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Executive Summary 

This Supplement to Draft Final Design Report summarizes the results of the design for 
supporting the Vertical Barrier Wall during future dredging of Menominee River sediments 
adjacent to the Tyco Fire Products LP Facility, Marinette, Wisconsin. 
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SECTION 1 

Introduction 

Tyco Fire Products LP (Tyco) installed a Vertical Barrier Wall (VBW) to contain impacted 
groundwater located on the facility property as part of remedial actions associated with an 
Administrative Order on Consent between Tyco and the U. S. Environmental Protection 
Agency (USEPA). The VBW consists of a slurry wall along the western, southern, and 
eastern portions of the site and a sheet pile wall along the northern property boundary. The 
northern property boundary is adjacent to the Menominee River; a portion of which is the 
subject of ongoing sediment removal. Based on existing sediment quality data (collected in 
2010), it has been determined that removal of sediment to the depths required to meet 
remedial goals may result in failure of the VBW.  

On behalf of Tyco, CH2M HILL reviewed existing subsurface information and evaluated 
geotechnical issues associated with dredging adjacent to the existing VBW along the 
Menominee River at the facility in Marinette, Wisconsin. This Supplement to the Draft Final 
Design Report summarizes the design analyses performed to determine the following: 

1. An initial dredge surface to be performed in 2012 that would not compromise the 
existing sheet pile wall stability. This design was previously submitted to USEPA and 
Wisconsin Department of Natural Resources (WDNR) in April 2012. 

2. Design of modifications to the existing sheet pile wall to facilitate dredging of arsenic 
impacted sediment at concentrations greater than or equal to 50 milligrams per 
kilogram. 

3. Design of the final backfill with riprap armoring in front of the VBW following 
completion of dredging. 

Construction drawings and specifications have been prepared to define the project for 
bidding purposes. These documents are considered to be supporting documents to this 
design report and will be referenced accordingly throughout this report. A copy of the plans 
and specifications are included in Appendix A.  

This document is a supplement to the Draft Final Design Report - Menominee River 
Sediment Removal Project adjacent to the Tyco Facility (CH2M HILL, 2012). That Draft Final 
Design Report document was submitted to USEPA in January 2012.  

The Draft Final Design Report, along with the supplement provided, presents the remedial 
actions required to meet the USEPA approved Sediment Removal Work Plan (SRWP) 
(CH2M HILL, 2010). 
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SECTION 2 

Background 

A study was performed in April 2012 to evaluate the amount of sediment that could be 
removed from in front of the existing VBW without causing instability or excessive 
movement of the existing VBW in its current configuration. The results of this study are 
summarized in this report. 

The current 2012 dredging program will remove a portion of the arsenic impacted sediment, 
but will leave a wedge of sediment in place to maintain stability of existing VBW.  

The VBW will then be modified, as described in this report, to maintain bulkhead stability 
for future dredging of the remaining sediments requiring remedial action. Upon completion 
of the dredging, riprap bedding and riprap stone will be placed in front of the wall to 
protect the river bottom from erosion from prop wash in the Turning Basin and to provide 
additional long term stability of the VBW.  

The portion of the existing VBW slated for modification consists of two sheet pile wall 
configurations as shown on Drawings C-5 through C-9 of the contract documents and as 
described below:  

 The majority of the VBW was designed by AECOM and was constructed in 2010 using 
AZ 39-700 sheet piles. This portion includes two major segments: (1) an 675-foot long 
section west of the 8th Street Slip area (STA 20+15.34 to 26+90.73), which has a top of 
wall elevation of 584.4 feet (all elevations in this report are referenced to as National 
America Vertical Datum 1998 [NAVD88]); (2) east of the 8th Street Slip, the VBW 
includes a 657-foot long segment (STA 10+00 to 16+57.06) with a top of wall elevation of 
582 feet. The interlocks/joints of the VBW sheet piles were sealed. Approximately 
150 feet of the far western end of the first segment is currently tied back to H-pile 
deadman anchors. The remaining portion of this VBW is currently cantilevered. 

 The 8th Street Slip portion of the bulkhead consists of two sets of AZ26 sheet piles 
installed in the late 1990s. The first set of sheet piles was installed along the riverfront as 
a cofferdam to isolate the 8th Street Slip from the river. Details regarding the penetration 
depth of these sheet piles is limited. The second sheet pile wall is located approximately 
10 feet behind the riverfront sheet piles and extends along the northern boundary of the 
former Salt Vault area. Based on a Dames & Moore construction report from 1998 
(Dames & Moore, 1998), these sheet piles were 45 to 50 feet deep and were all driven to 
refusal and are assumed to be sitting near the top of rock surface. This wall was 
constructed as a barrier wall with sealed joints around the entire 8th Street Slip Area. No 
information regarding design assumptions for earth retention is available.  
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SECTION 3 

Subsurface Conditions Included in the Analysis 

Subsurface investigations performed at the site were reviewed to estimate the soil layering 
along the existing sheet pile wall. The data collected in the investigations were used to 
estimate geotechnical design parameters for each of the subsurface layers. These design 
parameters, along with the groundwater conditions, were used to evaluate the measures 
necessary to stabilize the wall during dredging.  

3.1 Summary of Subsurface Investigations 
Soil information at this site is available from the soil investigations performed by EarthTech 
in 2007, as well as the recent soil borings that were performed by CH2M HILL in 2011 and 
2012. The EarthTech borings were performed to develop cross-sections for the design of the 
VBW that was previously installed at the Tyco Facility site. These borings were drilled 
around the perimeter of the site.  

The CH2M HILL borings were performed for the purpose of installing groundwater 
monitoring wells and piezometers. These borings were drilled either on the shoreline, just in 
front of the existing sheet pile wall, or further out into the river. Some of these borings 
included rock coring to confirm the location, composition, and strength of the bedrock. The 
locations of the CH2M HILL borings used to determine the design parameters for this study 
are presented in the attached Figure 1 with the individual borings logs included in 
Appendix B. 

The EarthTech borings located along the northern portion of the site along the Menominee 
River are shown in Figure 2. These borings were drilled on the land side of the existing sheet 
pile wall. Relevant EarthTech soil boring logs are also attached in Appendix B. 

3.2 Subsurface Layers 
Based on information derived from the subsurface investigations, it appears that there are 
five subsurface layers at this site. These are described as follows: 

 Fill – imported fill material placed on the land side of the sheet pile wall for the purpose 
of reclaiming land. This layer consists of a mix of sand and silt with organic material and 
construction debris. 

 Soft Sediments – recent river sediments made up of predominantly sandy material with 
some silt and organic debris. 

 Semi-consolidated Material – older river deposits that have been consolidated over time 
and are now very dense. This layer consists of sandy and silty materials with some 
gravel. The upper portion of this layer was softer and was modeled as a separate layer 
for design purposes. 



DRAFT FINAL DESIGN REPORT 

3-2 RDD/122010001 (NLH4746.DOCX) 
EC071912213603RDD 

 Glacial Till – this layer was encountered directly above the bedrock and is 
predominantly very hard, lean clay with some silty sand and gravel. 

 Bedrock – the bedrock was identified in rock cores as a light green to gray dolomitic 
limestone. 

Relevant boring logs and cross-sections used to develop this layering are contained in 
Appendix B. 

3.3 Groundwater 
The data collected from the piezometers installed in the Menominee River were used to 
assess the groundwater conditions at this site. Groundwater and river level readings were 
recorded over a period of six months. These data indicated river water elevations ranged 
between extremes of 576 and 580 feet with typical elevations ranging between 577 and 
579 feet. The river elevation data from well cluster TB-01 are presented in Figure 3. 

The 2-foot variation in river elevation occurred over a relatively short period of time. As 
such, it was conservatively assumed that there could be a 2-foot differential between the 
groundwater behind the sheet pile wall and the river level. The differential between the 
groundwater table and the river level can result in increased hydrostatic loading on the back 
of the wall. 

3.4 Design Parameters for the Bulkhead Stability Analyses 
The data collected in the subsurface investigations were used to estimate unit weight, 
strength, and deformation properties for the five subsurface layers. The design parameters 
were estimated from correlations with the Standard Penetration Test (SPT) N-values 
reported on the boring logs, the soil descriptions, and from laboratory test results.  

The bulkhead stability analyses were performed at three design sections along the length of 
the VBW, which are representative of the major wall configurations. The design parameters 
are summarized in Table 1 for the three design sections. Figure 4 presents the SPT N-values 
plotted versus depth for each of the design sections, and shows how the layer breaks and 
average N-values were estimated. It is noted that preference was given to the data from soil 
borings drilled in front of the wall, since this soil provides the support of the wall, and is 
therefore more critical to wall stability. Soil layering was assumed to be horizontal within 
the limits of influence of the models, which was determined by comparing conditions 
encountered in borings drilled in front of and behind the wall. The relevant borings and 
laboratory test results are included in Appendix B.  

