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1 Introduction
 

 
This paper provides a review of literature documenting field and laboratory studies 
that examine the occurrence and extent of natural biodegradation processes 
(aerobic degradation and anaerobic dechlorination) of polychlorinated biphenyls 
(PCBs) at various sites both in the U.S and internationally. The review was 
prepared as part of the Lower Fox River Remedial Investigation/Feasibility Study.  
 
The objective of this review was to evaluate information relating to the viability of 
natural biodegradation as a potential remedial action for the sediment-bound PCBs 
in the Lower Fox River and Green Bay. The information presented in this paper 
will be evaluated together with additional site-specific information generated for 
the Lower Fox River and Green Bay in the Feasibility Study.  It is recognized that 
the rate at which in situ microbial processes can occur is an important element of 
any evaluation of such processes when assessing natural bioremediation as a 
potential remedial action.  However, based on the results of the literature review 
presented here, no degradation (aerobic or anaerobic) rates have been reliably 
measured under field conditions.  The only rates that have been estimated are for 
laboratory experiments done under controlled conditions.  These rates are 
generally not applicable to field conditions; as such, they are not reported in this 
paper. 
 
The paper consists of five sections, in addition to this introductory section, 
articulated as follows. 
 

• Section 2 provides an overview of PCB chemistry and nomenclature; 
 

• Section 3 provides a review of microbial processes relevant to PCBs; 
 

• Section 4 provides a review of field and laboratory studies of natural 
degradation of PCBs in sediments; 
 

• Section 5 provides the conclusion of the literature review; and 
 

• Section 6 is a list of cited references. 
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2 PCB Chemistry, Nomenclature, 
and Toxicology 

PCBs are a class of 209 individual chemicals (PCB congeners), in which one to 
ten chlorine atoms are attached to a biphenyl molecular frame.  PCBs were 
commercially produced as mixtures for a variety of uses, including dielectric 
fluids in capacitors and transformers, and carbonless copy paper.  Monsanto 
Industrial Chemicals Company (Monsanto) was the world’s largest producer and 
sole manufacturer of commercial PCBs in the U.S.  Monsanto marketed PCBs 
under the trade name Aroclor from 1930 to 1977 (Erickson 1986).  Table 2-1 
provides a list of the uses of PCBs and the type of Aroclor used. 
 
Most Aroclors contained from 60 to 90 different PCB congeners and were 
identified by a four-digit number; the first two digits were usually 12, for 12 
carbon atoms, and the last two digits indicated the percent substituted chlorine by 
weight. Thus, Aroclor 1242 contains 12 carbon atoms and 42% substituted 
chlorine by weight (Hutzinger et al., 1974; Bedard and Quensen 1995).  Table 2-2 
provides the chlorine content of various Aroclors.  
 
Key to the discussion of natural degradation processes is an understanding of the 
nomenclature associated with the numbering and position of the chlorine atoms 
within the PCB biphenyl rings.  The general chemical formula for PCBs is 

  
C12H10-nCln 

 
with n indicating the number of chlorine substitutions; n=1 through 10. 
 
PCB congeners with the same number of chlorine substitutions are defined as a 
class of PCB homologs.  For example, the twenty-four PCB congeners with three 
chlorine substitutions form the trichlorobiphenyl homolog class. PCB congeners in 
a given homolog class are sometimes referred to as PCB isomers (Erickson, 1986).  
 
The chlorine positions on the biphenyl rings are numbered as shown in Figure 2-
1(a).  Different congeners are specified by the positions of the chlorine atoms.  For 
example, in Figure 2-1(b), the 2,4’-dichlorobiphenyl is shown.  (As discussed 
later, this is the most abundant congener in Aroclor 1242).  PCB congeners have 
been arranged in ascending numerical order between 0 (biphenyl) and 209 
(2,2’,3,3’,4,4’,5,5’,6,6’–decachlorobiphenyl) and are commonly identified by this 
number, which is referred to as the “IUPAC” or “PCB” number.  For example, the 
2,4’ dichlorobiphenyl congener is also referred to as PCB 8.  Finally, some authors 
refer to individual congeners by listing the substituted positions on each ring, 



Review of Natural PCB Degradation Processes in Sediments  
 
 

 
  
PCB Chemistry, Nomenclature, and Toxicology  2-2 

separated by a hyphen.  Thus, in this notation 2,4’ dichlorobiphenyl is referred to 
as 2-4 chlorobiphenyl or 2-4-CB.  This paper reports on studies by a number of 
authors.  To minimize the possibility of transcription errors, the notation used by 
each author is used when reporting on that author’s results. 
 
As shown in Figure 2-1(c), chlorine atoms at positions 2, 6, 2’ and 6’ are referred 
to as being oriented ortho with respect to the opposite phenyl ring. Positions 3, 5, 
3’ and 5’ are oriented meta, while positions 4 and 4’ are oriented para with respect 
to the opposite phenyl ring. 

Table 2-1   Uses of PCBs  (from Huntzinger et al., 1974) 
 

Use of PCB Grade of Aroclor Used 
Electrical capacitors 1016 (1221, 1254) 
Electrical transformers 1242, 1254, 1260 
Vacuum pumps 1248, 1254 
Gas-transmission turbines 1221, 1242 
Hydraulic fluids 1232, 1242, 1248, 1254, 1260 
Plasticizer in synthetic resins 1248, 1254, 1260, 1262, 1268 
Adhesives 1221, 1232, 1242, 1248, 1254 
Plasticizer in rubbers 1221, 1232, 1242, 1248, 1254, 1268 
Heat transfer systems 1242 
Wax extenders 1242, 1254, 1268 
Dedusting agents 1254, 1260 
Pesticide extenders, inks, lubicants, cutting oils 1254 
Carbonless reproducing paper 1242 

 

Table 2-2   Chlorine Content of Aroclor Preparations 
 

Aroclor % CI Average number of 
CI per molecule 

Average 
molecular weight 

1221 20.5 – 21.5 1.15 192 
1232 31.5 – 32.5 2.04 221 
1242 42 3.10 261 
1248 48 3.90 288 
1254 54 4.96 327 
1260 60 6.30 372 
1262 61.5 – 62.5 6.80 389 
1268 68 8.70 453 

 
Selected physical and chemical properties of PCB congeners are presented in 
Tables 2-3 and 2-4.  Table 2-5 presents the molecular composition of some 
Aroclors.  This table shows that Aroclor 1242 is mostly comprised of tri-, tetra- 
and pentachlorobiphenyls, and that no congeners with more than six chlorine 
substitutions are present in Aroclor 1242. 
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Figure 2-1   PCB Structure and Nomenclature 
 

a)  Numbering in the Biphenyl Ring System 

 
 

b)  Structure of 2,4’- dichlorobiphenyl 

 

c) Orientation of Chlorine Atoms in Biphenyl Ring System 
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Table 2-3  Summary of Physical-Chemical Properties of PCB Congeners 
 

   Solid Vapor 
Pressure 

Subcooled 
Liquid Vapor 

Pressure 

Water 
Solubility 

Solid Molar 
Concentration

Subcooled 
Liquid 

Concentration
Log Kow 

Henry's Law 
Const. 

s PL S Cs CL H

Number     Structure Molecular 
Weight Pa Pa g/m3 mmol/m3 mmol/m3 Pa m3/mol 

0          0 154.21 1.3 3.69 7 45.39 129.7 3.9 53.5
1 2         188.66 2.04 2.5 5.5 29.15 35.66 4.3 70.1
2 3         188.66 1 1 2.5 13.25 13.24 4.6 75.55
3 4         188.66 0.271 0.9 1.2 6.36 21.15 4.5 42.56
4 2,2'         223.11 0.265 0.6 1 4.48 10.14 4.9 59.17
5 2,3         223.11
6 2,3'         223.11
7          2,4 223.11 0.254 0.25 1.25 5.6 5.51 5 45.39
8       2,4' 223.11   1 4.48 6.73 5.1  
9          2,5 223.11 0.18 0.18 2 8.96 8.95 5.1 20.1

10       2,6 223.11   1.4 6.28 7.84 5  
11          3,3' 223.11 0.027 0.03 0.354 1.587 1.738 5.3 17.26
12          3,4 223.11 0.008
13          3,4' 223.11
14          3,5 223.11 0.105 0.12
15          4,4' 223.11 0.0048 0.08 0.06 0.269 4.56 5.3 17
16 2,2',3         257.56
17 2,2',4         257.56
18 2,2',5         257.56 0.143 0.22 0.4 1.55 2.39 5.6 92.21
19 2,2',6         257.56
20 2,3,3'         257.56
21 2,3,4         257.56
22 2,3,4'         257.56
23 2,3,5         257.56
24 2,3,6         257.56
25 2,3',4         257.56
26          2,3',5 257.56 0.251 0.975 1.387

   P    
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Table 2-3  Summary of Physical-Chemical Properties of PCB Congeners (Continued) 
 

   Solid Vapor 
Pressure 

Subcooled 
Liquid Vapor 

Pressure 

Water 
Solubility 

Solid Molar 
Concentration

Subcooled 
Liquid 

Concentration
Log Kow 

Henry's Law 
Const. 

Ps PL S Cs CL H

Number     Structure Molecular 
Weight Pa Pa g/m3 mmol/m3 mmol/m3 Pa m3/mol 

27 2,3',6         257.56
          

28          2,4,4' 257.56 0.16 0.621 1.28 5.8
29 2,4,5         257.56 0.132 0.044 0.14 0.544 1.81 5.6 24.29
30         2,4,6  0.0384 0.09 0.2 0.777 1.82 5.5 49.51
31 2,4',5         257.56
32 2,4',6         257.56
33 2,3,4         257.56 0.0136 0.003 0.08 0.311 0.69 5.8 43.67
34 2',3,5         257.56
35 3,3',4         257.56
36 3,3',5         257.56
37          3,4,4' 257.56 0.015 0.0582 0.24 5.9
38 3,4,5         257.56
39 3,4',5         257.56
40 2,2',3,3'         292.01 0.00225 0.002 0.03 0.103 0.91 5.6 21.94
41 2,2',3,4         292.01
42 2,2',3,4'         292.01
43 2,2',3,5         292.01
44          2,2',3,5' 292.01 0.1 0.342 0.565 6
45 2,2',3,6         292.01
46 2,2',3,6'         292.01
47 2,2',4,4'         292.01 0.0054 0.002 0.09 0.308 1.15 5.9 17.38
48 2,2',4,5         292.01
49          2,2',4,5' 292.01 0.016 0.0548 0.133 6.1
50 2,2',4,6         292.01
51 2,2',4,6'         292.01
52 2,2',5,5'         292.01 0.0049 0.002 0.03 0.103 0.42 6.1 47.59
53 2,2,5,6'         292.01 5.5
54 2,2',5,6'         292.01 5.48
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Table 2-3  Summary of Physical-Chemical Properties of PCB Congeners (Continued) 
 

   Solid Vapor 
Pressure 

Subcooled 
Liquid Vapor 

Pressure 

Water 
Solubility 

Solid Molar 
Concentration

Subcooled 
Liquid 

Concentration
Log Kow 

Henry's Law 
Const. 

Ps PL S Cs CL H

Number     Structure Molecular 
Weight Pa Pa g/m3 mmol/m3 mmol/m3 Pa m3/mol 

55 2,3,3',4         292.01
56 2,3,3',4'         292.01
57 2,3,3',5         292.01
58 2,3,3',5'         292.01
59 2,3,3',6         292.01
60 2,3,4,4'         292.01 6.31
61          2,3,4,5 292.01 0.02 0.0685 0.314 5.9
62 2,3,4,6         292.01
63 2,3,4',5         292.01
64 2,3,4',6         292.01
65 2,3',4,4'         292.01 5.94
66          2,3',4,4' 292.01 0.04 0.0147 1.3 5.8
67 2,3',4,5         292.01
68 2,3',4,5'         292.01
69 2,3',4,6         292.01
70 2,3',4',5         292.01
71 2,3',4',6         292.01
72 2,3',5,5'         292.01
73 2,3',5',6         292.01
74 2,4,4',5         292.01
75          2,4,4',6 292.01 0.091 6.21
76 2',3,4,5         292.01
77          3,3',4,4' 292.01 0.0000588 0.002 0.001 0.0342 1.165 6.5 1.72
78 3,3',4,5         292.01
79 3,3',4,5'         292.01
80          3,3',5,5' 292.01 0.0012 0.0041 0.0974
81 3,4,4',5         292.01
82 2,2',3,3',4         326.46
83 2,2',3,3',5         326.46
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Table 2-3  Summary of Physical-Chemical Properties of PCB Congeners (Continued) 
 

   Solid Vapor 
Pressure 

Subcooled 
Liquid Vapor 

Pressure 

Water 
Solubility 

Solid Molar 
Concentration

Subcooled 
Liquid 

Concentration
Log Kow 

Henry's Law 
Const. 

Ps PL S Cs CL H

Number     Structure Molecular 
Weight Pa Pa g/m3 mmol/m3 mmol/m3 Pa m3/mol 

84 2,2',3,3',6         326.46
85 2,2',3,4,4'         326.46
86          2,2'3,4,5 326.46 0.00927 0.051 0.02 0.0613 0.337 6.2 151.4
87          2,2',3,4,5' 326.46 0.000304 0.0023 0.004 0.0123 0.0927 6.5 24.81
88       2,2',3,4,6 326.46   0.012 0.0368 0.202 6.5  
89 2,2',3,4,6'         326.46
90 2,2',3,4',5         326.46
91 2,2',3,4',6         326.46
92 2,2',3,5,5'         326.46
93 2,2',3,5,6         326.46
94 2,2',3,5,6'         326.46
95 2,2',3,5',6         326.46
96 2,2',3,6,6'         326.46
97 2,2',3',4,5         326.46
98 2,2',3',4,6         326.46
99 2,2',4,4',5         326.46

100 2,2',4,4',6         326.46
101          2,2',4,5,5' 326.46 0.00109 0.0035 0.01 0.0306 0.0986 6.4 35.48
102 2,2',4,5,6'         326.46
103 2,2',4,5,6'         326.46
104          2,2',4,6,6' 326.46 0.00434 0.0156 0.0306 0.3103 13.98
105 2,3,3',4,4'         326.46 6
106 2,3,3',4,5         326.46
107 2,3,3',4',5         326.46
108 2,3,3',4,5'         326.46
109 2,3,3',4,6         326.46
110          2,3,3',4',6 326.46 0.004 6.3
111 2,3,3',5,5'         326.46
112 2,3,3',5,6         326.46
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Table 2-3  Summary of Physical-Chemical Properties of PCB Congeners (Continued) 
 

   Solid Vapor 
Pressure 

Subcooled 
Liquid Vapor 

Pressure 

Water 
Solubility 

Solid Molar 
Concentration

Subcooled 
Liquid 

Concentration
Log Kow 

Henry's Law 
Const. 

Ps PL S Cs CL H

Number     Structure Molecular 
Weight Pa Pa g/m3 mmol/m3 mmol/m3 Pa m3/mol 

113 2,3,3',5',6         326.46
114 2,3,4,4',5         326.46
115 2,3,4,4',6         326.46
116          2,3,4,5,6 326.46 0.008 0.0145 0.233 6.3
117 2,3,4',5,6         326.46
118 2,3',4,4',5         326.46
119 2,3',4,4',6         326.46
120 2,3',4,5,5'         326.46
121 2,3',4,5',6         326.46
122 2,3,3',4,5         326.46
123 2',3,4,4',5         326.46
124 2',3,4,5,5'         326.46
125 2',3,4,5,6'         326.46
126 3,3',4,4',5         326.46
127 3,3',4,5,5'         326.46
128 2,2',3,3',4,4'         360.91 0.0000198 0.00034 0.0006 0.00166 0.0286 7 11.91
129       2,2',3,3',4,5 360.91   0.0006 0.00166 0.0065 7.3  
130 2,2',3,3',4,5'         360.91
131 2,2',3,3',4,6         360.91
132 2,2',3,3',4,6'         360.91
133 2,2',3,3',5,5'         360.91
134          2,2',3,3',5,6 360.91 0.0004 0.00111 0.0061 7.3
135 2,2',3,3',5,6'         360.91
136          2,2',3,3',6,6' 360.91 0.0008 0.00222 0.0161 6.7
137 2,2',3,4,4',5         360.91
138 2,2',3,4,4',5'         360.91
139 2,2',3,4,4',5'         360.91
140 2,2',3,4,4',6'         360.91
141 2,2',3,4,5,5'         360.91
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Table 2-3  Summary of Physical-Chemical Properties of PCB Congeners (Continued) 
 

   Solid Vapor 
Pressure 

Subcooled 
Liquid Vapor 

Pressure 

Water 
Solubility 

Solid Molar 
Concentration

Subcooled 
Liquid 

Concentration
Log Kow 

Henry's Law 
Const. 

Ps PL S Cs CL H

Number     Structure Molecular 
Weight Pa Pa g/m3 mmol/m3 mmol/m3 Pa m3/mol 

142 2,2',3,4,5,6         360.91
143 2,2',3,4,5,6         360.91
144 2,2',3,4,5',6         360.91
145 2,2',3,4,5',6         360.91
146 2,2',3,4',5,5'         360.91
147 2,2',3,4,6,6'         360.91
148 2,2',3,4',5,6'         360.91
149 2,2',3,4',5',6         360.91
150 2,2',3,4',6,6'         360.91
151 2,2',3,5,5',6         360.91
152 2,2',3,5,6,6'         360.91
153          2,2',4,4',5,5' 360.91 0.000119 0.0007 0.001 0.00277 0.0163 6.9 42.9
154 2,2',4,4',5,6'         360.91
155          2,2',4,4',6,6' 360.91 0.00048 0.00363 0.002 0.0055 0.042 7 86.616
156 2,3,3',4,4',5         360.91
157 2,3,3',4,4',5'         360.91
158 2,3,3',4,4',6         360.91
159 2,3,3',4,5,5'         360.91
160 2,3,3',4,5,6         360.91
161 2,3,3',4,5',6         360.91
162 2,3,3',4',5,5'         360.91
163 2,3,3',4',5,6         360.91
164 2,3,3',4',5',6         360.91
165 2,3,3',5,5',6         360.91
166 2,3,4,4',5,6         360.91
167 2,3',4,4',5,5         360.91
168 2,3',4,4',5',6         360.91
169 3,3',4,4',5,5'         360.91
170 2,2',3,3',4,4',5         395.36
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Table 2-3  Summary of Physical-Chemical Properties of PCB Congeners (Continued) 
 

   Solid Vapor 
Pressure 

Subcooled 
Liquid Vapor 

Pressure 

Water 
Solubility 

Solid Molar 
Concentration

Subcooled 
Liquid 

Concentration
Log Kow 

Henry's Law 
Const. 

Ps PL S Cs CL H

Number     Structure Molecular 
Weight Pa Pa g/m3 mmol/m3 mmol/m3 Pa m3/mol 

171 2,2',3,3',4,4',6         395.36 0.0000273 0.00025 0.002 0.00506 0.046 6.7 5.4
172 2,2',3,3',4,5,5'        395.36 
173 2,2',3,3',4,5,6         395.36
174 2,2',3,3',4,5,6'         395.36
175 2,2',3,3',4,5',6         395.36
176 2,2',3,3',4,6,6'         395.36
177 2,2',3,3',4',5,6         395.36
178 2,2',3,3',5,5',6         395.36
179 2,2',3,3',5,6,6'         395.36
180 2,2',3,4,4',5,5'         395.36
181 2,2',3,4,4',5,5'         395.36
182 2,2',3,4,4',5,6'         395.36
183 2,2',3,4,4',5',6         395.36
184 2,2',3,4,4',6,6'         395.36
185          2,2',3,4,5,5',6 395.36 0.00045 0.00114 0.0191 7
186 2,2',3,4,5,6,6'         395.36
187 2,2',3,4',5,5',6         395.36
188 2,2',3,4',5,6,6'         395.36
189 2,3,3',4,4',5,5'         395.36
190 2,3,3',4,4',5,6         395.36
191 2,3,3',4,4',5',6         395.36
192 2,3,3',4,5,5',6         395.36
193 2,3,3',4',5,5',6         395.36
194          2,2',3,3',4,4',5,5' 429.81 0.0002 0.00047 0.0098 7.4
195 2,2',3,3',4,4',5,6 429.81        
196 2,2',3,3',4,4',5',6 429.81        
197 2,2',3,3',4,4',6,6' 429.81        
198 2,2',3,3',4,5,5',6 429.81        
199 2,2',3,3',4,5,5',6' 429.81        
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Table 2-3  Summary of Physical-Chemical Properties of PCB Congeners (Continued) 
 

   Solid Vapor 
Pressure 

Subcooled 
Liquid Vapor 

Pressure 

Water 
Solubility 

Solid Molar 
Concentration

Subcooled 
Liquid 

Concentration
Log Kow 

Henry's Law 
Const. 

Ps PL S Cs CL H

Number     Structure Molecular 
Weight Pa Pa g/m3 mmol/m3 mmol/m3 Pa m3/mol 

200 2,2',3,3',4,5,6,6' 429.81        
201 2,2',3,3',4,5',6,6' 429.81        
202 2,2',3,3',5,5',6,6'         429.81 0.0000266 0.0006 0.0003 0.0007 0.0158 7.1 38.08
203 2,2',3,4,4',5,5',6 429.81        
204 2,2',3,4,4',5',6,6' 429.81        
205 2,3,3',4,4',5,5',6 429.81        
206          2,2',3,3',4,4',5,5',6 464.26 0.000000197 0.000012 0.00011 0.000237 0.0146 7.2 82.2
207 2,2',3,3',4,4',5,6,6' 464.26        7.52
208          2,2',3,3',4,5,5',6,6' 464.26 0.000018 0.000038 0.00141 8.16

209 2,2',3,3',4,4',5,5',6,
6' 498.71        5.02E-08 0.00003 0.000001 0.000002 0.0144 8.26 20.84
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Table 2-4 Summary of Physical-Chemical Properties of PCB Isomer Groups and Aroclor Mixtures at 20-25 

Degrees Celsius 
 

PCB Isomer Groups Water Solubility
Solid Molar 

Concentration
Subcooled Liquid 

Concentration Solid Vapor Pressure
Subcooled Liquid 
Vapor Pressure Henry's Law Const. Log Kow

S Cs CL Ps PL H
g/m3 mmol/m3 mmol/m3 Pa Pa Pa m3/mol range

Biphenyl 7.0 45.39 129.7 1.30 3.69 28.64 3.90
Mono- 1.21 - 5.50 6.36 - 29.15 113.24 - 35.66 0.271 - 2.04 0.9 - 2.5 42.56 - 75.55 4.3 - 4.60
Di- 0.060 - 2.0 0.269 - 8.96 4.56 - 10.14 0.0048 - 0.279 0.008 - 0.60 17.0 - 92.21 4.9 - 5.30
Tri- 0.015 - 0.40 0.0582 - 1.55 0.24 - 2.39 0.0136 - 0.143 0.003 - 0.22 24.29 - 92.21 5.5 - 5.90
Tetra- 0.0043 - 0.010 0.0147 - 0.342 0.133 - 1.30 0.000059 - 0.0054 0.002 1.72 - 47.59 5.6 - 6.50
Penta- 0.004 - 0.020 0.0123 - 0.0613 0.093 - 0.337 0.000304 - 0.0093 0.0023 - 0.051 24.8 - 151.4 6.2 - 6.50
Hexa- 0.0004 - 0.0007 0.0011 - 0.002 0.0061 - 0.0286 0.000020 - 0.0015 0.0007 - 0.012 11.9 - 818 6.7 - 7.30
Hepta- 0.000045 - 0.0002 0.00114 - 0.0051 0.0191 - 0.046 0.0000273 0.00025 5.40 6.7 - 7.0
Octa- 0.0002 - 0.0003 0.00047 - 0.0007 0.0098 - 0.0158 0.0000266 0.0006 38.08 7.10
Nona- 0.00018 - 0.0012 0.000038 - 0.00024 0.00141 - 0.0146 7.2 - 8.16
Deca- 0.000761 0.0000024 0.0144 0.00000005 0.00003 20.84 8.26

Arochlor Mixtures Water Solubility
Subcooled Liquid 

Concentration
Subcooled Liquid 
Vapor Pressure Henry's Law Const. Log Kow

S CL PL H
g/m3 mmol/m3 Pa Pa m3/mol range

Arochlor 1016 0.22 - 0.84 0.856 - 0.216 0.06 - 0.2 70 - 900 4.4 - 5.8
Arochlor 1221 0.59 - 5.0 0.307 - 26.0 0.89 - 2.0 34 - 450 4.1 - 4.7
Arochlor 1232 1.45 6.56 - 2.0 0.54 82 - 270 4.5 - 5.2
Arochlor 1242 0.1 - 0.75 0.383 - 2.87 0.05 - 0.13 45 - 130 4.5 - 5.8
Arochlor 1248 0.1 - 0.5 0.347 - 1.74 0.0085 - 0.11 5 - 300 5.8 - 6.3
Arochlor 1254 0.01 - 0.30 0.306 - 0.92 0.008 - 0.02 20 - 260 6.1 - 6.8
Arochlor 1260 0.003 - 0.08 0.00806 - 0.215 0.0002 - 0.012 20 - 60 6.3 - 7.5
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Table 2-5 Molecular Composition of Some Aroclors  
    (from Huntzinger et al., 1974) 

 
Presence (%) in Aroclor Chlorobiphenyl 

Composition 1242 1248 1254 1260 
C12H9Cl 3    
C12H8Cl2 13 2   
C12H7Cl3 28 18   
C12H6Cl4 30 40 11  
C12H5Cl5 22 36 49 12 
C12H4Cl6 4 4 34 38 
C12H3Cl7   6 41 
C12H2Cl8    8 
C12HCl9    1 

 
Table 2-6 (from Schulz et al., 1989) and Figure 2-2 present the congener 
composition (on a weight basis) of Aroclor 1242.  From this table, it can be seen 
that the most abundant congener in this Aroclor is 2,4’–dichlorobiphenyl (PCB 8) 
at 7.65% by weight.  The congeners 2,4,4’–trichlorobiphenyl (PCB 28) and 
2,2’,5–trichlorobiphenyl (PCB 18) are also abundant at 6.52% and 6.28% by 
weight, respectively. 
 
A large number of studies have linked PCBs with a variety of health effects, 
including cancer.  A study of four commercial mixtures (Aroclors 1016, 1242, 
1254, and 1260) demonstrated that all PCB mixtures can cause cancer, although 
different mixtures have different potencies (Brunner et al., 1996).  The EPA used 
the study by Brunner et al. (1996) to develop cancer slope factors for different 
congeners (EPA, 1996).  The cancer slope factors also vary depending on the 
route of exposure.  Table 2-7 presents the cancer slope factors for different PCB 
aroclors and exposure pathways. 
 
