) 

HDBP Heavy Duty 76-5/8 1,150 804,000 
TR Bolt on (1,946) (522) (364,692) 

TBP- Transit Built to Specifications and Orders 
TR Bolt on 

CH Cushion N/A 500 N/A 
Head (227) 

(Optional) 

Note: When ordering the TR Models, please specify rail 
size Note: When ordering a bumping post with optional 
cushion head, add "CH" to model number of post being 
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CS-60 Car Stop 

Nolan's model CS-60 is a binged
type car stop designed for 
permanent installation on either 
flush or exposed rails. In tfae raised 
podtion, the CS-60 protects 
workers, warehouse doors, 
crossover walks, etc., or it swings 

down out of tfae way. The CS-60 may be padlocked in either 
die up or down position. 

SPECIFICATIONS* 
WEIGHT BACH: tot. (kgs.) 91 (41) 
FOR USE ON RAILS: Iba. (kgs.)....Speciry rail size 
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30" CENTERS
 

SOLEHATE 
SSPW11631 

5/6" TOW. ADJUSTMENT G/WREXPAD
 
115RERAL 220X135
 

AB 3/4x10 A36 GANIREX RA1 CUP
 
ANCHOR BOLT
 WODUX2V115P 

1 1/2" GANTREX EPOXY GROUT 

. •.....-..,:• •. ..• . •• -i. i. •i »• •." •*+ •• -.*•-. .*• * 

MATERW. SPECflCAnOMS 

I WQDUX CUP UPPER AH1040 
WELDUX CUP LOWER AJSH030 

I CUPS TO BE ASSEMBLED HUH GRADE r 5 JO HAD BOLTS W/ WRDDED 
SYNTHETIC RUBBER NOSTTD BE THRMALIY 
WUCIWZED ID TfC UPPER CUP COMPONENT 
A GANTREX REP Kli PERFORM AN ON9TE 
WSPCCnON AND BSUE A iRmEN REPORT 
CUP LOiERS TO BE iQDCD TO 901EPIATE 
W FABWCAI10N SHOP 

TYPICAL SOLEPLATE 

FOSTER WHEEUR CXGANTREX 
fioirtrex Group PMD 

Vs AIMIQ shoe flu test •mflflwnt,« Gurtm epMiv Trev 9-18-02
 
fr «• systai reWilbv fate is *t KS|XM«e«
 TAN ny *jr ftr ny (roict «r *s^ not pmtorf flrw finrtret 11631 ar ttriqh « « fc marts, issedrtcs cr 
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SUMMARY FOR RAIL ATTACHMENT IN BUILDING 

1.	 Rail Size =115 RE 

2.	 Top of Rail Elevation = 9' - 11A" 

3.	 Total Load (Gondola + Load) = 266,000 pounds 

4.	 Design Wheel Load = 33,250 pounds 

5.	 Discontinuous rail support on slab every 30 inches 

6.	 Description of Attachment: 

a.	 Weldok 24 rail clips to hold rail in place 

b.	 Weldok 24 rail clips are pre-welded in factory to soleplates sized for 115
 
RE rail
 

c.	 MK2 pad placed under rail on soleplate to reduce local bearing stress,
 
noise, and vibration.
 

d.	 Gantrex Epoxy Grout placed on dry clean slab and soleplate is placed on
 
grout for easy leveling.
 

e.	 Adhesive Anchor Bolts are used to secure rail attachment system in place. 
A hole is air-drilled 1/8 inch larger than required % inch bolt using the 
soleplate as guide. The adhesive is poured and bolt is set in place and left 
to dry. This allows for the rail contractor to come in and place bolts where 
needed after foundation slab has been constructed. 

7.	 Included attachments in this calculation 

a.	 Gantrex drawing of rail attachment 

b.	 Gantrex structural calculations and fax cover sheet from Bob St. Lawrence
 
(2 pages)
 

c.	 Weldlok 24 weldable clips specification sheet (2 pages) 

d.	 Standard Steel Soleplate for discontinuous rail support specification sheet
 
(2 pages); Standard soleplates in table do not fit a 115 RE rail width.
 
Correct X and Y dimensions for bolthole locations and size of plate are
 
specified on Gantrex drawing.
 

e.	 MK2 Pad for discontinuous rail support specification sheet for MK2
 
220x135 (2 pages)
 

f.	 K3 Epoxy Grout (4 pages) 

g.	 Adhesive Anchor Bolts specification sheet for AB % x 10-A36 (2 pages) 
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17 DAPHNE DRIVE 
NORWALK, CT 06851 OfeGANTREX 

PH: 203 849-9160 FX: 203 846-8228 
COMPANY 

TO NAME DATE: 
COMPANY FAX#: 

FROM Bob St Lawrence Pages Including This Page 

SUBJECT 

cc: Co. 

A// information contained in this fax is proprietary and confidential. It is intended solely for use 
by Gantrex and the individual recipient noted herein. If you receive t/i/s information in error, 

please immediately and permanently discard it 

Quality on Track® 
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Component Selection and Calculation Results Sheet 5 of 17
 

Name of Customer Foster Wheller Env-New Bedford,Ma Army Corp
 
Rail Type AREA115
 

Base 5.50 inches 140 mm
 
Support Discontinuous
 

Rail Installation With pad
 
Crane Loading Cycle Above 500,000
 
Crane Wheel Diameter 33 inches
 
Crane Wheels / Corner 2
 
End Truck Dimension al 240 inches a2 72 a3
 
Loads / Wheel (kips) Vertical .3 6.0. Thrust 5.4 Longitudinal 3.G
 

/()

Clip Assembly : 9119/13/41/15 'Nose Compression: 211 x .001 inches
 
Upper : 9120/15/38/15 5.3 mm
 
Lower 9119/- -/27
 
Lateral adjust: 5/8 inches
 
Sole Plate : 2 Holes. 12.00 x 8.500 x 0.75"
 
MK2 Pad : 220 x 135
 

Clamping Force per Clip 550 Ibf
 
Resistance to Pullthru Force 803 Ibf
 
Resistance to Lateral Force Max.24 kips
 
Pressure on Grout 0.55 ksi
 

Clip spacing calculated by computer: 30,0 inches
 

Rail Yield Stress 70.0 ksi
 
Admissible Yield Stress 23.3 ksi 

0
Stress In This Application 4 & * y K.S 3.
 
Rail Admissible Deflection 0.0300"
 

Ail Deflection - Horizontal 0.0075" •/
 
- Vertical 0.0105"
 

Rail Ultimate Stress 116.7 ksi
 
* Rail/Wheel Contact Stress 65.3 ksi
 

Type of Grout Required! Epasy
 
Grout Thickness : 1.00 inches
 
Concrete Quality : 4,0 fesi
 
Adm. Concrete Pressure: 1.00 ksi . n
 
Anchor Bolt Diameter : 0.75 inches ft0 3/<| >c \0 Yl~
 
Tightening Torque : 75.0 ft-lb
 

Hardware:
 
Bolt: 1 Grade 5 hex. cap screw. Diameter 3/4" x 1 3/4"
 
Nut: 1 A325 hex, nut. Diameter 3/4*
 

Washer: 1 hardened structural washer. Diameter 3/4"
 
Torque: 250 ft-lb (35 kg-m)
 

Rail and wheel after "wear in period"
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WELDLOK SERIES 

SUGGESTED WELD AND INSTALLATION INSTRUCTIONS 

Weldlok™ 1 5 & 2 4 S 
GANTREX weldable clips-* 

A R A I L W O R K S COMPANY 

SUGGESTED WELD 

• The lower component of the GANTREX Weldlok Series clip is welded to the support structure. The weld size on 
the side facing the rail must not exceed 3/ie". This will avoid any interference with the locating lug on the upper 
component. Welds on the back and sides of the clip may be as large as required to accommodate the imposed 
side thrust and to meet governing welding code requirements. 

• The following are welds suggested by GANTREX. The actual weld size (which is dictated by design thrust) and 
the welding procedure should be specified by the designer. 

-WELD "Y" 

s'VWVVVUVVWQ<^^ 

WELD "Z" 

WELD "Z 

WELD "X" Weldlok 15-5/16" 
(3/16" max.) Weldlok 24 - 3/8" 

RAIL FLANGE EDGE 

SIDE THRUST CAPACITY (Lbs/Clip) 
WELD SIZE 

WELDLOK 15 ~ ->WELDLOK 24 

X + Y 3/16" 5,900 9,900 
X + Y + Z 3/16" 8,000 14,600 

• The suggested weld is along the front of the clip and along the back: Weld "X" and Weld "Y". 

• Completing the weld along both sides of the clip, Weld "Z", brings the side thrust capacity to the value stated in 
the table above. 

• WELDLOK 15 SERIES - The maximum side thrust capacity of 15,000* Ibs can be obtained by increasing Weld 
T & "Z" to 3/8". 

• WELDLOK 24 SERIES - The maximum side thrust capacity of 24,000* Ibs can be obtained by increasing Weld 
"Y" & "Z" to s/e". 

• Limited by the side thrust capacity of the clip. 

NOTE: Side thrust capacities shown above are based on allowable weld stress of 15,000 psi for up to 100,000 full load 
cycles. AISC requires a reduction for up to 500,000 cycles and a further reduction for up to 2,000,000 cycles. 



SUGGESTED WELD AND INSTALLATION INSTRUCTIONS WELDLOK™ 15 & 24 RAIL CLIPS
 

t^ 
r* 

<M 
O 

^. Position lower component with gap "A" 2. Weld as shown on the fabrication 3. After installing the bolt make sure it is 
from Table and tack weld in place. drawing, ensuring that the clip lower pushed as far forward as possible. 

does not lift.. 

4. Install upper component. 5. Install washer and nut finger tight. 6. Adjust upper component to 
ensure tight contact with rail 
flange edge. 

"A" TORQUE CLIP BOLT DIMENSION ft Ibs (ins) 

WELDLOK 15 5/8" Dia Gr 5 150 5/16 

WELDLOK 24 3/4" Dia Gr 5 250 3/8 

7. Torque nut as shown in Table. 

• The correct bolt assembly consists of a Grade 5 hex head capscrew with A325 structural nut and washer. 

• Weld rod: any low hydrogen rod suitable for use with structural steel may be used. Typical designations include E7018. 
• Clips MUST be installed in opposing pairs. They should NEVER be staggered. 
• For new installations the lower component should be welded in the fabrication facility (steps 1 and 2). 
• Welding should be completed prior to pad installation, as excessive heat could damage the pad. 

• Painting the lower component may reduce side thrust capacity. 

It is imperative that the clips be adjusted to ensure ZERO lateral rail float as shown in Figure 6. Improper
 
adjustment will cause pad failure. Verification of the required hardware torque and clip upper adjustment
 
should be performed within the first three months of running operations.
 

For clarification on any of the above or for more comprehensive suggestions on repair or rerail projects, consult GANTREX. 

GANTREX reserves the right to discontinue or change specifications at any time without prior notice and without incurring any obligation whatsoever. 

cS-
Duality on Traclf 

PITTSBURGH 
Corporate Headquarters 

Sates/Warehouse
 
Ph (412) 655-1400
 
Fx (412) 655-3814
 

TORONTO
 
Sales/Warehouse
 

Ph (905) 686-0560
 

Fx (905) 686-0962
 

ATLANTA CHICAGO CLEVELAND HALIFAX 

Ph (770)591-9010 Ph (630)493-1414 Ph (440) 543-7958 Ph (902) 468-6689 
Fx (770) 591-9353 F< (630)493 1212 Fx (440) 543-7963 Fx (902)468-6546 

HOUSTON MONTREAL NEW YORK PHOENIX 
Ph (281)893-0027 Ph (450)441-7043 Ph (203)849-9160 Ph (520)684-2815 
Fx (281)893-4512 Fx (450) 441-O421 Fx (203) 846-8228 Fx (520) 684-2750 

©GANTREX. 2002 
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GANTREX* Steel Soleplate
 
For Discontinuous Rail Support A RAILWORKS COMPANY 

BOLTED CLIP 

WELDED CLIP 

FEATURES: 

• Pre-assembled with studs or welded lower components 

• Pre-drilled for two or four anchor bolts 

• Pre-coated to customer specification (eg. primer or hot dip galvanized) 

• Standard or custom designed to suit all rails 



• 

• 

• 

• 

• 

• 
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GANTREX STEEL SOLEPLATE
 

STANDARD SOLEPLATES: 

• ' "
11

 IVl
 >. 

P i M -
^ 
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\^jS
^^ 'i 

i 
i 

, 

xt^ •i.-^V -F \j7 XJV T 
L '.Rail Y 

iRail 
1 Y 

i 1L xi J \ 
D Ir  V 

' | 

TYPE 2 2 HOLES ' \d Y b V_D 

TYPE 4 4 HOLES 

FLANGE WIDTH DIMENSIONS (ins) THICKNESS RAIL SIZE SOLEPLATE ANCHOR 

(Ibs/yd) (ins) (mm) MODEL NO. D L M X Y (STANDARD) BOLT DIA. 

30 ASCE 3Va 80 B2 STELCAM9-AS30 7/8' 63/8 9 6 4Va 1/2" 5/8" 

W2 WELOLOKI 5-AS30 63/8 9 6 4V2 • 

H «

40 ASCE 3V2 89 B2 STELCAM 9-AS40 63/8 9 6 4V2 m 

N 
41 m•W2 WELDLOK 15-AS40 63/8 9 6 /2 

m60 ASCE 41/4 108 B2 STELCAM 9-AS60 63/8 9 6V2 4'/2 
mW2 WELDLOK 15-AS60 63/8 91/2 6'/2 4V2 

M « M85 ASCE 53/l6 132 B2 STELCAM 13-AS85 63/8 11 8 41/2 

W2 WELDLOK 24-AS85 • 81/2 12 91/2 61/2 • • 

/I04 CR 5 127 B2 STELCAM 17-CR104 r 81/2 12 9 6 3/4. 3/4. 
• 

^ 
B4 STELCAM 17-CR104 

• 95/4 12 9 7 • 

M 
•W2 WELDLOK 24-CR104 81/2 12 9 6 " 

M 7 « 
•W4 WELDLOK 24-CR104 93/4 12 9 

• 
II •105 CR 53/16 132 B2 STELCAM 17-CR105 81/2 12 9 6 

M ft H

B4 STELCAM 17-CR105 &/4 12 9 7 

W2 WELDLOK 24-CR105 
N 

81/2 12 9 6 M 
• 

W4 WELDLOK 24-CR105 " 93/4 12 9 7 M « 

135 CR 53/16 132 B2 STELCAM 17-CR1 35 81/2 12 9 6 « H 
• 

II II 
•B4 STELCAM 17-CR135 93/4 12 9 7 

W2 WELDLOK 24-CR135 8V2 12 9 6 • 

«

W4 WELDLOK 24-CR135 • 93/4 12 9 7 • 

B = Bolted Clip W = Welded Clip 

OTHER RAILS: GANTREX soleplates are available to suit any rail size. If rail size is not shown 
in above table, consult your nearest GANTREX office. 

NON-STANDARD: Available with removable jacking bolts upon request. For unusual applications e.g., 
if side thrust on the rail is more than 15% of the vertical wheel load, or if side 
rollers are to be used, consult your nearest GANTREX office for custom-design. 

OTHER PRODUCTS: Consult GANTREX for information on complete rail system material packages, 
including rails, soleplates, rail clips, rail pads, anchor bolts and epoxy grout. 

GANTREX reserves the right to discontinue or change specifications at any time without prior notice and without incurring any obligation whatsoever. 

PITTSBURGH ATLANTA BOSTON CHICAGO CLEVELAND HALIFAX 
CnponfeHndijuvte* Ph: (770) 591-9010 Ph: (781) 826-0848 Ph: (630) 493-1414 Ph: (440) 543-7958 Ph: (902) 468-6689 

SdesWarehouse Fie (770) 591-9353 Fx: (781) 826O740 Fx: (630) 493-1212 Fx: (440) 543-7963 Fx: (902) 468-6546 
Ph: (412) 655-1400 
Fx: (412) 655-3814 

TORONTO HOUSTON MONTREAL NEW YORK PHOENIX VANCOUVER 
Sates/Warehouse Ph: (281) 893-0027 Ph: (450) 441-7043 Ph: (203) 849-9160 Ph: (520) 684-2815 Ph: (604) 253-8400 
Ph: (905) 686-0560 Fx. (281) 893-4512 Fx: (450) 441-0421 Fx: (203) 846-8228 Fx: (520) 684-2750 Fx: (604) 253-2965 

duality on Track* Fx: (905) 6864962 
OGANTREX. 1999 

tr-n-n 111 ( I f A C/OO FREE- RAO 2 GANTREX f800\ 242-6873 — W«H *»«• 
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GANTREX 
®

MK 2 Pad
 
A RAILWORKS COMPANY For Discontinuous Rail Support 

GANTREX MK2 Pad is specifically developed to overcome the problems associated with discontinuous rail 
support. 

• CROWNED CONSTRUCTION centers load on pedestal and eliminates edge load on 
concrete pedestals. 

• MOLDED END-STOPS prevent longitudinal creep. 

• ELASTOMER CONSTRUCTION reduces: 
- Shock and vibration 
- Noise 
- Local bearing stress on concrete 

MK 2 Pad available to suit all rails. For best results, use in conjunction with GANTREX clips. 



1 

MK2 PAD
 

MATERIALS 
EVA COPOLYMER Sheet 11 of 17 

K^HANICAL 
Durometer A ,94 
Elastic Modulus 92,000 psi 

SERVICE TEMPERATURE 
-15°to+165°F 

1/4"	 9/32" 
••a r\ tf	 -~j • v v fc», t 

n	 1/2" 

B 

* A = Crown as described on front 

TABLE 1	 PEDESTAL DIMENSIONS (ins) 
MODEL NO LENGTH 

A B (ins) 
MK2 - 85x** 23/8 33/8 3V4 
MK2- 11 5x" 3V2 41/2 43/8 

MK2- 165x" 43/4 6 V2 6 3/8 

— ̂ MK2 - 220x" 63/4 85/8 81/2 

MK2 - 250x** 63/4 97/8 93/4 
MK2 - 320x" 91/2 125/8 121/2 

TABLE 2 RAIL SIZE RAIL FLANGE PAD WIDTH PAD WIDTH 
(Ibs / yd) WIDTH (ins) W (ins) W(mm) 
40 ASCE 3V2 33/8 85 
60 ASCE 4V4 4Ve 105 
85 ASCE 53/16 5 125 

43/4 104CR 5 120 
105CR 53/16 5 125 

-̂ 1 35 CR 53/16 5 125 
171/175 CR 6 53/4 145 

** Pad width in mm from Table 2 

The correct Model No. for a particular application is based on the pedestal length from Table 1 and the rail size from Table 2. 
e.g.	 For 60 ASCE rail on a 63/8" pedestal, use Pad Model MK2-165 x 105
 

For 104 CR rail on a 81/2" pedestal, use Pad Model MK2-220 x 120
 

OTHER RAILS 
GANTREX MK2 Pads are available to suit any rail sizes. If rail size is not shown in above table, please consult 
your nearest GANTREX office. 

APPLICATION 
GANTREX MK2 Pad is specifically developed to overcome the problems associated with discontinuous rail 
support. It is designed to be used on a steel soleplate with shim packs or grout. For best results, ensure that 
the maximum total overlap between the pad endstops and pedestal is 1/4n. 

GANTREX reserves the right to discontinue or change specifications at any time without pnor notice and without incurring any obligation whatsoever. 

PATENTS APPLIED FOR IN MOST COUNTRIES INCLUDING THE UNITED STATES AND CANADA 

ef

Duality on Traclf 

PITTSBURGH 
Corporate Headquarters
 

Sales/Warehouse
 
Ph (412)655-1400
 
Fx (412)6553814
 

TORONTO
 
Sates/Warehouse
 
Ph (905) 68fr0560
 
Fx (905) 686-0962
 

ATLANTA BOSTON CHICAGO CLEVELAND HALIFAX 
Ph (770) 591 9010 Ph (781)826-0848 Ph (630)493-1414 Ph (440) 543-7958 Ph (902) 468-6689 
Fx (770) 591 9353 Fx (781)826-0740 Fx (630) 493-1212 Fx (440)543-7963 Fx (902)468-6546 

HOUSTON MONTREAL NEW YORK PHOENIX VANCOUVER 
Ph (281) 893-0027 Ph (450)441-7043 Ph (203)8499160 Ph (520)684-2815 Ph (604) 253-8400 
Fx (281)893-4512 Fx (450) 441 0421 Fx (203)846-8228 Fx (520)684-2750 Fx- (604) 253-2965 

©GANTREX. 1999 
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GANTREX K3 Epoxy Grout _
 
A R A I L W O R K S C O M P A N Y 

DESCRIPTION: 

GANTREX Epoxy Grout is a self-leveling, readily pourable, 100% solids epoxy grout consisting of epoxy resin, 
hardener and carefully graded aggregate. 

ADVANTAGES: 

• High early strengths 

• Aggregate content can be field-modified 

• Low resin crystallization temperature 

• Excellent flow characteristics 

• Possible to clean tools/equipment with water/soap solution, prior to set 

• Available in economic 3 cubic foot units for high volume applications 

• User friendly packaging 

APPLICATIONS: 

GANTREX Epoxy Grout may be used where a pourable, non-shrink, chemical-resistant, high-strength grout is 
required. Typical applications include ports, shipyards, crushers, pulp and paper machinery, compressors and 
refinery equipment. 

SURFACE PREPARATION AND FORMING: 

All concrete surfaces must be sound, dry, free of all oil, dirt, grease, laitance and other foreign matter. Prepare the 
surface to be grouted by mechanical means to remove all contaminants and weak surface material. All surfaces 
should be dry prior to grouting. Wood or metal forms may be used. Forms must be leak free. The contact surfaces 
of the forms should be coated with two coats of common paste wax to prevent bonding. Exercise care to ensure 
that the paste wax does not contaminate any surface that requires bonding. Control joints vary by application 
consult your GANTREX representative. 

MIXING AND PLACING: 

Condition all grout components to 70°F (21° C), prior to mixing. 

For the 1cf unit (28.3 liter), add the hardener (Part "B") to the base resin (Part "A"). Mix the combined resin and 
hardener using a low speed paddle mixer for a minimum of three minutes. Pour the thoroughly mixed resin and 
hardener into a clean mortar mixer and add the aggregate while it is in motion. Mix for approximately one additional 
minute ensuring that all the aggregate is thoroughly wetted. When using a mortar mixer, mix three 1 cf units at 
the same time. For quantities less than three cubic feet, use a galvanized 25 gallon, flat bottomed can or pail. 



GANTREX EPOXY GROUT (K3)
 

 Sheet 13 of 17 M'XING AND PLACING (cont'd):

For the 3cf unit (84.9 liter), place the resin (Part "A") into a clean mortar mixer and add the hardener (Part "B"), 
while the mixer is in motion. Mix for two to three minutes. Add the aggregate while the mixer is in motion. Mix for 
approximately two additional minutes ensuring that all the aggregate is thoroughly wetted. Do not over-mix. 

All grout should be placed within 30 minutes. 

It is important that grout be poured only from one side of the soleplate (or base plate) to avoid air entrapment 
under the plate. If for any reason this is not possible, please consult GANTREX for air relief hole locations. 

Consult your GANTREX representative when either a plastic mix or a high flow mix is required. 
(Do not alter the mix proportions without consulting GANTREX) 

PRECAUTIONS: 

• Gantrex epoxy grout must be placed on dry surfaces only. 

• Avoid exposure to water for 24 hrs after placement. 

• Do not reduce the aggregate content without consulting Gantrex.
 

The minimum temperature required for curing Epoxy Grout is 50°F (10°C). For pours at temperatures lower than
 
- 50°F or higher than 105°F (40°C) and/or depths greater than 4" (100mm), please consult GANTREX. 

CLEAN UP: 

^^ Clean all tools, equipment and spills with a water/soap solution, prior to set. Dispose of all containers and 
packaging in accordance with local rules and regulations. For mortar mixer clean up, please consult GANTREX. 

SHELF LIFE: 

Shelf life of GANTREX Epoxy Grout is 2 years if liquid containers are hermetically sealed and stored in normal 
heated warehouse conditions. 

CAUTION: 

In case of skin contact, scrub affected area thoroughly with soap and water. In case of eye contact, flush with 
water for 15 minutes and immediately consult your local physician. Use eye goggles and rubber gloves while 
working with epoxy grout. Avoid inhaling fumes. Provide adequate ventilation. Do not smoke while working with 
epoxy grout. Read product material safety data sheets before using product. 

FREIGHT CLASSIFICATION: 

Part "B" Hardener only (Triethylene Tetramine) - Class 8 UN 2259 PGM. 

WARRANTY: 

The information and recommendations made are based on GANTREX research and are believed to be accurate. 
However, no guarantee of their accuracy is offered since GANTREX cannot cover every possible application of its 
products, nor anticipate every variation encountered in masonry surfaces, job conditions, and methods used. The 
purchasers shall perform their own tests to determine the suitability of such products for a particular purpose. 
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WARRANTY (cont'd): 

GANTREX warrants this product to be free from defects. GANTREX makes no other warranties with respect 
to this product, express or implied, including without limitation, the implied warranties of merchantability or 
fitness for particular purpose. GANTREX's liability shall be limited in all events to supplying sufficient product 
to re-treat and/or repair the specific areas to which defective product has been applied. GANTREX shall 
have no other liability, including liability for incidental, consequential or resultant damages whether due to 
breach of warranty, negligence or strict liability. This warranty may not be modified or extended by repre
sentatives of GANTREX, its distributors or dealers. 

PHYSICAL PROPERTIES:* 

Unconfined Compressive Strength (ASTM C579-B) 

* MPa values rounded off (for all test data) (145 psi = 1 MPa) 

•	 Tensile Strength (ASTM C307)
 
7 days 2,262 psi (15 MPa)
 

•	 Flexural Strength (ASTM C580)
 
7 days 4,265 psi (29 MPa)
 

•	 Modulus of Elasticity (ASTM C580)
 
7 days 2,110,000 psi (14,500 MPa)
 

• Coefficient of Thermal Expansion (ASTM C531) 
13.1 x 106 jn/in per °F (23.6 x 1Q6 mm/mm per °C) 

•	 Linear Shrinkage (ASTM C531)
 
28 days 0.017in/in (.432 mm/mm)
 

• Creep (ASTM C1181 -91) 
Loading: 2500 psi (14MPa) @80°F(27°C) 
1 year less than 0.3% 

• Bond to concrete: Greater than tensile strength of concrete. 

• Control Joints: Varies by application, please consult your GANTREX representative. 

NOTE:	 The above data is representative and based on results from actual tests conducted in the lab, on a specific batch. 
Individual test results may vary due to variations in lab testing conditions and for individual product batches. 
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ONE CUBIC FT UNIT THREE CUBIC FT UNIT 

YIELD AND NET WEIGHTS: 

One cubic ft unit (28.3 liters) 
Part "A" Resin 1.62 U.S. gallons (6.1 liters) 15 Ibs (6.8kg) Net weight 
Part "B" Hardener 0.35 U.S. gallon (1.3 liters) 3.0 Ibs (1.36 kg) Net weight 
Aggregate 2-55 Ib (25 kg) bags of aggregate 110 Ibs (50 kg) Net weight 
Total Net Weight: 128 Ibs (58 kg), per unit 

Three cubic ft unit (84.9 liters) 
Part "A" Resin 4.86 U.S. gallons (18.3 liters) 45 Ibs (21.8 kg) Net weight 
Part "B" Hardener 1.05 U.S. gallons (3.9 liters) 9 Ibs (4.1 kg) Net weight 
Aggregate 6-55 Ib (25 kg) bags of aggregate 330 Ibs (150 kg) Net weight 
Total Net Weight: 384 Ibs (174 kg), per unit 

For clarification on any of the previous instructions, or for more comprehensive installation instructions, 
consult GANTREX. GANTREX reserves the right to discontinue or change specifications at any time 
without prior notice and without incurring any obligations whatsoever. 

ef
ATLANTA CHICAGO CLEVELAND HALIFAX 

Ph: (T70) 591-90)0 Ph. (630) 493-1414 Ph. (440) 543-7958 Ph: (902) 468-6689 
Sales/Warehouse Fx; (770) 591-9353 Fx: (630) 493-1212 Fx: (440) 543-7963 Fx: (902) 468-6546 

Ph. (412)655-1400
 
Fie (412) 655-3814
 

TORONTO HOUSTON MONTREAL NEW YORK PHOENIX 
Sates/Warehouse Ph: (281) 8934027 Ph: (450) 441-7043 Ph: (203) 849-9160 Ph: (520) 684-2815 

Ph: (905) 686-0560 Fx: (281) 893-1512 Fx: (450) 441-0421 Fx: (203) 846-8228 Fx: (520) 684-2750 

Duality on Traclf Fx: (905) 686-0962 
©GANTREX. 2002 
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® Adhesive Anchor Bolts GANTREX For Crane Rail on Concrete Applications 
A RAILWORKS COMPANY 

Gantrex Adhesive
 
Anchor Bolt
 

Gantrex Clip 

Gantrex Epoxy 
Grout 

Gantrex 
Rubber Pad Gantrex Soleplate 

INTRODUCTION 
A Gantrex Anchor Bolt is a resin set anchor. It is installed by drilling a hole in the concrete deck, filling the hole with 

polyester resin, which acts as an adhesive, suspending a bolt in the resin and allowing the resin to cure, to complete the 
process. Unlike anchors using epoxy based resin, Gantrex anchors can be placed in temperatures as low as 10°F. 

The bolt itself is an all-thread steel rod, complete with a nut and a washer. Bolts can be supplied in different 
diameters and lengths. The polyester-based resin supplied in US quart cans, can be poured directly from the container, 
into the hole. 

MATERIALS 
Anchor bolt 
Material A36: Fy (min) = 36,000 psi F, (min) = 58,000 psi 

B7 : Fy (min) = 105,000 psi Ft (min) = 125,000 psi
 
Finish Zinc plated or hot dipped galvanized.
 
Freight classification Class 50
 

Polyester-based resin i
 
Packaging Supplied in US quart cans, four cans per carton.
 
Freight classification UN 1866, packing group III, Class 3
 

Catalyst
 
Packaging Supplied in pill bottle type containers, four per carton, packaged separately.
 
Freight classification UN 3102, packing group II, Class 5.2
 

PLACEMENT PROCEDURE 
Holes are air-drilled in concrete deck, using a soleplate as template. The drilled holes are W greater in diameter, 

than the anchor bolt diameter. These holes are cleaned to remove dust and debris. 
One container of catalyst is added to one can of polyester resin and mixed in the can for 60 seconds to 90 seconds. 

The mixture is poured into the hole, to about one third the depth. The anchor bolt is suspended from the soleplate, and 
placed in the resin in the hole. The resin cures and sets in about 1 hour. The anchor must not be disturbed during this 
time. Full cure occurs in 24 hours. 

SUGGESTED EMBEDMENT 
It is important that anchor bolts are embedded to a proper depth to achieve adequate strength. In 5 ksi concrete, for 

example, we suggest that A36 anchor bolts be embedded to at least 8 times their diameter (a %" rod will require an 
embedded length of at least 6"). This is adequate to achieve enough bond with the concrete such that, in a pullout test, 
the anchor bolt will yield before the bond with the concrete. Similarly, the suggested embedment for B7 bolts is 12 times 
the bolt diameter. 



ADHESIVE ANCHOR BOLTS
 

Sheet 17 of 17 
TECHNICAL INFORMATION
 

Gantrex Anchor Bolt Table 

Gantrex Bolt Hole Bolt Embed. Rod Assy. Rod Assy. Resin Resin Anchor Anchor 
Anchor Bolt Diameter Diameter Length Length Wt.(lbs.) Wt.(lbs.) VolTBoft Weight Bolts Bolts 
Part Number (inches) (inches) (inches) (inches] A36 B7 (cu. ins.) (Ibs.) per can /carton 
Notes (1,2) Note (3) Note (3) Note (4) 

AB%x10-A36* % % 10 6 0.86 0.91 1.38 0.12 38 153 

AB%x12-A36* 12 8 1.01 1.05 1.85 0.16 29 115 

AB % x 14-A36* 14 10 1.16 1.20 2.31 0.20 23 92 

ABy4XlO-A36* V4 % 10 6 1.16 1.24 1.94 0.16 27 109 

AB Y4 x 12-A36* 12 8 1.36 1.43 2.59 0.22 20 82 

ABy«x14-A36* 14 10 1.56 1.63 3.23 0.27 16 66 

ABy4Xl6-A36' 16 12 1.76 1.83 3.88 0.33 14 55 

AB%x12-A36* % 1 12 8 1.92 2.03 3.07 0.26 17 69 

AB%x14-A36« 14 10 2.20 2.31 3.84 0.33 14 55 

AB%x16-A36* 16 12 2.48 2.59 4.61 0.39 12 46 

AB%x18-A36* 18 14 2.76 2.86 5.37 0.46 10 39 

AB 1 x 12-A36* 1 1% 12 8 2.54 2.68 3.72 0.32 14 57 

AB 1 x 14-A36* 14 10 2.90 3.04 4.65 0.39 11 46 

AB1x16-A36* 16 12 3.26 3.40 5.58 0.47 9 38 

AB1 X18-A36* 18 14 3.62 3.76 6.51 0.55 8 33 

AB1'/4X14-A36* 1</4 1% 14 10 4.73 4.97 6.03 0.51 9 35 

AB11/4X16-A36* 16 12 5.30 5.55 7.24 0.61 7 29 

f AB1'/4X18-A36* 18 14 5.88 6.12 8.45 0.72 6 25 

AB1%x20-A36* 20 16 6.46 6.70 9.65 0.82 5 22 

/VOTES; 
(1) Replace A-36 with B7 for high strength material. 
(2) Suffix with 'Z' for Zinc plated or 'G' for hot dipped galvanized. 
(3) Rod assembly consists of one rod + 1 nut + 1 washer. 
(4) Resin volume shown includes 30% for waste. 

HOW TO SPECIFY AND ORDER 
1. To specify and order a Gantrex adhesive anchor bolt assembly, determine the correct diameter and length. 
2. Determine correct part number from the above table and notes. For example, AB 1x14-A36G would be the 

part number for a 1" x 14" long, diameter bolt of A36 material, with one nut and one washer, all hot dipped 
galvanized. 

3. If substrate temperature is likely to be below 45°F, at time of actual installation, please double the quantity of 
catalyst, at time of order placement. 

While the steel hardware can be shipped at any time, due to the nature of the resin/catalyst system, it is 
recommended that the adhesive be shipped 3-4 weeks prior to actual installation. 

m^m^aam 

cf

Quality on Track' 

PITTSBURGH 
Corporate Headquarters 

Sales/Warehouse 
Ph (412)655-1400
 
Fx (412)6553814
 

TORONTO
 
Sates/Warehouse
 
Ph (905) 686-0560 
Fx (905)686-0962 

ATLANTA 
Ph (770)591-9010 
Fx (770)591-9353 

BOSTON 
Ph (781)826-0848 
Fx. (781)826-0740 

CHICAGO 
Ph (630)493-1414 
Fx (630)493-1212 

CLEVELAND 
Ph (440)543-7958 
Fx (440) 543 7963 

HALIFAX 
Ph (902)468-6689 
Fx (902)468-6546 

HOUSTON MONTREAL NEW YORK PHOENIX VANCOUVER 
Ph (281)8930027 Ph (450)441-7043 Ph (203)849-9160 Ph (520)684-2815 Ph (604) 253-8400 
Fx (281)893-4512 Fx (450)441-0421 Fx (203)846-8228 Fx (520)6842750 Fx (604)253-2965 

©GANTREX. 2000 

GANTREX reserves the right to discontinue or change specifications at any time without prior notice and without incurring any obligation whatsoever. 
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SUMMARY FOR WEIGH SCALE IN BUILDING 

1.	 Design Requirements 

a.	 Minimum rail size is 115 RE 

b.	 Subgrade bearing capacity of 4,000 pounds per square foot under foundation 
slab 

c.	 50 feet of concrete approaches on a two draft static scale 

d.	 Meets Association of American Railroads Scale Handbook and National 
Institute of Standards and Technology Handbook 44 

2.	 SAI Model NP 1260 Railcar Weighbridge 

a.	 Two draft static scale 

b.	 Capacity of 85 tons 

c.	 Weight of scale is 9,900 pounds 

d.	 Withstands Cooper E-80 live load 

e.	 Materials: ASTM A-36 steel with A-325 hardware 

f.	 Load cells hermetically sealed and constructed of stainless less 

g.	 Standard accessories are rail plates, rail clips, shallow pit deck covers, anti-
creep rail anchors, and anchor bolts. 

h.	 SAI Model 530 Digital Weight Indicator is used in industrial weighing 
applications 

3.	 A two draft static scale is a single scale that measures each axle. The operator adds up 
the weight of each axle of a railcar to provide a total weight for the shipping papers. A 
single scale was chosen due to the length limitations inside and outside of the facility. 
The scale foundation must have a straight alignment. It is preferred to keep the scale 
inside the building so to avoid issues with weather during operations and to prolong 
the life of the scale. It has also been chosen to keep the scale close to the west 
entrance of the building. The reason for this is to keep the decontamination water off 
the scale and electronics. This compartmentalizes the track area within the building to 
keep the loading and decontamination area separate from the weighing and paperwork 
area. The static part of the two draft static scale is for weighing a non-rolling railcar. 

4.	 Due to the foundation slab being built before the rail is constructed, a letter accepting 
the use of Hilti HVA adhesive anchor bolts or equivalent is attached from the vendor. 
The structural drawings include the anchor bolt pattern for the weigh scale so that the 
foundation slab contractor may avoid placing the rebar in the anchor bolt locations. A 
specific vendor has been chosen so that proper installation can occur years after the 
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slab is constructed. Gantrex adhesive anchor bolts shall be used to be consistent with 
the rest of the installation inside the dewatering facility. 

5.	 Included attachments in this calculation 

a.	 Letter from SAI stating equipment, services, and costs of specific products; it 
is up to the contractor whether he will do the installation. (4 pages) 

b.	 SAI Installation and Service Rate Schedule 

c.	 SAI data sheet for NP Series Railcar Weighbridges 

d.	 SAI drawing of NP 1260 two draft static scale 

e.	 Letter from Structural Engineer at SAI accepting the use of adhesive anchor 
bolts 

f.	 Gantrex data sheet for Adhesive Anchor Bolts (2 pages) 

g.	 SAI data sheet for Model 530 Digital Weight Indicator (2 pages) 

h.	 SAI drawing of foundation details for NP 1260 weigh scale 
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inc. 

June 13, 2002 

Foster Wheeler Environmental Corp. 
5300 Broken Sound Blvd., Suite 110 
Boca Raton, FL 33487 

Attn: Lucine Toroyan, Coastal Engineer 

Subject: NP1260 Two Draft Static Track Scale 
EPA / Army Corps of Engineers. - New Bedford, MA 
SAI Project FWE-2090 

Dear Lucine: 

I thought I would prepare a budgetary quote for a complete weighing system for your railcar scale 
application. You stated that you would like to locate the scale outside the building now instead of inside the 
building. You requested pricing for a two draft NP1260 static railcar scale. I have quoted the equipment for 
a certified two draft static railcar scale. Of course a non-certified check scale version would be similar as 
far as equipment goes, just with a reduction in the approach steel quantities. 

As I explained on the phone, the railroad that would approve and test/certify the scale will require 50 ft 
concrete approaches on each end of the scale platform. A special variance form the railroad would have to 
be requested and approved before proceeding with a non-standard installation. You believe that CSX 
would be the servicing railroad. I previously emailed foundation drawings for both a certified two draft and a 
non-certified check scale. If you did not need certified weights then you could install it as a check scale with 
shortened approaches. 

Prior to accepting an order we will need to know the following: 

1. The governing / servicing / testing railroad. 
2. The soil test report - the foundation design requires > 4,000 psf. bearing capacity. 
3. The rail type and size. 

SAI is a leader in the railcar weighing system business. SAI Railcar Weighing Systems are used by all 
Class I Railroads, many Regional and Short Line Railroads and Industrial users. All of our systems meet or 
exceed the requirements of the AAR Scale Handbook and NIST Handbook 44. All of our systems are 
NTEP approved to allow certified weighing. 

The AAR scale handbook requires 50 ft. concrete approaches on a two draft static scale. The servicing 
railroad may require 75 ft. of tangent track on each end of a static scale. 

Per the AAR Scale Handbook, the required soil bearing capacity at the base of concrete must be 4,000 psf 
or greater. The customer's soils report will determine whether additional foundation work or design should 
be necessary and is not included in this quotation. 

-continued

1932 Industrial Drive / Libertyville, Illinois 60048 / (847) 367-6650 / Fax: (847) 367-6960 
E-Mail: mail@systemsassoc.com 

mailto:mail@systemsassoc.com
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Page Two, 
June 13, 2002 

The customer is responsible for obtaining a geotechnical firm to perform a soils test. SAI will review the 
soils data and recommendations by the geotechnical firm. SAI will submit all details to the servicing railroad 
for approval. We will need to know who the governing/servicing/testing railroad is. 

Rail for the weighbridge and concrete approaches is not included with this quotation and is to be supplied 
by others. The minimum rail size required is 115#RE over the weighbridge and approaches as required by 
the AAR Scale Handbook. 

Equipment and Pricing are as follows: 

NP1260 Two Draft Static System (equipment only) 

Weighbridge & Accessories 

Model NP1260 Weighbridge
 
12'-6" Weighbridge
 
Standard above grade shop welded design
 
Two section - 85 ton sectional capacity
 
AAR design for Cooper E-80 loading
 
NTEP COC# 88-084
 
4 - Precision load cells
 

Capacity: 100,000 Ibs. 
NTEP COC# 91-001 A3
 

4 - Load cell protection kits
 
4 - Bearing kits
 
Complete with anchor bolts and mounting plates
 
Does not include rail
 

Approach Steel
 
For AAR approved installation (for both 50 ft. approaches)
 
Rail plates 28" x 11" x 3/4"
 
Anchor bolts
 
Less rail
 

Rail Clips
 
For 113 ft. of track (for weighrails and approach rails)
 
Type 62 for 115 Ib. or 132 Ib. rail
 
Less rail
 

Anti-Creep Rail Anchors
 
2 - Weighrail anchor sets
 
4 - Approach/center rail anchor sets
 
Less rail
 

Paint 
All fabricated steel work (except rail plates and anchor bolts) will be provided with one (1) 
coat of red oxide primer and one (1) finish coat of gray machinery enamel. Does not 
include embedded items. Rail plates receive red oxide primer only. Anchor bolts are 
unfinished. 

-continued
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Instrumentation 

Model 530A Digital Weighing System w/accumulator 
Wall mount Industrial Nema 12 enclosure 
Weight display: 400,000 Ibs. x 100 Ibs. 
NTEPCOC#97-134 
Pushbutton zero and auto zero tracking 
RS232 output for dot matrix printer 
Power supply for excitation of the required load cells 
Two draft weight accumulation 

Model SAM 90 Printer 
Dot matrix printout of individual weights 
Full forms control for formatted printouts 
Includes 6 ft. interconnecting cable 

Load Cell Summing Box 
Nema 12 enclosure 
4 Load cells or two sections 
Lightning protection 

Load Cell Cable 
200 Ft. load cell cable, 4 conductor 

Lightning Protection 
Load cell protection at summing box
AC protection at digital indicator 
Electrical isolation kits at load cells 

'»"(l> 

NP1260 System Equipment Only Price $24,600 

The above quotation is for equipment only and does not include any of the labor or materials required to 
complete the construction of the approaches or scale foundation, nor install the weighbridges or electronic 
equipment, nor provide any on-site start-up assistance or installation supervision. We gladly offer field 
assistance at our standard field service rates. Pricing does not include freight or any applicable taxes, 
permits or fees. 

Estimated freight costs for the equipment listed above to the New Bedford, MA area would be in the range 
of $1,500 to $1,800. 

Construction and Installation (preliminary/budgetary) 

SAI can provide a complete turnkey installation of the railcar weighing system. Although the material 
quantities and magnitude of work will vary for each type of weighing system, the basic scope of work is the 
same. The actual project description is also subject to change depending upon the final installation 
requirements. A typical SAI provided Scope of Work would include the following and is based on a 4,000 
PSF soil bearing capacity: 

A. Complete all excavation as required to the base of concrete elevations. Compact the base 
of excavation. 

-continued •** 
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B.	 Furnish all materials, labor and equipment to complete the reinforced concrete foundation 
construction. Place previously excavated materials around the finished foundation as 
perimeter backfill. 

C.	 Assemble, install, level and align the complete weighbridge assembly. Install and level the 
approach rail plates. 
Note: Rails and complete rail installation is to be provided by others. 

D.	 Furnish and install epoxy grout beneath the load cell base plates and approach rail plates. 

E.	 Furnish and install all conduits, boxes and fittings as required. 

F.	 Install instrumentation. Install control cables and complete all hook-ups. 

G.	 Complete all system start-up, calibration and certification.
 
Note: Test car, test train and scale inspector is not included.
 

H.	 Full time project supervision by an SAI field engineer. 

Budgetary Construction & Installation Price Two Draft Static $75,000 

Delivery of the proposed equipment is 4-6 weeks after receipt of order. Construction and installation can 
typically be completed within 8-10 weeks after receipt of order. Terms are F.O.B., point of manufacture 
with net payment due 30 days after invoicing, subject to credit approval. Steel is normally fabricated in 
Charleston, WV while all the instrumentation is produced in Libertyville, IL. Prices do not include any 
applicable taxes or other fees. Our standard one (1) year limited equipment warranty applies to all 
proposed equipment. 

I hope this budgetary proposal provides you with sufficient information for your review of this project. If you 
have any questions regarding this submittal or if I can be of any further assistance, please give me a call. 
SAI looks forward to the opportunity to work with you on this project. 

Respectfully submitted. 

SYSTEMS ASSOCIATES, Inc. 

W. J. Barbera 
Sales Engineer 
kf1301hb.wpd 

Enclosure: Field Service Rates 
Data Sheets: NP Series, Model 530 

cc: Bob Wynn 
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systems US Domestic 

associates, INSTALLATION AND SERVICE 
inc. RATE SCHEDULE 

Systems Associates, Inc. will furnish the services of a field engineer to 
supervise and assist in the installation, repairs, and/or calibration at your 
facility at the following rates: 

$70.00 per hour for all hours worked during a normal eight 
hour work day. 

Time and one half will be charged for any hours worked in 
excess of the normal eight hour day and all Saturday hours. 

Double time will be charged for Sunday and Holidays with a 
minimum charge of eight hours. 

$60.00 per hour for all travel hours during a normal eight 
hour work day. 

$0.48 per mile for ground travel by private or company 
owned vehicles. 

Public transportation and subsistence at cost plus 10% 

Prices are subject to change without notice.
 
Terms are Net 30 days after invoicing.
 

Effective January 2002
 

PL-13-1201 

1932 Industrial Drive / Libertyville, Illinois 60048 / (847) 367-6650 / Fax: (847) 367-6960 
E-Mail: mail@systemsassoc.com 

mailto:mail@systemsassoc.com


Sheet 9 of 17 

NP SERIES 
SHEET SOI 
DATA 

Railcar Weighbridges 

SYSTEMS ASSOCIATES, INC. /1932 Industrial Drive / Libertyville. Illinois 60048 / (847) 367-6650 / FAX: (847) 367-6960 

DESCRIPTION 
The NP Series weighbridge is a very 
cost effective solution to your railcar 
weighing application. Three standard 
12'-6", 20'-0" & 26'-0" weighbridges 
provide the flexibility to efficiently ac
commodate both in-motion and static 
weighing. Coupled-in-motion (CIM) 
systems utilize a single NP1260 
weighbridge, uncoupled-in-motion 
(UCIM) systems are typically handled 
with either an NP2000 or an NP2600 
weighbridge and static systems use 
any pair of these weighbridges. 
Special order lengths up to 93'-6" are 
also available. Used in combination 
with SAI's standard instrumentation 
systems, the NP Series weighbridge 
is the economical solution for your 
certified weighing requirements. 

The 15" scale height of the NP Series 
design offers the lowest profile avail
able for railcar weighbridges. This 
configuration is ideal for an above 
grade installation which accommo
dates a simple and economical slab 
type foundation. This type of con
struction reduces your critical track 
downtime and rail traffic interruptions. 
This is an important item that needs 
to be considered when you calculate 
the total cost of the system. 

In addition to its other built in features, 
the NP Series weighbridge is de
signed to withstand the rigors of daily 
railcar and locomotive traffic. This 
includes hermetically sealed, com
pression load cells, rigid checking, 
steel approach rail supports, massive 
base plates and heavy weighbridge 
beams. This equipment is built to last. 

Compliance with the requirements of 
the various regulatory and governing 
bodies is of primary concern to SAI. 
With the installation of an NP Series 

1 weighbridge you can be assured that 
your system will be accepted for com
mercial railcar weighing purposes. 

FEATURES 
Three Standard Weighbridge Lengths accommodate virtually every ap
plication and most car length combinations. Special order lengths are also 
available. 

Lowest Profile Available of any commercially manufactured railcar weigh-
bridge. This design allows the construction of an efficiently designed, 
monolithic slab type, reinforced concrete foundation. 

Standard Above Grade configuration simplifies maintenance access and 
minimizes confined space issues. Open sides provide free flow ventilation 
and gravity water runoff. Sump pump requirements are eliminated. 

Outboard Load Cell Design reduces the transfer of wheel impact forces 
to the weighing system. The included load cell isolation kits provide addi
tional impact dampening and electrical surge protection. 

Rigid Weighbridge Checking assures that rail and load cell alignments 
are maintained. This minimizes mitered rail end batter, extends load cell 
life and maintains long term system integrity. 

Factory Assembled Weighbridge Modules enable a quick and easy in
stallation process. Upon delivery, the units are ready to be set in place. 
Installation can normally be completed in one day. 

Designed Per AAR/AREMA Specifications for Cooper E-80 loading. 
Complies with the requirements of all major railroads. Heavy capacity, 
Cooper E-100 designs are available as a standard option. 

NTEP Approved since 1988 (current CC #88-084A1). Meets all NIST 
Handbook-44 railcar weighing requirements for Class IIIL devices. 

Complete Weighing System is the standard equipment package provided 
by SAI. This includes site specific documentation, embedded anchors, rail 
attachment components, system accessories and the appropriate static or 
m-motion instrumentation. 
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NP SERIES — Railcar Weighbridges
 

STANDARD MODELS
 

Model Weighrail Sections Capacity* Assem. Wt. 

NP1260 12'-6" 2 85T 9,900 Ib. 

NP2000 20'-0" 3 170T 14,200 Ib. 

NP2600 26'-0" 3 170T 1 7,400 Ib. 

Weighbridge lengths ranging from 39'-6" lo 93'-6" are available on a 
special order basis. Contact the factory for details. 

SPECIFICATIONS 
Design: Cooper E-80* live load/Fb 10KSI* 
Section Cap: 85 tons* 
Material: ASTM A-36 steel w/ A-325 hardware 
Surface Finish: Industrial grade gray enamel 
Load Cells: 100,000 Ib. compression/hermetically sealed 

Stainless steel construction 
NTEPCC#91-001A3 

Foundation: 4,000 PSFVCooper E-80 live load* 

* Design criteria and rated capacities are based on AAR specifications 

SYSTEM COMPONENTS 
Factory assembled weighbridge module 
Load cells, bearing kits & isolation kits 
Base plates & anchor bolts 
Approach rail support beams 
Rigid checking assembly 
Removable safety steel deck plates 
Rail attachment hardware 

STANDARD ACCESSORIES 
Approach rail plates & anchor bolts 
Rail clips & anti-creep rail anchors 
Shallow pit deck covers 

EQUIPMENT & DESIGN OPTIONS 
Cooper E-100 weighbridge design 
200,000 Ib. cap. load cells 
Galvanized surface finish 
Rails (115# RE min.) w/ mitered ends 
Pandrol® rail fastening systems 
Custom foundation designs 

TURNKEY INSTALLATIONS
 
Delivery of the complete SAI equipment package to your facility 
is only the first step in weighing railcars. A significant portion of 
the project still remains to be completed. This includes the 
foundation construction, equipment installation, electrical work 
and system startup. 

SAI is also your source for a complete turnkey installation. This 
would typically include soil preparation, concrete foundation 
construction, weighbridge assembly & installation, rail instal
lation, grouting and electrical work. We'll also complete the 
system startup and assist with the certification process. After 
the system is up and running, we'll conduct an informal training 
session for your operations and maintenance personnel. 

Generally, every site will have different requirements. This 
could include a foundation support system such as piling or 
caissons, some track reconstruction or a trackside equipment 
building, just to name a few. Whatever the specific require
ments of your site may be, SAI has the capabilities and exper
tise to handle them. 

All SAI turnkey projects are supervised from start to finish by 
one of our expert field engineers. In addition to keeping the 
work on schedule and assuring the proper installation, our field 
engineer will also act as a local liaison with your staff. Day to 
day issues and concerns are quickly resolved with this on-site 
presence. 

A complete SAI equipment and turnkey package assures you 
that the final product will provide the most accurate and reliable 
railcar weighing system possible. 

Foundation 
Construction 

Weighbridge 
Installation 

Epoxy Grouted 
Rail Installation 

Specifications subject to change without notice
 
DS-43-0102
 

Printed in U.S A.
 
© 2002 Systems Associates, Inc.
 

SYSTEMS ASSOCIATES, INC. /1932 Industrial Drive / Libertyville, Illinois 60048 / (847) 367-6650 / Fax: (847) 367-6960
 
Visit our web site at SystemsAssoc.com or Email us at Sales@SystemsAssoc.com
 

mailto:Sales@SystemsAssoc.com
http:SystemsAssoc.com


Sheet 12 of 17 

systems 
associates, 
inc. 

E-Mail: ItoroyanOjfwenc.com 

September 19, 2002 

Foster Wheeler Environmental Corp. 
5300 Broken Sound Blvd. Suite 110 
Boca Raton, FL 33487 

Attn: Lucine Toroyan, Coastal Engineer 

Subject: N P1260 Two Draft Static Track Scale 
EPA/Army Corps of Engineers - New Bedford, MA 
SAI Project FWE-2090 

Dear Lucine: 

Per our 9-18-02 discussion, attached are .dwg files of our Drwgs. #1511325 and #1100833 for your 
reference. I think these should be of use to you for developing the foundation details for this peoject. 