Appendix C of this report contains the correlations used to estimate the unit weight, internal 
friction angle, undrained shear strength, and elastic modulus of the soil layers. A slight 
reduction was applied to the internal friction of the fill soil layer to account for variability of 
the soil, the presence of debris, and the high silt content. The undrained shear strength of 
the glacial till soil was also reduced based on experience with these soils. 
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TABLE 1 
Design Soil Parameters 

Layer 
Design 
Section 

Top EL
(feet) USCS 

SPT N-
Value 
(bpf) 

  
(pcf) 

cu  
(psf) 

’  
(deg) 

Elastic 
Modulus

(ksf) 

Fill/Soft 
Sediments 

1 – C35 584.4 SP 5 115 0 28 50 

2 – D38 584.4 SP 3 115 0 28 30 

3 – SP1 582 SP-SM 5 115 0 28 50 

Semi-
Consolidated 
(Upper) 

1 – C35 573 SP 24 125 0 34 240 

2 – D38 571 SP 24 125 0 34 240 

3 – SP1 578 SP 20 125 0 33 200 

Semi-
Consolidated 
(Lower) 

1 – C35 567 SP 67 130 0 36 670 

2 – D38 567 SP 69 135 0 36 700 

3 – SP1 563 SM 65 135 0 36 650 

Glacial Till 1 – C35 561 CL-ML 89 135 5000 0 1100 

2 – D38 556 CL-ML 100 135 5000 0 1100 

3 – SP1 550 CL-ML 27 130 3500 0 900 

Notes: 

Bedrock was not included in the models since failure will not occur through this layer. 

bpf = blows per foot 

 = soil density  

cu  = undrained shear strength 

’  = effective internal friction angle  

deg = degrees 

ksf = kips per square foot 

pcf = pounds per cubic foot 

psf =  pounds per square foot 

SPT-N = standard penetration test N-values 

USCS = Uniform Soil Classification System 

 
 
The correlations included in the Electric Power Research Institute (EPRI) Manual (Kulhawy 
& Mayne, 1990) and from the Federal Highway Administration (FHWA) Manual (Liang, 
2002) were used to estimate the elastic modulus of the sandy and clayey soil layers. Because 
of the presence of silt in the sandy soils for conservativeness, the correlation for “sand with 
fines” was used for all of the cohesionless soil. A correlation of the SPT N-value to the 
pressuremeter test elastic modulus was used for the cohesive soil, since this modulus is 
generally considered to be close to the actual modulus of the soil.  
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SECTION 4 

Wall Analysis Procedure 

The computer program DeepXcav by Deep Excavation, LLC was used to evaluate the 
stability of the existing bulkhead and proposed modifications. This program utilizes a finite 
element approach to model the retaining wall as a linear elastic beam. The beam is divided 
into discrete elements supported by non-linear soil springs allowing the program to 
estimate the displacement based on the load.  

The DeepXcav program was selected since the program can analyze sloped ground in front 
of the wall, and can model staged construction where the wall deflections are cumulative for 
subsequent stages. This ability to model staged construction was important for this project 
because of the different dredging events and modification of the wall. The program also 
calculates a limit equilibrium solution, which allows for various factors of safety to be 
calculated to help compare to more traditional analyses. These features make this program a 
useful tool for modeling the impact of the dredging on the existing sheet pile wall and for 
designing wall modifications for this project. 

The as-built tip elevations of the existing sheet pile wall and the soil layering interpreted 
from the relevant soil borings along the wall are presented in the plans in Appendix A.  
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SECTION 5 

Bulkhead Support Analysis 

The bulkhead modification analyses included the following tasks: 

 Determine global slope stability and overturning stability of the existing sheet pile wall 
systems. 

 Determine a dredge depth that will not make the existing VBW unstable, and will not 
result in excessive VBW movement. This “safe” dredge depth will be incorporated into 
the target 2012 dredge surface. 

 Evaluate stability determination of modification measures required to maintain 
overturning and rotational stability during the final dredge condition. 

 Evaluation of long-term global stability of the sheet pile and river bank after final riprap 
armoring is placed. 

The stability of each sheet pile wall section was evaluated by calculating the safety factor 
with respect to the overturning of the wall, rotation around anchor, bending moment, and 
shear stresses in the wall structure. The analyses included evaluation of earth pressure on 
the back of the wall, the resistance provided by the soil in front of the wall, and the 
resistance provided by anchors. In the DeepXcav software these analyses were performed as 
either a limit equilibrium analysis to provide estimated factors of safety, or by using more 
advanced elasto-plastic modeling procedures to estimate the deflection of the wall. Both 
approaches were used for this project. 

The global stability analysis evaluated the potential for large-scale failures along potential 
slip surfaces that start from behind the wall, run under the wall, and end at a point out in 
the river.  

The following typical sheet pile wall sections were analyzed for wall modifications: 

 Cross Section C9 – station 26+88 to 25+32  
 Cross Section C35* – station 25+32 to 24+24  
 Cross Section D38* – station 24+24 to 21+77  
 Cross Section 4 – station 21+77 to 16+55 (8th Street Slip) 
 Cross Section SP1* – station 16+55 to 14+37 
 Cross Section F9 – station 14+37 to 10+03  

The sections identified with an asterisk in the above list are the only sections that were 
evaluated for wall stability during dredging without modifications. 
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SECTION 6 

Results and Design Recommendations 

6.1 Determination of Safe Dredge Elevation 
The results of the stability analyses to determine the safe dredge elevation without 
modifying the existing wall system are presented in Table 2. The safe dredge elevations 
presented in the table were selected as the point where the wall deflection was less than 
2 percent of the exposed wall height and the passive factor of safety was greater than 1.5. 
The passive factor of safety is calculated by dividing the ultimate passive resistance by the 
total force applied to the wall. Figure 5 shows the relationship of the wall deflection to 
passive factor of safety and it can be seen that the wall quickly becomes unstable after the 
wall deflection reaches 2 percent of the wall height. The last column in Table 2 indicates 
how much additional dredging below the safe dredge elevation would result in wall failure. 
Output from the DeepXcav models are contained in Appendix D. 

Slope stability analyses were performed to check the global stability of the overall wall 
system as well as the dredge slope alternatives. It was determined that all design sections 
were safe, with respect to global stability, since all wall sections analyzed were tipped into 
the very hard till layer. It was also determined that all of the dredge configurations in the 
sections analyzed were safe from local slope stability failures. 

6.2 Determination of Wall Modifications 
In order to determine the modifications that will be required to maintain stability during the 
final dredging condition, the existing wall was analyzed using the DeepXcav software for 
the planned dredge elevation shown on the plans, and for the case where the dredging 
continued down to the top of the glacial till layer. This was done to make sure that the 
modifications would be stable even if the impacted sediment extends deeper than planned 
based on the findings of the field sampling. 

The analyses indicate that it will be necessary to add soldier piles to the entire wall 
primarily due to the shallow embedment of the existing sheet piles at the final dredge 
elevations. It is also necessary to provide anchor support to the walls that are currently 
cantilevered to provide the necessary resistance to overturning, limit lateral deflection at the 
top of the wall, and to reduce the structural demands for the soldier piles. A summary of the 
findings is presented in Table 3, and a separate discussion for each cross section is provided 
as follows. Output from the DeepXcav models are contained in Appendix D.  
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TABLE 2 
Summary of DeepXcav Results 

Analysis 
Section 

Dredge 
Alternative 

Top of 
Sheeting 

(feet) 

Tip of 
Sheeting

(feet) 

Safe 
Dredge 

Elevation
(feet) 

Exposed 
Wall 

Height 
(feet) 

Deflection 
(inches) 

Deflection/ 
Height 

(%) 
Moment
(kip-ft) 

Shear
(kips) 

Passive 
FS 

Dredge 
Elevation 
Failurea 

(feet) 

C35 1 (5H:1V) 584.4 557.4 573 11.4 2.5 1.8 33.3 7.0 1.5 1.0 

2 (4H:1V) 584.4 557.4 574 10.4 1.8 1.5 30.4 6.2 1.6 1.0 

3 (3H:1V) 584.4 557.4 575 9.4 1.8 1.6 29.2 6.2 1.5 1.0 

4 (bench) 584.4 557.4 572 12.4 2.3 1.5 33.7 6.7 1.8 1.0 

D38 1 (5H:1V) 584.4 553.9 572 12.4 2.8 1.9 44.8 7.1 2.0 2.0 

2 (4H:1V) 584.4 553.9 573 11.4 2.4 1.7 41.8 6.5 2.0 2.0 

3 (3H:1V) 584.4 553.9 574 10.4 2.5 2.0 41.1 6.7 1.8 2.0 

4 (bench) 584.4 553.9 571 13.4 2.7 1.6 44.3 6.8 2.3 1.0 

SP1 1 (5H:1V) 582 544 565 17 4.1 2.0 72.0 9.4 1.8 2.0 

2 (4H:1V) 582 544 566 16 3.6 1.9 67.6 8.5 1.8 3.0 

3 (3H:1V) 582 544 567 15 3.6 2.0 65.7 8.5 1.7 2.0 

4 (bench) 582 544 564 18 4.0 1.9 72.5 9.0 2.1 3.0 

a Failure is defined as the point where the design model would no longer converge on a solution. 

Note: 

FS = factor of safety 
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TABLE 3 
Summary of Wall Modifications 

Design 
Section 

Top of Till 
Elevation 

(feet) 

Top of 
Bedrock 
Elevation 

(feet) 

Existing 
Sheet Pile 

Type 

Sheet Pile 
Tip 

Elevation 
(feet) 

Soldier Pile 
Spacing 

(feet) 

Soldier Pile 
Tip 

Elevation 
(feet) 

Soldier Pile 
Length 
(feet) 

Soldier Pile 
Rock Socket 

Length 
(feet) 

Anchor 
Elevation 

(feet) 

C9  561  547  AZ39‐700  558  9.2  547  37  0  N/A 

C35  561  547  AZ39‐700  558  9.2  547  37  0  582 

D38  556  548  AZ39‐700  554  9.2  543  41  5  584 

4 (8th St)  549  546  AZ26  546  8.3  538  46  8  584 

SP1  550  540  AZ39‐700  544  9.2  537  47  3  579.5 

F9  544  540  AZ39‐700  541.5  9.2  537  47  3  579.5 

Notes: 

All soldier piles are HP14x117 with a cutoff elevation matching the top of the existing sheet pile wall.  

The soldier pile length is estimated based on a top of pile elevation of 584 feet, which is the typical top of sheet pile elevation. 