There is evidence that dioxin-like congeners may cause cancer by the same 
mechanism as 2,3,7,8 tetrachlorodibenzo-p-dioxin (dioxin).  EPA (1996) has 
developed toxicity equivalency factors that allow the toxicity of dioxin-like 
congeners to be related to the toxicity of dioxin.  Table 2-7 presents the cancer 
slope factors for specific congeners based on their similarity to dioxin.  Congeners 
77 (34-34), 126 (345-34) and 169 (345-345) are non-ortho chlorinated and most 
resemble dioxin (Sonzogni et al., 1991).  These congeners have the highest cancer 
slope factors.  The congeners with the most dioxin-like behavior have chlorine 
molecules in non-ortho positions.  This is significant because PCBs with chlorines 
in non-ortho positions are the most suitable to anaerobic dechlorination, as 
discussed in detail later in this paper.  The Aroclors and congeners presented in 
Table 2-7 are those evaluated in the human health risk assessment for the Lower 
Fox River and Green Bay. 
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Table 2-6  Percent Contribution of Individual Congeners to Aroclor 

1242  

Number Structure Weight Percent 
0 0 0
1 2 0
2 3 0
3 4 0
4 2,2' 3.01
5 2,3 0.060
6 2,3' 1.38
7 2,4 0.60
8 2,4' 7.65
9 2,5 0.54

10 2,6 0.20
11 3,3' 0
12 3,4 0
13 3,4' 0
14 3,5 0
15 4,4' 1.51
16 2,2',3 2.01
17 2,2',4 2.88
18 2,2',5 6.28
19 2,2',6 0.53
20 2,3,3' 0.29
21 2,3,4 0
22 2,3,4' 3.41
23 2,3,5 0.00
24 2,3,6 0.22
25 2,3',4 0.79
26 2,3',5 1.33
27 2,3',6 0.28
28 2,4,4' 6.52
29 2,4,5 0.10
30 2,4,6 0
31 2,4',5 4.59
32 2,4',6 0.88
33 2,3,4 4.79
34 2',3,5 0.050
35 3,3',4 0.11
36 3,3',5 0
37 3,4,4' 0.27
38 3,4,5 0
39 3,4',5 0
40 2,2',3,3' 0.89
41 2,2',3,4 1.86
42 2,2',3,4' 0.83
43 2,2',3,5 0
44 2,2',3,5' 3.20
45 2,2',3,6 1.16
46 2,2',3,6' 0.49
47 2,2',4,4' 0.94
48 2,2',4,5 0.82
49 2,2',4,5' 3.60
50 2,2',4,6 0
51 2,2',4,6' 0.23
52 2,2',5,5' 4.04

Number Structure Weight Percent 
53 2,2,5,6' 0.64
54 2,2',5,6' 0
55 2,3,3',4 0
56 2,3,3',4' 1.60
57 2,3,3',5 0
58 2,3,3',5' 0
59 2,3,3',6 0.34
60 2,3,4,4' 1.33
61 2,3,4,5 0
62 2,3,4,6 0
63 2,3,4',5 0.23
64 2,3,4',6 1.64
65 2,3',4,4' 0
66 2,3',4,4' 1.66
67 2,3',4,5 0.41
68 2,3',4,5' 0
69 2,3',4,6 0.11
70 2,3',4',5 3.89
71 2,3',4',6 0
72 2,3',5,5' 0
73 2,3',5',6 0
74 2,4,4',5 2.17
75 2,4,4',6 0.11
76 2',3,4,5 0
77 3,3',4,4' 0.45
78 3,3',4,5 0
79 3,3',4,5' 0
80 3,3',5,5' 0
81 3,4,4',5 0
82 2,2',3,3',4 0.44
83 2,2',3,3',5 0.12
84 2,2',3,3',6 0.72
85 2,2',3,4,4' 0.53
86 2,2'3,4,5 0
87 2,2',3,4,5' 0.77
88 2,2',3,4,6 0
89 2,2',3,4,6' 0
90 2,2',3,4',5 0.32
91 2,2',3,4',6 0.17
92 2,2',3,5,5' 0.25
93 2,2',3,5,6 0
94 2,2',3,5,6' 0
95 2,2',3,5',6 2.87
96 2,2',3,6,6' 0
97 2,2',3',4,5 0.65
98 2,2',3',4,6 0
99 2,2',4,4',5 0.86

100 2,2',4,4',6 0
101 2,2',4,5,5' 1.33
102 2,2',4,5,6' 0
103 2,2',4,5,6' 0
104 2,2',4,6,6' 0
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Table 2-6  Percent Contribution of Individual Congeners to Aroclor 
1242 (Con’t) 

 
 

Number Structure Weight Percent 
105 2,3,3',4,4' 0.86
106 2,3,3',4,5 0
107 2,3,3',4',5 0.07
108 2,3,3',4,5' 0
109 2,3,3',4,6 0
110 2,3,3',4',6 1.53
111 2,3,3',5,5' 0
112 2,3,3',5,6 0
113 2,3,3',5',6 0
114 2,3,4,4',5 0
115 2,3,4,4',6 0
116 2,3,4,5,6 0
117 2,3,4',5,6 0
118 2,3',4,4',5 1.62
119 2,3',4,4',6 0.05
120 2,3',4,5,5' 0
121 2,3',4,5',6 0
122 2,3,3',4,5 0
123 2',3,4,4',5 0
124 2',3,4,5,5' 0
125 2',3,4,5,6' 0
126 3,3',4,4',5 0
127 3,3',4,5,5' 0
128 2,2',3,3',4,4' 0
129 2,2',3,3',4,5 0
130 2,2',3,3',4,5' 0
131 2,2',3,3',4,6 0
132 2,2',3,3',4,6' 0.30
133 2,2',3,3',5,5' 0
134 2,2',3,3',5,6 0
135 2,2',3,3',5,6' 0.08
136 2,2',3,3',6,6' 0.07
137 2,2',3,4,4',5 0
138 2,2',3,4,4',5' 0.54
139 2,2',3,4,4',5' 0
140 2,2',3,4,4',6' 0
141 2,2',3,4,5,5' 0
142 2,2',3,4,5,6 0
143 2,2',3,4,5,6 0
144 2,2',3,4,5',6 0
145 2,2',3,4,5',6 0
146 2,2',3,4',5,5' 0
147 2,2',3,4,6,6' 0
148 2,2',3,4',5,6' 0
149 2,2',3,4',5',6 0.63
150 2,2',3,4',6,6' 0
151 2,2',3,5,5',6 0
152 2,2',3,5,6,6' 0
153 2,2',4,4',5,5' 0.68
154 2,2',4,4',5,6' 0
155 2,2',4,4',6,6' 0
156 2,3,3',4,4',5 0.09

Number Structure Weight Percent 
157 2,3,3',4,4',5' 0
158 2,3,3',4,4',6 0
159 2,3,3',4,5,5' 0
160 2,3,3',4,5,6 0
161 2,3,3',4,5',6 0
162 2,3,3',4',5,5' 0
163 2,3,3',4',5,6 0
164 2,3,3',4',5',6 0
165 2,3,3',5,5',6 0
166 2,3,4,4',5,6 0
167 2,3',4,4',5,5 0
168 2,3',4,4',5',6 0
169 3,3',4,4',5,5' 0
170 2,2',3,3',4,4',5 0.11
171 2,2',3,3',4,4',6 0.05
172 2,2',3,3',4,5,5' 0
173 2,2',3,3',4,5,6 0
174 2,2',3,3',4,5,6' 0
175 2,2',3,3',4,5',6 0
176 2,2',3,3',4,6,6' 0
177 2,2',3,3',4',5,6 0
178 2,2',3,3',5,5',6 0
179 2,2',3,3',5,6,6' 0
180 2,2',3,4,4',5,5' 0.06
181 2,2',3,4,4',5,5' 0
182 2,2',3,4,4',5,6' 0
183 2,2',3,4,4',5',6 0
184 2,2',3,4,4',6,6' 0
185 2,2',3,4,5,5',6 0
186 2,2',3,4,5,6,6' 0
187 2,2',3,4',5,5',6 0
188 2,2',3,4',5,6,6' 0
189 2,3,3',4,4',5,5' 0
190 2,3,3',4,4',5,6 0
191 2,3,3',4,4',5',6 0
192 2,3,3',4,5,5',6 0
193 2,3,3',4',5,5',6 0
194 2,2',3,3',4,4',5,5' 0
195 2,2',3,3',4,4',5,6 0
196 2,2',3,3',4,4',5',6 0
197 2,2',3,3',4,4',6,6' 0
198 2,2',3,3',4,5,5',6 0
199 2,2',3,3',4,5,5',6' 0
200 2,2',3,3',4,5,6,6' 0
201 2,2',3,3',4,5',6,6' 0
202 2,2',3,3',5,5',6,6' 0
203 2,2',3,4,4',5,5',6 0
204 2,2',3,4,4',5',6,6' 0
205 2,3,3',4,4',5,5',6 0
206 2,2',3,3',4,4',5,5',6 0
207 2,2',3,3',4,4',5,6,6' 0
208 2,2',3,3',4,5,5',6,6' 0
209 2,2',3,3',4,4',5,5',6,6' 0
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Figure 2-2   Percent Contribution of Individual Congeners to Aroclor 1242 
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Table 2-7   Cancer Slope Factors for Selected Aroclors and PCB Congeners 

 

Chemical of Potential Concern 

Oral 
Soil/Sed 
CSFslo 
(mg/Kg-day)-1 

Oral 
Water 
CSFwo 
(mg/Kg-day)-1 

Oral 
Fish/Food 
CSFfo 
(mg/Kg-day) -1 

Dermal 
Soil/Sed 
CSFsld 
(mg/Kg-day) -1 

Dermal 
Water 
CSFwd 
(mg/Kg-day) -1 

Inhalation 
Vapor 
CSFavi 
(mg/Kg-day) -1 

Inhalation 
Particulate 
CSFapi 
(mg/Kg-day) -1 

Aroclor 1016         0.07 0.07 0.07 0.07 0.07 0.07 0.07
Aroclor 1221         2 0.4 2 2 0.4 0.4 2
Aroclor 1232         2 0.4 2 2 0.4 0.4 2
Aroclor 1242         2 0.4 2 2 0.4 0.4 2
Aroclor 1248         2 0.4 2 2 0.4 0.4 2
Aroclor 1254         2 0.4 2 2 0.4 0.4 2
Aroclor 1260         2 0.4 2 2 0.4 0.4 2
3,3',4,4'-TeCB (PCB-77)        75 75 75 75 75 75 75
2,3,3',4,4'-PeCB (PCB-105)        15 15 15 15 15 15 15
2,3,4,4',5-PeCB (PCB-114)        75 75 75 75 75 75 75
2,3',4,4',5-PeCB (PCB-118)        15 15 15 15 15 15 15
2',3,4,4',5-PeCB (PCB-123)        15 15 15 15 15 15 15
3,3',4,4',5-PeCB (PCB-126)        15,000 15,000 15,000 15,000 15,000 15,000 15,000
2,3,3',4,4',5-HxCB (PCB-156)        75 75 75 75 75 75 75
2,3,3',4,4',5'-HxCB (PCB-157)        75 75 75 75 75 75 75
2,3',4,4',5,5'-HxCB (PCB-167)        1.5 1.5 1.5 1.5 1.5 1.5 1.5
3,3',4,4',5,5'-HxCB (PCB-169)        1,500 1,500 1,500 1,500 1,500 1,500 1,500
2,2',3,3',4,4',5-HpCB (PCB-170)        15 15 15 15 15 15 15
2,2',3,4,4',5,5'-HpCB (PCB-180)        1.5 1.5 1.5 1.5 1.5 1.5 1.5
2,3,3',4,4',5,5'-HpCB (PCB-189)        15 15 15 15 15 15 15
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3 
 

3 Review of PCB Microbial 
Degradation Processes 

PCBs are stable compounds that do not degrade easily.  Under certain conditions, 
they may be destroyed by chemical, thermal, and biological processes (Erickson, 
1986).  In the environment, photolysis is the only significant chemical degradation 
process. However, microbial processes are the main route of environmental 
degradation in PCBs.   
 
Photochemical degradation in water or sediments is likely not a significant means 
of PCB losses in the environment due to the following facts (Hutzinger et al., 
1974): 
 

• PCBs have low solubilities in water; and 
 

• UV and solar radiation do not penetrate deeply into solid media, making 
photodegradation in the solid state inefficient. 

 
These facts also make experiments on the photodecompositions of PCBs difficult 
to carry out.  Photodegradation in the atmosphere has been studied (see Erickson 
[1986] and references therein) and half lives for atmospheric photodegradation 
have been measured as ranging from 0.62 to 1.4 days for monochlorobiphenyls to 
67 days pentachlorobiphenyls.  (These data, however conradict information 
presented in Hutzinger, Safe et al. [1974] who state that “higher chlorinated 
biphenyls disappear faster than those with lower chlorine content on irradiation” 
[page 123].)  Volatilization can result in significant removal of PCBs from an 
environmental department without any net loss of PCBs from the environment. 
Once volatilized, however, the chances of photodegradation are increased 
(Erickson, 1986). 
 
PCBs can undergo microbial degradation in natural environments under both 
aerobic (i.e., in the presence of oxygen) and anaerobic (i.e., in the absence of 
oxygen) conditions.  Under aerobic conditions, PCB congeners can be degraded 
by microbial processes that result in the breaking of a carbon to carbon bond of the 
biphenyl molecular frame, the net destruction of PCBs, and the generations of 
degradation by-products.  Under anaerobic conditions, PCB congeners can be 
degraded by microbial processes that result in the substitution of chlorine atoms 
with hydrogen atoms within a PCB molecule.  This results in the transformation of 
PCB congeners into other less chlorinated PCB congeners (Abramowicz, 1990). 
This process it referred to as dechlorination.  Aerobic degradation results in a net 
PCB loss from a given PCB inventory, whereas anaerobic dechlorination does not. 
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In river sediments, aerobic conditions are typically found in the top few 
centimeters of the sediment core, while anaerobic conditions are found at greater 
depths. 
 
Figure 3-1 (reproduced from Abramowicz [1990]) illustrates the effect of aerobic 
and anaerobic PCB degradation.  In the first step, mediated by anaerobic bacteria, 
the pentachlorobiphenyl (five chlorine atoms) congener is transformed into a 
monochlorobiphenyl (a single chlorine atom).  In the second step, mediated by 
aerobic bacteria, the monochlorobiphenyl is degraded to microbial cells, carbon 
dioxide and water. 

Figure 3-1  Aerobic and Anaerobic PCB Degradation 

 

3.1 Aerobic PCB Degradation 
The microbial degradation of PCBs under aerobic conditions is well documented 
and studied (see for example:  Abramowicz ,1990; Bedard, 1990 and references 
therein). Naturally occurring organisms that can degrade PCBs aerobically are 
quite common in nature and consist of many microbiological types.  A diverse 
group of 25 strains of aerobic PCB-degrading bacteria has been isolated and 
characterized.  All organisms isolated have the ability to degrade the less 
chlorinated PCBs,  i.e., mono-,  di-,  some tri-, and possibly  some tetrachlorinated 
biphenyls.  However, as the number of chlorines per PCB increases, the fraction of 
organisms capable of degrading these congeners decreases.  In particular, no 
aerobic microorganisms have been reported to degrade penta- and higher 
chlorinated PCB congeners (Abramowicz, 1990). 
 
Furukawa (1986) reports that commercial PCB mixtures that contain 
predominantly mono- and dichlorobiphenyls readily undergo primary 
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biodegradention by activated sludge microorganisms, and that as the levels of tri-, 
tetra-, and pentachlorobiphenyls increase, the degradation rates decrease 
accordingly.  Furukawa (1986) reports degradation rates in laboratory experiments 
ranging from > 50 nmol/ml/h for some monochlorobiphenyls to 0 for some 
tetrachlorobiphenyls.  He indicates that PCBs containing two chlorines in the 
ortho position of a single ring  (i.e., 2,6) and in each ring (i.e., 2,2’) show a 
striking resistance to degradation.  The congener 2,4,6-trichlorobiphenyl is the 
exception to this rule. 
 
In reference to the molecular composition of Aroclor 1242, which is the main 
contaminant originally discharged in the Fox River, the data presented in Table 2-
4 indicates that 76% of this Aroclor is comprised of tetra- and lower 
chorobiphenyls. As such, based on the data discussed above, up to 76% of Aroclor 
1242 can be degraded aerobically under the proper conditions.  A greater percent 
might be degraded aerobically after the Aroclor has undergone some degree of 
dechlorination (see discussion in Section 3-2). 
 
Even though laboratory studies have documented the existence of naturally 
occurring aerobic bacteria capable of degrading a large spectrum of PCB 
congeners, there is little direct evidence indicating that the aerobic degradation 
process is effective at reducing the PCB mass under field conditions.  The 
difficulty of documenting such occurrences may explain the lack of direct 
observation.  Another explanation may reside in the fact that a biphenyl must be 
present as the sole carbon source for effective PCB degradation under aerobic 
conditions.  This may represent a major obstacle to PCB degradation in situ, since 
PCB congeners themselves apparently cannot support bacterial activity in the 
absence of a biphenyl substrate.  No alternate substrate has been identified that is 
capable of sustaining or enhancing the activity of PCB-degrading bacteria under 
aerobic conditions (Bedard, 1990). 
 
Of the papers reviewed, only a few addressed aerobic degradation of PCBs in 
sediments.  Laboratory and controlled field studies (using caissons driven into the 
sediments to isolate them from the surrounding environment) were performed to 
assess the extent of aerobic biodegradation of PCBs in the Hudson River 
(Harkness et al., 1993; Harkness et al., 1994).  These studies indicated that 
indigenous aerobic microorganisms can degrade the less chlorinated PCBs present 
in Hudson River sediments, and that aerobic PCB biodegradation can be 
stimulated by adding inorganic nutrients, biphenyl, and oxygen.  Less than 60% of 
the PCBs in the Hudson River sediment samples that were collected in both field 
and laboratory experiments were biodegraded aerobically.  In the laboratory 
studies, PCB losses were highest for mono- and dichlorobiphenyls (approximately 
50% for monochorobiphenyls and 43% - 47% for dichlorobiphenyls).  Losses for 
trichlorobiphenyls ranged between 26% and 30%.  Losses for higher chlorinated 
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congeners ranged between 17% and 5%.  In the field studies, similar results were 
obtained with monochlorobiphenyl losses averaging greater than 60%, and 
dichlorobiphenyl losses averaging greater than 50%.  Lesser losses of higher 
molecular congeners were also observed.  Harkness et al. (1993) indicate that up 
to 90% of PCBs can potentially be degraded aerobically based on previous 
laboratory experiments. They state that a potential short-term biodegradation limit 
in both the laboratory and the field might be physically determined by the 
desorption kinetics of the PCBs from the sediments.   
 
The occurrence of aerobic degradation of PCBs in Hudson River sediments is also 
supported by the presence of intermediate metabolites in the sediments, such as 
chlorobenzoic acids.  A correlation between chlorobenzoic acids and PCB 
concentrations was demonstrated, supporting the hypothesis that these acids were 
formed as a by-product of the aerobic degradation of PCBs (Flanagan and May, 
1993).  
 
Grasse River sediments were demonstrated to contain microorganisms that can 
aerobically degrade the lower chlorinated congeners in Aroclor 1242 spiked 
sediments as the test substrate  (Minkley et al., 1999a; Minkley, Blough et al., 
1999b). 
 
A study of PCB patterns in Green Bay sediments (PCB concentrations not 
exceeding 2 mg/kg) by Pham (1993) suggests that aerobic biodegradation is not a 
significant transformation mechanism in those sediments.  Similarly, McLaughlin 
(1994) reports that no evidence of significant aerobic biodegradation was found in 
Lower Fox River sediments.  A discussion of the findings of Pham (1993) and 
McLaughlin (1994) is provided in Sections 4.1 and 4.2. 
 
Research in the application of bioremediation techniques for the treatment in situ 
of soils and sediments contaminated with PCBs is ongoing (see, for example, the 
review presented in Morris and Pritchard [1994]).  Ongoing research focuses on 
the development of methods to improve the bioavailability of PCBs for 
degradation (Rogers, 1998).  The engineered combination of aerobic and 
anaerobic biodegradation has been identified as a promising approach to remedy 
PCBs in soils or sediments.  Laboratory comparison of reactor-based versus in situ 
PCB  processes has demonstrated significantly higher rates of PCB destruction in 
soil slurry reactors.  However, for many sites the advantages of not excavating 
continues to favor the in situ process configuration as a very viable, albeit slower, 
alternative (Shannon, Rothmel et al., 1994). 
 
In summary, based on the literature reviewed, aerobic bacteria have been shown to 
be capable of degrading the less chlorinated PCBs under laboratory conditions.  In 
addition, aerobic biodegradation of PCBs in sediments was observed under 
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controlled field conditions and after the addition of amendments and oxygen. 
Finally, intermediate metabolites of aerobic PCB degradation were detected in one 
study of field sediments.  However, significant intrinsic aerobic degradation has 
not been widely demonstrated under field conditions, nor have engineered 
approaches yet been discovered and implemented that would result in the effective 
aerobic degradation of PCBs in surface waters, soils or sediments.  In particular, 
there is no significant evidence of longer scale natural PCB degradation occurring 
in sediments. 

3.2 Anaerobic PCB Dechlorination 
Reductive dechlorination under anaerobic conditions is generally viewed as an 
important means of biodegradation for numerous compounds including 
organochlorine pesticides (e.g., DDT, lindane), alkyl solvents (e.g., PCE, TCE, 
chloroform), and aryl halides (e.g., chlorobenzenes, PCBs, chlorophenols). 
Reductive dechlorination can alter the toxicity of these compounds and make them 
more readily degradable. Reductive dechlorination is mainly known to occur 
under anaerobic conditions, and it involves the substitution of a chlorine atom with 
a hydrogen atom within a PCB molecule (Mohn and Tiedje, 1992). 

 
Starting in the mid 1980s, alterations in the composition of PCBs present in 
anaerobic river and lake sediments with respect to the original PCB composition 
have been widely documented. These alterations involve the removal of highly 
chlorinated PCB congeners with corresponding increases in the concentration of 
PCB congeners containing less chlorine substitutions (mono-, di-, and tri- 
dominated chlorobiphenyls).  Three major patterns of alterations were observed 
for Hudson River sediments that were originally contaminated with Aroclor 1242. 
 All three patterns showed lower levels of tri-, tetra-, and pentachlorobiphenyls 
and increased levels of mono- and dichlorobiphenyls.  It was suggested that 
transformation processes such as evaporation or aerobic degradation could not 
account for the changes observed.  It was, therefore, proposed that anaerobic 
microorganisms in the sediments were reductively dechlorinating the PCBs 
(Brown et al., 1985; Brown, Jr. et al., 1987). 

 
The anaerobic dechlorination process is complex and diverse and can vary widely 
in the field, even at a scale of a few feet or less. There are at least five major 
factors that are of importance in determining whether or not the dechlorination of 
a particular chlorine on a PCB congener can occur in anaerobic sediments (Bedard 
and Quensen, 1995): 

 
1) the nature of the active microbial population(s); 
2) the type of chlorine substitution to be removed (ortho, meta or para); 
3) the surrounding chlorine configuration on the phenyl ring; 
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4) the chlorine configuration on the opposite phenyl ring; and 
5) the incubation conditions (temperature, redox conditions, ionic strength, 

type of carbon substrate, availability of electron acceptors, presence of oil, 
presence of other contaminants, etc.). 

 
Anaerobic dechlorination of PCBs occurs via a set of specific, microbially 
mediated, reactions.  A specific set of reactions is referred to as a dechlorination 
process.  Depending on site- and chemical-specific conditions, one or more 
processes may control the overall PCB dechlorination rate. A number of 
individual dechlorination processes have been identified in sediments at different 
sites.  The characteristics of these dechlorination processes, and the conditions and 
locations where they have been observed, are presented in Bedard and Quensen 
(1995).  A discussion of these processes is provided below. 
 
Bedard and Quensen (1995) identified at least six separable processes that 
dechlorinate Aroclors.  These processes are labeled M, Q, H, H’, N and P.  These 
processes can occur alone or in combinations.  For example, a dechlorination 
pattern, labeled C, has been identified that is the combination of processes M and 
Q, which are mediated by different microorganisms.  Also, processes M and/or H 
and H’ have been shown to occur concurrently at some sites.  The processes can 
be distinguished by their congener selectivity patterns and by their chlorophenyl 
group reactivity patterns.  Figure 3-2 (reproduced from Bedard and Quensen 
[1995]) provides, as an example, the dechlorination patterns for Process N. 
 
Table 3-1 (reproduced from Bedard and Quensen [1995]) presents a summary of 
the chlorophenyl reactivity patterns of the various PCB dechlorination processes. 
 
Table 3-2 (reproduced from Bedard and Quensen [1995]) summarizes the 
characteristics of the PCB dechlorination processes. 
 
None of the processes described by Bedard and Quensen (1995) have been shown 
to remove chlorine in the ortho substitution. The dechlorination of ortho-
substituted chlorine has, however, been reported to occur (albeit less prevalently 
than other types of dechlorination) both in the laboratory and the field (Brown, Jr. 
et al., 1987; Minkley, et al. 1999a; Minkley et al., 1999b). 
 
Anaerobic dechlorination of Aroclor 1248–spiked sediments in an anaerobic 
bioreactor has been demonstrated by Pagano, Scrudato et al. (1995).  The 
bioreactor was operated in a batch recycle mode and sanitary landfill leachate was 
used as a carbon, nutrient and/or microbial source.  Research in this area is 
ongoing. 
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Figure 3-2   Dechlorination Process N 
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Table 3-1  Chlorophenyl Reactivity Patterns of Various PCB 
Dechlorination Processes 

 
Dechlorination Process Dechlorination 

Reaction M Q C H H’ P N 
3a       0 ?  X     
4       0  X X     

23       2 X X X  X   
24       2  X X     
25       2 X  X     
34       3  X X X X X  
34       4 X  X    X 

234       2  X X     
234b     23  ?      
234b     24 X ?  X X  X 
236     26 X ? X  ?  X 
245       2   X     

245    24 ?      X 

245     25  X X X X X  
2345     24 NAc NA NA    X 
2345    235 NA NA NA X X X  

 
aIt is not clear whether the ability to remove this chlorine is due to process M or to a separate activity that 
sometimes occurs with process M. 
bFor process Q it is not clear which chlorine is removed first, but the ultimate product is the 2-chlorophenyl 
group. 
cData not available. 
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Table 3-2   Characteristics of PCB Dechlorination Processes 
 

Dechlorination 
Process 

Characteristic 
Dechlorination 

Productsa 

Susceptible 
Chlorines 

Susceptible 
Aroclors 

Source of 
Microorganisms 

M 

2 
2-2/26 

2-4 
24-2 
24-4 
26-2 

Flanked and 
unflanked meta 

1242 
1248? 
1254? 