Regarding the anchor bolts, it is acceptable to use an epoxy type such as Hilti HVA adhesive anchors or 
equiv. There is, however, one note of caution. As noted on the drawing, the anchor bolts must be 
located within 1/8". It is critical that the foundation rebar be initially located so that it will not interfere 
with the subsequent anchor bolt installation. 

If we can be of any further assistance, please contact Bill Barbera or myself. 

Sincerely, 

SYSTEMS ASSOCIATES, Inc. 

John Ho leman 
John Holleman 
Manager, Structural Engineering 
ims/ki1901fs 

1932 Industrial Drive / Libertyville, Illinois 60048 / (847) 367-6650 / Fax: (847) 367-6960 
E-Mail: mail@systemsassoc.com 

mailto:mail@systemsassoc.com
http:ItoroyanOjfwenc.com
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Adhesive Anchor Bolts 
V^GANTREX For Crane Rail on Concrete Applications 

A R A I L W O M K S C O M P A N V 

Gantrex Adhesive
 
Anchor Bolt
 

Gantrex Clip 

Gantrex Epoxy 
Grout 

Gantrex 
Rubber Pad Gantrex Soteplate 

INTRODUCTION 
A Gantrex Anchor Bolt is a resin set anchor. It is installed by drilling a hole in the concrete deck, filling the hole 

with polyester resin, which acts as an adhesive, suspending a bolt in the resin and allowing the resin to cure, to 
complete the process. Unlike anchors using epoxy based resin, Gantrex anchors can be placed in temperatures as 
lowaslOT. 

The bolt itself is an all-thread steel rod, complete with a nut and a washer. Bolts can be supplied in different 
diameters and lengths. The polyester-based resin supplied in US quart cans, can be poured directly from the 
container, into the hole. 

MATERIALS 
Anchor Bolt 
Material: A36: Fy (min) = 36,000 psi Ft (min) = 58,000 psi 

B7: Fy (min) = 105,000 psi Ft (min) = 125,000 psi
 
Finish: Zinc plated or hot dipped galvanized.
 
Freight classification: Class 50
 

Polyester-based resin 
Packaging: Supplied in US quart cans, four cans per carton. 
Freight classification: UN 1866, packing group III, Class 3 

Catalyst 
Packaging: Supplied in pill bottle type containers, four per carton, packaged separately. 
Freight classification: UN 3102, packing group II, Class 5.2 

PLACEMENT PROCEDURE 
Holes are air-drilled in concrete deck, using a soleplate as template. The drilled holes are 1/8" greater in 

diameter, than the anchor bolt diameter. These holes are cleaned to remove dust and debris. 
One container of catalyst is added to one can of polyester resin and mixed in the can for 60 seconds to 90 

seconds. The mixture is poured into the hole, to about one third the depth. The anchor bolt is suspended from the 
soleplate, and placed in the resin in the hole. The resin cures and sets in about 1 hour. The anchor must not be 
disturbed during this time. Full cure occurs in 24 hours. 

SUGGESTED EMBEDMENT 
It is important that anchor bolts are embedded to a proper depth to achieve adequate strength. In 5 ksi 

concrete, for example, we suggest that A36 anchor bolts be embedded to at least 8 times their diameter (a 3/4" rod 
will require an embedded length of at least 6"). This is adequate to achieve enough bond with the concrete such 
that, in a pullout test, the anchor bolt will yield before the bond with the concrete. Similarly, the suggested 
embedment for 87 bolts is 12 times the bolt diameter. 
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ADHESIVE ANCHOR BOLTS 

TECHNICAL INFORMATION 

Gantrex Anchor Bolt Table 
Gantrex Bolt Hole Bolt Embed. Rod Assy. Rod Assy. Resin Resin Anchor Anchor 

Anchor Bolt Diameter Diameter Length Length Wt. (Ibs.) Wt. (Ibs.) VoL/Bolt Weight Bolts Bolts 
Part Number (inches) (inches) (inches) (inches) A36 B7 (cu. ins.) (Ibs.) per can /carton 
Notes (1, 2) Note (3) Note (3) Note (4) 

AB5/8X10-A36* 5/8 3/4 10 6 0.86 0.91 1.38 0.12 38 153 
AB5/8x12-A36* 12 8 1.01 1.05 1.85 0.16 29 115 
AB5/8x14-A36* 14 10 1.16 1.20 2.31 0.20 23 92 
AB3/4X10-A36* 3/4 7/8 10 6 1.16 1.24 1.94 0.16 27 109
 
AB3/4X12-A36* 12 8 1.36 1.43 2.59 0.22 20 82
 
AB 3/4 x 14-A36* 14 10 1.56 1.63 3.23 0.27 16 66
 
AB3/4x16-A36* 16 12 1.76 1.83 3.88 0.33 14 55
 
AB 7/8 x 12-A36* 7/8 1 12 8 1.92 2.03 3.07 0.26 17 69
 
AB7/8X14-A36* 14 10 2.20 2.31 3.84 0.33 14 55
 
AB7/8x16-A36* 16 12 2.48 2.59 4.61 0.39 12 46
 
AB7/8x18-A36* 18 14 2.76 2.86 5.37 0.46 10 39
 
AB 1 x 12-A36* 1 1 1/8 12 8 2.54 2.68 3.72 0.32 14 57
 
AB 1 x 14-A36* 14 10 2.90 3.04 4.65 0.39 11 46
 
AB 1 x 16-A36* 16 12 3.26 3.40 5.58 0.47 9 38
 
AB 1 x 18-A36* 18 14 3.62 3.76 6.51 0.55 8 33
 

AB1 1/4x14-A36* 1 1/4 1 3/8 14 10 4.73 4.97 6.03 0.51 9 35 
AB 1 1/4 x 16-A36* 16 12 5.30 5.55 7.24 0.61 7 29 
AB 1 1/4x1 8-A36' 18 14 5.88 6.12 8.45 0.72 6 25 

AB 1 1/4 x 20-A36* 20 16 6.46 6.70 9.65 0.82 5 22 

NOTES: 
(1) Replace A-36 with B7 for high strength material. 
(2) Suffix with 'Z' for Zinc plated or 'G' for hot dipped galvanized. 
(3) Rod assembly consists of one rod + 1 nut + 1 washer. 
(4) Resin volume shown includes 30% for waste. 

HOW TO SPECIFY AND ORDER 
1. To specify and order a Gantrex adhesive anchor bolt assembly, determine the correct diameter and 

length. 
2. Determine correct part number from the above table and notes. For example, AB 1x14-A36G would 

be the part number for a 1" x 14" long, diameter bolt of A36 material, with one nut and one washer, all 
hot dipped galvanized. 

3. If substrate temperature is likely to be below 45°F, at time of actual installation, please double the 
quantity of catalyst, at time of order placement. 

While the steel hardware can be shipped at any time, due to the nature of the resin/catalyst 
system, it is recommended that the adhesive be shipped 3-4 weeks prior to actual installation. 

GANTREX reserves the right to discontinue or change specifications at any time without prior notice and without incurring 
any obligation whatsoever. 
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DATA Model 530 
SHEET SOI Digital Weight Indicator 

SYSTEMS ASSOCIATES, INC. /1932 Industrial Drive / Libertyville, Illinois 60048 / (847) 367-6650 / FAX: (847) 367-6960 

DESCRIPTION 
The Model 530 is a high perform
ance digital weight indicator used in 
industrial weighing applications. 
This microprocessor based unit 
provides load cell excitation for up 
to eight 350 o load cells. Integral 
to the unit is a 20 bit A/D converter. 

The front panel has 20 input keys 
to meet your scale system require
ments. The Model 530 displays al
pha numeric data on a 7-digit 16
segment blue-green vacuum fluo
rescent display. A bright red LED 
annunciator located on the front 

"panel indicates when the digitizer is 
displaying a non-valid weight. 

The Model 530 employs a simple 
menu driven procedure to set up 
and calibrate the indicator. The in
dicator prompts the user for pa
rameter settings such as capacity, 
divisions, etc. These parameters 
can also be set via the serial inter
face port. Calibration is performed 
with only the front panel keys; no 
confusing dip switches or trouble
some potentiometers. 

The Model 530 includes two bi
directional RS-232 data ports in
cluding a standard 20 mA current 
loop output on the second port. 
RS-485 multi-drop and bi
directional 20 mA current loop driv
ers are available as an option. 

A user adjustable three stage digi
tal filter, display update rate, and 

Aerial output delays provide steady 
weights even with heavy vibrations. 

FEATURES
 

! Menu-driven 
setup /calibration 

! 25 conversions per 
second 

! Compact size 

! Meets NIST HB-44 
requirements 

! NTEP Certificate of 
Conformance #97-134 

! Three stage digital 
filtering 

\ Serial communication 

Time and date 

Printer formatting 

120/230 VAC power 
selections 

12-28 VDC power option 

Splash proof front panel 
keypad 

Numeric keypad for 
setting tare and 
setpoint cutoffs 

Interface with up to eight 
350 ohm load cells 
without external power 
supply 
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MODEL 530 - Digital Weight Indicator 

SPECIFICATIONS 
Specifications are applicable over the operating tem
perature range of -10° C to + 50°C 

ANALOG 
Full Scale Input Signal 4.5 mVA/ (Includes 

Deadload Signal) 
Internal Resolution 1,000,000 counts 

(A/D Converter Counts) 
Display Resolution 1/60,000 counts 
Conversion Rate 25 conversions/second 
Digitizer Linearity Within 0.01% of full scale 
Stability of Zero 150 nV/°C. maximum 
Stability of Span 3.5 ppm/°C. maximum 
Common Mode Rejection 140 dB typical at 50-60 Hz 
Normal Mode Refection 90 dB typical at 50-60 Hz 
Excitation Voltage 10 VDC, up to eight 350 Q 

load ceils 
Linearization 10 selectable points 

OPERATOR INTERFACE 
0.55 inch, 16 segment vacuum, fluorescent display, 7 
full digits, decimal point and comma available at each 
digit. Additional symbols for Automatic Tare, Manual 
Tare, Zero, Standstill, Minus, Net, and Gross. Display 
color is blue-green filtered to blue. Labels supplied 
for Ib, kg, oz, g, and t. 

SERIAL COMMUNICATIONS 
Two standard communications ports allow RS-232 
data exchange between the Model 530 and host com
puters, displays, and printers. All keyboard functions 
can be remotely activated by an external computer. 
Complete parameters setup, including calibration, al
lows a replacement digitizer to be set up and running 
fast. 

ENVIRONMENTAL CONDITIONS 
Operating Temperature -10° C. to +40° C. Legal 

-10°C. to+50° C. Industrial 
Storage Temperature -10° C. to +70° C. 
Humidity: 0 to 95% RH 
Vibration: Conforms to current OIML 

requirements 

MECHANICAL 
Width 
Height 
Depth 
Panel Cutout 
Weight 
Mounting 

POWER 
AC Power 
Frequency 
Consumption 

OPTIONS 
SETPOINT 

ANALOG OUTPUT 

SERIAL PORT 

BCD 

ENCLOSURES
 

POWER 

7.94 inches 
7.94 inches 
4.28 inches
 
7.32-7.36" square
 
4.4 Ib. maximum
 
Desk top or panel
 

120 or 230 VAC
 
48-62 Hz
 
15 W maximum
 

8 DIGITAL INPUTS 
Logic Low (Active)
 
0-1.5 VDC or ground
 
Logic High (Inactive)
 
+4 to +30 VDC or open 

8 DIGITAL OUTPUTS 
Logic Low (Active)
 
0 - +.8 VDC @300 mA
 
Logic High (Inactive)
 
external supply voltage
 

Voltage 0-10.5 VDC 
Current 0 - 21 mA 
Resolution 14 bits 
Linearity 0.01% 

RS-485 Multidrop 
20 mA Current Loop 

Remotely mounted module 
used to convert RS-232 serial 
port data to 7 BCD digits. BCD 
module is useful for interfacing 
to scoreboards and PLC's 

NEMA 12 
NEMA4 
Stainless Steel 

12-28 VDC 15 W Maximum 

Specifications subject to change without notice 
DS-60-0201 

Printed in U.S.A. 
©2001 Systems Associates. Inc. 

SYSTEMS ASSOCIATES, INC. /1932 Industrial Drive / Libertyville, Illinois 60048 / (847) 367-6650 / Fax: (847) 367-6960 
Visit our web site at SystemsAssoc.com or Email us at Sales@SystemsAssoc.com 

mailto:Sales@SystemsAssoc.com
http:SystemsAssoc.com
http:7.32-7.36
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FOSTER WHEELER
 
ENVIRONMENTAL
 
CORPORATION 

Calculation Record 

, ̂ l̂ lient Name: USAGE- New England District Page 1 of )i8 
Project Name: New Bedford Harbor - Wastewater Treatment Plant Project No. 5197.1720.9302.00010 

Calculation Title: Dewatering Facility Foundation Design 

Calculation NoTFile No.: Rev. 1 

Calculation Is: (check all that apply) ^ Preliminary Q Final Q Nuclear Safety-Related 

Objective Design reinforced foundation for dewaten'ng building for both strength and service condition to resist all 

manufacture-specified equipment loading and other applicable loading. 

Unverified Assumptions Requiring Subsequent Verification 

No. Assumption Verified By Date 

No architectural drawings available at the time of 
calculation. Building loads need to be verified once the 
drawings and data become available. 

jV 
See Page 2 of this calculation for additional assumptions. 

This Section Used for Computer Generated Calculations
 
Program Name/Number PCA-Mats Version: 5.2
 

Evidence of or reference to computer program verification, if applicable:
 
It is unknown if the PCA-Mats V5.2 has been verified by FWENC QC procedure.
 

Bases or reference thereto supporting application of the computer program to the physical problem: 

Review and Approval 
Rev Prepared By Date Verified By Date Approved By Date 

0 Jeff Zhao 1/28/02 

1 Jeff Zhao ^-^ 4/16/02 



Summary of Structural Calculations Rev. 1 

The revised structural calculations (Rev. 1) take the following changes (since 90% subraittal) into 
consideration. 

1 . Change of Load Condition: Added Hyster H700F fork truck, which is a controlling load in
 
slab design of load-out area.
 

2.	 Change of Code Criteria: Per ACI 31 8 in floor slab design, instead of ACI 350. Only the
 
sump bottom slab and walls are designed per ACI 350.
 

3.	 Change of Structural Dimensions: Move the N-S interior columns 15 ft towards west; shrink 
the rail track slab; and raise the sump bottom. See Pagef> for details. 

4.	 Gcotechnical Condition: Values of subgrade modulus have been clarified per Andrew
 
Tognon's emails. See Page J .
 

5.	 100-yr Flood Elevation and Floor Elevations: Has been clarified. See Page /"2. 
6.	 New Item: Added the Support Building Foundation design. 

In addition, the Rev. 1 takes the 90% submittal comments into consideration. 

As a result of the above diversions, Rev. 1 included the following major revisions accordingly. 

1.	 Instead of designing a single, uniformly reinforced floor slab in process and load-out areas, 
the new design separated the two areas with an isolation joint. The slab thickness is 10" in 
process area and 12" in load-out area. Load-out slab is heavily reinforced to take the fork 
truck loading, while process slab is less reinforced. Tanks/ Equipment installation loads have 
been taken into consideration for the process area (HS20-44 truck). Twenty-ft wide aisle load 
pattern has also been included in the design of process area and load-out area to simulate the 
warehouse condition of the future marine terminal. The building sump is separated from the 
floor slab by isolation joint around its perimeter per ACI 360 requirement. The sump top and 
bottom slabs have been redone to reflect the load increase from 300 psf to 750 psf. 

2.	 Reinforcement designs of process and load-out slabs only comply with ACI 318. Also have 
revised or deleted some ACI 350 complying details on the structural drawings. 

3.	 Did not revise the mesh sizes of process area (Mat 1) and load-out area (Mat 2), as the 15' 
shifting has minor impact on moment outputs. However, the rail track slab (Mat 3) has been 
redone to reflect the significant reduction of the mat size. The raise of the sump bottom 
shortened the sump wall by 2'. No revise has been done regarding the sump wall as current 
condition becomes less critical. 

4.	 Have adjusted the values of subgrade modulus in all major mat modeling. Subgrade modulus 
for sump bottom slab has been reduced from 80 kef to 51 kef. 

5.	 Have re-examined the sump flotation safety to reflect the changes in 100-yr flood table, sump 
size, and the connection condition to the floor slab. 

6.	 Have designed the support building foundation slab per 'Dewatering Facility Foundation 
Design Information" received on April 5, 2002. 



Consideration of Joints 

Since continuous trench drains are desirable, expansion joints were deleted from the floor slab. 
Detailed reasoning is on Pagelo. Construction/ contraction joints are marked up on drawings 
with maximally 55' apart. PCA suggest 20 to 30 ft spacing of contraction joints for plain slabs of 
10 in. thickness. With #5@12 EW for process area and #6®8EW for load-out area, 55' 
contraction spacing is reasonable. 

ACI 302 recommended Isolation Joint at Columns (Fig. 3.2.5.1.a) is not applicable to the 
dewatering floor, The water-tightness is questionable for the fill around columns. Since the floor 
get wet quite often, Fig.3.2.5. l.b is not applicable neither. A Vi' wide isolation joint (with 
waterstop) has been placed around the interior column pedestal. There shall be 2" grout between 
the column base plate and the top of the footing pedestal to keep the plates and bolts dry. 

References: 

•	 ACI 318-99/318R-99 
•	 ACI 350R-89 
•	 ACI 360R-92 
•	 ASD 9* Edition 
•	 Concrete Watertight Structures and Hazardous Liquid Containment (by Robert Hengst), 

ASCE Press, 1994. 
•	 Faxes, emails, drawings, and correspondences from Boston, Boca Raton, and venders 

(inserted in the calculations). 

Contents of Design Calculations: 

1. New design information since 90% submittal 
2. Process Area (Mat I) (_ p. » G ̂  
3. Load-out Area (Mat 2) C?.^\~~ 
4. Rail Track Slab (Mat 3) £ a.^ 
5. Building Sump £ f . - ? fe~ / /O 
6. Support Building Foundation ( P" 
7. Appendix: Design Data and References 
8. Footings (in a separate calculation file) 



New Design Information Since 90% Subraittai 



Load Criteria: 

EQUIPMENT 

Plate & Frame Filter
 
Presses
 
(650 ft1, 80 tons empty,
 
105 tons loaded)
 

Slurry Conditioning Tanks 
(20,000 gal fiac tanks with 
slurry density of 70 Ibs/ft3) 
Slurry Equalization Tanks 
(2 - 64,000 gal tanks each 
with slurry density of 70 
Ibs/ft3) 
Filter Cake Storage 
Container 
(Roll-off box with 17 yd3 of 
filter cake with a density of 
100 Ibs/ft5) 
Front End Loader with4 
yd' bucket 
Lift Truck 
(H700F Hyster Fork Truck) 

Truck Loading (HS20-44) 

Future Use: Marine Cargo 
Terminal 

LOAD (TONS) 

105 tons 

94 tons/tank 

302 tons/tank 

30 tons 

Assuming a 35 
ton live load: 

Total static load 
on front axle = 
71 tons 

Total static load 
on rear axle = 59 
tons 

36 tons 

Unknown 

LOCATION
 
OF
 

LOADING
 
Process Area
 

Process Area 

Process Area 

Loadout Area 

Process and
 
Loadout Area
 
Loadout Area
 

Process and
 
Loadout Area
 
Process and
 

Loadout Area
 

DIMENSIONS 

6 0 f t x l 3 f t 
(skid mounted) 

4 0 f t x 8 f t 

36ftx30ft 
(8 ft liquid level) 

7ftx24ft 

Unknown 

LOAD
 
DISTRIBUTION
 

2 — Longitudinal steel 
beams 60 ft long & 6 
- cross beams 12 ft 
on center 

Uniform over surface 
area (320 ft2) 

Uniform over surface 
area (1,080 ft2) 

4 point loads on steel 
rollers 

xx tons/axle 

Front axle wheel base 
= 104 inches 

Rear axle wheel base 
= 94 inches 

16 tons/axle 

750 psf EPA 
Direction. (Discrete 
loaded areas with 
aisle space) 



In addition to the anticipated load table included above the following items also need to be taken into 
account for the revised structural calculation: 

jL Loadout area will be widen from 75 feet to 90 feet by moving the process area internal wall 15 feet to 
the west The building sump location should be moved accordingly. Depth of column footings in 
vicinty of sump also need to be re-evaluated (Lc., lowered). 

2. The bottom of the main sump within the process area of the dewatering building is to be raised two (2) 
' feet 

3.	 Column spacing is to remain as shown on the existing drawings with only changes due to moving the
 
internal wall 15 feet to the west
 

.4.	 Curbing shown on Section E-E of Dwg # S-505 needs to be moved closer to rail tracks to facilitate 
loading of cars. Centerline of track to curbing can change from 1 9'1 1" to 8MT. 

5.	 We also need to revise the civil drawings to reflect the fact that there will be no tracks east of the
 
dewatering building.
 

6.	 Incorporate floor drain piping based on layout developed by Joe Francis. We have a copy of these 
drawings bom electronically and in the mail. Drawings will be redone to show new wall and sump 
location and readjust the floor drains. This will be done in Boston. 

7.	 Foundation design should include utility trench for slurry/filtrate piping. Profile and cross section 
details are provided on C-l 12. Assume the concrete chamber box within building is 5 ft by 5 ft with a 
depth of 4 ft. 

•	 Drawing detail in Attachment A 

8.	 Include slab and footings for support building. 

•	 Continuous footings 
•	 Attachment B has all loading details for slab and footings 
•	 Dimension of building in AttachmentB 

Code Criteria 

1.	 Design the dewatering foundation slab to ACI 318 and the sump to ACI 350 per the NBH design team. 
AREMA manual says to design the rail on slab per ACI 318. 

2.	 The AREMA section pertinent for rail loads are in Attachment C. 

3.	 Also, in Attachment D is the MA Building Code Structural Section. 



SUPPORT BUILDING STRUCTURAL INFO
 

Building Codes and References
 

The following publications or documents form a part of the basis of design for providing the design and
 
construction of the structural elements for the dewatering support facility, consisting of. 

Applicable Building or Design Codes and References: 
•	 American Concrete Institute (ACI): ACI318 - (1995) Building Code Requirements forStructural
 

Concrete,
 
•	 American Society of Engineers (ASCE): ASCE 7- (1995) Minimum Design Loads for Buildings and 

Other Structures. 
•	 Commonwealth of Massachusetts, Board of Building Regulations and Standards: (1997 with all
 

current amendments) Massachusetts StateBuilding Code.
 
•	 Underwriters Laboratories (UL): UL 580 - (1997) Uplift Resistance to Roof Assemblies. 

3.5.2 Building Description 

The building for the Support Facility shall consist of a pre-engineered metal building with steel framing 
and metal roof and wall panels. The building provided shall be complete and weather-tight and suitable for 
the functional requirements indicated. The building plan dimensions shall be as provided by the building 
manufacturer's standard, but not less than the dimensions indicated on the Conceptual Layout Design 
Drawing (Appendix Q, nor exceeding the indicated dimensions by more man the amount of the closest 
standard size thereto. The inside clear height between the finished floor and bottom of roof steel shall be a 
minimum of 10 feet 

The Support Facility building shall consist of vertical walls and a gable roof. The roof slope shall be a 
fninimum of 1 to 12 (vertical to horizontal) to a jnarinyan of 3 to 12. The building framing shall be rigid 
frame type providing a clear interior span. 

3.5.3 Building Design Requirements 

3.53.1 Design Loads 

Loading combinations used shall be in accordance with the Massachusetts State Building Code or ASCE 7 
or MBMA LRMBSM, as required 

The pre-engineered metal building shall be designed using the following minimum loads: 

a) Dead Loads - Dead loads shall be determined from actual building components to be used. 

b) Minimum Roof Live load - Use 16 pounds per square foot (psf). 

c) Snow Loads - Compute and apply roof snow loads based on a flat (<30°) roof slope and the 
following parameters: 

•	 Ground Snow Load, Pg = 30 psf 
•	 Snow Exposure Factor, Ce = 0.7 
•	 Importance Factor, 1=1.1 

d) Wind Loads - Compute and apply wind pressures to building walls, roof and components based 
on following parameters: 

•	 Basic Wind Speed, V = 90 mph 
•	 Wind Exposure = C 
•	 Importance Factor, 1 = 1.1 
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e) Seismic Loads — Compute and apply loads to building components as required to satisfy seismic 
requirements based on the following parameters: 

Effective Peak Velocity-Related Acceleration Coefficient, Av = 0.11
Effective Peak Acceleration Coefficient, Aa = 0.11 
Seismic Hazard Exposure Group -1 
Seismic performance Category = C 
Site Soil Coefficient, S = 1.2 
Structural System — ordinary moment frame. 

s"*r 

f) Collateral Loads  Include loads as required for HVAC equipment, mechanical equipment, fire 
protection system, or interior wall or ceiling finishes. A minimum of 5 psf shall be applied on 
framing systems for collateral loads. 

3.5.3.2 Deflections 

The building shall be designed to limit deflections to the maximum values indicated below, unless building 
finishes to be used require more restrictive deflection limits. 

a) Structural Members — The maximum deflection of main framing members shall not exceed 
1/24QA of their respective spans. 

b) Roof System  The maximum deflection due to the live roof loads for roof panels and purlins 
shall not exceed 1/180* of their respective spans, except that when interior finishes to be used 
require more restrictive deflection limits. Roof panels shall be provided to satisfy UL 580, 
Class 90. Maximum deflections of roof panels shall be based on sheets continuous across two 
or more supports with sheets unfastened and fully free to deflect In addition to the live loads 
indicated above, roof decking shall be designed for a 200-pound concentrated load at midspan. 

c) Wall System  The maximum deflection due to wind on wall panels and girts shall be limited
1/120 of their respective spans, except that when interior finishes to be used require more 
restrictive deflection limits. 

 to '** 

3.533 Building Materials 

The pre-engineered building framing system, wall and roof panels, and other components shall consist of 
the steel and/or aluminum materials. Roof insulation shall be R-38 and exterior walls shall be R-13. 

3.5.4 Foundation Description 

The building foundation shall consist of reinforced concrete frost walls and footings and column footings as 
required to support the pre-engineered building. The floor shall consist of a reinforced concrete slab on 
grade. A vapor barrier shall be placed under the floor slab, consisting of a 15-mil poly sheeting with edge 
laps and penetrations sealed. Insulation shall be provided on the exterior of the frost walls. 

3.5.5 Foundation Design Requirements 

3.5.5.1 Design Loads 

The building foundation shall be designed using worst case bearing, uplift, overturning, or sliding forces 
determined by the building manufacturer. A minimum factor of safety of 1.5 shall be used for overturning, 
sliding and uplift. The floor slab shall be designed for a minimum 100 psf uniform load with a minimum 
slab thickness of 6 inches. 

3.5.5.2 Soil Data 



The allowable soil bearing capacity is expected to be on the order of 4,000 psf, the actual bearing capacity 
used for the foundation design shall be verified based on a soil boring advanced at the building location. 
The bottom of footing depth shall be a minimum of 48 inches below final grade for frost protection. Frost 
wall and column footings shall be constructed on undisturbed firm subgrade material exposed during 
foundation excavation. The floor slab shall be placed on 8 inches of compacted granular material or 
structural fill. 

3.5.5J Foundation Materials 

Cast-in-place concrete for the building foundation and floor slab shall be reinforced and have a 28-day 
compressive strength of 4,000 pounds per inch (psi). 



Andrew Tognon To: JeffZhao/Houston/FWENC@FWENC 
cc: Mark Otten/Boston/FWENC@FWENC. Peter 

04/02/2002 09:07 AM Dunlop/Langhome/FWENC@FWENC 
Subject: Subgrade Modulus 

Jeff, 

Table below give the geometry dependant subgrade modulus (Ks) for the slabs for the dewatering 
building 

Bearing Capacity(ksi) / Terzaghi 

Slab Calc ID Width Length Original ks 

ft ft k/ft2 k/ft3 
1 1 192.00 

Equipment/Process Area Slab Mat 1 165 195 50 49 • 
Loadout Area Slab Mat 2 75 165 70 49 
Rail Access Slab Mat 3 30 150 40 51 
Sump Slab Sump 30 30 51 

The Ks values recommended in the geotechnical report are adjusted for slab width to provide a constant 
winkler subgrade modulus required for the PCA-Mats problem. Mark and I have discussed the problem 
and based upon the input requirements for PCA-Mats recommend using a constant 50 kef subgrade for all 
slabs greater than 30ft wide.... other methods were also evaluated but only changed the subgrade 
modulus slighty (60 kef) 

I also reviewed the previous PCA-Mats output using the original subgrade moduli (50 kef, 70 .kef and 40 
kef). The settlements from the previous output given by PCA-Mats are low in comparison to some 
settlement estimates i have done. This is typical for the winkler type analyses using a constant subgrade 
modulus, and the PCA-Mats program should only be used for moment design and not to predict 
settlement, alternatively using the "additional nodal springs option" in PCA-Mats software may be used to 
refine the analyses to obtain a reasonable settlment profile. Although I don't believe this is necessary if we 
are using only the moment analyses for thickness design. 
In any case, if not too time consuming, it would be good to compare the results of the Ks=50 kef analyses 
to an additional one at Ks=25 kef and Ks=100 kef. 

Let me know if you have any questions. 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
Andrew Tognon, MESc 
133 Federal St. 
Boston, MA, 02110 
Tel: (617) 457-8410 
Fax:(617)457-8498 
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Jeff Zhao To: Lucine Toroyan/Boca Raton/FWENC@FWENC. James 
Brinkman/Boston/FWENC@FWENC 

04/11/2002 04:24 PM 
cc: Ming Hsieh/Uvingston/FWENC@FWENC 

Subject Expansion Joints 

I've discussed with Mike about the expansive joints on the dewatering slab. Mike thinks that, due to the 
hydration heat, the cast-in-place concrete will have at least a temperature of 70F, even if the ambient 
temperature is 50F (it is not allowed to cast the concrete below 45F). Since the slab is covered, assume 
a 100F maximum room temperature. For 205' long slab (loadout area), the expansion will be 
205x12x30x0.00055/100 = 0.4". For 180' long slab (equipment area), the expansion will be 0.36". 

So, 1/2" isolation joint around the slabs will be fine. Therefore, we don't need expansion joints. Please 
note that there is an isolation joint between the loadout area and the equipment area due to the different 
slab thickness and reinforcement. Please confirm again that there will.be no traffic (especially the lift truck 
traffic) between these two area. 

Lucy, I'll send you a fax showing the I.J. location. I'll send you the rest of markups of drawings (including 
the new supporting facility foundation sketches) tomorrow. 

Regards, 

Jeff Zhao, PE 
Foster Wheeler Environmental Corp. 
1001 South Dairy Ashford, SuRe 210 
Houston. TX 77077 
Tel: 281-597-4829 
Fax: 281-596-0308 
Email: jzhao@fwenc.com 

mailto:jzhao@fwenc.com


Trr Lucine Toroyan To: JeffZhao/Houston/FWENC@FWENC 
^ ,̂ «««^ „-.„„ ™. cc: James Brinkman/Boston/FWENC@FWENC. Mark 
04/09/2002 02:24 PM Otten/Boston/FWENC@FWENC
 

Subject More Dewatering Info
 

Jeff, 

Hot dipped galvanized for the steel inside the sump is fine as long as it has good corrosion resistant 
properties. This is up to you. 

Don't worry about coating the pumps. For now, assume that they are self priming and sit on top of cover, 
but dont remove mounting location on bottom of sump just in case someone changes their mind about 
type of pump and location. Additional loading for pump on cover will not be restrictive to the design. 

For the trench, Jim will send a hard copy of the drawing to both you and I tomorrow morning. The 
drawing will help us understand where the trench is entering the building and cutting through the 
perimeter foundation. We don't need to design the whole thing for now just how ft affects/cuts-through 
our slab. Some of the information you were asking for such as loading condition on top of trench cover, 
pipe trench cover elevation, and length of pipe trench are not known right now. The profile and alignment 
have not been done yet. 

Dimensions for the support facility are Length (N-S) is 88' - 6 3/4", Width (E-W) is 28' - 6 3/4", Height is 
10', and concrete floor elevation is 9.5' NGVD. The SE end of the support facility matches up to the SW 
comer of the dewatering facility. 

I hope this helps 

Lucine Toroyan- Coastal Engineer 
Foster Wheeler 
5300 Broken Sound Blvd., Suite 110 
Boca Raton, FL 33487 
561-237-1853 Phone 
561-237-1890 Fax 



rr Lucine Toroyan To: JeffZhao/Houston/FWENC@RA/ENC 
cc: Andrew Tognon/Boston/FWENC@FWENC, Dan 

04/09/2002 12:48 PM 
Maher/Boston/F\/VENC@FWENC. Mark 
Otten/Boston/FWENC@FWENC, James 
Brinkman/Boston/FWENC@FWENC 

Subject: Re: Flood Plain ElevatiorQ 

Jeff, 

Jim and Dan confirmed floor elevations, and they are as follows: 

9' NGVD 29 for process area, loadout area, and rail area
 
9.5' for the support facility attached to building
 

Lucine Toroyan - Coastal Engineer 
Foster Wheeler 
5300 Broken Sound Blvd., Suite 110 
Boca Raton, FL 33487 
561-237-1853 Phone 
561-237-1890 Fax 
Jeff Zhao 

Jeff Zhao To. Andrew Tognon/Boston/FWENC@FWENC 
cc: Lucine Toroyan/Boca Raton/FWENC@FWENC, Dan 04/09/2002 11:42 AM 

Maher/Boston/FWENC@FWENC, Mark 
Otten/Boston/FWENC@FWENC 

Subject: Re: Flood Plain Elevation^ 

Please confirm that: 
(1) the project elevation zero is equal to NGVD 29 zero. 
(2) the floor general elevation is +10 ft at equipment & loading area. 

Regards, 

Jeff Zhao, PE 
Foster Wheeler Environmental Corp. 
1001 South Dairy Ashford, Suite 210 
Houston, TX 77077 
Tel: 281-597-4829 
Fax:281-596-0308 
Email: jzhao@fwenc.com 
Andrew Tognon 

Andrew Tognon To JeffZhao/Houston/FWENC@FWENC 

03/27/2002 03:37 PM cc 
Subject. Flood Plain Elevation 

Jeff. 
Spoke to Mark about the flood plain elevation it is 6 ft NGVD29 
Fora reference you can cite the Design Drawings - Sheet C-101 : Exisiting Conditions Plan 

_JOTE #4. THE SUBJECT PREMISES ARE LOCATED IN FLOOD ZONE "A" BEING ELEVATION 6.0 

mailto:jzhao@fwenc.com


NGVD29 COMMUNITY NUMBER 255216 0009 B, REVISED JANUARY 05, 1984. 

I didnt have a chance to ask about the subgrade modulus, and will keep you updated 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
Andrew Tognon, MESc 
Foster Wheeler Corp. 
133 Federal St. 
Boston. MA, 02110 
Tel: (617) 457-8410 
Fax:(617)457-8498 
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ŵJ N/F C l iY Oh
 

EJCDrORD_
 

' 

tf 
I > 
M

3 
5 

•o 

8 
ATYPICAL PA o 



Process Area (Mat 1) 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

Ry 

CHKD BY 

CLIENT. 

>^PF«OJECT. 

SUBJECT. 

DATE 

AT 

OFS NO 

(MAT 

SHEET _/£.OF 
DEPT 

NO 

/  . 

-pCA-MArfs 

L4-) 

SG o 

1
 

-7-fo 

FWENC 581D 10/96 



FOSTER WHEELER ENVIRONMENTAL CORPORATION 
/ /
 

BY DATE SHEET I O_OF_
 
DEPT 

CHKD BY DATE OFS NO NO 

CLIENT. 

PROJECT. 

SUBJECT. 

DO &<, 

U^
 

FWENC 581D 10/96 



11:09:05 Licenced to: Foster Wheeler Environmental Corp.
 matlfc.mat
 

New Bedford - Dewatering Foundation 1
 
Equipment/ Tank Load Pattern
 



11;10:44 Licenced to: Foster Wheeler Environmental Corp. matl%.mat
 

New Bedford - Dewatering Foundation 1
 
Construction Truck Load Pattern
 

'arf
 



11:02:22 Licenced to: Foster Wheeler Environmental Corp. 
Poyc. 1 

matl%.mat 

Hew Bedford  Dewatering Foundation 1 
Aisle Load Pattern 
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11:26:18 Licenced to; Foster Wheeler Environmental Corp. MAT1%.MAT
 

Al - GENERAL INFORMATION:
 

Project : New Bedford - Dewatering Foundation 1
 
Engineer: JZ
 
File : C:\PROJECTS\NEWBED~1\DEWATER\100%SUB\MAT1%.MAT
 
Units : English Date : 01/04/02
 
Code : ACI 318-99 Time : 09:44:36
 

Maximum number of iterations = 10
 
Maximum allowed displacement = 1 in
 
Minimum contact area allowed = 75.00 %
 
Displacement limit for uplift = 0 in
 
Reinforcement is based on maximum moment within an element.
 

Number of nodes = 1360
 
Number of elements = 1287
 

A2 - THICKNESS DEFINITIONS:
 

Label t (in)
 

thickl 10.00
 

A3 - CONCRETE DEFINITIONS:
 

Label f'c (ksi) We (pcf) EC (ksi) v
 

conc-1 4 150 3834.3 0.000
 

A4 - SOIL DEFINITIONS:
 

Label Ks (kef) Qa (ksf)
 

soil-1 50 4
 

A5 - REINFORCING STEEL DEFINITIONS:
 

Label Fy (ksi) Es (ksi)
 

steel-1 60 29000
 

A6 - DESIGN PARAMETERS DEFINITIONS:
 

Label Top-X (in) Top-Y (in) Bot-X (in) Bot-Y (in) Min Reinf
 

DP-1 2.7500 3.0000 2.7500 3.0000 0.1800 %
 



11:26:18 Licenced to: Foster Wheeler Environmental Corp. MAT1%.MAT
 

A9 - NODAL LOAD DEFINITIONS:
 

Label Case Pz (kip) MX (kip-ft) My (kip-ft)
 

truckl C -4 0 0
 
truck2 C -16 0 0
 
press E -8.75 0 0
 

A10 - SURFACE LOAD DEFINITIONS:
 

Label Case Wz (psf)
 

dummy A -0.1
 
750psf B -750
 
aisle D -750
 
equip E -600
 

All - LOAD COMBINATIONS:
 

Self weight is included under Case A.
 

Ld Combo Case A Case B Case C Case D Case E Case F Type Save?
 

SI 1. 000 0.000 0.000 0.000 1.000 0.000 Ser. Yes
 
S2 1. 000 0.000 1.000 0.000 0.000 0.000 Ser. Yes
 
S3 1. 000 1.000 0.000 0.000 0.000 0.000 Ser. Yes
 
S4 1. 000 0.000 0.000 1.000 0.000 0.000 Ser. Yes
 
Ul 1, 400 0.000 0.000 0.000 1.400 0.000 Ult. Yes
 
U2 1. 400 0.000 1.700 0.000 0.000 0.000 Ult. Yes
 
U3 1. 400 1.700 0.000 0.000 0.000 0.000 Ult. Yes
 
U4 1. 400 0.000 0.000 1.700 0.000 0.000 Ult. Yes
 



11:26:18 Licenced to; Foster Wheeler Environmental Corp.
 MAT1%.MAT
 

A12 - X-GRID LINE DEFINITIONS:
 

No. Coord, (ft) No. Coord. (ft) No. Coord, (ft) 

1 0 2 5 3 10 
4 15 5 20 6 25 
7 30 8 35 9 40 
10 45 11 50 12 55 
13 60 14 65 15 70 
16 75 17 80 18 85 
19 90 20 95 21 100 
22 105 23 110 24 115 
25 120 26 125 27 130 
28 135 29 140 30 145 
31 150 32 155 33 160 
34 165 35 170 36 175 
37 180 38 185 39 190 
40 195 

A13 - Y-GRID LINE DEFINITIONS: 

No. Coord, (ft) No. Coord. (ft) No. Coord, (ft) 

1 0 2 5 3 10 
4 15 5 20 6 25 
7 30 8 35 9 40 
10 45 11 50 12 55 
13 60 14 65 15 70 
16 75 17 80 18 85 
19 90 20 95 21 100 
22 105 23 110 24 115 
25 120 26 125 27 130 
28 135 29 140 30 145 
31 150 32 155 33 160 
34 165 . 



11;21;33_Licenced to: Foster Wheeler Environmental Corp.
 

New Bedford - Dewatering Foundation 1
 
Maximum Moments (Jcip-ft/ft)
 

r
 
matlfc.mat
 



Licenced to: Foster Wheeler Environmental Corp. matl%.mat
 

New Bedford - Dewatering Foundation 1
 
Maximum Moments (kip-ft/ft)
 



11:22:10 Licenced to; Foster Wheeler Environmental Corp. matl%.mat 

New Bedford - Dewatering Foundation 1
 
Maximum Moments (kip-ft/ft)
 



11;22;33 Licenced to: Foster Wheeler Environmental Corp. matlS.mat
 

New Bedford - Dewatering Foundation 1
 
Maximum Moments (kip-ft/ft)
 



11:23:20 Licenced to: Foster Wheeler Environmental Corp. matlfc.mat
 

New Bedford - Dewatering Foundation 1
 
Pressure (ksf)
 



* 3.
 
11:25:35 Licenced to; Foster Wheeler Environmental Corp.
 

New Bedford - Dewaterihg Foundation 1
 
Displacement (in.)
 



FWENC 
Owner USAGE Comp'd By: Jeff Zhao 
iPlant New Bedford Date: 3-Apr-02 
Project No.: 5197.1720.9302.00010 File No: Chckd By: 
Title: Dewatering Foundation - Mat1 Date: 

Mu.design Page of 

1 ® Interior O Exterior I O Beam ® Slab 
O « O #4 ® #5 O*6 O #7 O #8 

Factored Moment = 7.3 kips'ft O*9 O#10 O*ll O#14 O*18 

Average Loa d Factor = 1.55 
Service Moment  57 kips'in 

Bar Spacing = 12 in ®NoneO« O*4 O*S O« O*7 

SlabT 
Width, b=
hickness=

 12 in 
 10 in 

O*8 O *9 O *10 O *U O *14 O *18 

cover = 3.00 in Bar Area = 0.31 in'' 
f c = 4000 psi Bar Diameter = 0.625 in 
fy = 60 ksi Sfim jp Diameter = 0 in 

E, = 29000 ksi d= 6.6875 in 
*= 0.9 #Bars= 1 

Normal/Severe exposu re (0/1)= 0 Asted = 0.31 in2 

#5 12 in. spacing 

Moment Check Crack Check 
w = 0.04662 P = 1.35 
P= 0.003108 3604.997 ksi 

Asreqwred= 0.2494 15 in2 ok n = 8.044391 

P= 0.85 dc= 3.3125 in 

pb= 0.028507 A= 79.5 <n2 

Pmaic = 0.02138 NA = 1.472273 mm 

1.715753 «n2 ok fs= 29.42031 ksi 

(AC110.5.3) prata= 0.003333 z= 188.5768 kips/in 
0.2675 Required = 155.5556 kips/in no good 

= 0.332553 ok Bar spacing < two times the slab thickness 
ACI-350 Check 

w = 0.85 - (SQRT(.722S-)(l.rMSaaaKd/Wfc'b'd*2))) 

p = w*f,/fy Z= 115 kips/in no good 

fî wna* P*b*d fs= 29.42031 ksi 
p = 0.85-0.05(f C-4000V1000 Max Spacing = 9.090469 in no good 
pb=0.85*(p*(fc%)*(87/(87+fy)) Actual -> p= 0.003863 

Pmt. =greater of (3*SQRt(f c)/fy) and 200/fy 

d = thickness-cover-stimip diameter-bar diameter/2 
dc = cover+stirrup diameter + bar diameter/2 

A = width"2*(cover+(diameter of first layer of bars)/2)/#8ars 
#8ars = Width/spacing 
Ec=57000*SQRT(fc) 
n = Es/Ec 
NA = [-As'n<#BARS<-((As*n'#BARS)A2+(2*As'n*#8ARS*b*d))A(1/2)J/b 
fs = [Ms/#8ARSj/[(d-NA/3)*As] (Reinforced Concrete Mechanics and Design. MacGregor, pg 343) 

fdc'AJ'XI/S) (ACI-318 10.6.4)
 
uired =(175 or 145)*1.2/p
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FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY PATE SHEET 'OF_ 
D6PT. 

CHKD. BY DATE OFS NO NO. 

CLIENT. 

PROJECT. 

SUBJECT. 

WITH 

vOVTM 

. (.5"). 

. 35" x ^ ^ = . I 

I I 
, I 

i ! 

•ZQ/ ^^ue UM) • TcK<.dr f)  ^~J J

FWENC 5810 10/96 
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15:54:54 Licenced to: Foster Wheeler Environmental Corp.
 mat2%.mat
 

New Bedford - Dewatering Foundation 2
 
HS20-44 Truck Load Pattern
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16:38:37 Licenced to: Foster Wheeler Environmental Corp. mat2%-mat
 

New Bedford - Dewatering Foundation 2
 
Lift Truck Load Pattern
 



„ ., w^/«/<. «. —«» i-tat-a »-».^.u - tv/Riii/iwu c-tntjrr ASSOCIATION 
15;59;00 Licenced to; Foster Wheeler Environmental Corp. mat2%.mat
 

New Bedford - Dewatering Foundation 2
 
Future Use - Aisle Load Pattern
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16:43;17 Licenced to: Foster Wheeler Environmental Corp. MAT2%.MAT
 

Al - GENERAL INFORMATION:
 

Project : New Bedford - Dewatering Foundation 2
 
Engineer: JZ
 
File : C: \PROJECTS\NEWBED~1\DEWATER\100%SUB\MAT2% .MAT
 
Units : English Date : 01/04/02
 
Code : ACI 318-99 Time : 10:46:47
 

Maximum number of iterations = 10
 
Maximum allowed displacement = 1 in
 
Minimum contact area allowed = 75.00 %
 
Displacement limit for uplift = 0 in
 
Reinforcement is based on maximum moment within an element.
 

Number of nodes = 703
 
Number of elements = 648
 

A2 - THICKNESS DEFINITIONS:
 

Label t (in)
 

thick-1 12.00
 

A3 - CONCRETE DEFINITIONS:
 

Label f'c (ksi) We (pcf) EC (ksi) v
 
—— ———— — — — —— —________-_ _______^_v_._._ __•.•.________« __— „ _^
 

conc-1 4 150 3834.3 0.000
 

A4 - SOIL DEFINITIONS:
 

Label Ks (kef) Qa (ksf)
 

soil-1 50 4
 

A5 - REINFORCING STEEL DEFINITIONS:
 

Label Fy (ksi) Es (ksi)
 

steel-1 60 29000
 

A6 - DESIGN PARAMETERS DEFINITIONS:
 

Label Top-X (in) Top-Y (in) Bot-X (in) Bot-Y (in) Min Reinf
 

DP-1 2.7500 3.0000 2.7500 3.0000 0.1800 %
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16: 43:18 Licenced to: Foster Wheeler Environmental
 Corp. MAT2%.MAT
 

A9 - NODAL LOAD DEFINITIONS: 

Label Case Pz (kip) MX (kip-ft) My (kip-ft) 

•̂  Truck-1 B -4 0 0 
Truck-2 B -16 0 0 
30tCont C -15 0 0 

A10 - SURFACE LOAD DEFINITIONS: 

Label Case Wz (psf) 

dummy A -0.1 
liftT D -20880 

cakebin E -51 
aisle F -750 

All - LOAD COMBINATIONS: 

Self weight is included under Case A. 

Ld Combo Case A Case B Case C Case D Case E Case F Type Save? 

SI 1.000 1.000 0.000 0.000 0.000 0.000 Ser. Yes 
S2 1.000 0.000 1.000 0.000 0.000 0.000 Ser. Yes 
S3 1.000 0.000 0.000 1.000 0.000 0.000 Ser. Yes 
S4 1.000 0.000 0.000 0.000 1.000 0.000 Ser. Yes 
S5 1.000 0.000 0.000 0.000 0.000 1.000 Ser. Yes 
Ul 1.400 1.700 0.000 0.000 0.000 0.000 Ult. Yes 
U2 1.400 0.000 1.700 0.000 0.000 0.000 Ult. Yes 
U3 1.400 0.000 0.000 1.700 0.000 0.000 Ult. Yes 
U4 1.400 0.000 0.000 0.000 1.700 0.000 Ult. Yes 
U5 1.400 0.000 0.000 0.000 0.000 1.700 Ult. Yes 
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16:43:18 Licenced to : Foster Wheeler Environmental Corp. MAT2%.MAT
 

A12 - X-GRID LINE DEFINITIONS:
 

No. Coord, (ft) No. Coord. (ft) No. Coord, (ft) 

1 0 2 5 3 10 
4 15 5 20 6 25 
7 30 8 35 9 40 
10 45 11 50 12 55 
13 57.7 14 58.8 15 60 
16 65 17 70 18 73.1 
19 75 

A13  Y-GRID LINE DEFINITIONS: 

No. Coord, (ft) No. Coord. (ft) No. Coord, (ft) 

1 0 2 5 3 10 
4 15 5 20 6 25 
7 27 8 28.5 9 30 
10 37 11 38.5 12 40 
13 45 14 50 15 55 
16 60 17 65 18 70 
19 75 20 80 21 85 
22 90 23 95 24 100 
25 105 26 110 27 115 
28 120 29 125 30 130 
31 135 32 140 33 145 
34 150 35 155 36 160 
37 165 



16:40:57 Licenced to; Foster Wheeler Environmental Corp. mat2%.mat 

New Bedford - Dewatering Foundation 2
 
Maximum Moments (kip-ft/ft)
 

Mux(T)
 

2.44
 

0.00
 



16:41:28 Licenced to: Foster Wheeler Environmental Corp. mat2%.mat
 

New Bedford - Dewatering Foundation 2
 
Maximum Moments (kip- ft/ ft)
 

Mux(B)
 

-17.09
 

-19.23
 



16:41:38 Licenced to: Foster Wheeler Environmental Corp. mat2%,mat 

New Bedford - Dewatering Foundation 2
 
Maximum Moments (kip-ft/ft)
 

Muy(T)
 

2.00
 

0.00
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16:41;47 Licenced to: Foster Wheeler Environmental Corp.
 mat2%.mat ^
 

New Bedford - Dewatering Foundation 2
 
Maximum Moments (kip-ft/ft)
 

Muy(B)
 

-34.44
 

-38.75
 

V+.M*1
 

!
 



16:42:15 Licenced to: Foster Wheeler Environmental Corp. mat2%.mat
 

New Bedford - Dewatering Foundation 2
 
Pressure (ksf)
 

Qz(dn)
 

-0.921
 

-1.032
 

-1.143
 



r ASSOCIATION
 

16:43:01 Licenced to; Foster Wheeler Environmental Corp. mat2%.mat
 

New Bedford - Dewatering Foundation 2
 
Displacement (in.)
 

Dz(dn)
 

-0.247
 

-0.274
 



FWENC 

c> Owner USAGE Comp'd By: Jeff Zhao 
Plant: New Bedford Date: 5-Apr-02 

•̂ Project No.: 5197.1720.9302.00010 Fife No: ChckdBy: 
Title: Dewatering Foundation - Mat2 Date: 

Mu.design (top)

1 • Interior O Exterior 

Factored Moment =
Average Loa r<kdui —

Service Moment =

Bar Spacing =
\
J*f'b=

Slab 71 hickness=

cover =


f c =

fy=


£,=


$=

Normal/Severe exposui re (0/1)=

Moment Check 

%/ 

T 

[ 

(AC1 10.5.3) 

w=
P=

=

P = 
Pb=

pm» =

| OBeam • Sfab

 21.92Wps*tt
 l.OU 

 170 kips'in

 10 in

 !?!"
 12 in 
 2.00 in
 4000 psi
 60 ksi

 29000 ksi

 0.9
 0

#6 

 0.068485 
 0.004566 

 0.527333 < 

 0.028507 

 0.02138 

, 2.469402 in2 

,= 0.003333 

0.3850 in2 

i_2 4/3*Asreqgired= 0.703111 in 

w = 0.85 - (SQRT(.7225-)(1.7-Mfaclored/(<,«fc'b-dA2))) 

p = w*fe/ry 

Aa,,,,,,̂  = p*b'd 

P = 0.85-0.05(fc-4000)/1000 
pt =0.85*(p*(fc/fy)'(87/(87+r/)) 

Pmi. =greater of (3*SQRt(fc)ffy) and 20Q/fy 

Anun "Pmn'b'd 

d = thickness-cover-stirrup diameter-bar diameter/2 
dc = cover+sttrrup diameter + bar diameter/2 

ok 

ok 

ok 

 Page of 

Q ~ Q „ Q ,.. Qff. Q „ Qn 

 O #9 O #10 O #11 O #14 O #18 

- stknipSiic - 

* to**O *3 O *4 O *s O *6 O #7 

 0#8 0#9 0#io 0*li 0*14 Ofia 

 Bar Area =

 Bar Diameter =

 Stirrup Diameter =


 d=


 #Bars=

 Asteer1


10 In. spacing 

 0.44 in2 

 0.75 in 
 0 in 

 9.625 in 

 1.2 
 0.528 in2 

Crack Check
 
P= 1.35
 

EC = 3604.997 ksi
 

n = 8.044391
 

dc= 2.375 in
 

A= 47.5 in2
 

NA = Z280223 mm
 

fs = 36.2561 ksi
 
^r -f™>-u»M 

z= 175.1863 kips/in
 

Required = 155.5556 kips/in o good •
 
Bar spacing < two times the slab thickness , (?\(L.
 