It is noted that the layer elevations are estimated for the specific design sheet pile section only and will vary between sections. 
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6.2.1 Cross Section C9  
The available records indicate that the AZ 39-700 sheet piles in the portion of the wall in the 
vicinity of Sheet Pile C9 were driven to refusal, which appears to be in the upper portion of 
the glacial till layer with toe elevations ranging from 548 to 560 feet. This portion of the wall 
includes existing anchors that consist of tie-rods that each extend to an H-pile deadman 
driven to a depth of 25 feet.  

The top of the till is estimated to be at an elevation of 561 feet, and top of rock is estimated at 
Elevation 547 feet. The plans indicate a planned dredge surface ranging from 558 to 564 feet, 
which may be below the top of till in some areas. It is assumed that the dredging will be 
terminated once the glacial till layer is encountered. With the sheet piles seated near the top 
of the till layer, this will leave the sheet piles with only a few feet of embedment into the till 
layer.  

The analysis for these piles indicates the sheet pile wall is not capable of supporting 
dredging to the till layer without adding modifications to the wall. Adding soldier piles in 
front of the sheet pile wall will provide the necessary stability of the toe of the sheeting to 
achieve the maximum dredge depth to the top of the till.  

The analysis indicates that HP14x117 soldier piles, spaced 9.2 feet apart, will need to be 
installed to the top of the rock to provide the toe stability. The required spacing will result in 
piles installed at every other sheet pile set. This configuration will rely on the support of the 
existing deadman anchors. 

6.2.2 Cross Section C35  
The available records indicate that the AZ 39-700 sheet piles in the portion of the wall in the 
vicinity of Sheet Pile C35 were driven to refusal which appears to be in the upper portion of 
the glacial till layer with toe elevations ranging from 550 to 558 feet. This portion of the wall 
is currently cantilevered.  

The top of the till is estimated to be at an elevation of 561 feet, and top of rock is estimated at 
Elevation 547 feet. The plans indicate a planned dredge surface ranging from 562 to 566 feet, 
which is above the top of the till layer. However, the analyses assumed that the dredging 
may be continued to the top of the glacial till layer. With the sheet piles seated near the top 
of the till layer, this will leave the sheet piles with only a few feet of embedment into the till 
layer.  

The analysis of this section indicates the existing sheet pile wall is not capable of supporting 
dredging to the till layer without wall modifications. Adding soldier piles in front of the 
sheet pile wall will provide the necessary stability of the toe of the sheeting. However, in 
order to achieve wall stability to the maximum dredge depth, an anchor will also need to be 
added to the top of the wall to provide lateral stability and limit wall deflection.  

The analysis indicates that HP14x117 soldier piles, spaced 9.2 feet apart, will need to be 
installed 3 feet into the top of the rock to provide adequate toe stability. The spacing will 
result in piles installed at every other sheet pile set. Anchors spaced 9.2 feet apart and tied to 
a new H-pile and waler deadman system with tie-rods will provide adequate lateral 
resistance and limit lateral wall deflection. 
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6.2.3 Cross Section D38 
The available records indicate that the AZ 39-700 sheet piles in the portion of the wall in the 
vicinity of Sheet Pile D38 were driven to refusal which appears to be in the upper portion of 
the glacial till layer with toe elevations ranging from 550 to 560 feet. This portion of the wall 
is currently cantilevered.  

The top of the till is estimated to be between an elevation of 554 and 558 feet, and top of rock 
is estimated between elevations 545 and 549 feet. The drawings indicate a planned dredge 
surface of 566 feet, which is above the top of the till layer. However, the analyses assumed 
that dredging may be continued to the top of the glacial till layer. With the sheet piles seated 
near the top of the till layer, this will leave the sheet piles with only a few feet of embedment 
into the till layer.  

The analysis for these piles indicates the sheet pile wall is not capable of supporting 
dredging to the till layer without adding modifications to the wall. Adding soldier piles in 
front of the sheet pile wall will provide the necessary stability of the toe of the sheeting. 
However, in order to maintain wall stability to the maximum dredge depth, an anchor will 
also need to be added to the top of the wall.  

The analysis indicates that HP14x117 soldier piles, spaced 9.2 feet apart and installed 5 feet 
into the top of the rock will provide adequate toe stability. The required spacing will result 
in piles installed at every other sheet pile set. Anchors spaced 9.2 feet apart and tied to a 
new H-pile and waler deadman system with tie-rods will provide adequate lateral 
resistance and limit lateral wall deflection. 

6.2.4 Cross Section 4 (8th St) 
This section of the bulkhead consists of two AZ26 sheet pile walls installed in the late 1990s. 
There is limited information about the penetration depth of the outer sheet pile wall, but it is 
known that this section of wall is currently cantilevered and was installed to isolate the 8th 
Street Slip Area from the river. The inner wall was installed around the entire footprint of 
the former 8th Street Slip area. The available records from the Dames & Moore construction 
report for the inner wall indicate that the sheet piles in this portion of the wall were driven 
to refusal on the top of the rock. 

There is limited subsurface information in this area. The best estimate is that the top of the 
till is located between an elevation of 549 and 556 feet, and top of rock is approximately at 
Elevation 545 feet. The drawings indicate a planned dredge surface between 549 and 
565 feet which is above the top of the till layer. However, the analyses assumed that the 
dredging may be continued to the top of the glacial till layer. This will result in exposed wall 
heights ranging from 35 to 40 feet. 

The analysis for these piles indicates the sheet pile wall is not capable of supporting 
dredging to the till layer without adding modifications to the wall. Adding soldier piles in 
front of the sheet pile wall will provide the necessary stability of the toe of the sheeting. 
However, in order to maintain wall stability to the maximum dredge depth, an anchor will 
also need to be added to the top of the wall.  

The analysis indicates that HP14x117 soldier piles, spaced 8.3 feet apart and installed 8 feet 
into the top of the rock, will provide adequate toe stability. The required spacing will result 
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in piles installed at every other sheet pile set. Anchors spaced 8.3 feet apart and tied to a 
new H-pile and waler deadman system with tie-rods will provide adequate lateral 
resistance and limit lateral wall deflection. 

6.2.5 Cross Section SP1 
The available records indicate that the AZ 39-700 sheet piles in the portion of the wall in the 
vicinity of Sheet Pile SP1 were driven to refusal, which appears to be to the top of the rock 
with toe elevations ranging from 542 to 545 feet. This portion of the wall is currently 
cantilevered.  

The top of till is estimated to be between an elevation of 544 and 548 feet, and top of rock is 
estimated between elevations 540 and 546 feet. The till appears to be just a few feet thick in 
this area. The drawings indicate a planned dredge surface around Elevation 550 feet, which 
is above the top of the till layer. However, is the analyses assumed that the dredging may be 
continued to the top of glacial till layer. With the till thickness being relatively thin in this 
area, this will result in nominal wall embedment below the dredge depth.  

The analysis for these piles indicates the sheet pile wall is not capable of supporting 
dredging to the till layer without adding modifications to the wall. Adding soldier piles in 
front of the sheet pile wall will provide the necessary stability of the toe of the sheeting. 
However, in order to maintain wall stability to the maximum dredge depth, an anchor will 
also need to be added to the top of the wall.  

The analysis indicates that HP14x117 soldier piles, spaced 9.2 feet apart and installed 3 feet 
into the top of the rock, will provide adequate toe stability. The required spacing will result 
in piles installed at every other sheet pile set. Anchors spaced 9.2 feet apart and tied to a 
new H-pile and waler deadman system with tie-rods will provide adequate lateral 
resistance and limit lateral wall deflection. 

6.2.6 Cross Section F9 
The available records indicate that the AZ 39-700 sheet piles in the portion of the wall in the 
vicinity of Sheet Pile F9 were driven to refusal, which appears to be to the top of the rock 
with toe elevations ranging from 536 to 542 feet. This portion of the wall is currently 
cantilevered.  

The top of the till appears to be very thin in this area and may not exist in some areas. The 
top of the rock is estimated between elevations 539 and 540 feet. The drawings indicate a 
maximum planned dredge surface around Elevation 556 feet at the western edge of this 
section and grades up to the far eastern end where the planned dredge operation 
terminates. Since this is the farthest section from the source of the impacts, and because this 
is the termination point of the dredging operation, it is assumed that the dredging may only 
extend to a maximum depth of 5 feet below the planned dredge surface.  

The analysis for these piles indicate the sheet pile wall is not capable of supporting the 
planned dredging without adding modifications to the wall. Adding soldier piles in front of 
the sheet pile wall will provide the necessary stability of the toe of the sheeting. However, in 
order to maintain wall stability to the maximum dredge depth, an anchor will also need to 
be added to the top of the wall.  
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The analysis indicates that HP14x117 soldier piles, spaced 9.2 feet apart, and installed 3 feet 
into the top of the rock will provide adequate toe stability. The required spacing will result 
in piles installed at every other sheet pile set. Anchors spaced 9.2 feet apart and tied to a 
new H-pile and waler deadman system with tie-rods will provide adequate lateral 
resistance and limit lateral wall deflection. 

6.3 Dredging of Arsenic Impacted Sediments 
After completing installation of an area of the VBW modification support system, the 
remaining wedge of arsenic impacted sediments can be removed. The material will consist 
primarily of semi-consolidated sediments. These sediments will be mechanically dredged as 
described in the Design Report for the project. The proposed dredged elevations are shown 
on the project drawings included in Appendix A. These elevations are consistent with 
dredge elevations presented in the Draft Final Design Report for removal of sediments with 
arsenic concentrations greater than or equal to 50 milligrams per kilogram. 

The dredged sediments will be placed in barges, and transported to the sediment 
stabilization area for stabilization. After stabilization, the sediments will cure, be tested to 
verify they meet disposal criteria, and transported for offsite disposal as described in the 
Design Report. 