Upper Hudson  
Silver Lake 

Q 

2 
2-2/26 

2-3 
25-2 
26-2 
26-3 

Flanked and 
unflanked para 

 
Meta of 23 

1242 
1248 
1254 

Upper Hudson 

C 

2 
2-2/26 
26-2 
26-3 

Flanked and 
unflanked meta and 

para 

1242 
1248 
1254 

Upper Hudson 

H’ 

2-3 
2-4 

24-2 
25-2 
24-3 
25-3 
26-3 

24-4/25-4 
24-24b 

24-25 
25-25 

235-24b 
235-25b 
236-24b 
236-25b 

Flanked para 
Meta of 23, 24 

1242 
1248 
1254 
1260 

Upper Hudson 
Lower Hudson? 

New Bedford 

H 

2-3 
24-3 
25-3 
26-3 

24-4/25-4 
24-24 
24-25 
25-25 

235-24 
235-25 
236-24 
236-25 

Flanked para 
Doubly flanked meta 

1242 
1248 
1254 
1260 

Upper Hudson 
Lower Hudson 
New Bedford 
Silver Lake? 

P 

23-25 
24-25 
25-25 

235-23 
235-25 

Flanked para 1254? 
1260 

Woods Pond 
Silver Lake? 

 

N 

24-4 
24-24 
24-25 
24-26 

246-24 
2356-24 

Flanked meta 1254 
1260 

Upper Hudson 
Silver Lake 

Woods Pond 

aProducts will vary depending on the congener composition of the PCB mixture being dechlorinated. 
bProposed products from Aroclors 1254 and 1260. 
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4 
 

4 Review of Studies of Natural 
Degradation in Aquatic Sediments

 
This section discusses laboratory and field studies aimed at studying natural 
degradation processes, including reductive dechlorination and aerobic 
biodegradation, occurring in sediments at various sites. The discussion is 
organized by site, and (where available) the results of both laboratory and field 
studies are briefly discussed. The sites for which data were reviewed are the 
following: 
 

• Lower Fox River; 
• Green Bay; 
• Sheboygan River and Harbor 
• Hudson River; 
• Grasse River; 
• Woods Pond; 
• St. Lawrence River; 
• Silver Lake; 
• Acushnet Estuary; 
• Other Locations, including: 

—   Escambia Bay, 
—   Hoosic River, 
—   Waukegan Harbor, 
—   Lake Ketelmeer; 
—   Lake Shinji (Japan), and 
—   Otonabee River-Rice Lake (Canada). 

4.1 Lower Fox River 
Natural degradation processes in the Lower Fox River between Little Lake Buttes 
des Morts and the De Pere Dam were studied by McLaughlin (1994). He 
examined PCB congener distributions within 173 sediment cores from deposits 
proximate to known historical sources of PCBs to the river (deposits A and N), 
and from deposits 30-40 km (19-25 mi) downstream (deposits EE, GG, and HH). 
 
McLaughlin (1994) estimated PCBs lost to weathering based on the weight 
fraction enrichment of congeners believed to be resistant to their respective 
weathering processes (desorption, biodegradation).  He reports that depletion of 
low molecular weight congeners relative to both Aroclor 1242 and to deposits A 
and N was observed in downstream Fox River sediments (deposits EE, GG, and 
HH).  This depletion is attributed mostly to desorptive losses to the water column 



Review of Natural PCB Degradation Processes in Sediments  
 
 

 
  
Review of Studies of Natural Degradation in Aquatic Sediments 4-2 

taking place during sediment transport downstream, rather than aerobic 
biodegradation.  No evidence of anaerobic dechlorination of PCBs was observed 
in downstream deposits EE, GG, and HH, where the maximum PCB concentration 
is approximately 30 mg/kg. 
 
Volatilization is not explicitly accounted for in McLaughlin (1994).  However, 
volatilization results in a mass loss from the water column to the atmosphere.  As 
such, volatilization of PCB mass previously sorbed to sediment can only occur 
after such mass has desorbed to the water column.  Therefore, the explicit 
quantification of mass loss to volatilization from the unit column does not affect 
the estimate of mass loss from sediments due to biodegradation and desorption. 

 
The congener distribution data in deposits A and N support the conclusion that 
anaerobic dechlorination has occurred in these deposits, along with some 
physical/chemical weathering.  The data suggest that dechlorinating activity is 
limited to sediment PCB concentrations of 30 mg/kg or greater.  The overall PCB 
losses due to microbial degradation in deposits A and N were estimated to be 
approximately 10% (McLaughlin, 1994) with respect to the original inventory of 
PCBs deposited in the river. 
 
It was estimated that no biodegradation losses have occurred in sediments in the 
Lower Fox River above the DePere Dam, and that 10% biodegradation has 
occurred in sediments from SMUs with a PCB concentration of 30 mg/kg or 
higher, resulting in an overall PCB mass loss from the river of approximately 
1,600 kg.  Conversely, an overall 33% desorption for all river sediments was 
estimated, resulting in an overall PCB mass loss from the river of approximately 
15,000 kg (McLaughlin, 1998). 
 
Another evaluation of aerobic and anaerobic degradation of PCBs in Deposit A of 
Little Lake Buttes des Mortes is provided in Appendix D, Deposit A - PCB 
Biodegradation Assessment from the Remedial Investigation/Feasibility Study 
Little Lake Butte des Morts Sediment Deposit A (Blasland & Bouck Engineers, 
1993).  Anaerobic dechlorination (as measured by a 20% decrease of the non-
orthochlorine ratio with respect to the ratio of Aroclor 1242) was observed, with 
the exception of one sample which exhibited significantly higher levels of 
dechlorination.  As a result of dechlorination, levels of PCB congener 2,3’,4,4’,5 
were shown to have decreased in almost all samples.  An examination of certain 
aerobically biodegradable congeners (2,3; 2,4’; 2,4,4’; and 2,5,4’) relative to the 
Aroclor 1242 standard provided no evidence of aerobic degradation.  Rather, the 
levels of these congeners were increased as a result of dechlorination.  It was 
concluded that either no aerobic biodegradation had taken place, or its effect was 
being masked by the effects of anaerobic PCB dechlorination. 
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In another study of dechlorination patterns in the Lower Fox River (Hollifield, et 
al. 1995), PCB-contaminated sediments were collected from the southern portion 
of Little Lake Butte des Mortes and analyzed for their congener distribution.  The 
results of these analyses are consistent with in situ dechlorination of PCBs. 
However, the extent of in situ dechlorination was less than that typically reported 
in the literature.  It was estimated that the extent of dechlorination in these 
sediments ranged from 3.77% to 8.18% of total chlorine, and 10.1% to 16.9% of 
the meta and para chlorines relative to Aroclor 1242.  The dechlorination 
appeared to have occurred primarily at the meta and para positions, with a 
preference for the meta position noted. 

 
Attempts by Hollifield et al. (1995) to further dechlorinate Fox River sediments in 
the laboratory met with limited success.  The range of additional dechlorination 
ranged from –0.65% to 6.86% on a total chlorine basis, and –0.65% to 11.2% on a 
meta and para chlorine basis.  Furthermore, all samples displaying dechlorination 
in the laboratory tended to converge on a common chlorine distribution (removal 
of ~10% of total chlorine and ~20% of meta and para chlorines, relative to 
Aroclor 1242).  The concentration in sediments also appeared to have an effect.  
Those sediments with higher PCB concentrations were observed to undergo more 
successful dechlorination to a greater extent (quantification of this effect is not 
provided in Hollifield, Park et al. [1995]).  In addition, the data were consistent 
with the existence of a threshold below which dechlorination will not proceed. 
 
In summary, a threshold of approximately 30 mg/kg appears to exist in Fox River 
sediments for PCB dechlorination.  Below this threshold, no significant anaerobic 
dechlorination of PCBs is expected to occur.  In addition, no significant aerobic 
degradation has been documented in sediments throughout the river. 

4.2 Green Bay 
The PCB congener patterns exhibited by PCBs in Green Bay sediments are 
different from the congener patterns associated with Lower Fox River sediments. 
The congener distribution was observed to shift from the lighter, lower chlorinated 
biphenyls, toward the heavier, higher chlorinated biphenyl.  However, the 
depletion of the lighter chlorinated congeners does not show selective removal of 
non-ortho-chlorinated congeners, as would be expected if aerobic degradation 
were occurring.  Furthermore, the shift toward higher chlorinated congeners 
suggests that anaerobic dechlorination is not a relevant process in the sediments in 
Green Bay (Pham, 1993).  The latter observation is consistent with the absence of 
dechlorination in Lower Fox River sediments containing less than 30 mg/kg total 
PCBs (McLaughlin, 1994). 
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The concentrations of PCBs in Green Bay sediments (less than 2 mg/kg) appear to 
be below the levels necessary for microbial degradation to occur (McLaughlin, 
1998), and the differences in congener distribution between Fox River and Green 
Bay sediments are attributed to chemical and physical processes such as diffusion 
into pore water, solubilization, and re-suspension, rather than biological processes 
such as aerobic degradation or anaerobic dechlorination (Pham, 1993). 

4.3 Sheboygan River and Harbor 
The Sheboygan River flows westward and drains into Lake Michigan at the city of 
Sheboygan, Wisconsin.  The river is contaminated with PCBs from the mouth to 
about 22.6 km (14 miles) upstream (Sonzogni et al., 1991).  Waste hydraulic fluids 
containing Aroclor 1248 and Aroclor 1254 were the source of the contamination 
(David, 1990). 
 
The PCB congener distribution in the Sheboygan River between the Sheboygan 
Falls dam and the harbor in Sheboygan (22.4 km) was studied by David (1990) and 
Sonzogni, Maack et al. (1991).  The conclusions of these studies are summarized 
below. 
 
• The PCB congener distribution (congeners present as well as the weight 

percentages of each congener) from highly contaminated sediments (PCB 
concentration greater than 50 mg/kg) are considerably different from the PCB 
congener distribution of the Aroclor 1248 and 1254 which were originally 
discharged at the site. 

 
• The weight percents of the toxic congeners in these sediments were generally 

lower than those found in Aroclor 1248 and 1254 (the primary PCB mixtures 
discharged to the river), and in Aroclor 1242 and 1260.  The weight percents of 
the most toxic congeners (77, 118, and 105) were about an order of magnitude 
lower than the weight percents in Aroclor 1248.  The average weight percents in 
Sheboygan River samples were 0.02%, 0.2% and 0.04% for congeners 77, 118 
and 105, respectively.  This compares with 0.3%, 3.35% and 0.55% for the same 
congeners in Aroclor 1248. 

 
• The enrichment of the highly contaminated sediments with lower chlorinated 

congeners is not easily explained by known physical-chemical partitioning or 
known abiotic chemical reactions.  This suggests that a biotic process might be 
responsible for the enrichment.  It is suggested in David (1990) that this process 
is anaerobic dechlorination. 
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• In sediments containing concentrations less than 50 mg/kg, the congener 
distributions were similar to the original Aroclors, suggesting the existence of a 
threshold for dechlorination of approximately 50 mg/kg.  

 

4.4 Hudson River 
PCBs were first detected in fish from the Hudson River in 1969.  The principal 
source of PCB contamination was related to the release of Aroclors to the river 
and river sediments. 

  
In 1987, Brown Jr. et al. (Brown, Jr., Bedard et al., 1987; Brown, Jr., Wagner et 
al., 1987) reviewed chromatograms of hundreds of sediment, water, and soil 
samples contaminated with PCBs to determine changes in the relative 
concentrations of isomers with respect to the original PCB composition.  They 
reported that in the upper Hudson River as a whole, approximately 40 to 70 metric 
tons of PCBs (out of an estimated total of 134 metric tons), have been converted 
from tri-, tetra- and higher chlorobiphenyls to mono-, di-, and predominantly 
ortho-substituted tri-chlorobiphenyls due to reductive dechlorination.  Potential 
changes in sediment PCB congener distribution due to desorption and 
volatilization were not addressed in these studies.  The extent of dechlorination 
was more pronounced in highly contaminated sediments (i.e., >50 mg/kg) but 
more modest in less contaminated sediments.  As part of this study, the authors 
found evidence of dechlorination in sediments from adjacent Silver Lake, Hoosic 
River, Sheboygan River, and Acushnet Estuary.  The dechlorination patterns were, 
however, different at these locations when compared with the Hudson River.  The 
study also reported that all of the lower chlorinated PCB congeners formed by the 
observed reductive dechlorination could be biodegraded by one or more of the 
aerobic PCB-degrading bacteria that were isolated from soils and sediments.  The 
authors proposed the hypothesis that a two-step sequence of dechlorination 
followed by oxidative biodegradation might eventually achieve total PCB 
destruction under properly engineered conditions. 

 
In 1997, the U.S. Environmental Protection Agency (EPA) published an analysis 
of in situ dechlorination in the Hudson River from the results of a high-resolution 
sediment coring program (Tams Consultants, 1997).  The main conclusions of this 
study are as follows. 

 
• No evidence was found of extensive dechlorination within sediments in the 

Hudson River. 
 
• Anaerobic dechlorination of PCBs in the Hudson River is limited to meta 

and para chlorines. Based on the composition of Aroclor 1242 (the main 
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contaminant) no more than 26% ultimate mass loss by dechlorination is 
possible. 

 
• The data suggest that other PCB destruction processes are not effective at 

removing PCBs from the sediments. 
 
• Dechlorination appears to proceed, to a limited degree, dependent on the 

initial PCB concentration and does not continue to occur indefinitely; all 
sediment mass loss via dechlorination has occurred for current 
contamination and no further significant amelioration can be expected. 

 
• No sediments were found which had a calculated PCB mass loss of greater 

than 25%. 
 
• Below a concentration of 30 mg/kg, dechlorination mass loss did not occur 

predictably and was frequently 0%. 
 
• The data verify the general persistence of PCBs in the environment. 

 
The EPA report concluded that PCBs in the sediments of the upper Hudson River 
can be expected to be available for sediment-water exchange, re-suspension and 
biological interaction for at least 35 years and probably longer. 
 
A number of laboratory studies were performed on sediments collected from the 
Hudson River (or using anaerobic microorganisms obtained from these 
sediments). These studies were aimed at demonstrating the effectiveness of 
dechlorination of PCB congeners present in these sediments (Quensen III et al., 
1988; Quensen III et al., 1990; Morris, Mohn et al., 1992; Abramowicz et al., 
1993; Rhee et al., 1993a; Rhee et al., 1993b; Sokol et al., 1995; Williams, 1994). 
The following bullet items summarize the main findings of these laboratory 
studies. 

 
• The laboratory studies consistently show that dechlorination at the meta 

and para positions under anaerobic conditions is readily achieved in 
laboratory studies.  However, no significant ortho dechlorination was 
observed. 

 
• Inocula prepared from PCB-contaminated sediments from the Hudson 

River can effect meta and para dechlorination of sediments spiked with 
mixtures of Aroclor 1242, 1248, 1254 and 1260. 

 
• Biphenyl enrichment decreased both the rate and extent of dechlorination, 

and affected the dechlorination products. 
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• The extent and rate of dechlorination in Hudson River sediments, as well as 

the lag time before the onset of dechlorination activity, was consistently 
shown to depend on PCB concentrations.  Dechlorination activity was 
generally determined to be directly related to PCB concentration (i.e., the 
greater the PCB concentration, the greater the extent of dechlorination).  
For example, Quensen et al. (1988) reported that in the 700 mg/kg PCB 
concentration samples, the average number of meta plus para chlorines per 
biphenyl decreased from an average of 1.98 to 0.31 after 16 weeks, but 
only decreased to 1.19 in the 140 mg/kg samples.  At 14 mg/kg there was 
no difference between the live samples and the autoclaved controls, 
indicating that a threshold to dechlorination might exist at or above that 
concentration level.  Two additional studies (Rhee et al. 1993a, Rhee et al. 
1993b) also report the existence of a concentration threshold for 
dechlorination activity (no concentration values for this threshold were 
provided).  The threshold level might be site- and congener-specific. 

4.5 Grasse River 
A stretch of the Grasse River near Massena, New York was contaminated with 
PCBs, primarily from the release of products containing Aroclor 1242.  A 
comprehensive field and laboratory study of naturally occurring PCB 
biodegradation processes in Grasse River sediments was prepared by the Carnegie 
Mellon Research Institute Biotechnology Group (Minkley et al., 1999a; Minkley 
et al., 1999b). The following summarizes the results of this study. 
 

• In situ PCB dechlorination is an ongoing process in Grasse River 
sediments. 
 

• Dechlorination activity is dependent on PCB concentration.  Dechlorination 
appears to be occurring in sediments having less than 10 mg/kg total PCB 
concentration, but the statistical evidence of dechlorination at 
concentrations below 7 to 10 mg/kg is less strong than at higher 
concentrations (i.e., the statistical confidence level is less than 95%). 
 

• The study suggested that biphenyl detected in Grasse River sediments 
resulted from the dechlorination of PCB congeners and that congeners with 
ortho-substituted chlorines are being degraded.  In addition, the study 
suggested the possibility for anaerobic biodegradation of biphenyl and PCB 
congeners with low chlorine substitutions. 
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In summary, the study concluded that the Grasse River sediments are undergoing 
both aerobic and anaerobic PCB biodegradation under field conditions. The rate 
and extent of this biodegradation have not yet been determined. 

4.6 Woods Pond 
Woods Pond (Lenox, Massachusetts) is a shallow impoundment on the 
Housatonic River located 10.5 miles downstream from Silver Lake.  The pond’s 
sediments are contaminated with hydrocarbon oil and PCBs from the release of 
products containing Aroclor 1260 (95%) and Aroclor 1254 (5%).  The results of a 
core sampling study in Woods Pond indicated the following (Bedard, 1990; Van 
Dort and Bedard, 1991; Bedard, Bunnell et al., 1996; Bedard and May, 1996; 
Bedard, Van Dort et al., 1997; Van Dort, Smullen et al., 1997). 

 
• The PCB congener distribution in Woods Pond sediments results from 

declorination of Aroclor 1260 and Aroclor 1254 (95:5). 
 
• All samples collected from Woods Pond showed some evidence of 

reductive dechlorination when compared to Aroclor 1260.  The sample with 
the most extensive dechlorination was depleted by only 13.7% of the meta 
and para chlorines (3.92% for Aroclor 1260 versus 3.38%, for the most 
extensively dechlorinated sample).  The most extensively dechlorinated 
samples had lost 11% to 19% (2.27% to 2.08% versus 2.57% for Arclor 
1260) of the meta chlorines, and 2% to 7% of the para chlorines (1.33% to 
1.26% versus 1.35% for Aroclor 1260). 

 
• The dechlorination process targeted most of the hexa-, hepta- and 

octachlorobiphenyls, and converted them into tetra- and 
pentachlorobiphenyls containing predominantly ortho and para chlorine 
substitutions.  Meta dechlorination was favored over para dechlorination. 

 
• The extent and type of dechlorination process varied considerably among 

samples, depending on the sample location within the pond. 
 
• It is possible to stimulate, or “prime”, in the laboratory indigenous 

microorganisms in Woods Pond to effect rapid dechlorination of PCBs that 
have persisted in the environment for decades.  This was shown to be true 
even in the presence of high concentrations of oil (5 mg/kg). 

 
• Under laboratory conditions, indigenous anaerobic microorganisms from 

Woods Pond are capable of removing chlorine from the ortho position of at 
least one PCB congener (2, 3, 5, 6-tetrachlorobiphenyl). 
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4.7 St. Lawrence River 
The St. Lawrence River is located along the northeast border of New York State 
and has been contaminated with PCBs from industrial sources.  The presence of 
PCBs was related to the release of products containing Aroclor 1248 and to a 
minor extent Aroclor 1260.  The results of field and laboratory studies indicated 
the following (Sokol et al., 1994; Sokol, Bethoney et al., 1998a; Sokol et al., 
1998b). 

 
• Sediment cores taken on the St. Lawrence River showed evidence of in situ 

reductive dechlorination at all sites along the river where cores were 
collected, except for one location.  The extent of dechlorination varied 
widely from site to site, ranging from 2% to 45% (with respect to Aroclor 
1248), based on the average number of chlorines per biphenyl. 
 

• At most sites, dechlorination resulted in the removal of meta and para 
chlorines.  Meta dechlorination was favored over para dechlorination at 
most sites.  There was no evidence of ortho dechlorination at any of the 
sites. 
 

• The lack of dechlorination at the one site was not attributed to the lack of 
competent microorganisms, but appeared to be associated with a high level 
of contamination (93,000 mg/kg aluminum, 4,794 mg/kg, PAHs) that may 
have included non-aqueous fluids. 
 

• Location specific sediment characteristics can significantly affect 
indigenous populations and thus affect the resulting dechlorination pattern 
and extent. 
 

• Additional dechlorination in the laboratory of partially dechlorinated 
samples collected in the St. Lawrence River occured rapidly over the first 
four months of incubation.  Over this period of time, total chlorines per 
biphenyl were reduced by 22% (from 3.2 to 2.5) with respect to the field 
samples.  With further incubation, a second phase of dechlorination ensued 
after 15 months, with the total number of chlorines per biphenyl decreasing 
slightly further from 2.5 to 2.4.  After this additional dechlorination the 
transformation reached a plateau with no further change until the end of 
incubation at 39 months, indicating an endpoint.  These laboratory results, 
when compared to the field data, suggest that in situ dechlorination at the 
site has not yet reached a plateau, although they are not able to reveal the in 
situ dechlorination rate. 
 



Review of Natural PCB Degradation Processes in Sediments  
 
 

 
  
Review of Studies of Natural Degradation in Aquatic Sediments 4-10 

• Some earlier field data indicated no correlation between the extent of 
dechlorination and sediment PCB concentration (Sokol et al., 1994). 
However, more recent laboratory studies (Sokol et al., 1998) indicated a 
clear dechlorination threshold concentration of 35 to 45 ppm total PCBs.  In 
addition, these laboratory studies indicated that above the threshold 
concentration, the dechlorination rate was a function of total PCB 
concentration. 

4.8 Silver Lake 
Silver Lake is a 26-acre urban pond in Pittsfield, Massachusetts. Products 
containing Aroclor 1254 and Aroclor 1260 were likely used and released at 
different times from facilities close to the lake (Bedard and Quensen, 1995). 
 
Brown, Jr., Bedard et al. (1987) and Brown, Jr., Wagner et al. (1987) studied the 
PCB congener distribution in sediment and concluded that dechlorination had 
altered the congener distribution pattern, that the PCB deposited in Silver Lake 
sediments was originally virtually all Aroclor 1260, and that PCBs in Silver Lake 
had undergone ortho as well as meta and para dechlorination.  Bedard and 
Quensen (1995), however, questioned the finding that ortho dechlorination 
occurred in Silver Lake sediments, and indicated that the observed PCB patterns 
can be attributed to meta and para dechlorination of Aroclor 1254. 
 
Quensen III et al., (1990) studied the rate and pattern of dechlorination of four 
commercial Aroclors (1242, 1248, 1254 and 1260) by microbial cultures prepared 
from PCB-contaminated sediments from Silver Lake and compared then with 
those obtained from microbial cultures from PCB-contaminated sediments in the 
Hudson River.  In both cases dechlorination of meta and para chlorines (ranging 
from 15% to 85%, with the respect to the original Aroclor) was observed. For each 
inoculum, the rate and extent of dechlorination tended to decrease as the degree of 
chlorination of the Aroclor increased.  The results suggested that there are 
different groups of PCB-dechlorinating microorganism at the two sites, and that 
each group has specific characteristics for PCB-dechlorination.  The issue of the 
existence of a potential dechlorination threshold was not examined in the Silver 
Lake references reviewed. 

4.9 Acushnet Estuary 
Congener-specific analyses of the PCBs in the Acushnet Estuary (New Bedford, 
Massachusetts) sediments and waters were undertaken to identify the alteration 
and transport processes of PCBs in a coastal marine environment.  PCBs in the 
Acushnet Estuary are from the release of products containing Aroclor 1242 and 
1254. (Brown, Jr. and Wagner, 1990).  The study concluded that anaerobic 
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microbial processes had selectively removed non-ortho chlorines from most of the 
higher chlorinated PCB congeners.  The dechlorination process occurring within 
the Acushnet Estuary was identified as Process H.  The dechlorination process 
appeared to have begun near the upper end of the estuary and not have yet reached 
the lower portions of the estuary.  In addition, the study concluded that PCBs had 
undergone desorption into the water column and vertical movement within the 
sediments (rather than remaining stratified), but there was no horizontal translation 
between sites. 

4.10   Other Locations 
Limited evidence of in situ dechlorination at a number of additional locations is 
reported in Bedard and Quensen (1995).  The following summarizes information 
from these locations and, where available, the Aroclor type constituting the bulk 
of the original PCB contamination.  Complete quantitative congener-specific 
analyses of sediment PCBs was not available for any of these locations, but the 
data that are available suggest that PCB dechlorination has occurred to an 
observable extent at the following locations: 

 
• Escambia Bay (near the mouth of the Pensacola River, FL); 
 
• Hudson Estuary and River (near Troy, Mechanicville, Albany and 

Kingston, Catskill and Poughkeepsie, NY). 
 
• Hoosic River (North Adams, MA). 
 
• Waukegan Harbor, IL, contaminated with Aroclor 1248. 
 
• Lake Ketelmeer, a sedimentation area of the Rhine River in the 

Netherlands. 
 
• Lake Shinji, Japan, contaminated with Kanechlor 500, a commercial PCB 

mixture similar to Aroclor 1254. 
 
• Otonabee River/Rice Lake, in Petersborough, Canada 
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5 Conclusions
 

The purpose of this review was to evaluate information relating to the viability of 
natural biodegradation as a potential remedial action for the sediment-bound PCBs 
in the lower Fox River and Green Bay. Based upon the evidence presented in the 
literature, the following conclusions can be drawn.  

 
• Naturally occurring reductive dechlorination processes in sediments has 

been documented.  There are three principle lines of evidence. 
 

— The PCB congener distribution in sediment cores has been analyzed and 
compared with the distribution of the original source of PCB 
contamination at a number of locations.  This type of analysis has 
shown that, under the right conditions, a reduction of the concentrations 
of the highly chlorinated congeners and an increase in the 
concentrations of the medium- to lower-chlorinated congeners 
(indicating that dechlorination of the highly chlorinated congeners had 
occurred) can be documented. 

 
— Laboratory experiments have been performed on sediment samples 

contaminated with PCBs obtained from a number of different locations. 
These experiments have shown the ability of anaerobic microbial 
populations to effect dechlorination of PCBs under laboratory 
conditions. 

 
— Anaerobic microorganisms extracted from PCB-contaminated 

sediments have been shown to degrade sediment samples spiked with 
standard Aroclors. 