AC1-350 Check
 

Z= 115 kips/in no good 
fs= 36.2561 ksi 

Max Spacing = 4.857188 in no good 
Actual -> p = 0.004571 

A = width*2*(cover»-(diameter of first layer of bars)/2)/#Bars 
#Bars = Width/spacing 
EC = 57000*SQRT(fc) 
n = Es/Ec 
NA = I-As'n**BARS+<(As'n*#BARS)A2+(2*As<n*#BARS'b4d))A(1/2)l/b 
fs = lMs/#BARS]/t(d-NA/3)*Asl (Reinforced Concrete Mechanics and Design. MacGregor, pg 343) 
7 - fs'tdc'AJ'XI /3) (AC1-318106.4) 

(175or145)-1.2/p 



FWENC 
Owner: USAGE Comp'd By: Jeff Zhao 
Plant: New Bedford Date: 5-Apr-02 
Project No : 5197.1720.9302.00010 File No: ChckdBy: 
Title: Dewatering Foundation  Mat2 Date: 

Mu.design (bottom) Page of 

•- Exposure Member
 

I ®tnteric<f OExterior OBeam 9 Slab
 
O#3 O #4 O#5 6 #6 O #7 O #8 r 

Factored Moment = 24 kips*ft O« O #10 O #11 0 #14 O #18 

Average Load Factor = .3D 
r- Stimjp Size Service Moment = 186 kips*in 

Bar Spacing = 8 in Snooe O #3 O#4 0 tS O #6 O #7 

Width. b = 12 in 
O#8 O #9 O #10 O #11O #14 O #18 

Slab Thickness= 12 in 
cover = 3.00 in Bar Area- 0.44 If? 

fc = 4000 psi Bar Diameter = 0.75 in 
fy = 60 ksi Stirrup Diameter = 0 in
 

Es = 29000 ksi d= 8.625 in
 

4 = 0.9 #Bars = 1.5
 
Normal/Severe exposure (0/1) = 0 Asteer 0.66 in^
 

#6 in. spacing 

Moment Check Crack Check 
W = 0.094917 1.35 
P= 0.006328 = 3604.997 ksi 

= 0.654924 in2 ok n = 8.044391 

p= 0.85 dc= 3.375 in 

>b= 0.028507 A= 54 in2 

= 0.02138 NA = 2.355392 mm 

[» 2.212841 <n2 ok fs = 35.90939 ksi 

(AC1 10.5.3) Pn>in = 0.003333 2= 203.5935 kips/in rJ/A 
0.3450 in2 Required = 155.5556 kips/in 

i= 0.873232 in ok Bar spacing < two times the slab thickness 

AC1-350 Check 
w = 0.85 - (SQRT(.7225-)(1.7*MUctorea/(*'fc*b'dA2))) 

p = w*fe/fy Z 115 kips/in 

Assured = P*b*d fs 35.90939 ksi 

p = 0.85-0.05(fc-4000)/1000 Max Spacing 4.999241 in 
Pb=0.85*(p'(fc/fy)'(87/(87-i-fy)) Actual p= 0.006377 

Pm» =0.75*pb 

Pcnw =greater of (3'SQRt(fc)/fy) and 200/fy 

d = thickness-cover-stirrup diameter-bar diameter/2 
de - cover+stirrup diameter + bar diameter/2 

A = width*2*(cover+(diameter of first layer of bars)/2)/#Bars 
#Bars = Width/spacing 
EC = 57000*SQRT(fc) 
n = Es/Ec 

NA = l-As'n'#BARS+((As*n'#BARS)A2+(2'As*n-#BARS*b<d))'v(1/2)l/b 
fs = [Ms/#BARSl/l(d-NA/3)*As] (Reinforced Concrete Mechanics and Design, MacGregor. pg 343) 
Z = fs*(dc'A)A(1A3) (ACI-318 10.6.4) 
Required = (1 75 or 145)*1 .2/p 

http:Area-0.44


Owner_^USACOE Computed By GZ 
Project New Bedford Harbor Date 4/5/02_[ 

I FOSTER WHEELER Project No.__5197.1720.3392.00010_ Verified By 
1 ENVIRONMENTAL Title Dewatering Facility Foundation Date 
CORPORATION Loading Area Slab Design Page 

Purpose: Check slab shear resistance capacity per AC! 318,11.12.2.1 

Unite: k:= 1000-lbf ksi := 1000-psi psf:=— ksf := 1000-psf kN:= 1000-newton 
ft2 

A. Design References 

Hyster H440-700F/FS Uft Truck Specifications and phone calls with Ken Maka and Ron Cowan. 

B. Design Parameters 

Tried slab thickness t := 12-in 

28-day concrete compressive strength

concrete cover c := 3-in 

d:~ t- c 

fc := 4000-psi 

Wheel load

Tire pressure

 L:=71-k 

p -.= 145-psi 

Tire contact width

Tire contact length

 Cj := 36-in. 

L €2 := 
p-Ci C2 = 13.6in 

Pc:=max(p) 

Pc = 2.647 

shear.mcd 



C. Wheel At Center of Slab 

b0:=2-Ci -»- 2-C2 -t- 4-d 

<xs:=40 

Slab shear strength 

|2 + — I V4000-psi b0-d 

\2 +aa-— )-V4000-psi-b0-d 
I boj 

4-V4000-psi-b0-d 

«|.Vn-0.85.min(vc) 

<|.Vn = 229.69k 

D. Wheel At Edge of Slab 

b0 := G! + 2-C2 + 2-d 

as:=30 

Slab shear strength 

I 2 + — ]-V4000-psi-b0-d 
1 PcJ 

2 + CLS-— |->/4000-psi-bo-d 

4-(/4000-psi-b0-d 

:= 0.85nun(Vc) 

<j>Vn = 137.95k 

- \2o-~1 

shear.mcd 



E. Wheat At Corner of Sbh 

C 2 +d 

a :=20 

Slab shear strength 

, _ 
2 + — -/4000-psi-bo-d 

Vr:= 
2+a

. _ 
s~ -V4000-psi-b0-d 

^ boj 

4-V4000-psi-b0-d 

:= 0.85-min(vc) 

= 99.56k 

/vr 

Aj -SUCH /Vs AT 

, •b=l2." IS 

shear.mcd 
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HYS7EU Standard Feafores and Outions 

: 44.000 IK. 
(20 000 kg] at 36.0 <900 mm) 
AW*;̂ ^»;55.0tWlbj.: ,,
$5;000kfll̂ S^^OO^m) -? : 

standard carriage with 90.0-36.0
(2 290 to 2 -440 mm) -Jong forks as
required;xSesei engine andPqwersWft

 7 ;transmission. ;: ::;
; • qsjfĵ ĵ jgjjgjpjĵ  

- - r - ._ . • v S^ î̂ ĵĵ l̂  

 equipment H62iV70(tfS truck 
 has 155.013 940 mm) whielbase: 

 }^0f trudfchas-j7p.0r(4 32Qfnm), 

W^^^^oorĵ  a- ,-. :L r^fo^^r^a^^  •• ' -.:- .-•?•'-t-x-.w^ii\.'.:-.iv^:.Li;i'x--•• -'aa'ifiSmmtmaiimiim'fofK-Ju'iniir̂ î 1.!'r^:-2__j' .": -'Ti--~iii.Si.-r' .

r̂ Jiiidî M f̂̂ ^Mw*̂ *'̂ *̂ ^ 

&»«5i||̂ ^̂
•&ifep(jj^touM^
SJ'iii.'S .̂̂ '.-li.̂ rsaî -r,*:̂ OOo:' •ifr:?v='r:-'--'5.-:--;-.-r.'.«.i-T,;-:-••>•• 

;••>,=• •-»•>?!.*• ».»::v>i!raPsr? !̂!r-»*»iv!\r;rfaa'̂ -.iî >!ir= 
m"!P§re??%;=£̂ «î  

Each truck is equipped wiln the 
•4<ydc, in-lin*. G-cylinder Cummins 
6Cr8.3 turbocJunjad diesel angine 
for heavy-duty applications. 
Standard rUms induda 506.6 ut.tr>. 
(8 300 cu. cm) dispUc<ment; 4^0 
(114 mm) ticxe,- 5JO (135 mm) 
stroke; 24-volt etecirical system; 
50-amp. neavy^duly alternator wrtti 
iraeOTl reguotor and dust-proof 
startei; two canridge-typ« oil filters; 
mechanical die! oump: heavy-duty 
dry-type air daaner «ritn centrifugal 
pre-deaner j/id outside, high-fevd 
air jmakc; restriction indicator and 
overhead exhaust. Maximum torque 
is 567 fUbs. (770 N-fn) at 1300 
RPM. Mecfianicaf governor 
joverns speed at 2.500 RPM. 

I4.9PSI cooling system includes 

heavy-duty radiator, thermostat and 
bypass: and pufler-lype tan. Large 
teal axctungar cools transmission 
oil. 
MASTS 

VISTA masts provide good 
vlsibtlhy Welded mast channels 
and formed cross-members provide 
durable weldments. Six standard 
masts for the H440-550F/FS trucks 
and six for ttw H620-700f/FS trucVs 
provide versatility to match applica
tions. 
CARRIAGE 

Pin-type carriage with fork 
positioners provides durability. 
Optional pin-type ades/ufl wim 
intagraf carriage and fork positioners 
adds versatility. Overall width: 

H440-S50fVFS 114.0 (2 900 mm) 

Hyster Company 
P.O. Box M7 

IYSTSR Oanuilit. Illinois 61832-0W7 

H620-700IVFS 124.0 (3 150 mm) 

FOflKS 

H44G-5SOFJFS 

450 x 6DO X 72.0 
(115x205x1 S30 mm> or 
4.00X11.00x96.0
 
(102 x 280x2 440 mm)
 

H620-7MFJFS 

4.10x11.80x96.0
 
(105x300x2 440 mm) or
 
450x12.00x72.01096.0
 
(1 IS»305x1830 to 2 440 mm) 
Inside to inside, minimum fork 

spacing (or (he H440-550F/FS with 
the standard or sideshift carriage is 
39.8 (1 010 mm) and 37.0 (940 mm) 
for tn« H620-700F/FS. 

Maximum, outside to outside 
distance lor the H440-550F/FS with 

standard or sidashifl carriage is 108 3
 
(2 750 mm) and 117.7 (2 990 mm)
 
tortheH620-700F/FS.
 

TRANSMISSION
 
Three-speed powarsfn'ft transmis

sion and torque converter produce
 
smooth shifting, precise inching.
 
fast acceteraton, and withstands
 
rugged duty cyctes. Gul-wing
 
hood provides easy access to
 
cfwck transmission oil.
 
BIUXES 

Non-asbestos brakes are standard
 
aqutpmtnl Service brakes consist
 
of hydraulic disc wheel brakes
 
and disc brake on the drive line.
 
Spring-actuated drive-line park brake
 
applies automatically when pressure
 
fate below 1.200 PSI.
 
STEERING SYSTEM 

fuUy-hydroslafic power steering 
provides fast low-effort maneuvering. 
Equal-area, doubte-endat cylinder 
makes for a balanced steering system, 
with an nquat number of lock-to-lodc 
turns io both directions. Steering 
cylinder a transverse mounted in 
one-piece welded axte frame. Wheel 
spindles and flubs are mounted on 
pre4<be4 and sealed, tapered roller 
beadngs for reduced maintenance. 
HrORAUUC SYSTEM 

Hydraufc system operates at 
2^00 PSf(7 7,250 kPa). Restriction 
indicators signal when filers need 
replacement 25-micron hydraulic 
filters are easily accessed. Two 
goar-typ« mechanical pumps provide 
108 GPM maximum outout Flow 
amplifier saves energy by diverting 
only the required amount of oil for 
steering. Automatic, two-speed 
system increases lift speed in 
no-load situations. 

special tttocfments, equipment or 
accessories not listed above may be 
available through SPED tor specific 
appttcaoon fequlremeais. 

PRODUCTIVITY THAT ENDURES 

SAFE OPERATOfts.TTI 

86281S 

H|rst"- ?V î 'MONOTR°L «« VISTA ir« (.fllshnid tradoturtj ol Hya«r Company. Ctallengar JIM KL2 at lademarfcs ol 

Hysltr Campiay. Hymar woduos ar« suDiod lo aangt »nihout iwllct. 

12/97 tllho in U.S.A. 
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MYSTsR 

H440-$53F<FS MAST OlMEHSiOajS is. nun 
MuimumFork OtftnO Oi wall Extamted H«| ,ht *fr«»Uft(TOf) T«Ul W«gkt of Stawbrt Track 

Uwwred WitlMMit Urt N440FS H550FS HSSOf 
Htigfct i BkntbcMUL Bu (kfl) ft.(k|i** 

2-STAGS VJSTA MAST 

124.S 3162 155.0 3337 21 SJ) 5461 0 65.558(29732) 71.758(32543) 71.918 (32 616) 

1715 4382 173.0 4 $47 263.0 6(80 0 66.90300341) 73,103 (33 1531 73,263(332281 

196.5- 4391 - 7181 J),4 851 , - 287JO 7280 . •--.-• 8 ..- €7,457(304571 -- . 73^57-03 268)<r -._.'" " ,73i«(33 3411 -':: , 
220.5 SCOO 2010 S1S6 311 JO 7889 0 68.07100871) 74^71(33683) 74.431(33756) 

-244.5" 6210 .-_j2JS-0 :$46J <.- -33501 *5tt8 •--' . - ^-_ &-• -• -;-:.•£- 68.S6Z&U196I- -~- = - - -74,767 (̂33-808) r •* '**•-• '-. 74,837 C3380r •-,. 
364.5	 9258 2710 6085 4SSJO 11SS7 0 71.33202360) 77^32(351621 77.682052351 

$ Itesi ft iMigto war 1065 (4 991om| nu nomuv (ortt haghl raquira r*4icwj cioKny m4 nslriclttf kick tit. 

H620 70QF/FS MAST DIMENSIONS to. nun 
Mwciman Ftrfc OwnU OwwiH ErtajuJed tklght * FrM-lift (TOfl T«UI Wngbt tf Su«4ar4 Track
 

Hiijfct* WUuvrtl«i H82JFS H700fS JWE2W
 
ffopoffwfaj ttntExtitt. ft.flrg)
 

2 -STAGE VISTA MAST 

124.5 ,3162- 4377 -2284--S800 
17Z5	 4382 182J 4887 27SJS 7020 88.278 HO 4981 88.888 (40 773) 83.174 (40 442) 87.889 09 859) 81.023 (41 2831 

5600 324J1 8 848 
268.5	 6820 240L5 6108 372J) 9458 32.125 HI 787) 82,735 (42 064) 82X70 (41 937) 91.185 HI 354) 34.325 (42 778) 
364.? --9'3SB '. 288.5 '734? "-- «$£b-Vn896 '• 
38&S 8868 4925 12S06 9S.446 (43 294) 86.056 143 570) 8SJ41 (43 2381 84JI56 (42 856) 87.196 (44 080) 

^ Man Sh heights *xt 195.514 S91mn4 nwwrauro fork kdght mfiin. ntoat cap*oty and mlrictcd back Ot. 

•* 
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MYSTHK 

(W Hyster Company Hyste/Company Manufacture 
H650F HTOOf Model 

Capacity, rated to. (kg) 61000(30000) 70,000(32000) . 

Load Center in. (mm) 484(1200) 48.0(1200) 

Poweftype Diesel Diesel 

Operator type 
Tine type, front / rear 
Wheels, front/rear pWnve) 

Sit 
• Prxumabc -I Pnaumatic 

4X/2 

Sit 
; Pneumatic / Pnwmitfc

4X/2 
;
 : , 

2'Stfl.v/lSTA mast (Ton of forks) in. (mm) .'--•..--•••;."''••t24j5(3.1.63),. ••;••-'.;•;-:• • = • - ,  - : 124-5(3163)' . -.J 

Forks, length / width / thickness in. (mm) 96.0x12.0x4.5(2438x305x114) 96.0x12.0x4.5(2438x305x114) 

Length to face of forks «.(mm) 273.1(6937) 281.6(7153) 

î tti(33 r̂; 
Height, standard masl towered in. (mm) ieai(4 280) 168.5(4280) 

He^rriiSiafVrj&tfroast «xte^ed>wHhoot:L5^: ;^mmj 

Turnino radius, minimum outside in. (mm) 264.4(6716) 268.4(6817) 

length;cnfrida'veideto.fac*ofiorfe "-. ;.'. in.'tmm)• "V -: "̂ 1 jtixOSSJ'i r-: 

Length, cntr drive axto to face of forts VK/S.S, in. (mm) 416(1 160) 45.6(1160) 

JUste vi^^^fef^for M^^- '•**
Equal intersecting right angle aisle in. (mm) 221.8(5634) 225.8(5735) 

22 Travel sp«e4. maxmum forward (powershift) mph (km/he) 16.3(262) 16.3(26.2) 

:;23 Utftspeed. 4tediftfniast,̂ lL/1RL . . ' _ • " :  : , : : ;fymjn.̂ [rn )̂ bi54)̂ 4?d 

24 Lowering, standan) mast. NL / RL fttnirt (m/s) 6SJ)(a33)/ 94.0 (0.48) 6S.O (0,33)/96.0 (0.49) 
.V.::'- -r •'-• '•.'* .~-J5£Z*mXSXX*ri^' 

450JG? 
*£^^3^^S

26 Gradeabitity. pomershifi xsmn. 1 mph NL / RL Percent 36/30 33/28 

ĵBjSK^Kĵ j); 

29 Axto loading. stafc-flL front /rear ""mta) 136,180 (61 760) / 15.350 (6 961) 141.865 (64 338)/17.805 (8 074) 

•31; m^Mmm^m^sm 
32 Fire size, drive tiras (front) 16.00x25-24 Pjy 

& 
34 Wheeloasa. center of steer to center of drive axle in. (mm) 19aO(4826) 

-tr^- cenUr to 6(it«-'pf £ijK.;stee?7 d(iv9: x
;''::' -If.ijtmii): 

36 Ground clearance, lowest polnt-NL in. (mm) 15.0(381) 15.0(381) 

37: Grourid'clearaocfciieiitef:Of*heilbase !̂L^ : ; fit (mia).: 
38 firates. method of contra), service / parting HydfauEc/HydrauGc Hydraulic /Hydraulic 

41 Battery, volts/cold cranking amps V/amps 24/660 24/660 
42. 

Output per SA£ standards hp(kW) 215 (?60) 215(160) 
44 

45 Cyda / number of cylinders / displacemenl cu.in. (on3) 4/6/504^(8267) 4/6/5045(8267) 
46
47 Gear cfa/ig« VP*. powershjft HandLavsr Hand Law 
"48- Number pi Sp̂ als, forvo«l / jevsrse -... 

49 Transmission type Powerahift Powershift 
SI ftei^pnssurcfor Jtftacfifiterits; ^: ,; vi;: ̂ ^jw^ 

• CflTIFICATION: Th»s« Hysw lilt inicki m«t liosijn ̂ >«dfi«lians al Part fl ANSI 856.1-1988. n raquaad by OSHA S«ctio<i 1910.178 (al CJ «nd widl Part III ANSI 866.1-««viaon in 
elfeci « the time ol «w<tufxture. Cwttcation of cooipSanc* mdt lh» ippfioWe ANSI lundanfa ipptiri on tlw (ft nude's nuiMplati wfcich ii iffiwd to Buck wh»n dumed compteis from 
-v- <>-, 

Pwfannaoea spadJation *m «<« trade coulppud as (toankal auto Standird Eouipimnt on th» hack o/ this Tsdmiol Guide. P«rfarman<* jpgcilicatiotu are «ff«cleilb» th« 
of the vehicle and hm, rt ii tqî jped, c «lK tt« artrt «M| oxvStix ol «M ofuntng omiramnt If ttea iMafiations M critical tha Dronosed jooEotiiA should tw 

4scussed with your dolar. 

Q4 2022
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HYS7=U yKSi0.fi?flF i 51 3Bv'««53«* 3Jfi-v" =-3J 

:31 

32 

33. 

34 

•35 
36 

& 
38 

:39
41 

& 
43 
44 

45 

46 
4? 

43 
49 

Manufacturer 

Model 
Capacity, fated 
Load Center 
Power type 
Operator type 
Tire type, front / war 
Wheels, from/rear 
2-Stg.VlSTA mast (Top of Forte) 
forts, hftflth / width/ thickness 
Tift aogte,sta>dard. mast forward /rfarwartl 
length ID race of forks 
Vvldri; standanj^^.^:/^^"~-.^^ -r. 
HwghL standard mast lowered 

Turning radius, minimum outade 
-Lertgihr'cn&idffcea^etoSce o/torts ; 

Length, cntr drive axle to (act of fortes w/s.5. 
Ahk^tn;(a*lJqad\^rstt>1ox9 
Equal intersecting riflht angle able 

Travel speed, maximum tonward (poworshift) 
yUrt^^ed./standiri!! .rn^@|i./ flU;• ;V:̂ 5 î 
Lowering, standard mast. ML / HL 
;OiiwWi '̂iipW |̂hEJQ '̂l-m^!/'.r^/ 
GradeaMityL powershrrlgrrrn. 1 mph Nl/RL 

Axle loading, static-ftl front / rear 
Numoer ofjies;.frpjn 
Tire SUB. dove Brts (front) 

^ 
Ground ctarance, lowest point-NL 
Gcouruf dearance^center otwhfettwse^L: 
Brakes, method of controL service /parking 

rice/^ 
Battery, wits /cold cranlo"(Hj amps 
Engineimtit-modei- - { :-~ ; 
Output per SAF standards 

•
Cyde / numbaf of cyfmders / displacement 

Gear change typa. powershtft 
Nujnoef of speeds; forward/ /eyerse 
Transmission type 
Selfef pressure for agachments: 

It-(kg) 
in (mm] 

(X=driv«) 
in. (mm) 
m. (mm) 

in. (mm) 
w^n*! 
in. (mm) 

-;in.|mml 
in. (mm] 
te^ffiml 
in. (mm] 

-^(mrol 
in. (mm) 

mph (km/hrj 
^n1i();(B î) 
ft/mia (m/s) 

Percent 
, 

in.(mm) 
^^^mn}): 

in. (mm) 
• • i n . 

V/ amps 

hp (kW) 
. -RPM 

cu jn. (cn>3) 

Hyster Company 
HSSOf 

55.000(25000) 
48.0(1200} 

Diesel
 
Sit
 

Pneumat/c/Pneumatic 
4X/2 

124.5(3163) .: 
96.0 x ao x 45 (2 438 x 203 x 114) 

252.1(6403) 

.'i&^#B 
155.0(3937) 

^^^24U (6129) 
:®^W5):
416(1110) 

•̂ ^70). 
2017(5174) 

18.4(29.6)

MS
 
45.0 (023) / (96.0 (0.49) 

S^6 
31/31 

113.130 (51306) /14.100 (6 395) 

14.00 x 24-28 PV 

J4 *̂̂ --M:P ;̂ 

170.0 (4 3CO) 
JB^ l̂3WKL642:3 

13^ (343) 
.v:;;;̂ 5^p':t; 
Hydraulic/Hydraufic 

24/660 
mins.KT 

215 (160) 

4/6/504.S(8267) 
; i.;... Torque; Gonveiteip :-•': -; 

Hand Lever 

Powersoft 
-^3200 (220501- v-::;.;; 

i 

•>-X 
Hyster Company
 

H620F
 
62.000(28000) :
 

48.0 (1 200)
 
Diesel
 

Sil
 
Pneumatic /Pneumatic .:
 

4X/2
 

96.0 x 12.0 x 4.5 (2 438 x 305 x 114) 
,/:f .-• •.••_./..i5/:li|p;j;.'̂ ;:"•••-•• 

261.6(6645) 

1685(42®)
 

245.3 (6 231)
 

4i6(1 160)
 

214^(5440)
 

16.3 (262)
 

65.0 (OJ3)/90.0 (0.46)
 

33/30
 

131130 (60 376) /16.685 (7 567)
 

160X|x2S-24^
 

170.0(4320)
 

15.0 (381) 
r.;:^^jM-^ is
 
Hydraufc/Hydrayfe
 

24/660 

.1 
215 (160) 

4/6/5045(8267)
 
: Torque CoQue"oe/;<^
 

Hand Lever
 

Powersfiift 

* CWTif ICAHOH: TUtsa Hyfl« Ut tajcks mxi Amgn uwdfiatiatt of Part U ANSI 856.1 1969. « mquirad by OSH* Section 1910.178 bl O an<l with fin III A«SI 8S6.1-H«wion in , 
«t«n» th, t«w of manuhou™. Ceftifiotion of c,mpl*«:« W* th« applicable ANSI nw^dj ,„,«„On Uw, Hi .n^k', «*!,«*>„ whid. is «fliitd to uudc sten shipped ca^tat. Iran, ^ 

' OT ** bsel of *is Tsdinical G^- "̂"vw" vdfemfaii m affactad tr the * " 
entfir<InmcftL " ""»« *«*»««<« l« oi'ical. th< proposad appficawa should be 

**"»'"/ a*jodfyhtj tn thamn b the fmtt 
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HYSTEU 
U 

H440-550FS Lift Truck Specifications
d 

Manufacturer 
Model 
Capacity, rated 
load Center 
Power !yp: 
Operator type 
Tire type, from/rear 
Wheete, front /rear 
2-Stg.VISTA mast (Top efforts) 
Forks. 'engtti / width I thickness 
Tiif angje, siandanl mast. fpreardV rearward' 
Length to tact of torts 

Height standard mast lowered 
fleigMr st̂ rtfma^&^d.-
Tumtnfl radius, minimum outside 

Length. crurdrwaDde to face of forks w/ts. 
Aiste wifijttlaad (oad .iength-hy 90Degree stacW 
Equal intersecting right angle aisle 

Travel spaed, maximum forward (powershiftj 
Urt speedrsQndan:ima^Nb/ PIT; > ;Vi ̂ J 

in. (mm) 

in. (mm) 
in. (nun) 

'm. (mm) 

h. (mm) 
.jn.jnroi) 
in. (nun) 

in. (mm) 
*%mji 
in. (mm) 

Lov«enno. standard mast, NL / RL ft/min. (m&) 
OrawbarBVtP<W6(sHift yrisfl. 4 mpo:=r. i; v.-.:. ̂ .A ;(WJ" 
Gradeabiity. powenhift xsmn, 1 mph Nl/ HI Parcent 

^ 29 Axte loading. static-RLront/ rear b. (kg) 

Tira see. <l(v« foes (front) 

Wheeibas*. center of steer to center o) drive ajde in. (mm) 

Tntid; cetrteT'̂ .ciflter̂ Dr̂ s^^ '̂IV^r'='.i ;-•feininj).-
Groond clvaonca. lowed point-NL ia (mm) 
Ground d8anncE,.cem«r of wJiteltMsc-NL ? 
Brakes, method o< control service / parking 
aratej, method:(rfjopera^qn, service /. parking•.-..-. • :: 

Battery, vofts / cold cranking amps Wamps 
foginj^^aktmodjel \.^-.^ . '.'•;.;. 
Output per SA£ standards hp(kW) 
Sovemed speed; ift.; 
Cycle / number at cylinders / displacement cam. (cm3) 

Kuĵ -jtyoe,powersjnft. ^.;.. • .- '.•.,."-.:':•;! : :.' ;;: 
Gear change tyP«. powenhtft 
Kumferpfspe.abJtontfard/'ravetse v : . \: ': :-; 
Transmission type 

51 fleliel pressure lor 'amdiments- : 

Hystcr Company 
H440FS 

44.000(20000) ' 
36.0(900)
 

Diesel
 
Sil
 

Pneumatic / Pneumatic
 
4X/2
 

: ;124.5<3 1§3)V • . • • ; : ; . 
72.0 x 8.0 x 4.S (t 830x203x114) 

218.1(5540)
2aof̂ pk 

155.0(3937) 
js^^oj 

202.0(5130) 
-IfMiiW)) 
'43.6 {UK!} 

a^® 
1^9(4671) 

lib (29.0) 

31/36 

96.840(43 98)/1i721 (5 769) 

14.00x24 -20 Ply 

jitqpî l̂ ; 
136.00455) 

^ ;̂13.5(343) 

Hydraulic/ Hydraulic
' 

24/660 
rrariieGt 

215 (160) 

..^Cygft^'-; :l • 
4/6/504.5(8267) 
.v.TpguejCJgwfttf•; -

HandLavar 

^.:v-^3^^nr 

Powershift 

Hyslcf Company 
H550F5
 

55.000(25000)
 
36.0(900)
 

Diesel
 
Sit
 

Pneumatic /Pneumatic
 
4X/2
 

-,; 124.S(3_163> .̂ :;,;.;
 
72.0 «8J)x 4.5 (I 830x203x114) 

226.1(5629) 

!2^̂ *?C 
155.0(3937)' 

^0\(i4^
2<1.2(5365) 

t-«w^ 
43.6 (i f10) 

25?^^
188i (4 788) 

18.0J29.0) 

i^Ml 
45.0 (6.23) / 96.0 (fl.49) 
,^^^ti<$fe£i 

29/31 

112^330 (50 943) /14,430 (6 544) 

. :.«--• -:'-' ; • 
14.00x24 -28 Ply 

v^oo^p^ ;iSi-0'- -- '"'• i 
144.0(3660) 

Hydraulic /Hydrauic 

24/660 
TJjhirts^Cj: 
215(160) 

4/6/5045(8267) 

Hand Lever 

Powarshift 

• CCflTIHCATlOfc Then Hystw 6h tnjis meat deign jp«dfie*Mns e< Pwt 0 MIS 856.1-1983. *s nn)urai bf OSHA S«c1«m 1910.178 (j) Ql ind with ftn Ifl ANSI 858.1-IWaon in 
effect« utt l/<no et manubciwo. Ctrnficsiion o( compfiana with Ifw appfiabte ANSI itmdwdj app«fS on (M Efl tmcVj namapUte which is jffixtd U Uudc when shipped cflmjiteW I'om 
Ul« (aciory. 

* NOTfc Perfomunce joedncalions in (»(took equipped a* describe under SuiuUd fqulpmcnl <M iho back of this T«ch««I Guida. P«rtomvinca jpacilicanonj jre a«wlcd b» (he 
Iton of mi »ehids 3rd how it is equipped, u »rf jj (ho nmn tod eootow «/ Un opantinfl omlwmsnt. M rh,« sptdfiutianj an cnticil. (he propojod apptcation jhouU be ' 

^puutd with your deaUf. 

- Options/ at Mtf liyha ire stowo in the litmt co*«i ftiacagapb. 

APR 04 2002 11:20 70S 263 0989 PflGE.06
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H440-7QOFJFS Oft Truck Specificate
 

For9TO«a<M Stw*<n0 Alate*<U OuttiiU TaoimQ Radios( 17 

•Mos OnwouonnA Pl«s Tlutowl Unath. 

U8.8 0 5SO H620-700F 
137.5(3435) H400.S50F5 
1315 (3 545) HS2a-700fSJ 

Circled numbers correspond to tha line numbers on the tabulated charts inside the Technical Guida.
 
Figures are in laches/pounds (metric equivalent).
 

APR 04 20E2 11:21 
708 2G3 0989 PAGE.0? 



HYSTEU H650-700F Lift Truck Specifications nm 

Wheels, front/rear 

Rjrks. length / vwdth / thickness 960x120x4.5(2438x305x114) 96.0x12.0x45(2438x305x114 

length to face of forte 

Height standard mast lowered 

Turning radius, minimum outside 

Length, cntrdnve axle to hoe of forks wsx in. (mm) 

Equal interceding right angle aisle 221.8(5634) 

maximum forward (powersfun) mpn(km/hr 16J (26.2) 

standard mast NL/Rl 650 (0.331/94.0 0.48) 

powersfuflxsmn,1mph W./RL Percent 

Aide loading. static-BL front/ rear 
ffi$$*®&s£^ 
fire sac, drive tires (front) 

136,180 (61 760) /15,350 (6 961) 

16.00x2S-24Pty 

141^(64a3a)/17.80S (8 074) 
usiassig 
16.00x25-28 

Wheefbase, center of steer to center of drm axle in (mm) 

Ground clearance, lowest point-NL
^Bsaafe^^a^ 
Bakes, method of control, service / pariang 

150(381) 

Hydraulic/Hydraulic Hydnufic/HydrauRc 

tatnry. vote / cold conking amps 
IggggggQQgg 
3utputp«rSA£ standards 

24/660 

Bfflt^i 
215(160) 

Cycle/number of cytindere/displacement

Gear change t/pe, powerahtft 

 caln (om3) 4/6/5045(8267)

M$M 
HandUvw 

4/6/5045(8267) 

* CERTIFICATION. Then Hyttw kit trucks mad (Usqi\ i(waf,<:iti(yw of Part B ANSI 856 1 1989. at raqmnd bf OSHA S«clidfl 1910 178 dl (2J and wlh Pirt HI ANSI 858.1 Rnmon m 

effect	 at tht turn «1 mtmrfscturt. C«tfiation of tonvlunct Mth th< tppEcabh ANSI mndjrdi ipjuJn an th« ilt truck'] lunupldi which u ilfntd to truck wtun shifpwf compute Irora 
1'factory 

^jf«rfann<oc« spcafmlians «n lof \ruck ttftfftd » dacrib«<l undtt Sftndird Equpnunt on th« hick of thu T«chmcal Oud« Pwfonn«nci qNafcafaani a« ifftctid b/ th« 

 ^V>( the vthidt Kid how it is •quifpxi, «i wall as tha lutura and condition s( thi oparittng anvronr<«nt H th«ia Sfaaftcabara art cnticil, th« praposad appli«tia« should ba 
dicuiMd with jour dultr 

Oftmul ci6 tmlSghts tft sfaw* la Ou fraat cav*r p/tafogrspA. 

RPR 03 2002 12=14 978 670 3030 PAGE.03 
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mi: 
HYSTSR H440-700F/FS Mast Dimensions nm 

K440 550F/FS MAST DIMENSIONS in. mm 
Ov«nU Owrf Eit«uM Miight Trial MMfkt cf StouUnl Tmk 

Hcifktt UmraJ WftbMtlMtf WcHwntU^ M440FS HS59FS 
{T*(i if Ftrktl Hti|fat telnet Extewioa IfcntExtttn. ft.(kfll fc.fal 

172.5 4382 179.0 4547 263.06660^ 0 66.903(30341^ 73.103(33153} 73J63Q3226} 

ES43BPJjj§S8E B8$8PISflSS$ 
220.5 5600 20U S156 311J 7699 

BElSlSEBBi 
0̂ m 66.071006711 mmmm 74.27103 »63|̂

^Bgĵ sa^ 
H431J33756J 

364J 92S6 275.0 6965 4S5.0 11557 0 71^32(32350) 77.532(35162} 77,682(352351 

* Mait Ht iNlgfdi vm 196.5 (4 Ofllnrt mtann fork hdght nquin radical cip«dtY i«d rattricttd b*ck tit 

H620 700FJFS MAST DIMENSIONS in. mm 
MwbmaFork Ov»r«JI Omnfl ExtM<M H.igM Titol VNigM «i Stinted Tnck 

H«igMt Low«fW HOZOfS M700FS /MCffiT HJQCf 
l€ckmtExtM<lan IkntEiUla. tfto) lh.tkg) 

2-STA6EWSTAMAST 

172.5 4382 197.5 4867 2715 7020 89.279 (40 466) 68.689 (40 773> 89.174 HO 442} 67.689 PB 8591 91J29 Kl 2131 

266.5 8620 240.5 6186 372.0 9458 92.126(41 7871 92,735 K2 0641 82.470(419371 91.185 HI 3541 94,325(42 7781 

386.5 9866 30aS 7640 49U 12506 65.446(43 2941 96.056 (43 570) 85.341 (43 2391 94.056 (42 656} 97.196 B4 0801 

•fr Mut Eft (Mights «VD 196.5 (4 991 mml marimun hfl htight mjun nduud capwhr Md wUricttd 6«ck *. 

flPR 03 2002 12=15 
978 670 3030 PflGE.04 
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17:11;21 Licenced to; Foster Wheeler Environmental Corp. RAIL*.MAT
 

New Bedford - Dewatering - rail track fnd.
 
Rail Car Wheel Locations
 



17:13:55 Licenced to: Foster Wheeler Environmental Corp. RAIL%.MAT
 

Al - GENERAL INFORMATION:
 

Project : New Bedford - Dewatering - rail track fnd.
 
Engineer: JZ
 
File : C:\PROJECTS\NEWBED~1\DEWATER\100%SUB\RAIL%.MAT
 
Units : English Date : 01/23/02
 
Code : ACI 318-99 Time : 09:55:12
 

Maximum number of iterations = 10
 
Maximum allowed displacement = 1 in
 
Minimum contact area allowed = 75.00 %
 
Displacement limit for uplift = 0 in
 
Reinforcement is based on maximum moment within an element.
 

Number of nodes = 612
 
Number of elements = 550
 

A2 - THICKNESS DEFINITIONS:
 

Label t (in) Label t (in)
 

thickl 18.00 thick2 25.00
 

A3 - CONCRETE DEFINITIONS:
 

Label f'c (ksi) We (pcf) EC (ksi) v 

concl 4 150 3834.3 0.000 

A4 - SOIL DEFINITIONS: 

Label Ks (kef) Qa (ksf)
 

soill 51 4
 

A5 - REINFORCING STEEL DEFINITIONS:
 

Label Fy (ksi) Es (ksi)
 

steell 60 29000
 

\6 - DESIGN PARAMETERS DEFINITIONS:
 

Label Top-X (in) Top-Y (in) Bot-X (in) Bot-Y (in) Min Reinf
 

DPI 2.7500 3.0000 2.7500 3.0000 0.1800 %
 



17; 13;55 Licenced to; Foster Wheeler Environmental Corp. RAIL%.MAT
 

A9 - NODAL LOAD DEFINITIONS:
 

Label Case Pz (kip) MX (kip-ft) My (kip-ft)
 

* raiH-tie A -0.36 0 0 
wheel B -33.25 0 0 

A10 - SURFACE LOAD DEFINITIONS:
 

Label Case Wz (psf)
 

LL C -750
 

All - LOAD COMBINATIONS:
 

Self weight is included under Case A.
 

Ld Combo Case A Case B Case C Case D Case E Case F Type Save?
 

SI 1. 000 1.000 0.000 0.000 0.000 0.000 Ser. Yes
 
S2 1. 000 0.000 1.000 0.000 0.000 0.000 Ser. Yes
 
S3 1. 000 1.000 1.000 0.000 0.000 0.000 Ser. Yes
 
Ul 1. 400 1.700 0.000 0.000 0.000 0.000 Ult. Yes
 
U2 1. 400 0.000 1.700 0.000 0.000 0.000 Ult. Yes
 
U3 1. 400 1.700 1.700 0.000 0.000 0.000 Ult. Yes
 



17:13;55 Licenced to; Foster Wheeler Environmental Corp.
 

A12 - X-GRID LIME DEFINITIONS:
 

No.
 

1
 
4
 
7
 
10
 
13
 
16
 

Coord, (ft)
 

0
 
6
 

12.25
 
17.5
 
22.75
 
28.5
 

No.


2
 
5
 
8
 
11
 
14
 

 Coord. (ft)
 

2
 
8.5
 

13.25
 
19.85
 
24.75
 

A13  Y-GRID LINE DEFINITIONS: . 

Mo. Coord, (ft) No. Coord. (ft) 

1 0 2 2 
4 6 5 8 
7 12 8 14 
10 18 11 20 
13 24 14 26 
16 30 17 32 
19 36 20 38 
22 42 23 44 
25 48 26 50 
28 54 29 56 
31 60 32 62 
34 66 35 68 
37 72 38 74 
40 78 41 80 
43 84 44 86 
46 90 47 92 
49 96 50 98 

No.
 

3
 
6
 
9
 
12
 
15
 

No.
 

3
 
6
 
9
 
12
 
15
 
18
 
21
 
24
 
27
 
30
 
33
 
36
 
39
 
42
 
45
 
48
 
51
 

Coord, (ft)
 

4
 
10 '
 

15.15
 
21.75
 
26.75
 

Coord, (ft)
 

4
 
10
 
16
 
22
 
28
 
34
 
40
 
46
 
52
 
58
 
64
 
70
 
76
 
82
 
88
 
94
 
100
 



17;12;11 Licenced to: Foster Wheeler Environmental Corp.
 RAIL*.MAT
 

New Bedford - Dewatering - rail track fnd.
 
Maximum Moment (kip-ft/ft)
 

Mux(T)
 

1.95
 

0.00
 



17:12;32 Licenced to: Foster Wheeler Environmental Corp.
 FAIL%.MAT
 

New Bedford - Dewatering - rail track fnd.
 
Maximum Moment (kip-ft/ft)
 

Mux(B)
 

-26.12
 

-29.39
 



17;12;42 Licenced to; Foster Wheeler Environmental Corp.
 RAIL%?MAT
 

New Bedford - Dewatering - rail track fnd.
 
Maximum Moment (kip-ft/ft)
 

Muy(T)
 

3.16
 

0.00
 

*- \
 



17;12:51 Licenced to; Foster Wheeler Environmental Corp.
 RAIL%.MAT
 

New Bedford - Dewatering - rail track fnd.
 
Maximum Moment (kip-ft/ft)
 

Muy(B)
 

-30.27
 

-34.06
 

^slo o/g
 



/I 
17; 13; 17 Licenced to; Foster Wheeler Environmental Corp. RAILS.MAT
 

New Bedford - Dewatering - rail track fnd.
 
Pressure (ksf)
 

Qz(dn)
 

-1.271
 

-1.358
 



•17:13:43 Licenced to: Foster Wheeler Environmental Corp. RAIL*.MAT
 

New Bedford - Dewatering - rail track fnd.
 
Displacement (in.)
 

Dz(dn)
 

-0.299
 

-0.320
 



FWENC 
Owner: USAGE Comp'd By: Jeff Zhao 

V* 
project No.:

New Bedford 
 5i97.i720.93ozoooio File No: 

Date:
ChckdBy: 

 25-Jan-02 

iWe: Dewatering Foundation - rail slab Date: 
Mux(T) Page of 

I O Beam • Slab O Interior • Exterior O*3 O*4 O*5 €> *6 O*7 O*8 

Factored Moment = 31 kips'ft O*9 O *10 O *11 O *1« O *18 

Average Load Factor = 1 .55 
Service Moment = 240 kips'tn 

Bar Spacing = 8 in 6 None O*3 O*4 O *S O #6 O *7 

Width, b = 12 in 
O*8 O*9 O *10 O *11 O *14 O *18 

Slab Thickness= 18 in 
cover = 2.00 in Bar Area = 0.44 in^ 

fc= 4000 psi Bar Diameter = 0.75 in 
fy = 60 ksi Stirrup Diameter = 0 in 

Es= 29000 ksi d= 15.625 in 
4 = 0.9 

Normal/Severe exposure (0/1) = 0 Ast«!j= 0.66 in 

8 In. spacing 

Moment Check Crack Check 
w= 0.036035 P= 1.35 
p= 0.002402 EC = 3604.997 ksi 

AsreV««j= 0.450437 in2 ok n = 8.044391 

p= 0.85 dc= 2.375 in 

^ Pb= 0.028507 A= 38 in2 

Pn«x = 0.02138 NA= 3.302161 mm 

Ama** 4.008769 in2 ok fs = 25.03645 ksi 

(AC1 10.5.3) pm« = 0.003333 z= 11 2.3022 kips/in 

A™,, 0.6250 in2 Required = 128.8889 kips/in ok 
4/3* Aspired = 0.600582 >" Ok 

ACI-350 Check 
w = 0.85 - (SQRT(.7225-)(1 . fc*b-d*2))) 

p = wfe/fy Z= 115 kips/in ok 

fs = 25.03645 ksi 

P = 0.85-0.05(fc-4000)/1000 Max Spacing = 12 in ok 
p,, =0.85*(|J-(fc/fy)'(87/(87+fy)) Actual -> p = 0.00352 

Pam =0.75*̂  

Pn* greater of (3*SQRt(f c)/fy) and 200/fy 

d = thickness-cover-stirrup diameter-bar diameter/2 
dc = cover+stirrup diameter + bar diameter/2 

A = width*2*(cover+(diameter of first layer of bars)/2)A*Bars 
#Bars = Width/spacing 
EC = 57000*SQRT(fc) 
n=Es/Ec 
NA = I-As'n*#8ARS+<(As*n-#BARS)A2+(2*As'n-#BARS-b'd))A(1/2)}/b 
fs = [Ms^BARSJ/{(d-NA/3)*As] (Reinforced Concrete Mechanics and Design, MacGregor, pg 343) 
2 = fs*(dc>A)A(1/3) (ACI-318 10.6.4) 

l = (175or145)M.2/p 



-If-

FWENC 
Owner: USAGE Comp'd By: Jeff Zhao 
Plant: New Bedford Date: 25-JarvO2 
Project No.: 5197.1720.9302.00010 Fife No: Chckd By: 
Title: Dewatering Foundation - rail slab Date: 

Muy(T) Page of 

1 O Interior •Exterior I O Beam • Stab O« O*4 O« •K O*7 O*8 

Factored Moment = 37 kips'ft O « O #10 O #11 O*M O/18 

Average Load Factor - 1.55 
Service Moment = 286 kips'in 

Bar Spacing = 8 in • None O « Of « O#5 O*6 O *7 

Width, b = 12 in 
O*8 O« O#10 O «" OtU O*18 

Slab Thickness= 25 in 
cover = 2.00 in Bar Area = 0.44in2 

f c = 4000 psi Bar Diameter = 0.75 in 
fy = 60 ksi Stirrup Diameter = 0 in 

Ej= 29000 ksi d= 22.625 in 
$ = 0.9 *Bars= 1.5 

Normal/Severe exposui re (0/1)= 0 Adeer 0.66in2 

m In. spacing 

Moment Check Crack Check 
w= 0.020321 P= 1.35 
p= 0.001355 Ec= 3604,997 ksi 

0.36781 «n2 n = 8.044391 

P= 0.85 <lc= Z375 in
 

Pb= 0.028507 A= 38 «n2
 

Pm» = 0.02138 NA = 4.053805 mm
 

, 5.804698 » f,= 20.40157 ksi 

(AC110.5.3) pmta= 0.003333 z= 91.51228 kips/in 

0.9050 i Required = 128.8889 kjpsfln ok 
4&A**,u**i = 0.490413 ok 

ACI-3SO Check 
w = 0.85 - (SQRT(.7225-)(1.7*Mtaclored/(4>fc*b'd^2))) 

p = w*fc/fy Z= 115kips/in ok 
A^^utwi = P*b*d fs = 20.401 57 ksi 
P = 0.85-0.05(fc-4000)/1000 Max Spacing = 12 in ok 
pb =0.85'̂  •( Actual -> p= 0.002431 
Pm» =0.75'Pt) 

pmh =greater of (3'SQRt(fc)/fy) and 200% 

Ann, =pmh*b*d 

d = thickness-co ver -stirrup diameter-bar diameter/2 
dc = cover+stirrup diameter + bar diameter/2 

A = width*2*(cover+<diameter of first layer of bars)/2)/#Bars 
#Bars = Width/spacing 
EC = 57000*SQRT(fc) 
n = Es/Ec 
NA = (-As-n*#BARS-K(As*n-#BARS)A2-K2*As'n-#BARS-b*d))A(1/2)l/b 
fs = fMs/#BARSJ/l(d-NA/3)-AsJ (Reinforced Concrete Mechanics and Design, MacGregor. pg 343) 
z = fs*(dc*A)A(1/3) (ACI-318 10.6.4) 
Required = (175 or 145)'1.2/p 
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FWENC 
Owner: USAGE Comp'd By: Jeff Zhao 
Plant: New Bedford Date: 25-Jan-02 

« Project No.: 5197.1720.9302.00010 File No: Chckd By: 
Tide: Dewatering Foundation  rail slab Date: 

Mux(B). Muy(B) Page of 

•- Exposure 1 r- Member ] 
r Bar Sbe 

1 O Interior 6 Exterior 1 OBeam •stab O*3 O*4 O tS • *6 O*7 O *8 

Factored Moment = 43 kips*ft O*9 O *10 O til O «4 O *18 

Average Loa d Factor = 1.55 
Service Moment - 333 kips'in 

Bar Spacing = 5 in • None O*3 O*4 O tS O «6 O *7 

Width, b = 12 in 
O*8 O*9 O *10 O til O *14 O *18 

Slab! hickness= 18 in 

cover = 3.00 in Bar Area = 0.44in2 

fc= 4000 psi Bar Diameter = 0.75 in 
<y= 60 ksi Stirrup Diameter = 0 in 

Es= 29000 ksi d= 14.625 in 

$= 0.9 #Bars = 2.4 
Normal/Severe exposu re (0/1)= 0 Asteep 1.056in2 

#6 f> 5 in. spacing 

Mom ent Check Crack Check 
w = 0.05781 p= 1.35 
p= 0.003854 EC = 3604.997 ksi 

Asrequired = 0.676372 <" Ok n = 8.044391 

p= 0.85 dc= 3.375 in 

Pt,= 0.028507 A= 33.75 in2 

I Pm» = 0.02138 NA = 3.897242 mm 

I Anu,,, 3.752208 «n2 ok fs = 23.65685 ksi 

(AC) 10.5.3) Pmta= 0.003333 z= 114.6761 kips/in 

A,,*,, 0.5850 in2 Required = 128.8889 kips/in ok 
A.rv Asrequired = 0.901829 'n2 ok 

ACI-3SO Check 
w = 0.85 - (SQRT(.7225-)(1.7'Mfac,ored/(c))*fc'b*dA2))) 

Z= 115kips/in ok 
fs = 23.65685 ksi 

P = 0.85-0.05(fc-4000)/1000 Max Spacing = 12 in ok 
Pb =0.85'(p*(fcVfy)*(87/(87+fy)) Actual -> p= 0.006017 

PmaxO-75-pt 

Pmta =greater of (3*SQRt(fc)/fy) and 200/fy 

d = thickness-cover-stirrup diameter-bar diameter/2 
dc = cover+stirrup diameter + bar diameter/2 

A = width*2*(cover+(diameter of first layer of bars)/2)/#Bars 
#Bars = Width/spacing 
EC = 57000'SQRT(fc) 
n = Es/Ec 
NA = [-As-n'#BARS+((As'n*#BARS)A2+<2'As*n'#BARS*b*d))A(1/2)]/b 
fs = [Ms/#BARS]/l(d-NA/3)*As] (Reinforced Concrete Mechanics and Design, MacGregor, pg 343) 
z = fs'(dc'A)*(1/3) (ACI-318 10.6.4) 
Required = (175 or 145)*1.2/p 
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10:16:38 Licenced to: Foster Wheeler Environmental Corp. SUMPTOP%.MAT
 

Mew Bedford - Dewatering Fnd. - sump top
 
Slab Mesh
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u-./u^/u^ r«-/\-natS vo.^u - fOKTLANU CEMENT ASSOCIATION
 
10:14:06 Licenced to: Foster Wheeler Environmental Corp. SUMPTOP%TMAT
 

Al - GENERAL INFORMATION:
 

Project : New Bedford - Dewatering Fnd. - sump top
 
Engineer: JZ
 
File : C:\PROJECTS\NEWBED-1\DEWATER\100%SUB\SUMPTOP%.MAT
 
Units : English Date : 01/11/02
 
Code : ACI 318-99 Time : 09:46:13
 

Maximum number of iterations = 10
 
Maximum allowed displacement = 1 in
 
Minimum contact area allowed = 75.00 %
 
Displacement limit for uplift = 0 in
 
Reinforcement is based on maximum moment within an element.
 

Number of nodes = 167
 
Number of elements = 136
 

A2 - THICKNESS DEFINITIONS:
 

Label t (in)
 

thick-1 12.00
 

A3 - CONCRETE DEFINITIONS:
 

Label f'c (ksi) We (pcf) EC (ksi) v
 

conc-1 4 150 3834.3 0.000
 

A4 - SOIL DEFINITIONS:
 

Label Ks (kef) Qa (ksf)
 

fake 0.0001 0.1
 

A5 - REINFORCING STEEL DEFINITIONS:
 

Label Fy (ksi) Es (ksi)
 

steel-1 60 29000
 

A6 - DESIGN PARAMETERS DEFINITIONS:
 

Label Top-X (in) Top-Y (in) Bot-X (in) Bot-Y (in) Min Reinf
 

DP 2.7500 3.0000 2.7500 3.0000 0.1800 %
 

A8 - SLAVED NODES GROUP DEFINITIONS:
 

Label DOF Label DOF
 

wallRx Rx wallRy Ry
 



w-x/v/^/v-t r̂ x-nacs vo.^u - FUKTLAND CEMENT ASSOCIATION rgg_ £ -n<3
 
10; 14; 06 Licenced to: Foster Wheeler Environmental Corp. SUMPTOP%.MAT
 

A9 - NODAL LOAD DEFINITIONS:
 

Label Case Pz (kip) MX (kip-ft) My (kip-ft) 

fldoor A -0.5 0 0 
fldoor B -2.08 0 0 

H20 C -16 0 0 

AlO - SURFACE LOAD DEFINITIONS:
 

Label Case Wz (psf)
 

live B -750
 

All - LOAD COMBINATIONS:
 

Self weight is included under Case A.
 

Ld Combo Case A Case B Case C Case D Case E Case F Type Save?
 

SI 1.000 1.000 0.000 0. 000 0.000 0.000 Ser. Yes 
S2 
Ul 

1 
1 
.000 
.400 

0 
1 
.000 
.700 

1.000 
0.000 

0. 
0. 
000 
000 

0.000 
0.000 

0.000 
0.000 

Ser. 
Ult. 