Confirmation sampling will be conducted to verify sediments with arsenic concentration 
greater than or equal to 50 milligrams per kilogram have been removed. The confirmation 
sampling will be performed in accordance with the approved Confirmation Sampling Plan 
(CH2M HILL, 2012). As discussed above, the VBW support system is designed to allow 
dredging to the glacial till layer in the Turning Basin and 5 feet deeper than the planed 
dredge depth in the Transition Areas.  

6.4 Final Backfill Placement 
After completion of final dredging at the VBW, a wedge of rock backfill will be placed 
against the base of the VBW to provide long term support. This backfill will consist of two 
layers of material, a bedding material and a riprap armoring stone.  

The bedding material provides the necessary support to the VBW. This material was also 
designed to support the riprap armoring stone, and meet filter criteria, to limit the loss or 
migration of fines from any remaining sediment that does not requiring dredging. The 
required gradation of the base material is provided in Table 4. 

TABLE 4 
Design Filter Band Gradation (from CH2M HILL 
Standard Specifications) 

Sieve Size Percent Passing by Weight 

6 inch 100 

4 inch >85 

No. 4 >10 
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Riprap armoring stone will need to be placed over the bedding material to protect it from 
potential scour from the propulsion forces created by large ships in the Turning Basin. The 
riprap armoring stone material was designed based on information provided by the 
Marinette Marine Corporation regarding the thrust expected from ships maneuvering in the 
Turning Basin. 

The results of the riprap armoring stone analysis indicate a 36-inch thick layer of riprap with 
a maximum size of 24-inches and a D50 of 12-inches (Class III) will provide adequate scour 
protection based on the anticipated ship use. The proposed gradation of the riprap is 
provided in Table 5. 

TABLE 5 
Class III Riprap Gradation Information (from 
CH2M HILL Standard Specifications) 

Weight (lbs) 
Percent Greater 

Than 

800 0 to 5 

400 30 

200 75 

25 90 

 

Details and calculations regarding the analysis of the riprap armoring stone are presented in 
Appendix E. 

6.5 Decontamination and Site Restoration 
After mechanical dredging activities have been completed, decontamination activities will 
be performed. Equipment to be removed from the river will be power washed with water, 
in place or over the river, before transport, to remove sediment and invasive species such as 
mussels. 

Land-based equipment will be washed on the decontamination pad with the wash water 
being captured and treated. Rinse water will be collected in a sump and will be pumped to 
the water treatment system. Following equipment decontamination, the decontamination 
pad will be washed to remove visible residual sediment. Any areas that have contacted 
arsenic impacted sediments will be decontaminated. 

The effectiveness of the decomtamination will be verified using confirmation test as 
described in the approved Confirmation Testing Plan. 

Any areas of pavement that have been removed or damaged by the dredging activities will 
be re-paved.  

Previously vegetated areas that were impacted by the remediation activities will be restored 
to preconstruction grades and replanted with grasses.  
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Ice and some gravel pieces; wood chip in shoe

POORLY GRADED SAND (SP)
dark gray-brown, wet, very loose, wood pieces, diatoms

Continued POORLY GRADED SAND (SP) and wood
chips stuck in shoe

Wood chip and sandy silt, caught in shoe

Wood chips 8.5-9.0', then POORLY GRADED SAND
with SILT (SP-SM) brown-tan, moist, medium dense,
very fine

Continued POORLY GRADED SAND with SILT
(SP-SM)
light brown-tan, moist, medium dense

Continued SAND with SILT (SP-SM)
light brown, becoming dense, estimate 5-15% fines,
sand very fine grained, dilatent

SILTY SAND (SM)
tan-brown, moist, very dense, interbedded with one
0.1' thick layer FAT CLAY (CH), and green gravel
pieces
LEAN CLAY (CL) with INTERBEDS OF SILT (ML)
and FAT CLAY (CH)
all brown, moist, stiff to hard

LEAN CLAY (CL) to FAT CLAY (CH)
brown, moist, hard, dolomite chip stuck in shoe

Continued LEAN CLAY (CL) and FAT CLAY (CH)
mixed with dolomite gravel pieces (TILL)

No Sample

LEAN CLAY (CL)
brown, moist, hard, medium plasticity, mixed with
subrounded mixed lithology gravel (TILL)

Continued CLAY (CL) with gravel pieces

Continued LEAN CLAY (CL) with gravel pieces (TILL),
then at 28.7' transition to Silty SAND (SM),
brown-gray, wet, dense

CME Autohammer (140#), 14:55 SPT on SS-
1, no arsenic sample

Collected SS-1

No ziplock retained SS-1, SS-2, SS-3, SS-4

No arsenic sample, collected SS-4

SS-5 at 15:45, cloudy, light SE breeze, 24
deg. F

SS-6 at 16:00

SS-7 at 16:15, end of drilling 1/14/12

SS-8 at 07:40, MiniRae. 1.1 ppm

SS-9 at 08:10, PP > 4.5 ppm x 2, </= 4.5 ppm
x 1

SS-10 at 08:20, PP > 4.5 ppm

SS-11 at 08:43, slow going, advancing casing

Still in rock, advance boring to 24.0', no SPT
SS-12 at 09:40

SS-14 at 11:40
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(4)
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6-50/5"
(R)

32-44-75/3"
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14-22-66-
100/4"
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dolomite and angular
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brown, moist, hard/very dense (TILL)
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GRAVEL (TILL)
dolomite chips in shoe
Begin Rock Coring at 37.5 ft below ground surface
See the next sheet for the rock core log
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DOLOMITE LIMESTONE
green-gray, slightly to non-weathered,
R3-R5, massive

DOLOMITE LIMESTONE
green-gray, slightly weathered, R4-R5,
massive

Bottom of Core at 49.7 ft below ground
surface on 1/18/12 17:10

joints, 75 to 90 degrees and vertical, rough,
undulating, clean, loose to open

all are mechanical breaks (very angular and
tight, drill breaks)
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very slow drilling on rock at
38.0', end of drilling 1/16/12
begin coring 13:00 on HQ-
19, on 1/18/12, gray fluid,
good return, steady, slow
coring, end run 15:05
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coring rate, good fluid
return, slow, end run 17:10
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SILTY SAND (SM)
light brown, moist, visible ice/from soil

SILTY SAND with GRAVEL (SM)
light brown, wet, angular gravel fragments up to 1"

POORLY GRADED SAND (SP)
gray, wet, medium to coarse-grained, micaceous, <5%
nonplastic silt

similar to SS-3

gray, tan and white, wet, loose, medium-grained sand,
~5% nonplastic silt

similar to SS-5 with occasional rounded coarse sand,
loose, slight odor in SS-6

upper 19" POORLY GRADED SAND (SP), similar to
SS-5, bottom 3" SILTY SAND (SM)
light gray, wet, dense, fine-grained, 5-15% nonplastic
silt, slight odor
SILTY SAND (SM)
light gray, wet, very dense, fine-grained, 15-20%
nonplastic silt, slight odor

similar to SS-8 but increasing silt content, 40-50%
nonplastic silt

light gray, wet, very dense, fine-grained, 40-50%
nonplastic silt, slight odor

similar to SS-10

SANDY SILT (ML)
tan, wet, hard, non-plastic, 30-40% fine sand, slight
odor

SILTY SAND (SM)
tan, wet, dense, fine-grained sand, 30-40% nonplastic
silt

SAND with SILT (ML)
tan with light gray inclusions, wet, stiff, low plasticity,
15-25% fine sand

INTERLAYERED SILTY SAND and SANDY SILT
(SM/ML)
tan, wet, medium dense/stiff, low plasticity, single
rounded coarse sand 3/8" diameter in shoe

14:13 - retrieve SS-1, recovered soil placed in
jar

SS-2 - shoe plugged with wood, wood at ~ 2.5'

~6" ice thickness, cloudy, 40 deg, calm, 14:30
- start drilling 0-4' after driving casing
14:49 retrieve SS-3

Driller rig setup on shore ~6' in front of sheet
piles
14:56 retrieve SS-4

15:10 retrieve SS-5

15:27 retrieve SS-7

15:56 retrieve SS-8

16:05 retrieve SS-9, PP: 3.0, 5.0 TSF

16:15 retrieve SS-10

16:37 retrieve SS-11, 16:50 drive casing to
20', 17:00 end  date at 20'

resume drilling

08:30 overcast, 30 deg, light snow, breezy,
08:40 retrieve SS-13

SS-14, PP: 0.5, 1.0, 1.0, 1.5 TSF

09:35 retrieve SS-15, PP:  1.0, 1.5, 2.0, TSF
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(124)

8-17-28-43
(47)

30-40-48-61
(88)

16-33-34-54
(67)

23-27-16-20
(43)

13-14-15-15
(29)

13-14-10-10
(24)
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#TYPE

COMMENTS

ELEVATION :

425171

LOGGER : J. Butler

5

10

15

20

25

30

WATER LEVELS : --- START : 1/15/12 08:20 END : 1/15/12 12:00

DRILLING METHOD AND EQUIPMENT : CME 850 Track

PROJECT : Tyco Fire Products LP, Marinette, WI

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY OR

CONSISTENCY, SOIL STRUCTURE, MINERALOGY

SOIL DESCRIPTION

SHEET     1    OF    3

DEPTH BELOW EXISTING GRADE (ft)

RECOVERY (in)

INTERVAL (ft)

SOIL BORING LOG

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS, TESTS, AND

INSTRUMENTATION

BORING NUMBER:

MW111D

6"-6"-6"-6"
(N)



16-SS

17-SS

18-SS

19-SS

30.0

32.0

34.0

36.0

37.5

18.0

20.0

3.0

3.0

SANDY SILT with GRAVEL (ML)
tan, wet, stiff, low plasticity, fine-grained sand with
single ~1" subangular gravel in shoe

SANDY SILT with TRACE GRAVEL (SM/ML)
similar to SS-16 with 1" layer angular gravel fragments
at ~33', ~1" subangular gravel in shoe