 
• Anaerobic PCB degradation under field conditions was demonstrated to 

have occurred at almost all the sites studied.  However, the reduction in 
PCB concentrations through anaerobic processes is site-dependent.  In the 
Lower Fox River, only 10% reduction could be accounted for by anaerobic 
processes for deposits with average PCB concentrations greater than 30 
mg/kg.  No PCB reductions due to anaerobic processes could be accounted 
for in deposits with average concentrations less than 30 mg/kg.  
Conversely, it was estimated that 33% of the PCB mass originally 
deposited in the Lower Fox River was lost due to desorption (that is, the 
PCBs were re-suspended in the water column).  Physical loss through 
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desorption from sediments seems to exceed any biodegradation in the 
Lower Fox River environment. 

 
• Meta and para dechlorination are most prevalent under both field and 

laboratory conditions. However, only limited evidence supports the 
occurrence of ortho-substituted PCB congeners under both field and 
laboratory conditions.  The concentration of ortho-substituted congeners in 
the Aroclors deposited at any given site might represent a lower limit to the 
extent of dechlorination achievable at that site. 

 
• The rate and extent of dechlorination under field and laboratory conditions 

appear to be influenced by the overall PCB concentration in sediments.  
The greater the PCB concentration, the greater the rate and extent of 
dechlorination. 

 
• The most well documented of the PCB contaminated sites demonstrate that 

a threshold PCB concentration must exist before anaerobic dechlorination 
can occur.  The threshold PCB concentration level is site specific.  At 
different sites, thresholds have been shown to range from about 10 mg/kg 
up to about 50 mg/kg.  The sediments from the Lower Fox River show a 
threshold of 30 mg/kg.  At concentration levels below 30 mg/kg no 
reductions of PCBs have been documented in the Lower Fox River.  Based 
on the available data, even if these sediments could be aerated, complete 
removal of PCBs by biological means might not be feasible, because the 
highly chlorinated congeners will not dechlorinate below the threshold 
values.  It is possible that other active treatment options might promote 
dechlorination of the sediments, making the PCBs more amenable to 
aerobic biological destruction. 

 
• The type, rate, and extent of dechlorination processes are influenced by a 

number of site-specific conditions, and can vary from sample to sample 
even within the same site.  Based on the literature reviewed, it appears that 
site-specific predictions on dechlorination processes cannot be made 
without recourse to site-specific dechlorination studies. 

 
• Aerobic degradation of the lower chlorinated PCB congeners (which results 

in the actual destruction of PCB molecules) has been documented in 
laboratory studies, but is poorly documented under field conditions.  No 
field rates for aerobic PCB degradation have been measured at any sites.  In 
particular, aerobic degradation has not been documented in the Lower Fox 
River and Green Bay.  Aerobic processes might be effective in reducing 
PCB concentrations if used under controlled conditions (such as sediment 
management units). 
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• Aerobic degradation is not effective at degrading the higher chlorinated 

PCB congeners. 
 

• Rates of PCB destruction are not available from field studies.  These rates 
are critical to understanding whether natural biological processes can be 
relied on to eventually cleanup the sediments.  One of the conclusions of 
the EPA study of the Hudson River is that unless action is taken, PCBs in 
the Hudson River can be expected to be available for sediment water 
exchange, re-suspension, and biological interaction for at least 35 years 
and, possibly longer. 
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GGlass Aggregate Feasibility Study

Executive Summary
During the comment period of the 2001 draft of the Lower Fox River RI/FS,
WDNR completed a project to evaluate the feasibility of a vitrification
technology, based on standard glass furnace technology, to treat contaminated
sediment.  Following the release of the 1999 Draft RI/FS, Minergy Corporation
prepared a proposal for a multi-phased study to determine the treatment and cost
effectiveness of this technology to destroy organic contaminants (primarily PCBs)
and immobilize inorganic contaminants (primarily heavy metals) in river
sediments.  Minergy Corporation proposed a four-phased feasibility study for the
testing of a glass furnace technology and proposed to cost share the study.  With
funding assistance from EPA’s GLNPO, WDNR accepted Minergy Corporation’s
proposal to conduct the Glass Furnace Technology Feasibility Study.  Also,
recognizing the extreme scrutiny PCBs have been under and the need for a
thorough independent evaluation of contaminant fate, WDNR requested
assistance from the EPA SITE Program.  The SITE Program agreed to
independently undertake the evaluation of cost and treatment effectiveness for
this project.

Initially the four proposed phases of the study were:

C Phase I:  Mineralogy and sediment characterization;
C Phase II:  Crucible melt and preliminary design engineering;
C Phase III:  Pilot-scale sediment melt of dewatered dredge material; and
C Phase IV:  Full-scale facility construction.

WDNR and Minergy Corporation agreed to conduct Phases I through III.
Minergy Corporation approached the feasibility of this technology from the
perspective of designing a system that would produce a high quality, reusable glass
aggregate product.  They recognized that the conditions necessary to produce a
quality glass aggregate product would also be ideal for destruction of organic
contaminants, such as PCBs.  Many trace metals found in sediment are
permanently immobilized in the melting and quenching process, producing a final
aggregate product that is very inert.

Phase I testing characterized the mineral composition of river sediments to
estimate the glass quality, durability, and melting point.  Sixteen archived river
sediment samples, representing the entire 39 river miles, that were collected
during previous investigations were analyzed for mineral composition and loss on
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ignition (LOI).  The mineral composition of the river sediments was very
consistent throughout the river and is very favorable for producing a quality glass
product.  The low results generated in the LOI tests confirm that a melting
technology is more appropriate for river sediments than an incineration
technology.  With these positive results in hand, the project moved into Phase II.

During Phase II, crucible melts of Lower Fox River sediment were conducted to
determine the actual melting conditions and glass characteristics/qualities of the
sediment alone and when augmented with other materials (flux mixtures).  Fluxes
are added to the batch material to optimize the mineral composition, which in
turn minimizes the amount of energy necessary to melt the material.  The four
different “recipes” were tested and all successfully melted the sediment into glass.
The addition of limestone, as a fluxing agent, to the sediment provided the best
results (Minergy Corporation, 1999).  Phase II results included a proposed recipe
for melting river sediment into glass aggregate and preliminary engineering designs
for the pilot test facility proposed for Phase III.  This preliminary engineering
recommended not using an existing glass furnace for Phase III testing.  Results of
Phase II testing indicated that:

C The cost to retrofit an existing facility to the specification needed to
melt sediment would be as much as building a pilot melter to these
same specifications;

C Most existing facilities are too large to accommodate a limited duration
test and would not provide the ability to adequately sample the various
waste streams to determine destruction efficiency; and

C Use of oxy-fuel burners would be most energy efficient.

Together, the results of Phase I and II indicated that the glass furnace
construction and operating costs could allow the processing and melting of the
river sediments to be considered an economically viable option.  Therefore,
Minergy Corporation and WDNR initiated Phase III, the construction and
operation of a pilot-scale glass furnace, specially designed to generate the
operational data, treatment effectiveness data, and cost information needed for
scale-up to a full-scale facility (Phase IV).  The glass furnace technology process
consists of two basic steps:  a sediment drying step followed by the vitrification
(melting) step.  Due to the potential to release contaminants during both steps
and the limited scale of this phase, treatment of approximately 60 tons of dredged
and dewatered sediment, it was necessary to evaluate these two steps
independently.  Both processes were independently evaluated by the EPA SITE
Program.  The evaluation of the drying step was completed using a bench-scale
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Holoflite® dryer at Hazen Research, Inc.’s Golden, Colorado facility.  Results from
the dryer will not be discussed here because the waste streams from this process
can and will be incorporated directly into the design of the melter thus effectively
treating these waste streams.  However, the dryer evaluation did provide some
insights into the material handling characteristics of the sediment including
(Hazen, 2001):

C Fox River sediments can be physically modified to provide flowable feed
to a dryer;

C The amount of moisture in the sediments can be reduced to less than
10 percent;

C Heat transfer coefficients and thermal efficiencies;

C Dewatered sediment exhibited stickiness or agglomerating
characteristics at less than 65 percent solids; and

C Dewatered sediment at greater than 65 percent solids did not exhibit
sticky or agglomerating characteristics.

The pilot-scale glass furnace is simply a refractory-lined rectangular melter (refer
to Figure 6-11).  The refractory is brick or concrete that has been specially treated
to resist chemical and physical abrasion, has a high melting point, and provides
a high degree of insulating value to the process.  Natural gas is fired in the
furnace, raising the internal temperatures to between 2600 and 3000 /F.  Exhaust
treatment is simplified and energy efficiency improved by the melter’s use of
purified oxygen (oxy-fuel) rather than ambient air as the oxygen source.  At these
temperatures, the sediment melts and flows out of the furnace as molten glass.
Due to low gas volumes produced by the oxy-fuel melter and the large volume of
gas space above the molten line, gases remain resident in the melter for a
significant period of time (greater than 2 seconds).  These conditions are more
extreme than the conditions demonstrated to destruct PCBs.  Other vitrification
technologies have demonstrated greater than 99.9999 percent destruction of
PCBs (cite NY/NJ WRDA work in WEDA).  In addition, any trace metals in the
molten glass will be stabilized when it is quenched and the glass matrix is formed.

The two primary objectives of Phase III testing were (EPA SITE, 2000):

C P1 To determine the treatment efficiency (TE) of PCBs in dredged and
dewatered river sediment when processed in the Minergy
Corporation glass furnace technology (GFT); and
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C P2 To determine whether the GFT glass aggregate product meets the
criteria for beneficial reuse under relevant federal and state
regulations.

In addition, there were three secondary objectives:

C S1 Determine the unit cost of operating the GFT on dewatered dredged
river sediment;

C S2 Quantify the organic and inorganic contaminant losses resulting
from the existing or alternative drying process used for the dredged
and dewatered river sediment; and

C S3 Characterize organic and inorganic constituents in all GFT process
input and output streams.  Of principal concern is the formation of
dioxin and furan during the vitrification step.

Phase III was completed in August 2001.  During the pilot, approximately 50 tons
of dredged and dewatered river sediment was processed through the melter.  This
phase clearly showed that the glass furnace technology created a quality glass
aggregate material from river sediments.  The properties of the glass aggregate
were quite positive and were very consistent, producing a hard, dark, granular
material (Minergy Corporation, 2001).

The EPA SITE Program has released the validated results of the chemical testing
conducted during Phase III.  As described in the Quality Assurance Project Plan
(QAPP) (EPA SITE, 2001), all input and waste streams were sampled during the
pilot.  Testing was performed for a wide range of chemicals including congener
PCBs (n = 78), dioxins/furans, SVOCs, VOCs, and heavy metals.  In addition, the
glass aggregate was subjected to both American Society for Testing and Materials
(ASTM) water leaching procedures and SPLP procedures.

The sediment charged into the melter during the pilot testing averaged 28.1
milligrams of PCB per kilogram (mg-PCB/kg).  Exhaust gas emissions were
sampled on the pilot melter before and after the air quality control equipment.
The average PCB concentration of the exhaust after the air quality control
equipment was 36.6 nanograms per dry standard cubic meter (ng/DSCM) meter).
In comparison, the average PCB concentration of the exhaust before the air
quality control equipment was only slightly higher at 45.9 ng/DSCM.  Thus, on
an hourly average post-air quality control stack basis, this equates to PCB
destruction of greater than 99.99993 percent during the pilot.
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The formation of dioxins and furans during the thermal treatment of PCB-
contaminated sediment was identified as a concern during the development of the
sampling plan and were sampled.  The sediment on average contained 23.5 and
65.6 ng/kg 2,3,7,8-TCDD and 2,3,7,8-TCDF, respectively.  No 2,3,7,8-TCDD
was detected in either the pre- or post-air quality control equipment samples.
2,3,7,8-TCDF was detected at an average of 0.0018 ng/DSCM post-air quality
control equipment.  Therefore, on an hourly average basis during the pilot,
8,815.5 ng of 2,3,7,8-TCDD and 2,3,7,8-TCDF were loaded into the melter while
less than 0.1 ng of only 2,3,7,8-TCDF was emitted.  This not only represents a
greater than 99.998 percent reduction in 2,3,7,8-TCDD/TCDF, but more
importantly that these compounds are not created to any extent during this
treatment process.

Using the results from the pilot melter, the emissions from a 250 glass tons per
day full-scale facility were calculated.  The facility would meet all current state
and federal air emissions regulations and is not expected to trigger the major
source thresholds (Minergy Corporation, 2002).

The glass aggregate also demonstrated acceptable characteristics for beneficial
reuse.  As identified in the project QAPP (EPA SITE, 2001), the glass aggregate
did not exceed any of the criteria specified.  In fact, the ASTM water leach test
and SPLP test did not detect any 2,3,7,8-TCDD/TCDF, not a single PCB
congener, any SVOCs, nor any of the eight heavy metals.

In response to EPA SITE’s need to also determine the cost of the technology,
Minergy Corporation performed a Unit Cost Study for Commercial-Scale Sediment
Melter Facility (Minergy Corporation, 2002).  This report used standard build-up
estimating approaches in developing the cost estimates.  This approach used the
information generated in Phases I, II, and III and on that basis requested relevant
cost, performance, and sizing data from equipment suppliers.  With this data, the
general plant layout (Figure FVRS-GA-101 from Unit Cost Report presented in
Appendix G), mass and energy balance, and equipment arrangements were made.
From this, estimates were done for construction and operations and, through
financial modeling, a unit-cost forecast.  The base case estimates were made using
a plant size of 250 glass tons per day.  Sensitivity analysis was also conducted for
various sized melter plants with and without integrated storage.  Table 4 from the
Unit Cost Report presented in Appendix G summarizes the unit costs developed
during this study.

The glass furnace technology incorporates and optimizes several factors to achieve
greater cost and treatment effectiveness than other thermal processes, including
rotary kilns.  These factors include:
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1. Oxy-Fuel.  The use of pure oxygen (rather than atmospheric air) and
natural gas has the added benefits of:

a. Substantially reducing pollutant emissions thereby reducing capital
and annual operating expenses associated with air quality control
equipment; and

b. Higher heat transfer and thermal efficiencies which together increase
throughput in an existing facility or reduce the size of new facilities
(see Baukal, 1998 for a review of oxy-fuel combustion).

2. The Use of Highly Insulating Refractory.  A glass furnace is able to utilize
several layers of refractory brick, thus increasing the insulating value
and keeping the oxy-fuel heat inside the furnace.  In comparison, other
thermal processes like rotary devices for vitrification can have thinner
refractory linings and thus may have up to three times the amount of
heat loss.

3. Use of a Dryer to Remove Water from the Sediment.  Many other technologies
process wetter material and, therefore, a substantial portion of the
energy consumption is used in super-heating water to the same
temperature as the sediment.

Thermal recovery from the glass furnace can provide a significant portion (85
percent) of the energy to pre-dry sediment before introduction into the glass
furnace.
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Table 1 X-Ray Fluorescence Elemental Analysis and Stepped Loss on Ignition Analysis

Date
Collected Nov. 11 Nov. 11 6/3/1998 6/3/1998 6/5/1998 6/5/1998 6/5/1998 6/5/1998

Lab # A B 5297 5300 5290 5299 5298 5289 5291 5295 5296 5292 5293 5294 5301

Al2O3 10.70 5.03 4.53 9.03 14.10 10.20 14.70 14.20 11.80 10.60 13.80 13.20 11.80 12.80 13.70 11.20

SiO2 63.70 76.90 80.50 80.50 63.10 58.90 59.20 62.10 58.30 65.80 62.30 58.40 53.30 62.10 61.10 53.50

CaO 7.91 8.10 5.17 1.04 7.29 9.84 9.07 7.15 10.40 8.09 7.22 9.93 15.90 7.88 7.75 11.00

Fe2O3 4.58 1.90 1.32 3.19 5.84 3.62 6.00 5.55 4.66 3.73 6.45 5.40 5.29 5.49 5.35 4.61

TiO2 0.55 0.10 0.07 0.37 0.61 0.54 1.17 0.80 0.71 0.53 0.65 0.89 0.63 0.68 0.68 0.67

Na2O 0.98 0.88 0.73 0.90 0.52 0.77 0.61 0.71 0.70 0.74 0.56 0.71 0.71 0.74 0.69 0.65

MgO 6.09 4.58 3.87 1.46 6.28 8.16 6.70 6.86 6.53 5.66 6.81 7.92 4.56 7.17 7.96 8.80

P2O5 0.22 0.08 0.08 0.10 0.32 0.41 0.72 0.38 0.37 0.30 0.34 0.48 0.30 0.26 0.33 0.40

S 0.48 0.33 0.26 <0.05 0.41 0.66 0.56 0.36 0.52 0.35 0.48 0.69 0.35 0.27 0.27 0.56

Cl <0.02 <0.02 <0.02 <0.02 <0.02 0.03 0.03 <0.02 0.02 <0.02 <0.02 0.03 <0.02 <0.02 <0.02 0.03

K2O 3.48 2.04 2.16 2.87 2.95 2.92 3.23 3.55 3.11 3.17 2.97 3.16 2.99 3.53 3.65 2.99

MnO 0.07 0.02 0.02 0.04 0.07 0.05 0.08 0.06 0.07 0.06 0.07 0.07 0.07 0.06 0.06 0.07

BaO 0.06 0.04 0.04 0.05 0.06 0.06 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.03

LOI-550 10.9 8.9 12.6 8.0 10.8 6.8 7.4 8.9 2.8 7.9 5.2 9.9 11.6

LOI-750 15.1 13.6 17.2 12.5 16.1 10.7 9.2 13.5 3.1 11.3 8.4 15.1 18.0

Sample
Designatio
n

Dep N Marina Marina 95001-
01

95015-
01

95049-
01

95055-
06

95075-
04

95068-
01

95100-
01

SDC-
EE22-1-G-

45-55

SDC-
EE22-1-G-

45-55

SDC-X-
4-G-45-

55

SDC-W-5-
G-45-55

SDC-E-
4-G-45-

55

SDC-C-
1-G-45-

55
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Figure 1 Glass Furnace Process Description

Sediment (A) is fed into the hopper above the screw feeder (B).  The feeder conveys the sediment
continuously into the main section of the melter (C).  The extremely high temperatures in the
melter cause the sediment to become molten, liquid glass (D).  The molten glass flows under a
skimmer block (E) into the forehearth (F), where the material continues to form a stable glass.  At
the end of the melter, the glass flows out (G), into a water quenching tank (not shown).  A
removable block is included at the end of the forehearth (H) to stop the flow of glass if desired.
Exhaust gases (I) flow out from the top of the furnace to the air quality control equipment (not
shown).
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Figure 2 Processing Facility Conceptual Layout
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Table 2 Summary of Sensitivity Options:  Sediment Melting Plant

1×100
Integrated
No Storage

1×100
Integrated
Storage

1×250
Integrated
No Storage

1×250
Integrated
Storage

1×250
Standalone
No Storage

1×250
Standalone

Storage

2×250
Standalone
No Storage

2×250
Standalone

Storage

2×375
Standalone
No Storage

2×375
Standalone

Storage

Daily Capacity (tons) 240 240 613 613 613 613 1,226 1,226 1,840 1,840

Days/year Operation 240 350 240 350 240 350 240 350 240 350

Project Life (years) 15 15 15 15 15 15 15 15 15 15

Sediment Processed
(million tons)

0.86 1.26 2.21 3.22 2.21 3.22 4.41 6.44 6.62 9.66

Capital ($ million) 25.50 26.25 36.99 38.79 34.97 36.77 63.19 66.79 87.39 92.79

Annual O&M
($ million)

2.30 2.76 4.73 6.13 5.44 6.84 9.29 12.17 12.57 16.74

NPV before Glass
Sales ($ million)

49.35 54.86 86.04 102.40 91.44 107.81 159.58 193.16 217.88 266.50

Unit Cost (assuming
$2 glass)
(dollars per ton of
wet cake)

$56.54 $42.96 $38.41 $31.24 $40.86 $32.92 $35.58 $29.43 $32.32 $27.01

Unit Cost (assuming
$25 glass)
(dollars per wet ton
of cake)

$49.91 $36.33 $31.78 $24.61 $34.23 $26.29 $28.95 $22.80 $25.68 $20.38
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INTRODUCTION

The presence of PCBs in the lower Fox

River in northeastern Wisconsin has been

a concern for many years.  Extensive

investigations of the river bottom have

taken place during the 1980s and 1990s.

Two areas of the river have undergone

demonstration dredging in the past five

years.

While planning the appropriate remedial response to be undertaken, the Wisconsin Department

of Natural Resources (DNR) requested input from the public.  Minergy proposed a feasibility

study to determine the potential to use a glass furnace capable of melting the contaminated river

sediment at high temperature, thereby destroying the PCBs and binding any metals in the glass

aggregate produced.  Such furnaces have been used for decades to make glass.  Feedstock

consisting primarily of silica sand (which is the main constituent of river sediment) melts in the

furnace.  The molten product is cooled to form glass aggregate, which is a marketable

construction material.

This report is written to summarize the activities undertaken during Phase 3 of the multi-phase

glass furnace feasibility study. The first two phases of the feasibility study determined that the

minerals contained in dredged sediments could form a stable glass, and that the variability of

mineral concentrations along the lower Fox River appeared to be within acceptable ranges.

Results from these phases are available in reports sent to the Department under separate cover.
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During one of the demonstration dredging

projects, the DNR containerized

approximately 60 tons of de-watered,

contaminated river sediment.  The DNR

contracted with Minergy for the design,

construction, and operation of a pilot melter,

to melt the sediment into a glass aggregate.

The U.S. EPA Superfund Innovative Technology Evaluation (SITE) program was used to

perform an independent evaluation of the fate of PCB and other contaminants for Phase III.  The

dryer segment of the analysis was performed at the Hazen Research, Inc. facility in Golden,

Colorado in January 2001.  At that location, Hazen has a demonstration-scale dryer of the

appropriate technology for use on sediments.

The melter evaluation was performed at

Minergy’s GlassPack Test Center in

Winneconne, Wisconsin.  A demonstration-

scale melter was constructed, with operation

of the melter from May to August, 2001. The

pilot program was designed to confirm that

the technology can destroy PCB

contamination, stabilize trace metals, and

convert the mineral content of river sediment

into an inert, marketable construction material.

Under SITE program, the fate of PCBs and other compounds within the river sediment were

monitored during the processing and melting of the river sediment.  The SITE program test

results will be submitted under separate cover by the EPA contractors responsible for gathering

that data.

Sediment Melter

Sediment Loading into Containers
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GLASS FURNACE TECHNOLOGY DESCRIPTION

Introduction to Glass Furnaces

A Glass Furnace is a refractory-

lined, rectangular melter.

Refractory is brick or concrete

which has been specially treated

to resist chemical and physical

abrasion, has a high melting point,

and provides a high degree of

insulating value to the process.

Current glass furnaces use oxy-

fuel burners, combining natural

gas and oxygen for a bright flame

above the glass.  These burners

raise the internal temperature of

the melter to 2900 degrees

Fahrenheit.

At these high temperatures, PCB

contaminants are destroyed, and

the sediment melts and flows out

of the processing system as

molten glass.

External view of sediment melter

Internal view of empty melter with oxy-fuel
burners in place (warm-up condition).
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Melter Process Description

Sediment (A) is fed to the hopper above the screw feeder (B).  The feeder conveys the sediment

continuously into the main section of the melter (C).  The extremely high temperatures in the

melter cause the sediment to become molten, liquid glass (D).  The molten glass flows under a

skimmer block (E), into the forehearth (F), where the material continues to form a stable glass.

At the end of the melter, the glass flows out (G) into a water quenching tank.  A removable block

is included at the end of the forehearth (H) to stop the flow of glass if desired.  Exhaust gases (I)

flow out from the furnace up the square flue, to the air quality control equipment.

A

B
C D

E F G

I

H

Fig 3. Internal view of melter (sediment feeding and melting)
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RIVER SEDIMENT MINERAL STUDY BY WDNR/MINERGY

Phase I of the feasibility study characterized the

mineral composition of

river sediments to estimate

the glass quality, durability

and melting points.  Phase I

conclusions include that

river sediment

characteristics are

consistent throughout the

river and are favorable for producing a quality glass product.  Further, vitrification technology is

more appropriate for river sediments than incineration as demonstrated by the low Loss on

Ignition analyses.

Phase II of the project, crucible melts of actual Lower Fox River sediment, were conducted to

determine the actual melting conditions and glass characteristics/qualities of the sediment alone

and when augmented with other materials (flux mixtures). Four different test “recipes” were

included in the crucible melts and the

sediment successfully melted into glass in

all four tests.  Phase II results include a

proposed recipe for melting river sediment

into glass aggregate and preliminary

engineering designs for the pilot test

facility proposed for Phase III.  This

preliminary engineering recommended

Melt # Flux
utilized

Viscosity Glass
Pouring

1 None High Sticky

2 Sodium
carbonate

Low Flowed

3 Dolomitic
limestone

Very Low Flowed

4 3-mix
cullet

Medium Flowed

Crucible Melt Results

River Mineralogy Study
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not to use an existing glass furnace

for Phase III testing.  Results of

Phase II engineering indicated that

the cost to retrofit an existing facility

for the purposes of a limited-term

test would be as much as building a

new pilot melter to those same

specifications.  Also, most existing

facilities were far too large to

accommodate a limited duration test.

Feasibility Study Phase III

The third phase of the

feasibility study was broken

into two segments, one to

evaluate the sediment dryer

and another to evaluate the

sediment melter.  The U.S.

EPA Superfund Innovative

Technology Evaluation

program was used to perform

an independent evaluation of

the fate of PCB and other contaminants for both segments.  The dryer segment was performed in

Golden, Colorado, at the Hazen Research laboratory, where a demonstration-scale dryer of the

appropriate technology for use on sediments was already in existence.  The melter segment was

performed at Minergy’s GlassPack Test Center in Winneconne, Wisconsin.

Melter Preliminary Engineering

U.S. EPA Air Testing
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MELTER DESIGN

The pilot melter is designed to simulate a full-scale production melter for the generation of glass

aggregate from sediments.  In order to adequately produce a model, some assumptions have been

made with regard to the full-scale melter in accordance with typical glass operating practices.

The pilot melter is scaled down from the full-scale melter and has been designed to operate in a

manner which would suggest design features for most major elements of the full scale melter.

Pilot Melter Characteristics

Aspect Ratio 2:1

Area 10 sq ft.

Melting Rate 5.4 ft.²/ton

Dwell Time 6 hrs.

Gas Usage 1.7 MM Btu/hr.

Oxygen Usage 35 ccfh

MM Btu/Ton 20.9 mmbtu/ton

Output 2 tons/day

Minergy has intellectual property protection

for the application of glass furnace

technology on contaminated sediments.