Yes 
Yes 

U2 1.400 0.000 1.700 0. 000 0.000 0.000 Ult. Yes 



«- _~.~ «a«-^> v j . ^u - fwni\UANL> CEMENT ASSOCIATION •Pago. 3
10;14:06 Licenced to; Foster Wheeler Environmental Corp. SUMPTOP%.MAT 

A12 - X-GRID LINE DEFINITIONS: 

No. Coord* (ft) No. Coord. (ft) No. Coord, (ft) 

•̂ i 
0 2 2.5 3 5 

4 7.5 5 10 6 12.5 
7 15 8 17.5 9 20 
10 22.5 11 25 12 27.5 
13 30 

A13  Y-GRID LINE DEFINITIONS: 

No. Coord. (ft) No. Coord. (ft) No. Coord, (ft) 

1 
4 
7 
10 
13 

0 
7.5 
15 

22.5 
30 

2 
5 
8 
11 

2.5 
10 

17.5 
25 

3 
6 
9 
12 

5 
12.5 
20 

27.5 



^/u^ rw\-Macs VD.^U - PORTl^AND CEMENT ASSOCIATION
 
10;06;12 Licenced to; Foster Wheeler Environmental Corp. sumptop%.mat
 

New Bedford - Dewatering Fnd. - sump top
 
Maximum Moment (kip-ft/ft)
 



10:06:58 Licenced to: Foster Wheeler Environmental Corp. sumptop%.mat
 

New Bedford - Dewatering Fnd. - sump top
 
Maximum Moment (kip-ft/ft)
 



OCJ.aca.ir A2j3UCJ.AT.LON 

10:07:26 Licenced to: Foster Wheeler Environmental Corp. sumptop%.mat
 

New Bedford - Dewatering Fnd. - sump top
 
Maximum Moment (kip-ft/ft)
 

http:OCJ.aca.ir


«•»/«->/ «<£ FCA-Mats VS.20 - PORTLAND CEMENT ASSOCIATION
 
10:0*7:41 Licenced to: Foster Wheeler Environmental Corp.
 sumptop%.mat
 

New Bedford - Dewatering Fnd. - sump top
 
Maximum Moment (kip-ft/ft)
 



^ rwv-Macs VS.20 - PORTLAND CEMENT ASSOCIATION
 
10:13:11 Licenced to: Foster Wheeler Environmental Corp. sumptop%.mat
 

New Bedford - Dewatering Fnd. - sump top
 
Displacement (in.)
 



tie 

FWENC 
Owner: USAGE Comp'd By: Jeff Zhao 

New Bedford Date: 9-Apr-02 
Project No.: 5197 1720.9302.00010 Fife No: Chckd By: 
Tide: Dewatering Foundation - sump top slab Date: 

Mu.design Page of 

1 6 Interior O Exterior O Beam £ Slab 
O*3 O*4 OtS ®#6 O*7 O*8 

Factored Moment = 39 kips'ft O*9 O *10 O til O *14 O tl8 

Average Loa d ractor = 1 .00 
Service Moment - 302 kips*in 

Bar Spacing = 5 in 6 None O #3 O *4 O #5 O *6 O tl 

Width, b = 12 in 
O*8 O*9 O*10 O *11 O #14 O *18 

Slab? hickness= 12 in 

cover = ^2.00 in Bar Area = 0.44in2 

fc = 4000 psi Bar Diameter = 0.75 in 
fy= 60 ksi Stim up Diameter = 0 in 

Es= 29000 ksi d= 9.625 in 

$= 0.9 #Bars = 2.4
 

Normal/Severe exposu re (0/1)= 0 /Wr 1.056 in2
 

in. spacing 

Moment Check Crack Check 
w = 0.126327 P= 1.35 
P = 0.008422 EC = 3604.997 ksi 

Asrequiced ~ 0.972715 in2 ok n = 8.044391 

0.85 dc= 2.375 in P = 

^ Pb =0.028507 A= 23.75 in2 

Pmax = 0.02138 NA= 3.050861 mm 

Anox^ Z469402 in2 ok fs= 33.21 587 ksi 

(ACI 10.5.3) Pmh = 0.003333 z= 127.3859 kips/in 

0.3850 in2 Required = 1 55.5556 kips/in ok 

1.296954 «n2 ok Bar spacing < two times the slab thickness 

ACI~350 Check 
w = 0.85 - (SQRT(.7225-)(1.7*M,ac(ore<l/(4,'f<.-b'dA2))) 

p = wf«/fy Z= 115 kips/in no iood 

Aa^uted = p*b*d fs = 33.21587 ksi 

P = 0.85-0.05(fc-4000)/1uOO Max Spacing = 6.316715 in ojc 
Actual -> p= 0.009143 

Pnux =0.75*PI, 

Pm« =greater of (3*SQRt(fc)/fy) and 200/fy 

d = thickness-cover-stirrup diameter-bar diameter/2 
dc = cover+stirrup diameter + bar diameter/2 

A = width*2*(cover+(diameter of first layer of bars)/2)/#Bars 
#Bars = Width/spacing 
EC = S7000'SQRT(fc) 
n = Es/Ec 
NA = l-As-n>#BARS+((As-n'#BARS)'v2+(2'As-n*#BARS'b'd))A(1/2)]/b 
fs = (Ms/#BARS]/[(d-NA/3)*As] (Reinforced Concrete Mechanics and Design. MacGregor, pg 343) 
z = fs^dc-A^I/S) (ACI-318 10.6.4) 

quired = (175 or 145)*1.2/p 
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11:04:38 Licenced to; Foster Wheeler Environmental Corp. SUMP-WAL.MAT
 

Mew Bedford - Dewatering Fnd. —sump wall
 
Sump Wall Mesh
 

o
 
Tf
 

r
 
r
 



^ rwv-nacs V3.2U - PORTLAND CEMENT ASSOCIATION
 
10:58:53 Licenced to: Foster Wheeler Environmental Corp. SUMP-WAL.MAT
 

ooooooo oooooo ooooo
 
oooooooo oooooooo ooooooo
 
oo oo oo oo oo oo
 
oo oo oo oo oo
 
oooooooo oo ooooooo ooooo
 
ooooooo oo oo ooooooo ooooo
 
oo oooooooo oo oo
 
oo oooooo oo oo
 

oo oo o 
ooo ooo oo 
oooo oooo ooooo oo ooooo 
oo oooo oo o oo oo oo o 
oo oo oo oooooo oooooo oo 
oo oo oo oo oo ooooo 
oo oo oo oo oo oo 
oo oo oo oo oo o o oo 
oo oo ooooo o ooo ooooo (TM) 

PCA-Mats (tm) - A Computer Program for:
 
Finite Element Analysis of Slabs, Mats and Combined Footings
 

Copyright 1988-1995, Portland Cement Association
 
All rights reserved
 

Licensee stated above acknowledges that Portland Cement Association
 
(PGA) is not and cannot be responsible for either the accuracy or
 
adequacy of the material supplied as input for processing by the
 
PCA-Mats computer program. Furthermore, PCA neither makes any warranty
 
expressed nor implied with respect to the correctness of the output
 
prepared by the PCA-Mats program. Although PCA has endeavored to
 
produce PCA-Mats error free the program is not and cannot be certified
 
infallible. The final and only responsibility for analysis, design and
 
engineering documents is the licensees. Accordingly, PCA disclaims all
 
responsibility in contract, negligence or other tort for any analysis,
 
design or engineering documents prepared in connection with the use of
 
the PCA-Mats program.
 



10:58:54 Licenced to: Foster Wheeler Environmental Corp. SUMP-WAL.MAT
 

Al - GENERAL INFORMATION:
 

Project : New Bedford - Dewatering Fnd. -sump wall
 
Engineer: JZ
 
File : C:\PROJECTS\NEWBED-1\DEWATER\SUMP-WAL.MAT
 
Units : English Date : 01/15/02
 
Code : ACI 318-99 Time : 09:47:47
 

Maximum number of iterations = 10
 
Maximum allowed displacement = 1 in
 
Minimum contact area allowed = 25.00 %
 
Displacement limit for uplift = 0 in
 
Reinforcement is based on maximum moment within an element.
 

Number of nodes = 65
 
Number of elements =48
 

A2 - THICKNESS DEFINITIONS:
 

Label t (in)
 

thick-1 12.00
 

A3 - CONCRETE DEFINITIONS:
 

Label f'c (ksi) We (pcf) EC (ksi) v
 

conc-1 4 150 3834.3 0.000
 

A4 - SOIL DEFINITIONS:
 

Label Ks (kef) Qa (ksf)
 

^ dummy 0.0001 0.1
 

A5 - REINFORCING STEEL DEFINITIONS:
 

Label Fy (ksi) Es (ksi)
 

steel-1 60 29000
 

A6 - DESIGN PARAMETERS DEFINITIONS:
 

Label Top-X (in) Top-Y (in) Bot-X (in) Bot-Y (in) Min Reinf
 

DP-1 2.7500 3.0000 2.7500 3.0000 0.1800 %
 



ASSOCIATION JPigc-3
 
10;58;54 Licenced to; Foster Wheeler Environmental Corp. SUMP-WAL. MAT
 

A10 - SURFACE LOAD DEFINITIONS: 

Label Case Wz (psf) 

soil-1 
soil-2 
soil-3 
soil-4 

L-l 
L-2 
L-3 
L-4 

Flood-1 
Flood-2 
Flood-3 
Flood-4 

A 
A 
A 
A 
B 
B 
B 
B 
C 
C 
C 
C 

835 
720 
605 
490 

-512 
-384 
-256 
-128 
716 
537 
358 
179 

All  LOAD COMBINATIONS: 

Self weight is not included under Case A. 

Ld Combo Case A Case B Case C Case D Case E

SI 
Ul 
U2 
U3 

1. 
1. 
0. 
0. 

000 
700 
000 
000 

1.000 
0.000 
1.700 
0.000 

1.000 
0.000 
0.000 
1.700 

0. 
0. 
0. 
0. 

000 
000 
000 
000 

0. 
0. 
0. 
0. 

000 
000 
000 
000 

 Case F Type Save?
 

0.000 Ser. Yes
 
0.000 Ult. Yes
 
0.000 Ult. Yes
 
0.000 Ult. Yes
 

'if
 



10:58:54 Licenced to: Foster Wheeler Environmental Corp.
i-'ayy 4 

 SUMP-WAL.MAT 

A12 - X-GRID LINE DEFINITIONS: 

No. Coord, (ft) No. Coord, (ft) No. Coord, (ft) 

•̂  1
4

 0 
6 

2
5

 2 
8 

3 4 

A13  Y-GRID LINE DEFINITIONS: 

No. Coord, (ft) No. Coord, (ft) No. Coord, (ft) 

1
4
7
10
13

 0 
 7.5
 15
 22.5
 30 

2
 5
 8
 11

 2 . 5
 10
 17.5
 25

 3
 6
 9
 12

 5 
 12.5 
 20 
 27.5 



10:57:13 Licenced to: Foster Wheeler Environmental Corp.
 sump-wal.mat
 

New Bedford - Dewatering Ftid. -sump wall
 
Maximum Moment (icip-ft/ft)
 

Mux(T)
 

5.800
 

5.365
 



AiJiiOCiATlON 
10:57:25 Licenced to; Foster Wheeler Environmental Corp. 1Y
sump-wal.mat
 

New Bedford - Dewatering Fnd. -sun̂ > wall
 
Maximum Moment (kip-ft/ft)
 

Mux(B)
 

-4.314
 

-4.503
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10:57:34 Licenced to: Foster Wheeler Environmental Corp. sump-wal.mat
 

New Bedford - Dewatering Fnd. -sump wall
 
Maximum Moment (kip-ft/ft)
 

Muy(T) 

1.438 

»-'-'* -~ - -.•̂ yjy~i1 

0.823 

0.208 
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10;57;42 Licenced to; Foster Wheeler Environmental Corp.
 sump-wal.mat
 

New Bedford - Dewatering Fnd. -sump wall
 
Maximum Moment (kip-ft/ft)
 

Muy(B)
 

-3.710
 

-4.161
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10:58:38 Licenced to: Foster Wheeler Environmental Corp. sump-wal.mat
 

New Bedford - Dewatering Fnd. -sump wall
 
Displacement (in.)
 

Dz(up)
 

0.0012
 

0.0000
 



,.
 
10;58:17 Licenced to: Foster Wheeler Environmental Corp.
 sump-wal.mat
 

New Bedford - Dewatering Fnd. -sump wall
 
Displacement (in.)
 

Dz{dn)
 

0.0000
 

0.0000
 



FWENC 
Owner USAGE Comp'd By: Jeff Zhao 
Plant: New Bedford Date: 16-Jan-02 
Project No.: 5197.1720.930Z00010 File No: Chckd By: 
TrtJe. Dewatering Foundation - Sump Wall Date: 

Mux Page of 

Exposure •' Member 
r BarSfae ——— 

\ OBeam •slab O Interior A Exterior O*3 O#4 O*5 «#6 Q#7 O#8 

Factored Moment 9.5 kipsll O*9 O #10 O #11 O #M O ta 
Average Load Factor 1.55 

- Stirrup Sbe —Service Moment 74 kips'in 
Bar Spacing 1O in • None O #3 O #4 O #5 O #6 O #7 

Width. b = 12 in 
O #8 O #9 O #10 O #11 O #14 O #18 

Slab Thickness= 12 in 
cover 3.00 in Bar Area- 0.44 ir? 

fc = 4000 psi Bar Diameter = 0.75 in 
60 tea Stirrup Diameter = 0 in 

29000 ksi d= 8.625 in 
0.9 #Bars = 1.2
 

Normal/Severe exposure (0/1 ) = 0 0.528 in2
 

10 in. spacing 

Moment Check Crack Check 
w = 0.036246 1.35 
P = 0.002416 3604.997 ksi 

Aaw^ed = 0.250099 'n2 ok n = 8.044391 

P = 0.85 3.375 in 

Pb = 0.028507 A= 67.5 in2 

Pmax= 0.02138 NA = 2.142239 mm 

"max* 2.212841 'n2 ok fs = 17.60809 ksi 

(ACI 10.5.3) Pm«i = 0.003333 Z= 107.5403 kips/in 

Am** 0.3450 m
. 2 

Required = 128.8889 kips/in ok 
^tyf^v^ = 0.333465 m' ok 

ACI-350 Check 
w = 0.85 - (SQRT(.7225-)(1.7*Mfa<W(4,fc'b*dA2))) 

p = w*fe/fy Z= 115 kips/in ok 
Aaequied = p*b*d fs= 17.60809 ksi 
p = 0.85-0.05{fc-4000)/1000 Max Spacing = 12 in ok 
p^ =0.85'(p-(fc%)'(87/(87+fy)) Actual -> p= 0.005101 

Pnwx =0-75'pb 

Pmta greater of (3*SQRt(fc)/fy) and 200/fy 

d = thickness-cover-stirrup diameter-bar diameter/2 
dc = cover+stirrup diameter + bar diameter/2 

A = width*2*(cover*(dtameter of first layer of barsX2)/#Bars 
#Bars = Width/spacing 
EC = 57000'SQRT(fc)
 
n = Es/Ec
 
NA = [-As'n*#BARS-K(As*n-#BARS)A2-K2'As'n-#BARS*b'd))A<1/2)]/b
 
fs = [Ms/#BARSl/l(d-NA/3)*Asl (Reinforced Concrete Mechanics and Design. MacGregor, pg 343)
 
z = fs'fdc'AHI/S) (ACI-318 10.6.4)
 
Required = (175 or 145)*1.2/p 

http:Area-0.44
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FWENC 
Owner: 

< Plant: 
\L ^ Project No.: 
V?r Title: 

1 O Interior £ Exterior 

USAGE
New Bedford
5197.1720.93Q2.00010 File No:
Dewatering Foundation - Sump Wall
Muy

I O Beam % Slab 

Factored Moment =

Average Loa d ractor =


Service Moment =

Bar Spacing =


ilAfidth, b =

SlabT •>ickness=


cover =

f c =

fy=


Es=

4=
Normal/Severe exposui re (0/1)=

Moment Check 
w =
P=

=

Pb = 

(AC110.5.3)	 =

=

 6 kips'ft 
1 .00 

 46 kips'in 
 12 in 
 12 in 
 12 in 
 3.00 in 
 4000 psi
 60 ksi

 29000 ksi 

 0.9 
0 

 0.022708 
 0.001514 

 0.156682 i 

0.85 

0.028507 

0.02138 

2.212841 in2 

 0.003333 

0.3450 

 0.20891 i 

w = 0.85 - (SQRT(.7225-)(1.7-Mfac»ore<1/̂ 'fc-b-dA2))) 

p = wfc/fy 

Aavpimi - P*b*d 

P = 0.85-0.05(fc-4000)/1000 
Pt =0.85-(p-(fc/fy)-(87/(874.fy)) 

=0-75*^ 

Pmfc =greater of (3*SQRt(fc)/iy) and 200/fy 

Amta,Pmln-b*d 

d = thickness-cover-stirrup diameter-bar diameter/2 
dc = cover+stirrup diameter + bar diameter/2 

ok 

O#3

O w

 Comp'd By: Jeff Zhao 
 Date: 16-Jan-O2 

 Chckd By. 
 Date: 

 Page of 

 O*4 O#S •#6 O #7 O #8 

O #10 O #11 O #14 O #18 

• None O #3 O #4 O #5 O #6 O #7 

O #8 O « O #10 O #11 O #14 O #18 

Bar Area =

 Bar Diameter =

 Sfim jp Diameter =


d=


#Bars=

Aaeer1

12 In. spacing 

 0.44 in2 

 0.75	 in 
 0 in 

 8.625 in 

1 
. 2 

 0.44 'n 

Crack Check 

P = 
Ec = 

n = 
dc= 

A= 

NA = 
fs = 

z= 

Required = 

1.35 
3604.997 ksi 

8.044391 

3.375 in 

81 in2 

1.979919 mm 

13.25442 ksi 

86.02284 kips/in 

128.8889 kips^n ok 

ACI-350 Check 

Z=
 

fs=
 

Max Spacing =
 
Actual -> p= 

115 kips/in ok 
13.25442 ksi 

12 in ok 
0.004251 

A = Width*2*(cover-»-(diameter of first layer of bars)/2)/<fBars 
#8ars = Width/spacing 
EC = 57000*SQRT(fc) 
n = Es/Ec 
MA = f-As'n*#BARS+<(As<n'#BARS)A2-K2-As-n-#BARS'b*d))A(1/2)IA) 
fs = (Ms/#BARSl/[(d-NA/3)'As| (Reinforced Concrete Mechanics and Design. MacGregor, pg 343) 
z = fs^dc-AJ-XIfl) (AC1-318 10.6.4) 
Required = (175 or 145)*1 .2/p 

http:0.85-(p-(fc/fy)-(87/(874.fy
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15;01:27 Licenced to: Foster Wheeler Environmental Corp.
 SUMP-BOT.MAT
 

New Bedford - Dewatering Fnd. - sump bottom
 
Mesh
 

031
 

\
 

f
 



ASSOCIATION
14:08;00 Licenced to: Foster Wheeler Environmental Corp.

 Jgĵ . j JoC 
 SUMPBOT%.MAT 

Al  GENERAL INFORMATION: 

Project : New Bedford  Dewatering Fnd  sump bottom 
Engineer: JZ 
File : C:\PROJECTS\NEWBED~1\DEWATER\100%SUB\SUMPBOT%.MAT 
Units : English Date : 01/11/02 
Code : ACI 318-99 Time : 09:46:13 

Maximum number of iterations = 10 
Maximum allowed displacement = 1 in 
Minimum contact area allowed = "75.00 % 
Displacement limit for uplift = 0 in 
Reinforcement is based on maximum moment within an element. 

Number of nodes = 225 
Number of elements = 196 

A2  THICKNESS DEFINITIONS: 

Label t (in) 

thick-1 18.00 

A3  CONCRETE DEFINITIONS: 

Label f'c (ksi) We (pcf) EC (ksi) v 

conc-1 4 150 3834.3 0.000 

A4  SOIL DEFINITIONS: 

Label Ks (kef) Qa (ksf) 

soil-1 51 4 

A5 - REINFORCING STEEL DEFINITIONS: 

Label Fy (ksi) Es (ksi) 

steel-1 60 29000 

A6 - DESIGN PARAMETERS DEFINITIONS: 

Label Top-X (in) Top-Y (in) Bot-X (in) Bot-Y (in) Min Reinf 

DP 2.7500 3.0000 2.7500 3.0000 0.1800 % 

A8 - SLAVED NODES GROUP DEFINITIONS: 

Label DOF Label DOF 

wallRx Rx wallRy Ry 



-̂., *-,/ ut. f-rv-nacs vo.^u - fUKiioAND CbMENT ASSOCIATION
 
14:08:01 Licenced to; Foster Wheeler Environmental Corp.
 SUMPBOT%.MAT
 

A9  NODAL LOAD DEFINITIONS: 

Label Case Pz (kip) MX (kip-ft) My (kip-ft) 

wall+top A -2 .9 0 0 
column A -24 .7 0 0 
edge B -8 .4 0 0 
col B -69 .8 0 0 
-Mx C 0 -5 .8 0 
+Mx C 0 5.8 0 
-My C 0 0 -5. 8 
+My
-MX 

C 
D 

0 
0 -11 

0 
.8 

5. 8 
0 

+MX D 0 11 .8 0 
-My D 0 0 -11. 8 
+My D 0 0 11. 8 

A10  SURFACE LOAD DEFINITIONS: 

Label Case Wz (psf) 

liquid C -384 
flood E 352 

All  LOAD COMBINATIONS: 

Self weight is included under Case A. 

Ld Combo Case A Case B Case C Case D Case E Case F Type Save? 

SI 1. 000 0.000 0.000 1. 000 0.000 0.000 Ser. Yes 
S2 1. 000 1.000 0.000 1. 000 0.000 0.000 Ser. Yes 
S3 1. 000 1.000 1.000 0. 000 0.000 0.000 Ser. Yes 
S4 1. 000 0.000 0.000 0. 000 1.000 0.000 Ser. Yes 
Ul 1. 400 0.000 0.000 1. 700 0.000 0.000 Ult. Yes 
U2 1. 400 1.700 0.000 1. 700 0.000 0.000 Ult. Yes 
U3 1. 400 1.700 1.700 0. 000 0.000 0.000 Ult. Yes 
U4 1. 400 0.000 0.000 0. 000 1.700 0.000 Ult. Yes 
U5 0. 900 0.000 0.000 1. 700 0.000 0.000 Ult. Yes 



^ rcA-Mats V5.2U - PORTLAND CEMENT ASSOCIATION
 •Cag.a 3 
to-i 14;08;01 Licenced to: Foster Wheeler Environmental Corp.
 SUMPBOTft.MAT 

A12 - X-GRID LINE DEFINITIONS: 

No. Coord, (ft) No. .Coord, (ft) No. Coord, (ft) 

1 -1 2 0 3 2.5 
4 5 5 7.5 6 10 
7 12.5 8 15 9 17.5 
10 20 11 22.5 12 25 
13 27.5 14 30 15 31 

A13 - Y-GRID LINE DEFINITIONS: 

No. Coord, (ft) No. Coord, (ft) No. Coord, (ft) 

1 -1 2 0 3 2.5 
4 5 5 7.5 6 10 
7 12.5 8 15 9 17.5 
10 20 11 22.5 12 25 
13 27.5 14 30 15 31 

,„ 9
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14:05:46 Licenced to: Foster Wheeler Environmental Corp.
 sumpbot%.mat
 

New Bedford - Dewaterrng Fnd. - sump bottom
 
Maximum Moment (kip-ft/ft)
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14:06;00 Licenced to: Foster Wheeler Environmental Corp. sumpbot%.mat
 

New Bedford - Dewatering Fnd. - sump bottom
 
Maximum Moment (kip-ft/ft)
 



CtMENT ASSOCIATION 
14;06;08 Licenced to: Foster Wheeler Environmental Corp. 

e 1 
sumpbpt%.mat 

/ . 

New Bedford - Dewatering Fnd.  sump bottom 
Maximum Moment (kip-ft/ft) 



ASSOCIATION
 

14;06:21 Licenced to; Foster Wheeler Environmental Corp.
 sumpbot%.mat
 

Hew Bedford - Dewatering Fnd. - sump bottom
 
Maximum Moment (kip-ft/ft)
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14:06:51 Licenced to; Foster Wheeler Environmental Corp. sumpbot%.mat
 

New Bedford - Dewatering Fnd. - sump bottom
 
Pressure (ksf)
 



. ^ rCA-Mats
14:07;38 Licenced

 Vb .2U  PORTLAND CEMENT ASSOCIATION 
 to: Foster Wheeler Environmental Corp. smopbot% .mat 

. i-> 

New Bedford  Dewatering Fnd. - sump bottom 
Displacement (in.) 
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FWENC 
Owner: USAGE Comp'd By: Jeff Zhao 
Plant: New Bedford Date: 15-Apr-02 
Project No.: 5197 1720.9302.00010 Fife No: Chckd By: 

Dewatering Foundation - sump bottom slab Date: 
Mu(B) Page of 

Exposure Member 
i— Bar Size • 

& Interior O Exterior O Beam « Slab 
O #3 O JM O*5 O t7 O*8 

Factored Moment 34 kips*ft O O *10 O *11 O /M O tiff" 
Average Load Factor 1.55 

r Stirrup Size —— —Service Moment 263 kips'in 
Bar Spacing 6 in % None O*3 O*4 O »S O *6 O *7 

Width. b 12 in 
O*8 O t9 O #10 O til O *H O *18 

Slab Thickness 18 in 

cover 3.00 in Bar Area = 0.44 in2 

fc 4000 psi Bar Diameter = 0.75 in 
60 ksi Stirrup Diameter = 0 in 

29000 ksi d= 14.625 in 

0.9 #Bars = 2 
Normal/Severe exposure (0/1) = 0 0.88 in2 

#5 e In. spacing 

Moment Check Crack Check 
w= 0.045366 P= 1.35 
P= 0.003024 £<; = 3604.997 ksi 

Asrequ.red = 0.530784 I ok n = 8.044391 

P= 0.85 dc= 3.375 in 

pb= 0.028507 A= 40.5 in2 

pm»= 0.02138 NA = 3.605698 mm 

Amac, 3.752208 i"2 ok fs = 22.28399 ksi 

(AC1 10.5.3) pmn= 0.003333 z= 114.7896 kips/in 

0.5850 i Required = 155.5556 kips/in ok 
= 0.707712 i ok 

ACI-350 Check 
w = 0.85 - (SQRT(.7225-)(1.7'Mfac(ore (̂<|.*fVb*d*2))) 

P=W*fcAy Z= 115 kips/in Pi 
fs = 22.28399 ksi 

p = 0.85-0.05(fc-4000)/1000 Max Spacing = 12 in ok 
Pb =0.85*(p'(f c/fyr(87/(87+fy)) Actual -> p= 0.005014 

pm» =0.75«pb 

Amax =Pm«*b*d 

Pm« =greater of (3*SQRt(fc)/fy) and 200/fy 

d = thickness-cover-stirrup diameter-bar diameter/2 
dc = covertstirrup diameter + bar diameter/2 

A = width*2*(cover+(diameter of first layer of bars)/2)/#Bars 
#8ars = Width/spacing 
EC = S7000'SQRT(fc) 
n = Es/Ec 
NA = [-As*n'#BARS+((As'n'#BARS)A2^(2'As<n-)S(BARS-b-d))A(1/2)l/b 
fs = [Ms/#BARSJ/[{d-hW3)*As] (Reinforced Concrete Mechanics and Design, MacGregor, pg 343) 
z = fs^dc'AJ'XI/S) (ACI-318 10 6 4) 
Required = (175 or 145)'1 2/p 
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FOSTER WHEELER ENVIRONMENTAL CORPORATION 
133 FodoraiSteMt 5* Boot-Boston, Massachusetts 02110 

Phong ffEMSTHOBH Roc tttT-457«843ffl8499 

I D E N T 1 A L. 

From: To: L.Q c--< 

(todcovar) v>. y. 

O nimmm Cc >1Up<y 

tj<«c c TO 

We offer a futt rar^e of enviraransntal consulting, 

Ragulatory Cooipianca and Pamrffing Riak-flasod Managcxnant Servian 
Natural Rasourca Management and Investigations 
Air, 

Rarradiabon 
Economic. Seed and CuJtural Sovicsj Oparatkxw and Maintenance 
Occupational Safety and HeaWi Hazardous and Nuctear Waste Managamefit 

Our miss/on is to conduct a global business dncted toward daaning up and protecting tfia env/ronmarrf wn/te 
fedtoftng econom/c growth, and to do so in a safe, compliant, cosMflacfive manner. Of paramour* /mportartca to us 

/Vjg afenf Serwcfl Qua//(y* **rt/cn trarK/a<as to responsiveness and bast value. 

If you 4* not t*c.h~ aU(»g** ofthto fmcmimllm tr*H*mi*t*l, pAi**. notify *+nd*r Immediately. 

;!XSIm^maaa^apiM«^^oafl&ier^iiifoim3^ 
rf (no ««̂  rf tfw /nwsagn tf n* tfw intend̂  m^^ 

iSiafy poV^W /T>w /ww rtcs^^ te ow^^ 
tf» ongjjrf m«oao« to us af (W AMIaddoxu wa «• US. Aista/ S*v*». 77>*ik you. 

. iMxCVB»_t>OC 
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FOSTER WHEELER USA CORPORATION
 

DATE: I 
^ COMPANY: FROM: 

COMPANY:. FW USA 

TEL NO: FAX NO: (906)730

FAX NO: NO. PAGES: C2. tiNCL COVER) 
CC:
 

NOTE: Please call sender a (908) 730- £b 1 if you do not receive all pages indicated above.
 

MESSAGE 

SUBJECT : U 

"TUAT fetj / L-Q //V CCT 

Tn 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

FAX MEMORANDUM
 

From: \ iAC/U Phone Number: O (=> (~ 6) 31 -

FaxNumber: 1 " 

Number of Pages: 

Subject: 

Date: I I 4J 

Text: 

5300 B(okcu Soiuid Blvd., Suiic 110 
Boca Raton. FL 33487-3509 

Tel. 56l-237-im Fax 561-237-1890 

09:33 15612371890 PflGE.01 

http:PflGE.01
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FOSTER WHEELER ENVIRONMENTAL CORPORATION 
133 ftdnttStmtS^ ROOT-I 

O N N T 1 A 

T<K 
From: t F, 

0308 (hdLoowr) 

ai*9«nt DForYour 

TO f< -<v 

YD 

sutttag. engkwaring. and ranwda&on sarvicM to Mu^ and Govoounent Thasa sarvtoas hduda: We tiStr a W f»g« of 

Rsk-Basad Managamant Services Regubfcxy Compianoa and PennBhg
 
Assessments and Investigations Natural Resxra Uanagement
 
Remedial Design
 
Ramedlaton
 S«vices
 
Operations and Mantananca Economic. Social and CuNml Services
 
Hazvdoua and Nudaar Waste Uanagamant Oocupatkjnal Safety and HwWi
 

Our mission is to conduct a 
fadtttating economic ywth, and to do so in a safe, compfatt, cort-e/fectfw manner.Of paramount importance to us 

is provting Client Sorvica Qualify* which translatestomsponstvenass andbastvaiue. _ 

If you do not rmc*iv» »tt f*g<* of thl* f*c*tmO* tnuumtttml, pl**s* notify tmador Immrtlmtoty. 
j^ii^oinallmcaftthtayilhafasi^iMSU^apm*^ 

raq^ 
iii!lic4yprtViirtdffytx//i8Vt/»cart^ttnca 

tfM onpat mnagt to to atOm atow Jdttrasi «• ff» W.S. Post* Stntca. Honk you. 

J-M-l'AXCVtR.OOC 
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FOSTER WHEELER USA CORPORATION
 

TO: DATE: 

COMPANY: FROM: 

COMPANY: - FW USA 
FAX N0:TEL NO:  (908)730- Si fee 

FAX NO: 84<5& NO. PAGES: <Z tiNCL COVER) 

CC: 

NOTE: Please call sender a (908) 730- St if you do not receive all pages indicated above. 

MESSAGE 

SUBJECT: 

TUAT 



tu ?mai.3-y<xi~XK) -- D r. 

TO 916174578438 P.02 JPM 03 2002 3:34 PM 

01 
aL . .« L .g- -a ,9o7 Li AJ .4 /- -I, U -v f> •»] r^ 
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FOSTER WHEELER USA CORPORATION
 

TO: DATE: 

COMPANY: FROM: 

COMPANY: FWUSA 

T6L NO: FAX NO: (908) 730

FAX NO: NO. PAGES: *S liNCL COVER) 

CC: 

NOTE: Please call sender a (908) 730 £>I if you do not receive all pages indicated above. 

MESSAGE 

SUBJECT: 

. POMP 

To
 

A=
 



IU 5 P. 05/05 JflN 03 2002 12:04 PM FR 
TO 916174578498 P.03/05 

'{ -/ AS.S, S ./ ..-32
 

^ 



r.taisj. ( 

FOSTER ENVIRONMENTAL CORPORATION 
Button, Mmachusatts 021 10 

O N N T I A L 

From: pot. r< To: ajft /Jy I 

(hbLcowr) 

a For Your hitowrtlou 

"V \\ 

TD 

Vta af^a ̂  rwg« of anvaonimnt̂  oansutling. engineaang. and 

Risk-Quad Management Ser«» t Compfanco and PenwUng
 
AsansflMnts and Investigations Natural Resource Management
 

Air, Water and Wastawatef Enginaaring
 RBRMdaiOosign
 
BcjotogicaWGaotciancB Sarvices
 Ranmfiation
 
Economic; Social and Guttural Sarvioos
 Qparstfona and Mantananca
 

Hazarfoua and Nucfear Waste Managwmnt Occupational Safety and HaaWi
 

i gfo&a/ bt/s/ness diradm/ towwd cfea/wjg t<p andproted&ig tfjeenwonmeflf white 
facilitating economic growth, and to db so in a safe, comp&rt. cosM/fectfve manner. O/paramount tmportancs to us 

is p/ovxfeig Cfefrf Sa/vfca Quaffly* wrtcn trans/ates to re^ponweness and ba^ vafue. 

/K»* rwc*fvw a/tpmg** oftM* notify *mnd+r ImoMdlmtely. 

rto MmutJbn cirtMMrf ̂ M ACSMI* ffiKu^ n /»M |̂̂  ar̂  

^ cofflmuxatibn a iMtypnMbî  /Tyou/i»« /WM^ttA ca^^
 
tfM ori)ra( amsagt (o ia a< tf» abow adBrass vta ffw U.S. Postal S«wt TJiank you.
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FOSTER WHEELER USA CORPORATION
 

TO: DATE: 

COMPANY: FROM: 

COMPANY: FWUSA 

TEL NO: FAX NO: (908)730

FAX NO: NO. PAGES: (iNCL COVER) 

CC: 

NOTE: Please call sender a (SOS) 730- St if you do not receive all pages indicated above. 

MESSAGE 

SUBJECT: 

no KIPS \ 

TUAT i»r 

***?
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FOSTER WHEELER USA CORPORATION
 

DATE: 

OMPANY: FROM: 

COMPANY: FWUSA 

EL NO: FAX NO: (908)730- StC/3 

NO. PAGES: *S "" liNCirCOVER) 

D: 

C: 

DTE: Please call sender a (908) 730- S> I S <o if you do not receive all pages indicated above. 

MESSAGE 

UBJECT: ^Leo ft. / Co L. 

Tb€T 
To 



*» m i «-̂ -* «̂ «_*jc. *. -* - ̂ / A i i \ i (ĵ j i »_i % vmi lc.o_CZ/\
 iu
 
JftN 08 2302 12:04 =f1 FR
 

,r T0916174578498 P.02/05
 



DU3IUIN IU yi281596030S 5 P.06/1? £N 08 2002 12:05 PH FR 
TO 916174578496 P.05/05 

INDIVIDUAL ROLLERS .75-75 TONS 

NT Style OT Style 
OU. 

A variety of lop plate styles, exceptionally strong materials of construction^ and a wide 
range of modification possibilities make OT, T, and NT Rollers tha Due OEM leaders of 
the Hitman linel Rollers in this series are built for long IHe and a wide range of operat
ing conditions. 

For basic linear motion, these rollers ara used as bearing slides, conveyors, guidss, 
casters or dollies. Typical applications include the straight motion required for thermal 
expansion under a furnace or heat exchanger, as slides under nuclear shield doors. 
Upside down as a conveyor in heavy di« handling carts, in concrete forming for the 
casting and curing process as wel in the launching of heavy segments, attached to a 
cradle for the launchng of hug« sf»ps, or as * heavy duty wheeHike davica to moWiM 
grandstand Mais. 

r 
G 

f-o 
tx* 

_>< .•̂-̂  

rhe OT type has an oversized |op. the T type has a flush top, and the NT type has a 
ong na/row jop. The top plates add extra strength to the frame and variety to mounting 
aoabilities. making one type ideal lor cavity mount, bolt-on or weld mount OT and NT 
Rollers are available wilh standard top plate sizes and mounting hole patterns, which 
an be modified to customer specifications. Hitman Elastomer*: Preload Pads are avail
ible in either fabric imoreanated or neoorene form for each roller model. 

NT 
JTYlC 

PRODUCT NUMBERS 
Or MT T

>TYL£ STYLE STYLE

75-OT 

TT 

•-S-OT 

••or 

I-OT 

S-OT 

IO-OT 

I7S-OT 

O-OT 

S-OT 

.7S-NT 

1-NT 

2.S-NT 

s-Nr 

e-NT 

1S-NT 

20-NT 

375-NT 

SO-NT 

7S-NT 

.7S-T 

1-7 

2.S-T 

S-T 

»-T 

IS-T 

20-T 

37 S-T 

SO-T 

7S-T 

 CAPACITY 
 (TOHS) 

.75 

1 

2.5 

S 

B 

IS 

20 

37.S 

SO 

75 

3/* 
19 
1 

25 
3/< 
19 

SU 
19 
3M 
19 

1-Sfl 
41 

1-S/B 
41 

2 
Si 

3-3/« 
K 

1-1/4 

32 

2-1/2 3/8 
6* 10 

2-1/2 3/8 
6* 10 

2-1/2 3/e 
64 10 

3-1'4 3/B 
83 10 

3-1M 3* 
83 10 

3-1 1/16 S/8 
9< 16 

3-11/16 S/B 
S< 16 

5-1/2 3/4 
140 19 

S-l/2 3/4 
140 19 

4-V< 1 
23S JS 

11/1S 
17 

1116 
17 

15/16 
2< 

IS/16 
24 

IS/16 
Zi 

1-3/16 
30 

1-3/16 
30 

i-s/e 
41 

1-5/8 
41 

1-1S/K 
49 

3/8
10 
3/8
10 
3/e 
10 

7/16 
11 

7/1 « 
11 
1/2 
13 
1/2 
13 
S/8 
16 

S/8 
16 
1/J 
13 

DIMENSIONS (INCHES / uui 
I 

3-1/8 
79 

2-2/8 
60 

3-S/8 
92 

3-1/8 
79 

3-1/8 
79 

3-7/8 
98 

3-7/8 
98 

S-1/2 
140 

5-1/2 
140 

6-3/4 
171 

7 
178 
6 

1S7 
7 

178 

8 
203 
8 

203 
10 
2S4 
10 

2S4 
12 
305 
12 

305 
14 
356 

5-1/2 
140 

4-3/4 
121 

S-1/2 
140 

«-3« 
171 

6-3/4 
171 

8-1/2 
216 

8-1/2 
216 

10-1/2 
267 

10-1/2
K7 

11-1/2 
292 

8 7-1/4 
203 184 

203 178 
S-1/2 8 
241 203 

11-3f< 10-1/8 
293 257 

11-3/4 10-1/3 
298 257 

14.3/412-11/16 
375 322 

14-3/412-11/16 
37S 322 
21 18-3/4 
£33 476 
21 18-3/4 
533 476 
27 24 
686 £10 

2 
SI 

51 
2-7/16 

62 
2-7/16 

62 
3-5/16 

8« 
2-3/4 

70 
4 

102 

3-1/2 
89 

3-1/2 
89 

3-518 
92 

6-1/2 
1ES 

152 
6-1/2 
165 
8 

203 
8 

203 
10-S/8 
270 

10-5/8 
270 
15 

381 
18-1/2 
470 

21 
S33 

3-1/2 
89 

89 
4 

102 
40/2 

114 
5 

127 

S 
127 

6-1/2 
165 
7 

178 
7 

178 

70/2 
191 

3-5/8 
92 

3-9/18 
91 

4-1/8 
105 

4-7/16 
113 

S-S/16 
US 

son 6 
132 

6-7/16 
164 

7-1M 
184 

7-1/4 
184 

7-3/8 
187 

5/16 
8 

9/16 
14 

3/1 6 
14 

9/1 S 
14 

9/16 
14 

11/16 
17 

11/16 
17 

13/16 
21 

13ns 
21 

M/16 
27 

coiorr ISS/KC 
S ROLLS OT NT 

2 
51 

1-7/8 
48 
2 
51 
3 
76 
3 
76 

2-5/16 
59 

3-1/2 
89 

4-1/4 
108 

4-1/4 
108 

S 
127 

6 

6 

4 

5 

a 

S 

S 

6 

a 

7 

12 
S 

13 
6 

21 
10 
22 
10 
25 
11 

46 
21 
49 
22 

121 
ss 

147 
67 
241 

109 

12 
S 

12 

1 
S 

21 
10 
23 
10 
44 
20 
49 

22 
1M 
52 

141 
6< 

22'. 
103 

NT SERIES TURNTABLES 

• OT £GfflES ROCKCR TOPS 

I NT Series rollers m =apaa(ies from 5 

Jles bolt to (he base roller unit and aflow the roller lo 
PRODUCT NUMOC/ <s n r$ OiuCMliS »»ĉ ^ weia 

: freedom of lateral molion in Aocu-Roll applications TUANT4.9LCS / AOCK cat noccca IN|MU| ̂ >̂̂  TUBNr*8L£S 
acks aren1! perfectly parallel. Connection hardware is included ror T-NT IMP TflC MOOCL A U L81 ItCS 

-̂̂  T s o  r TJ*TT S-IRP 5-lfiP 5-0Tir-T 1-1/2 o» 6 15 j 4-Mi 1 1 r~~st̂  ' 
««<*• n-RPi and Lonoitudmal (LflPl Rccker tons (or the OT Senes T-tOT T-S-NT «-i.rt? e-t«p IOT/WT 1-1/7 M 6 l$J 4<V1 1 I 1 <c>>-^ 

** TOTftL PfiGF 0 
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531 Otd Swede Roaq 
OougljssvHlt. PA 19S18 
Phone: 610-385-6061 American Crane & 
Fa>t6lO-3BS-3)31 Equipment CO 

Fax 
TO: Foster Wheeler-Lee Merville From: Paul Smyk 

Fax: 908-730-5169 Date: January 7.2002 

Phon«: c: 2 

Re: New Bedfofti Crane CC: 

D Urgent 0 For Review O Please Comment O Pl«ase Reply Q Picasa Recycle 

We have developed a preliminary quotation for the New Bedford Crane, and the car 
puller. Also, 1 have increased the weights slightly as a result of further investigation, 
and compromising on a 75 ft. span. I think you will probably still be ok regarding the 
column loads. Pricing is based on the following: 

ITEM #1 Container Crane 

Capacity: 30 tons at nameplate (below grapple)
 

Design Capacity 40 tons
 

Rating: CMAA Class E
 

Span: 75 Ft.
 

Lift: Approx 26 ft. on drums
 

Power Supply: 460-3-60 AC
 

Hoist Speed: 18 FPM Variable 

TVol/ey Speed. 100 FPM Variable
 

Bridge Speed 150 FPM Variable
 

Operator's Controls. Enclosed cab w/ AC and Heat
 



Jan 07 02 02:19P 

Back-up Controls: Remote Radio System 

Trolley Weight 1 6,000 Ibs 

Bridge Weight 50,000 Ibs 

Wheel Load: 30, 000 Ibs using 8 wheels, 15 inch diameter 

Full length walkway on bridge and trolley 

Cranelights: (4) 400 W HPSV mounted on walkway 

Lift points: 2 included for interface with BROMMA container grab 

Crane Price ........................ $525,000 EACH
 

Container Grapple Price ........ $150,000 EACH
 

Price includes runway rail and electrification for (2) cranes on same runway. 

ITEM *2 Cable Haul System
 

Capacity: 10.718 Ibs
 

Centerline to Centerline of System: 152'-0" (Drum to Tension Sheave) 

Operator's Controls: Console with pushbuttons 

System Price $90,000 EACH 

Prices do not included installation
 

Prices are FOB, Douglassville, PA
 

Delivery is approximately 20-22 weeks ARO
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FOSTER WHEELER USA CORPORATION
 

DATE: O: 
FROM: 

COMPANY:	 FWUSA 

FAX NO: (905)730EL NO: 
NO. PAGES: £=» (iNCUCOVER) AX NO: 7- 

1C: 

IOTE: Please call sender a (90B) 730- E> i if you do not receive all pages indicated above. 

MESSAGE 

SUBJECT: 

(T\ /I
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FOSTER WHEELER 



m (Of» 
FORM «eo«-6 FOSTER WHEELER 



r	 CP-3231 (600 Series Drives)
 

Section 4	 OUTLINE DIMENSIONS | Issued: 10/96 [Supersedes. 

ACCESS COVER 

3"GuiOE BAR (2*) 
(SCHEDULE 40 PIPE) 

(NOT 8Y ITT FLYGT. CUT 
TO LENGTH AT ASS'Y) 

STD.	 CLASS 125 
c.i.	 FLANGE 
(NOM. SIZE) 

L 

0 NOTES: 
1 DIM. TO ENDS OF GUIDE BARS 

2. REPRESENTS CLEAR INSIDE EDGE 

OF ACCESS FRAME OR OPENING. 

3. RECOMMENDED VALUE VARIES WITH 
& FLOW. SEE SEP. BROCHURE 
^\	 REF L 

"PUMPING STATIONS WITH LARGE 
— A -— 

SUBMERSIBLE CENTRIFUGAL aUWPS" 
> 

4. EXPLOSION-PROOF DRIVE UNITS 
DISCH 

ARE IN PARENTHESES. 
^

1
 1 

H	 INOM. DRIVE WEIGHT(LBS) - MOTOR 
;SIZE UNIT OlSCH E] k1, DIA. ANCHOR	 

PUMP 
605 (615) 2555 

BOLT (4x) 8' 275 
VIEW 565 (67S)j 35-35-XX 2840 275 

8 665 (675)|35-45-XX 2905 275 
ALL DIMENSIONS IN INCHES 

MOM DRIVE	 D-'MENSIONAL CHART 
SIZE UNIT BTc D F n K_ _L_ M N _R_ U V 
8"	 605 (615) 61 32 51} 671- 37}
 

665 (675) 91 19J|15? 677 32~ 51} 12* 151
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MultiDrairiiTM Page 1 of2 

Mu Iti DrainiMPawu*^^^ 

The trench forming system for projects requiring lined trenches. 

MultiDrain is a trench forming system with a leave-in-place form liner. Z frame and other patented 
features. The Frames and Channels may be manufactured in Galvanized Steel (typical) or Stainless 
Steel. Trench covers are available in a wide variety of materials and load capacities. Grates are available 
in gray cast iron (typical), ductile iron, painted steel, galvanized steel, stainless steel, aluminum and 
fiberglass. Load capacities from pedestrian traffic to commercial and military aircraft. System sizes 
available from 4" to 24" wide and deep. MultiDrain is versatility! 

[Home] [Free Info] [EpOQoDraJn] [Specifications] [EZ Form] 
[Aviation Series] ICalctLB.aslns] [MultiDrain] [E-Z Frame] [E-mail] 

MultiDrain Systems 
Atlanta, Ga. 

Phono: 1-800-433-1119 
Fax: 1-800-731-9636 

f ̂ \ Copyright 2000 by MultiDrain Systems 

1/15/2002 http ://wv/v/. mu Itidrainsystems xom/multidrain.htm 

J9N 18 2002 14:34 15612371890 PftGE.02 

http:PftGE.02


EconoDrain	 Page 1 of4 

EconoDrairiTM 

Precise trench forming made simple and affordable. 

Patent* 4993676 

1. Frame Assembly 
2. Spacer Rod 
3. Alignment Tab 
4. Hex Bolt 
5. Anchor Stand 
6. Expanded Polystyrene (EPS) Form-
Center Wedge 
7. Expanded Polystyrene (EPS) Form-
Outer Section 

EconoDrain provides versatile and durable surface drainage for a wide variety of 
applications. Available with standard .50% slope, neutral or special slopes. Designed to run 
further with continuous slope than other forming systems, without costly optional 
components. Gratings available for light to extra heavy loads. Standard EconoDrain widths 
of 4". 8" and 12" are available. For other widths see the EZ Form system. 

Grates 

Series 4 Series 8 Series 12 

.\m\\w-1'	 Gray Iron 
(Standard) 
or Ductile 

Iron 
Enlarge Enlarge I Enlarge | 

IF 

1/15/2002 http://w\vw.multidrainsystems.com/econodrain.htm 

18 2002 14:34	 15612371890 PftGE.03 

http:PftGE.03
http://w\vw.multidrainsystems.com/econodrain.htm
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EconoDrain	 Page 2 of 4 

AD AI 

Galvanized 
or 

Stainless 
Steel 

Available Available
 
Gratings: Frames:
 

•	 Gray Cast • Coated 
Iron Steel 
(Standard) • Galvanized 

•	 Ductile Steel (Hot-
Cast Iron dipped) 

•	 Galvanized • Stainless
 
Steel Steel
 

•	 Stainless
 
Steel
 

•	 Fiberglass 
•	 Cast
 

Aluminum
 

Easy Installation If pictures don't completely load, dick "refresh" or 
"reload" 

Mount system on rebar driven into the ground. Level and tighten. Place 
concrete. 

Cut and remove 1/4" rods welded between frames Remove center form 

httpr/Avww.muUidrainsystems.com/econodrain.htm 1/15/2002 

JflN 18 2002 14:3^ 15612371B90 PflGE.04 
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EconoDrain Page 3 of4 

wedge. 

Remove outer form. Clean debris from frameseat. 

Install Covers. 

1/15/2002 

JQN 18 2002 14:35 15612371890 PQGE.05 

http://www multidrainsystems com/econodrain.htm 

http://www


EconoDrain Page 1 of 4 

EconoDrainrM 

Precise trench forming made simple and affordable. 

Patent* 4993878 

1. Frame Assembly 
2. Spacer Rod 
3. Alignment Tab 
4. Hex Bolt 
5. Anchor Stand 
6. Expanded Polystyrene (EPS) Form-
Center Wedge 
1. Expanded Polystyrene (EPS) Form-
Outer Section 

EconoDrain provides versatile and durable surface drainage for a wide variety of 
applications. Available with standard .50% slope, neutral or special slopes. Designed to run 
further with continuous slope than other forming systems, without costly optional 
components. Gratings available for light to extra heavy loads. Standard EconoDrain widths 
of 4", 8" and 12" are available. For other widths sea the EZ Form system. 

Grates 

Gray Iron 
(Standard) 
or Ductile 

Iron 

1/15/2002 httpV/www.multidTainsystems.com/econodrain.htm 

JAN 18 2002 14-'35 15612371830 PflGE.08 

http:PflGE.08
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EconoDrain	 Page 2 of4 

kr-. 
)	 j ADA 

'Enlarge j Enlarge j 

Galvanized 
or 

Stainless 
Steel 

Enlarge j 

Available Available
 
Gratings; Frames:
 

•	 Gray Cast • Coated 
Iron Steel 
(Standard) • Galvanized 

•	 Ductile Steel (Hot-
Cast Iron dipped) 

•	 Galvanized • Stainless
 
Sted Steel
 

•	 Stainless
 
Steel
 

•	 Fiberglass 
•	 Cast
 

Aluminum
 

Easy Installation If pictures dont completely load, click "refresh" or 
"reload" 

Mount system on rebar driven into the ground. Level and tighten. Place
 
concrete.
 

Cut and remove 1/4" rods welded between frames.Remove center form 

1/15/2002 http://www.multidxainsystems.com/econodrain.htm 

JAN 18 2002 14:35 

http://www.multidxainsystems.com/econodrain.htm
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EconoDrain Page 3 of 4 

wedge. 

Remove outer form. Clean debris from frameseat. 

Install Covers. 

1/15/2002 http://www.multidrainsystenis.corn/econodrain.htm 

J3N 18 2002 14:35 15filPT71fl90 PftGE 03 
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4" Specifications Page 1 of 2 

Trench Drain Specification 

Short Form - Three Manufacturers 

4" Systems 

The following specification is foe a 4" wide H-20 loading system with a 5-1/2" -6' 
wide grata. These systems are suitable for Indoor applications and selected-
outdoor applications that require H-20 loading. Caution should be exercised In 
specifying 4" systems in outdoor, roadway, and parking lot applications due to 
the susceptibility of all small systems to clogging. Alternate grates for ADA 
applications are Included. In areas subject to solid tire forklift traffic or vehicles 
turning while on top of the grate, a ductile iron grate maybe advisable. 

Manufactured Trench Drains: 

Trench drains shall be a pre-engineered. manufactured system that conforms to 
the design loading requirements of AASHTO H-20 and HS-20 with the following 
minimum requirements: 

1. A method of forming a round bottom channel pre-sloped to a minimum of .5% 
(1/16" per foot) installed in standard eight foot sections. [Specifier may 
substitute flat bottom or vaebottomj 

2. A steel, cast iron, or ductile iron frame with anchors at 45 degrees Into the
 
surrounding concrete.
 

3. A cast iron or ductile iron grate conforming to Federal Specification RR-F
621C.
 

4. A locking device which directly connects the grate to the frame. 

Acceptable systems are: 

EconoDrainTM ; Series #4 with steel frame and grate #EG-0424-CI-B by 
MultiDrain Systems (800) 433-1119. [Specifier may substitute HEG-0424-DI-B 
for ductile iron grate orttEG -0424-CI-ADA for ADA compliant grate]. 

Flo-ThruTM; Model Z-806 with steel frame and grate ffZ-806-CG by Zurn. (716) 
665-1132 

[Specifier may substitute XZ-806-DG for ductile Iron grate or #Z -806-HPD for 
ADA compliant grate]. 

AGO Drainrw : FG 100 System with steel frame and grate #460by AGO Polymer 
Products . Inc. (216) 285-7000 

[Specifier may substitute #461 for ductile Iron grate or #477ADA for ADA 
compliant grate]. 

Alternate systems must be submitted for approval prior to the bid date. 

http.V/www.multidrainsystems com/4spec.htm l/l 5/2002 

JflN 18 2022 14:36 15612371830 PflGE.09 

http:PflGE.09
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8" Specifications 

Trench Drain Specification 

Short Form -Three Manufacturers 

8" Systems 

The following specification Is for a 8" wide H-20 loading system with a 10" wide 
grate. These systems are suitable tor Indoor applications and outdoor 
applications that require H-20 loading. Alternate grates for ADA applications are 
included. In areas subject to soUd tire forklift traffic or vehicles turning while on 
top of the grate, a ductile iron grate may be advisable. In areas where large 
volumes of fluid must enter the system in a short period of time, a steel bar grate 
may be advisable. 

Manufactured Trench Drains: 

Trench drains shall be a pre-engineered. manufactured system that conforms to 
the design loading requirements of AASHTO H-20 and HS-20 with the following 
minimum requirements: 

1. A method of forming a round bottom channel pre-sloped to a minimum 
of .5% (1/16" per fooLJInstalled "m standard eight foot sections. {Specifier 
may substitute flat bottom or vee bottom], 

2. A steel, cast iron, or ductile iron frame with anchors at 45 degrees into the 
surrounding concrete. 

3. A cast iron or ductile iron grate conforming to Federal Specification RR-F
621C. 

4. A locking device which directly connects the grate to the frame. 

Acceptable systems are: 

EconoDrainrw; Series #8 with steel frame and grate #EG-0824-CI-B by 
MultiDrain Systems (800) 433-1119. [Specifier may substitute #£6-0824-01-8 
for ductile Iron grate or #EG -0824-CI-ADA for ADA compliant grate]. 