SILTY SAND with GRAVEL (SM/GM)
angular granite gravel up to 1" at ~35' (alluvium)

POORLY GRADED GRAVEL with SAND (GP)
dolomite bedrock, angular fragments up to 1/2"

Begin Rock Coring at 37.5 ft below ground surface
See the next sheet for the rock core log

09:50 retrieve SS-16, PP:  0.5, 1.0 TSF

rig chatter at ~35' to 36', 11:40 retrieve SS-18

refusal blowcount starting @ 35', very hard
drilling
11:10 retrieve SS-19, 11:20 drill 36-38' with
tricore bit - no casing

6-4-8-19
(12)

4-4-8-11
(12)

4-8-50/4"
(58/4")

50/3"
(50/3")

PROJECT NUMBER:

DRILLING CONTRACTOR : ATL

LOCATION : (469679.3 N, 2585479.1 E)

S
Y

M
B

O
LL

IC
 L

O
GSTANDARD

PENETRATION
TEST RESULTS

#TYPE

COMMENTS

ELEVATION :

425171

LOGGER : J. Butler

35

40

45

50

55

60

WATER LEVELS : --- START : 1/15/12 08:20 END : 1/15/12 12:00

DRILLING METHOD AND EQUIPMENT : CME 850 Track

PROJECT : Tyco Fire Products LP, Marinette, WI

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY OR

CONSISTENCY, SOIL STRUCTURE, MINERALOGY

SOIL DESCRIPTION

SHEET     2    OF    3

DEPTH BELOW EXISTING GRADE (ft)

RECOVERY (in)

INTERVAL (ft)

SOIL BORING LOG

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS, TESTS, AND

INSTRUMENTATION

BORING NUMBER:

MW111D

6"-6"-6"-6"
(N)



DOLOMITE LIMESTONE
light gray, lost circulation, fractured
zone

DOLOMITE LIMESTONE
light green-gray, slightly weathered,
R3-R4, massive

Bottom of Core at 48.0 ft below ground
surface on 1/15/12 12:00

mechanical break, smooth, fresh

joints, 75 to 90 degrees, rough, undulating,
loose, clean

82

97

37.5
38.0

43.0

48.0

1

2

1

1

2

top of rock at 37.5 ft bgs,
drilled to depth of 38' on
1/12/12, ~2' into dolomite
bedrock, ~4" black iron pipe
grouted into rock socket on
1/12/12
08:20 - black pipe (4" ID),
reamed out - send down
core barrel to start coring at
38'
09:25 - start run #1, lost
circulation at 39.7', regain
circulation at 42', end run #1
10:25
10:40 - start run #2, no
circulation
12:00 - run #2 to ~47', rig
ran out of fuel - down with
equipment problem, core
barrel stall down hole
piezometer constructed in
boring, 4" steel outer casing
set in rock to 38', grouted in
2" PVC inner casing, 3/8"
bentonite chip 37-40', silica
sand 40'-48', 0.010 slot
screen 42-47', above-
ground monument and
locking cover set in top hole

END : 1/15/12 12:00

ROCK CORE LOG

PROJECT NUMBER:

DRILLING CONTRACTOR : ATLELEVATION :

425171 MW111D

LOCATION : (469679.3 N, 2585479.1 E)

COMMENTS

SIZE AND DEPTH OF CASING,
FLUID LOSS, CORING RATE AND

SMOOTHNESS, CAVING ROD
DROPS, TEST RESULTS, ETC.

LITHOLOGY

S
Y

M
B

O
LL

IC
 L

O
G

C
O

R
E

 R
U

N
,

LE
N

G
T

H
, A

N
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E
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E
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%
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CORING METHOD AND EQUIPMENT : CME 850 Track, HQ-S Triple Tube ORIENTATION :

F
R

A
C

T
U

R
E

S
P

E
R

 F
O

O
T

R
 Q

 D
 (

%
)

DEPTH, TYPE, ORIENTATION, ROUGHNESS,
PLANARITY, INFILLING MATERIAL AND

THICKNESS, SURFACE STAINING, AND TIGHTNESS

DESCRIPTION

DISCONTINUITIES

ROCK TYPE, COLOR,
MINERALOGY, TEXTURE,

WEATHERING, HARDNESS,
AND ROCK MASS

CHARACTERISTICS

LOGGER : J. Butler

BORING NUMBER:

40

45

50

55

60

65

WATER LEVELS : ---

PROJECT : Tyco Fire Products LP, Marinette, WI

D
E

P
T

H
 B

E
LO

W
S

U
R

F
A

C
E

 (
ft)

SHEET     3    OF    3

START : 1/15/12 08:20

20-HQ
5 ft

94%

21-HQ
5 ft

97%



1-SS

2-SS

3-SS

4-SS

5-SS

6-SS

7-SS

8-SS

9-SS

10-SS

11-SS

12-SS

13-SS

14-SS

15-SS

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

24.0

6.0

6.0

9.6

10.8

19.2

16.8

21.6

21.6

20.4

24.0

16.8

24.0

24.0

24.0

POORLY GRADED SAND (SP)
tan, moist, loose, mixed with organic material and roots

Continued POORLY GRADED SAND (SP)
mixed with decomposed leaves and wood pieces, some
frozen soil

ORGANIC SOIL (OH) and wood pieces
dark brown, wet, very soft, ~50/50 mix

ORGANIC SOIL/WOOD (OH) then POORLY
GRADED SAND (SP)
 last 0.4', tan-brown, wet, loose

POORLY GRADED SAND (SP)
tan-brown, wet, medium dense, trace wood chips

Continued POORLY GRADED SAND (SP)
brown, wet, medium dense, fine and medium grained
with <5% gravel (fine to coarse, rounded)

similar to SS-6

SILTY SAND (SM)
light brown-tan, moist to wet, very dense, homogeneous

similar to SS-8

SILTY SAND (SM) to POORLY GRADED SAND with
SILT (SP-SM)
light pink-tan, moist to wet, very dense, sand very fine
~15-20% fines
POORLY GRADED SAND with SILT (SP-SM)
similar to SS-10

POORLY GRADED SAND with SILT (SP-SM)
tan-brown, wet, very dense, very fine grained, ~10-15%
fines

Continued POORLY GRADED SAND with SILT
(SP-SM)
similar to SS-12

Contact at 27.1' with LEAN CLAY (CL)
brown, wet, firm to stiff, medium plasticity, slow
dilatency

Continued LEAN CLAY (CL)
brown, wet, firm to stiff, low to medium plasticity

SS-1 at 12:04

SS-2 at 12:09

Level down ~1' today river, SS-3 at 12:15

SS-4 at 12:18

SS-5 at 12:40, SS-5 possibly heave?

SS-6 at 12:53

SS-7 at 13:04

SS-8 at 13:35, PP: 1.25 x 2 TSF

SS-9 at 13:40, PP: 1.25 TSF

SS-10 at 13:55, PP: 3.0 TSF

SS-11 at 14:42, PP:  3.0 TSF, strong odor

SS-12 at 14:50, river level rising since ~ 13:00
(seidre?)

SS-13 at 15:05, PP:  2.75, 3.0 TSF, strong
odor

SS-14 at 15:15, PP:  1.25, 0.75, 1.0 TSF

SS-15 at 16:00, end of drilling, 1/19/12, PP:
1.25, 1.0 TSF

6-3-3-7
(6)

2-2-2-1
(4)

1-1-1-2
(2)

2-2-7-7
(9)

3-4-7-13
(11)

8-13-17-19
(30)

5-5-6-5
(11)

21-43-45-62
(88)

36-54-100/5"
(R)

21-29-44-52
(73)

16-21-43-50
(64)

47-50/2"
(R)

27-33-47-24
(80)

7-11-11-10
(22)

0-8-12-16
(20)

PROJECT NUMBER:

DRILLING CONTRACTOR : ATL

LOCATION : (469442.1 N, 2585581.0 E)

S
Y

M
B

O
LL

IC
 L

O
GSTANDARD

PENETRATION
TEST RESULTS

#TYPE

COMMENTS

ELEVATION :

425171

LOGGER : J. Butler

5

10

15

20

25

30

WATER LEVELS : --- START : 1/20/12 16:20 END : 1/23/12 14:10

DRILLING METHOD AND EQUIPMENT : CME 850 Track

PROJECT : Tyco Fire Products LP, Marinette, WI

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY OR

CONSISTENCY, SOIL STRUCTURE, MINERALOGY

SOIL DESCRIPTION

SHEET     1    OF    3

DEPTH BELOW EXISTING GRADE (ft)

RECOVERY (in)

INTERVAL (ft)

SOIL BORING LOG

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS, TESTS, AND

INSTRUMENTATION

BORING NUMBER:

MW112D

6"-6"-6"-6"
(N)



16-SS

17-SS

18-SS

19-SS

20-SS

30.0

32.0

34.0

36.0

38.0
37.5

40.2

22.8

24.0

24.0

24.0

24.0

Continued LEAN CLAY (CL), then contact at 31.6'
with SILTY SAND (SM)
brown-tan, wet, medium dense, rapidly dilatent

32-32.8' LEAN CLAY (CL)
brown, moist, stiff
32.8'-34.0' SILTY SAND (SM)
brown, wet, dense, rapidly dilatent, ~20% fines
SILTY SAND (SM)
brown, moist, medium dense, 15-30% fines, slow to no
dilatency

LEAN CLAY (CL)
brown, wet, firm, medium plasticity, very sticky

LEAN CLAY (CL) then contact at 58.8' with SILTY
SAND (SM)
brown, wet, very loose, contact at 40.2' with rock - see
rock core log

Begin Rock Coring at 40.2 ft below ground surface
See the next sheet for the rock core log