Several modifications to the standard melter

design have been incorporated to best suit this application.  These modifications include:

Exterior Views of Melter
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•  The use of a water quench

system to quickly harden the

molten glass and increase the

inert characteristics of the

final product.  Glass melters

typically use annealing or

other slow-cooling products

to enhance glass clarity and

other product qualities.  These

product features are not

significant in the manufacture

of glass aggregate because its final use is as a construction product where glass clarity is not

necessary.  Determination of the leaching characteristics of the final product will be done as

part of the S.I.T.E. investigation. Molten

material is drained from the end of the melter

into the water-filled quench tank.  An

inclined ¼-inch steel plate, cooled by a

constant water stream, directs falling liquid

aggregate into the hopper of an auger

submerged in the quench tank.  The auger

moves the aggregate out of the quench tank

into barrels.

Molten Glass in Quench Tank

Aggregate Screw Conveyor
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•  The pilot melter is 10 square feet with a

2:1 aspect ratio. The materials selected

are typical for soda-lime glass operations

in an oxy-fuel environment.  Six inches of

extra sidewall has been added to the

height to accommodate organics

contained in the sediment feedstock.

•  The melter will have eight Split-Stream

oxy-fuel burners to approximate the

burners that would be used in a full-scale

melter.

•  The melter is oxy-fuel fired

to utilize the B.A.C.T. for NOX

emissions and reduced

particulate.   The glass quality is

adequate with 6 hours of dwell

time, so it runs a shallow glass

level.

•  The flue is located in the

front of the melter, which is not

the traditional location for oxy-

fuel furnaces.  This is done so

that any fine particulate that

becomes entrapped into the

exhaust gases will have the

maximum time in the furnace to allow these particulates to be melted, or minimized.

Top View of Melter

Flue Coupled to Outlet Duct
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•  Sediment is fed in on one end

of the melter through a water-

cooled screw charger.  The

charger is a standard screw

batch charger that has been

used all over the world for

charging batch in glass

furnaces.  The screw charger

was chosen due to the ability to

tightly seal the charging hopper

to the charger and the charger

to the furnace.  This minimizes dusting of the raw material feedstock.  The charger is similar

in size to that which would be used in a  full-scale unit.  It has been retrofitted with a small

screw barrel and flights for the pilot melter.

This charger can be reused for a full-scale

melter by modifying the barrel and flights. A

variable-speed drive allows control of the

feed rate.

•  Negative pressure is placed on the feed

hopper during charging operations to control

dust.

•  The melter design capacity is 2 tons per

day or 170 pounds of river sediment per

hour. The sediment bags weighed

approximately 50 gross pounds, so the feed

rate was expected to be between four and five

bags per hour.
Air Filtration on Sediment Hopper

Sediment Screw Charger
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•  The pilot melter is controlled by

control loops to the melter and

forehearth.  The control loops use

thermocouple signals to maintain a

constant temperature by automatically

adjusting the gas and oxygen for each

zone.  The control panel contains two

single loop controllers, two digital gas

flow meters, two digital oxygen flow

meters, six digital temperature meters,

status lights for the main fuel train, E-

stop, alarm horn, and alarm silence

push button.

•  Both the gas and oxygen skids have

essentially the same safety system.  A strainer

is utilized prior to a pressure regulator.  A

high/low pressure switch is tied to the double

block automatic shut-off valves.  A

differential pressure switch is used to

determine flow through the system.  This is a

safeguard against injecting raw natural gas or

oxygen into the furnace.  If flow is lost on

either natural gas or oxygen, the skid shuts

down that zone.  Each zone is then

automatically controlled for gas and oxygen

flows via a signal from the mass flow meter to

a control loop back to an automatic valve.

Control Panel

Oxy-Fuel Control System
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•  Refractory selection

has been developed

for this pilot melter

based on the heat flow

analyses for each

construction type.

These are used to

insure that none of the

materials is placed in

temperatures beyond

their capability and to

determine the total heat loss of the entire system.

•  The use of refractory selected by

evaluating the abrasive qualities of the

molten sediment.  Glass products vary

according to the chemical makeup of the

feedstock. After the June run, an

inspection of the inside of the forehearth

verified that the refractory material at the

glass line was seeing significant wear.

The melter was relined with a higher

grade refractory in place of the mullite

originally installed in the melter for the

August run.

•  The melter was designed and built under a contract with Frazier-Simplex of Washington,

Pennsylvania.

Side of Melter in Operation

Melter Refractory
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•  The melter uses a

“shallow” glass line.

Glass melters typically

have deeper pools of

glass inside the melter,

taking advantage of the

low opacity of the glass

being produced.  Molten

sediments are quite

opaque, thus reducing

energy transfer by

radiation.

•  Startup of the melter is

performed gradually over

36-48 hours.  A separate,

dedicated warmup burner

is used to raise the

temperature of the melter

to approximately 1,400

degrees F.  After this

temperature, the main

burners are used to reach

final temperature target of

2,900 degrees F.

Inspection of Glass Line

Warm Up Burner
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EXTRACTION PROBE DESIGN AND CONSTRUCTION

•  The purpose of the extraction

probe is to cool the hot gas

from the melter exhaust at a

controlled rate.  The rate of

cooling would be equivalent  to

the heat recovery systems

installed on a full scale melter

system. The extraction probe

was designed by Minergy.  The

section of the probe which is

inserted into the melter is contained in a

water-cooled jacket, and is hung from a rail

that allows it to be inserted into the stack

for testing, then removed when testing is

not taking place.

•  A cleanout port is placed on the back

end of the probe, and a brush and rod are

used to manually clean out particulate

buildup within the probe.

Extraction Probe

Probe Clean-out
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•  Piping connects the extraction probe to a

contact packed tower condenser.  An induced

draft fan pulls the exhaust gases through the

tower condenser, and then through a carbon

barrel, before discharging the air stream out

of doors.

•  A heat exchanger loop cools the water in the

packed tower condenser.  Sampling ports are

located before the condenser and after the carbon

filter, to allow connection of air testing

equipment.

Packed Tower Condenser

Carbon Filter
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SEDIMENT PREPARATION

The Fox River sediment supplied to Minergy for the pilot melter project contained about 50%

moisture by weight.  The melter was designed to process sediment containing approximately

10% moisture.  Minergy contracted Hazen Research, Inc. (4601 Indiana St., Golden, CO) to

determine the material handling characteristics of the sediments and to evaluate moisture

removal by indirect drying.  It was determined that Fox River sediment, when mixed with drier

materials to reduce its moisture content to 37%, would handle easily when undergoing drying

activities to bring its moisture content down to 10%.

Hazen dried a batch of Fox River sediment to approximately 10% moisture.  The EPA sampled

and tested the various medias involved to determine the fate of contaminants during the drying

process.  Results of that testing will be submitted by the contractors responsible for the testing.

Flux is often a necessary addition to the feed material in glass melters as an oxidizer and for

scum control.  Minergy contracted Corning Glass Works to mix various concentrations of

fluxing compounds with sample sediment from the Fox River, melting the mixed material and

observing its melt characteristics.

The pilot project used a flux mix ratio of 5% sodium sulfate by weight.



MINERGY CORP. SEDIMENT MELTER
FINAL REPORT

Material: RIVER SEDIMENT Page 18
Melter: GLASS FURNACE
For: WISCONSIN DEPARTMENT OF NATURAL RESOURCES 

The pre-processing of the river sediment in the Winneconne facility occurred in a series of steps:

Drying

Minergy purchased a 75-kW

electrically-heated drying unit, and

dried the river sediment at the

Winneconne facility.  Twelve

barrels of sediment were dried

together in a batch.  Each batch

underwent low-temperature drying,

with sediment temperature below

210 degrees F, for 36 hours.  A 10-

inch diameter wire cage was placed

inside each barrel prior to drying to increase heat transfer and evaporation rates.  Thirty batches

of river sediment were processed, filling 60 supersacks.

A 20-foot by 20-foot dust enclosure

was built for controlling dust during

sediment processing activities.  With

the exception of the drying activities in

the oven, all processing activities took

place within the dust enclosure.

Barrel Drying Oven

Dust Enclosure



MINERGY CORP. SEDIMENT MELTER
FINAL REPORT

Material: RIVER SEDIMENT Page 19
Melter: GLASS FURNACE
For: WISCONSIN DEPARTMENT OF NATURAL RESOURCES 

The dried river sediment was

removed from the oven, and the

barrels were dumped into

supersacks.  Each supersack

contained six barrels of river

sediment, so each oven batch was

transferred into two supersacks.

Each supersack weighed

approximately 1,100 pounds.

Each supersack was numbered, to identify when its material was dried, and the lugger from

which its material originated.

Delumping

The supersacks containing dried river

sediment were unloaded through a

delumper, reducing particle size of the

sediment.

Sampling

Samples were retrieved from one foot

below the surface of the material in each

supersack to analyze for moisture and

mineral content.  Select material was also

analyzed for loss on ignition.  The results of

the mineral analysis are included at left.

Supersack of Dried Sediment

Mineral Analysis of Dried Sediment
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Metal Separation

The delumped sediment was passed through a grate containing 13 bar magnets, placed in four

rows offset to each other.  Significant amounts of magnetic material were separated.

Mixing/Bagging

The dried river sediment was mixed with a sodium sulfate flux.  The ratio of sediment to flux

varied from supersack to supersack due to variations in moisture content among the various runs.

The appropriate amount of flux was added to each drum of dried river sediment, and the barrels

were rolled on the floor to mix the contents.  The mixture was then poured into approximately

50-pound bags, which were

marked with their weight and

the supersack number from

which they originated.  The

bags were loaded on a pallet.

Each pallet contained all the

bags of sediment/flux mix

produced from a single

supersack, so that during

melting operations, material

processing could take place

based on moisture content and

lugger of origination..

All sediment processing activities were carried out within the dust enclosure.  Workers wore

Tyvek suits with full-face air filtration.  A negative air machine was connected to the dust

enclosure to remove particulates from the air.

Batch Bags of Dried Sediment
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JUNE 2001 TRIAL

The June 2001 trial took place from June 16 –

23, 2001, on a 24 hours per day schedule.

Featured during this test run was a series of

four public and media relations events Monday

and Tuesday, June 18-19.

Shakedown of the melter system was delayed

for several days due to a severe storm which

occurred June 11, the originally planned

startup date.  The storm resulted in an extended

power outage to the facility (approximately 4 days).  Public relations had been planned for

Monday June 18 and Tuesday June 19, featuring a number of high-profile visitors who had

arranged their schedules to visit the demonstration.  To maintain the schedule, shakedown of

various systems was eliminated.

Instead, the unit was put into

continuous production at the earliest

possible time.

The melter was brought up to

temperature slowly from Saturday,

June 16 to Monday, June 18.  The

first river sediment was fed into the

melter at 3:00 a.m. on June 18.

Media Relations Activities

Public Relations Tours
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The run was interrupted on a number of occasions, due to clogging of the batch charger, clogging

of the tap, and a power outage.  The operation of the extraction probe was shut down on a

number of occasions due to plugging of the filters in the air testing equipment.  Many of the

equipment problems can be attributed to having performed what otherwise would have been

shakedown during the operational timeframe.

The run was concluded when representatives from Frazier-Simplex suspected degradation of the

forehearth section of the melter.  The total  run time was insufficient to provide adequate

sampling required in the EPA’s plan

Approximately 10,700

net pounds of river

sediment had been

processed at the time.

The oxy-fuel train was

shut down, and the

melter was allowed to

cool down over a period

of a week.

Inspections And Modifications

An inspection of the inside of the forehearth verified that the originally specified refractory

material at the glass line was subject to accelerated wear. The melter was relined with a higher

grade refractory in place of the mullite originally installed in the melter.
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AUGUST 2001 TRIAL

The August 2001 trial took place from August 11 – 18, 2001.  Melting operations took place 24

hours per day.  This trial went smoothly, attributable to the fact that significant systems had been

shaken down and tested during the June run.  In the interim timeframe, optimizations were made

that allowed for a successful run in August.

After the melter was rebuilt in July, the August run took place smoothly and uneventfully.

Steady state conditions were achieved fairly quickly, and with the exception of two periods of

downtime involving the extraction probe/air emissions assembly, steady state was maintained

until completion of the testing.

The melter was brought up to temperature slowly from Saturday, August 11 to Monday, August

13.  The first river sediment

was fed into the melter at

6:00 a.m. on August 13.

Air testing started at

midnight on Tuesday,

August 14, and was carried

out routinely until 7:00

a.m., Saturday, August 18.

Approximately 16,500 net

pounds of river sediment

were processed during the

August trial.
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OBSERVATIONS

The pilot project determined that

river sediment melts easily at

high temperature into a hard,

angular aggregate.  The melter

worked well with this type of

feedstock, and the end product

appeared consistent and

marketable.  When river

sediment was being fed into the

melter, temperatures within the

melter were maintained between

2600 and 2900 degrees F.

The pilot melter was designed for a

relatively low flow rate of glass through

the melter tap.  As expected, the tap

refractory did not reach temperatures

sufficient to provide for unattended

tapping of glass.  To keep the tap open,

a secondary external gas fired burner

was used, and operators used metal bars

to loosen prematurely cooled aggregate.

Molten Glass Tapping

Clearing the Tap
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The extraction probe needed routine

maintenance.  When hot exhaust gases

were drawn into the water-cooled

extraction probe, condensation took

place, which tended to capture

particulates moving through in the

exhaust gas.  When flow through the probe decreased significantly due to particulate build-up,

the cleanout port was opened and the probe was cleaned.

The moisture content of the river sediment affected feed rates.

Moisture contents ranged from 5% to 20%.  River sediment with

higher moistures tended to bridge in the charger, and to cake

around the auger.  A technician permanently observed the

feeding process, to make sure the charger was always feeding

material to the melter.

The downstream end of the extraction probe assembly,

involving the condenser, carbon barrel, and associated piping

and pumps, suffered plugging due to accumulation of

particulate and sulfates, primarily attributable to the use of

sodium sulfate as a flux.  The condenser cooling water was

blown down periodically to alleviate the potential for low pH.

Extraction Probe

Sediment Feed

Air Quality Control
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 SUMMARY

The Phase III demonstration clearly showed that

dried sediment will successfully create a quality

glass aggregate material using a glass furnace.  The

properties of the glass aggregate product were quite

positive.  The aggregate was very consistent,

producing a hard, dark, granular material.

Leach tests performed on the aggregate by the

WDNR showed no detect for PCBs or any trace

metals.  This confirms the original goal of the

project: the glass aggregate product is a quality

material, PCB-free, with excellent leaching

characteristics.

Shortly after the completion of the

demonstration, the DNR participated in the

construction and dedication of a picnic shelter

along the Fox River.  At the DNR’s request, glass

aggregate from the demonstration run was used

in the foundation of the picnic shelter.  A plaque

was installed to inform the public about the

success of the demonstration project.

Close-up of Glass
DNR Parameter 
Description Result value
ARSENIC TCLP ND
BARIUM TCLP 0
CADMIUM  TCLP ND
CHROMIUM TCLP ICP ND
LEAD TCLP ND
MERCURY TCLP ND
PCB SUM OF CONGENER ND
SELENIUM TCLP ND
SILVER TCLP <0
ZINC TCLP ND
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Product marketing specialists are analyzing the glass qualities to determine the marketability of

the material.  Based on Minergy’s experience in marketing similar glass products, and given the

high quality of this material, we are confident that all of the glass aggregate produced in a

commercial-sized facility would be successfully marketed.  The indicated list shows the

preliminary assessment of the suitability for using glass aggregate from river sediment in various

markets.
Minergy Corporation
Glass Aggregate Marketing
Chemical and Physical Property Guidelines

Roofing Shingle Granules Target Glass Aggregate Accept? Method
Loose Bulk Density > 80 lbs/cf 90 lbs/cu ft Yes Weight/volume
Fe2O3 (for opacity) > 5% 7% Yes ASTM 4326
Hardness >5.5 6.2 Yes Moh’s mineral scale
Crystalline Silica content <1% no detect Yes X-Ray Diffraction
Leachability TCLP test passes Yes TCLP method 1311
Particle size >80% between #12-#30 passes (crushed) Yes ASTM C136

Industrial Abrasives Target Glass Aggregate Accept? Method
Loose Bulk Density > 80 lbs/cf 90 lbs/cu ft Yes Weight/volume
CaO < 50% 17% Yes ASTM 4326
Al2O3 < 40% 10% Yes ASTM 4326
Fe2O3 < 20% 7% Yes ASTM 4326
Hardness >5.5 6.2 Yes Moh’s mineral scale
Crystalline Silica content <1% no detect Yes X-Ray Diffraction
Leachability TCLP test passes Yes TCLP method 1311
Particle Size >80% between #16-#50 passes (crushed) Yes ASTM C136
Embedment <20% 7%-15% Yes KTA Tater Test

Ceramic Floor Tile Target Glass Aggregate Accept? Method
Loose Bulk Density > 80 lbs/cf 90 lbs/cu ft Yes Weight/volume
Crystalline Silica content <1% no detect Yes X-Ray Diffraction
CaO < 50% 17% Yes ASTM 4326
Glass Melting Point > 2000 °F 2200 °F Yes ASTM 965
Particle Size >80% between #16-#50 passes (crushed) Yes ASTM C136
Tile Strength > 15 Mpa 22 Mpa Yes MOR/3-E (*)

Cement Pozzolan Target Glass Aggregate Accept? Method
Particle Size 480 m2/kg passes (crushed) Yes ASTM C618
Iron-Alumo-Silicate > 50% 52% - 60% Yes ASTM 114
L.O.I. <6% no detect Yes ASTM 114 ch.16
Cement Strength (3 day) 2535 psi 2850 psi Yes ASTM C311
Cement Strength (7 day) 3470 psi 3680 psi Yes ASTM C311
Cement Strength (28 day) 3953 psi 5300 psi Yes ASTM C311

Construction Fill
Acceptable gradation and compaction.
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INTRODUCTION

Minergy Corporation respectfully submits this report to the Wisconsin Department of Natural

Resources (the “Department”) containing the results of the Unit Cost Study For Commercial-

Scale Sediment Melter Facility.  This work was necessary to fulfill the requirements of the U.S.

EPA’s Quality Assurance Project Plan (“QAPP”) as part of their reporting of the pilot sediment

melter.  The activities leading to this report are in conjunction with the Glass Aggregate

Feasibility Study under the agreement between Minergy and the Department dated September

21, 2000, (State of Wisconsin purchase order number NMJ00001936), as amended under State of

Wisconsin purchase order number NMB0000488.

Minergy used a standard build-up estimating approach in performing the Cost Study.   This

approach used the information derived from Phases 1, 2, and 3 of the Glass Aggregate Feasibility

Study, and on that basis, Minergy requested relevant cost, performance, and sizing data from

equipment suppliers.  With this data, the general plant flowsheet, mass & energy balance, and

equipment arrangements were made.  From this, estimates were done for construction and

operations, and through financial modeling, a unit-cost forecast.

The base case estimates are made using a plant size of 250 glass tons per day.  This size is

consistent with that used elsewhere in the Glass Aggregate Feasibility Study.  A sensitivity

analysis is included for various sized melter projects.

This report is the result of a Cost Study and not an offer to construct a facility. The engineering

performed within the scope of this study does not represent final detail.  Further detail

engineering and design would improve the accuracy of the Cost Study results.  Notwithstanding

the Department’s or any other party’s desire to proceed with detail engineering or the

development of a commercial scale facility, Minergy nonetheless reserves the right to make final

determination on Minergy’s participation.
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PROCESS DESCRIPTION

This section describes the process and equipment used in the base project with a capacity of 250

glass tons per day.  The facility is designed to melt 600 tons per day of partially dewatered river

sediment that has been dredged from the Fox River.

The sediment enters the plant, is mixed with previously dried sediment to make it easier to

handle, and is then dried to approximately 10% moisture.  (See Drawing FVRS-PF-101 –

Process Flow Diagram, Sediment Drying and Preparation, and Drawing FVRS-GA-101 –

Conceptual General Arrangement, Main Processing Plant.)  After the sediment is mixed with a

fluxing material, it is fed into a large melter, capable of maintaining temperatures in the 2900 oF

range.  The sediment melts into a molten material, which drains from the melter, is quenched in a

water bath, and turns into a glass aggregate.  The melter is designed to produce 250 tons per day

of aggregate, which will be sold for building products.

The entire process is optimized to conserve energy, reduce heat losses, and minimize labor

requirements.

Sediment Preparation (pre-drying)
Sediment is dredged and hydraulically transported to the dewatering site, and mechanically

dewatered by others at the site.  The material is moved by front-end loader into the short-term

storage/mixing area in the dryer plant.  Three wet sediment mixers are installed in the dryer

plant.  (See Drawing FVRS-PF-101 – Process Flow Diagram, Sediment Drying and Preparation.)

Each mixer has a rating of 11.3 tons per hour.  Sediment, which has already been dried (total

moisture content is approximately 10%), is added to the inlet of the mixer. The purpose for the

mixing is to improve material handling and behavior in the dryers, by eliminating the self-

agglomeration or“sticky phase” of the material.  The moisture content of the sediment after

mixing is approximately 39%.
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Sediment Drying
After the sediment has been prepared by mixing, it is transported by enclosed conveyors to the

sediment dryer  (See Drawing PC1100309 –  Holo-Flite Dryer.)  The heat source for the dryers

will be high temperature thermal oil. The sediment moisture content is reduced in the dryers

from 39% to 10%.  Water vapor from the drying of the sediment is exhausted to a vapor

collection system, as described in Dryer exhaust gas treatment system, below.

Dry Sediment Storage and Dry Sediment Feed Mixer
Each drying line will have a 110-ton live bottom storage hopper, for a total of 330 tons of dry

sediment storage.  The dry sediment storage hopper discharges sediment to a small 9-ton surge

hopper at the wet sediment mixers or to a dry sediment mixer.  A 200-ton lime silo provides a

supply of ground limestone to the feed mixer to work as a fluxing agent for control of the

melting temperature.  The dry sediment mixer will have a capacity of 9.2 tons.  A conveyor will

transport the material discharged form the dry sediment mixer to the melter inlet surge hopper.

Melter Feeding and Operation
A total of six chargers supply the melter with dry and fluxed river sediment.  (See Drawing

Q8596-006 – Melter Plan View.)  The melter heats the sediment to 2500 oF to 2900 oF.  The

molten material exits the main melter section and enters the forehearth.  The forehearth then

drains the hot glass into a water-filled quench tank.  The glass furnace is heated with oxy-fuel

fired burners.  The burners are supplied by the fuel rails.  Oxygen is provided by an on-site

oxygen generation plant.  Hot exhaust gas generated by the melter is exhausted into a hot gas

heat recovery system and air quality control system (AQCS) prior to the exhaust stack.

Melter Quench Tank

The quench tank is water-filled, and receives the hot glass flow from the melter.  The direct

contact of the hot gas with the water will cause the material to solidify and fracture into the glass

aggregate product.  A set of screws will withdraw, dewater and transport the material to an

adjacent storage pile. The quench tank will be in a closed cooling water loop. The quench tank

temperature will be maintained by constant circulation of water through a set of heat exchangers.
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Melter Off-Gas Treatment
The exhaust gas from the melter exits at 2700 to 2850 oF into the exhaust flue.  (See Drawing

FVRS-PF-102 – Process Flow Diagram, Melter Exhaust Heat Recovery and AQCE.)  The

exhaust flue also receives cool exhaust gas from an exhaust gas recirculation fan, which blends

the cooler and hotter gases together within the flue. The cooled flue gas enters a heat

recovery/thermal oil (HRTO) unit.  The HRTO heats thermal oil, which is used to supply energy

to the sediment drying process. The flue gas exiting the HRTO is split into two parts.  The first

part is used as flue gas recirculation, and is routed back through a flue gas recirculation fan

(FGR) into the blending section of the melter exhaust gas flue.  The second part of the flue gas

flow enters a high-energy venturi and packed tower section.  The venturi section removes

particulate from the exhaust, and the packed tower section removes SO2.  The water in the

packed tower is in a closed recirculation loop.  The packed tower operates in the condensing

mode, requiring some blowdown water from the loop.  Sodium hydroxide is added to the process

to control pH and provide for optimum SO2 removal.

After the exhaust gas exits the packed tower, the flue gas enters a wet electrostatic precipitator

(wet ESP). This device provides additional control and is especially effective for fine particulate.

The exhaust flow from the wet ESP proceeds to a carbon filter bed.  The carbon filter bed

provides for absorption of mercury, and can also absorb PCBs and other chlorinated organic

compounds.  After the exhaust gas exits the carbon absorber, the gas is exhausted through a 95-

foot tall and 30-inch diameter stack.

Thermal Oil Energy Supply and Distribution System
The main purpose of the thermal oil system is to provide thermal energy to the sediment dryers

for the drying process.  (See Drawing FVRS-PF-104 – Process Flow Diagram, Thermal Oil

Supply System.)  The system consists of the following components:

(1) A thermal oil auxiliary heater, which uses natural gas to heat thermal oil.  The amount of

natural gas fired in the unit is a function of the dryer plant energy demand.

(2) The HRTO unit, which recovers energy from the melter hot exhaust gas.
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(3) An auxiliary heat sink (AHS), which dissipates heat in the event that one or all of the

sediment dryers are not operational, while the HRTO continues to recover heat from an

operational melter. The AHS unit is a standard shell and tube heat exchanger.  Heat will

be dissipated to the circulation water system.

(4) Circulation pumps and control valves, which provide the necessary energy to force the

circulation of the thermal oil at the required process conditions.

(5) A thermal oil expansion tank.

(6) A thermal oil drain tank.  Both items (5) and (6) are standard features for thermal oil

systems, and are necessary for proper operation and maintenance of the system.

Dryer Exhaust Gas Treatment System
The process of sediment drying forces water that is contained in the wet sediment feed to

vaporize, while the sediment is in contact with the heated components of the sediment dryer.  To

assist in efficient removal of the water vapor, a controlled volume of sweep air is admitted into

the dryer housing.  (See Drawing FVRS-PF-103 – Process Flow Diagram, Dryer Off Gas

Treatment.)  At the opposite end of the dryer housing, the combined water vapor and sweep air

are exhausted from the dryer unit.  The exhaust gas passes through a mechanical collector.  The

mechanical collector removes a significant fraction of the sediment dust that is entrained in the

water vapor/sweep air mixture that is exhausted from the dryer.  The dust is collected and the

material is recombined with the dry sediment in any one of the dry sediment storage silos.

To provide for a “zero emissions” design, the water vapor/sweep air mixture is introduced into a

venturi scrubber and packed tower arrangement.  This device is similar in function to the venturi

collector and packed tower used on the melter exhaust gas treatment system.  The venturi

collector removes an additional fraction of entrained sediment dust from the dryer exhaust

stream.  The water vapor is then condensed and removed by the packed tower section of the unit.