FIo-ThruTM; Model Z-886 with steel frame and grate #Z-812-CG by Zurn. (716) 
665-1132 [Specifier may substitute #Z -812-HPD for ADA compliant grate]. 

ACO DraintM: FG 200 with steel frame and 10" cast iron grate by ACO (216) 
285-7000 

[Specifier may substitute "10" Ductile Iron" for ductile iron grate or "10" ADA 
Compliant Grate'for ADA compliant grate]. 

Alternate systems must be submitted for approval prior to the bid date. 

Back 

21010/015 

Page 1 of2 

1/15/2002 httpV/www.multidrainsystems.com/Sspec.htm 

JflN 18 2022 14--3S
 15612371830 PflGE.13 
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EZForm Page I of 3 

EZ FormTM 

The surface drainage solution for projects requiring trenches wider than 12". 

Temporary Spacer Angle 
EPS Form 

EZ Form is available in virtually any width and depth and Includes our patented Z frame and spacer angle 
configuration designed to provide an easy, yet precise installation with excellent results. A wide variety of 
gratings are available to meet the requirements of most projects. 

Available Available Frames: 
Gratings: 

. Galvanized Steel (Hot
• Gray Cast Iron dipped) 
• Ductile Cast • Stainless Steel 

Iron 
• Galvanized 

Steel 
• Fiberglass 
• Cast Aluminum 

1/15/2002 http://wvAv.multidrainsystems.com/ezform.htm 

18 2022 14:36 15612371990 PflGE 

http://wvAv.multidrainsystems.com/ezform.htm
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12" Specifications Page 1 of 2 

Trench Drain Specification 

Short Form - Three Manufacturers 

12" Systems 

The following specification is for a 12" wide H-20 loading system with a 14" wide 
grate. These systems are suitable for indoor applications and outdoor — 
applications that require H-20 loading. Alternate grates for ADA applications ere 
included. In areas subject to solid tire forklift traffic or vehicles turning while on 
top of the grate, a ductile iron grate may be advisable. In areas where large 
volumes of fluid must enter the system tn a short period of time, a steel bar grate 
may be advisable. 

Manufactured Trench Drains: 

Trench drains shall be a pre-engineered, manufactured system that conforms to
 
the design loading requirements of AASHTO H-20 and HS-20 with the following
 
minimum requirements:
 

1. A	 method of forming a round bottom channel pro-sloped to a minimum
 
of .5% (1/16" per foot.)installed in standard eight foot sections. (Specifier
 
may substitute flat bottom or vee bottom].
 

2. A steel, cast iron, or ductile iron frame with anchors at 45 degrees into the
 
surrounding concrete.
 

3. A cast iron or ductile iron grate conforming to Federal Specification RR-F
621C.
 

4. A locking device which directly connects the grate to the frame. 

Acceptable systems are: 

EconoDrainiM ; Series #12 with steel frame and grate #EG-1224-CI-B by
 
MultiDrain Systems (800) 433-1119. [Specifier may substitute HEG-1224-DI-B
 
for ductile iron grate or #EG -1224-CI-ADA for ADA compliant grate].
 

Flo-Thru TM; Model Z-886 with steel frame and grate #2-812-CG by Zurn. (716)
 
665-1132/Spec/fier may substitute #Z -812-HPD for ADA compliant gratej.
 

AGO Drain™; Aquaduct 12" System with 14" Cast Iron Grate (216) 285-7000 

[Specifier may substitute "14" Ductile Iron" for ductile iron grate or "14" ADA
 
Compliant Grate" for ADA compliant grate].
 

Alternate systems must be submitted for approval prior to the bid date. 

Back 

http://wvAv.multidrainsystems.corn/ 12spec.htm 1/15/2002 

18	 2022 14--3S 

http://wvAv.multidrainsystems.corn
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EZFonn Page 2 of3 

36" 

-Top of frame at finished grade 

Slope ana'. : 
dtpth vanes.Tr! 

2 Frame -ST/ 
B |wiOTH|S|.OPe|L6NOTH DEPTH 

REFER TO ECONOORAIM SYSTEMS 

12" 14" JSH 
16" 17" 
18- 20 1M" 20" 
24" 26 1AT 

Expanded Custom SJoots and OootM 3</3J!4PStPolyctyreno •6OUED ORATES OPT1ONAI Fo«m 

E2 Form with I Frame Designed to EL Form with I Frame Designed 1o 
Accommodate a Heavy Duty Grate Accommodate a Light Duty Grate 

Sidewalk/Utility Trench Series 

Stael Plate Cover 

EPS Form 7 Bull-nose Frame 

1/15/2002 http ;//www.m ulti drainsystems. com/ez fonn.htra 

JflN 18 2082 14:37 156:2371990 PftGE.13 
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Catch Basins Page 1 of2 

Catch Basins
 
MultiDrain Systems features catch basins to meet the requirements of virtually any project. 
Our catch basins utilize steel frames (coated, galvanized or stainless steel) with expanded 
polystyrene forms. Catch basin forms may be used with any of our trench forming systems 
including the MultiDrain and Aviation systems. Covers are available in the same materials and 
loading as the various trench forming systems. Custom form configurations are also available. 
Please call for pricing and availability. 

24" , 

9 T 9 
#4-24 Catch Basin 

#8-24 Catch Basin 3
12- 1 

• 14.: 

24"

l> 1 
25" 

-*— 24^— • -241/2" — 
i T T8 1 9 

#24^4 Catch Basin #12.24 Catch Basin 
_ 24" 

i11 
Ji-

VJ 1 * 
IJ I M 'I 

] IK _J« WTL. -24" 

u »*• 

34- • 

#24-42 Catch Basin 

-,' 1-3 «-| Custom catch basins available. UlJ W*J 

r 24"- Please call for pricing and 
^-J n-. availability. 

171 /T 
1/15/2002 

J3N 18 2022 14:37 15£123718S0 PPGE.14 
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Catch Basins Page 2 of 2 

fHome] [Free Infol [EconoDrainl [Specifications] [EZ Form]
 
[Aviation Series] [Catch Basins] [MuIliQraiQ] [E-Z Frame] [E-mail]
 

MultiDrain Systems
 
Atlanta, Ga.
 

Phone: 1-800-433-1119
 
Fax: 1-800-731-9636
 

>V Copyright 2000 by MultiDrain Systems 

1/15/2002 http://www.multidrainsystems.com/catchbasins 

J3N 18 2082 14:37 

http://www.multidrainsystems.com/catchbasins


CALCULATION COVER SHEET
 

Sheet 0 of 54 

PROJECT New Bedford Harbor Superfund Site OU#1 

SUBJECT Footing Design 

CLIENT U.S. Army Corps of Engineers - New England District (USAGE -* NED) 

CALCULATION NO. S-02 PROJECT NO. 5197.1720.9302 

NO OF SHEETS DESIGN LEVEL 

CALCULATION BY OTHERS YES NO 

PREPARER J. Zhao 

REVIEWED BY M. Hsieh DATE 

ASSUMPTIONS THAT REQUIRE CONFIRMATION YES NO 

ASSUMPTIONS CONFIRMED BY DATE 

INT NAME, DATE AND INITIAL 

Rev No Affected Prepared by Checked by Verified by 
Sheets Date Date Date 

Engineering Procedure ENG-6 Attachment 1 Uncontrolled Copy 
Proprietary Information 



FOSTER WHEELER 
ENVIRONMENTAL 
CORPORATION 

Calculation Record 

Client Name: USAGE- New England District Page 1 of 

Project Name: New Bedford Harbor - Dewatering Facility Project No.: 5197.1720.9302.00010 

Calculation Title: Footing Design for Dewatering Building and Support Building 

Calculation No./File No.: Rev. 1 

Calculation Is: (check all that apply) ^ Preliminary Q Final Q Nuclear Safety-Related 

Objective Design reinforced footings fordewatering building and support building for both strength and service 

conditions. 

Unverified Assumptions Requiring Subsequent Verification 

No. Assumption Verified By Date 

1 No architectural drawings available at the time of 
calculation. Column reactions need to be verified once 
the drawings and certified data become available. 

2 

3 

See Page 2 of this calculation for additional assumptions. 

This Section Used for Computer Generated Calculations 

Program Name/Number Math CAD Version: 2001 

Evidence of or reference to computer program verification, if applicable: 
MathCAD consists of user defined worksheets. 

Bases or reference thereto supporting application of the computer program to the physical problem: 

Review and Approval 

Rev Prepared By Date Verified By Date Approved By Date 

0 Mandy Loeffler 1/25/02 

1 Jeff Zhao /̂ jF r̂ 4/26/02 



Summary of Footing Design 

The Rev. 1 of Footing Design for Dewatering Building and Support Building consists of 
1) Revised calculation of interior and exterior footings for the Dewatering Building per Mike Hsieh's 

comments on the 90% submittal. 
2) Newly added footing design for the Support Building. 

Allowable soil pressure used hi footing design were per discussions and the chart provided by Mark Otten. It is 
understood that, when soil pressure is limited within the range, footing settlement should be less than 1" 

The designers have consulted Dutton & Garfiedld, Inc., a Butler builder, and obtained column reaction forces for the 
Dewatering Building (see Appendix 1). Due to several afterward revisions of column locations, however, the origina 
data were no longer valid for the latest layout (but shall provide a reasonable baseline). Because of this, the worst 
loaded columns from the original data were selected in the design calculations. Refined design is suggested once the 
pre-engineered buildings have been contracted out and certified column reaction data become available. 

The column reaction forces of the Support Building were estimated manually by some simplified method. Again, 
once certified column reaction data become available, the Support Building footing design can be refined 

Content of Calculation: 

1. Dewatering Building - Interior Footings J? A
2. Dewatering Building - Exterior Footings O ti 
3. Support Building Footings -£> .̂4 ^ 
4. Appendix 1 



18

C. )esiqn Loads 
fu i'c > J ('JU\ 

External Load 

 dead load ?dl := 19.95-k / Qdl := 2.41-k Mdl := O-k-ft 

P" := °"klive load

wind load Pwind:=-15.34-k Q^j := 2.56-k Mwind:=0-kfl 

seismic load (doesnt control) 

Sum of external loads: 

Pe := Pdl + P,, + P^^ 
Pe = 4.61k • 

Qc = 4.97k 

M  :e = 
Me=0k-ft 

Footing Self Weight 

Pf = 9.1k 

Design Load for Soil Pressure 

Ps:=7s-(B-L-CrC2)-(De-D) 

Ps=9.7k 
P := Pe + Pf + Ps 

P = 23.4k • 

Q:=Qe 
Q = 5k 

M = 22.37 k-ft
 

Design Load for Footing Strength
 

Pul:= 1.4-Pf + 1.4.Pd,+ 1.7.P,, 

Pu2:= 0.75-(l.4-Pf + 1.4-Pdi+ 1.7-PU + 1.7-PW)nd) 

Pu3 := 0.9-(Pf + Pdl) + 1.3-Pwind 

footing-interiorl .mcd \ 



'p«f
 
PV:=	 Pu2 

Pu := max(PV) 

Pu = 407k 

Qul := 1 4-Qd, + J 7-QH
 

Qu2:= 075-(l.4.Qd, + 1.
 

QV:=	 Qu2 

Qu := max(QV) 

Mu]:=	 1.4-Md|+ 1.7-Mn 

Mu2 := 075-(l.4.Mdl + 1.7-Mn + 1.7-Mwind) 

Mu3 := 0.9-Md! + 1.3-Mwind 

MV:=	 MU2 

Mn, 

Mu := max(MV) + Qu.(h + D) 

= 2608kft 

footing-interiorl .mcd 

http:075-(l.4.Qd


D. Footing Sizing 

Eccentricity e :=
M 
— 
P 

e= ll.Sin <B/6 

Footing area provided A := B L A  5184 2 

Compared with required P 

Pall 
2

Atrial = 562.2 in OK 

E. Soil Bearing Pressure 

f-I .= 
A 

M 

B2L 

P 

3-L-I - -C
2 

B 

—. 
o 

pmax=1.27ksf 

F. Shear Strength Design - Beam Shear 

e,, := 

eu = 7.7 in <B/6 

Shear area (shaded area) 

footing-interiorl .mcd \ 



F1.Casel(eu<B/6) 

pu.nrm 

pu.max 

Soil pressure 

_ PU Mu 

Pu.max -~ ~*"" 
A B2L 

Pu.max= l-85ksf 

_ _ 
Pu.min -~ ~7 

A B -L Pu.min = 0.41ksf 

B
—

 C, 
+ — + d 

2 2 
Pd :~ Pu.min + (.Pu.max ~ Pu.min.)' 

B 

= 1.6 ksf 

Design Shear 
Pd + Pu.max 

MI :~ -"^hear 

Vu = 10 8k 

Shear strength 

4>Vn:= 0.85-2-(>/4000-psi).L-d 

4 .V n =11225k >V U , OK 

footing-interior! .mcd 



G. Shear Strength Design - Punching Shear 

B0:=2-(C1 

B0= 10.83ft 

p:= 

Pc:=max(p) 

P c = l 

Casel(eu<B/6) 

B 1<-1 + 

2 2 
Pi :— Pu.min ~*~ (.Pu.max Pu.min/' 

B 

= o.sksf 

B [ (Ci + d) 

2 2 
P2 -~ Pu.min "̂  \Pu.max Pu.minJ" 

B 

= 1.46ksf 

Design shear 

Vu = 32.4k 

Shear strength 

2 + — •1/4000-psi-B<}-d 
V := v. PcJ 

4-V4000-psi-B0-d 

<|»Vn := 0 85-min(V) 

footing-interiorl .mcd 



H. Flexural Strength Design 

H1.Casel(eu<B/6) 

2 2 
Pm '•- Pu min + (Pu max Pu.mmj' 

pm=1.31ksf 

Design moment 

c\\E  2 2 \ 
Mu.design •- Pm- T - ~ 'L - PmH T ~ ~ 

Mu design- 25.42 k-ft 

I. Overturning Check 

Overturning moment 

Mot:=M 

Mot= 22.37 k-ft 

Resisting moment 

Mr:=P-| 

Mr = 70.28k-ft 

FSot := 
Mot 

FSot = 3.14 > 1.5, OK 

J. Sliding Check 

Sliding resistance force 
F r : = H - P 

FS'sliding • 
Q 

FSsllding = 3.3 > 1.5, OK 

footing-interior! .mcd 
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Purpose: Sizing rentangular footing to support columns. 

Units: k:= 1000-lbf ksi := 1000-psi psf:=— ksf := 1000-psf kN := 1000-newton 
ft2 

A. Design References - _ _ 

Column reaction data from Dutton & Garfield, Inc. (See Appendex 1) 

B. Design Parameters 

fc := 4000-psi
 

fy := 60-ksi
 

rs:=0115~Soil unit weight 
ft 

Concrete unit weight yc .= 0.15— 
ft3
 

Allowable soil bearing •.= 6 ksf
 

Soil friction coefficient := 0 7 

Frost depth = 4 ft 

Trial dimensions of footing: 

B := 6-ft 
— = 12in 
6L := 6-ft BO 

h:=3-f t l\ 
Cj ~ 1.5-ft
 

C2:= 1.5-ft
 LJ 

D:= 1.5 ft 
Cl 

De:=4-f t M 

db:= 1-in B 

d:= D- 3-in- | - I 
.2 

d = 14.5 in 

footing-interior2.mcd 



C. Design Loads 
*?IA R^C L^"*--'—*" - t^ 

jij^^MGr/v/1External Load 

PdJ:= 1995-k Qdi := 2.41-k Mdj := 0-k-ft dead load 

"" -— 
V'Pjl^ 5649-k Qii = 7.10-k MU := 0-k-ft live load 

Qw nd := 2.56-k wind -~ ^ K 11 wind load Pwind:=-15.34-k M . . — O-k-.ft 

seismic load (doesn't control) 

Sum of external loads: 

Pe =61.Ik 

Qe := Qdl + Qll + Qwind 

Qe= 12.07k 

Mwind 
Me=0k-f t 

Footing Self Weight 

Pf:=yc.(B-LD 

Pf =9.1k 

Design Load for Soil Pressure 

Ps-ys-(B-L-C1.C2)-(De-D) 

P = 79.9k 

Q:=Qe 
Q = 12.1k 

M:=M c + Q-(h ) 

M= 54.32 k-ft 

Design Load for Footing Strength 

Pul-1.4.Pf+1.4-Pd)+1.7.P,, 

Pu2 := 0 75-(l.4.Pf + 1.4-Pd, + 1.7-P,, + 1 7.Pwlnd) 

Pu3:=0.9-(Pf 

footing-interior2.mcd 

http:75-(l.4.Pf


PV:=
 

Pu := max(PV) 

= 1367k 

:^ 0.75.(l.4-Qdl + 1.7-QH 

r»
Qul 

QV:= Qu2 

Qu := max(QV) 

Q u = 15.4k 

Mul := 1.4-Mdl+ 1.7-Mn 

Mu2 :- 0 75-(l.4-Md, + 1.7-M,, + l-7-Mwind) 

Mu3 := 0.9-Mdl + 1 3-Mwind 

MV:= 

VMU3/ 

Mu := max(MV) + Qu-(h + D) 

Mu = 69 5k-ft 

footing-interior2.mcd 



/ff
D. Footing Sizing 

Eccentricity

Footing area provided

 e := — 
P 

 A:=B-L

e = 8 2 in

 . - ,_ , .  2 
A = 5184 in 

 < B/6 

Compared with required
Atrial := 

P 

Pall 

Atna,= 1918in2 

E. Soil Bearing Pressure 

A B2-L 

B 
-. 
6 

F. Shear Strength Design - Beam Shear 

Mu 

?7 
6^=6.1 in < B/6 

Shear area (shaded area) /„ c 

Ashear^l - - ~ 'd[ 

Ashear-6.25ft" 

footing-interior2.mcd 



F1.Casel(eu<B/6) 

pu.nnn 

pu.max 

Case I 

Soil pressure 

Pu.max:= ~T + 6" A 
B -L 

Pu.max = 5.73ksf 

Pu.min: 

A B -L 
Pu.min= 

B C, 
— + — +d 
2 2 

Pd :~ Pu.min + (.Pu.max Pu.mia/' B 

pd = 5.06 ksf 

Design Shear 
Pd + Pu.max 

Vu := Ashe 

Vu = 33.71k 

Shear strength 

i|>Vn := 0 85-2-(/4000-psi) L-d 

<}>Vn = 112.25k >VU , OK 

footing-interior2.mcd 



/ fe 
G. Shear Strength Design - Punching Shear 

B0'= 2-(C] 

B0= 10.83ft 

P:= 

Pc:=max((3) 

G1.Casel(eu<B/6) 

B (Ci + d) 

2 2 
Pi -~ Pu.min "*" vPu.max Pu.min/" 

B 

= 2.93 ksf 

B | (Ci + d) 

2 2 
P2 :~ Pu.min + (Pu.max Pu.miiy 

B 

p2 = 4.67 ksf 

Design shear 

(Pl + P2) 
•(C,+d)-(C2 

V u = 108.86k 

Shear strength 

2 + — -^4000-psi-B0-d 
V:= 

4-V4000-psi-B0-d 

«|»Vn := 0.85-min(V) 

n = 405.34k 

footing-interior2.mcd 



H. Flexural Strength Design 

H1.Casel(eu<B/6) 

B C, 
— + — 
_2 2_ 

Pm -~ Pu.min + vPu.max Pu minj" 
B 

pm = 4.28 ksf 

Design moment 

B _ C I2 ~ 2 

•= Pnf ~ - — 0-5-(pu.max ~ Pm)|~ - y -J 
2. 

Mu.de8ign= 79.67 k-ft 

I. Overturning Check 

Overturning moment 

Mot:=M 

Mot= 54.32 k-ft 

Resisting moment 

Mr:=P-r 2 
Mr = 239.75 k-ft 

FSot:= 
Mot 

FSot=4.41 > 1.5, OK 

J. Sliding Check 

Sliding resistance force 

FT 
FS,'sliding -~ 

Q 

FSsiiding = 4.63 > 1.5, OK 

footing-interior2.mcd X 
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Title: Dewatering Foundation - Interior Footings Date: 

Mu.design Page of 

Exposure• Member 
r Bar Size • 

Interior O Exterior O Beam 6 Slab O #3 O #4 O #5 ® #6 O #7 O #8 [ [ 
Factored Moment = 79.67 kips*ft O #9 O #10 O #11 O#14_O#18 

Average Load Factor = 1.55 
|- Stirrup Size Service Moment = 617 kips'in
 

Bar Spacing = 14 in
 ® None O #3 O #4 O #5 O #6 O #7 

Width, b = 66 in 
O #8 O #9 O #10 O #11 O #14 O #18 

Slab Thickness= 18 in 
cover = 3.00 in Bar Area = 0.44 in2 

fc = 4000 psi Bar Diameter = 0.75 in 

fy = 60 ksi Stirrup Diameter = 0 in 
Es = 29000 ksi d= 14.625 in 

0.9 #Bars = < 
Normal/Severe exposure (0/1) = 0 Asteei= 2.074286 in 

#6 g> 14 in. spacing 

Moment Check Crack Check 
w = 0.019025 1.35 P = 
p = 0.001268 Ec = 3604.997 ksi 

Asrequired ~ 1.224261 'n2 ok. n = 8.044391 

P = 0.85 dc= 3.375 in 

Pb = 0.028507 A= 94.5 in2 

Pmax = 0.02138 NA = 2.478296 mm 

Amax = 20.63714 in2 
ok f,= 21.54921 ksi 

(ACMO.5.3) pm,n = 0.003333 z= 147.2312 kips/in 

Aniin= 3.2175 'n2 Required = 155.5556 kips/in ok 

4/3*Asre<,uffed 1.632348 'n2 ok = 

ACI-350 Check 
w = 0.85 - (SQRT(.7225-)(1.7'M,actored/(<(.-fc*b'dA2))) 

p = w*fc/fy Z= 115 kips/in 
*«„„«<, = p-b'd fs= 21.54921 ksi 
P = 0.85-0.05(fc-4000)/1000 Max Spacing = 12 in 
pb =0.85*(p*(fc«y)'(87/(87+fy)) Actual -> 0.002149 

Pm« =0. 

pmin =greater of (3*SQRt(fc)/fy) and 200Afy 

d = thickness-cover-stirrup diameter-bar diameter/2 
dc = cover-i-stirrup diameter + bar diameter/2 

A = width*2*(cover+(diameter of first layer of bars)/2)/#Bars 
#Bars = Width/spacing 
EC = 57000*SQRT(fc) 
n = Es/Ec 
NA = [-As'n*#BARS-H(As*n*#BARS)A2+(2*As"n*#BARS*b*d))A(1/2))/b 
fs = [Ms/#BARS]/l(d-NA/3)*As] (Reinforced Concrete Mechanics and Design, MacGregor, pg 343) 
z = fs*(dc*A)A(1/3) (ACI-318 10.6.4) 
Required = (175 or 145)*1.2/p 
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FOSTER WHEELER Project No._5197.1720.3392.00010_ Verified By 
ENVIRONMENTAL Title Dewatering Facility Foundation Date 
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Purpose: Sizing rentangular footing to support columns. 

Units: k-= 1000-lbf ksi := 1000-psi psf:=— ksf := 1000-psf kN := 1000-newton 

ft2 

A. Design References 

Column reaction data from Dutton & Garfield, Inc. (See Appendex 1) 

B. Design Parameters 

fc := 4000-psi 

fy:= 60-ksi 

Y8:=0.115— 
Soil unit weight 

ft
 

Concrete unit weight yc := 0.15—
 
ft3
 

Allowable soil bearing pa)| -.= 6 ksf
 

Soil friction coefficient := 0.7
 

Frost depth = 4 ft
 

Trial dimensions of footing: 

B := 5-ft 
-

L := 5-ft 6 Bo 
h:=3.5-ft A 

C] := 1.5-ft 

rxi C2:= 1.5-ft
 

D := 1 -ft
 cl 
De:= 4-ft 

db:= 1-in B 

d:=  D- 3 - i n - I - |-db 

= 8.5m 

footing-exteriorl .mcd 



C. Design Loads

External Load 

deadload

live load

wind load

seismic load

Sum of external loads: 

, t4 0 <,^iO^J

 P = 11/71'k<« :

 :

 Pwind:= -] 1 ,45-k

 (doesn't control) 

Qe := Qdl + Qll + Qwind 

Me := Mdl + MH + 

Footing Self Weight 

Pf:-rc-(B-L-D + h-CrC2) 

Pf=4.9k 

Design Load for Soil Pressure 

P = 13k 

Q = 3.5k 

 UoM?, 

t, C^ C 

 QdT.= 2.12-k Mdl:= 0-k-ft 

Q":=°'k 

Qwind := 1 .38-k M^ := 0-k-ft 

Pe= 0.26k 

Qe = 3.5k 

Me = 0k-ft 

Ps= 7.85k 

M= 15.75k-ft 

Design Load for Footing Strength 

Pu]:= 1.4.Pf+1.4-Pdl+1.7.P|, 

Pu2:= 0.75-(l.4-Pf + 1.4.Pdl + 1.7-P,, + 1.7-Pwind) 

Pu3:=0.9-(Pf+Pdl)+1.3.Pwjnd 

footing-exteriorl.mcd 



PV:= Pu2 

Pu := max(PV) 

Pu= 23.3k 

:= 0.75-(l.4-Qdl + 1.7-Q,, + 1.7-Qwind) 

Qu3:=0.9.Qd,+ 1.3.Qwind 

r»Qul 

QV:= Qu2 

Qu := max(QV) 

Mu] := 1.4-Mdi+ 1.7-Mn 

Mu2 := 0.75-(l.4-Md, + 1.7-Mj, + 

Mu3 := 0.9-Mdj + 1.3-Mwjnd 

MV:= 

Mu := max(MV) + Qu-(h + D)
 

M u = 17.93k-ft
 

footing-exteriorl .mcd 

http:Qu3:=0.9.Qd


D. Footing Sizing zz 
K/l M

Eccentricity e := 
P 

e=14.5in > B/6 

Footing area provided A := B L _ . 2 

Compared with required P 
Atrial := " 

Pall 
=313in 

E. Soil Bearing Pressure 

p  M*  *f := — + 6-

B2L 

3-1,1 - - e 
2 

r> 

—,f,g
6 

Pmax= l-35ksf 

F. Shear Strength Design - Beam Shear 

Mu

77 
eu=9.2in < B/6 

Shear area (shaded area) /R Q 
.:=!-- — -d|-L 

Asheaf=5.2lfi2 

footing-exteriorl.mcd X. 



F1.Casel(eu<B/6) 

pu.min 

Soil pressure 

_ Pu 
Pu.max:~ ~ 

A B -L 
^ l-79ksf 

Mu 

Pu.min ••" ,
A 
 "' 

B -L 

B C, 
— + — +  d 
2 2 

Pd :~ Pu.min + \Pu.max Pu.min/' 
B 

pd = 1.43ksf 

Design Shear 
Pd + Pu.max 

* u -~ -"shear 

Shear strength 

<j>Vn:= 0.85-2-(>/4000.psi)-L-d 

<))Vn = 54.83k >V U , OK 

footing-exterior! .mod 



G. Shear Strength Design - Punching Shear 

B0 := 2-(C] + d + C2 + d) 

= 8.83fl 

(3c:=max(p) 

G1. Case I (eu < B/6) 

Pi :~ Pu.min + (.Pu.max Pu.min/ 

B

2

 (Ci + d) 

2 

B 

pi = 0.55 ksf 

P2 :~ Pu.min + ^Pu.max Pu.minj' 

B | (Ci+'d) 

2 + 2 

B 

Design shear 

p2 = 1.31 ksf 

Shear strength 

V u = 18.75k 

V:= 
2 + — -J4000-psi-B0-d 

PcJ 

4-N/4000-psi-Bo-d 

<f>Vn := 0.85-min(V) 

4>V n =19375k 

footing-exterior! .mcd 



H. Flexural Strength Design 

H1.Casel(eu<B/6) 

B H 

2  +T 
Pm -~ Pu.min + \Pumax Pu.min/' 

B 

P m=l.l9ksf 

Design moment 

-
Mu.design ~ Pm" ~ - — - 0.5-(pujnax - pm)- — - — I -L-

\i 2. j j 

Mu.design=12.l9k-ft 

I. Overturning Check 

Overturning moment 

Mot:=M 

Mo(=15.75k-ft 

Resisting moment 

Mr:=P-| 

Mr = 32.6k-ft 

^L
Mot 

FSot = 2.07 > 1.5, OK 

J. Sliding Check 

Sliding resistance force 

_ FT 
f" ̂ sliding -~ ~ 

FSsiiding = 2.61 > 1.5, OK 

footing-exteriorl.mcd 
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|2JU kl d. ) 

Purpose: Sizing rentangular footing to support columns. 

Ibf 
Units: k:= 1000-lbf ksi := 1000-psi psf:=— ksf := 1000-psf kN := 1000-newton 

ft 

A. Design References 

Column reaction data from Dutton & Garfield, Inc. (See Appendex 1) 

B. Design Parameters 

fc := 4000-psi MU 
fy := 60-ksi 

PU 
Y8:=0.115— Soil unit weight 

ft M/ >
 

Concrete unit weight yc:=0.15 A
 
ft
 

Allowable soil bearing .-= 6 ksf
 
CU 

V Q 

Soil friction coefficient A 

VFrost depth = 4 ft
 

B
 
Trial dimensions of footing:
 

B := 5-ft B 
— = lOin 
6L:= 5-ft BO 

h:=3.5-ft 
\ di , f l\ 

C] := 1.5-ft \.T±..i-i4 

y\iC2:= 1.5-ft 

\i\ 
D := 1 ft 

cl 
De:= 4-ft 

db:= 1-in B 

d : = D - 3 i n - 
2 

d = 8.5 in 

footing-exterior2.mcd \ 
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http:yc:=0.15


C. Design Loads 

External Load 

dead load 

live load 

wind load PW,nd := 11 -45-k :=. 0-k-ft 

seismic load (doesn't control) 

Sum of external loads: 

PC := Pdl + Pi! + Pwind 
Pe = 32.14k 

Qe •= Qdl + Qll + Qwind 

Me := MJI + MH + Mwjnd 

Qe = 9.76k 

= 0k-fi 

Footing Self Weight 

pf:= YC-(B-L-D + h-crc2) 

Design Load for Soil Pressure 

Pf=4.9k 

P8:=ys.(B.L-C1.C2).(De-D) 

Ps = 7.85k 

P = 44.9k 

Q = 9.8k 

) 

M = 43.92k-fi 

Design Load for Footing Strength 

Pul:= 1.4.pf+1.4.Pd l+1.7-Pu 

Pu2:= 0.75-(l.4-Pf + 1.4-Pdl+ 

Pu3:=0.9-(Pf+Pd,) + 1.3 

l-7.Pwind) 

footing-exterior2.mcd 



PV:= Pu2 

Pu := max(PV) 

Pu = 77.5k 

Qu1-= 1.4-Qd|+l-7-Qn 

Qu2 := 0.75.(l.4.Qdl + 1.7-Q,, + 

Qu3:=09-Qdl+1.3.Qwind 

QV:= Qu2 

VQU3/ 

Qu := max(QV) 

Q u = 13.6k 

Mul := 1.4-Md]+ 1.7-M]| 

Mu2 .-= 0.75.(l.4.Mdj + 1.7-Mn + 1.7-Mwind) 

MUS -.= 0.9-1^^+1.3

MV:= 

Mu := max(MV) + Qu-(h + D) 

M u = 6 1 25k-ft 

footing-exterior2.mcd 



D. Footing Sizing 

cEccentncrty e := 
P 

e = 1 1 .7 in > B/6 

Footing area provided A .= B L A „„.. . 2
A = 360U in 

Compared with required _ P ' - — 
=•A-trial :

Pall 
Atria, = 1078.1 in2

 OK 

E. Soil Bearing Pressure 

P M
f := — + 6

A B2-L 

8-2 

3-L-|--e
2 

R 
—,
6 

93ksfPmax=3-  OK 

F. Shear Strength Design - Beam Shear 

_ MU 

eu=9.5in < B/6 

Shear area (shaded area) /R c 
Ashear •'= I ~ ~ 

footing-exterior2.mcd 



2,0
 

F1.Casel(eu<B/6) 

pu.rrnn 

Case I 

Soil pressure 

Pu.max:~
Pu 
— 
A B2-L 

Pu.max =6-04ksf 

_ 
Pu.min :~ ~ ^ 

A B2-L 
Pu. 

B Cl
— +  ^+ d 
2 2 

Pd :~ Pu.min+ (Pu.max Pu.min/' B 

pd = 4.81ksf 

Design Shear 
Pd + Pu.max 

* u -~ 

Vu = 28.27k 

Shear strength 

<(>Vn:= 0.85-2-(V4000-psi).L-d 

n = 54.83k >V U , OK 

footing-exterior2.mcd 



G. Shear Strength Design - Punching Shear 

B0:= 2-(C] -f d + C2 + d) 

B0 = 8.83 ft 

pV=max(p) 

G1.Casel(eu<B/6) 

d) B 

2 2 
Pi :- Pu.min + (Pu.max Pu.mio)' B 

= l.Sksf 

2 2 
P2 :~ Pu.min + (Pu.max ~ Pu.min)' 

B 

p2= 4.4 ksf 

Design shear 

(PI + P2) v •—p • (C, + d)-(C2 + d) v u •— ru 

u = 62.38k 

Shear strength 

2 + — ->/4000-psi-Bo-d 
V:= 

4-^/4000-psi-Bo-d 

«|»Vn := 0.85-min(V) 

= 193.75k 

footing-exlerior2.mcd 



H. Flexural Strength Design 

H1. Case I (eu < B/6) 

'B c, 

Pm := Pu.min + \Pu.max ~ Pu.min/ 
B 

Pm=3.98ksf 

Design moment 

» H _ I — • I T v •*- *- y , n c I \ | " • i i ^ Mu.design — Pm'| ^ 0 [^ 0 + "-^APu.max Pm;-| ,, ~~ | 'L'~ 

Mu.design = 40.99k-ft 

I. Overturning Check 

Overturning moment 

Mo t:=M 

Mol = 43.92k-ft 

Resisting moment 

Mr= 112.3k-ft 

Mr
FSot := 

Mot 

FSnt = 2.56 > 1.5, OK 

J. Sliding Check 

Sliding resistance force 
F r : = M ' P 

'sliding -= 

Q 

= 3.22 > 1.5, OK 

footing-exterior2.mcd \ 
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Mu.design Page of 

Exposure Member — 
[- Bar Size
 

O Interior ® Exterior O Beam Slab
 O #3 O #1 O #5 ® #6 O #7 O*8 [ [ 
Factored Moment = 40.99 kips'ft O #9 O #10 O #11 O #Tl O #18 

Average Load Factor = 1.55 
r Stirrup Size Service Moment = 317 kips'in
 

Bar Spacing = 11 in
 ® None O #3 O #4 O #5 O #6 O #7 

Width, b = 54 in 
O #8 O #9 O #10 O #11 O #14 O #18 

Slab Thickness= 12 in 
cover = 3.00 in Bar Area = 0.44 in2 

fc = 4000 psi Bar Diameter = 0.75 in 

fy = 60 ksi Stirrup Diameter = 0 in 

Es = 29000 ksi 
0.9 5 = 4.909Q9O

*= 
Normal/Severe exposure (0/1) = 0 As,eei= 2.16ir> 

#6 & 11 In. spacing 

Moment Check Crack Check 
w = 0.034722 P = 1.35 

p = 0.002315 Ec = 3604.997 ksi 

"acquired= 1.078124 'n2 ok n = 8.044391 

P = 0.85 dc= 3.375 in 

Pb = 0.028507 A= 74.25 in2 

Pmax = 0.02138 NA = 2.056074 mm 

Amax = 9.957783 in2 
ok fs = 18.50431 ksi 

(ACM 0.5.3) pmin = 0.003333 2= 116.662 kips/in 

Amin* 1.5525 in2 Required = 128.8889 kips/in ok 
4/3*Asreql)jred = 1.437498 in2 ok 

ACI-350 Check 
w = 0.85 - (SQRT(.7225-)(1.7*^actored/(<tl*fc*b-d*2))) 

p = W*f e/Ty Z = 115 kips/in 
=Asrequred  P*b"d fs= 18.50431 ksi 

P = 0.85-0.05(fc-4000)/1000 Max Spacing = 1 2 in 

Pb =0.85*(p*{rcAfy)*(87/(87+fy)) Actual -> p = 0.004638 

pm» =0.75*pb 

=greater of (3*SQRt(fc)/fy) and 200/fy 

d = thickness-cover-stirrup diameter-bar diameter/2 
dc = cover+stirrup diameter •*• bar diameter/2 

A = wtdth*2*(coveM-(diameter of first layer of bars)/2)/#Bars 
#Bars = Width/spacing 
EC = 57000*SQRT(fc) 
n = Es/Ec 
NA = [-As*n*#BARS+((As*n*#BARS)A2+(2*As*n*#BARS*b'd))A(1/2)]/b 
fs = [Ms/#BARS]/I(d-NA/3)*As] (Reinforced Concrete Mechanics and Design, MacGregor, pg 343) 
z = fs*(dc*A)A(1/3) (ACI-318 10.6.4) 
Required = (175 or 145)*1.2/p 
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Owner New Bedford Computed by Jeff Zhao 
Plant Support Bid Unit Date 04/24/2002 

Proj No File No Checked by 
Title Wind Load Calculation Date 

ASCE7-95 Page of 

Building Category = III 
Basic Wind, V = 90 mph 

Importance Factor = 115 
Exposure = C 

Gust Factor = 0 85 
Cf= 200 table 6-9 (refer to table 6-6 thru 6-10) 

Velocity Pressure, qz = 0 00256 * Kz * Kzt * VA2 * I (psf) 

Kzt= 1 00 

For open buildings and other structures - Components and Cladding 

F= qz*G*Cf *A f 

Velocity Pressure and Wind Load Distribution 
by Height 

H(ft) Kz qz (psf) F/Af(psf) Velocity Pressure and Wind Load Distribution 
0 085 2027 3446 by Height 

5 085 2027 3446 
55 

10 085 2027 3446 
15 085 2027 3446 

î r—i 20 090 21 46 3648 50 
r~i ,25 094 2242 3811 / 

/ k t 

30 098 2337 3973 [—]45 
35 1 04 2480 4216 n ^ 

/40 1 04 2480 4216 
45 1 09 2599 44 19 40 / 

/50 1 09 2599 44 19 t , 

55 1 13 2695 4581 
/ 

|
OT 

 35 / -* qz(psf) 
60 1 13 2695 4581 + F/Af(psf) 
65 1 17 2790 4743 
70 1 17 2790 4743 30 yf —<

•—<75 1 21 2885 4905 i )—< ^ 
80 
85 

1 21 
1 24 

2885 
2957 

4905 
5027 25 S>-H 

^ 

—H ^ 

90 1 24 2957 5027 S 
S ̂

 

• 

95 1 26 3005 51 08 20 / 

100 1 26 3005 51 08 

15 

CI 10 20 30 40 50 60 70 80 90 100 

H(ft) 

windload 123 X 04/24/200210 48 53 AM 



Owner USACOE Computed By GZ_
 
Project New Bedford Harbor Date 4/24/02_
 

FOSTER WHEELER Project No._5197.1720.3392.00010_ Verified By__ 
ENVIRONMENTAL 
CORPORATION 

Title Dewatering Facility Foundation 
Footing for Support Building Columns 

Date 
Page. 

Purpose: Sizing rentangular footing to support interior columns. 

Unrts: k:= 1000-lbf ksi := 1000-psi psf:=— ksf := 1000-psf kN := 1000-newton 
ft 

A. Design References 

New Design Information received on 4/5/02 

B. Design Parameters 

fc := 4000-psi MU 
fy := 60- ksi 

Pu 
Ys:=0.115-— Soil unit weight 

ft 

Concrete unit weight 7C := 0.15— y \
 
ft3
 

Allowable soil bearing p&\\:- 6 ksf 
v 

Soil friction coefficient :=0.7 / \ 

Frost depth = 4 ft A 
B 

Trial dimensions of footing: 

B:= 5-ft 
— = loin 
6L := 5-ft BO 

h:=3.5-f t i\ 
C] := 1.5-ft 

y \ lC2:= 1.5-ft r 

\b 
D:= 1-ft 

Cl 
De:= 4-ft \! 

db-= 1-i B 

d:= D - 3 - i n - - -db 

footing_supbld1 .mcd \ 



C. Design Loads 

External Load 

dead load Qdl := 0-k Md) := 0-k-ft 

live load Qll := 0-k MH := 0-k-ft 

wind load Qwind  4-k 

seismic load (doesn't control) 

Sum of external loads: 

PC := Pdl + P« + pwind 
Pe=8.3k 

Qe := Qdl + Qll + Qwind 

Qe = 4k 

Me := Mdl + MH + 
Me = 0k-ft 

Footing Self Weight 

Pf:=yc.(B-L-D 

Pf = 4.9k 

Design Load for Soil Pressure 
Ps:=ys-(B-L-C,-C2).(De-D) 

Ps=7.8k 
P:=Pe + Pf+Ps 

P = 21.1k 

Q = 4k 

M:=M e 

M = 18k-ft 

Design Load for Footing Strength 

Pu l:= 1.4Pf+1.4-Pdl+1.7.P,, 

Pu2:= 0.75-(l.4-Pf + 1.4-Pdl+ 1 1.7 Pwind) 

footing_supbld1 .mcd 



PV:= Pu2 

Pu := max(PV) 

Pu = 40.7k 

Qui- l-4-Qdi + l -7

Qu2:= 0.75-(l.4.Qd, 

QV:=	 Qu2 

Qu := max(QV) 

Qu-5.8k 

Mul:= 1.4-Mdl+ 1.7-Mjj 

Mu2 := 0.75-(l.4.Mdl + 1.7-Mj, + 1.7-Mwind) 

MIl3:=0.9-MdI+1.3-MwiIld 

MV:=	 Mu2 

M,n 

Mu := max(MV) + Qu-(h + D) 

M u = 2608k-ft 

footing-interiorl .mcd	 \ 

http:0.75-(l.4.Qd


B 

Pd : = •Pu.max if m> 

0-ksf otherwise 

p'd = 1.49ksf 

PU 

«=—=> 
vqv 

p'r" 
p'2' t p'u.max 

m 

Case II 

Design shear 

(p'd + P'u.max) 
Vv  — u -~ "shear 

'u = 9.11k 

Shear strength 

4>Vn := 0.85.2-(V4000-psi)-L-d 

= 54.8k 

footing_supbld1 .mcd 



D. Footing Sizing 

. . . . . M
Eccentricity e := — 

P 
e=10.2in > B/6 

Footing area A:=B-L . _„„ 2
A =3600 in 

Compared with _ P 
Atria] := 

Pall 
Alrial = 505.9 in 

E. Soil Bearing Pressure 

f P M
f := — + 6

A B2-L 

g :=2 
3-L-l - - e 

2 

B 
-> 
6 

OK 

F. Shear Strength Design - Beam Shear 

eu=13.9in > B/6 

Shear area (shaded area) /R c 

Ashear • - = - - — - d -L 

F2. Casell(eu>B/6) 

-e 

m = 48 4 in 

PU_ 
Pu max -~ 2

m L 

footing_supbld1.mcd 



G. Shear Strength Design- Punching Shear 

B0 := 2-(Cj + d + C2 + d) 

B0 = 8.83 ft 

|3:= 

(3c:=max((3) 

P c = l 

G2. Casell(eu>B/6) 

For m>B/2+(C1+d)/2 

B 
m 

2 2 
P'l :~ P'u.raax' 

m 

B C , + d 
m + 

2 2 
P2:=Pu.i 

m 

For B/2 - (C1+d)/2 < m < B/2+(C1+d)/2 

Vu2 := Pu - 0-5-P2-I m - (c2 + d) 

For m<B/2-(C1+d)/2 

V'u3 := 

footing_supbld1 .mcd 



Design shear , 

(B + C, + d) 
V'ul if m > 

2 

h C 1 + d j (B - GJ - d) 
if > m > 

2 2 

(B -c, -d) 
if m < VU3 

2 

V'u = 16.5k 

Footing shear strength 

4000-psi-B0-d 
V:= 

4->/4000-psi-B0-d 

<|)Vn := 0.85-min(V) 

= 193.7k OK 

H. Flexural Strength Design 

H2.Casell(eu>B/6) 

if m> Pu..max m 

0-ksf otherwise 

B _ C , 

B c , 2 2 
M'u design •'= P'm'l T ~ ~T" I'L

footing_supbld1 .mcxi X 



I. Overturning Check 

Overturning moment 

Mot:=M 

Resisting moment 

Mr = 52.7k-ft 

Mr 

«ot 

- 2.93 > 1 g QK 

J. Sliding Check 

Sliding resistance force 

w ^ ̂ sliding • — 

- 3.69 
> 1.5, OK 

footing_supbld1.mcd )i 



Owner__USACOE Computed By GZ 
Project New Bedford Harbor Date 4/24/02
 

FOSTER WHEELER Project No. 5197.1720.3392.00010 Verified By_
 
ENVIRONMENTAL Title Dewatering Facility Foundation Date
 
CORPORATION Footing for Support Building Columns Page___ 

Purpose: Sizing rentangular footing to support interior columns. 

Units: k:= 1000-lbf ksi := 1000-psi psf:= — ksf := 1000-psf kN := 1000-newton 

ft 
A. Design References 

New Design Information received on 4/5/02 

B. Design Parameters 

. := 4000-psi 

fy := 60-ksi 

Soil unit weight Js' ' ?
 
ft
 
k
 

Concrete unit weight yc := 0.15—
 

ft' 

Allowable soil bearing pau := 6-ksf 

V-* 

Soil friction coefficient p. .-= 0.7 

Frost depth = 4 ft 

Trial dimensions of footing: 

B := 5-ft 

L:= 5-ft Bo 

h:=3.5-ft 
A 

C, := l.S.ft 

AI
C2:= 1.5-ft 5 
D:= 1-ft 

cl 
De:=4-ft 

db := 1 -in 
g 

d:= D - 3 - i n - f -|-db 

= 8.5in 

footing_supbld2.mcd V 



C. Design Loads 

External Load 

Pdl := 2.5-k Qdl := 0-k Mdl := 0-k-ft dead load 

Qll := 0-k MJI := 0-k-ft live load 

wind load Qwind := 4-k i := 0-k-ft 

seismic load (doesn't control) 

Sum of external loads: 

Pe := Pd] + P,, + Pwjnd 

Qe := Qdl + Qll + Qwind 

Me := Md| + MH + 
= Ok-ft 

Footing Self Weight 

Pf=4.9k 

Design Load for Soil Pressure 
Ps:=ys-(B-L-CrC2)-(De-D) 

Ps=7.8k 
P := Pe + Pf + Ps 

P = 15.3k 

Q:=Qe 

M = 18k-ft 

Design Load for Footing Strength 

Pu, :=1.4.Pf+1.4-Pd l+L7-P,, 

Pu2:= 0.75-(l.4-Pf + 1.4-Pa, + 1 1.7 Pwind) 

footing_supbld2.mcd 



P«2 

PulJ 

Pu := max(PV) 

Pu= 10.4k 

Qul- l-4-Qdl + 1.7-Qll 

:= 0.75-(l.4-Qdi + 1.7-Q,, + 1.7.Qwind) 

QV:= Qu2 

VQu3y 

Qu := max(QV) 

Q u = 5 2 k 

Mul := 1.4-Md|+ 1.7-Mji 

Mu2 := 0.7S-(l 4-Mdl + 1.7

Mu3 :- 0.9-Md! +1.3-Mwind 

MV:= Mu2 

Mu := max(MV) + Qu-(h + D) 

Mu = 23.4k-ft 

footing_supbld2.mcd 



D. Footing Sizing 

IT M

Eccentricity e := 
P 

e = 14.1 in >B/6 

Footing area A : = B L 2
A = 3600 in 

Compared with P
Atrial '--

Pall 
2

Atrial = 366.7 in 

E. Soil Bearing Pressure 

, P ,M
f := — + 6

A B2L 

Pmax:= 

o 

Pmax=1 54ksf 

F. Shear Strength Design - Beam Shear 

Mu 

eu=27in > B/6 

Shear area (shaded area) / p 
.- £ _ _ L _ d i . 

2 2 , 2 
Ashear=5.21ft 

F2. Casell(eu>B/6) 

m:=30-eu] 

m = 9in 

•>Pu.max •— ^' ,
m-L 

P'u.max=5.53ksf 

footing_supbld2.mcd \ 



B 

B - C ] -2d 
Pd'-= •Pumax " m> 

m
 

0-ksf otherwise
 

p u.max 

Case II 

Design shear 

* u :~ -̂ shear 
(p'd + P'u max) 

Vu = 14.4k 

Shear strength 

((>Vn := 0 85 2-^/4000 ps^-L d 

= 54.8k 

footing_supbld2.mcd 



G. Shear Strength Design - Punching Shear 

B0 := 2-(c, + d + C2 + d) 

B0 = 8 83ft 

C] 

:= max<p) 

G2.Casell(eu>B/6) 

For m>B/2+(C1+d)/2 

B 
m 

2 2 
Pi :~ Pu.max" 

m 

B 
m -

2 2 
P2:=Pu.max

m 

For B/2 - (C1+d)/2 < m < B/2+(CH-d)/2 

f B (C]+d ) 
V'U2 := PU - 0.5.p'2- m - - + ̂ -^ 

For m<B/2-(C1+d)/2 

v i — pv u3•- ru 

footing_supbld2.mcd 



Design shear 

Vu:= V'ul 

VU2 

VU3 

if m; 

, f  ( B 
11 

if m < 

(B

+ c, 
2 

>-

^ C , + d  ) 

2 

+ d )  
m  ̂>> in • 

- C, d) 

2 

(B 

-

C,

2 

-d) 

Footing shear strength 

V'u = 10.4k 

V:= 
2 + — -J4000-psi-B0-d 
, PcJ 

4->/4000-psi-Bo-d 

4>Vn := 0.85-min(V) 

= 193.7k 
OK 

H. Flexura! Strength Design 

H2.Casell(eu>B/€) 

Pm-= P u.max" 

m — 

m 

0-ksf otherwise 

if m> 
(B-C,) 

M'u.deslgn
 := P'rn' I ~

B 
I'L' 

B _

2

 C, 

2 
0.5 (p'pu -  —\ -L-

M-u.dcsigI1 = 28.23 k-ft 

footing_supbld2.mcd 



I. Overturning Check 

Overturning moment 

Mot:=M 

Mot = 18k ft 

Resisting moment 

Mr:= P-— 
2 

M r = 3 8 2 k - f t 

Mr 

r?o _i 11 FSot=2.12 >1.5, OK 

J. Sliding Check 

Sliding resistance force 

_ 
F ̂ sliding -~ ... 