SS-16 at 10:02

SS-17 at 10:10

SS-18 at 10:30, PP: 2.5 TSF

SS-19 at 10:35, PP:  1.0, 0.75, 0.75 TSF

SS-20, driller notes gravelly at 40' - advanced

Switch to rock core bit at 40.2 ft bgs
Top of Rock at 40.2 ft bgs, tricore to 46.0' to
set outer 4" steel casing and grout

5-9-9-18
(18)

10-12-20-20
(32)

11-12-12-14
(24)

2-2-3-2
(5)

0-0-3-4
(3)

PROJECT NUMBER:

DRILLING CONTRACTOR : ATL

LOCATION : (469442.1 N, 2585581.0 E)

S
Y

M
B

O
LL

IC
 L

O
GSTANDARD

PENETRATION
TEST RESULTS

#TYPE

COMMENTS

ELEVATION :

425171

LOGGER : J. Butler

35

40

45

50

55

60

WATER LEVELS : --- START : 1/20/12 16:20 END : 1/23/12 14:10

DRILLING METHOD AND EQUIPMENT : CME 850 Track

PROJECT : Tyco Fire Products LP, Marinette, WI

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY OR

CONSISTENCY, SOIL STRUCTURE, MINERALOGY

SOIL DESCRIPTION

SHEET     2    OF    3

DEPTH BELOW EXISTING GRADE (ft)

RECOVERY (in)

INTERVAL (ft)

SOIL BORING LOG

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS, TESTS, AND

INSTRUMENTATION

BORING NUMBER:

MW112D

6"-6"-6"-6"
(N)



DOLOMITE LIMESTONE
green-gray, non weathered, massive

DOLOMITE LIMESTONE
green-gray, non weathered, massive

Bottom of Core at 56.9 ft below ground
surface on 1/23/12 14:10

mechanical breaks (very clean)

mechanical breaks, very tight and clean

89

95

40.2

47.0

51.8

56.9

2

2

1

1

1

1

2

1

0

0

top of rock 40.2 ft bgs

16:20 - casing advanced to
42.6', rock very fractured,
poor circulation, advance
borehole via tricore to 46'
1/20/12, end of drilling
1/20/12 at 46', advance to
47', 1/21/12, grout 4" casing

begin coring on HQ-21 at
11:30 on 1/23/12, gray fluid,
good return, end run 13:30

begin run 13:00, steady
coring, gray-white fluid,
good return, end run 14:10

END : 1/23/12 14:10

ROCK CORE LOG

PROJECT NUMBER:

DRILLING CONTRACTOR : ATLELEVATION :

425171 MW112D

LOCATION : (469442.1 N, 2585581.0 E)

COMMENTS

SIZE AND DEPTH OF CASING,
FLUID LOSS, CORING RATE AND

SMOOTHNESS, CAVING ROD
DROPS, TEST RESULTS, ETC.

LITHOLOGY
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CORING METHOD AND EQUIPMENT : CME 850 Track, HQ-S Triple Tube ORIENTATION :

F
R

A
C

T
U

R
E

S
P

E
R

 F
O

O
T

R
 Q

 D
 (

%
)

DEPTH, TYPE, ORIENTATION, ROUGHNESS,
PLANARITY, INFILLING MATERIAL AND

THICKNESS, SURFACE STAINING, AND TIGHTNESS

DESCRIPTION

DISCONTINUITIES

ROCK TYPE, COLOR,
MINERALOGY, TEXTURE,

WEATHERING, HARDNESS,
AND ROCK MASS

CHARACTERISTICS

LOGGER : J. Butler

BORING NUMBER:

45

50

55

60

65

70

WATER LEVELS : ---

PROJECT : Tyco Fire Products LP, Marinette, WI

D
E

P
T

H
 B

E
LO

W
S

U
R

F
A

C
E

 (
ft)

SHEET     3    OF    3

START : 1/20/12 16:20

21-HQ
4.8 ft
100%

22-HQ
5.2 ft
100%



























Tyco Fire Products LP 

Sediment Investigationl N-Values

Menominee River, Marinette, WI

Sample 

Location

Water 

Elevation 

(ft 

NAVD88)

Water 

Depth (ft)

Sediment 

Surface 

Elevation

Top of 

Subsoil Top of Till Bedrock 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

SD-500 578.5 5.5 573.0 568.5 565.6 561.0  

SD-501 578.9 4.0 574.9 570.9 565.5 ND

SD-502 578.8 24.5 554.3 553.8 ND 545.8

SD-504 578.8 21.5 557.3 552.3 557.3 549.3

SD-506 578.8 6.5 572.3 571.8 561.8 ND

SD-509 578.8 22.5 556.3 552.3 547.9 ND

SD-510 578.4 15.1 563.3 558.3 556.3 ND

SD-511 578.6 23.5 555.1 554.5 550.6 548.6

SD-512 578.9 20.5 558.4 553.4 558.4 ND

SD-513 578.4 10.5 567.9 566.9 551.2 ND

SD-514 579.0 26.5 552.5 549.5 552.5 542.0

SD-515 579.0 14.5 564.5 560.5 545.7 538.5

SD-516 579.0 2.5 576.5 573.8 548.5 546.5

SD-517 578.9 21.5 557.4 556.9 544.9 ND

SD-519 579.0 2.5 576.5 571.5 547.2 542.7

SD-577 579.0 2.3 576.7 568.7 ND ND

SD-523 578.9 1.5 577.4 572.4 546.4 ND

SD-574 578.6 1.9 576.7 571.7 546.7 543.9

SD-575 579.0 2.5 576.5 571.5 545.6 545.0 1
SD-551 578.4 24.5 553.9 553.0 550.4 ND

SD-552 578.7 24.0 554.7 554.1 549.9 547.7

SD-553 578.6 23.5 555.1 552.6 549.6 548.6

SD-554 578.7 24.5 554.2 550.7 548.2 540.2

SD-555 578.7 25.5 553.2 550.2 543.2 ND

SD-556 578.7 21.5 557.2 556.9 548.7 541.7

SD-557 578.7 14.5 564.2 559.2 ND 542.7

SD-576 578.8 3.5 575.3 570.3 544.3 541.8

SD-560 578.6 4.5 574.1 569.1 544.1 542.6

SD-561 578.5 4.5 574.0 569.0 542.2 539.5  

SD-562 578.9 5.5 573.4 568.4 542.4 540.9

SD-563 578.7 2.5 576.2 571.2 ND ND

SD-564 578.5 25.5 553.0 552.5 547.7 545.5

SD-565 578.6 25.5 553.1 552.1 546.7 ND

SD-566 578.5 25.5 553.0 552.1 547.0 ND

semi-consolidated material

till

bedrock

Lithology Elevations (ft NAVD88)

1

1

0

>100

>100

>100

0 0 0

71

43

60

29

54

52

51

17

55

47

47

13

7

33

25

59

7

36 heaving sands59

>100

10

48

15

33

63

48

10

86

49

16

18

39

58

66

77

17

39

18

32

11

48

32

30

15

42

49

13

79

72

57

>100

33

>100

56

49

17

73

4

60

>100

26

>100

>100

26

68

72

36

>100

48

31

18

25

77

9

77

65

8

>100

30

66

84

47

20

34

22

66

12

37

23

21

4

26

14

5

25

3

68

14

45

24

>100

50

>100

36

11

27

24

46

26

21

24

25

85

40

12

31

3

53

5

>100

8

25

43

39

>100

14

28

>100

57

65

50

20

4231

12

5

4

9

52

68

44

47

52

43

23

4

28

3

4

5

2

4

4

5

25

10

4

22

10

27

13

3

0

14

0

0

19

63

18

3

8

3

3

4

>100

38

22

33

1

43

65

22

10

N-value 

15

0

32

13

>100

0

20

70

47

3

49

41

>100

48

9

27
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Tyco Fire Products LP 

Sediment Investigationl N-Values

Menominee River, Marinette, WI

Sample 

Location

Water 

Elevation 

(ft 

NAVD88)

Water 

Depth (ft)

SD-500 578.5 5.5

SD-501 578.9 4.0

SD-502 578.8 24.5

SD-504 578.8 21.5

SD-506 578.8 6.5

SD-509 578.8 22.5

SD-510 578.4 15.1

SD-511 578.6 23.5

SD-512 578.9 20.5

SD-513 578.4 10.5

SD-514 579.0 26.5

SD-515 579.0 14.5

SD-516 579.0 2.5

SD-517 578.9 21.5

SD-519 579.0 2.5

SD-577 579.0 2.3

SD-523 578.9 1.5

SD-574 578.6 1.9

SD-575 579.0 2.5

SD-551 578.4 24.5

SD-552 578.7 24.0

SD-553 578.6 23.5

SD-554 578.7 24.5

SD-555 578.7 25.5

SD-556 578.7 21.5

SD-557 578.7 14.5

SD-576 578.8 3.5

SD-560 578.6 4.5

SD-561 578.5 4.5

SD-562 578.9 5.5

SD-563 578.7 2.5

SD-564 578.5 25.5

SD-565 578.6 25.5

SD-566 578.5 25.5

semi-consolidated material

till

bedrock

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59

>100

>100

43

50

13

13

>100

>100

0

8

>100

95

18

16

5

19

7

54

43

2

28

78

>100

90

3

10

6

64

43

17

44

4

>100

94

21

>100

17

heaving sands

N-value

Page 2 of 2

















































































 

 

 

Appendix C 
Soil Design Parameter Correlations 



Liang Tables:

2 to 4 4 to 10 10 to 20 20 to 30 30 to 50 50 to 60

28 - 29 29 - 31 31 - 34 34 - 37 37 - 42 42 - 45

Min 104 - 108 108 - 112 112 - 120 120 - 125 125 - 128 128 - 130

Max 114 - 118 118 - 122 122 - 128 128 - 132 132 - 140 140 - 145

N60 0 to 2 2 to 4 4 to 8 8 to 16 16 to 32 32 to 64

Su (psf) 0 to 270 270 to 540
540  to 

1080

1080 to 

2160

2160 to 

4320

4320 to 

8000

γsat (pcf) 100 to 120 110 to 130 110 to 130 120 to 135 130 to 145 140 to 145

Liang, R.Y., (2002) Drilled Shaft Foundations for Noise Barrier Walls and Slope Stabilization , Final 

Report, FHWA/OH-2002/038, ODOT.