A steady stream of water is circulated from a closed cooling water loop to the top of the packed

tower.  The condensing process increases the water volume in the cooling loop, requiring some

blowdown of water to a wastewater treatment facility.
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The exhaust gas that exits the packed tower section is circulated by an exhaust fan.  The entire

dryer and exhaust system operates under a negative pressure condition to prevent fugitive dust

emissions from the dryer casings.  Since some inward air leakage is expected, a small vent

stream will be split off from the exhaust fan.  The exhaust stream will be directed to one of the

burners on the melter.  This will provide destruction of any organics in the dryer exhaust.  The

balance of the exhaust fan discharge is directed back to the sediment dryers as the sweep air

source.

Circulating Cooling Water System
A number of systems will require a steady stream of cooling water to remove heat.  All of the

systems use non-contact heat exchangers to prevent contamination of the cooling water system.

The cooling system is a closed system.  Heat is dissipated through a mechanical draft cooling

tower.  Make-up water is required to recover some evaporative losses from the system.

Blowdown water will need to be drained from the cooling tower to limit total dissolved solids

(TDS) concentrations in the water.

Circulating water is pumped to the users by motor-driven centrifugal pumps.  The major users of

circulation water are:

(1) Indirect heat exchanger for exhaust gas packed tower cooling system.

(2) Indirect heat exchanger for dryer exhaust gas packed tower cooling system.

(3) Aggregate quench tank indirect cooling heat exchanger.

(4) Cooling water for the thermal oil auxiliary heat dissipation unit.

(5) Charger cooling water.

(6) Cooling water required for the oxygen generation system.

ASU Oxygen Supply
Oxygen will be generated on-site.  The approximate oxygen volume needed will require the

generation of 171 tons of oxygen per day.  The oxygen will be generated with a technology

called gaseous oxygen generation, or GOX.  This technology generates oxygen at a purity of

99.5%.  The oxygen is generated in the gas phase (non-cryogenic).  The plant will be completely

designed and constructed from the foundations up by a third party.  No detailed process
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description is included in this scope document.  The sediment drying and melting facility will

need to interconnect utilities and infrastructure to the oxygen plant to minimize infrastructure

development costs.  The main requirement will be the supply of 4160V power from the dryer and

melting facility electric substation to the ASU.

Dust Control System
All of the sediment conveyors, storage hoppers and silos will have a closed design.  To prevent

fugitive emissions from the conveyor systems, they will be ventilated continuously.  The exhaust

will be directed to a high efficiency fabric filter.  All collected dust will be directed back to one

of the dry sediment storage silos.

Plant Wastewater Summary

There are three sources of process wastewater for the operation.  The condensate from the dryer

exhaust results in a waste stream of 48 GPM.  This waste stream has a wastewater loading of

1000 to 3000 ppm of total suspended solids (TSS).  The suspended solids will consist of fines

that are carried out of the dryers.  There is a potential that PCBs are attached to the sediment

particles, requiring this flow stream to be treated by the same wastewater treatment facility

processing the dredged sediment.

The packed tower on the exhaust of the melter generates 15 GPM of constant blowdown.  This

flow stream will have high concentrations of both TSS and chemical oxygen demand (COD),

and will need to be sent for additional wastewater treatment.  The discharge volume and

concentration levels will not require any pretreatment prior to discharge to the publicly owned

treatment works (POTW).

The cooling tower generates a maximum blowdown flow of 37 GPM.  This flow can be

permitted as a non-contact cooling water source. If the proper permits are obtained, it is possible

to either discharge the water into the stormwater sewer system or into the final effluent of the

wastewater treatment facility for the dredge water.
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SUMMARY OF ASSUMPTIONS

Several assumptions were made in preparing the Cost Study estimates contained in this report.

These assumptions were made based on our understanding of the scope of the project at the time

of the award of the Department’s Purchase Order.  Others were made based on equipment design

features provided by suppliers and the data which was then available. Final engineering and

design would address variances from the assumptions.

1. The following assumptions were made relative to incoming sediment:

a. Previously de-watered to 50% solids

b. Previous removal of all debris, including metal and other material greater than ¼-inch in

size

c. Received in a non-frozen state, even during winter operations

d. Gross calorific value (GCV) of approximately 1300 Btu per pound

e. Loss on ignition of approximately 29%

f. Fluxing requirement of 15% lime

g. Self-agglomeration does not occur at 39% moisture or lower

2. The following assumptions were made relative to facility permitting:

a. No hazardous waste incinerator regulations apply

b. Oxyfuel is best available control technology (BACT) for NOx control

c. Wet scrubber at 95% control is BACT for SO2

3. The following assumptions were made relative to the facility design:

a. Facility is staffed for 24 hours per day, year-round

b. Site soils are capable of loading to 2500 pounds per square foot

c. No provisions have been incorporated for soil testing or boring

d. No compactor is assumed necessary for feeding to the melter

e. The dryers require 10 Btu per square foot per degree F

f. Facility design will be for an industrial area

4. The following assumptions were made relative to the cost of supplies:

a. The gas price was assumed to be $3.25 per million Btu

b. The electricity price was assumed to be 4½ cents per kilowatt hour
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c. The lime flux cost was assumed to be $25.00 per ton

d. The oxygen cost is assumed to be 6 cents per hundred cubic feet from a 3rd party

5. No provisions were included for the following items:

a. Salvage/removal at the end of the plant’s economic life

b. Dredging, dewatering, and delivery of cake solids

c. Hedges or other financial instruments on commodity prices

d. Site development costs other than those explicitly listed

e. Financing costs during and after plant construction and working capital requirements

COST SUMMARIES

Capital Costs
The cost to build the melter facility is estimated to be approximately $36,800,000.  (See Table 1 –

Projected Capital Costs.)  The primary equipment costs include the melter ($7,500,000, installation

included), the material handling system ($3,000,000), and the dryers ($2,600,000).  The main

building is estimated at $2,600,000 and the sediment storage building is $1,800,000.  Mechanical

and electrical contracting is expected to be $10,000,000.

Operating Costs
The cost to operate the melter facility is estimated to be approximately $6,800,000 annually.  (See

Table 2 – Projected Operating Costs.)  The primary cost drivers for the facility would be labor,

supplies, and fuel.

Unit Cost Analysis
Over the 15-year projected life of the facility, approximately 3.15 million tons of contaminated

river sediment would be processed.  The present worth of the project, assuming construction and

operating costs listed above, a State of Wisconsin interest rate of 5% (used as the discount rate),

and glass sales of $2 to $25 per ton, is between $84,600,000 and $106,000,000. This results in a

present worth unit cost between $26.29 and $32.92 per ton. (See Table 3 – Estimated Present

Worth Cost for 250 Glass Ton per Day Sediment Melting Plant.)
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SENSITIVITY ANALYSIS

Overview
A series of sensitivity analyses have been performed on the base project. These analyses estimate

the capital, O&M, and unit cost of melter projects of varying sizes.  These costs were derived

using a combination of build-up estimates, generally accepted scale factors, and operational

experience.  The base case project was used as a reference.

Each major capital line item was analyzed to determine the new expected values, factoring in the

impacts of the larger or smaller sized plants.  For example, the slope of the cost curve of a melter

is rather flat because a large portion of the cost of a melter is fixed.  Sediment dryer plants, in

comparison, scale fairly well due to the use of multiple dryer lines for each facility (increasing or

decreasing the capacity of the plant is done by using more or fewer dryer lines).

The O&M line items were also analyzed individually to determine the new expected values.

These items fall into two categories: fixed and variable O&M.  Variable O&M items include

natural gas, oxygen, electricity, and lime flux, the consumption of which varies in proportion to

the amount of processing. Fixed O&M included staffing, G&A, and maintenance, although these

items were individually estimated for each plant size.

Project Sizes
The project sizes were varied as indicated:

A. 1 x 250: This is the base case project described in this report.  This facility has one

sediment melter rated at 250 glass tons per day and three dryers rated at  200 wet ton

per day (each), along with the associated balance of plant.

B. 2 x 250: This facility has two sediment melters each rated at 250 glass tons per day

and six dryers rated at 200 wet ton per day (each), along with the associated balance

of plant.

C. 2 x 375: This facility has two sediment melters each rated at 375 glass tons per day

and ten dryers rated at 180 wet ton per day (each), along with the associated balance

of plant.
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D. 1 x 100: This facility has one sediment melter each rated at 100 glass tons per day and

one dryer rated at 250 wet ton per day, along with the associated balance of plant.

Sediment Storage
The sensitivity analysis included provisions for each project to operate at 240 or 350 days per

year.  Limiting operations to 240 days per year would coincide with the 8-month dredging

season, and avoid the capital expenditure of a building to store sediment and minimize potential

permitting problems with storing such material and reduce.  To operate 350 days per year, a

storage would be used into which one-third of the de-watered sediments would be placed during

the dredging season.  During the non-dredging season, the accumulated inventory would be used

as feedstock to the melter plant.   For each 250 glass ton per day increment of capacity, sufficient

storage could be accomplished using a 60,000 square foot building. The estimated cost of such a

building would be $1.8 million per 250 glass ton/day unit.

Stand-alone Facility Design
The melter projects can be designed to be stand-alone facilities or integrated into the operation of

an adjacent industrial facility with which it can share resources.  Integration tends to be more

applicable to the smaller projects (1x100 and 1x250).  It was assumed that the 1x100 project

would not be feasible without integration with an existing industrial facility.  The 1x250 project

was studied both as a stand-alone and as integrated.  The 2x250 and 2x375 plants have sufficient

volume to allow full independent staffing, and therefore were studied as stand-alone.

A provision was also included to account for special foundation requirements associated with

integrated projects. This is because many area industrial plants are located along shorelines with

poor soil load bearing capacities.

CONCLUSION
At the beginning of the Glass Aggregate Feasibility Study, Minergy had performed some

preliminary analyses that indicated a unit cost in the range of $40 - $60 per ton.  The results from

the Cost Study confirm those initial results.
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Table 1
Projected Capital Costs for 250 Glass Ton per Day

Sediment Melting Plant

Item  Cost

Melter (delivered and installed)  $       7,511,976
Dryer (total for 3, equipment only)  $       2,588,505
Material handling system  $       3,019,923
Dryer off gas system equipment  $          394,515
Thermal oil system equipment  $          995,579
AQCE system equipment  $          468,931
BOP equipment  $          845,081
Utilities equipment  $          488,383
Mechanical contractor  $       7,886,711
Electrical contractor  $       2,113,548
Start-up costs  $          763,277
Main building  $       2,634,966
Engineering  $       5,274,684
Sediment Storage Building $       1,800,000

TOTAL:  $     36,768,000
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Table 2
Projected Operating Costs for 250 Glass Ton per Day

Sediment Melting Plant

Item Annual Cost

Gas $1,315,860
Electricity $1,086,750

Labor $2,125,000
Supplies $1,612,310
Lime Flux $447,125

G&A $257,000

TOTAL: $6,844,045
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Table 3
Estimated Present Worth Cost for 250 Glass Ton per Day

Sediment Melting Plant

Assumptions:
   Project life = 15 years
   Interest rate = 5.0%
   Days per Year =                350
   Sediment processing rate = 613 tons daily
   Total sediment processed = 3,218,250 tons over project

life
   Construction costs = $36,768,000
   Operating costs = $6,844,000 annually
   Income from glass sales = $2 - $25 per ton of glass

sold
   Glass production rate =                255 tons daily

Initial Net Annual
Estimated Costs: Costs Costs
   Construction costs $36,768,000
   Operating costs with no glass sales $6,844,000
   Operating costs minus glass income at $2/ton $6,665,208
   Operating costs minus glass income at $25/ton $4,609,104

Total Present Worth Cost of Project:
   No glass sales $107,806,380
   With glass sales at $2/ton $105,950,583
   With glass sales at $25/ton $84,608,925

Unit Costs (Per Ton of Sediment Processed):
   No glass sales $33.50
   With glass sales at $2/ton $32.92
   With glass sales at $25/ton $26.29



Table 4
Summary of Sensitivity Options

Sediment Melting Plant

1x100
Integrated

No Storage

1x100
Integrated
Storage

1x250
Integrated

No Storage

1x250
Integrated
Storage

1x250
Standalone
No Storage

1x250
Standalone

Storage

2x250
Standalone
No Storage

2x250
Standalone

Storage

2x375
Standalone
No Storage

2x375
Standalone

Storage

 Daily capacity (tons) 240 240 613 613 613 613 1,226 1,226 1,840 1,840

 Days/yr Operation 240 350 240 350 240 350 240 350 240 350

 Project Life (years) 15 15 15 15 15 15 15 15 15 15

 Sediment Processed (million tons) 0.86 1.26 2.21 3.22 2.21 3.22 4.41 6.44 6.62 9.66

 Capital ($million) 25.50 26.25 36.99 38.79 34.97 36.77 63.19 66.79 87.39 92.79

 Annual O&M ($million) 2.30 2.76 4.73 6.13 5.44 6.84 9.29 12.17 12.57 16.74

 NPV before Glass Sales ($million) 49.35 54.86 86.04 102.40 91.44 107.81 159.58 193.16 217.88 266.50

 Unit Cost (assuming $2 Glass)
(dollars per ton of wet cake)

$ 56.54 $ 42.96 $ 38.41 $ 31.24 $  40.86 $ 32.92 $     35.58 $   29.43 $  32.32 $ 27.01

 Unit Cost (assuming $25 Glass)
(dollars per wet ton of cake)

$ 49.91 $ 36.33 $ 31.78 $ 24.61 $  34.23 $ 26.29 $     28.95 $   22.80 $  25.68 $ 20.38
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LEGEND:



January 21, 2002

Mr. Robert Paulson
Wisconsin Department of Natural Resources
101 South Webster
P.O. Box 7921
Madison, WI 53707

Dear Sirs:

Subject:  Permitting Feasibility – Sediment Melter Plant

Minergy Corp. has performed an analysis regarding the permitting feasibility of a commercial-scale
sediment melter.

A full scale 250 glass ton per day melting facility emissions were based on values measured from the
demonstration testing.  Using good engineering practice, the results were extrapolated to commercial
scale, and compared the results against the Wisconsin Administrative Code air regulations (NR400
series).

The expected emissions from a full scale operations would be very low, including a stack-basis
destruction of PCBs of greater than 99.9999%.  The facility would meet all current air state and
federal emissions regulations.  The expected annual emissions would not trigger the major source
threshold.  A discussion of the results of the analysis are listed below.

Background
During the week of August 14, 2001 a project team consisting of the Department, the U.S. EPA,
Minergy Corp., Tetra Tech EMI, and EER Environmental conducted demonstration scale testing on a
2 glass ton per day demonstration melter.  The project objectives and detailed testing procedures were
included by the Quality Assurance and Project Plant (QAPP) which was developed and approved by
the USEPA prior to the commencement of the testing.

The primary objective of the testing is “To determine the treatment efficiency (TE) of PCBs in
dredged-and-dewatered sediment when processes in the Minergy GFT”.   To achieve the objectives
the testing included sampling the feed material (contaminated sediment) to the melter, the finished
product, and melter stack emissions for PCBs and other Contaminants of Concern (COC’s).
Demonstration scale air quality control equipment (AQCE) was also furnished and operated during
the testing.  The AQCE includes a wet scrubber and a carbon filter.

The data validation was completed by January 5, 2002 and the USEPA has released the data.  This
letter will review the data, and will make emissions projections to a full scale projection melter.  The
full scale facility is presently assumed to be a 250 glass ton per day operation.  The emissions will be
compared to the standards in the Wisconsin administrative code (NR400 series regulations)  to
determine the feasibility of permitting a full scale facility.
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PCB emissions
Exhaust gas emissions were sampled on the demonstration unit before and after the air quality control
equipment.  PCB concentrations were measured using high resolution gas chromatography / high
resolution mass spectrometry.  The instrument has the capability of detecting PCBs to extremely low
levels. The detection limit for most PCB congeners was 1.00 nanogram (10-9 gram). The controlled
emissions were measured at an average of 36.6 ng/DSCM.

The full scale unit will have a exhaust gas flow of 4,940 DSCM per hour.  The annual PCB emissions
in the stack would equate to 1.58 grams per year or 0.0035 pounds per year.  This is only 3.5 % of the
Wisconsin Administrative Code section NR-445 table 3 values for PCB emissions.  In summary, no
additional study for the economic and technical feasibility for additional controls will be necessary at
this emission level.  A full scale facility producing 250 glass tons per day would process 341 tons per
day of sediment (dry basis).  With an average feed concentration of 28,000 ng/g of total PCBs into
the melter the annual input of pure PCBs would be 6,983 pounds.  On a stack emission basis this
results in a PCB destruction of 99.999949%.

The annual PCB emissions projected above may be over-estimated for at least two reasons.  First,
during the demonstration, the water cooled extraction probe required frequent manual cleaning,
causing a significant risk of contamination.  Second, the full scale facility will have a significant
increase in exhaust gas residence time over the demonstration scale.  The demonstration scale glass
melter had an average residence time for the exhaust gases of 2.1 seconds.  The full scale is expected
to have a residence time of approximately 16 seconds.  The additional residence time will tend to
increase the destruction of PCBs.

Mercury emissions
Mercury emissions were measured both before and after air quality control equipment.  It is clear
from the data that mercury removal is occurring in the AQCE equipment.  The final melter exhaust
emissions were measured at 1.924 ug/DSCM.  This equates to 0.1834 lbs/year pounds per year of
stack emissions for a full scale unit. The NR446 standard for mercury emissions is expressed as an
ambient air concentration of 1.0 ug/m3, and a mass limit of 3200 grams per day.  The expected
ambient air concentration for a full scale plant is 0.00011 ug/m3, and a daily mass emissions of 0.228
g/day.  The above ambient air concentrations are based on a 95’ tall stack with a 3’ inside diameter.

Other HAP emissions
The stack was also sampled for Silver, Arsenic, Barium, Cadmium, Chromium, Lead and Selenium.
Testing was performed both before and after the AQCE.  The above metals were not detected in the
exhaust gas stream after the air quality control equipment for all 3 samples taken.  It is not expected
that the above metals will be an issue in the air permitting process.

Sampling and laboratory analysis for a total of 63 Semi-volatile organic compounds (SVOC) was
conduced as part of the demonstration test. USEPA method 10 was used. The only semi volatile
compound detected was Benzoic acid. The annual emissions for a full scale unit is projected at 2.37
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pound per year.  This compound is NOT listed as a hazardous air pollutant under the Wisconsin
administrative code.

Sampling and laboratory analysis for a total of 51 specific Volatile organic compounds (VOC’s) was
conduced as part of the demonstration test. USEPA method 31 was used. None of the 51 specific
VOC’s were detected on any of the runs.

Sampling and laboratory analysis was also conducted for Polychlorinated Dibenzo Dioxins and
Furans (PCDD/Fs). 2,3,7,8-TCDD is listed in the Wisconsin administrative codes hazardous
pollutants listing in NR-445.  No 2,3,7,8-TCDD was detected in the final exhaust after the air quality
control equipment. Some PCDD/F’s were detected in the exhaust gases prior to the air quality control
equipment, however PCDD/F’s were clearly present in the sediment feed material.  The dioxin
destruction factor on a toxic equivalency (TEQ) basis was 99.9894%.  This type of a destruction
factor provides a strong indication that post combustion reformation of PCDD/F was not occurring in
the process.

NOx Emissions
High temperature thermal processes are usually associated with the formation of NOx (a combination
of NO and NO2.) During the demonstration testing a continuous emissions monitor (CEM) for NOx
was connected to the melter exhaust.  NOx emissions averaged 2450 ppmdv during the duration of
the testing. The designers of the demonstration melter have seen a strong correlation between NOx
emissions and melter scale up, with NOx emissions decreasing as melter capacity increases.  At this
time, the supplier estimates full-scale emissions of 1200 ppmdv.  The resulting annual emissions will
be 109.4 tons per year.  This quantity is below the major source threshold of 250 tons per year
established in chapter NR405 of the State regulations.  If it is later determined that the emissions are
not acceptable, additional end of pipe controls can be added to reduce NOx emissions by up to 90%.

SO2 emissions
Traces of sulfur can be found in the dredged sediment.  The sulfur is converted to SO2 in the high
temperature oxidizing environment inside the melter.  During the demonstration testing a continuous
emissions monitor (CEM) for SO2 was connected to the melter exhaust.  The efficiencies of SO2
control equipment are well established and are accepted by the USEPA and WDNR.  The expected
full scale facility SO2 emissions are 44.41 tons per year assuming a typical wet scrubber with 93%
removal efficiency. This quantity is below the major source threshold.

CO emissions
The production of CO is associated with the incomplete thermal oxidization of organic materials.
During the demonstration testing a continuous emissions monitors (CEM) for CO was connected to
the melter exhaust.  The CO emissions during the demonstration test were 3.3 ppm. The expected full
scale facility CO emissions are 0.18 tons per year. This quantity is below the major source threshold.

VOC emissions
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Much like CO the production of VOC’s (Volatile Organic Compounds) is associated with the
incomplete thermal oxidization of organic materials.  During the demonstration testing a continuous
emissions monitor (CEM) for VOC’s was connected to the melter exhaust.  This emissions monitor
detects all VOC’s; however, it is unable to identify specific compounds like USEPA method 10 and
31 discussed in the HAP Emissions section above. The VOC emissions during the demonstration test
was 2.3 ppm. The expected full scale facility VOC emissions are 0.07 tons per year. This quantity is
below the major source threshold.

Particulate Matter
Equipment vendors guarantee 0.01 grain per DSCF of exhaust gas for particulate control equipment.
The resulting full scale emissions result in 1.09 tons per year.  This quantity is below the major
source threshold.

Summary of Emissions
The following is a summary of emissions from a 250 glass ton per day river sediment melter exhaust.

Air pollutant
Annual potential

to emit Unit of measure
Particulate 1.09 Tons per year

Sulfur dioxide 44.41 Tons per year
Organic compounds 0.07 Ton per year
Carbon monoxide 0.18 Ton per year
Nitrogen oxides 109.4 Tons per year

Mercury 0.183 pound per year
PCBs 0.0035 pound per year

Conclusion
A commercial-scale sediment melter facility appears to be fully permittable under Federal and
Wisconsin regulations.

Please contact me at (920) 727-1411 if you have any questions.

Sincerely,

Terrence W. Carroll
Regional Manager



Appendix H

Detailed Cost Estimate Worksheets
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Table 7-4  Cost Summary for Remedial Alternatives - Little Lake Butte des Morts
125 ppb

Alternative Dredge 
Volume (cy)

TSCA Dredge 
Vol. (cy)

Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls Subtotal 20% Contingency TOTAL

A 0 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C1 1,689,173 16,165 $37,700,000 --- --- $3,200,000 $1,900,000 --- --- $184,200,000 $4,500,000 $231,500,000 $46,300,000 $277,800,000

C2 1,689,173 16,165 $37,700,000 --- --- $36,200,000 $2,100,000 --- --- $45,700,000 $4,500,000 $126,200,000 $25,240,000 $151,440,000

D 1,689,173 16,165 $36,700,000 $1,700,000 --- --- $2,100,000 --- $69,300,000 $1,700,000 $4,500,000 $116,000,000 $23,200,000 $139,200,000

E 1,689,173 16,165 $37,700,000 --- --- $3,200,000 $1,900,000 $69,900,000 --- --- $4,500,000 $117,200,000 $23,440,000 $140,640,000

F 1,253,873 16,165 $32,300,000 $1,700,000 $33,600,000 --- $1,800,000 --- $69,300,000 $2,000,000 $4,500,000 $145,200,000 $29,040,000 $174,240,000

250 ppb
Alternative Dredge 

Volume (cy)
TSCA Dredge 

Vol. (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls Subtotal 20% Contingency TOTAL

A 0 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C1 1,322,818 16,165 $32,000,000 --- --- $3,200,000 $1,600,000 --- --- $144,300,000 $4,500,000 $185,600,000 $37,120,000 $222,720,000

C2 1,322,818 16,165 $32,000,000 --- --- $28,400,000 $1,800,000 --- --- $35,800,000 $4,500,000 $102,500,000 $20,500,000 $123,000,000

D 1,322,818 16,165 $31,000,000 $1,700,000 --- --- $1,800,000 --- $69,300,000 $2,000,000 $4,500,000 $110,300,000 $22,060,000 $132,360,000

E 1,322,818 16,165 $32,000,000 --- --- $3,200,000 $1,600,000 $54,700,000 --- --- $4,500,000 $96,000,000 $19,200,000 $115,200,000

F 999,117 16,165 $27,900,000 $1,700,000 $31,600,000 --- $1,600,000 --- $69,300,000 $2,000,000 $4,500,000 $138,600,000 $27,720,000 $166,320,000

500 ppb
Alternative Dredge 

Volume (cy)
TSCA Dredge 

Vol. (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls Subtotal 20% Contingency TOTAL

A 0 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C1 1,023,621 16,165 $27,000,000 --- --- $3,200,000 $1,400,000 --- --- $111,700,000 $4,500,000 $147,800,000 $29,560,000 $177,360,000

C2 1,023,621 16,165 $27,000,000 --- --- $22,000,000 $1,600,000 --- --- $27,700,000 $4,500,000 $82,800,000 $16,560,000 $99,360,000

D 1,023,621 16,165 $26,000,000 $1,700,000 --- --- $1,600,000 --- $69,300,000 $2,000,000 $4,500,000 $105,100,000 $21,020,000 $126,120,000

E 1,023,621 16,165 $27,000,000 --- --- $3,200,000 $1,400,000 $42,400,000 --- --- $4,500,000 $78,500,000 $15,700,000 $94,200,000

F 771,564 16,165 $23,700,000 $1,700,000 $28,700,000 --- $1,400,000 --- $37,300,000 $2,000,000 $4,500,000 $99,300,000 $19,860,000 $119,160,000
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LLBdM-Summary

1000 ppb
Alternative Dredge 

Volume (cy)
TSCA Dredge 

Vol. (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls Subtotal 20% Contingency TOTAL

A 0 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C1 784,192 16,165 $22,100,000 --- --- $3,200,000 $1,300,000 --- --- $85,600,000 $4,500,000 $116,700,000 $23,340,000 $140,040,000

C2 784,192 16,165 $22,100,000 --- --- $16,900,000 $1,400,000 --- --- $21,300,000 $4,500,000 $66,200,000 $13,240,000 $79,440,000

D 784,192 16,165 $21,100,000 $1,700,000 --- --- $1,400,000 --- $37,300,000 $2,000,000 $4,500,000 $68,000,000 $13,600,000 $81,600,000

E 784,192 16,165 $22,100,000 --- --- $3,200,000 $1,300,000 $32,500,000 --- --- $4,500,000 $63,600,000 $12,720,000 $76,320,000

F 635,547 16,165 $20,100,000 $1,700,000 $23,600,000 --- $1,300,000 --- $37,300,000 $2,000,000 $4,500,000 $90,500,000 $18,100,000 $108,600,000