FSsliding = 2-67 

>1.5, OK 

footing_supbld2.mcd 



FWENC 
Owner 
Plant 
Project No 
Title 

Exposure 

USAGE Comp'd By Jeff Zhao 
New Bedford Date 25-Apr-02 
5197 17209302 00010 File No Chckd By 
Dewatermg Foundation  Support Bid Footing Date 
Mu design Page of 

Member • 
r Bar Size • 

O Beam ® Slab O Interior ® Exterior 

Factored Moment = 
Average Load Factor = 

Service Moment = 
Bar Spacing = 

Width, b = 
Slab Thickness= 

cover = 
fc = 

'y = 
E — 5 

<(,= 

Normal/Severe exposure (0/1) = 

Moment Check 
w = 

P = 

A«qu»d = 

P = 
Pb = 

Pmax = 

Amax = 

(ACI1053) Pmm = 

Ampn = 

AF**A —*t»o f̂ sfequired— 

w = 0 85 - (SQRT( 7225-)(1 7-M(aclored/(ffc'b 

P = W*f c/fy 

f^^u^ = P*b'd 
P = 0 85-0 05(f c-4000)/1 000 
Pi, =0 85*(p*(fc/fy)*(87/(87+fy}) 

Pmax =0 75*pb 

pmm =greater of (3*SQRt(fc)/fy) and 200/fy 

d = thickness-cover-stirrup diameter-bar diameter/2 
dc = cover+stirrup diameter + bar diameter/2 

28 23 kips'ft 
1 55 
219 kips'm 

16 in 
56 in 
12 in 

300m 
4000 psi 

60 ksi 

29000 ksi 

09 
0 

0 022897 
0001526 

0 737273 'n2 

085 

0 028507 

002138 
1032659m2 

0003333 

1 6100'n2 

0983031 m2 

O*3 O #4 O*5 ® #6 O #7 O #8
 

O #9 O #10O #11 O #14 O #18
 

-	 Stirrup Size 
® None O #3

O #8 O #9

Bar Area = 
Bar Diameter = 

Stirrup Diameter = 

d= 

#Bars = 

16 in. spacing 

 O #4 O #5 O #6 O #7 

 O #10 O #11 O #14 O #18 

044 in2 

075 in 
0 in 

8 625m 

35 
1 54 in2 

Crack Check 

ok n = 

ok 

ok 

A= 

NA = 

fs = 

z= 

Required = 

1 35 
3604 997 ksi 

8 044391 

3 375 in 

108 m2 

1 744739 mm 

1764408 ksi 

126037kips/in 

128 8889 kips/in 

ACI-350 Check 

Z = 115kips/in 

fs= 17 64408 ksi 

Max Spacing = 1 2 in 
Actual -> 0003188 

ok 

A = width*2*(cover+(diameter of first layer of bars)/2)/#Bars 
#Bars = Width/spacing 
Ec = 57000*SQRT(fc) 
n = Es/Ec 
NA = [-As'n-#BARS+((As*n'#BARS)/>2+(2*As'n*#BARS*b*d))A(1/2)]/b 
fs = [Ms/#BARS]/[(d-NA/3)*As] (Reinforced Concrete Mechanics and Design, MacGregor, pg 343) 
z=fs*(dc'A)A(1/3) (ACI-3181064) 
Required = {175 or 145)'1 2/p 
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Northeast Region Quote Department, Annville, PA
 

Fax (717) 867-3248 / Phone (717) 867-3218
 

facsimile transmittal
 

From: Stephen Eisenacher __ Date: £>\ /\~] / 

Re: __ Pages *2- g? 

cc-

D Urgent D For Review D Please Comment D Please Reply 
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P R ^ M S J 3 S I G  N C R O S  S S E C T I O  N cs 

1)
3) 

DATE
TIME

 1/17/02 
8 14 13 AM PAGE 

ORDER K012334 BUILDER BUILDER OJOE3 ¥ BUILDER ACCOUNT W 00-00-000-00 
BLDR CONTACT  BLDR PHONE « 000-000 0000 =>ROJ NAME  ENGR GRP 
DESIGN SYSTEM FRAME £ 02 DESCRIPTION l.RST WIDTH 7S'-0' HEIGHT 43'-ll" SLOPE 0 500 TO 12 

Save 43'-11" LRST Slope 1/2 12 Eave 40 ' -'9 1/2' O 
(vj 

Clear Height 39'-3 3/4" Clear Height 3 6 ' - C ' n 
t-
QJ 

35 -1 1/3' 3 9 ' - 1 0 7/6" 
r 
r-4 
r^ 

AAK2941 AAK2940 

' •'—'—L-^—L >t" j" 'I'fV; ^;ai^.ri^^tt;^liir^.t[vcSi,<, - r^1 i?*" • • 

r\i 

z 
re 

7 S ' - 0 ' 

I 



ATB:
TIKB;

 01/17/02 
 08:13 AH 

F R A M  E D E S I G  N R E A C T I O N  S 

PAGE: P 

ORDBR » C12334 
BLDR CONTACT 

DK5IGN SYSTEM FRAME tt

BU:U>BR 

 02 DESCRIPTION

BLDR
(TYPB)

 UR9T

 BUILDER ORDBR X 
 PHOHE it 000-000-0000 PROJ HAKE

 IWJDTH) (HEIGHT) (SHOW)
 75 ' 0* 44 '  1 1/2' 3O PSP

 
 (WIN3) 
 90 MPH 

BUILDER ACCOUNT * 
ENCR GRP 

(CODS/YBARJ (SLOPBI 
MASS ?7 0.500 TO 12 

CO-00-000-00 

U 

H
v

POSIT1VB RBACTIOK DIRECTION 
 KIPS Horizontal Force to Right
 KIPS vertical Povca Up

 V 
| 
+ ---H 

HE
2 - ~ 

<3 
04 
f\l ro 

K # P Del ta Analysis Performed Hit CD 

do. Loading Combination 1H IV 4H Sura H Sura V 

1 DL + CLl, » SL 
2 .670!., »U, + IP 
3 . 67UL WLR + IP 
4 .67DL HIjb <• IS 
5 .67DL WlJl t IS 
G DL + CLL . SSL+WLL+IP 
7 DL-CLL . 5SL*WL.R-HP 
8 OL*CLlr+ . 53L*NliL,»IS 
9 DL + CLt+.SSI.+WLR+I3 

10 DL«-CLL*Sli+ .SWIjIj*-. SIP 
11 Ot,*CLL+SL*.5HLRt.5IP 
12 DL+CLL,*SL».5HU.+ .5IS 
•13 DL*CLL+Sb*.5NLS».5IS 
14 .67DL * CL + . 8EQL 
15 67DL * CL 4 .8BQR 
16 DL, + CL. + .6SLt.8EQli 
37 DL + Cl. t . 6SL+.8EQR 
18 .67DL + EWP + IP 
19 DL,tCUL+.S8L*BWP4lP 
20 DL+CLl,»-SLt .5EWP».5IP 
21 DL + CLt . 75Sk+CHI, 
22 DL + CL.' . 7SSLK:HR 
23 DL. + CG+ . SVTLijtCH^ 
24 DLtCbt . 5V)Llr+CHR 
25 DLfCb- .SWbR^CHL. 
7.6 Dt+CLt .SKbRtCHR 

7 
- i2 

4 
-10 

6 
-7 
9 

-€ 
10 
1 
9 
a 

10 
0 
2 
i 
6 
a 
7 
3 

12 
-0 

2 
-10 
i: 
- t 

76 
08 
97 
25 
80 
90 
14 
07 
97 
37 
89 
28 
80 
92 
43 
71 

.22 
95 
13 

. 8B 
87 

.21 

.63 

. 45 

.15 

.93 

32 
-12 
-3 
-5 

2 
5 

13 
11 
20 
24 
28 
27 
32 

-> 
9 

23 
24 
-8 

9 
26 
31 
22 

8 
-0 
12 

3 

63 
03 
59 
54 
90 

. 13 

.58 
• 62 
.07 
.60 
.82 
.85 
.07 
• 3« 
.00 
.02 
.66 
.03 
.14 

.60 

.86 

.56 

.40 

.90 

.62 

.32 

-7 
-6 
11 
_ -j 

10 
-LO 

7 
-11 

5 
-10 

-1 
-11 

-2 
-2 
-0 
-6 
-4 
-3 
-7 
-8 
0 

-12 
1 

-11 
10 
-1 

7« 
47 
39 
79 
OE 
65 
21 
96 
90 
64 

.71 

.30 

.37 

.46 

.89 

.25 

.69 

.08 

.26 

.95 

.33 

. 99 

.43 

.89 

.36 

.96 

31 
-1 

-11 
4 

-7 

IS 
3 

21 
9 

29 
2] 
32 
26 

8 
6 

23 
22 
-8 
8 

25 
21 
30 

3 
12 
- 2 

7 

35 
52 
06 
40 
14 
34 
79 
26 
71 
23 

.45 

.19 

.41 

.31 

.67 

.66 

.02 

.62 

.23 

.67 

.57 

.U^ 

.51 

.83 

. 2 4 

.06 

0. 
-18. 
16. 

-18. 
16. 

-18. 
IS. 

-18. 
16. 
-9 
e 

-9 
8 

-1 
1 

-I 
1 

•0 
-0 
-0 
13 

- 13 
4 

-1~). 
21 
-4 

00 
S5 
35 
03 
87 
55 
35 
03 
87 
28 
18 
02 
44 
54 
54 
54 
54 
13 
13 
06 
20 
20 
OS 
35 
51 

.89 

6 4 . 6 9 
-13.55 
-16.65 
-1 .14 
-4 .24 
20 .47 
17 .37 
32. 88 
29. 78 
5.3.33 
52 . 28 
60.03 
58.48 
15 .67 
IS .67 
4 6 . 6 9 
46 .69 

-16 .65 
17 .37 
5 2 . 2 8 
53 .44 
53 . 4  4 
11 . 93 
11 . 93 
J 0 . 3 8 
10 38 

IA 

CJ 
G)
r\i 

cr 



JATB: 01/17/02 
06:13 A» 

F R A M  E D 8 3 I G  N R . B A C T I O N  S 

PAGE. F 

ORDER 8 012334 
SLOP, COWTACT 

DBSICN SYSTEM PRAMB » 02 

BUILDER 

DESCR! PTION

BLDR
(TYPE)

 LRST

 BUILDER ORDER » 
 PHCWE H 003-000-0000 PROJ HAMS

 (WIDTH) (KBIQHT) (SMOX}
 75 ' -0" 44 '-1 1/2' 30 PSP

 
 (KIND) 
 90 M?H 

BUILDBR ACCOUNT rt CO 00-OOC-OO 
BNGR GRP 

(COD3/rBAR) (SLOPE! 
MASS 97 0.500 TO 12 

H
v

POSITIVE REACTION DIRECTION 
 KIPS Horizontal force to Right 
 KIPS Vertical Force Up 

- -H 

KB
2--

(S
r\j
ro 
n 

JD Load Case LH IV •1H 4V Sim 1! SUIT V 
U )en 

DL DEAD LOAD 
CLJ. COLLATERAL LOAD 
SL SNOW LOAD 
WLL MIND LOAD LEFT 
WUR WIND LOAD RIGHT 
IP MINT) INT PRSSSCRE 
IS WIND INT SUCTIOH 
8Q SEISMIC LOAD 
9UR SNOKLOAD RTCMT SLOPE 
SVJP EX WIND PRESSURE 
BWS ZH WIND SUCTION 
CKR CR 
CHL CR 
P3H P Delta Unit Story S 

1 . 
Q . 
5 . 

-11 , 
5, 
-0 
0 
0 
S 
3 
3 

-6 
6 
0 

07 
96 
74 
,86 
.16 
.51 
.91 
.94 
.62 
.15. 
.15 
.54 
.54 
.03 

6. 
3 . 

22. 
-13. 
-4. 
-3. 
3 

-1. 
22 
-5 
-9 
-4 
4 

-0 

61 
,75 
,47 
22 
77 
,24 
,24 
02 
.03 
.21 
. 21 
.65 
.65 
54 

1 . 
-0 . 
-5 . 
•6 . 
11 . 
0 
•0. 
•0 , 
-S 
-3 
•3 
-6 
6 
-0 

07 
96 
.7* 
4 1 
45 
.66 
.66 
.98 
.62 
.02 
.02 
.66 
.66 
.03 

5. 
3 . 

22 
-2 

-13 . 
-2 
2 
1 

23 
-9 
-9 
< 
-4 
0 

57 
75 
53 
29 
84 
96 
96 
.02 
07 
.40 
.40 
.6b 
.65 
.54 

0. 
0. 
0. 

-18. 
16, 
-0 
0, 

- i , 

0 
0 
0 

-li 
13 
0 

00 
00 
.00 
29 
,61 
.26 
26 
.92 
.00 
.13 
.13 
.20 
.20 
OC 

12 . 
7 . 

45 . 
-15 , 
-18 
-6 
6 
0 
44 

- 18 
-IB 
0 
0 
0 

19 
50 
00 
51 
,61 
.20 
. ?. Q 
.00 
. 10 
.51 
.51 
.00 
.00 
.00 

(M

10
 

r\i
 

CM8
 
(M
 

Is
 -


4
 
t->
 



F R A M E D B S I 3 N - C R O S S S E C T I O N CO 
DATE- 1/17/02 LU 
TJMB: 8: 10 :47 AM PAGH : 

ORDER 8012334 BUILDER BUILDER ORDER 8 BUILDER ACCOUNT K 0 0 - O C - O C O - O O 
BLDR CONTACT  BLDR ?HONS * 000-000-0000 PROJ NAME  BNGR GRP 
DESIGN SYSTEM KRAME ff 03 DESCRIPTION MRST WIDTH 165' -0" HEIGHT 3 3 ' - 3 1/2" SLOPE O . S O O TO 12 

(S
r\l 
n 
o 
U)ID 

r-
Have 33'-3 1/2" Slope 1/2-12 MRST Save 40 ' -2" 
Clear Height 30'-3 1/2" Clear Height 37'-3 1/4" 

(0
in
 
AAK2972 AAJC2976 AAK29B1 

CJ
 

S5'-0>
 

165'-0" 

o: 



F R A M E D E S I G N R B A C T T O N S 
^ATB
TIKE

 01/17/02 
 08 10 AM <VO 4 1 47 ct ~ PS.G8 F 5 

OTOS* C 012334 BUILDBR  BOILOER CPDBR H BUILJ5BR ACCOUNT H 00 ' > 0 - O C O - 0 0 
BLDR CONTACT

DESIGN SVSTSM FRAME K 03 DBSCRIFTION

 BLDR
(TYPE)

 MRST

 PJ1OHB tt 003-000-0000
 (WIDTH) (HEIGHT)

 165' 0" 33' -6"

 PRX)J NAME
 (SWOW)

 30 PSF

 
 (WIND) 
 90 WPH 

(CODB/VEAR)
>4ASS 97

BNGR GRP 
 (SLOPE) 

0 500 TO 12 
UJ 
C3 

*r S —t r 

POSITIVE REACTION DIRBCIION 

j 
C 

?< 

"I 
^ ^ 

-KB 
H
V
 K J P S
 KIPS

 Horizontal Force to
 Vertical Force Up

 Right V 
| 
•f H 

i

. 

„ •* 

i 

4 

1 
-  7 

1 

8 

r\j
r\j
n 

*M P Delta Analysis Perfona^d 9» 

2 c 

r?i-

I d 

'8 

/ I 12. 
I  h 

ruiCD 
2 ;> r 

No Loading Ccmbiastion 1H IV 4K 4V SH 6V SH 8V Sura H Sum V 

1 DL •> CLL + SL 4 92 25 01 -1 27 S7 78 0 01 sa 57 -: 6h 24 86 0 00 156 22 
3
3

 67DL
 67DL

 + W,L
 < WLR

 * IP 
* IP 

9
6

 36 
 56 

-10 S4 
-1 89 

1
3

 5"1 

 93 
- IS
19

 90 
 52 

1 
2 

44 
4 7 

19
-14

 45 
 66 

3
a
 42 
 48 

-6
-9

 72 
 00 

-15
21

 79 
n 

-S3
-15

 60 
 07 

4 67DL + PfLL * IS 8 86 5 35 2 20 4 56 -1 70 -1 C4 4 43 -1 33 !•» 21 19 48 
5 67DL + HU* t IS 7 43 2 69 3 30 7 18 2 20 2 05 7 48 3 61 20 41 -10 95 
6 DL + CUlM 53L+WLL*IP 6 67 J 96 2 26 14 11 1 43 12 15 ^ 42 6 £9 -15 79 36 11 
7 DL+CLLt SSL*WLJ*+IP 9 64 11 60 3 .24 11 68 2 4 7 16 94 6 4 E ) 4 41 21 83 44 £4 
8 DL^-CLlit 5BL»WULtlS 6 19 7 54 -2 90 26 65 -1 70 23 96 6 43 12 07 17 21 70 23 
9 DLt-CLL-f SSIrf-WLR + IS 10 12 IS 19 2 60 24 07 2 71 28 75 S 48 9 73 2C 41 18 76 

10 DLtCUL+SL* 5WLL* SIP 0 07 19 64 2 01 46 02 -0 /I 46 25 S 21 20 39 7 89 132 10 
11 DL+ CLL + SL* SHLS-* SIP B 23 22 9S 0 74 45 b \ 1 24 48 CS 0 71 19 25 10 92 116 37 
12 DL-tCLL+SLt SWLL + 51S o -n 20 93 2 33 52 S9 0 B 4 52 16 5 75 23 08 -a 6i 10 16 
13 DL*CLL*SLt 5WLR» 5ZS 8 46 25 25 0 42 si «e 1 11 54 55 0 21 21 94 10 21 153 43 
14 67DL * CL + BEQL -0 76 3 «7 1 35 13 <9 0 79 11 ST 1 43 6 16 -4 33 35 26 
15 67DL + CL t 8SQR 2 69 6 95 0 86 10 S2 0 80 13 t>5 -0 03 4 45 4 33 35 26 
16 DL * CL » fSL+ BBQL 1 26 IS 24 1 84 41 51 0 52 40 28 3 23 18 70 -4 33 116 72 
17 DL * CL + 6SL+ 3BQR 5 13 19 20 0 23 35 15 0 80 41 -»5 -1 63 16 52 4 33 116 72 
18 67DL > B»P « IP 3 91 -8 13 0 66 -18 99 0 3S 17 '5 -4 5" 8 67 0 3S -53 60 
19 OL+ CLLt 53L-»BWP*rp 6 59 5 30 0 03 12 32 0 3S 13 80 6 57 4 74 0 35 36 11 
20 DLtCLL+SLt SEWP-* 5IP I 70 19 8. 0 89 4S 77 0 16 47 10 -S 82 19 42 0 1* 132 10 

ID Load Case 1H IV 4H 4V f,H 6V flH BV San H Sum V 

DL DEAD LOAD 0 50 3 29 0 12 7 50 0 no 7 7« 0 36 3 32 0 00 21 85 
CLL COUUTBRAL LOAD 0 63 3 10 0 \6 7 13 0 oo •• 26 - 0 4  ? 3 08 0 00 20 62 | 
SL SNOW LOAD 3 78 18 62 -0 98 43 10 0 01 43 S7 -2 81 13 46 0 00 123 75 
KU WIND LOAD LEFT -S 46 -10 45 -I 80 15 75 -1 57 18 711 -3 67 -6 25 16 50 -51 18 
WLR iVIJTD LOAD RIGHT 6 86 1 81 3 70 -18 }8 2 J4 U 94 8 21 8 53 21 12 -42 65 
IP WItfD IWT PRESSURE 0 24 -2 2") 0 32 6 17 0 13 -5 31 0 50 2 69 0 71 17 06 
IS WIND INT SUCTION 0 24 2 29 -0 32 6 17 -0 13 c 91 0 50 ? 69 0 71 17 05 
B<3 SEISMIC LOAD 2 15 2 OS -1 38 1 74 0 99 -0 75 0 88 1 07 S 43 3 00 r\i 
SLL swcm LOAD WEFT SLOPS 3 71 18 25 -0 96 42 24 0 01 42 70 -2 75 18 09 0 00 121 28 ' 
EWP
SVI3
PDB

 Eli WIND PRESSURE 
 EVI HIND SUCTION 

P CeLta Unit Story S 

3
J

-0

 81 
 PI 
 23 

8
0
0

 11 
 11 
 38 

0
0
0

 43 
 43 
 08 

17 84 
17 fl< 
0 J3 

0 
0 
0 

32 
72 
IE 

17 04 
-17 04 

0 15 

4
4
0

 81 
 81 
 01 

fl 20 
8 20 
0 20 

0 36 
0 36 
0 OC 

-SI 18
-51 18 

0 00 

' rv 
GJ
G> 
01 



CD
O 

F R A M  E D S  S 
; G N  C R O S  S S F f T I 0 M 

PACE: 
U)
LD 
cr a 

DATS:
TIHS:

 1/17/02 
 fl'08:24 AM 'BUILDER ACCOUNT # oo-oo-ooo-oo 

' BUILDER ORDER ENGR GRP 
OR0EH #012334 
BU>R CONTACT 
DESIGN SYSTEM FRAMfi # C4 

BUIU3BR  BLDR PHONE N 000-000-0000 
WIDTH 75 ' -0 ' 

LRST 

SIyOPB 0.500 TO 12 

VloVe 1/2-12 Have 40--«j t/2^ 
Cl°ar Height 36 -6 

nj 
PI 

gave 43'-ll" 
Clear Height 39'-3 3/4" 00 

r-
r-> 
f

(M
 

ro
 

AAK2982 

75' -0 



DATE:
Tins:

 01/17/02 
 08:07 AM 

P R A M  8 D B S I G  K R E A C T I O N  S 

PAGE : F 5 

ORDBR » 012334
3LDR CONTACT 

DESIGN SYSTKM PRAMS ft

 BUIUD3R 

 04 DESCRIPTION

 SLDR
(TYPE)

 LRST

 BUILDER ORDBR S 
 PHONE » 000-000-0000 PROJ NAME

 (WIDTH) (HEIGHT) (SNOW)
 75' -0" 44 '-1 1/2" 30 PSF

 
 IHIITO) 
 90 MPH 

BUILDER ACCO'JNT S
ENGR CRP 

'CODE/TSAR) 
MASS 97 

1 SLOPE) 
0.500 TO 12 

 0 0 - 0 0 000 -00 cn 
s 
LU 
CD cr n. 

H
V

POSITIVB RRACTION DIRECTION 
 KIPS Koviiontal Pore* to Right 
 KIPS Vertical Force Up 

H 

KE
2  --.3 

H# p D e l t a Analyoie Peifomsd »» 
r-inCD 

N o . Loading Ccraibination 1H IV Sura H Sura V 
D

1 
2 
3 
4 

S 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

DL + CLL 4 SL 
.670L +• VTL.L 4 IP 
. 67OL * HLR * IP 
.67DL 4 W1J, 4 IS 
. 6 7 D L * WLS 4 IS 
DL4Cli4 . 5SL.+WLL«IP 
DL+CLL+ .5SL+WUS+IP 
Db4-Cl,U4 . 5SLtWliL*IS 
DL»CLLi4.. SSL4Wl»RtIS 
DL-CLL.»SIr» , 5Hlibt . 5IP 
3L-CLL+SL4 . 5HIJI + . SI P 
OL*CLL-»SL4 . SHliLt. SIS 
DL4CLL+SL4 . 5KLH.+ . SIS 
. 67DL + CS. 4 .8 SQL 
.6TD1, 4 CJ 4 .8BQR 
Db + Cl* + ,6f iL-f ,8DQLj 
DI* 4 CTi 4 .6SV+.8BQR 
.67DL + BWP + IP 
DLtCLL*. 5SL-BVP4IP 
DL*CLL»SL4 . SBWP+ . 51P 
DLtCL* . 75SL4CK1, 
Db4CL*.75SL+CHR 
DL+CL4-.5HLL4CHL 
DL-ICL4-. 5RLL,4CHR 
DL»CL4- . 5M1JR4CHL 
DI/4CL+ . 5WLR4CHR 

9 . 
-7. 

2. 
-5 , 

4 . 
•2 

•7 
-0 

9 
5 

10 
6 

11 
1 
2 
5 
7 

-3 
1 
7 

14 
0 

5 
-e 
10 
-3 

51 
96 

.41 

.99 

.38 

.83 

.55 

.86 

.52 

.12 

.30 
-10 
.29 
.05 
.97 
.72 
.64 
.73 
,«1 
.24 
.50 
. 9fl 
.78 
.25 
.46 
.06 

76 , 
- 2 9 , 
-16 
-13 
-0 
12 
25 
28 
40 
se 
64 
66 
72 
15 
17 

52 
54 

-33 
17 
61 
66 
57 
10 
1 

16 
•7 

. 4 5 

. 28 

.05 

.73 

.50 

. 86 

.09 

. 41 

.64 

.78 

.89 

.55 

.66 

.47 

. 4 9 
.84 
.87 
.53 
.61 
.15 
.98 
.67 
.81 
.52 
.94 
.63 

-9. 
-6. 
14 , 
-8 
12 

-11 
9 

-13 
7 

-12 
-1 

-.3 
-2 
-2 
-1 
-7 
-5 
3 

• a 
10 
-1 

-14 

0 
-12 

11 
-1 

51 
.64 
.30 
.61 
.33 
.78 
.16 
.75 
.19 
.42 
.95 
.40 
.93 
.94 
.06 
.60 
.75 
.65 
.79 
.D3 
.30 
.18 
.62 
.25 
.09 
.76 

38. 
-3 . 

-17. 
4 . 

- S . 
17 . 

3 , 
24 , 
11, 
34 
28 
38 
31 

5 
7 

28 
26 

-11 
9 

30 
27 
36 

4 
13 
-2 
6 

65 
44 

17 
36 
4 7 
17 
4 4 

,87 
. 14 
.88 
.02 
.T3 
.87 
.76 
.74 
.51 
. 4 9 
.SO 
.11 
.85 
, 0 3 
. 34 
.27 
.58 
.60 
."71 

0 .00 
-14 .60 
16.71 

-14 ,60 
16.71 

-U.60 
16.71 

- 14.60 
16.71 
-7 .30 

8. 35 
•7 .30 
fl .35 

-1.89 
1 .89 

-1 .89 
1.89 

-7.38 
- 7 . 3 6 
-3 .69 
13. 2C 

-13.20 
5 . 9  C 

-20 , 50 
21 .55 
-4 85 

115. 10 
-31.72 
-33 .23 

-8 .47 
- 9 . 3 7 
30.03 
26 .52 
53.28 
51.76 
93 .66 
92.91 

105.28 
104 .S3 

25.23 
25.23 
81. 3S 
81.35 

-35.03 
26 .72 
92.01 
94 .01 
94 .01 
15 . 10 
IS .10 
14 .34 
14 .34 

I/I 
r\j 

(3
r\j 



F R A H B D E S I G N R E A C T : o n s 
DATE: 01/17/02 
TIME: 08 ;07 AK PAGH: F 6 

ORDER ft 012334 BUIU33R - BUILDER ORDSR W 3UILDSR ACCOUNT fr' 00-00-000-00
 IS 
TH BLDR CONTACT - BU5R PKONK K 000-000-0000 PROJ MAKE - ENGR GRP •
 

(TYPKI (WIOTH) (HEIGHT) (SHOW) (WJMD) (COOB/YBAS) (SLOPE)
 lii 
DESIGN SVSTBM FRAME |i 04 DESCRIPTION LRST 75'-3" 4-1'-l 1/2" 30 PSP 90 MPH MASS 97 O.SDO TO 12 o a: n 

POSITIVB REACTION DIRECTION HE-

b KIPS Horizontal Force to Right V


f

V KIPS Vertical Force Up 1 i 

-H 1 fvj 
/ 1 4 PI 
2
 

ui 
ID Load Case IK IV 4H 4V Sum H Sum V 03 

DL DEAD LOAD 1.23 10. 54 -1.23 6. 17 0.00 16 C6
 
CLL COLLATERAL LOAD 1.18 9. 41 -1. 18 4.61 0.00 14 06
 r-
SL SNOVI WAP 7.10 56. 4S • 7. 10 27. 89 0.00 M.38
 
WLL WIND LOAD LKPT - 7 ,81 -27. 57 -6. 79 -3 .«9 -14.60 -31.36
 
WLR WIND LOAD RIGHT *.se •IS. 34 14. 15 -17, 42 16 .71 -32 77
 
IP HIND JUT PSB3SUR8 •0 .98 -7. ,78 0. ,98 -3. ,85 0.00 -51, 61
 
JS HIND JUT S'JCTION 0.98 •T 7B -0 .36 3 .85 0.00 11. 63
 
EQ SEISMIC LOAD -1 .20 -1. .27 -1 .16 I. 27 -2.36 0. 00
 
SLL SNOW LOAD UE?T SLOPE -0 .07 27 .80 0.07 -0 , 34 0.00 27. 66
 
5LS SNOWLOAD RIGHT SLOPH 7.03 27 56 -7 .03 27 . 57 0.00 55. 13
 
EWP EM MIND PRESSURE -3 .57 -22 .82 -3 .81 -11 .75 -7.3« -34.57
 
ms EW ^ll^^> SUCTION -3 .57 -22 . 82 -3 .81 -11 .75 -7.38 -34. 67
 
CHR CR -6 .76 -4 66 -6 .44 4 .66 -13.20 0. 00
 
CHL CR G .76 4 .f,6 6.44 -4 .66 13.20 0. 00
 
Pt>B P Delta Vnit Story S 0.00 -0 .54 0.00 0.54 0.00 0. 00
 

rvj 

CJ 

I/I 



F R A M E D E S I G N - C R O S S S E C T I O N 
^ DATE- 1/17/02 

UJ o> TINS: 12 25 23 PK PAGE LD re 

ORDBR BUILDER  BUILDER ORDER N BUILDER ACCOUNT K 0 0 - 0 " - 0 0 0 - 0 0 
BODR CONTACT  BLDR PHONE « 000-000-0000 PROJ NAME  HNGR GRP 
DESIGN SYSTEK FTLAMB ft 06 DBSCRIFTION LRST WIDTH 7S ' -0" HEIGHT 4 0 '  - 9 1/2' SLOPE 0 500 TO 12 

Have 40'-9 1/2" Slope 1/2:12 
Clear Height 38'-3 3/8" 

LRST Bave f!3' -11" 
Clear Height 41'-l 1/2" 

r-in10 
r»-* 
r-

D 
y
\) 

AAK2992
 

75'-0'
 



P R A M  S D E S I G  N R B A C T l O n  S 
DATE:
T I M S  :

 01/15/03 
 04:03 PN PAGH: F 

ORDER « 012334 
BLDR CONTACT 

BUILDER 
BLDR PHONE «

 BUILDER
 000-COO-OOOO

 ORDER K 
 PROJ NAME 

BUILDER ACCOUNT
SN3R CRP

 S
 

 0 0 - 0 0 - 0 0 0 - 0 0 (AJ
*-i 

(TYPB) (WIDTH) (HEIGHT) (SNOW) (WZJTO) (CODE/VEAR) (SLOPS) UJ 
DESIOH SYSTEM FRAHB If C6 DE6CRIPTIOM LRST 75 ' -0" 4 1 ' - 0 " 30 PSF 90 MPH (4AS9 97 0 SCO TO 12 

n 

P09ITIVB REACTION DIRECTION -HE 
H KJPS Horizontal Force to Right -5 
<1 KIPS Vertical Force Op 

- -II 
S)
(M 

UN P Delta Analysis Perfomwi (t» 
U)CD 

No. Loading Combination 1H IV 3H Sun H Sun V 
r^ 
<H 
r

1 DL * CLL » SL 8 38 43 .73 -8 . 38 32. ,57 0 00 76 30 
2 . S 7 D L * WLL t IP -8 , 04 -12 .52 -3 . 32 -11. .35 -11 . 36 -23 .87 
3 .67DL + HLR «• IP 1 , 24 -11 .47 8 .33 -8 ..52 9. 57 -19.99 
4 .67DL 4 MLi «• IS -6 .31 -3 .72 -5. 69 -4 .64 -12. 01 - 8 . 3 6 
5
6

 .67DL + WO * IS 
 DL + CLL+ . 5SL+-WLL* I P 

2. 
3 

,96 
.51 

- 2 
10 

.67 

.89 
5. 

-7 . 
96 
85 

-I 
6 

.81 

.26 
a. 

-11. 
92 
36 

-4 . 4 3 
17.15 

7 DL»CLL+- . 5SL*WLR+ IP *> .76 11 .94 3. 80 9 .09 9, .37 SI . 03 
8 OLfCLLt . 5SL*WbL+IS -1 .79 19 .69 -10. 22 12 ,98 -12 .01 3 2 . 6 6 
9 OL»CLL*.SSLfWLR«IS 7 ,49 20 . 74 1. 43 15 .80 8. .92 36 .54 

30 DL+ CLi + Slrt- .SWLL- t - .S IP 4 .00 35 .28 -9 . 61 25 .51 -S .68 6 0 . 7 9 
Jl DLtCLL-fSU-f-. S V T L R + . 5 I P 8 .63 3^ .81 -3. 85 26 .92 4 .78 E 2 . 7 3 
12 DL+CLL-tSLt . 5WZ,L + .5IS 4 .86 39 .68 -10. 86 23 .86 -6 .00 £8 .54 
13 DL+CLLtSL*. iWLR+.SIS 3 .50 40 .20 -5 . 04 30 28 4 . 4 6 7 0 . 4 8 
14 . 67DL + CL » . 8EQL 1.77 9 .76 - 3 . 6€ 6 .76 - 1 .89 36 .53 
15 .67DL 4 CL + . 8EQR 1.76 9 .63 0 , ,11 6 .90 1 89 16.53 
16 DL + CL * .SSLt.VBQL 5 .88 31 .05 -7 , ,77 22 .75 -1 . f ) 9 53 80 
17 DL t CL + . 6SL+.8EQR 5 .87 30 .91 -3 98 22 .88 1 . 89 53 80 
18 . 67DL •+ BWP * IF 3 .46 -14 .01 12 ,6C -9 .45 16 .05 - 2 3 .87 
19 DL + CLlr+ . SSLf-BT^Pt IP 7 .98 9 . 40 8, .07 7 .76 16 .05 17.15 
7.0 DL+CLL4-SL+ . 5BHP+- . 51P 9 .74 34 .53 -1 .73 26 . 2 5 a .03 60 .79 

ID Load Case 1H IV 3H •5V Suai H Sum V 

DL DBAD LOAD 1.08 « .54 -1 .08 4 .13 0. 00 10. 67 
CLL COLLATERAL LOAD 1 .04 c 31 -1 .04 4 . 06 0. 00 9. 38 
SL SNOW LOAD 6.26 31 .88 -6 .26 24. .37 0, .00 56, ,35 
WLL WIND LOAD LBPT -7 .90 -12 . 50 -3 .79 -10, 76 -11. ,66 -23 ,.36 
ULR W I N D U1AD RIGHT 1,3B -11 ,,45 7 86 -7 ,93 9. .24 -IS, 39 
IP
IS

 MJND
 KIITO

 IJTT
 INT

 PRBSSU1LB 
 SUCTION 

-0 
0 
.86 
.86 

-4 , 
4, 
40 
40 

1 
-1 

.19 

.19 
-3 
3 
.36 
36 

0 
-0, 

.32 

.32 
-7 
7 

75 
, 75 in 

EO SEISMIC LOAD 0.01 0. .08 -2 .36 -0 .08 -2, ,36 0 00 
SLL
ff»p

 SNOW LOAD LEFT SLOPE 
Evi wrrro PRESSURB 

6 
3 
. 13 
.60 

31, 
-14, 

.24 
,00 

-6 
12 

.13 

.13 
23 
-9 

.88 

.37 
0 
15 

.00 

.73 
SS 

-23 
. J 3 
.26 

BVS B» KIND SUCTION 3.50 -14 .00 12 .13 -9 .27 15 .73 -23 .26 
PDB P Delta Unit Story S 1.00 0.04 -1 .00 -0 .04 0.00 0.00 ro 

<x 



F R A M E D E S I G N C R O S S S E C T I O N 
<u C R T B ' 1/17/02 

> T IME: 8 :25:09 AM 

ORDER K012334 BUILDER - BUILDER ORDERS
BLDR CONTACT - BLDR PHONE P 000-000-0000 PROJ NAME 
DESIGN SYSTEM FRAME H 07 DESCRIPTION EWSS WIDTH 170 ' -0" HEIGHT 33 ' -3 1/2' SLOPE

.
a. 

•M 
o 

^- Gave 3 3 ' - 3 1/2" Slope 1/2 12 BWSS 
7 Clear Height 31' -6 1/2" 
c 
-) 

J 5 ' - ° 40 ' -0" 30 ' - C "f " 

AAX3185 AAK3187 AAK3190

=3 ! 9 3 d _J_
S d ? _ > _ ? . - ! (,•_• ;, •* „...!. , ^ — J . -~-T^
 

^ B . * ? <? ,_1.ij.-l^.-jA. ;n,y.^l.t.-; !>l|f"^-^-'inl,'gg~
 

I _ ' ' . . L I " "• ' ' - - - -* o /
D 

\\ / 

^ t \̂ . * 

* /
 

— \ /
" 
* \ / 

\ / 

\ /
 
J J/
 
t 

* t j ' \
 

V 
/ \
 

*
 

I \ 
AAK3184 AAK3186 AAK3188 AAK318S AAK3191

3 
J 

1 2 0 ' - 0 " i 2 5 ' - 0 " 2 5 ' - O  r  > 2 5 ' - 0 " 2 5 ' - 0 "

-' 170' -0"
 
a 1
 

t 

u 

u 
0 

LU PAG2: 

 BUILDER ACCOUNT H 0 0 - 0 0 - 0 0 3 - 0 0
 
 BNGR GSP 

 0.500 TO 12 

I 

Bave 40 ' - 4 1/2 ' 
Clear HeiqhC 38 ' -6 1/2° 

 35' -0" , 30 ' - 0 " 

 AAK3-.92 | AAKJ194 

f ? d Ĵ ^ !̂̂  
d

 , _ . , __L^-L-»-  «-»—i i

^t^rrsztai^^ ^ 

j * 

i 
V 

1 i 

. 
* 

• 

| 
J * 

i* * ( 
* 1 

 AAK3193 ,AAfO195 ?AK3196
 

1
 
I
 

 25 ' - 0 " 2 5 ' - 0 " ,

^ "~" 

1 

http:AAK3-.92


P R A H H D B S t C V R E A C T I O N S 
UATE
TIME

 01/17/02 
 03 24 AM PAGS e 7 

ORDER « 012334. 
BLBP CONTACT 

OF-SIGH SYSTEM PRAHB ft 07 

BUILDER 

DESCRIPTION

BLDR
(TYPE!

 BWSS

 301LDER
 PHONS It 000-000 OOOO

 (WIDTH) (HEIGHT)
 170'-0" 3 3 ' - 6  '

 ORDER ft 
 PROJ NAME 

 (9KOH)
 30 PSF

 (WIND) 
 90 MPH 

BU:U33R ACCOUNT H 
8NGP. <3RP 

•CODB/Y3A*} (SLOPE) 
MASS 97 0 500 TO 12 

00 00 003 CO 

LU 

a a 

POBJTIVB REACTION DIRECTION -HE 
H KIPS Horizontal Po 
V KIPS Vertical Force Up 
1 KISS Horizontal Ou< 

#tt P Delta Analysis Performed 

no nig 

Plane 

at v 
I 

1 
Z 

-H 

4-  

i 
1 
6 

- j
1 

4 
17

 -• 

| 

/ 

0 
7 ) 

- ? - - -  - i.j 
I 

10 I 
7 / 

•
i 

- i y   

1 
14 

' ) 

- J. J 

I | 

1 
'6 
! 

s 

r
ui 

No Loading Ootnbiaation 1H IV 3Z 4V 47, 53 6V 67 7Z 9H 3V oz 92 r

1 DL + CLL *• SL 
2 67DL 4 KLL + IP 
3 67DL 4 WLR * IP 

WIL + IS 67DL 
e^DL IS 

16 DL 
17 DL 
1» 
19 

CL 
CL 

tC,R 
<5 DLtCLL-f 5 S L 4 W L L + I P 
7 DL4CLL+ 5SL»VTLR4lP 
8 DL4d,Lt 53L-.HL.L + IS 
9 DL(CLL4 S3L4WLR+IS 

10 DLiCLL+SL» 5vaj,+ 5IP 
11 DL4CLL+SL4 5HLR+ 5IP 
12 DL4CLL4-SL4 5WLL4 513 
13 DL4CLL4.SL4 5WLR+ SIS 
14 61OL •»• CL -f 8BQL 
15 6TDL + CL •« 8BQR 

6SL+ SBQL 
6SL+ 8BQR 

67DL » EWS * IP 
67DL 4 BWP 4 IS 

20 DLfCLL-t 5SL4BWS4-IP 
21 DLfCLL4 S3b-fBMP+IS 
J2 DL+CLL»SL« iBW84 SIP 
33 DL4TLL4SL-. 5EWP+ 5IS 

0 12 
2 11 
1 40 
2 10 
1 41 
2 05 
1 46 
2 04 
1 48 
0 94 
0.81 
0 94 
0 32 
0 01 
0.06 
0 04 
0 12 
2 28 
2 29 
2 34 
2 35 
1 25 
1.26 

4 23 
0 41 
-1 34 
C 39 
0 53 
1 83 
0 91 
2 64 
1 71 
3 78 
3 32 
4 19 
3 72 
0 93 
1 05 
2 97 
3.09 
4 36 

-3 56 
-2 12 
-1 32 
1 81 
2 21 

0 00 
0 00 
0 00 
0.00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 OO 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
9 90 
9 90 
9 90 
9 90 

-4 95 
4 95 

11 ^3 
-4 40 
-2 "0 
. 99 

-0 39 
1 90 
3 60 
4 31 
« 01 
8 98 
9 63 

10 IB 
11 C3 
2 64 
2 46 
8 37 
8 19 
9 28 

-6 07 
2 97 

-C 56 
6 54 
7 74 

0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
o oo 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 OC 
0 OC 
0 OC 
9 15 
9 15 
9 15 
9 15 

-4 58 
4 58 

0 DO
0 00 
0 00 
0 00 
o oo 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00
0 00
0 00
0 00 
0 00 
0 00 
0 00 

-1L 32
11 32 
-11 32 
11 32 
5 66 
5 66 

1 

1 
1 
1 

 -1 

2 3j 
J 73 
3 30 
1 22 
0 79 
2 91 
3 34 
S 42 
5 85 
9 90 
0 12 
1 16 
1 37 
2 67 
3 «8 
e TO 
8 71 
0 96 
8 45 
4 32 
1 3. 
6 2J 
7 S< 

0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
10 49 
10 49 
-10 49 
10 49 
5 25 
5 25 

0 00 
0 00 
0 00 
0 00 
0 00 
0.00 
0 00 
C 00 
C 00 
C 00 
C 00 
C 00 
C 00 
C 00 
C OO 
0 00 
n oo 

-11 65 
11 6S 
11 65 
11 65 
-5 82 
5 82 

0 00 
3 HS 
0 00 
4 52 
0 00 
3 81 
0 00 
4 48 
0 00 
1 85 
0.00 
2 1? 
0 00 
2 OS 
0 00 
2 02 
0 00 
0 00 
0 00 
a oo 
0 00 
0 00 
0 00 

12 54 
9 22 
6 47 
-1 TO 
7 99 

-2 53 
13 1« 
-I 02 
14 67 
7 27 

15 11 
8 02 

IE 87 
0 12 
S 79 
5 96 
11 07 
-6 87 
-S 35 
-0 18 
1 33 
a 44 
9 20 

0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
Q 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 

-10 83 
10 81 
-10 S3 
10 82 
-5 41 
5 4! 

0 00 
0 00 
0 00 
0 00 
Q 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0.00 
0 00 
11 97 
Ll 97 
1 1 97 
11 97 
5 99 
5 99 

No Loadmg Combination I OH 10V 10Z 11Z 12V 122 13Z 14V 14Z 16H 16V «u<t H Sura V 

1
2
3
4
5
6
7
8
'1

10
11
13
13
14

 DL 4 CLL 4 SL 
 67DL * WLL f IP 
 67O1, t WLR + IP 
 67DL + WLL + IS 
 67DL 4. &LX + IS 
 DLr+CL_,4 SSbtWL^IP 
 DL4CLL + SSL-fHLR+JP 
 DL4CLL4 5SV4-WLL-MS 
 DI/-fCLL4 5SL+WLRHS 
 DL4-CH.4SL4 5rfLL+ SIP 
 DL+CLL+SL* SrfLS* SIP 
 DL-tCli + SL* SVJli4 SIS 
 DL4CTLL4S1.4 SvrLR* SIS 
 67DL 4 CL 4 8BQL 

0 08 
0 00 
6 59 
0 00 
5 93 
0 00 
6 63 
o oo 
S 96 
0 00 
3 37 
0 CO 
3 04 
0 00 

12 45 
1 76 

-12 2S 
5 20 

-8 66 
8 40 

-S 66 
11 83 
2 23 

12 6€ 
5 63 

14 38 
7 35 
5 72 

0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
n oo 
0 00 
3 00 
} OO 

0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0.00 
0 00 
o oo 
0 00 
0 03 
0 OD 
0 00 
0 00 

1 2 ^9 
-J 65 
2 61 

-I 20 
0 17 
2 93 
3 96 
5 37 
6 41 
9 87 
10 38 
11 09 
11 61 
2 SO 

0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 CO 
0 CO 
o co 
0 00 
0 00 

0 00 
0 00 
o no 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 OC 
0 OC 

13 49 
-3 IS 
-4 20 
-0 SO 
-1 55 
4 03 
i <»7 
6 S7 

5 52 
11 L7 
10 64 
12 49 
1197 
3 08 

0 00 
0 CO 
0 00 
0 00 
0 00 
o oo 
o oo 
0.00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 OD 

0 20 
1 59 
2 56 
1 64 
3 51 
1 70 
2 46 
1 74 
2 40 
0 98 
1 09 
1 01 
1 07 
o CM; 

5 £4 
1 98 

-0 57 
-0 97 
0 S4 
1 00 
2 41 
2 11 
J 52 
' 31 
5 07 
4 87 
5 57 
I 37 

0 00 
7 56 

10 55 
|-B 2« 
1 9 ei 
-7, 56 
10 55 
8 76 
9 84 

-3 78 
5 27 
4 13 
4 92 
2 13 

81 81 
24 76 
2D 54 
7 89 
3 67 

2? 46 
P, 68 
37 34 
41 56 
67 <>4 
70 OS 
76 38 
78 48 
19 19 

IA 

r\j 

CJ
CD 
(M 

a 

f 



F R A M  E D E S I G N R E A C T I O N S 
uATE: 01/17/02 
TIME: 08 ! 24 AM FAGE: F 8 

ORDER * 012334 BUILDBR  BUILDER ORDER H BUILDER ACCO'JNT (t 00 -00- OOC-00 ITi 
BLCR CONTACT  BUJR PHONB tf 000-000-0000 PROJ KANB ENGR GRP 

a) 
0) 
TO 
1. 

DESIGN SYSTEM FRAMH V 07 DESCRIPTION
<TYPB)

 BMSB
 (WIDTH)
 170' -D"

 (HEIGHT)
 33 '-6"

 (SHOW) 
 30 PSP 

(WIND) 
90 MPH 

(CODB/YEAR)
MASS 97

 (SLOPE) 
 0.500 TO 12 

UU 
LD 
CT a. 

POSITIVE REACTION DIRECTION -HE 

H KIPS Horizontal rorce to Right V 2 ., y _ _ _ _ , - U ...---ii--..- -15 

V
2
 RIPS
 KIPS

 Vertical Force Up
 Horizontal Out o£ Plane

,

 | 
 *

/ 
•-H 

1 

1 

1 

4 

1 

6 

1
! 
a 

1 
1 

10 1 2

j 
.• 

 14 

] i 
16 

6D
rvj
r\j 

Z 

No. leading Combination 1CH 10V 10Z 112 12V 12Z nz 14V 142 16H 1 6V Su* H Sum V 
uiCD 

15 .67DU + CL *• .8EQR 
16 DL + Cb t . 6SL,».8EQL 
17 DL. + CL -H . 6SL».8KQR 
18 .67DL + BWS +• IP 
19 . 67Db 4 EWP » IS 
20 DLtCUL* .5SLtBW3+IP 
21 DL+CLL+.5SLtBNP4lS 
22 DL-"-CLL+ Sl<» . 5BVS+ . 5IP 

2 
0 
2 

2 
1 
2 
1 
1 

09 
00 
13 
48 
81 
53 
85 
32 

-0 
11 
5 

-13 
-10 
-7 
-T 
4 

07 
75 
96 
90 
47 
27 
84 
83 

0 
0 
0 

-11 
11 
-11 
11 
-5 

00 
oc 
oc 
14 
14 
14 
14 
57 

0 
0 
0 

-12 
12 

-12 
12 
-6 

00 
00 
00 
29 
29 
29 
39 
.15 

2 
8 
a 

-10 
-8 
-3 
1 
6 

85 
89 
83 
54 
10 
97 
53 
42 

0 
0 
0 

-11 
11 
-11 
11 
• 5 

.00 

.00 

.00 

.46 

.46 

.46 

.46 

.73 

0 
0 
0 

-1Z 
12 
-12 
12 
-« 

00 
on 
00 
62 
62 
62 
62 
31 

3.12 
9 .BO 
9.65 

-9.76 
-7.11 
-2.59 
0.06 
7.86 

0 . CO 
0.00 
0 .00 

-11 .79 
11.79 
-11.79 
11.79 
-5.89 

0.01
0 16
0. 11
2 65
2.69
2.75
2 80
1 .51

 I 
4 
4 

 -5 
 -4 
 -2 
 -1 

2 

30 
09 
02 
49 
38 
51 
.40 
.55 

2 
-2 
2 
2 
1 
2 
1 
1 

13 
13 
U 
11 
4'. 
11 
41 
05 

19.19 
60.33 
60.33 
-71 .17 
-54 .29 
-25 . 94 
-9.07 
44 . 74 

23 DL-CLJ^SLt-.SBWP+.SIS 0 98 6 54 5 57 6. 15 7 64 5.73 6 31 9.19 5.89 1 .54 3 .11 0 70 53 .17 

Mo. Loading Combirvation Sum 2 

1 Db + CLL * SL 0 .00 
2 ,6101, + WLL * IP 0.00 
3 .67DL + WUl + IP 0 .00 
•I .67DL. * WUL + IS 0 .00 
5 .67DL 1- WLR + IS 0.00 
6
7
 Db+CLIj+.SSL+WU.+ IP
 OLtCbbt.SSL+WLR+IP

 0.00 
 0.00 

3 DUtCLIv*.5Sl,tKl,LtIS
9 DL«CTi*. SSlr«Ml,R+rs

 0.00 
 0 . 0 0 

10 DL + CLLtStj+.SKLM-.SIP 0.00 
11 DL*CLLtSL/+ .SWLR+.5 IP
12 DL + CU,vSt,».S»Hi».5IS

 0 .00 
 0,00 

13 DU-KTLL*SI/*. SWLSt.SIS
14 .67DL f CL. t .8BQL

 0.00 
 0 . 00 

15 .67DL » CL, * .8BOR 0.00 
16 Di. + CL * .6SL+.8BOL 0 . 0 0 
17 DL + Ch + .6SL*.8EffR 3.00 
16 .67DL + BKS » IP -134 .SO 
IS .S7DL, + BV>P »> IS 134.60 Id 
20 CL+<:u,».5SL-fBW3 + IP -134 .60 [fi 
21 0LtCU;+.SSL».BWP+IS 134 SO 
22 DUtCLL + SL*-.SEWS*.SIP -67.30 
23 DL-fCLbt-Slr*. SEW?».5IS 67 .30 IM 

CJ 
C3 
f\l 



DATS:
TIMS:

 01/17/02 
 08:24 AM 

F X A « 8 D E S 1 G 3 R E A C T I O N  S 

PAGE ; F ") 

ORDER II 012334
BLDR CONTACT

DESIGN SY&TRM FRAME t

 BUILDER

 07 DESCRIPTION

 BLDR
(TYP8)

 EWSS

 3UILDBR
 PHONK It 000-000-0000

 (WIDTH) (H3IGHT)
 170 ' -0* 33 ' - 6 "

 OJtDBR # 
 PROC NAME 
 (SNOW) 

 30 PSF 
SMJND) 
90 MPH 

3OTLDER ACCOUNT 1*
ENOR GRP 

(CODE/Y2AR) (SLOPE) 
MASS 97 O . S O O TO 12 

 00 00-000-00 

UJ 

cr 
a. 

H
V
z

POSITIVE REACTION DIRBCTIOH 
 KIPS Hoi'ironta) Force to Right V 
 KJP3 Vertical Force Up 
 KIPS Horizontal Out of Plane » • 

, / 
Z 

-H 

- - - - 

1 
1 

- - - • ,  • 
1 
i 
4 

I 
6 

- •- . 7 , . , _  

1 
1 
B 

. 9 
_ 

* "

10 



1 

12 

, \\ - . . . 

1 

U 

- H E 

1 
16 

(Srvj
(M 

ID Load Case IH IV 32 4V 4Z sz, 6V (:Z 7Z BH 8V 9Z 9Z CD 

DL 
CLL 
SI, 
pUL 

UiLR 
I P 
IS 
EQ 
SLA 
BKP 
BWS 
PDE 

DEAD LOAD 
COLLATERAL LOAD 
SNOW LOAD 
WIND LOW) LBPT 
NtbTD LOAD RIGHT 
WIND INT PSJBSSUUS 
WIWD IMT SUCTION 
SEISMIC LOAD 
SBON LOAD i,HPT SLOPE 
HV VIND PRBSSORg 
BW HIND 3UCTIOH 
P Delta Uni t Story' G 

0 .01 
0 . 0 2 
0 09 

-2.11 
l .«0 

-0 .01 
0 .01 

- o . o s 
0.09 
2 . 2 8 
2.28 
0 .04 

0. 74 

0.50 
3.00 

• 0. SO 
-1 .43 
- 0 . 4 0 

0 .40 
-0.08 

2 .94 
-4 .«5 

* .45 
- 0 . 0 3 

0 ,00 
0 ,OO 
0 .00 
0 .00 
n . o o 
0 .00 
0 .00 
0 .00 
0.00 
9 .90 

-9 .90 
0.00 

1.66 
I .44 

8.*3 
- 4 . 3 1 
-3.61 
-1 .20 
1 .30 
0.11 
8 . 46 

-5 .19 
-5 .39 

0.04 

0 . 0 0 
o . oo 
0. 00 
o . no 
0 .00 
o .oo 
0.00 
0 .00 
0.00 
9. 15 

-9. 15 
O . O  D 

O . D O 
0. 30 
0.00 
0.00 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 

11 . 32 
-11 .32 

0 .00 

1.72 
1.52 
9. 13 

- 3 . 6 3 
- 3 . 2 0 
-1 . 2 S 

1.25 
-0 .01 
8.92 

- io . ee 
-10.86 

0.00 

0 00 
0 .00 
0 .00 
0 .00 
0.00 
n . no 
o.oo 
o .oo 
o.oo 

J O , 49 
-10.49 

0.00 

0.00 
0 .00 
c.oo 
c . o o 
0.00 
C .00 
o .oo 
0 . 00 
0 .00 

11 .6S 
-11 .65 

o . o o 

0. 00 
0 .00 
0.00 

-4 .20 

0.00 
0.00 

-0.14 

-2 .59 
0.00 
0 . 0 0 
0.00 

-0.83 

: .98 
t .51 
9 . OS 
9 . 7p 
5 .91 

- o . ? s 
0 . 16 

-3 .69 
8 .87 

- 7 . 4 1 
7 . 4 3 

-1.39 

0.00 
0 . 0 0 
0 00 
0 .00 
o. on 
o .oo 
0 .00 
0 CO 
0 00 

10 H 2 
-10.82 

0 . 0 0 

0 .00 
0. 00 
0.00 
0 .00 
0 00 
0 .00 
0.00 
o .oo 
0 .00 

;i .97 
U 97 

0 . 0 0 

r-
1-4 

(̂  

ID Lose Case I OH 10V 102 11Z I 2V 123 13 Z 14V 142 HH 16V Sum H Sura V 

DL 
CLL. 
SL 
WLL 
HLR 
IP 
IS 
EQ 
S^L, 
ffNP 
EWS 
PDE 

DEAD LOAD 
COLLATERAL LOAD 
SNOW LOAD 
WIND LOAD LEFT 
WIND LOAD RIGHT 
WIND INT PRESSURE 
WIRD INT SUCTION 
SEISMIC LOAD 
SNOW LOAD LSFT SLOPE 
BW WIND PRBSSURB 
BW WIIJD SUCTION 
P Delta Unit Story S 

0 .01 
0. 31 
O . O S 
0.00 
6 .75 
0 .34 
0 00 
0.00 
0 .06 
2 . 14 
2. 14 
0. 15 

1.09 
1.49 
6 . 9 5 
2. 15 

•11 91 
-1 .72 
1 .Ti 
3.62 
8 . 7 9 

•13.52 
-13. S2 

1 .36 

0 .00 
o.oo 
0 .00 
0.00 
0.00 
0.00 
0 . 0 0 
0 .00 
0.00 

n.n 
-11.14 

0.00 

0 . C O 
0 .00 
0 .00 
n .oo 
0 .00 
0.00 
0 -00 
c.oo 
C .00 

12.29 
-12 . 29 

0 . 00 

2 .09 
1.4-7 
8 83 

•3 .82 
2 . 7 5 

- 1 . 2 2 
1.22 
0 .04 
8 . 6 5 

-10.72 
-•.0.72 

0.01 

0 .00 
0 .00 
0 .00 
0 . 00 
0 . 0 0 
3 00 

0 . 00 
0. 00 
0. 00 

11. <1S 
-11 .46 

0 .00 

0 . 0 0 
0. 00 
0 .00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

12.62 
-12 .62 

0.00 

V . 2  3 
1 ,61 
9. RS 
3.31 

-1 ,37 
•1 . 33 
1 ,33 

-0 , 33 
9 .46 

-9. 3.1 
- 9 . J3 
-0.02 

0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
o .oo 

U .79 
•11.79 

o .no 

-0 .02 
-0 . 03 
-0,15 
-1 60 
2 55 
0 .02 

-0 .02 
-0.03 
-0.1Q 
-2 .66 

2 .66 
0 07 

; .ci 
0 .66 
3 . •}-> 

- 2 . JO 
•0 . 69 
0 .55 
0 56 
0. 04 
J . 8 9 

-S.61 
-5.61 

0.02 

O . O C 
0 OC 
0 ,'OC 

-7 91 
1.0. 2C 
o .3r , 

-0 (5 
2 .67 
G on 
3 76 
1 76 

-01 i  > 

13 - 4 1 
1 D . 2 0 
6t . 20 

- 2 5 . 3 1 
- 2  L .09 

-9 44 
<) 4 « 
D . O O 

59 9fl 
-71 .72 
- 7 1 . 7  2 

0.00 

in 
in 
r\j 

(M
CJ 
cs 

<r 

r 
r 



F R A M E D B 3 I G N S T R B S S S U M M A R Y
 

P

DATE: 

 T I M S : 
01/17/02 
0 8 : 2 4 AM PAOB: F 11 

--

<D 

^'

 ORDER ff 012334 
9 LOR CONTACT 

 DESIGN SYSTEM FRAME

BUILDSR 

 If 07 DESCRIPTION

BLDR
(TVPEI

 EWS3

 PHONE » 
 (WIDTH) 

 170' -0" 

BUILDCK
OOC-000-0000

(HEIGHT)
3 J ' - 6  *

 OPXI3R M
 PROJ NAME

 (SNOW)
 30 PSF

 
 (WIND)
 90 MPH

 3U;LDBR ACCOUKT R 
 BUCR GRP 

 (CODE/YEAS) (SLOPS! 
 MASS 97 0 . 500 TO 12 

0 0 - 0 0 - 0 0 0 - 0 0 Ĉ 
»-* 

LU 

n 

BRACING MEMBERS 

g~
i_ 

 irUKBER

MEMBER

MODULE
 NO.