Kulhawy, F.H. and Mayne, P.W. (1990). Manual  on Estimating Soil Properties for Foundation 

Design , Report  No. EL-6800, Electric Power Research Institute, Palo Alto, CA

 Correlation to SPT for Cohesive soils (After Liang 2002)

N60

φ (°)

γmoist (pcf)

 Correlation to SPT for Cohesionless soils (After Liang 2002)



EPRI Manual Clay modulus

E = 19.3*Pa*N^0.63



EPRI Modulus Sand

E = Pa*5*N



 

 

Appendix D 
Output from DeepXcav Analyses



Section 1 ‐ C35 ‐ 5H:1V 

 
   



Section 1 ‐ C35 ‐ 4H:1V 

  

   



Section 1 ‐ C35 ‐ 3H:1V 

 
   



Section 1 ‐ C35 ‐ 3H:1V with Bench 

 
   



Section 2 ‐ D38 ‐ 5H:1V 

 
   



Section 2 ‐ D38 ‐ 4H:1V 

 
   



Section 2 ‐ D38 ‐ 3H:1V 

 
   



Section 2 ‐ D38 ‐ 3H:1V with bench 

 



Section 3 ‐ SP1 ‐ 5H:1V 

 
   



Section 3 4H:1V 

 
   



Section 3 ‐ SP1 ‐ 3H:1V 

 
   



Section 3 ‐ SP1 ‐ 3H:1V with Bench 
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Section C9 – Dredge to Till 

 

   



Cross Section C35 – Dredge to Plan Elevation 

 

 
   



Cross Section C35 – Dredge to Till (4 ft Below Plan Elevation) 

 

 



Cross Section D38 – Dredge to Plan Elevation 

 

   



Cross Section D38 – Dredge to 5 ft Below Plan Elevation 

 

   



Cross Section D38 – Dredge to Till 

 

 

 



Eight Street Slip Cross Section – Dredge to Plan Elevation 

 

   



Eighth Street Slip Cross Section – Dredge to Till, 2 ft Below Plan Elevation 

 



Section SP1 – Dredge to Plan Elevation at Till 

 

 

 

 



Section F9 – Dredge to Plan Elevation 

 

   



Section F9 – Dredge to 5 ft Below Plan Dredge Elevation 
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Basis of Design for Armor Stone Revetment for the Menominee 
River VBW Bulkhead Support Design 

Dave Allard/PHX

PREPARED BY: Mark Anderson/PDX 
Brittany Hughes/PDX 

DATE: July 17, 2012 

PROJECT NUMBER: 436069 

 
The purpose of the Vertical Barrier Wall (VBW) Bulkhead Support Design Project is to design the support for an 
existing sheet pile bulkhead at the Tyco One Stanton Street Facility to allow a wedge of arsenic‐contaminated 
sediment to be removed from the base of the sheet pile bulkhead in the Menominee River. The bulkhead serves 
as a barrier to the movement of groundwater from the site to the Menominee River. This memo focuses on the 
assumptions and design method used to determine appropriate size, gradation, material, and placement for 
armor stone revetment based on scour potential from expected propulsion forces.  

Existing Conditions 
The project is located within the city of Marinette, Marinette County, Wisconsin on the southern side of the 
Menominee River at the Tyco One Stanton Street Facility. The facility is bordered to the west‐northwest by the 
Marinette Marine facility, to the east by Marinette city property, to the south by railroad tracks and to the north 
by the Menominee River, the midpoint of which represents the boundary between Wisconsin and the Upper 
Peninsula of Michigan. Figure 1 below shows an aerial view of the project area. 

 
Figure 1: Aerial view of Project Area 

The project area is split into 4 main parts: the turning basin, transition area, south channel, and the main 
navigation channel of the Menominee River. Since 1996, investigations have been performed in these areas to 
characterize arsenic in the river sediment and several corrective action measures have been implemented. One 

PREPARED FOR: 
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such corrective action measure included the construction of a steel sheet pile bulkhead as part of a VBW along the 
north side of the property to contain groundwater flow from the site. A slurry wall was constructed along the 
northwest, southwest, and southeastern portions of the site to form the other portions of the VBW. Currently, 
dredging is being performed within the project area to remove some of the contaminated sediments. Once the 
current dredging project is finished, a wedge of arsenic‐contaminated sediment will still remain at the base of the 
VBW bulkhead. When this sediment is removed during the next phase of dredging, backfill will need to be placed 
at the base of the VBW bulkhead to provide support to the wall. Armor stone will need to be placed over the 
backfill to protect it from potential scour from the propulsion forces created by large ships in the turning basin. 

Determining Rock Size and Gradation 
Engineering calculations to determine the size and gradation of armor stone follow the methodology provided in 
Guidance for In‐Situ Subaqueous Capping of Contaminated Sediments; Appendix A: Armor Layer Design, as 
prepared by Steve Maynord of the US Army Engineer Waterways Experiment Station for the United States 
Environmental Protection Agency. This guidance is written for propeller propulsion and therefore has been 
adapted for waterjet propulsion. It should be noted that the equations are empirical and their applicability to 
different propulsion systems is unknown. 

Data Collection 
Information was provided to CH2M HILL on Tuesday, July 3, 2012 through an email communication with Scott 
Wellens from Marinette Marine Corporation regarding the thrust expected from ships maneuvering in the turning 
basin.  

“The LCS [Littoral Combat Ship] typically goes in/out of the channel under low speed and therefore 
doesn’t develop full thrust.  In fact, it generally runs on diesels only (20,000 hp max) and not the gas 
turbines.  The technical information is as follows: LCS‐3 operations at very low speeds (<7kt) are 
conducted at a constant shaft speed and idle power on the main diesels, utilizing (2) steerable waterjets, 
only.  For throttle settings, ship speed is controlled by reversing bucket position.  At this shaft speed, each 
shaft is absorbing approximately 500‐600 hp. (I personally think the HP absorbed is higher.)  I did some 
quick calculations and came up with a volumetric flow rate of 208 ft3/sec with a jet velocity of 27.3 ft/sec.  
(This is to be considered a low value in my opinion.) 

 
… Keep in mind, it’s safe to assume that we would only operate within the turning basin buoys which are 
some distance away from the dock.  Anything closer and we would risk running aground. 

 
Also note, that while these values are being provided as guidance, MMC cannot guarantee these values 
will not be exceeded for future unknown projects.” 

 
Information was also gathered on the LCS from internet articles and manufacturer’s cut sheets. One article notes 
that the waterjets on the LCS can pump water at a combined rate of 25,000 gallons per second, using marine gas 
turbines (model MT30) developed by Rolls‐Royce that operate at 36 megawatts. Pictures of the LCS show a total 
of 4 waterjets.  
Calculations 
Detailed calculations are located in Attachment A.  Using the data provided by Scott Wellens (a jet velocity of 27.3 
ft/sec), the maximum bottom velocity when the LCS is maneuvering in the turning basin is 3.39 ft/sec. In order to 
protect the VBW from a 3.39 ft/sec propulsion force, the resulting D50 rock size is 9 inches.  

Due to the uncertainties surrounding the types of ships and jet velocities in the turning basin, “future unknown 
projects”, and the unknown applicability of the empirical equations to different propulsion systems, a factor of 
safety is recommended. By applying a factor of safety, the recommended riprap size should have a D50 of 12 
inches. This is consistent with Class III riprap (D100 of 24 inches) as listed in CH2M HILL standard specifications. The 
table below lists the gradation information for Class III riprap. 
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TABLE 1 
Class III Riprap Gradation Information
From CH2M HILL Standard Specifications

Weight (lbs)  % Greater Than 

800  0 to 5 

400  30 

200  75 

25  90 

 

Design Recommendations 
The following sections discuss the design recommendations for the filter design, riprap design, toe treatment, and 
edge treatment.  

Filter Layer Design 
The filter layer in riprap design serves 2 main purposes: limiting the loss or migration of fines between the riprap 
and base material and providing support or load distribution to riprap if placed on poorly consolidated soil. In 
addition to minimizing particle migration, filter layers must have enough permeability to allow unimpeded flow of 
water from the underlying soil through the filter layer to minimize hydrostatic pressure build‐up caused by 
seasonal changes in the water table. The permeability of the filter layer should never be less than the permeability 
of the underlying soil. 

If the project area is dredged down to the glacial till layer, a filter layer may not be needed.  Glacial till has an 
extremely low permeability and tends to be well‐consolidated. However, if some backfill is needed to support the 
VBW bulkhead, it is recommended that the backfill have a gradation that matches that listed in table 2 below. If 
this gradation is used for backfill, it can also act as a filter layer for the riprap.    