5000 ppb
Alternative Dredge 

Volume (cy)
TSCA Dredge 

Vol. (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls Subtotal 20% Contingency TOTAL

A 0 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C1 281,689 16,165 $8,900,000 --- --- $3,200,000 $1,000,000 --- --- $30,900,000 $4,500,000 $48,500,000 $9,700,000 $58,200,000

C2 281,689 16,165 $8,900,000 --- --- $6,100,000 $1,100,000 --- --- $7,700,000 $4,500,000 $28,300,000 $5,660,000 $33,960,000

D 281,689 16,165 $7,900,000 $1,700,000 --- --- $1,100,000 --- $37,300,000 $2,000,000 $4,500,000 $54,500,000 $10,900,000 $65,400,000

E 281,689 16,165 $8,900,000 --- --- $3,200,000 $1,000,000 $11,700,000 --- --- $4,500,000 $29,300,000 $5,860,000 $35,160,000

F 222,635 16,165 $8,000,000 $1,700,000 $11,700,000 --- $1,000,000 --- $37,300,000 $2,000,000 $4,500,000 $66,200,000 $13,240,000 $79,440,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
LITTLE LAKE BUTTE DES MORTS

Action Level - 125 ppb

Material Handling Assumptions:
Volume > 125 ppb 1,689,173 cy 761 ac 1,289,445 m3
Volume > 250 ppb 1,322,818 cy 1,009,785 m3
Volume > 500 ppb 1,023,582 cy 781,360 m3
Volume > 1,000 ppb 784,192 cy 598,620 m3
Volume > 5,000 ppb 281,689 cy 215,030 m3
Volume > 50,000 ppb 16,165 cy 12,340 m3
Solids Specific Gravity 2.51
Fresh Water Density 62.4 lb/ft3
In Situ Density 24.2% w/w 11.3% v/v 0.99 tons per cy
Slurry Density (20% in situ) 5.5% w/w 2.3% v/v 0.87 tons per cy Ogden Beeman
Dewatered Density (passive pond) 20% w/w 9.1% v/v 0.96 tons per cy Montgomery Watson
Dewatered Density (mechanical and CDF) 50% w/w 28.5% v/v 1.20 tons per cy Foth & VanDyke
Treated Density 93.8% w/w 60.0% v/v 1.35 tons per cy
Arrowhead/Menasha CDF Capacity 1,406,932 cy in situ 1,337,963 m3
HTTD Treatment Capacity 1,099,327 cy in situ 1,650,000          tons
Cap Volume 435,300 cy 332,290             m3
Vitrification Treatment Capacity 4,496,073 cy in situ 2145500.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0% Not Used
Sales Tax 5.5%
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman (Oct 11, 2000)
Site Restoration $600,000 per dredge launch site pj

Mechanical - 3 cy bucket
Dock Construction $400,000 LS pj
Mobilization - Equipment $455,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman - JAG estimate
Shift Rate (10 hours) $9,000 per shift Ogden Beeman
Dredge Rate 630 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area pj
Free Water per cy Dredged (10%) 20                              gal Ogden Beeman
Offload Crane Mobilization $50,000 LS pj
Site Restoration $75,000 LS pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Vitrification (unit cost incl Cap and Op Costs) $27.0 per ton (250 glass ton per day melter unit) Unit Cost Study- Minergy

Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 9,322,396 sf 866,100 m2
Sand Cap Depth 1.7 feet
Sand Placement $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Acres corresponds to dredge 
footprint area

Costs-R4.xls
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Nearshore CDF Arrowhead Menasha
Land Lease or Purchase $1.8 per sf $1.8 Ole
Length 8,000 lf 9,200 Baird
Capping Volume 190,000 cy 170,000 Baird
Seeding Area 280,000 sy 250,000 Baird
Sheetpile Wall Length 8,000 lf 9,200 Baird
Sheetpile Depth 30 ft 30 based on bathymetry
Sheetpile Cost $19 per sf $19 pj
Shot Rock Berm $650 per lf $550 Baird
Rip Rap $215 per lf $250 Baird
Place Treated Material $2 per cy $2 pj
Clean Soil Cap $10 per cy $10 Baird
Seeding $1 per sy $1 Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 644,791                     sf 14.80             2 days slurry + 13 wk solids * 2 cell
Perimeter 3,212                         lf 802.9890256 assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Alphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate (passive dewatering) 395                            gpm assume operate 24/7
Unit, Purchase (passive dewatering) $691,096 LS pj
Flow Rate (mechanical dewatering) 484                            gpm
Unit, Purchase (mechanical dewatering) $781,094 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day

Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

Costs-R4.xls
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ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Off-site Disposal (Passive Dewatering)

SEDIMENT REMOVAL (CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 761 acre $12,176,000
Dredging - 12 hour shifts 1609 Day 12.37692308 $9,171,300
Dredge Monitoring (Water Quality) 1609 Day $4,827,000
Sediment Removal QA 1609 Day $1,930,800
Site Restoration 2 Each $1,200,000

Direct Capital: $29,675,100
Engineering, Procurement & Construction Management: 3,561,012
Contractor Overhead/Profit: 4,451,265

Total Capital: $37,700,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 644,791 sf $1,160,624
Mobilization 1 LS $20,000
Clear and Grub 644,791 sf $29,605
Berm Construction 33,309 cy $199,855
Rough Grading 644,791 sf $161,198
Liner Placement 644,791 sf $967,187
Demob/Disposal 1 LS $10,000
Regrade 33,309 cy $199,855
Seed/Sod 71,643 sy $71,643

Direct Capital: $2,819,968
Engineering, Procurement & Construction Management: 338,396

Total Capital: $3,200,000

WATER TREATMENT
Unit Purchase 395 gpm $691,096
Water Treatment (Includes Operator) 1,280,733,951 gal $512,294
Water Treatment QA 2,253 day $450,600

Direct Capital: $1,653,989
Engineering, Procurement & Construction Management: 198,479

Total Capital: $1,900,000

Costs-R4.xls
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 2,015,159 ton $50,378,975
Lime Purchase 201,516 ton $12,090,960
Soil Loading 2,015,159 ton $5,642,445
Soil Hauling 2,015,159 ton $9,446,058
Tipping Fees (non-TSCA) 1,995,874 ton $85,822,578
Tipping Fees (TSCA) 19,285 ton $1,060,680

Direct Capital: $164,441,696
Engineering, Procurement & Construction Management: 19,733,004

Total Capital: $184,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $231,500,000

ALTERNATIVE C2:  Dredge Sediment With Off-site Disposal (Mechanical Dewatering)

SEDIMENT REMOVAL (CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 761 acre $12,176,000
Dredging - 12 hour shifts 1609 Day 12.37692308 $9,171,300
Dredge Monitoring (Water Quality) 1609 Day $4,827,000
Sediment Removal QA 1609 Day $1,930,800
Site Restoration 2 Each $1,200,000

Direct Capital: $29,675,100
Engineering, Procurement & Construction Management: 3,561,012
Contractor Overhead/Profit: 4,451,265

Total Capital: $37,700,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 403,032 bdt $32,242,544

Direct Capital: $32,342,544
Engineering, Procurement & Construction Management: 3,881,105

Total Capital: $36,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 1,570,606,822 gal $628,243
Water Treatment QA 2,253 day $450,600

Direct Capital: $1,859,937
Engineering, Procurement & Construction Management: 223,192

Total Capital: $2,100,000

Costs-R4.xls
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 806,064 ton $2,256,978
Soil Hauling 806,064 ton $3,778,423
Tipping Fees (non-TSCA) 798,350 ton $34,329,031
Tipping Fees (TSCA) 7,714 ton $424,272

Direct Capital: $40,788,704
Engineering, Procurement & Construction Management: 4,894,645

Total Capital: $45,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $126,200,000

ALTERNATIVE D:  Dredge Sediment, CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $490,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 26 Day $234,000
Dredge Monitoring (Water Quality) 26 Day $78,000
Sediment Removal QA 26 Day $31,200
Offload Crane Mobilization 1 LS $50,000

Direct Capital: $1,358,200
Engineering, Procurement & Construction Management: 162,984
Contractor Overhead/Profit: 203,730

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 15,939 ton $398,475
Lime Purchase 1,594 ton $95,640
Soil Loading 15,939 ton $44,629
Soil Hauling 15,939 ton $74,714
Tipping Fees (TSCA) 15,939 ton $876,645

Direct Capital: $1,490,103
Engineering, Procurement & Construction Management: 178,812

Total Capital: $1,700,000

Costs-R4.xls
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SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 761 acre $12,176,000
Dredging - 12 hour shifts 1594 Day $9,085,800
Dredge Monitoring (Water Quality) 1594 Day $4,782,000
Sediment Removal QA 1594 Day $1,912,800
Site Restoration 1 LS $600,000

Direct Capital: $28,926,600
Engineering, Procurement & Construction Management: 3,471,192
Contractor Overhead/Profit: 4,338,990

Total Capital: $36,700,000

CDF CONSTRUCTION - ARROWHEAD

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,520,000 sf $4,536,000
Shot Rock/Rip Rap 8,000 lf $6,920,000
Sheetpile Placement 240,000 sf $4,560,000
Clean Soil Cap 190,000 cy $1,900,000
Seeding 280,000 sy $280,000
Mitigation 58 acre $578,512

Direct Capital: $18,774,512
Engineering, Procurement & Construction Management: 2,252,941

Total Capital: $21,027,454

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 420,549 $6,327,706

Total Present Worth, Longer Term O&M Costs $16,258,262

Total Project Capital and O&M Cost $37,300,000

CDF CONSTRUCTION - MENASHA

Capital Items Quantity Units Cost   
Mobilization/Site Prep 27,778 sf $50,000
Shot Rock/Rip Rap 9,200 lf $7,360,000
Sheetpile Placement 276,000 sf $5,244,000
Clean Soil Cap 170,000 cy $1,700,000
Seeding 250,000 sy $250,000
Mitigation 52 acre $516,529

Direct Capital: $15,120,529
Engineering, Procurement & Construction Management: 1,814,463

Total Capital: $16,934,992

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 338,700 $5,096,178

Total Present Worth, Longer Term O&M Costs $15,026,734

Total Project Capital and O&M Cost $32,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 1,555,902,577 gal $622,361
Water Treatment QA 2,253 day $450,600

Direct Capital: $1,854,055
Engineering, Procurement & Construction Management: 222,487

Total Capital: $2,100,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $116,000,000

ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 761 acre $12,176,000
Dredging - 12 hour shifts 1609 Day $9,171,300
Dredge Monitoring (Water Quality) 1609 Day $4,827,000
Sediment Removal QA 1609 Day $1,930,800
Site Restoration 2 Each $1,200,000

Direct Capital: $29,675,100
Engineering, Procurement & Construction Management: 3,561,012
Contractor Overhead/Profit: 4,451,265

Total Capital: $37,700,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 644,791 sf $1,160,624
Mobilization 1 LS $20,000
Clear and Grub 644,791 sf $29,605
Berm Construction 33,309 cy $199,855
Rough Grading 644,791 sf $161,198
Liner Placement 644,791 sf $967,187
Demob/Disposal 1 LS $10,000
Regrade 33,309 cy $199,855
Seed/Sod 71,643 sy $71,643

Direct Capital: $2,819,968
Engineering, Procurement & Construction Management: 338,396

Total Capital: $3,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,096
Water Treatment (Includes Operator) 1,280,733,951 gal $512,294
Water Treatment QA 2,253 day $450,600

Direct Capital: $1,653,989
Engineering, Procurement & Construction Management: 198,479

Total Capital: $1,900,000
SEDIMENT TREATMENT (VITRIFICATION 1x250 tons Integrated Storage Unit)

Capital Items Quantity Units Cost   
Sediment Treatment 2,015,159 ton $54,409,293
Soil Loading 2,015,159 ton $5,642,445
Soil Hauling 2,015,159 ton $2,361,514

Direct Capital: $62,413,252
Engineering, Procurement & Construction Management: $7,489,590

Total Capital: $69,900,000

Costs-R4.xls
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $117,200,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible, Dredge to CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $490,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 26 Day $234,000
Dredge Monitoring (Water Quality) 26 Day $78,000
Sediment Removal QA 26 Day $31,200
Offload Crane Mobilization 1 LS $50,000

Direct Capital: $1,358,200
Engineering, Procurement & Construction Management: 162,984
Contractor Overhead/Profit: 203,730

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 19,286 ton $482,150
Lime Purchase 1,929 ton $115,740
Soil Loading 19,286 ton $54,001
Soil Hauling 19,286 ton $90,403
Tipping Fees (TSCA) 19,286 ton $1,060,730

Direct Capital: $1,803,024
Engineering, Procurement & Construction Management: 216,363

Total Capital: $2,000,000

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 805,639 tons $4,833,835
Sand Placement 575,457 cy $3,452,739
Cobble Purchase and Placement 345,274 cy $10,358,218
Cap Placement QA 1 LS $100,000

Direct Capital: $18,944,792
Engineering, Procurement & Construction Management: 2,273,375

Total Capital: $21,218,167

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $424,363 $6,385,097

Total Present Worth, Longer Term O&M Costs $12,403,616

Total Project Capital and O&M Cost $33,600,000
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SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 761 acre $12,176,000
Dredging - 12 hour shifts 1179 Day $6,720,300
Dredge Monitoring (Water Quality) 1179 Day $3,537,000
Sediment Removal QA 1179 Day $1,414,800
Site Restoration 2 Each $1,200,000

Direct Capital: $25,418,100
Engineering, Procurement & Construction Management: 3,050,172
Contractor Overhead/Profit: 3,812,715

Total Capital: $32,300,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 1,151,157,170 gal $460,463
Water Treatment QA 1,672 Day $334,400

Direct Capital: $1,575,957
Engineering, Procurement & Construction Management: 189,115

Total Capital: $1,800,000

CDF CONSTRUCTION - ARROWHEAD

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,520,000 sf $4,536,000
Shot Rock/Rip Rap 8,000 lf $6,920,000
Sheetpile Placement 240,000 sf $4,560,000
Clean Soil Cap 190,000 cy $1,900,000
Seeding 280,000 sy $280,000
Mitigation 58 acre $578,512

Direct Capital: $18,774,512
Engineering, Procurement & Construction Management: 2,252,941

Total Capital: $21,027,454

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 420,549 $6,327,706

Total Present Worth, Longer Term O&M Costs $16,258,262

Total Project Capital and O&M Cost $37,300,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $113,200,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
LITTLE LAKE BUTTE DES MORTS

Action Level - 250 ppb

Material Handling Assumptions:
Volume > 250 ppb 1,322,818 cy 697 ac 1,009,785 m3
Volume > 125 ppb 1,689,173 cy 1,289,445 m3
Volume > 500 ppb 1,023,621 cy 781,390 m3
Volume > 1,000 ppb 784,192 cy 598,620 m3
Volume > 5,000 ppb 281,689 cy 215,030 m3
Volume > 50,000 ppb 16,165 cy 12,340 m3
Solids Specific Gravity 2.51
Fresh Water Density 62.4 lb/ft3
In Situ Density 24.2% w/w 11.3% v/v 0.99 tons per cy
Slurry Density (20% in situ) 5.5% w/w 2.3% v/v 0.87 tons per cy Ogden Beeman
Dewatered Density (passive pond) 20% w/w 9.1% v/v 0.96 tons per cy Montgomery Watson
Dewatered Density (mechanical and CDF) 50% w/w 28.5% v/v 1.20 tons per cy Foth & VanDyke
Treated Density 93.8% w/w 60.0% v/v 1.35 tons per cy
Arrowhead/Menasha CDF Capacity 1,406,932 cy in situ 1,337,963 m3
HTTD Treatment Capacity 1,099,327 cy in situ 1,650,000          tons
Cap Volume 323,701 cy 247,100             m3
Vitrification Treatment Capacity 4,496,073 cy in situ 2145500.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0% Not Used
Sales Tax 5.5%
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

Mechanical - 3 cy bucket
Dock Construction $400,000 LS pj
Mobilization - Equipment $455,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman - JAG estimate
Shift Rate (10 hours) $9,000 per shift Ogden Beeman
Dredge Rate 630 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area pj
Free Water per cy Dredged (10%) 20                              gal Ogden Beeman
Offload Crane Mobilization $50,000 LS pj
Site Restoration $75,000 LS pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Vitrification (unit cost incl Cap and Op Costs) $27.0 per ton (250 glass ton per day melter unit) Unit Cost Study- Minergy

Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 8,630,293 sf 801,800 m2
Sand Cap Depth 1.7 feet
Sand Placement $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Acres corresponds to dredge 
footprint area
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Nearshore CDF Arrowhead Menasha
Land Lease or Purchase $1.8 per sf $1.8 Ole
Length 8,000 lf 9,200 Baird
Capping Volume 190,000 cy 170,000 Baird
Seeding Area 280,000 sy 250,000 Baird
Sheetpile Wall Length 8,000 lf 9,200 Baird
Sheetpile Depth 30 ft 30 based on bathymetry
Sheetpile Cost $19 per sf $19 pj
Shot Rock Berm $650 per lf $550 Baird
Rip Rap $215 per lf $250 Baird
Place Treated Material $2 per cy $2 pj
Clean Soil Cap $10 per cy $10 Baird
Seeding $1 per sy $1 Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 644,791                     sf 2 days slurry + 13 wk solids * 2 cell
Perimeter 3,212                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Alphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate (passive dewatering) 395                            gpm assume operate 24/7
Unit, Purchase (passive dewatering) $691,096 LS pj
Flow Rate (mechanical dewatering) 484                            gpm
Unit, Purchase (mechanical dewatering) $781,094 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day

Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

Costs-R4.xls
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ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Off-site Disposal (Passive Dewatering)

SEDIMENT REMOVAL (CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 697 acre $11,152,000
Dredging - 12 hour shifts 1260 Day 9.692307692 $7,182,000
Dredge Monitoring (Water Quality) 1260 Day $3,780,000
Sediment Removal QA 1260 Day $1,512,000
Site Restoration 2 Each $1,200,000

Direct Capital: $25,196,000
Engineering, Procurement & Construction Management: 3,023,520
Contractor Overhead/Profit: 3,779,400

Total Capital: $32,000,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 644,791 sf $1,160,624
Mobilization 1 LS $20,000
Clear and Grub 644,791 sf $29,605
Berm Construction 33,309 cy $199,855
Rough Grading 644,791 sf $161,198
Liner Placement 644,791 sf $967,187
Demob/Disposal 1 LS $10,000
Regrade 33,309 cy $199,855
Seed/Sod 71,643 sy $71,643

Direct Capital: $2,819,968
Engineering, Procurement & Construction Management: 338,396

Total Capital: $3,200,000

WATER TREATMENT
Unit Purchase 395 gpm $691,096
Water Treatment (Includes Operator) 1,002,963,239 gal $401,185
Water Treatment QA 1,764 day $352,800

Direct Capital: $1,445,081
Engineering, Procurement & Construction Management: 173,410

Total Capital: $1,600,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 1,578,104 ton $39,452,600
Lime Purchase 157,811 ton $9,468,660
Soil Loading 1,578,104 ton $4,418,691
Soil Hauling 1,578,104 ton $7,397,363
Tipping Fees (non-TSCA) 1,558,819 ton $67,029,213
Tipping Fees (TSCA) 19,285 ton $1,060,680

Direct Capital: $128,827,207
Engineering, Procurement & Construction Management: 15,459,265

Total Capital: $144,300,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $185,600,000

ALTERNATIVE C2:  Dredge Sediment With Off-site Disposal (Mechanical Dewatering)

SEDIMENT REMOVAL (CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 697 acre $11,152,000
Dredging - 12 hour shifts 1260 Day 9.692307692 $7,182,000
Dredge Monitoring (Water Quality) 1260 Day $3,780,000
Sediment Removal QA 1260 Day $1,512,000
Site Restoration 2 Each $1,200,000

Direct Capital: $25,196,000
Engineering, Procurement & Construction Management: 3,023,520
Contractor Overhead/Profit: 3,779,400

Total Capital: $32,000,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 315,621 bdt $25,249,652

Direct Capital: $25,349,652
Engineering, Procurement & Construction Management: 3,041,958

Total Capital: $28,400,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 1,229,967,319 gal $491,987
Water Treatment QA 1,764 day $352,800

Direct Capital: $1,625,881
Engineering, Procurement & Construction Management: 195,106

Total Capital: $1,800,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 631,241 ton $1,767,476
Soil Hauling 631,241 ton $2,958,944
Tipping Fees (non-TSCA) 623,527 ton $26,811,672
Tipping Fees (TSCA) 7,714 ton $424,272

Direct Capital: $31,962,363
Engineering, Procurement & Construction Management: 3,835,484

Total Capital: $35,800,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $102,500,000

ALTERNATIVE D:  Dredge Sediment, CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $490,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 26 Day $234,000
Dredge Monitoring (Water Quality) 26 Day $78,000
Sediment Removal QA 26 Day $31,200
Offload Crane Mobilization 1 LS $50,000

Direct Capital: $1,358,200
Engineering, Procurement & Construction Management: 162,984
Contractor Overhead/Profit: 203,730

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 19,286 ton $482,150
Lime Purchase 1,929 ton $115,740
Soil Loading 19,286 ton $54,001
Soil Hauling 19,286 ton $90,403
Tipping Fees (TSCA) 19,286 ton $1,060,730

Direct Capital: $1,803,024
Engineering, Procurement & Construction Management: 216,363

Total Capital: $2,000,000
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SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 697 acre $11,152,000
Dredging - 12 hour shifts 1245 Day $7,096,500
Dredge Monitoring (Water Quality) 1245 Day $3,735,000
Sediment Removal QA 1245 Day $1,494,000
Site Restoration 1 LS $600,000

Direct Capital: $24,447,500
Engineering, Procurement & Construction Management: 2,933,700
Contractor Overhead/Profit: 3,667,125

Total Capital: $31,000,000

CDF CONSTRUCTION - ARROWHEAD

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,520,000 sf $4,536,000
Shot Rock/Rip Rap 8,000 lf $6,920,000
Sheetpile Placement 240,000 sf $4,560,000
Clean Soil Cap 190,000 cy $1,900,000
Seeding 280,000 sy $280,000
Mitigation 58 acre $578,512

Direct Capital: $18,774,512
Engineering, Procurement & Construction Management: 2,252,941

Total Capital: $21,027,454

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 420,549 $6,327,706

Total Present Worth, Longer Term O&M Costs $16,258,262

Total Project Capital and O&M Cost $37,300,000

CDF CONSTRUCTION - MENASHA

Capital Items Quantity Units Cost   
Mobilization/Site Prep 27,778 sf $50,000
Shot Rock/Rip Rap 9,200 lf $7,360,000
Sheetpile Placement 276,000 sf $5,244,000
Clean Soil Cap 170,000 cy $1,700,000
Seeding 250,000 sy $250,000
Mitigation 52 acre $516,529

Direct Capital: $15,120,529
Engineering, Procurement & Construction Management: 1,814,463

Total Capital: $16,934,992

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 338,700 $5,096,178

Total Present Worth, Longer Term O&M Costs $15,026,734

Total Project Capital and O&M Cost $32,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 1,215,263,074 gal $486,105
Water Treatment QA 1,764 day $352,800

Direct Capital: $1,619,999
Engineering, Procurement & Construction Management: 194,400

Total Capital: $1,800,000

Costs-R4.xls
Page 17 of 227

Little Lake Buttes Des Morts (action level-250 ppb) 12/15/2002



INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $110,300,000

ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 697 acre $11,152,000
Dredging - 12 hour shifts 1260 Day $7,182,000
Dredge Monitoring (Water Quality) 1260 Day $3,780,000
Sediment Removal QA 1260 Day $1,512,000
Site Restoration 2 Each $1,200,000

Direct Capital: $25,196,000
Engineering, Procurement & Construction Management: 3,023,520
Contractor Overhead/Profit: 3,779,400

Total Capital: $32,000,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 644,791 sf $1,160,624
Mobilization 1 LS $20,000
Clear and Grub 644,791 sf $29,605
Berm Construction 33,309 cy $199,855
Rough Grading 644,791 sf $161,198
Liner Placement 644,791 sf $967,187
Demob/Disposal 1 LS $10,000
Regrade 33,309 cy $199,855
Seed/Sod 71,643 sy $71,643

Direct Capital: $2,819,968
Engineering, Procurement & Construction Management: 338,396

Total Capital: $3,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,096
Water Treatment (Includes Operator) 1,002,963,239 gal $401,185
Water Treatment QA 1,764 day $352,800

Direct Capital: $1,445,081
Engineering, Procurement & Construction Management: 173,410

Total Capital: $1,600,000
SEDIMENT TREATMENT (VITRIFICATION 1x250 tons Integrated Storage Unit)

Capital Items Quantity Units Cost   
Sediment Treatment 1,578,103 ton $42,608,787
Soil Loading 1,578,103 ton $4,418,689
Soil Hauling 1,578,103 ton $1,849,340

Direct Capital: $48,876,816
Engineering, Procurement & Construction Management: $5,865,218

Total Capital: $54,700,000

Costs-R4.xls
Page 18 of 227

Little Lake Buttes Des Morts (action level-250 ppb) 12/15/2002



INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $96,000,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible, Dredge to CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $490,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 26 Day $234,000
Dredge Monitoring (Water Quality) 26 Day $78,000
Sediment Removal QA 26 Day $31,200
Offload Crane Mobilization 1 LS $50,000

Direct Capital: $1,358,200
Engineering, Procurement & Construction Management: 162,984
Contractor Overhead/Profit: 203,730

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 19,286 ton $482,150
Cement Purchase 1,929 ton $115,740
Soil Loading 19,286 ton $54,001
Soil Hauling 19,286 ton $90,403
Tipping Fees (TSCA) 19,286 ton $1,060,730

Direct Capital: $1,803,024
Engineering, Procurement & Construction Management: 216,363

Total Capital: $2,000,000

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 745,828 tons $4,474,967
Sand Placement 532,734 cy $3,196,405
Cobble Purchase and Placement 319,640 cy $9,589,215
Cap Placement QA 1 LS $100,000

Direct Capital: $17,560,587
Engineering, Procurement & Construction Management: 2,107,270

Total Capital: $19,667,857

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $393,357 $5,918,568

Total Present Worth, Longer Term O&M Costs $11,937,087

Total Project Capital and O&M Cost $31,600,000
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SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 697 acre $11,152,000
Dredging - 12 hour shifts 937 Day $5,340,900
Dredge Monitoring (Water Quality) 937 Day $2,811,000
Sediment Removal QA 937 Day $1,124,400
Site Restoration 2 Each $1,200,000

Direct Capital: $21,998,300
Engineering, Procurement & Construction Management: 2,639,796
Contractor Overhead/Profit: 3,299,745