 NO. 1 

 ROD 
 DIRECTION 

JOINT 1 

JOINTS

8 9
7 10

2 

ROD
 CIA

 0.750
 0.750

 TENSILE 
 STR8NGTH 

 80 
 HO 

ACTUAL
FORCE

-7 93
-11.40

 ALLOW
 FORCE

 14 .32
 14 32

 STRBSS 
 RATIO 

 0 .554 
 0.796 

LOAD 
CONO 

4 

T 

! isr\j 

a)
03 

?
;
 SECT. 
 NO. 

LENGTH 
(FT) 

YIKLE
STRBSS

 NO. 
 SEGS 

MAX SEC
SIZE

 DEPTH AT
 START

 DEPTH 
 END 

AT 
OUTER FL. 

WK3 
THK. IN7fER PL.

COMB. STRESS
 RATIO

 LOAD 
 COND 

jj 1 31 .54 55. 8 5 .00 FT 12.00 IK 12.00 IN 5.000 X . 2 5 0 . 100 5 .000 X .250 0.311 21 

CONTROLLING ACTIONS 
A X I A L - - 

SBCT. FORCE MOMENT
N O . {KIPS) ( I N - K I P )

 MAXIMUM STRESSES -
 A X I A L FBO FBI 
 ( K S I  ) ( K S I ) ( K S I ) 

-   ALLOWABLE STRESSES - 
PA FBO FBI 

(KSI) (KSI) ( K S I ) 

,
FORC8
(KIPS)

 -. . SHBAR 
 ALLOW 
 (KIPS) 

S7RBSS 
RATIO 

LOAD 
COND 

5 
1 -1.51 -187.63 -0.41 -11.37 -11.37 43 . 99 43 . J9 3 6 . 5 7 3 .00 10.06 0 . 2 S 9 '.8 

j MEMBER SO. 2 JOINT 2  3 

',
SECT . 

 NO. 
LENGTH 

(FT) 
YIELD

STRBSS
 NO. 
 SBGS 

MAX SEG
SIZE

 D3PTH AT
 START

 DEPTH 
 E>TO 

AT 
OUTBR PL. 

WE3 
T H K . INNER ?L.

COMB. STRE 
 RATIO 

SS LOAD 
COND 

; i 20.00 55. 5 5 .00 FT 12.00 IN 12.00 IN 5 .000 X .350 .100 5.000 X .250 0 . 5 0 6 li 

CONTROLLING ACTIONS 
-  -AXIAL 

SECT. FOSCE MOMENT 
N O . (KIPSI ( I N - K I P  ) 

MAXIMUM STRESSES- 
AXIAI, FBO FBI 
( K S I ) (KSI ) (KSI) 

-  -ALLOWABLE STRESSES 
FA FBO FBI 

( K S I ) (KSI) (K3U 
PORC3
(KIPS)

qii D A D 

 ALIX»I 
 ; K I P S ) 

STRBSS 
RATIO 

LOAD 
CONU 

1 -0.11 - 2 6 2 . 6 3 -0.03 -IS. 92 -15.92 33 .00 3 3 . 0 0 31.48 -5 .45 7 .54 0 .723 1 

KKHBBR NO. 3 JOINT 4  3 Rotated 90 degrees 1 

SBCT . 
N O . 

LHNCTK 
( F T ) 

YIELD
STRESS

 NO. 
 SBGS 

MAX SEO
SIZE

 DEPTH AT
 START

 DBPTH 
 END 

AT 
OUTBR FL. 

WEB 
THK.. INNER FL.

COMB. STRESS
 RATIO

 LOAD 
 COND 

1 
2 

20 .00 
12 .33 

55.
55 .

 4 
3 

5 .00 FT
*.ll FT

 12 .00 IN
 12.00 IN

 12.00 
 12.00 

IN
IN

 8.000
 8 . 0 0 0

 X
 X

 .250 
 .250 

..120 

.100 
a .000
8 .000

 y.
 X

 .250
 . 250

 1 . 029 
 0 . 7 4  7 

j ja 
H8 



F R A M E D E S I G N C R O S S S E C T I O N 
DATE. 1/17/02 
TIME: 8 : 3 1 - 5 0 AM PAG3: 

ORDER M012334 BUILDER  BUILDER ORDER ft BUILDER ACCOUNT rt 00-00-300-00 
BLDR CONTACT  BLDR PHONE It 000-000-0000 PROJ MAME  ENGR GRP 
DESIGN SYSTEM FRAME « C8 DESCRIPTION BWSS WIDTH 75'-0" HEIGHT t3'-ll r SLOPE 0.500 TO 12 

Gave 4V -11" EWSS Slope 1/2.12 Have 40'-^ 1/2" 
Clear Height 42'-0 7/8" Clear Height 39'-0 1/2" 

4 C 1 - 0 " 

LU 
O a n 

CD 

n 

U)
CD 

in
in 
C\i 

AA1O201 AAK3203 AAK3205 AAK3206 

2 5 ' - 0 ' 25' 2 5 ' - 0 " 

75' -i 



I 
F R A M E D E S I G N R E A C T I O N S 

vATB: 01/17/02 

OD TIMB: 08:42 AM PAGE: ? 

O) 
ORDER tf 012334 
BLDR CONTACT 

BU1LDBH 
BM3R PHONE 0

 BUILOSR
 0 0 0 - 0 0 0 - O O n O

 ORDER 3 
 PROJ NAME 

BUILDBR ACCOUNT
3WGR CRP

 rt
 

 00-00-000-00 

O> 
rt! 

OBSICH SYSTEM FRAME * 08 DESCRIPTION
(TYPE)

 B«SS
 (WIDTH)

 7= ' -0"
 (HEIGHT)
 4 4 ' - 1 1/2"

 (SKOVI)
 30 PSF

 (WIND) 
 90 MPH 

(CODB/VBAR)
MASS 97

 (SUOPB1 
 0.500 TO 12 

LU 
CD 

£ 
X 

POSITIVE RBACTION DIRBCTIOK HS
H KIPS Horizontal Force to Right 2-- 3 5 

s 
i. 

V
Z
 KIPS
 KIPS

 Vertical Force Up 
 Horizontal Out of Plane * - - - H 

(Sr\j
r\j 

o 

P Delta Analysis Performed 
V I )
OJ 

No. Loading Combination 1H IV JZ 4V 4Z 5Z 6V 6Z 8H BV 

1 
2 

DL + CLJL * SL, 
. 670L « MLL + IP 

0.3.1 
- 5 . 1 2 

7.56 
-1 .70 

0 . 0 0 
o .oc 

0 . 0 0 
0 00 

11.02 
1.95 

0 .00 
0 .00 

n
0
 oo 
 00 

-0.01 
- 2 . 6 1 

10. 94 
- 6 . 6 3 

0 . 0 0 
O . O C 

-0 .12 
-: .54 

6 . 4 4 
4 . 0 3 

o .00 
- 9 . 2 8 

3 . 67DL » VHJt + IP 1 .68 3.62 0.00 1 . B9 -6.13 0.00 o.oo 0.00 0.16 O.OC 4 .60 -3. 75 8.18 
4 . 6 7DL 4 WLL f IS -4 .93 - 2 . 4 9 0 . 0 0 0 .00 3 .82 0 . 0 0 0 OD • ' ^ . 4 9 . < . 2 8 0 .00 1 .60 4 .60 - 9 . 0 2 
5 ,67DI, + KLS > IS 1 .76 4 . U3 o oo 5 01 4 . 2 5 0. 30 0 . 0 7 0.00 3.10 0 .00 4 .67 2 . 98 8 . 4 4 
6 DLMTU,* . 5SI.+ WUL + I P -4 .94 • C . 1 9 0.00 0 .00 7 . 7 2 0 .00 0 . 0 0 -2 .62 -0 . B« 0 . 00 -1.71 7. 17 - 9 . 2 8 
7 OL-fCLL*. 58I.+WLR + IP 1 .87 7.13 0.00 I .89 - 0 . 3 5 0 .00 0 .00 C . O O 6.13 0.00 4 . 0 - 0 . 6 1 8.18 
8 
9 DL+CLlrf. ' 

4.75 
1.95 

1 .03 
8.35 

0.00 
0 .00 

0.00 
1 .00 

9.60 
1.53 

0 .00 
0 .00 

0.00 
0. 00 

- 2 . 4 9 
0 .00 

1 .49 
e .47 

0.00 
0.00 

-1 .78 
4 48 

7 . 9 4 
0 .1C 

9 . 0 2 
8 . 4 4 

10 -2 .24 4 .59 0.00 0.00 11.27 0.00 0 . 0 0 -1 .32 6 . 96 0.00 -1 .08 7.71 -4 .64 
11 DL*CLL*SL+.5WLR+-. SIP 1.17 8 . 2 5 0.00 0 . 5 4 7 . 2 3 0 . 0 0 0 00 0.00 10 .45 0 . 0 0 1 . 98 3 . 8 2 4 .09 
13 DLtCLL-fSL* . 5HLL+ .SIS -2.15 5 . 2 0 0 . 0 0 0 . 0 0 12.21 0 . 0 0 0 .00 -1.25 8.13 0 .00 -1 . 11 8 .09 -4 .51 
13 DL-iCLL*SL» . 5KUU .SIS 1.21 8 .86 0 . 0 0 1.00 8.17 D . no 0 . 0 0 0 .00 11.62 o .oo 2 .C1 4 .20 4 22 
14 67DL r CL + .8EQL - 0 . 2 9 2 . 2 3 0 .00 c . oo 3 33 0 . 0 0 0 . 0 0 0 . 37 1.95 0 .00 - O . C 8 2 . 7 4 - 0 . 7  4 
15 67DL (• CL + . 8EQR 0.09 3 .45 0.00 0.33 2 .08 0.00 o .no O . D O 3 .29 0.00 0.32 1.44 3 . ^4 
16 DL + CL + . 6SL+ . 8RO.L -0.12 5.51 0 . 0 0 0 .00 8.60 0 .00 0 . 0 0 - 0 . 3 6 7.21 0 . 0 0 - 0 . 2 * 5 . 6 4 - 0 . 7 4 
17 OL + CL, * .6SL+.8BQR 0.25 6.73 0 .00 0. 33 7.35 0.00 0.00 0.00 8.55 0. 00 0.16" i 4 .34 0 .74 

.67Db »• SWS t IP 2 .15 - 3 . 4 7 -13.71 0.00 7 . 4 6 - 1 2 . 6 9 -13.39 -0 55 - 9 . 2 3 -12.56 -2 .37 -2 .81 -0 .78 
IS . 670L * B«P (- 18 2.35 - 2 . 2 6 11 .71 0.00 - 5 . 5 8 12. 89 13.39 - 0 . 4 3 -6 .88 32 .56 • 2 . 4  4 -2 . 0 4 - 0 . 5 2 
20 CL+CLL*.5SL+BWfit :p 2. 33 O . O S -13 71 0.00 1 .60 -12 .89 -13 39 -0. 56 -3 .4S -12.56 2 .55 0 . 3 4 -0. 78 
21 3 .53 1.26 13.71 0 .00 0 . 2 0 12. £ 9 13.39 - 0 . 4 3 •1 . 11 12.56 -2 .61 1.10 - O . J 2 
22 DL + CLLtSL*. SE^S^-.SIP I .40 4.71 -6 .86 0.00 6 .57 - « . 44 -6 .7C - 0 . 2 9 5.66 -(5.28 -1.50 4 .29 -0 .39 
23 DL*CLLri-SL*. 5BWP+ .SIS 1 .49 5 . 3 2 6 .86 0 .00 7.51 « . 4 4 C . 7 C - 0 . 2 2 6.83 6 .28 -1 .53 4 .63 -0 .26 
24 DL + CL+.75SL+CHL 1.16 81 .53 0 .00 0 . 0 0 9.18 0 .00 0 . 0 0 - 0 . 0  3 9.12 o.oo -1 12 80.50 0 .00 
25 0 . 4 9 25 .63 0 . 0 0 0 .00 9.13 0 .00 0 . 0 0 -0 .01 9.05 0 .00 - 0 . 4 8 2 4 . 5 3 0 .00 
26 DL*CL« . -1 .56 76.15 0 . 0 0 0.00 4 . 2 1 0 .00 0 .00 -1.30 -0 .03 0.00 -1 .71 » 79.25 -4 .57 
27 - 2 . 2 2 20 .24 D . O O 0.00 4.16 0. 00 O.OO 1 .28 - O . O J 0.00 -1.07 23.28 -4 .57 
28 1 .84 79.81 0 .00 0 . 9 5 0.17 0 .00 0.00 0 .00 3 . 4 6 0 .00 1.36 75 . 36 4 .15 
39 DL-»CL« . 1.16 23.90 0 .00 0 97 0.12 0 .00 0 00 0 .00 3 .40 0.30 2 .03 19.39 4 15 

Corobirvation Suo\ V Sum Z i 
1 

DL CLL * SL 35.96 0 .00 1 
IP -4 .35 0.00 

. 67DL * WI.R ^ IP -5.90 0 00 
IS 1.85 0.00 
IS 0.30 O . O P 

6 DLtCLUt- .SSUtKLL+l? 13.85 0 . 0 0 
7 Dl^+CL»bi-. SSl^t-HtiRtlP 12 .30 0.00 
s D: 2 0 . 0 6 0.00 



P R A M S D E S I G N R E A C T I O N S 
^ATS:
TIMB:

 01/17/C2 
 08:42 AM PftGB: F 6 

OKDBR » 013334
BU)R CONTACT 

DESIGN SY8TKM PRAMB It

 BUtl-DBR 

 06 I-BSCRIPTICN

 8LDP.
(TYPB)

 TOSB

 BUILDER ORDER # 
 PtIOMB M 000-000-COOO PROJ NAME 

 (WIDTH* (HBJOHT! (SKCM) 
-75' 0" 14 '-1 1/2' 30 P3P 

(MIWO) 
90 HPH 

euilDBfl ACCOUNT #
BUOR GRP 

(CODB/rEAR) <SLOJ>E) 
MASS 97 0 .500 TO 12 

 00 0 0 - 0 0 0 - 0 0 (3
04 

IU 

POSItrvB REACTION DIRECTION 
H K:PS Horizontal Force to Right v 
V KIPE VetticaJ Force Up | 
Z KIPS Horizontal Out of Plane *-

/ 
1 

NO. loading Cwrbiivacion Sura V Sura Z 

-H 

HE

1 

1 

1 
i 
4 

1 

i 
6 e 

I Or\jr\j 

r' ( )
0") 

r
9 DL+COt.+ .SSL+WUUIS 19.51 0.00 

10 DLr»CTjL4-S(i+,5Wl,L* .5IE
'.1 DL + CU,»SL* 5WLR--.5IP
12 DL+Olj + SL-».5WUU-.SIS
13 DLt-CULtSLt .SVTUI+ .5 IB

 30.53
 29.76
 33 .S3
 3 2 . 8 6

 0 .00 
 0.00 
 0.00 
 0 . CO 

14 .67DL t d, t . HEQL
15 .S7DL * CL ^ . 8BQR
16 DL » Ct, + .6SL+.88QL
17 DL » CL + .SSUt.SBQR
18 .67DL + BWS + I?

 10.26
 10.26

 76. 9«
 26.96

 -22.96

 0.00 
 0.00 
 0.00 
 0.00 
 -53. 5S 

19 .67DL » EWP + IS -36.76 52.56 
20 DL+a/L,*.SSL»EWS+IP
21 DL«CU>*.SSb-ettP+IS

 -4.76
 l . « S

 -52.55 
 52.55 

22 DL+ CLL4-SL+.SEKS+. SIP
23 DV»CbL*SL-.5K5fp4 .SIS
24 DL»C1,».75SL*CKL
25 DUtCl^-.75SL*CHR
26 DLrKTLf- . SMliL+CWL

 21.23
 24 .33

 180.34
 68.34
 159.56

 -26,23 
 26.28 
 O.OO 
 0 .00 
 0.00 

i 

27
28

 01,+CL.f.SWUj.fCHfl
 DL*CLv . 5VaR + CHL

 47.58
 15B.81

 0.00 
 0.00 

2S tL*CL,+ .SWLRKTHH U.81 0.00 

ID Load Caee 1H IV 3Z 4H 4V 43 sz 6H sv 6Z BH 8V Swn H 

DL DEAD LOAD 
CLL COLLATERAL LOAD 
SL SNOM IX3AD 
Kli WIND liOAD L£FT 
MLR KIND LOAD RIGHT 
IP KIND INT PRBSffUKH 
IS WIND INT SUCTION 
EQ SEISMIC IXLAD 
SLR 8HOWLOAD RIGHT SLOPE 
?KP KM WIND PRBSSURS 
SWS E'rf WIND SUCTIOJ4 
CHR CR 
CHL CR 
PUE P Delta UBit Story 3 

0 03 
0.04 
0 .25 

-5.05 
1.70 

-C.10 
0 .04 

- 0 . 4 4 
0.25 
2.23 
2.23 
0. 23 
0.89 

-0 .31 

3 .34 
0 .60 
3 .62 

-5.33 
1 .99 

-0.61 
0.61 

-0 .76 
3.55 

-5.10 
-5.10 
18.97 
74 . B8 
-0 .33 

0 
0 
0 
0 
0 
0 
0 
0 
0 

13 
-13 

G 
0 
0 

00 
00 
00 
00 
00 
00 
CO 
00 
00 
71 
71 
00 
00 
00 

0.00 
0.00 
0 . 0 0 
0 .00 
1.95 
0.00 
0 .06 
0 .00 
0,00 
0.00 
0.00 
0 .00 
o.oo 
0 .33 

2.15 
1 .27 
7.60 
1.45 

-6.63 
•0.94 
0 .94 
D . 7 8 
7.45 
7 . 9 6 

•7 . J6 
0 . 0 2 
0 .07 
0 . 8 5 

0 .00 
0 ,00 
0 .00 
c . o o 
0.00 
0.00 
0.00 
0 , O  D 
0.00 

12.89 
-12.69 

0. 00 
0.00 
0 .00 

0 .00 
0.00 
0 .00 
0.00 
0.00 
0.00 
0 . 0 0 
0 .00 
0.00 

11.39 
-]3 39 

0 .00 
0.00 
0 .00 

0.00 
0 .00 

-0.01 
-2.55 
0.00 

-O .C6 
0.00 

-0 .47 
-0.01 
- 0 . 4 9 
-0.49 
- 0 .01 
-0.03 
-0. 17 

2.01 
1.28 
7. 6* 

- 6 . 8 0 
0.1J 

-1.17 
1.17 

- 0 . 6  4 
7.51 

• 9 . 4 0 
-9 .40 

0.03 
0.09 

- 0 . 9 0 

0.00 
0.30 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00 
0.00 

12.56 
-12. S6 

0 . 0 0 
0.00 
0 . C O 

-0. 03 
-0 .04 
- 0 . 2 5 
-1 .S5 

4 .66 
0.03 
0 . 0 3 

- 0 . 0 2 
0 .24 

-2 38 
-2 .36 
-0 22 
-0 86 
0 . 1 4 

2.22 
0.60 
3.62 
2 .93 

-4.85 
-0 .38 

0>' .38 
0. 82 
3.54 

-3 91 
-1 . 91 
IB . 9 9 
74 . 97 

0.818 

0 .00 
0 .00 
0 .00 

-9. IS 
e .31 

•0.13 
0.13 

- 0 . 9 3 
C . O  O 

• o . « s 
-0. 65 
0 . 0 0 
0.00 
0.00 

V I )

in 
fvl 

r\j 
CJ 

fM 

r-

f
 



P R A M B D B S I G K A B A C T I O N S 
ATE. 01/17/02 

TIME: 0 8 : 4 2 AM PACB : P 7 

ORDER It 012334 BUILDS* - BUILDER ORPER H BUILDER ACCOIMT S 00-00-000-00 (\ 
BJ-DR CONTACT - BLDR PHONK K 000-000-COOO PRQJ >JAMB - KNGR GRP 

(TYPE) (WIDTH) (HEIGHT) (SNOW) (WIND) (CODE/YEAR) ( SLOPS 1 c U 

DESIGN SYSTBM KRAM2 # 08 DESCRIPTION BNS3 75 ' - 0 " 4* '- l 1 / 2 " 30 PSF 90 MPH MftSS 97 0.500 10 12 2 

PO3ITIVB REACTION DIRSCTION KE
H
V
Z

 KIPS
 KIPS
 KIPS

 Horizontal Force to Right
 Vertical Force Up
 Korijontal Out of Flint

 V 
| 
+ - - H 

2 .-.3 - - S
!
i
6
 •

 7 
I 
I 
B 

Sr\
r\ 

r-u: 
It> Load Case Sxun v Sum Z 

cr 

DL D&AD IX3AD 9.71 0 .00 
CLL COLLATKRAL LORD 3 . 7 5 0 .00 
SI SNOH LOAD 22 .50 0.00 
WLL WIND UOAD LEFT 7 . 7 5 0 .00 
MLS HIND LOAD RIGHT -9 .31 0 .00 
IP WltTO INT PR3SSDRB -3.10 0. CO 
IS WIND INT SUCTION 3.10 0.00 
EQ S8ISKIC U3AD 0.00 0 .00 
SLR OTOWLQAD RIOHT SLOP3 22 05 0 , 0 0 
SWP BV MIND PRB3SORB - 2 S . 3 7 5 2 . 5 5 
EMS BN «IHD SUCTION -26.37 -S2 .55 
CHR CR 38.00 C. 00 
CHL CR 150.00 0 . 0 0 
PDE P Delta Uni t Story S 0 .00 0 00 

o 
D 

V I )in 

r\j 
CJ 

r
-H 

z 



F R A M 3 D E S I G N S T R E S S S U M M A R Y
 
DATE:
TIME:

 01/17/02 
 0 8 : 4 2 AM PAG3 : P 8 

ORDER « 012334
BLDR CONTACT 

DBS1GN 3YSTBM FRAME 0

 EUIKD3R 

 08 DESCRIPTION

 BLDR
(TVPEI

 EWSS

 PHONE it 
 (WIDTH) 

 75 ' - 0 " 

BUILDER ORDER « 
000-000-0000 PROJ NAME 

(HHIGHT) (SHOW) 
44 ' -1 1/2" 30 PSF 

(WIND)
90 MPH

BUTLDER ACCOUNT # 
ENGR GRP 

 (CODE/YEAR) (SLOPE) 
 MASS 97 0 .550 TO 12 

0 0 - 0 0 - 0 0 0 - 0 0 
(M 

LU 
CD 

ff 

BRACING MEMBERS 

irUWBBR

1
2
3
4

MODULE
 NO 

I 
3 
1 
3 

 ROD 
DIRECTION 

/ 
/ 
N 
\ 

JOINTS

1 3
6 7
2 4
5 B

ROD
 DIA

 0.500
 O . S O  O
 0 .500
 0 .500

 TENSILE 
 STRSNCTH 

 80 
 80 
 80 
 30 

ACTUAL
PORC3

- 4 . 6  4
- 4 . 9 9
- 4 . 0 4
-A 34

 AUXJW
 FORC3

 6 . 2 3
 6 , 2  3
 6 . 2  3

 6 . 2  3

 STRESS 
 RATIO 

 0 . 7 4  5 
 0 .802 
 0 . 6 4  9 
 0 .698 

LOAD
COND 

6 
6 
5 
S 

'• 

CM 
fM 

o 
U) 
CD 

MEMBER NO. 1 JOINT 1  2 

SBCT.
NO.

 LENGTH 
 ( J»T) 

YIELD
STRESS

 NO. 
 SEGS 

MAX SB'S
3IZB

 DEPTH AT
 START

 DEPTH 
 SND 

AT
OUTER FL.

 USB 
 THK. IKNER PL.

COM3. STRESS
 3ATIO

 LOAD 
 COND 

1 43 .08 SE. 10 S . O O FT 12.75 IN 12.75 IN 14.000 X .625 .188 14 .000 X .625 0 .621 24 

CONTROLLING ACTIONS 
AXIAL 

SBCT. FORCB MOMENT 
NO. (KIPS) ( I N - K I P ) 

- -MAXIHUft STRESSES -  -
AXIAL FBO FBI 
i K S I  ) (KSI) (KSI) 

- -ALLOWABLE STRESSES--
PA FBO F"BI 

(KSI> (XSI) ( K S I  ) 
FORCE
( K I P S )

ouU bU 

 ALLOW
 ( K I P S )

 STRBSS 
 RATIO' 

LOAD 
COND 

1 80.14 -370 .72 4 . 0 8 -3.54 - 3 . 5 4 8.52 33 .00 16.31 S.12 58.85 0 .387 2 

MEMBBR NO. 2 JOINT 3  2 

SBCT.
NO.

 LBKBTH 
 (FT) 

YIBLD
STRESS

 HO. 
 SEGS 

MAX SEG
SIZE

 DEPTH AT
 START

 DBPTH 
 END 

AT
OUTER FL.

 WEB 
 THK. INSKK PL.

COMB. STRESS
 R A T I O

 WAD 
 COND 

1 23.84 55. 6 5 .00 FT 12.00 IN 12.00 IN 5 , 0 0 0 X . 2 5 0 .100 5 .000 X .250 0 . 4 T 9 1 

CONTROLLING ACTIONS 
- - -AXIAL-- 

SBCT. FORCB MOMENT 
NO. IK1PS) UN - K I P ) 

---MAXIMUM STRESSEE--
AXIAL FBO FBI 
(KSI) (KSI ) (KSI) 

- - ALLOWABLE STRESSES- • -
PA PBO FBI 

(KSI) ( K S I ) (KSI) 
FORCB
( K I P S )

qirp m p 

 A.UX3H
 ( K I P S )

 STRESS 
 RATIO. 

LOAD 
COND 

1 0.55 -246 .05 0.15 -14.92 -14.92 33.00 33.00 31 .49 4 . 9 7 7 . S « 0 .659 1 

HEMBES NO. 3 JOINT 4  3 Rotated 90 degrees! 

SECT.
NO.

1

 LENGTH 
 (FT) 

 41 .08 

YIELD
STRESS

55.

 NO. 
 3BOS 

9 

MAX SBG
SIZE

5.00 PT

 DBPTH AT
 START

 12 .25 IN

 OBPTH 
 END 

 1 2 . 2 5 

AT

IN

OVTER

 9 .000 X

 FL

 .375

 WITH 
 THK. 

. 120 

IMNES PL.

9 .000 X .375

COWB . STRESS
 , RATIO

 0 .977

 LOAD 
 OCjlt) 

I 

 18 

in 
rj 

OJ 

r\j 



X
 
P R A M S D E S I G N S T R E S S S U M M A R Y
 

™
DATE:

 TIME:
 01/17/02 
 06:31 AM PAG3 : P fl 

£3

o>
£

 ORDER « 012334
BLDR CONTACT 

 DESIGN SYSTEM FRAME

 BUJLDBR 

 V C8 DBSCRIPTICW

 BLDR
 ITYPB)

 BWSS

 PHONE » 
 (MIDTH) 
 75' -0" 

BUtLDBR ORDER K
000-COO-OOOO PROO NAME

(HEIGHT) (SHOW)
4 4 ' - l 1/2" 30 PSF

 
 (WIND)
 90 MPH

 BUILDER ACCOUHT rt
 ENCR GRP 

 (CODE/YEAR) (S^OPE) 
 MASS 97 C . 500 TO 12 

 0 0 - 0 0 - 0 0 0 - 0  0 

IU a a a 

BRACING MEMBERS 

5"
L 

n

D 
;

 NUH8ER

 1
2
3

 f<BW3BR

MODULE
 NO

 1
 3
 1

3

 NO. 1

 ROD 
 DIRECTION 

/ 
/ 
\ 

\ 

 JOINT 1 

JOINTS

1 3
« 1
2 4
5 6

2 

ROD
 D!A

 0 .750
 0 .875
 0.750
 0.875

 TBNSILE 
 STRBWGTH 

 80 
 70 
 80 
 70 

ACTUAL
FORCE

-8.52
-12.80

-8.39
-11.^9

 ALLOW 
 PORCH 

 10.74 
 13.89 

 10.74 
 13.89 

3TRBSS
3ATIO

0.793
0 , 9 2 1
0.781
0.907

 LOAD 
 COitD 

 27 
 27 
 28 
 28 

f\l 
n 
r
co 
c-
,H 
O

'.
V

 SECT.
 N C .

 LEJ4CTH
 (PD

 YIHLD
 STRBS3

 NO.
 SB&S

 KAX SBQ
 SIZE

 DEPTH AT
 START

 DSPTK 
 S3O 

AT 
ODTCR Fb. 

WEB
TBK. INNER PL.

 OOMB . STRESS
 RATIO

 LOAD 
 COND 

1 4 3 . 0 8 55. 10 5 .00 ET 12.75 IN 12.75 IN 10.000 X .( 525 .160 10 000 X .525 0 . 9 8 7 24 

3 "
•1 
3

CONPROLL1NG ACTIONS 
AXIAL- - 

SECT. FORCE HOHHNT
 NO, (lUPS) ( I W - K 1 P )

 1 9 . 8 < - 7 8 4 . 8J

 ---MAXIMUM STRESSES 
 AXIAL FBO FBI 

 ( K S I ) (KSI) ( K S I ) 

 0 .69 -10.42 -10 42 

--ALLOWABLE ST7 
?A FBO 

IK-SI) I K S I ) 

4 . 2 6 33.00 

FSI
( K S I )

11.65

 FORCE
 (KIPS}

 7 .83

 ALLOY!
 (KIPS)

 31.98

 STRESS 
 RATIO 

 0 . 2 4 5 

LOAD 
COND 

27 

• MEMBER HO. 2 JOINT 3  2 

-
SECT.

 NO,
 LEHGTH

 (FT)
 VIBLE

 S7RBSS
 HO. 
 SEGS 

MAX SEC
SIZE

 DBFTH AT
 STAR?

 DBPTM 
 END 

AT 
OUTBR ?L 

WBB
THK. INMER ?ti.

 COKB . STRESS
 RATIO

 LOAD 
 COtltl 

1
2

 9.99
 13.85

 55.
 55.

 3 
4 

5 .00
3 .92

 FT
 FT

 12.00
 12.00

 IN
 IK

 12.00 
 12.00 

m
IN

 5.000 x
 5 .000 X

 . 
. 
250
250

 .100
 .140

 5 .000
 5 . 0 0 0

 X
 X

 .250
 -25C

 0.47*
 0 . 50fi

 1 
 25 

CONTROLLIIJO ACTIOWS 
- --AXIAL 

SBCT. PORCH HOKBJ7T 
N O . ( K I P S ) ( J N - K I P  ) 

AXIAL
I K S 1 )

 FBO
 (KSI)

 FBI 
 (KSI) 

FA
(KSI)

 FBO 
 ( K S I ) 

FBI
IKSI)

 FORCE
 (KIPS!

 ALLOW
 ( K I P S )

 STRBSS 
 RATIO 

LOAD 
CCMD 

1
2

 0 .52
 4 . 4 3

 - 2 4 4 . 7  4 
 - 2 S 5 . 0 4 

0.14
1.08

 - 1 4 . 8 4
 -15.28

 -14 .84 
 - 1 5 . 2 H 

33.00
33.00

 3 3 . 0 0 
 13 00 

31.48
32.31

 S .03
 -3 .97

 7 54
 2 0 . 7  Q

 0 .656 
 0.192 

1 
1 



, DATE 1/17/02 
TIME' 10:48-23 AM C R O S  S s B c r : o » 

ORDER 0012334 
BLDR CONTACT 

BUILDER  PAGE 
(M 
ui 

Clear Height J9 ' -n I/? 

AAK3238 

EMV'X 
Gave 43 • -ii 

Clear Height 42 '-1 ->/2" 

' - 0 ' 

AAK3240 

O 
fAJ 
OJ 
n 
Is-
U)
CD 

JU—«r4 

t.
 

CJ
 

nj 
.•j r̂  

2 5 - - 0 ' 
2S'-l 1 ' -0 ' 

2 4 ' - 0 " 



F R A M E D E S I G N R E A C T I O N S 
DATE: 01/17/03 
TIMB: 30 :48 AM PA GB: F 1 

ORDER tf 012334
BLDR CONTACT •

 BUILDER 
 BLDR PHONE #

 BUILDBR
 000-000-0000

 ORDER X 
 PR<W WAMB 

BUILDER ACCOUNT
ENGR GRP

 H
 

 00 O U - 0 0 0 - 0 0 IAr\j 

PESIGN SYSTEM FRAMK N 0? DESCRIPTION
(TYPE)

 BWVX
 (WIDTH)

 IS' -0"
 (KBIGHD
 41 ' -0"

 (SNOVO
 30 PSP

 (»nm) 
 90 MPH 

(CODB/YEAR)
MASS 97

 (SLOPE) 
 0.500 TO 12 a 

POSITIVE REACTION DIRBCTIOH -HE 
H
V
Z

*#

 ICTPS
 KIPS
 KIPS

 P Delta

 Horizontal Porca to Right
 Vertical Force Up
 Horizontal Out of Place

 Analysis Performed «» 

V 
| 

 + - 
ii 

Z 

-H 

2

1 

54 51 
1

1 
6 JH ^ 

1 
1 
8 

4*1 

rg
rv n 

U)
€0 

!lo. Loading Combination 1H IV 3Z 4H 4V 42 52 «1( cv 6Z 7Z 8H av 

1 DZ. + CLL •(• SL -0.01 6 .06 0 .00 0 .00 11.55 0 . 0 0 0 .00 -0 01 11.80 0 .00 0 .00 C . O  O 5 .62 
2 .67DL + m,L + IP - 2 . 4 7 -0.01 0.00 0.00 -3. OS 0 .00 0.00 -0 .02 -3.19 0 .00 0 .00 0.00 • 0 . 2 8 
3 .67D1, + HLR + IP 1.63 0 . 0 9 0 .00 0 .02 -2.55 0 .00 0.00 0 00 -2 . 56 0 .00 0 .00 0 02 0 . 0 5 
4 . 67D1 + HLL * IS - 2 . 4 7 0. 84 0 .00 0.00 -0.81 o no 0.00 -0,0; -0.90 0.00 0 .00 0.00 0 .54 
S . 67DL * HLR i 13 1.63 0 .94 0 .00 0 . 0 2 -0.31 0.00 o .oo 0 .00 -0.27 0 .00 0 . 0 0 0 . 0 2 0 .87 
6 DL^CLL*. SSL-4-NUL+IP - 2 . 4 7 2.87 0.00 0 .00 3 .04 o.oo o.oo -0 ,Q1 3.04 0.00 o no 0 . 00 2 . 4 2 
7 DL + CLL*. 5SL*WLR-iIP 
6 DL+ CLL-i . SSt.rfWUr»IS 

1.63 
- 2 . 4 8 

3 .97 
3.72 

0.00 
0.00 

0 . 0 2 
0 00 

3 .54 
5.25 

0 ,00 
0.00 

0 .00 
0.00 

o .oc 
-0 ,02 

3 .67 
5.33 

0 .00 
0.00 

0 00 
o .00 

0 . 0 1 
0.00 

2 . 7 5 
3 .23 

9 DL+CLL* .5SL+WLR+IS 1.63 3 .82 0 .00 0 .01 5.73 0.00 0.00 O . O C 5 .96 0.00 0 . 0 0 0.01 3 S6 
10 DL+CUt,tSM-.5WU.+ .5IP -1.24 5.34 0.00 3.00 9.32 0.00 0.00 -0.01 9 .49 0.00 0.00 0.00 4 .76 
11 DL»CULtSL+. 5WLR+.51P 0.82 5 . 2 9 0 .00 3 .00 9.57 0.00 0 .00 0 ,00 9.81 o.oo 0 .00 ' 0 .00 4 .33 
12 Db.-CLLtSlrf-.5Hl.Lt. SIS - 1 .24 5.67 0 .00 0.00 10.44 0.00 0.00 -0 .02 10.64 0,00 0 . 30 o.oo 5.17 
13 DL*CLL*SU+.SNLR+.SIS 0.82 5 .72 0 .00 0.00 10.69 0 .00 0 .00 0 .00 10.95 0.00 0 30 0.00 5 . 3 3 
14 . 67DL » CL + .8BOL -0.01 2.14 0.00 o.oo 2.77 0.00 0 .00 -0,01 2.81 c-.oo 0,30 0.00 1.91 
IS . 67D1, i CL + . BEQR 0 .00 2-15 Q .00 0.00 2.73 0 .00 0 .00 0 . 0 0 2 . 8 0 0 .00 0 ,00 0.00 1.95 
16 DL + CL + . «SL,»,8B2L -0.01 < .81 0.00 0.00 8 32 0.00 0.00 -0.01 8 .49 0.00 0.30 , 0.00 4 .40 

17
18

 DL «• CL + .6SL»,BBQR 
. 67T>L + BKS * IP 

0.00 
2.86 

( .82 
-2.51 

0.00 
-13.39 

0.00 
0.04 

B . 2 B 
-9. 30 

0 . 0 0 
-12.56 

0.00
-13.44 

 0 . 0 0 
0 .00 

8 .47 
-9 .42 

0 .00 
-13.63 

0.00 
-7.01 

0.00 
0.04 

4 . 4 4 
- 2 .36 

19 .S7DL + BWT + 18 2.86 -1.66 13.35 0 . 0 4 -7.06 12.56 13 .44 0 . 0 0 -7.13 12.63 7 .01 0.04 -1.54 
30 DL»CLL+. 5SL«.BW3+ IP 2.86 0.37 -13.35 0 .04 -3.21 -12. i6 -13.44 n .00 -3.19 -12,63 -7.01 0.03 0.34 
21 DL+CUr* . 5SL+BKP + IS 
22 DL-t-CLL«SIj* .SEWS*. SIP 
23 DL-t-CLL+SLt.SBKP+.SIS 

2 .86 
1.43 
1 .43 

1,22 
3.99 
4 . 42 

13 .39 
-6.70 
6 .70 

0 . 0 4 
0 .01 
0 .01 

-0 .96 
6.20 
7.32 

12,56 
-6.28 
6.28 

13 . 4 4
-«.72

6 . 7 2

 0 .00 
 0.00 
 0 .00 

-0. 90 
6 .38 
7 .52 

12 .63 
-6.31 
6.31 

7 01 
-3 .51 

3 .51 

0.03 
O . O L 
0.01 

1.15 
3.72 
4 13 

3«
25

 Dly+CL4-.7S£L+OfL 
 DL-.CL+.75SL + CHR 

0.90 
0 .22 

90.31 
2 4 . 2 9 

0.00 
0 .00 

0 .00 
0 .00 

9. S3 
9. 52 

0.00 
0.00 

C . O O
C . O O

 -0.01 
 -0.01 

9.74 
9.73 

0.00 
0 .00 

0 .00 
0 .00 

0.94 
| 0. 24 

79.93 
23 .86 

2S DLrfCL+.SMlOriCKL -0.33 77. J7 0.00 0.00 1.78 0.00 C . 00  0 . 01 1-78 0.00 0.00 0.94 76.94 
27
28

 DL-»CIj+.5VfU,'OCR 
 DL+CL+.SWUUCHL 

-1.01 
1.73 

21.35 
71.42 

0 .00 
0.00 

0 .00 
0.00 

1.77 
2.03 

0.00 
0.00 

0.00
0.00

 -0.01 
 0.00 

1.78 
2.10 

0.00 
0.00 

0 , 0 0 
0 .00 

0 .24 
0 .94 

2 0 . 9 7 
77.11 

39 DL<-CL*.5WLS*CHR 1.05 21 .40 0.00 0.01 2 . 0 2 0 .00 0 .00 0.00 7 .09 0.00 0 . 0 0 . 0 . 2 4 21 .14 
in 

No. Loading Combination 8Z 9H Sun H Sura V Sura Z 1 

1 DL + CLL » SL 0 .00 0 . 0 2 0 .00 35 ,01 O . u o 1 

2 .67DL, * WLL + IP 0.00 -2.06 -4 .54 •6.53 0.00 
3
4

 .S7DL
 .6TOL

 »- MLR *
 + WLL »

 IP 
 IS 

0 .00 
0.00 

2.15 
-2 .31 

i .83 
-4 .80 

-4 .98 
-0.32 

0 - 0 0 
0.00 

<M 

5 .67DL *• >^jR «• IS 0 .00 1. 99 3.57 1.23 0 .00 [̂  

6 DL+CLUt.SSlr+H'Liit-lP 0.00 -2. OS -4 .54 11.37 0.00 
7 DL«-CLL+. 5SL+MLR + IP 0 .00 2. IS 3.83 12 .92 0 . 0 0 
8 DL + CLL*. 5SL+WL1<*IS 0.00 -2.31 • 4 . BO 17.57 0 00 



P R ft M B D E S I G N R E A C T I O N S 
DATE: 01/17/02 
TIMS: 10:48 AM PAGE : P 2 

ORDER ft 0123.34 BUILDBR - BUILDER ORDER H BUILDER ACCOUNT « 00-00-000-00 UD 
3LDR COWTACT - BIOR PKONK » 000-000-0000 PROJ NAME - ENCR GRP - rvi 

(TYPE) (WIDTH) (HEIGHT) (SHOW) (H!MD) (CODE/VEAR) (SLOPE) uj
DESIGN SYSTEM rRAHB * 09 DESCRIPTION BVWX 75 ' - O u 41 ' - 0 " 30 P£F 10 MPH MASS 97 0 . 5 0 0 TO 12 13

ff 
POSITIVE REACTION DIRECTION -KE 

H KIPS HOfi zoi")t 31 1 For *G i.u r^*,y 14 v- v 

V KIPS Vertical Porce up 1 1 1 1 
• i 

G)Z KIPS Horitontra) Out of Plane •f-- -H 1 1 1 CM 
. /  1 1 6 6 CM 

Z 
r-

Mo. Loading Ccxnbination 8Z 9H Sum H Sum V Sura 2 03 

o 
T-H 9 DL+CLL*.58L+WLR+IS 0 . 0 0 1.91 3 .57 19.12 0 .00 

10 DL+CU/48Lt-.SWU.+ . SIP 0.00 -1 .C2 -2. 27 2 f t . R2 0 .00 o 
11 DL+CLL«SLt . 5WLR4 . SIP 0 .00 1 . 09 1.9] 29 .60 0.00 
12 DL«.CLL+SL*.SWLL*.5IS 0.00 -L . 14 -2 .40 31 .92 0.00 
13 DL»CLL->EL+. 5WLR+ .SIS 0.00 0.97 1.78 32.70 0.00 
14 . 67DL + CL f .8BQL 0 .00 -0.73 - 0 . 7 4 9 . 6 3 0.00 
15 .67DL + CL * . 8BQR 0 , 0 0 0.73 0 . 7 4 ? . 63 0.00 
16 OL + CL + . 6SL+.8BQL 0 .00 -0.72 -0 .74 26.03 0.00 
17 DL •+ CL -f . 6SL+.8BQR 0 .00 0 .74 0 .-74 26 .03 0 .00 
18 .«7DL ^ KHS + IP -6 .60 t.19 7.13 -23.59 -65.63 
19 . 67DU + EWP + IS 6 .60 3 .94 6 .87 -17.38 65.63 
20 DL+CLL+ . 5SL«-EWS«IP -6.60 4 .20 7.13 -5 .69 -6S .63 
21 DLto/Lt .5SL»-swp+ is 6.60 3 .95 6.87 0.51 65 .63 
22 DL-Cl/L+SL* . SRWSt.SIP - 3 . 3 0 2.11 3 .57 2 0 . 2 9 -32.82 
23 DL-t-CLl'+fiL* . SBHP+ . SIS 3 .30 1.99 3.44 23.39 32.82 
24 DL+CL+ . 75SL4CHL 0 .00 -1.82 0.00 1 7 9 . 4 0 0.00 
25 DL4-CL-+ .TSUlf^-CHR 0.00 -0.45 D . O O 67 .40 0.00 
26 DL«-CL-».SWIA+C1O. 0 .00 -2 .93 - 2 . 3 4 157.87 0.00 i 
27 Dlj+CU* . SWjLfCHR 0 .00 -1.56 -2 .34 4 5 . 8 7 0.00 
28 DL4CI,+ .SWLR*CHL 0.00 -0. 82 1.85 15$. 65 0.00 
29 DL«Ct,» .5VTUUCHR 0 .00 C . S 5 1.85 4 6 . 6 5 0.00 

10 Load Case 1H IV 3Z 4H IV 42 5Z 6H 6V 62 72 8H flV 

DL DEAD LOAD 0.00 2 .43 0.00 0.00 2.08 O . D O 0.00 0 .00 2.12 0 .00 0 .00 0.00 2 .14 
CLL COLLATERAL LOAD 0 .00 O . S 2 0 .00 0 . 0 0 1.35 0.00 0 .00 0 .00 1.38 0.00 0 .00 0.00 0.50 
CL SHOW LOAD -0.01 3.11 0.00 0 .00 8.11 0 .00 0 .00 -0.01 8. 29 0.00 0 .00 ' o . O O 2 . 9 8 
WL.L WIND LOAD LEFT -2.47 -1.21 0.00 0.00 -3.33 0.00 0.00 -0.02 3 . 4 6 0.00 0.00 0.00 -1.30 
WLR W7.HD LOAD RIGHT l.*3 -l.ll 0.00 0 .02 -2 .83 0 .00 0 .00 0 .00 -2. 84 0.00 0 .00 0 .02 -0 .97 
IP MIHD 1ST PRESSURE 0.00 -0.43 0.00 0.00 -1.12 0.00 0.00 0 .00 -1.14 0.00 0 . 0 0 0 . 0 0 -0 .41 
13 WIND IWT SUCTION 0.00 0.43 0.00 0 .00 1,1J 0 .00 0 .00 0 .00 1.14 0.00 0 . 0 0 : . 0 . 0 0 0 . 4 1 ( I )
EQ SEISMIC LOAD -0.01 -0 .01 0.00 0 .00 0.03 0 .00 O . O D -0 .01 O . C 1 0.00 0 . 0 0 0 . 0 0 - 0 . 0 3 in 
SLL SHOW LOAD L2FT 3LOPB -0.01 3.05 0.00 0 .00 7.95 0.00 0 .05 -0.01 8.13 0.00 0.00 l  o 00 2 . 9 2 rj
B«P BV 14IHD PRESSURE 2 .86 -3.71 13.39 0 . 0 4 - 9 . 5 8 12.56 11.44 0 00 - 9 . « 9 12.63 7.01 0 | .04 3 .38 *•! 

BHS sw wnro SUCTION 2 86 -3.71 -13-39 0 .04 - 9 . 5 6 -12.56 -13 .44 0.00 - 9 . 6 9 -12 63 -7 01 0 . 0 4 - 3 . 3 8 CM am CR 0.23 19.01 0 .00 0 .00 0 .00 0.00 0 .00 0.00 0 00 0 . 0 0 0 00 0.21 18.39 Ci) 
CHL CR 0. 91 75.02 0.00 0 .00 0.01 0.00 0.00 0.00 0.01 0 . 0 0 3 00 Ot .91 7 4 . 9 6 G3 

OJ 
PDB V Oe.lta Unit Story S 0.16 0.00 0.00 0.33 0 OJ 0.00 0.00 0 .32 0.01 0 .00 D . O O 0.17 -0 03 

O 

a 



F R A M E D E S I G N 
3ATB: 01/17/02 

D 
-J T IKE- 10:48 AM 

OKDKR K 012334 BVILDBR - BOILDBR
BLJ5R CONTACT - BLDR PHOTOS * 000-000-0000

(TYPE) (WIBTH) (KEIGHT)
I>BSIGN SVSTBM PRAHE ft 09 DESCRIPTION EWX 7 5 ' - 0 " 4 1 ' - 0  "

POSITIVE REACTION DIR8CTCON 
H K I P S Horizontal Force to Right 
V KIPS Vertica.1 Force Up 
2 KIPS Horizontal Out o£ Plane - - -H 

z 

ID Load Case HZ 9K Sun I H S'irn V Sxim Z 

OL DEAD LOAD 0 00 0. 00 0. 00 9 78 0 .00 
CLL COLIATERAL LOAD 0 00 0. 00 0 00 3 . 7<i 0 00 
9L SHOW LOAD 0 .00 0. 01 0, .00 22 SO 0 .00 
WLL MIND LOAD LBJT 0 .00 -2. 19 -4 . . 67 - j 31 0 .00 
WLR WIWD LOAD RIGHT 0 00 3. .03 3 . .70 - 7 . .75 0 00 
IP WJHD 1KT PRHSSURB 0 .00 0. .13 0 .13 _ 3 ,.10 0 .00 
IS WIND INT SUCTION 0 .00 -0 .13 -0 .13 3 .10 0 .00 
BQ SEISMIC LOAD 0 .00 -0 , . 91 -0 .91 0 .00 0 .00 
SbL SHO« LOAD LKKT SLOPS 0 .00 0 .01 0 .OC 23 .05 0 ,00 
BMP BK «IHD PRESSVJRH £ .60 4 .06 7 .00 -26 .37 65 .63 
BHS SW KIHD SUCTION -6 60 4 .06 7 .OC -2€ .31 65 .63 
am CR 0 .00 -0 .47 0 .00 36 00 0 .00 
CHL CR 0 .00 -1 .84 0 .00 150 .00 0 .00 
PDS P Delta Uuit Story S 0 uo -0 .99 C 00 0 . 00 0 .00 

R E A C T I O N  S 

PAGB: P 

 ORDER » BUILDER ACCOUNT (* O D - O O - O O O - 0  0 O 
 PROJ NRMK  ENGR GRP CM 

 <SIK>W) 1H:HT>) (CODB/YBAR) (SLOPE) ui 
 10 PSP 90 HPH MASS 91 C.500 TO 12 a cr n 

•HE 
1 3 5 7 9 

a 
fM 

r-
U)CD 



COLUMN LOAD FACTORS 
New Bedford Harbor 

Equation A: U = 1.4D + 1.7L D: Dead Load (DL), Collateral Load (CLL) 
L: Snow Load (SL), Crane Load (CL) 

Equation B: U = 0 75 (1.40 + 1.7L + 1.7W) D: Dead Load (DL), Collateral Load (CLL) 
L: Snow Load (SL), Crane Load (CL) 
W: Wind Load from Left (WLL) 

Equation C: U = 0.75 (1.40 + 1.7L + 1.7W) 'D: Dead Load (DL), Collateral Load (CLL) 
L: Snow Load (SL), Crane Load (CL) 
W: Wind Load from Right (WLR) 

Equation D: U = 0.9D+1.3W D: Dead Load (DL), Collateral Load (CLL) 
W: Wind Load from Lett (WLL) 

Equation E: U = 0.9D+1.3W D: Dead Load (DL), Collateral Load (CLL) 
W: Wind Load from Right (WLR) 

Equation F: U = 0 .75 (1.4*D + 1.7L + 1.87E)D: Dead Load (DL), Collateral Load (CLL) 
L: Snow Load (SL), Crane Load (CL) 
E: Seismic Load (EQ) 

Equation G: U = 0.9D + 1.43E D: Dead Load (DL), Collateral Load (CLL) 
E: Seismic Load (EQ) 

Frame

CM 
fe 
0) 

2 
LL 

n 
«4. 

U 

s 
U. 

I 

\ 
u. 