TABLE 2 
Design Filter Band Gradation
From CH2M HILL Standard Specifications

Sieve size  % passing by weight 

6 inch  100 

4 inch  >85 

No. 4  >10 

 

If the material used for backfill differs in gradation from that listed in table 2, then a filter layer needs to be 
placed. Guidance documents on filter design recommend a layer thickness of 4 times the D50 of the filter rock, or 6 
inches, whichever results in the greatest thickness. This would result in a filter layer thickness of 6 inches. It is also 
recommended that if the filter layer is to be placed underwater, the thickness should be increased by 50‐percent 
to accommodate for the uncertainties associated with placement of the material. Thus the recommended 
resulting design thickness of the filter layer is 9 inches. 
Riprap Layer Design 
Guidance documents on riprap design recommend a layer thickness of the D100 or 1.5D50, whichever results in the 
greatest thickness. This would result in a riprap thickness of 24 inches. It is also recommended that if the riprap is 
to be placed underwater, the thickness of the riprap layer should be increased by 50‐percent to accommodate for 
the uncertainties associated with placement of the material. Thus the recommended resulting design thickness of 
the riprap layer is 36 inches. 
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Toe Treatment 
Guidance documents on riprap design recommend that riprap be toed down below the toe of the bank slope. 
However, it is assumed that digging a toe trench into the glacial till would be extremely difficult, so the alternative 
to digging a toe trench would be to use a mounded toe. It is assumed that the toe of the slope will be placed on 
glacial till and that the slope for riprap and backfill is assumed to be a 3H:1V slope. If backfill is used, the toe of the 
riprap will need to extend out from the backfill so that it rests on glacial till. The mounded toe thickness is 
required to be 2 times the thickness of the riprap on the slope, a thickness of 72 inches.  

Edge Treatment 
Guidance documents on riprap design recommend that the edge of the riprap extend out a distance 3 times the 
thickness of the riprap layer, a distance of 108 inches.   
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LCS Thrust Calculations

Data Provided:
1. Flow from LCS is 25000 gal/sec from 4 water jets.
2. Email states that only 2 waterjets are used in the turning basin.
3 Di i f j l l d b d il 7 62 f 2

g , g ,

3. Dimensions of waterjet calculated based on email = 7.62 ft2

Assumptions:
1. Height and width of water jet is square.
2 Reduction in throttle is proportional to reduction in flow across all jets

4. Volumetric flow rate of 208 ft3/sec with a jet velocity of 27.3 ft/sec. (Used as a basis for comparison 
in determining amount of throttle used in the turning basin.)

2. Reduction in throttle is proportional to reduction in flow across all jets.

Calculations:
Flow from 4 water jets 3342 ft3/sec
Flow from single jet 836 ft3/sec
Cross sectional area of water jet 7.6 ft2

Velocity from single jet at full throttle 109.65 ft/secVelocity from single jet at full throttle 109.65 ft/sec
Velocity from single jet at half throttle 54.82 ft/sec
Velocity from single jet at 1/3 throttle 36.55 ft/sec
Velocity from single jet at 1/4 throttle 27.41 ft/sec
Velocity from single jet at 1/8 throttle 13.71 ft/sec
Velocity from single jet at 1/10 throttle 10.96 ft/sec
Velocity from single jet at 1/20 throttle 5.48 ft/sec

In comparing to the numbers provided in the email from Scott Wellens, it appears that when a ship is 
manuevering in the turning basin, it is operating at 1/4 throttle.
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Velocity at coordinates x z

Zevenbergen, L.W. 2009.  Bridge Scour and Stream Instability Countermeasures, Experience, 
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Velocity at coordinates x, z

3.38759321 ft/sec

Input Units Description Notes

Do = 2.76 ft = 0.71Dp for non ducted propeller

Vx=

Variable

o
o

x U
x

z

x

D
V **43.15exp**78.2

2



























= Dp for ducter propeller
Dp = 2.76 ft propeller diameter Based on data in LCS Water 

Jet and Thrust Calcs 
Worksheet

x = 38 ft horizontal distance from propeller
z = 6.75 ft radial distance from axis of propeller Added 3 feet to waterjet 

radius to account for edge of 
ship around waterjets.

Uo = 27.3 ft/sec jet velocity exiting the propeller in ft/sec Based on data in LCS Water 
Jet and Thrust Calcs 
Worksheet

Where UO = 109.7 ft/sec (Full Throttle)
x z Vx

1 6.75 0.00
5 6 75 0 005 6.75 0.00
10 6.75 0.07
15 6.75 2.47
20 6.75 7.26
25 6.75 10.93
30 6.75 12.85
35 6.75 13.55
36 6.75 13.59
37 6 75 13 6137 6.75 13.61
38 6.75 13.61
39 6.75 13.59
40 6.75 13.56
45 6.75 13.22
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Where U = 54 8 ft/sec (Half Throttle)Where UO = 54.8 ft/sec (Half Throttle)
x z Vx

1 6.75 0.00
5 6.75 0.00
10 6.75 0.04
15 6.75 1.23
20 6.75 3.63
25 6.75 5.46
30 6 75 6 4230 6.75 6.42
35 6.75 6.77
36 6.75 6.79
37 6.75 6.80
38 6.75 6.80
39 6.75 6.79
40 6.75 6.77
45 6.75 6.60

Where UO = 36.6 ft/sec (1/3 Throttle)
x z Vx

1 6.75 0.00
5 6.75 0.00
10 6.75 0.02
15 6.75 0.82
20 6.75 2.42
25 6.75 3.65
30 6.75 4.29
35 6.75 4.52
36 6.75 4.53
37 6.75 4.54
38 6.75 4.54
39 6.75 4.54
40 6.75 4.5240 6.75 4.52
45 6.75 4.41
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Where UO = 27.3 ft/sec (1/4 Throttle, also jet velocity when turning in turning basin)
x z Vx z Vx

1 6.75 0.00
5 6.75 0.00
10 6.75 0.02
15 6.75 0.61
20 6.75 1.81
25 6.75 2.72
30 6.75 3.20
35 6 75 3 3735 6.75 3.37
36 6.75 3.38
37 6.75 3.39
38 6.75 3.39
39 6.75 3.38
40 6.75 3.37
45 6.75 3.29

Rock Size Equation

Thus, maxiumum bottom velocity occurs at a point on the shore 38 feet from the ship. The max bottom velocity 
when the ship is turning in the turning basin is 3.39 ft/sec.

2

2/150

**

(max)

























 


ws

b

aa
gC

V
D

0.751149767 ft

Input Units Description Notes

C3 = 0.55 = 0.55 for channel protection where repeat 
attack is expected and no movement can be 
allowed
0 6 0 7 f h l i h

Variable

D50 =

3 ** 















 wa

gC

= 0.6 ‐0.7 for channel protection when 
infrequent attack is expected

aw = 62.24 lb/ft3 unit weight of water at 60°F
as = 160 lb/ft3 unit weight of stone (as provided in CH2M 

HILL Standard Specification)
Vb(max) = 3.39 ft/sec From calculations above
g = 32.2 ft/sec2 gravitational constant

Thus, the max bottom velocity is 3.39 ft/sec, this results in a D50 of 0.75 ft or 9‐inch rock. To be conservative in 
design due to assumptions made, will use a D50 of 12 inches, or Class III Riprap (as specified in CH2M HILL 
standard specifications).
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Rock Size Equation

3.911438 ft/secVb(max) =

Circular No. 23, FHWA NHI 09‐112, Washington, D.C. 
2. Palermo, M., Maynord, S., Miller, J., and Reible, D. 1998. "Guidance for In‐Situ Subaqueous Capping of Contaminated Sediments," 
EPA 905‐B96‐004, Great Lakes National Program Office, Chicago, IL.
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3.911438 ft/sec

Input Units Description

C3 = 0.55
= 0.55 for channel protection where repeat attack is expected and no movement can be allowed
= 0.6 ‐0.7 for channel protection when infrequent attack is expected

aw = 62.24 lb/ft3 unit weight of water at 60°F

as = 160 lb/ft3 unit weight of stone (as provided in CH2M HILL Standard Specification)
D50 = 1 ft characteristic riprap size of which 50 percent is finer by weight

Vb(max) 

Variable
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D50 1 ft characteristic riprap size of which 50 percent is finer by weight
g = 32.2 ft/sec2 gravitational constant

Rock size versus maximum allowable bottom velocity

D50 Vb(max)

(ft) (ft/sec)

0.5 2.77
0.75 3.39
1.0 3.91
1 25 4 37
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CH2M HILL 

Specification 

Maximum 

Throttle 

Riprap can 

withstand 

Calculation of maximum bottom velocity a class of riprap (as specified in CH2M HILL standard specs) can withstand without any movement 

occurring.
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Specification 

Riprap 

Classifications

D50 

(ft)

Vb(max)

(ft/sec)

withstand 

without 

movement

Class I 0.5 2.77 Quarter
Class II 0.75 3.39 Quarter
Class III 1.0 3.91 Third
Class IV 1.33 4.37 Third
Class V 1.5 4.79 Third

2/1
503 )**(*(max) D

a

aa
gCV

w

ws
b 







 


7/18/2012 Menominee_Armor_Layer_Design_Calculations_20120718.xlsx 6 of 7



Armor Layer Design Calculations

Project: Menominee River Sediment Removal Project‐ VBW Bulkhead Support Design
Client: Tyco Fire Products LP
PN: 436069
Date:

References:

Riprap Thickness Calculations

Riprap Class D50 (in) 1.5*D50 (in) D100 (in)

Riprap 

Thickness (in)

Factor for 

underwater 

placement

New Riprap 

Thickness 

(in)

I 6 9 12 12 1.5 18
II 9 13.5 18 18 1.5 27
III 12 18 24 24 1.5 36
IV 15 22.5 30 30 1.5 45
V 18 27 36 36 1.5 54
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1. Arneson, L.A., Clopper, P.E., Girard L.G., Lagasse, P.F., Pagán‐Ortiz, J.E., 
Schall, J.D., Zevenbergen, L.W. 2009. “Bridge Scour and Stream Instability 
Countermeasures, Experience, Selection and Design Guidance Volume 2, 
Third Edition,” Hydraulic Engineering Circular No. 23, FHWA NHI 09‐112, 
Washington, D.C. 
2. Palermo, M., Maynord, S., Miller, J., and Reible, D. 1998. "Guidance for In‐
Situ Subaqueous Capping of Contaminated Sediments," EPA 905‐B96‐004, 
Great Lakes National Program Office, Chicago, IL.
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