 Joint 
54H 

54V 

70H 

70V 

17H 

17V 

18H 

18V 

19H 

19V 

20H 

20V 

59H 
59V 

75H 

75V 

DL 
1.07 
6.61 

-1.07 
5.57 

0.50 
3.29 

-0.12 
7.50 
0.00 
7.74 

-0.38 
3.32 

1.23 
10.54 
-1.23 
6.12 

CLL 
0.96 
3.75 

-0.96 
3.75 

0.63 
3.10 

-0.16 
7.18 
0.00 
726 

-0.47 
3.08 

1.18 
9.41 

-1.18 
4.65 

SL
5.74 

22.47 
-5.74 
22.53 

3.78 
18.62 
-0.98 
43.10 

0.01 
43.57 
-2.81 
18.46 

7.10 
56.49 
-7.10 
27.89 

 WLL
-11.88 
-13.22 

-6.41 
-2.29 

-9.46 
-10.45 

-1.80 
-15.75 

-1.57 
-18.73 

-3.67 
-6.25 

-7.81 
-27.57 
-6.79 
-3.69 

 WLR
5.16 

-4.77 
11.45 

-13.84 

6.86 
-1.81 
3.70 

-18.38 
2.34 

-13.94 
8.23 

-8.53 

2.56 
-15.34 
14.15 

-17.42 

 EQ
-0.94 

-1.02 
-0.98 
1.02 

-2.15 
-2.05 
-1.38 
1.74 

-0.99 
-0.75 
-0.88 
1.07 

-1.20 
-1.27 
-1.16 
1.27 

 CL Eq.A

12.60 
52.70 

-12.60 
51.35 

8.01 
40.60 
-2.06 
93.82 

0.02 
95.07 
-5.97 
40.34 

15.44 
123.96 
-15.44 
62.49 

 Eqn. B

-5.70 
22.67 

-17.62 
35.59 

-6.06 
17.13 
-3.84 
50.29 
-1.99 
47.42 
-9.15 
22.29 

1.63 
57.82 

-20.24 
42.16 

 Eqn.C

16.03 
33.45 

5.15 
20.87 

14.75 
28.14 

3.17 
46.93 

3.00 
53.53 

6.02 
19.38 

14.85 
73.41 

6.46 
24.66 

 Eqn. D
-13.62 
-7.86 

-10.16 
5.41 

-11 .28 
-7.83 
-2.59 
-7.26 
-2.04 

-10.85 
-5.54 
-2.37 

-7.98 
-17.89 
-11 .00 

4.90 

 Eqn. E

8.54 
3.12 

13.06 
-9.60 

9.94 
3.40 
4.56 

-10.68 
3.04 

-4.62 
9.93 

-5.33 

5.50 
-1.99 

16.23 
-12.95 

 Eqn. F

8.13 
38.10 

-10.82 
39.94 

2.99 
27.57 
-3.48 
72.81 
-1.38 
70.25 
-5.71 
31.76 

9.90 
91.19 

-13.21 
48.65 

 Eqn. O
0.48 
7.87 

-3.23 
9.85 

-2.06 
2.82 

-2.23 

15.70 
-1.42 
12.43 
-2.02 
7.29 

0.45 
16.14 

-3.83 
11.51 

 DESIGN 

16.03 
52.70 

-17.62 
•51.35, 

14.75 
40.60 

4.56 

93.82! 
3.o4 

95.07 
9.93 

40.34 

15.44 
123.96 
-20.24 
62.49 

INT#B 

OW#1 

OW#6 

INT#A 

iINT #A 

QW#4 

INT#B 

OW#1 

-4.11 

-14.18 

-4.55 

-3.06 

-1.56 

-7.33 

1.70 

-16.30 

12.93 

3.68 

11.77 

2.44 

2.35 

4.57 

12.07 

4.64 
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Frame DL CLL SL WLL WLR EQ CL Eq. A Eqn. B Eqn. C Eqn. D Eqn. E Eqn. F Eqn. G DESIGN 

| 65H 000 
"• 65V 201 

77H -003 
77V 222 

1 04 
531 

-1 04 
406 

002 

050 

1 44 

000 

1 52 

000 

000 

1 51 

000 

001 

1 49 

000 

1 47 

000 

1 61 

000 

-003 

066 

004 
060 
000 
1 27 
000 
1 28 

-004 
060 

004 
060 
000 
1 27 
000 
1 28 

-004 
060 

626 
31 88 
-626 
2437 

009 

300 

863 

000 

910 

000 

000 

905 

000 

006 

896 

000 

883 

000 

965 

000 

-015 

397 

025 
362 
000 
760 

-001 
766 

-025 
362 

025 
362 
000 
760 
-001 
766 

-025 
362 

-790 
-1250 
-379 

-1076 

-211 

-050 

-431 

000 

-363 

000 

-420 

-979 

000 

000 

215 

000 

-382 

000 

-331 

000 

-1 60 

-21 

-505 
-533 
000 
1 45 

-255 
-680 
-1 55 
293 

-505 
-533 
000 
145 

-255 
-680 
-1 55 
293 

<o 30H 1 08 
t 30V 654 
| 59H -1 08 

1 38 
-11 45 

786 
-793 

1 40 

-1 43 

-261 

000 

-320 

000 

000 

591 

000 

625 

-11 91 

000 

-279 

000 

-437 

000 

255 

-069 

1 70 
1 99 
1 95 

-663 
000 
019 
466 

-485 

1 70 
1 99 
1 95 

-663 
000 
019 
466 
-485 

001 
008 

-236 
-008 

-005 

-008 

011 

000 

-001 

000 

-259 

-369 

000 

000 

362 

000 

004 

000 

-003 

000 

-003 

004 

-044 
-076 
000 
078 

-047 
-084 
-002 
082 

-044 
-076 
000 
078 
-047 
-084 
-002 
082 

1361 
7079 

-1361 
5290 

020 

684 

1901 

000 

2001 

000 

000 

2027 

000 

013 

2010 

000 

2000 

000 

21 78 

000 

-033 

909 

052 
11 67 
000 

1771 
-002 
1763 
-052 
1010 

052 
11 67 
000 

1771 
-002 
1763 
-052 
1010 

014 
3715 

-1504 
2595 

-254 

449 

876 

000 

1038 

000 

-536 

272 

000 

010 

1782 

000 

1013 

000 

1212 

000 

-228 

414 

-605 
1 96 
000 

1513 
-326 
455 

-237 
11 31 

-605 
1 96 
000 

1513 
-326 
455 

-237 
11 31 

11 97 
3849 
-0 19 
2956 

1 93 

330 

1093 

000 

1092 

000 

000 

2274 

000 

807 

-011 

000 

11 44 

000 

1076 

000 

301 

594 

256 
11 29 
249 
483 

-001 
1346 
555 
1 39 

256 
1129 
249 
483 

-001 
1346 
555 
1 39 

-836 
-559 
-684 
-662 

-272 

047 

-281 

000 

-1 80 

000 

-546 

-959 

000 

002 

593 

000 

-1 76 

000 

-085 

000 

-213 

-1 23 

-650 
-338 
000 
496 

-332 
-588 
-208 
635 

-650 
-338 
000 
496 

-332 
-588 
-208 
635 

370 
-422 
831 
-294 

1 85 

-074 

-060 

000 

-1 24 

000 

000 

1082 

000 

814 

-1235 

000 

-042 

000 

-223 

000 

327 

061 

227 
613 
254 

-554 
000 
321 
600 

-377 

227 
613 
254 

-554 
000 
321 
600 
-377 

1022 
5320 

-1352 
3956 

008 

501 

1441 

000 

1499 

000 

-363 

1003 

000 

010 

2016 

000 

1505 

000 

1629 

000 

-029 

687 

-022 
769 
000 

1437 
-067 
1204 
-042 
873 

-022 
769 
000 

1437 
-067 
1204 
-042 
873 

1 92 
1078 
-528 
726 

-004 

1 00 

295 

000 

290 

000 

-370 

-214 

000 

002 

831 

000 

326 

000 

341 

000 

-009 

1 56 

-057 
246 
000 
419 

-067 
1 76 

-009 
371 

-057 
246 
000 
419 

-067 
1 76 

-009 
371 

1361 
7079 

-1504 
5290 

-272 

684 

1901 

000 

20 01 

000 

-546 

2274 

000 

814 

2016 

000 

2000 

000 

2178 

000 

327 

909 

k-650 
11 67 
254 

1771 
-332 
1763 
600 

11 31 

-65*0 
11 67 
254 

1771 
-332 
17631 
600 

11 31 

"• 59V 

1H 

1V 

2H 

2Z 

3H 

3Z 

4H 

r^ 
* 4Z 

| 5H 

5V 

5Z 

6H 

6Z 

7H 

7Z 

8H 

8V 

50H 

50V 

to 62H 
It 

« 62V 
J5 64H 
"• 64V 

66H 
66V 

61H 
61V 

co 63H 
at 
« 63V 

413 

001 

074 

1 66 

000 

1 72 

000 

000 

1 98 

000 

001 

1 99 

000 

209 

000 

223 

000 

-002 

1 01 

003 
334 
000 
215 
000 
201 

-003 
222 

003 
334 
000 
215 

OW#3 

INT#B 

Corner 

OW#5 

OW#5 

OW#5 

OW#5 

OW#5 

OW#5 

Corner 

OW#6 

OW#6 

OW#6 

Corner 

OW#2 

OW#2 

OW#2 

Corner 

048 

-1217 

-1 99 

742 

871 

-420 

000 

1459 

857 

1018 

-1 80 

-473 

000 

-256 

-1 87 

-473 

000 

-256 

-1 87 

976 

-052 

1 52 

9 12 

914 

000 

000 

053 

960 

9 12 

235 

202 

1 95 

-001 

434 

202 

1 95 

-001 

434 
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Frame DL CLL SL WLL WLR EQ CL Eg. A Eqn. B Eqn. C Eqn. D Eqn. E Eqn. F Eqn. G DESIGN JWlflt 

34H 0.00 

34V 2.43 

en 39H 0.00 

* 39V 2.08 

| 44H 0.00 

"• 44V 2.12 
49H 0.00 

49V 2.14 

0.00 

0.52 
0.00 
1.35 
0.00 
1.38 
0.00 
0.50 

-0.01 
3.11 
0.00 

8.11 
-0.01 
8.29 
0.00 
2.98 

-2.47 

-1.21 
0.00 

-3.33 
-0.02 
-3.46 
0.00 

-1.30 

1.63 
-1.11 
0.02 

-2.83 
0.00 

-2.84 

0.02 
-0.97 

-0.01 
-0.01 
0.00 
0.03 

-0.01 

0.01 
0.00 

-0.03 

-0.02 
9.42 
0.00 

18.59 
-0.02 
18.99 
0.00 
8.76 

-3.16 

5.52 
0.00 
9.70 

-0.04 
9.83 
0.00 
4.91 

2.07 
5.65 
0.03 

10.33 
-0.01 

10.62 
0.03 
5.33 

-3.21 
1.08 
0.00 

-1.24 
-0,03 

-1.35 
0.00 
0.69 

2.12 
1.21 
0.03 

-0.59 
0.00 

-0.54 
0.03 
1.12 

-0.03 
7.05 
0,00 

13.98 
-0.03 
14,26 

0.00 
6.53 

-0.01 
2.64 
0.00 
3.13 

-0.01 
3.16 

0.00 
2.33 

-3.21 
9.42 
0.03 

18.59 
-0.04 
18.99 

0.03 
8.76 

Corner -2.48 1.62 

OW#2 
0.00 0.02 

OW#2 
-0.03 -0.01 

OW#2 
0.00 0.02 
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FOSTER WHEELER ENVIRONMENTAL CORPORATION 

CLIENT: EPA/NE-UACE PROJECT: New BedfordHarbor Superfimd Site
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GENERAL INFORMATION 

DESCRIPTION: New Bedford Harbor Spread Footing Total Settlement Estimates 

The following presents total settlement confirmation for the spread footing design for the New 
Bedford Harbor Dewatering Building. Total settlements for the dewatering building footings are 
estimated using the service loads provided from the structural analysis. 

METHODOLOGY
 

The structural calculations for the footing design were reviewed to obtain column service loads 
applied to the footings. Service loads were used to estimate total immediate settlement of the 
spread footings. The structural calculation package indicated that: 

•	 Column loads were selected from calculations provided by Dutton and Garfield Inc., which 
provided factored and service column loads for a Butler prefabricated steel building. 

•	 The structural design calculations for the footings indicated that interior and exterior column 
service loads were based upon the worst case column loads observed for all interior and 
exterior columns respectively (NOTE: based upon verbal confirmation, pending receipt of 
plan view of column load distribution and selection rational to confirm). 

The structural design of the footings were based upon the service loads presented in Table 1. 

For the total settlement estimates conducted herein are based upon the combined dead and live 
loads provided by the structural design calculations, given in Table 2. 

U \NBH\Rail Op(ion\Foundauofi Repon\StroauraJ\$ettlcmem-Calc-Revl doc 
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Table 1 - Service Loads Reported from Structural Design Calculations 

Interior Column Footings 
Square 6' by 6' footings 

Dead Load 
Live Load 
Wind Load 

Vertical 
kip 

19.95 
56.49 
-15.34 

Horizontal 
kip 

2.41 
7.1 

2.56 

Exterior Column Footings 
Square 5' by 5' fc 

Dead Load 
Live Load 
Wind Load 

loting; Vertical 
kip 

11.71 
31.88 
-11.45 

Horizontal 
kip 

2.12 
6.26 
1.38 

61.1 12.07 32.14 9.76 

Self Weight of Footing 
Soil Weight 

9.9 
11.04 

20.94 

Self Weight of Footing 
Soil Weight 

4.93 
9.16 

14.09 

Total Service Loads 
Total Vertical Force Acting on Footing 
Total Horizontal Force Acting on Footing 
Total Moment Acting on Footing 

82.04 
12.07 
54.32 

kip 
kip 
kip'ft 

Total Service Loads 
Total Vertical Force Acting on Footing 
Total Horizontal Force Acting on Footing 
Total Moment Acting on Footing 

46.23 
9.76 
43.92 

kip 
kip 
kip*ft 

Table 2 - Service Loads Used in Total Settlement Calculations 

Interior Column Footings 
Square 6' by 6' footings 

Dead Load 
Live Load 

Vertical 
kip 

19.95 
56.49 
76.44 

Exterior Column Footings 
Square 5' by 5' footings 

Dead Load 
Live Load 

Vertical 
Hip 

11.71 
31.88 
43.59 
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ASSUMPTIONS 

•	 Service loads obtained from the structural calculations are representative of the column loads 
expected. 

•	 Column loads are assumed to be applied uniformly to the base of the footings. 

•	 Footings are assumed to be located at an elevation of approximately 6 ft NGVD a minimum 
of 4 ft below the final grade (assumed 10 ft NGVD) 

SITE CONDITIONS AND ENGINEERING PARAMETERS 

GROUNDWATER CONDITIONS 

One previously installed monitoring well, MW-D3, was used to determine the groundwater levels for the 
site. Groundwater elevations fluctuate with the tide and range from 1.0 to 2.8 feet NGVD. Groundwater 
levels for test pits TP-D7 and TP-D10 were noted at 7 ft and 9 ft below grade, which translates to 
approximately to 0 to 0.5 NGVD, based upon survey data of ground surface elevations interpolated 
within the locations of the test pits. Variations may largely be associated with seasonal variations and 
existing shoreline groundwater elevations are likely influenced by tidal fluctuations. Groundwater levels 
for the total settlement evaluations were assumed an average of the readings at 1 ft NGVD. Changes in 
the groundwater levels after construction of the bulkhead, are assumed to be negligible in this evaluation. 

MATERIAL PARAMETERS 

Estimation of Elastic Modulus From Standard Penetration Testing 

Elastic parameters for the foundation design were estimated using the results from the standard 
penetration testing conducted during the geotechnical investigation at the proposed location of the 
dewatering building foundation. 

Evaluation Of Standard Penetration Testing 

Standard penetration values were evaluated using the standard penetration values and corrected standard 
penetration values. Corrected values were adjusted for overburden pressure, adjustment factors for 
equipment and drilling operations were not included in the correction. 

Exhibit 1 - Evaluation of Standard Penetration Testing presents the results of the standard penetration 
testing for borings FD 201 through FD 208, as well as the results from previous soil borings FD 19, CSO-
Dl, CSO-D2 and BL 106. Reported STP numbers are field values. 
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Corrected penetration numbers (N') differed only slightly from unconnected values (N). Overburden 
correction typically increased standard penetration slighty (2 to 3 blows per foot) with the exceptions of 
the top fill layer which increased by by 20 blows per foot. Corrected values in the top fill layer were 
strongly influence by gravel and cobbles encountered frequently during the drilling. Hence unconnected 
standard penetration values (N) were used for estimating soil properties. 

CRITERIA: EVALUATION OF SETTLEMENT 

Settlement estimates for the footings of the dewatering building were evaluated using three methods for 
estimating settlements for foundations on cohesionless soil: 

1 . Schmertmann's Method for Computing Settlement of Footings on Cohesionless Soil 

2. Modified Meyerhoff s Method for Estimating Settlement based upon STP Data 

3. Immediate Elastic Settlement of Rectangular Footings by Timoshenko and Goodier 

Settlements are estimated based upon service loads obtained in the structural design calculations. 

Schmertmann's method for computing settlement of footings on cohesionless soil. 

For the Schmertmann's method soil strata was divided into representative layers and assigned appropriate 
elastic parameters for each layer. Elastic moduli are estimated from the standard penetration testing given 
previously in Exhibit 1. Table 3 presents the representative elastic moduli for each layer and the 
applicable depth intervals. 

Table 3 - Soil Moduli Used for Layers in Schmertmann Settlement Estimates 

1 
2 
3 
4 
5 

6 
4 

-5 

-8.5 
-14 

Oto2 
2 to 11 

1 1 to 14.5 
14.5 to 20 

>20 

25 
12 
5 
10 
20 

208854
140977
104427
130534
182748

 194234
 112781
 68922
 100250
 162906

 262500
 126000

 52500
 105000
 210000

 190479
 110601

 67589
 98312
 167949

 214017 
 122590 

 73360 
 108524 
 180901 

Where, 

ES1=250(N

ES2=300(N 

kPa 

kPa 

Saturated Sand 

Silt, Sandy Silt 
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ES3 = 7.5 (1 - v) N ton/ft2 where v = 0.3 Sand (Farrent 1963) 

ES4 = C(N + 6) " kg/cm2 for N < 15 where C = 3.0 Silt with sand (Bergemann 1974) 

ES4 = 40 + C(N - 6) kg/cm2 for N > 15 where C = 3.0 

_ Z E , 
*~***MA-ave n; 

F =Es1-fEs2+Es3+Es4 
tave 4 

Scmertmann's Method Derivation 
n Ia 'I 

8 - settlement of footing 
q' - net bearing pressure 
n - number of soil layers 
In - strain influence factor Iz at midpoint of soil layer I 
H, - thickness of soil layer i 
E, - elastic Modulus of soil layer i 

Where C factors are represented by: 

C| - depth factor (^=1-0.5 

C2 - secondary creep factor C 2 = 1 + 0.2 »log 
0.1; 

€3 - shape factor C3 = 1.03-0.03•(-) >0.73 
\B/ 

CTd' - effective stress at a depth D below ground surface 
t - time since application of load, assumed 50 years 
B - footing width 
L - footing length 

And the strain influence factors for a square footings described by: 
B 

for zf = 0 to — 
B 

\z=0.667-\J2-~) for zf =B to 2B 

U \NBH\Kait Opuon\FoundMioa Rcpon\SmicturaI\Sctdenicnl'Ca)c-Revl doc 
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I =0.5 + 0.1 

Izp - peak strain influence factor
 
o\p' - initial vertical effective stress at depth of peak strain influence factor
 

(D+ B/2 for square footings)
 
Zf - depth from bottom of footing to midpoint of layer
 

Settlement estimates were conducted using SCHMERT, a software program developed by Coduto 
(1994). Results of the Scmertmann's method are presented in Table 4 Output is included as Exhibit 2 

Table 4 - Total Settlements estimated using Schmertmann's Method 

Column Location Column Load (kips) Settlement 5 (in)
 
Interior 76.44 1.18
 

Exterior 44.6 0.74
 

Modified Meyerhoff s Method for Estimating Settlement based upon STP Data 

The Modified Meyerhoff Method is one of the most popular methods of estimating settlements based 
upon standard penetration values. The method is typically seen as a conservative estimate of settlement, 
which typically overpredicts the settlement by a factor of 2. 

For B < 4ft 

6 "••*" /ar 

Br Nave'Kd 

For B > 4ft 

0.68
%r ./ B 

Br • Nave • Kd 

where, 
5 - settlement 
Br - reference width = 1ft = 12 in 
q' - net bearing pressure 
ar - reference stress - 2000 Ib/ft2 

Nave - weighted average of standard penetration value between base of the footing to a depth 2B below 
B - footing width 

U.\NBH\Rait OpuofriFoundation RcpcnVStrucniraAScnlanent-Calc-Rcvl doc 
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- depth factor = 1 + 0.33^ < 1.33 
D 

Table 5 -Settlement estimate using the Meyerhoff Method 

Average Column Net Bearing Footing Footing Depth 
Column Settlement STP Load Pressure Width Depth Factor 

N (blows) POO Q(psf) B(ft) D(ft) Kd 5 (in)
 
Interior 12.1 76.44 2111 6 4 1.333 2.14
 
Exterior 12.1 44.6 1239 6 4 1.333 1.25
 

Immediate Elastic Settlement of Rectangular Footings by Timoshenko and Goodier 

where, 
AH - settlement
 
B - least lateral dimension of footing, square B' = B/2
 
q0 - intensity of contact pressure
 
Es,v - elastic modulus and poisson's ratio of soil
 
IiJa^F - influence factors
 
L - length of footing 

, ( lWM 2 +1-VM 2 +N 2 )
= -'(lvMn -5-- .
 

M +VM2+N2+1
 

N M 

where, 
M = L/B 

N = H/B' 
IF is taken from Figure G 
Elastic moduli were taken as weighted average over depth 2B 

Figure G - Influence Factor IF 

U \NBHMUil Opuon\Foundaiion Rqx*l\Stnicnj/aI\SetUemau-CaJc Rcvl *» 
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Table 6 - Immediate Elastic Settlement of Rectangular Footings 

Column Contact Footing Footijng Footing 
Load Pressure Depth Length width 

P q» D L B B1 H 
kip psf ft ft ft ft ft 

76.44 2123 4.00 6.00 6.00 3 12.00 
44.6 1784 4.00 5.00 5.00 2.5 10.00 

Poisson Influence Influence Factor FFACTOR or 
ratio Factor Fig 

N=H/B' M=L/B V I, I2 Is D/B L/B IF 
ft ft ft 

4 1 0.3 0.4082 0.0375 0.4296 0.67 1.00 0.7600 
4 1 0.3 0.4082 0.0375 0.4296 0.80 1.00 0.6900 

Nstp	 Esi ES2 ES3 £54 C.avc m DH 
psf psf psf psf psf ft 

12.1 141499 113408 127050 111215 123293 4 0.74 
12.1 141499 113408 127050 111215 123293 4 0.47 

U \NBH\Rail Oplion\FoundaUon RepoclXStniouralVSenlonair-Calc Rev I doc 
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SUMMARY OF RESULTS 

Location Column Load Scmertmann's Meyerhoffs Timoshenko and 
Method Method Goodier method 

kip inches inches inches 
Interior 76.44 1.2 2.1 0.7 
Exterior 44.6 0.7 1.3 0.5 

CONCLUSIONS 

Differences in the settlement estimates are associated with the conservatism inherent in each method. 
Figure H presents a the relative conservatism in two of the methods. It would be assumed by the 
comparison of the Meyerhoff and Schmertmann methods that the Timoshenko and Goodier method is 
less conservative than the Schmertmann method. Total settlements are less than the maximum allowable 
recommeneded (USAGE EM 1110-1-1904) for framed structures. Total settlements are provided for the 
service loads obtained from the structural design of the dewatering building, any deviations from the 
assumptions made therein will ultimately result in changes to total settlements realized in the field. 

Figure H - Comparison between computed and measured settlements 

U \NBH\Rail Opuon\Foundauon Repon\Stn*aural\Sailement-Cak Re\ 1 doc 10 
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EXHIBIT 1 

EVALUATION OF STANDARD PENETRATION TESTING 
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EXHIBIT 2 

SCMERTMANN'S METHODS OUTPUT FROM SCMERT 



SCHMERT - Version 1.0 (c) 1994 by Prentice Hall, Inc.
 
Settlement of Spread Footings on Cohesionless Soils
 

Using Schmertmann' s Method ..
 

Title: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
 

**********
 
(Press ALT-U to change) Time: 06:23 PM
 

Units of Measurement: English Date:
 

Footing Shape: Square
 
(Press ALT-S to change)
 

* RESULTS *
 
* *
 
*Bearing Pressure *
 

Footing Width = 6.00 ft * Gross q = 2603 Ib/ft2 *
 
Footing Depth = 4.00 ft * Net q'= 2123 Ib/ft2 *
 
Applied Load 76 k * *
 
Elapsed Time = 50.0 yr *Settlement = 1.18 in *
 
Soil Unit Weight * *
 

Abov<= Groundwater = 120.0 Ib/ft3 *******************************
 
Beloi>f Groundwater = 125.0 Ib/ft3
 

Depth tc3 Groundwater = 5.0ft
 

:Depth Interval Soil Influence
 
Modulus Factor Compression Strain
 

Upper : Lower
 
(ft) (ft) (Ib/ft2) Iz (ft)
 

0.0 4.0
 
4.0 4.5 214017 0.148 0.00100 0.20
 
4.5 5.0 214017 0.243 0.00164 0.33
 
5.0 5.5 214017 0.338 0.00229 0.46
 
5.5 6.0 214017 0.433 0.00293 0.59
 
6.0 6.5 122590 0.528 0.00625 1.25
 
6.5 7.0 122590 0.624 0.00737 1.47
 
7.0 7.5 122590 0.653 0.00772 1.54
 
7.5 8.0 122590 0.615 0.00728 1146
 
8.0 8.5 122590 0.578 0.00684 1.37
 
8.5 9.0 122590 0.541 0.00640 1.28
 
9.0 9.5 122590 0.504 0.00596 1.19
 
9.5 10.0 122590 0.466 0.00552 1.10
 
10.0 10.5 122590 0.429 0.00507 1.01
 
10.5 11.0 122590 0.392 0.00463 0.93
 
11.0 11.5 122590 0.354 0.00419 0.84
 
11.5 12.0 122590 0.317 0.00375 0.75
 
12.0 12.5 122590 0.280 0.00331 0.66
 
12.5 13.0 122590 0.242 0.00287 0.57
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Depth Interval
 

Upper
 
(ft)
 

13.0
 
14.0
 
15.0
 
16.0
 
17.0
 
18.0
 
19.0
 
20.0
 
21.0
 
22.0
 
23.0
 
24.0
 
25.0
 
26.0
 
27.0
 
28.0
 
29.0
 
30.0
 
32.0
 
34.0
 
36.0
 
38.0
 
40.0
 
42.0
 
44.0
 
46.0
 
48.0
 
50.0
 
52.0
 
54.0
 
56.0
 
58.0
 
60.0
 
62.0
 
64.0
 

Lower
 
(ft)
 

14.0
 
15.0
 
16.0
 
17.0
 
18.0
 
19.0
 
20.0
 
21.0
 
22.0
 
23.0
 
24.0
 
25.0
 
26.0
 
27.0
 
28.0
 
29.0
 
30.0
 
32 .0
 
34.0
 
36.0
 
38.0
 
40.0
 
42.0
 
44.0
 
46.0
 
48.0
 
50.0
 
52.0
 
54.0
 
56.0
 
58.0
 
60.0
 
62.0
 
64.0
 
66.0
 

Soil
 
Modulus
 

(Ib/ft2)
 

73360
 
73360
 
73360
 
73360
 
108524
 
108524
 
108524
 
108524
 
108524
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
180901
 
130901
 
180901
 
180901
 
180901
 
180901
 
180901
 

Influence
 
Factor
 

Iz
 

0.187
 
0.112
 
0.037
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 
0.000
 

Compression
 

(ft)
 

0.00737
 
0.00442
 
0.00147
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 
0.00000
 

Strain
 

0.74
 
0.44
 
0.15
 
0.00
 
0.00
 
0. 00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
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FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY D Martoccia DATE 10/10/02 SHEET If OF 

CHKD. BY K. Boaatch DATE 10/16/02 OFS NO. 5197.1720930200010 DEPT. NO. 

CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DEWATERING FACILITY 

SUBJECT PROJECTED POTABLE WATER REQUIREMENTS (REVISED 10/021 

Water Use Assumptions: 

• Personnel Support Area (from sanitary calcs.) =142 gal/min 

• Ten (10) garden hoses (3/»" 25' head) @ 5gal/min each1 - 50 gal/min 

• Lawn sprinkler (30,000 ft2 lawn, 1 in/week)1 =1.78 gal/min 

• Dewatering equipment (assume 50 gal/min) =50 gal/min 

Total projected required potable water flow rate at one minute of time; . 243,8 gal/min . . 

Total projected required potable water flow rate = 244 gal/min
 

Assume that 75% of the fixtures, garden hoses, sprinklers, etc will operate at the same time6
 

Therefore, 244 gpm x 0.75 = 183 gpm = 0.408 ft3/s
 

6-inch cast iron pipe capacity: 

Assume that a 6-inch diam. cast iron pipe will be used2 

• Using Hazen-Williams Equation7 . . . 

Q=1.318CAR063S054 

C = Hazen-William's roughness coefficient. C = 100 for a cast iron pipe3
 

A = Areaofpipe. = (3.14/4)(6/12)2=Q.196ft2
 

R = Hydraulic radius = %Diam =1/4(6/12) = 0.125 ft
 

S = Slope of pipe
 

Assume the connection elevation at the Facility is 5.5 feet (surface elevation of 9.5 minus 
frost line depth of 4 feet) 

Assume the connection elevation in Hen/ey Tichon Avenue is 3.13 (surface elevation of 
7.13 minus frost line depth of 4 feet)
 

Slope of pipe = 5.5- 3.13 -r 120 = 0.02 ft/ft
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PROJECT NEW BEDFORD HARBOR DEWATER1NG FACILITY 

SUBJECT PROJECTED POTABLE WATER REQUIREMENTS (REVISED 10/02) 

• Total capacity <3f 6-inch diarn. cast iron pipe at 2.0% slope is: " "*" 

0 = 1 .31 8(1 OOKO. 1 96)(0.1 25)063(d.02)°M 

= 0.843^/8 

• 6-inch pipe capacity > projected required potable water flow rate 

0.843 ft3/s > 0.408 ft3/s 

Therefore, a 6-inch diam. cast iron pipe has enough capacity to handle the projected required 
potable water flow rate. 

Pressure at Facility: 

• Assumptions: 

1 . Water temperature in pipe is 60° F 

2. Pipe material is iron2 

3. PA at street connection is 89 psi4 

4. ZA is assumed to be at an elevation of 3.1 3 feet 

5. ZB is assumed to be at an elevation of 5.5 feet 

6. Length of 6-inch pipe is 1 20 feet 

• Using Bernoulli's equation3: 

PA/P + vA
2/2g + ZA = PB/P + vB

2/2g + ZB + h, 

PA = Pressure at point A (i.e. at street connection) 

p = Density of water at 60° F3 

VA = Velocity of water in 6-inch pipe at point A (i.e. street connection) 

ZA = Elevation of 6-inch pipe at point A (i.e. street connection) 

PB = Pressure at point B (i.e. at building) 

VB = Velocity of water in 6-inch pipe at point B (he. at building) 

ZB = Elevation of 6-inch pipe at point B (i.e. at building) 

hf = Head loss in pipe due to friction3 

h, = fLev
2/2Dig 

f = Darcy friction factor 

http:25)063(d.02
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U - Equivalent Idngth
 

v = Velocity in pipe
 

DI = Inside diameter of pipe3
 

g = Gravitational acceleration
 

Determining head loss due to friction (hf) 

First determine Reynolds Number (Re) in which3 

Re = vDj/v 

v = Q/Aj 

where Q = Flow rate through 6-inch pipe (projected flow rate calculated previously) 

Aj = Interior area of 6-inch pipe3 = 0.196 ft2 for class D 

v = 0.408 n3/s -T- 0.196 ft2 = 2.08 ft/s 

Dr= Internal diameter̂  =0.5 ft for class D 

v = Kinematic energy = 1.217 x 10~5 from Appendix 14A3 

Re = (2.08 ft/s)(0.5 ft) 4 1.217 x id* = 8:55 x 104 

e = Pipe roughness coefficient = 0.0008 for iron pipe in Appendix 17A3 

£/ D, = 0.0008/0.5 = 0.0016 

Determine the friction factor (f) using the Moody charts in Appendix 17B3 

f = 0.0241 

Determine U: 

Le = Length of pipe + Equivalent length of valves and fittings3 

Standard radius elbow ,(5) 5x7.2 = . 36 feet 

Gate valve (2) 2x2.6 = 5.2 feet 

Swing check valve (1) 1 x 52.0 = 52.0 feet 

Water meter (1) 1x75.0 = 75.0 feet 
Total = 168.2 feet 
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PROJECT NEW BEDFORD HARBOR DEWATERING FACILITY 

SUBJECT PROJECTED POTABLE WATER REQUIREMENTS (REVISED 10/02) 

Le = 120 feet + 168.2 feet = 288.2 feet 
••» __, 

hf = (0.0241 )(288.2)(2.08)2 H-2(0.5)(32.2) = 0.93 feet = lTo feet 

• PA/P + vA
2/2g + ZA = PB/P + vB

2/2g + ZB + hf => velocity heads cancel out, therefore 

PA/p + ZA = PB/P + ZB + hf 

(89 Ib/in2)(144 in2/R?)/62.37 + 3.3 feet = PB (144 in2/ft2)/62.37 + 5.5 feet + 1.0 feet 

PB = 87.6 psi 

As per 2.14h of the Commonwealth of Massachusetts Fuel Gas and Plumbing Code5, the 
maximum pressure allowed at the building is 80 psi therefore, an approved pressure reducing 
valve may be required to be installed in the water service line near the entrance to the Facility 
should the pressure prove to be greater than 80 psi once the 6-inch line is constructed and 
connected. 

References: 

1.	 Waste Water Engineering -Third Edition, by Metcalf and Eddy. According to Table 2-7. 

2.	 As per the New Bedford Water Department, potable water lines are generally 4-inch 
diameter iron pipes. However, a 6-inch diameter water line is used in this scenario. 

3.	 Civil Engineering Reference Manual - Seventh Edition, by M. Lindeburg. 

4.	 As per the New Bedford Water Department, the pressure in the 12-inch water line located 
in Hervey Tichon Avenue is 89 psi. 

5.	 Commonwealth of Massachusetts Fuel Gas and Plumbing Code compiled as in full force 
and effect: 8/22/97. 

6.	 As per the New Bedford Water Department, when sizing potable water lines, it can be 
assumed that 75% of the fixtures, hoses, etc. are operating at the same time. 

7.	 Water Resources Engineering, Third Edition. Page 279. 

http:in2/ft2)/62.37
http:in2/R?)/62.37
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PROJECT NEW BEDFORD HARBOR DEWATERING FACILITY 

SUBJECT PROJECTED FIRE SUPPRESSION SYSTEM WATER REQUIREMENTS (REVISED 10/02) 

Water Use Assumptions: 

•	 Assume one standpipe riser is required for the fire suppression system 

•	 Minimum flow rate in one standpipe riser1 is 500 gal/min 

To be conservative; assume that the total projected required water flow rate for fire suppressic-n 
system is 750 gal/min 

Total projected fire suppression system required flow rate = 750 gal/min = 1.67 ft'/s 

8-inch cast iron pipe capacity: 

Assume that an 8-inch diameter cast iron water line will be used 

•	 Using Hazen-Williams Equation5 

Q = 1.318CAR063S054 

C = Hazeri-William's roughness coefficient. C = 100 for a cast iron pipe4
 

A = Area of pipe. = (3.14/4)(8/12)2 = 0.349 ft2
 

R = Hydraulic radius = % Diam = %(8/12) = 0.167 n
 

S = Slope of pipe
 

Assume the connection elevation at the Facility is 5.5 feet (surface elevation of 9.5 minus 
frost line depth of 4 feet) 

Assume the connection elevation in Hervey Tichon Avenue is 3.13 (surface elevation of 
7.13 minus frost line depth of 4 feet) 

Slope of pipe = 5.5-3.13-f 120= 0.02 ft/ft 

•	 Total capacity of 8-inch diameter cast iron pipe at 2% slope is: 

0 = 1.318(100)(0.349)(0.167)°63(0.02)a54 

= 1.80ft3/s 

•	 8-inch pipe capacity » projected fire suppression system required water flow rate 

1.80ft3/s » 1.67ft3/s 
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Therefore, an 8-inch diam. cast iron pipe has enough capacity to handle the total projected fire 
suppression system required water flow rate. - — 

•	 In addition, according to Table 5-7 of the NFPA Codes, an B-inch diameter pipe is required 
for total accumulated flows of 1251 gpm and over. Therefore, a piping diameter of 8-inch is 
more than adequate. 

Pressure at Facility: 

•	 Assumptions: 

1.	 Water temperature in pipe is 60' F 

2.	 Pipe material is iron 

3.	 PA at street connection is 89 psi3 

4.	 ZA is assumed to be at an elevation of 3.13 feet 

5.	 ZB is assumed to be at an elevation of 45.5 feet (Top of building foundation is assumed 
to be at an elevation of 9.5 feet plus the height of building which is 36 feet) 

6.	 Length of 8-inch pipe is 156 feet (120 feet of horizontal pipe plus 36 feet vertical pipe) 

•	 Using Bernoulli's equation2: 

PA/P + vA
2/2g + ZA = PB/P + vB

2/2g + ZB + hf 

PA = Pressure at point A (i.e. at street connection) 

. , p = Density of water at 60° F2 . . .
 

VA = Velocity of water in 8-inch pipe at point A (i.e. street connection)
 

ZA = Elevation of 8-inch pipe at point A (i.e. street connection)
 

PB = Pressure at point B (i.e. at the top of building)
 

VB = Velocity of water in 8-inch pipe at point B (i.e. at top of building)
 

ZB = Elevation of 8-inch pipe at point B (i.e. at top of building)
 

hf = Head loss in pipe due to friction2
 

hf = fLev
2/2Dig
 

f = Darcy friction factor
 

Le= Equivalent length
 

v = Velocity in 8-inch pipe
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Dj - insfde diameter of 8-inch pipe2 

g = Gravitational acceleration 

Determining head loss due to friction (hf) 

First determine Reynolds Number (Re) in which2 

Re = vD/v 

V = Q/Aj 

where Q = Anticipated flow rate through 8-inch pipe = 1.67 ft3/s 

Aj = Interior area of 8-inch pipe2 = 0.358 ft2 for class D 

v = 1.67 ft3/s + 0.358 ft2 = 4,66 ft/s 

Dj = Internal diameter2 = 0.675 ft for class D2 

v = Kinematic energy = 1.217 x 10~5 from Appendix 14A2 

Re = (4.66 ft/s)(D.675 ft) -T1.217 x 10* = 2.58 x 105 

G = Hazen-Williams Pipe roughness coefficient = 0.0008 for iron pipe in Appendix 17A2 

C/Dj = 0:0008/0.675 = 0.0012 

Determine the friction factor (fj usrng the Moody charts in Appendix 17B2 

f= 0.0208 

Determine U'

U = Length of pipe + Equivalent length of valves and fittings4 

Standard radius elbow (5) 5x18 - 90 feet 

Gate vajye (2) . . 2 x 4 = . 8 feet 

Swing Check Valve 1 x 45 = 45 feet 

Water meter, if required (1) 1x100 = 100 feet 

Total = 243 feet 
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U = 156 feet+ 243 feet =399 feet" 

hf = (0.0208)(399)(4.66)2 -r 2(0.675)(32.2) = 4.2 feet = 5.0 feet 

PA/P + VA /2g + ZA = PB/P + VB /2g + ZB + hf => velocity heads cancel out, therefore 

PA/p + ZA = Pp/p + ZB + hf 

.(89 Lb/in2)(144 in2/ff)/62.37 + 3.13 fee* = PB (144jn'/ff)/62.37 + 45.5 feet + 5 feet 

PB = 68,5psi _ . . .	 , , 

As per 1012.3 of the Commonwealth of Massachusetts State Building Code1, the minimum 
pressure at the topmost outlet of each riser is must be 65 psi. The above calculations indicate that 
this requirement is met. However, should the pressure at the top of the riser prove to be lower 
than 65 psi once the water line for the fire suppression system is constructed and connected in the 
field, a pressure enhancer can be used to increase the pressure if the need, arises. 

References; . . _ . .	 . .  . 

1.	 Commonwealth of Massachusetts State Building Code, Fifth Edition. Section 1012.3 

2.	 Civil Engineering Reference Manual- Seventh Edition, by M. Lindeburg. 

3.	 As per the New Bedford Water Department, the pressure in the 12-inch water fine located 
in Hervey Tichon Avenue is 89 psi. 

4.	 National Fire Code Set -2000, November Meeting Edition . . . 
5.	 Water Resources Engineering, Third Edition. Page 279 

http:144jn'/ff)/62.37
http:in2/ff)/62.37
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Sources of Discharge: 

• 11 showers (each @ 3 gpm1) = 33 gpm 
• 4 toilets (each @ 15.35 gpm1) = 61.4 gpm 
• 1 urinal (each @ 15 gpm1) - 15 gpm 
• 5 basins (each @ 4.5 gpm1) = 22.5 gpm 
• Misc. discharge = 10 gpm 

141.9 gpm' ' 142 gpm 

• Therefore, the max. projected sanitary flow rate at a given point of time = 135 gal/min 

• Assume that 75% of the fixtures will operate at the same time5 

therefore, 142 'gal/min x 0.75 = 106.5 gal/min = 6.237 ft3/s 

Because the minimum diameter pipe to connect into an existing New Bedford sanitary line must be 6
inches, the capacity of a 6-inch PVC pipe must be determined.2 In addition, since a 4-inch PVC 
sanitary line may be used in proximity to the Facility or trailers3, its capacity must be calculated. 

6-inch PVC pipe capacity: 

• Using Manning's Equation4 

Q = (1.49/n)AR2/3S1/2 

n = Manning's roughness coefficient, n - 0.010 for a PVC pipe4
 

A = Area Of pipe. = (3.14/4)(Diam)z = (3.14/4)(6/12)2 = 0.1963 ft2
 

R = Hydraulic radius = Vi Diam = %(6/12) = 0.125 ft
 

S = Slope of pipe
 

Assume slope of pipe is 1% = 0.01 

• total capacity of 6-inch diam. PVC pipe at 1% slope is: 

Q = (1.49/0.010)(0.1963)(0.125)2/3(0.01)1/2 

= 0.731 ft3/s 

• 6-inch pipe capacity > max. projected sanitary flow rate 

0.731 ft3/s > 0.237 ft3/s 

Therefore, a 6" diam. PVC pipe has enough capacity to handle the total maximum projected 
sanitary flow rate if 75% of all the fixtures were running at the same time. 
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4-inch PVC pipe capacity: 

« Using Manning's Equation4 

' Q = (1.49/nJAR5y3S1/2 

n = Manning's roughness coefficient, n = 0.010 for a PVCpipe4
 

A = Area of pipe. = (3.14/4)(4/12)2 = 0.0872 ft2
 

R = Hydraulic radius = % Diam = 1/*(4/12) = 0.0833 ft
 

S = Slope of pipe
 

Assume slope of pipe is 1% = 0.01 

• Total capacity of 4-inch diam. PVC pipe at 1% slope is: 

Q = (1.49/0.01 O)(o.o872)(o.o833)2*(o.oi)1/2 

= 0.248 tf/s . 

• 4-inch pipe capacity > max. projected sanitary flow rate 

0.248 ft3/s > 0,237 ft3/s 

Therefore, a 4-inch diam. PVC pipe has enough capacity to handle the total maximum 
projected sanitary flow rate if 75% of all the fixtures were running at the same time. 

Summary: 

In summary, as per the New Bedford Department of Engineering, the .minimum diameter of a 
proposed sanitary line connecting into an existing New Bedford sanitary line is 6 inches. The 
proposed sanitary line can be a 4-inch diam. line in proximity to the Facility and then increase 
to a 6-inch line. The above calculations indicate that a 6-inch or a 4-inch PVC pipe has enough 
hydraulic capacity to handle the projected sanitary flow rate if 75% of all the fixtures were 
running at the same time. 

http:1.49/0.01
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References: 

1.	 Common Wealth of Massachusetts Fuel Gas and Plumbing Code - compiled 08/22/97. 

2.	 As per the New Bedford Department of Engineering, the minimum diameter of a proposed 
sanitary line connecting into an existing New Bedford sanitary line is 6 inches 

3.	 As per the New Bedford Department of Engineering, the proposed sanitary line can be 4 
inches in diameter in proximity to the Facility. 

4.	 Civil Engineering Reference Manual - Seventh Edition, by M. Lindeburg. 

5.	 As per the New Bedford Water Department, when sizing potable water lines, it can be 
assumed that 75% of the fixtures, hoses, etc. are operating at the same time. 
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Sources of Discharge: 
>- » _ _ * - . . + „ s* — ., __ 

Assumptions: 1) Assume that each trailer and the guard shack will have a bathroom 

• 3 toilets (each© 15.35 gpm1) = 46.1 gpm 
• 3 urinal (each @ 15gpm1) = 45.0 gpm 
• 3 basins (each @ 4.5 gpm') = 13.5 gpm 
• ~Misc. discharge ' " =  " 10gpm 

114.6 gpm ~ 115 gpm 

« Therefore, the max. projected sanitary flow rate at a given point of time = 115 gal/min - 0.256 ft3/s 

Because the minimum diameter pipe to connect into an existing New Bedford sanitary line must be 6
inches, the capacity of a 6-inch PVC pipe must be determined.2 In addition, since a 4-inch PVC 
sanitary line may be used in proximity to the trailers3, its hydraulic capacity must be calculated. 

6-inch PVC pipe capacity: 

• Using Manning's Equation4 

Q = (1.49/n)AR2/3S1/2 

n = Manning's roughness coefficient, n = 0.010 for a PVC pipe4
 

A = Area of pipe. = (3.14/4)(Qiam)2 = (3..14/4)(6/1 2)2 = 0- 1 963 ft2
 

R = Hydraulic radius - K Diam = %(6/12) = 0.125 ft
 

S  = , Slope o f pipe .  . . .
 

The design slope of pipe is 2% = 0.02
 

Total capacity of 6-inch diam. PVC pipe at 2% slope is:
 

Q = (1. 49/0.01 0)(0.1963)(0.125)2*(0.02)1/2
 

= 1.03 ftVs 

6-inch pipe capacity > max. projected sanitary flow rate 

1.03ft3/s » 

Therefore, a 6" diam. PVC pipe has enough capacity to handle the total maximum projected 
sanitary.flow rate if all the fixtures were running at the same time. - . 



FOSTER WHEELER ENVIRONMENTAL CORPORATION
 

BY D.Martoccia DATE 09/12/02 SHEET 

CHKD. BY K. Boqatch DATE 10/10/02 OFS NO. 5197.1720.9302.00010 DEPT. NO. 

CLIENT USAGE 

PROJECT NEW BEDFORD HARBOR DEWATERING FACILITY 

SUBJECT PROJECTED SANITARY FLOW RATES FOR NEW LOCATION OF SUPPORT TRAILERS 

4-inch PVC pipe capacity: 

• Using Manning's Equation4 

Q = (1.49/n)AR2/3S1/2 

n = Manning's roughness coefficient, n = 0.010 for a PVC pipe4 

A = Area of pipe. = (3.14/4X4/12)2 = 0.0872 ft2 

R = Hydraulic radius = % Diam = Y4(4/12) = 0.0833 ft 

S = Slope of pipe 

Assume slope of pipe is 2% = 0.02 

Total capacity of 4-inch diam. PVC pipe at 2% slope is: 

Q = (1.4970,010)(0.0872XQ.0833)2*(Q.02)1'2 

= 0.350 ft3/s 

4-inch pipe capacity > max. projected sanitary flow rate 

0.350ft3/s» 0.256 ftVs 

Therefore, a 4-inch diam. PVC pipe has enough capacity to handle the total maximum 
projected sanitary flow rate if all the fixtures in the support trailers/guard shack were running at 
the same time. 

Summary: 

In summary, as per the New Bedford Department of Engineering, the minimum diameter of a 
proposed sanitary line connecting into an existing New Bedford sanitary line is 6 inches. The 
proposed sanitary line can be a 4-inch diam. line in proximity to the support trailers and then 
increase to a 6-inch line. Therefore, a 6-inch or 4-inch PVC pipe has enough capacity to 
process the total maximum projected sanitary flow rate if all the fixtures in the support 
trailers/guard shack were running at the same time. 
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References: 

1.	 Common Wealth of Massachusetts Fuel Gas and Plumbing Code - compiled 08/22/97. 

2.	 As per the New Bedford Department of Engineering, the minimum diameter of a proposed 
sanitary line connecting into an existing New Bedford sanitary line is 6 inches. 

3.	 As per the New Bedford Department of Engineering, the proposed sanitary line can be 4 
inches in diameter in proximity to the trailers.. 

4.	 Civil Engineering Reference Manual - Seventh Edition, by M. Lindeburg. 
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Water Use Assumptions: 

Assumptions: Assume that each trailer and the guard shack will have a bathroom 

• 3 toilets (each @ 15.35 gpm1) = 46.1 gpm 
• 3 urinal (each @ 15gpm1) = 45 gpm 
• 3 basins (each @ 4.5 gpm1) = 13.5 gpm 

104.6 gpm * 

Total projected required potable water flow rate at any point in time = 104.6 gal/min
 

Assume that 75% of the fixtures will operate at the same time5
 

Therefore, 104.6 gpm x 0.75 = 78,5 gpm = 0.175 tf/s
 

4-inch cast iron pipe capacity: 

Assume that a 4-inch diam. cast iron pipe will be used2 

• Using Hazen-Williams Equation6 

Q = 1.318CAR063S054 

C = Hazen-Wiliiam's roughness coefficient. C = 100 for a cast iron pipe3
 

A = Area of pipe. = (3.14/4)(4/12)2 = 0.0872 ft2
 

R = Hydraulic radius = 1/4Diam = 1/4(4/12) = 0.0833 ft
 

S = Slope of pipe
 

Assume the connection elevation in Herman Melville Blvd. is at elev. 5.67 feet (surface 
elevation of 9.67 minus frost line depth of 4 feet) 

Assume connection elevation to Support Trailers is at elev. 570 feet (surface elevation 
of 9.0 minus frost line depth of 4 feet) 

Slope = (5.67'-5.0') - 80 feet - 0.00838 ft/ft 

• Total capacity of 4-inch diam. cast iron pipe at 0.838% slops is: 

Q = 1318(100)(0.0872)(0.0833)063(0.00838)054 ~ 

= 0.182 fP/s 
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•	 4-inchI pipe capacity > projected required potable water'flow rate or 

0.182ft3/s> 0.175ft3/s 

Therefore, a 4-inch dlam. cast iron pipe has" enough hydraulic capacity to process frie 
projected required potable water flow rate. 

Pressure at Support Trailers: 

•	 Assumptions: 

1 .	 Water temperature in pipe is 60' F 

2.	 Pipe material is fron2 

3.	 PA at street connection is 89 psi4 

4.	 ZA is assumed to be at an elevation of 5.67 feet 

5.	 ZB is assumed to be at an elevation of 5.0 feet 

6.	 Length of 4-inch pipe is 80 feet 

•	 Using Bernoulli's equation3: 

PA/P + vA
2/2g + ZA = PB/P + vB

2/2g + ZB + h, 

PA = Pressure at point A (i.e. at street connection) 

p	 = Density of water at 60° F3 

VA	 = Velocity of water in 4-inch pipe at point A (i.e. street connection) 

ZA	 = Elevation of 4-inch pipe at point A (Le. street connection) . „ 

PB = Pressure at point B (i.e. at support trailers) 

VB	 =: Velocity of water in 4-inch pipe at point B (i,e. at support trailers) 

ZB	 = Elevation of 4-inch pipe at point B (i.e. at support trailers) 

hf	 = Head loss in pipe due to friction3 

hf = fLev
2/2Dig 

f = Darcy friction factor -

Le= Equivalent length 

v = Velocity in pipe 

D, = Inside diameter of pipe3 

g = Gravitational acceleration ' * ' 
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• Determiningj head loss "due To friction (hfy " 

First determine Reynolds Number (Re) In which3 

"Re~= vb/v 

where Q = Flow rate through 4-inch pipe (projected flow rate calculated previously) 

Aj = Interior area of 4-irich pipe3 = 0.085 ft2 for class D 

_v = 0,175ft3/s-r 0.085ft2 =.2.06ft/s... . . 

DJ = Internal diameter3 = 0.33 ft for class D 

v-=- Kinematic viscosity = 1.24.7x 10's from Appendix 14A3 

Re = (2.06 ft/s)(0.33 ft) -r t.217 x 10'5 = 5.59 X104 

€ = Pipe roughness cbefficient = 0.0008 for iron pipe in Appendix !7A3 

€/ Dj = 0.0008/0.33 = 0.00242 

Determine the friction factor (f) using the Moody charts in Appendix 17B3 

f= 0.0274 

Determine Lei 

U= Length of pipe + Equivalent length of valves andfittings3 

Standard radius elbow (5) 5 x 4.8 24.0 feet 

Gate valve (2) 2 x 2.4 4.8 feet 

Swing check valve (1) 1x31.0 31.0 feet 

Water meter (1) 1x50 50.0 feet 

Total = 109.8 feet 

U = 80 feet + 109.8 feet = 189.8 feet« 200 feet 

h, = (0.0274)(200)(2.06)2 -r 2(0.33)(32.2) = 1.09 feet» 1.10 feet 

http:0.0008/0.33
http:ft/s)(0.33
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• PA/p"+ vA
2/2g +ZA - PB/P +VB

2/2g + Zi+ hf => velocity heads "cancel out, therefore 

(89 Ib/in2)(144 in2/ftz)/62.37 + 5^67 feet = PB (144 IrM /̂BZSt + 5 feet + 1.10 feet 

PB = 88.81 psi 

As per 2.14h of the Commonwealth of Massachusetts Fuel Gas and Plumbing Code1, the 
maximuhrir pressureI "allowed at "ther building is 80 psi therefore* ahnapproved pressure reducing 
valve may be required to be installed in the water service line should the pressure prove to be 
greater than 80 psi once the 4:inch Jine is constructed and connected. 

References: 

1.	 Commonwealth of Massachusetts Fuel Gas and Plumbing Code - compiled 8/22/97. 

2.	 As per the. New Bedford. Water Department, potable water lines are generally 4-inch 
diameter iron pipes. 

3.	 Civil Engineering Reference Manual - Seventh Edition, by M. Lindeburg. 

4.	 As per the New Bedford Water Department, the pressure in the 16-inch water line located 
in Herman Melville Blvd. is 89 psi. 

5.	 As per the New Bedford Water Department, when sizing potable water lines, it can be 
assumed that 75% of the fixtures, hoses, etc. are operating at the same time. 

6.	 Water Resources Engineering, Third Edition. Page 279. 
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