Total Capital: $27,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 914,283,237 gal $365,713
Water Treatment QA 1,333 Day $266,600

Direct Capital: $1,413,407
Engineering, Procurement & Construction Management: 169,609

Total Capital: $1,600,000

CDF CONSTRUCTION - ARROWHEAD

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,520,000 sf $4,536,000
Shot Rock/Rip Rap 8,000 lf $6,920,000
Sheetpile Placement 240,000 sf $4,560,000
Clean Soil Cap 190,000 cy $1,900,000
Seeding 280,000 sy $280,000
Mitigation 58 acre $578,512

Direct Capital: $18,774,512
Engineering, Procurement & Construction Management: 2,252,941

Total Capital: $21,027,454

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 420,549 $6,327,706

Total Present Worth, Longer Term O&M Costs $16,258,262

Total Project Capital and O&M Cost $37,300,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $106,600,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
LITTLE LAKE BUTTE DES MORTS

Action Level - 500 ppb

Material Handling Assumptions:
Volume > 500 ppb 1,023,621 cy 625 ac 781,390 m3
Volume > 125 ppb 1,689,173 cy 1,289,445 m3
Volume > 250 ppb 1,322,818 cy 1,009,785 m3
Volume > 1,000 ppb 784,192 cy 598,620 m3
Volume > 5,000 ppb 281,689 cy 215,030 m3
Volume > 50,000 ppb 16,165 cy 12,340 m3
Solids Specific Gravity 2.51
Fresh Water Density 62.4 lb/ft3
In Situ Density 24.2% w/w 11.3% v/v 0.99 tons per cy
Slurry Density (20% in situ) 5.5% w/w 2.3% v/v 0.87 tons per cy Ogden Beeman
Dewatered Density (passive pond) 20% w/w 9.1% v/v 0.96 tons per cy Montgomery Watson
Dewatered Density (mechanical and CDF) 50% w/w 28.5% v/v 1.20 tons per cy Foth & VanDyke
Treated Density 93.8% w/w 60.0% v/v 1.35 tons per cy
Arrowhead/Menasha CDF Capacity 1,406,932 cy in situ 1,337,963 m3
HTTD Treatment Capacity 1,099,327 cy in situ 1,650,000          tons
Cap Volume 252,057 cy 192,410             m3
Vitrification Treatment Capacity 4,496,073 cy in situ 2145500.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0% Not Used
Sales Tax 5.5%
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

Mechanical - 3 cy bucket
Dock Construction $400,000 LS pj
Mobilization - Equipment $455,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman - JAG estimate
Shift Rate (10 hours) $9,000 per shift Ogden Beeman
Dredge Rate 630 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area pj
Free Water per cy Dredged (10%) 20                              gal Ogden Beeman
Offload Crane Mobilization $50,000 LS pj
Site Restoration $75,000 LS pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Vitrification (unit cost incl Cap and Op Costs) $27.0 per ton (250 glass ton per day melter unit) Unit Cost Study- Minergy

Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 7,636,809 sf 709,500 m2
Sand Cap Depth 1.7 feet
Sand Placement $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Acres corresponds to dredge 
footprint area

Costs-R4.xls
Page 21 of 227

Little Lake Buttes Des Morts (action level-500 ppb) 12/15/2002



Nearshore CDF Arrowhead Menasha
Land Lease or Purchase $1.8 per sf $1.8 Ole
Length 8,000 lf 9,200 Baird
Capping Volume 190,000 cy 170,000 Baird
Seeding Area 280,000 sy 250,000 Baird
Sheetpile Wall Length 8,000 lf 9,200 Baird
Sheetpile Depth 30 ft 30 based on bathymetry
Sheetpile Cost $19 per sf $19 pj
Shot Rock Berm $650 per lf $550 Baird
Rip Rap $215 per lf $250 Baird
Place Treated Material $2 per cy $2 pj
Clean Soil Cap $10 per cy $10 Baird
Seeding $1 per sy $1 Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 644,791                     sf 2 days slurry + 13 wk solids * 2 cell
Perimeter 3,212                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Alphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate (passive dewatering) 395                            gpm assume operate 24/7
Unit, Purchase (passive dewatering) $691,096 LS pj
Flow Rate (mechanical dewatering) 484                            gpm
Unit, Purchase (mechanical dewatering) $781,094 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day

Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Off-site Disposal (Passive Dewatering)

SEDIMENT REMOVAL (CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 625 acre $10,000,000
Dredging - 12 hour shifts 975 Day 7.5 $5,557,500
Dredge Monitoring (Water Quality) 975 Day $2,925,000
Sediment Removal QA 975 Day $1,170,000
Site Restoration 2 Each $1,200,000

Direct Capital: $21,222,500
Engineering, Procurement & Construction Management: 2,546,700
Contractor Overhead/Profit: 3,183,375

Total Capital: $27,000,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 644,791 sf $1,160,624
Mobilization 1 LS $20,000
Clear and Grub 644,791 sf $29,605
Berm Construction 33,309 cy $199,855
Rough Grading 644,791 sf $161,198
Liner Placement 644,791 sf $967,187
Demob/Disposal 1 LS $10,000
Regrade 33,309 cy $199,855
Seed/Sod 71,643 sy $71,643

Direct Capital: $2,819,968
Engineering, Procurement & Construction Management: 338,396

Total Capital: $3,200,000

WATER TREATMENT
Unit Purchase 395 gpm $691,096
Water Treatment (Includes Operator) 776,111,197 gal $310,444
Water Treatment QA 1,365 day $273,000

Direct Capital: $1,274,540
Engineering, Procurement & Construction Management: 152,945

Total Capital: $1,400,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 1,221,165 ton $30,529,125
Lime Purchase 122,117 ton $7,327,020
Soil Loading 1,221,165 ton $3,419,262
Soil Hauling 1,221,165 ton $5,724,211
Tipping Fees (non-TSCA) 1,201,880 ton $51,680,836
Tipping Fees (TSCA) 19,285 ton $1,060,680

Direct Capital: $99,741,134
Engineering, Procurement & Construction Management: 11,968,936

Total Capital: $111,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $147,800,000

ALTERNATIVE C2:  Dredge Sediment With Off-site Disposal (Mechanical Dewatering)

SEDIMENT REMOVAL (CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 625 acre $10,000,000
Dredging - 12 hour shifts 975 Day 7.5 $5,557,500
Dredge Monitoring (Water Quality) 975 Day $2,925,000
Sediment Removal QA 975 Day $1,170,000
Site Restoration 2 Each $1,200,000

Direct Capital: $21,222,500
Engineering, Procurement & Construction Management: 2,546,700
Contractor Overhead/Profit: 3,183,375

Total Capital: $27,000,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 244,233 bdt $19,538,640

Direct Capital: $19,638,640
Engineering, Procurement & Construction Management: 2,356,637

Total Capital: $22,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 951,771,083 gal $380,708
Water Treatment QA 1,365 day $273,000

Direct Capital: $1,434,802
Engineering, Procurement & Construction Management: 172,176

Total Capital: $1,600,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 488,466 ton $1,367,705
Soil Hauling 488,466 ton $2,289,684
Tipping Fees (non-TSCA) 480,752 ton $20,672,334
Tipping Fees (TSCA) 7,714 ton $424,272

Direct Capital: $24,753,995
Engineering, Procurement & Construction Management: 2,970,479

Total Capital: $27,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $82,800,000

ALTERNATIVE D:  Dredge Sediment, CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $490,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 26 Day $234,000
Dredge Monitoring (Water Quality) 26 Day $78,000
Sediment Removal QA 26 Day $31,200
Offload Crane Mobilization 1 LS $50,000

Direct Capital: $1,358,200
Engineering, Procurement & Construction Management: 162,984
Contractor Overhead/Profit: 203,730

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 19,286 ton $482,150
Lime Purchase 1,929 ton $115,740
Soil Loading 19,286 ton $54,001
Soil Hauling 19,286 ton $90,403
Tipping Fees (TSCA) 19,286 ton $1,060,730

Direct Capital: $1,803,024
Engineering, Procurement & Construction Management: 216,363

Total Capital: $2,000,000
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SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 625 acre $10,000,000
Dredging - 12 hour shifts 960 Day $5,472,000
Dredge Monitoring (Water Quality) 960 Day $2,880,000
Sediment Removal QA 960 Day $1,152,000
Site Restoration 1 LS $600,000

Direct Capital: $20,474,000
Engineering, Procurement & Construction Management: 2,456,880
Contractor Overhead/Profit: 3,071,100

Total Capital: $26,000,000

CDF CONSTRUCTION - ARROWHEAD

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,520,000 sf $4,536,000
Shot Rock/Rip Rap 8,000 lf $6,920,000
Sheetpile Placement 240,000 sf $4,560,000
Clean Soil Cap 190,000 cy $1,900,000
Seeding 280,000 sy $280,000
Mitigation 58 acre $578,512

Direct Capital: $18,774,512
Engineering, Procurement & Construction Management: 2,252,941

Total Capital: $21,027,454

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 420,549 $6,327,706

Total Present Worth, Longer Term O&M Costs $16,258,262

Total Project Capital and O&M Cost $37,300,000

CDF CONSTRUCTION - MENASHA

Capital Items Quantity Units Cost   
Mobilization/Site Prep 27,778 sf $50,000
Shot Rock/Rip Rap 9,200 lf $7,360,000
Sheetpile Placement 276,000 sf $5,244,000
Clean Soil Cap 170,000 cy $1,700,000
Seeding 250,000 sy $250,000
Mitigation 52 acre $516,529

Direct Capital: $15,120,529
Engineering, Procurement & Construction Management: 1,814,463

Total Capital: $16,934,992

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 338,700 $5,096,178

Total Present Worth, Longer Term O&M Costs $15,026,734

Total Project Capital and O&M Cost $32,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 937,066,839 gal $374,827
Water Treatment QA 1,365 day $273,000

Direct Capital: $1,428,921
Engineering, Procurement & Construction Management: 171,470

Total Capital: $1,600,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $105,100,000

ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 625 acre $10,000,000
Dredging - 12 hour shifts 975 Day $5,557,500
Dredge Monitoring (Water Quality) 975 Day $2,925,000
Sediment Removal QA 975 Day $1,170,000
Site Restoration 2 Each $1,200,000

Direct Capital: $21,222,500
Engineering, Procurement & Construction Management: 2,546,700
Contractor Overhead/Profit: 3,183,375

Total Capital: $27,000,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 644,791 sf $1,160,624
Mobilization 1 LS $20,000
Clear and Grub 644,791 sf $29,605
Berm Construction 33,309 cy $199,855
Rough Grading 644,791 sf $161,198
Liner Placement 644,791 sf $967,187
Demob/Disposal 1 LS $10,000
Regrade 33,309 cy $199,855
Seed/Sod 71,643 sy $71,643

Direct Capital: $2,819,968
Engineering, Procurement & Construction Management: 338,396

Total Capital: $3,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,096
Water Treatment (Includes Operator) 776,111,197 gal $310,444
Water Treatment QA 1,365 day $273,000

Direct Capital: $1,274,540
Engineering, Procurement & Construction Management: 152,945

Total Capital: $1,400,000
SEDIMENT TREATMENT (VITRIFICATION 1x250 tons Integrated Storage Unit)

Capital Items Quantity Units Cost   
Sediment Treatment 1,221,165 ton $32,971,455
Soil Loading 1,221,165 ton $3,419,262
Soil Hauling 1,221,165 ton $1,431,053

Direct Capital: $37,821,769
Engineering, Procurement & Construction Management: $4,538,612

Total Capital: $42,400,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $78,500,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible, Dredge to CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $490,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 26 Day $234,000
Dredge Monitoring (Water Quality) 26 Day $78,000
Sediment Removal QA 26 Day $31,200
Offload Crane Mobilization 1 LS $50,000

Direct Capital: $1,358,200
Engineering, Procurement & Construction Management: 162,984
Contractor Overhead/Profit: 203,730

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 19,286 ton $482,150
Cement Purchase 1,929 ton $115,740
Soil Loading 19,286 ton $54,001
Soil Hauling 19,286 ton $90,403
Tipping Fees (TSCA) 19,286 ton $1,060,730

Direct Capital: $1,803,024
Engineering, Procurement & Construction Management: 216,363

Total Capital: $2,000,000

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 659,971 tons $3,959,827
Sand Placement 471,408 cy $2,828,448
Cobble Purchase and Placement 282,845 cy $8,485,343
Cap Placement QA 1 LS $100,000

Direct Capital: $15,573,617
Engineering, Procurement & Construction Management: 1,868,834

Total Capital: $17,442,452

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $348,849 $5,248,886

Total Present Worth, Longer Term O&M Costs $11,267,405

Total Project Capital and O&M Cost $28,700,000
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SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 625 acre $10,000,000
Dredging - 12 hour shifts 720 Day $4,104,000
Dredge Monitoring (Water Quality) 720 Day $2,160,000
Sediment Removal QA 720 Day $864,000
Site Restoration 2 Each $1,200,000

Direct Capital: $18,698,000
Engineering, Procurement & Construction Management: 2,243,760
Contractor Overhead/Profit: 2,804,700

Total Capital: $23,700,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 702,702,086 gal $281,081
Water Treatment QA 1,029 Day $205,800

Direct Capital: $1,267,975
Engineering, Procurement & Construction Management: 152,157

Total Capital: $1,400,000

CDF CONSTRUCTION - ARROWHEAD

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,520,000 sf $4,536,000
Shot Rock/Rip Rap 8,000 lf $6,920,000
Sheetpile Placement 240,000 sf $4,560,000
Clean Soil Cap 190,000 cy $1,900,000
Seeding 280,000 sy $280,000
Mitigation 58 acre $578,512

Direct Capital: $18,774,512
Engineering, Procurement & Construction Management: 2,252,941

Total Capital: $21,027,454

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 420,549 $6,327,706

Total Present Worth, Longer Term O&M Costs $16,258,262

Total Project Capital and O&M Cost $37,300,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $99,300,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
LITTLE LAKE BUTTE DES MORTS

Action Level - 1,000 ppb

Material Handling Assumptions:
Volume > 1000 ppb 784,192 cy 526 ac 598,620 m3
Volume > 125 ppb 1,689,173 cy 1,289,445 m3
Volume > 250 ppb 1,322,818 cy 1,009,785 m3
Volume > 500 ppb 1,023,621 cy 781,390 m3
Volume > 5,000 ppb 281,689 cy 215,030 m3
Volume > 50,000 ppb 16,165 cy 12,340 m3
Solids Specific Gravity 2.51
Fresh Water Density 62.4 lb/ft3
In Situ Density 24.2% w/w 11.3% v/v 0.99 tons per cy
Slurry Density (20% in situ) 5.5% w/w 2.3% v/v 0.87 tons per cy Ogden Beeman
Dewatered Density (passive pond) 20% w/w 9.1% v/v 0.96 tons per cy Montgomery Watson
Dewatered Density (mechanical and CDF) 50% w/w 28.5% v/v 1.20 tons per cy Foth & VanDyke
Treated Density 93.8% w/w 60.0% v/v 1.35 tons per cy
Arrowhead/Menasha CDF Capacity 1,406,932 cy in situ 1,337,963 m3
HTTD Treatment Capacity 1,099,327 cy in situ 1,650,000          tons
Cap Volume 148,646 cy 113,470             m3
Vitrification Treatment Capacity 4,496,073 cy in situ 2145500.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0% Not Used
Sales Tax 5.5%
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

Mechanical - 3 cy bucket
Dock Construction $400,000 LS pj
Mobilization - Equipment $455,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman - JAG estimate
Shift Rate (10 hours) $9,000 per shift Ogden Beeman
Dredge Rate 630 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area pj
Free Water per cy Dredged (10%) 20                              gal Ogden Beeman
Offload Crane Mobilization $50,000 LS pj
Site Restoration $75,000 LS pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Vitrification (unit cost incl Cap and Op Costs) $27.0 per ton (250 glass ton per day melter unit) Unit Cost Study- Minergy

Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 5,884,487 sf 546,700 m2
Sand Cap Depth 1.7 feet
Sand Placement $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Acres corresponds to dredge 
footprint area
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Nearshore CDF Arrowhead Menasha
Land Lease or Purchase $1.8 per sf $1.8 Ole
Length 8,000 lf 9,200 Baird
Capping Volume 190,000 cy 170,000 Baird
Seeding Area 280,000 sy 250,000 Baird
Sheetpile Wall Length 8,000 lf 9,200 Baird
Sheetpile Depth 30 ft 30 based on bathymetry
Sheetpile Cost $19 per sf $19 pj
Shot Rock Berm $650 per lf $550 Baird
Rip Rap $215 per lf $250 Baird
Place Treated Material $2 per cy $2 pj
Clean Soil Cap $10 per cy $10 Baird
Seeding $1 per sy $1 Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 644,791                     sf 2 days slurry + 13 wk solids * 2 cell
Perimeter 3,212                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Alphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate (passive dewatering) 395                            gpm assume operate 24/7
Unit, Purchase (passive dewatering) $691,096 LS pj
Flow Rate (mechanical dewatering) 484                            gpm
Unit, Purchase (mechanical dewatering) $781,094 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day

Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Off-site Disposal (Passive Dewatering)

SEDIMENT REMOVAL (CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 526 acre $8,416,000
Dredging - 12 hour shifts 747 Day 5.746153846 $4,257,900
Dredge Monitoring (Water Quality) 747 Day $2,241,000
Sediment Removal QA 747 Day $896,400
Site Restoration 2 Each $1,200,000

Direct Capital: $17,381,300
Engineering, Procurement & Construction Management: 2,085,756
Contractor Overhead/Profit: 2,607,195

Total Capital: $22,100,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 644,791 sf $1,160,624
Mobilization 1 LS $20,000
Clear and Grub 644,791 sf $29,605
Berm Construction 33,309 cy $199,855
Rough Grading 644,791 sf $161,198
Liner Placement 644,791 sf $967,187
Demob/Disposal 1 LS $10,000
Regrade 33,309 cy $199,855
Seed/Sod 71,643 sy $71,643

Direct Capital: $2,819,968
Engineering, Procurement & Construction Management: 338,396

Total Capital: $3,200,000

WATER TREATMENT
Unit Purchase 395 gpm $691,096
Water Treatment (Includes Operator) 594,575,928 gal $237,830
Water Treatment QA 1,046 day $209,200

Direct Capital: $1,138,126
Engineering, Procurement & Construction Management: 136,575

Total Capital: $1,300,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 935,530 ton $23,388,250
Lime Purchase 93,553 ton $5,613,180
Soil Loading 935,530 ton $2,619,484
Soil Hauling 935,530 ton $4,385,297
Tipping Fees (non-TSCA) 916,245 ton $39,398,531
Tipping Fees (TSCA) 19,285 ton $1,060,680

Direct Capital: $76,465,422
Engineering, Procurement & Construction Management: 9,175,851

Total Capital: $85,600,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $116,700,000

ALTERNATIVE C2:  Dredge Sediment With Off-site Disposal (Mechanical Dewatering)

SEDIMENT REMOVAL (CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 526 acre $8,416,000
Dredging - 12 hour shifts 747 Day 5.746153846 $4,257,900
Dredge Monitoring (Water Quality) 747 Day $2,241,000
Sediment Removal QA 747 Day $896,400
Site Restoration 2 Each $1,200,000

Direct Capital: $17,381,300
Engineering, Procurement & Construction Management: 2,085,756
Contractor Overhead/Profit: 2,607,195

Total Capital: $22,100,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 187,106 bdt $14,968,480

Direct Capital: $15,068,480
Engineering, Procurement & Construction Management: 1,808,218

Total Capital: $16,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 729,148,320 gal $291,659
Water Treatment QA 1,046 day $209,200

Direct Capital: $1,281,953
Engineering, Procurement & Construction Management: 153,834

Total Capital: $1,400,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 374,212 ton $1,047,794
Soil Hauling 374,212 ton $1,754,119
Tipping Fees (non-TSCA) 366,498 ton $15,759,412
Tipping Fees (TSCA) 7,714 ton $424,272

Direct Capital: $18,985,597
Engineering, Procurement & Construction Management: 2,278,272

Total Capital: $21,300,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $66,200,000

ALTERNATIVE D:  Dredge Sediment, CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $490,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 26 Day $234,000
Dredge Monitoring (Water Quality) 26 Day $78,000
Sediment Removal QA 26 Day $31,200
Offload Crane Mobilization 1 LS $50,000

Direct Capital: $1,358,200
Engineering, Procurement & Construction Management: 162,984
Contractor Overhead/Profit: 203,730

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 19,286 ton $482,150
Lime Purchase 1,929 ton $115,740
Soil Loading 19,286 ton $54,001
Soil Hauling 19,286 ton $90,403
Tipping Fees (TSCA) 19,286 ton $1,060,730

Direct Capital: $1,803,024
Engineering, Procurement & Construction Management: 216,363

Total Capital: $2,000,000
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SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 526 acre $8,416,000
Dredging - 12 hour shifts 732 Day $4,172,400
Dredge Monitoring (Water Quality) 732 Day $2,196,000
Sediment Removal QA 732 Day $878,400
Site Restoration 1 LS $600,000

Direct Capital: $16,632,800
Engineering, Procurement & Construction Management: 1,995,936
Contractor Overhead/Profit: 2,494,920

Total Capital: $21,100,000

CDF CONSTRUCTION - ARROWHEAD

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,520,000 sf $4,536,000
Shot Rock/Rip Rap 8,000 lf $6,920,000
Sheetpile Placement 240,000 sf $4,560,000
Clean Soil Cap 190,000 cy $1,900,000
Seeding 280,000 sy $280,000
Mitigation 58 acre $578,512

Direct Capital: $18,774,512
Engineering, Procurement & Construction Management: 2,252,941

Total Capital: $21,027,454

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 420,549 $6,327,706

Total Present Worth, Longer Term O&M Costs $16,258,262

Total Project Capital and O&M Cost $37,300,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 714,444,075 gal $285,778
Water Treatment QA 1,046 day $209,200

Direct Capital: $1,276,072
Engineering, Procurement & Construction Management: 153,129

Total Capital: $1,400,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $68,000,000
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ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 526 acre $8,416,000
Dredging - 12 hour shifts 747 Day $4,257,900
Dredge Monitoring (Water Quality) 747 Day $2,241,000
Sediment Removal QA 747 Day $896,400
Site Restoration 2 Each $1,200,000

Direct Capital: $17,381,300
Engineering, Procurement & Construction Management: 2,085,756
Contractor Overhead/Profit: 2,607,195

Total Capital: $22,100,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 644,791 sf $1,160,624
Mobilization 1 LS $20,000
Clear and Grub 644,791 sf $29,605
Berm Construction 33,309 cy $199,855
Rough Grading 644,791 sf $161,198
Liner Placement 644,791 sf $967,187
Demob/Disposal 1 LS $10,000
Regrade 33,309 cy $199,855
Seed/Sod 71,643 sy $71,643

Direct Capital: $2,819,968
Engineering, Procurement & Construction Management: 338,396

Total Capital: $3,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,096
Water Treatment (Includes Operator) 594,575,928 gal $237,830
Water Treatment QA 1,046 day $209,200

Direct Capital: $1,138,126
Engineering, Procurement & Construction Management: 136,575

Total Capital: $1,300,000
SEDIMENT TREATMENT (VITRIFICATION 1x250 tons Integrated Storage Unit)

Capital Items Quantity Units Cost   
Sediment Treatment 935,530 ton $25,259,310
Soil Loading 935,530 ton $2,619,484
Soil Hauling 935,530 ton $1,096,324

Direct Capital: $28,975,118
Engineering, Procurement & Construction Management: $3,477,014

Total Capital: $32,500,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $63,600,000
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ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible, Dredge to CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $490,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 26 Day $234,000
Dredge Monitoring (Water Quality) 26 Day $78,000
Sediment Removal QA 26 Day $31,200
Offload Crane Mobilization 1 LS $50,000

Direct Capital: $1,358,200
Engineering, Procurement & Construction Management: 162,984
Contractor Overhead/Profit: 203,730

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 19,286 ton $482,150
Cement Purchase 1,929 ton $115,740
Soil Loading 19,286 ton $54,001
Soil Hauling 19,286 ton $90,403
Tipping Fees (TSCA) 19,286 ton $1,060,730

Direct Capital: $1,803,024
Engineering, Procurement & Construction Management: 216,363

Total Capital: $2,000,000

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 508,536 tons $3,051,215
Sand Placement 363,240 cy $2,179,440
Cobble Purchase and Placement 217,944 cy $6,538,319
Cap Placement QA 1 LS $100,000

Direct Capital: $12,068,973
Engineering, Procurement & Construction Management: 1,448,277

Total Capital: $13,517,250

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $270,345 $4,067,691

Total Present Worth, Longer Term O&M Costs $10,086,210

Total Project Capital and O&M Cost $23,600,000

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 526 acre $8,416,000
Dredging - 12 hour shifts 590 Day $3,363,000
Dredge Monitoring (Water Quality) 590 Day $1,770,000
Sediment Removal QA 590 Day $708,000
Site Restoration 2 Each $1,200,000

Direct Capital: $15,827,000
Engineering, Procurement & Construction Management: 1,899,240
Contractor Overhead/Profit: 2,374,050

Total Capital: $20,100,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 576,232,088 gal $230,493
Water Treatment QA 848 Day $169,600

Direct Capital: $1,181,187
Engineering, Procurement & Construction Management: 141,742

Total Capital: $1,300,000

CDF CONSTRUCTION - ARROWHEAD

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,520,000 sf $4,536,000
Shot Rock/Rip Rap 8,000 lf $6,920,000
Sheetpile Placement 240,000 sf $4,560,000
Clean Soil Cap 190,000 cy $1,900,000
Seeding 280,000 sy $280,000
Mitigation 58 acre $578,512

Direct Capital: $18,774,512
Engineering, Procurement & Construction Management: 2,252,941

Total Capital: $21,027,454

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 420,549 $6,327,706

Total Present Worth, Longer Term O&M Costs $16,258,262

Total Project Capital and O&M Cost $37,300,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $90,500,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
LITTLE LAKE BUTTE DES MORTS

Action Level - 5,000 ppb

Material Handling Assumptions:
Volume > 5000 ppb 281,689 cy 174 ac 215,030 m3
Volume > 125 ppb 1,689,173 cy 1,289,445 m3
Volume > 250 ppb 1,322,818 cy 1,009,785 m3
Volume > 500 ppb 1,128,565 cy 781,390 m3
Volume > 1,000 ppb 784,192 cy 598,620 m3
Volume > 50,000 ppb 16,165 cy 12,340 m3
Solids Specific Gravity 2.51
Fresh Water Density 62.4 lb/ft3
In Situ Density 24.2% w/w 11.3% v/v 0.99 tons per cy
Slurry Density (20% in situ) 5.5% w/w 2.3% v/v 0.87 tons per cy Ogden Beeman
Dewatered Density (passive pond) 20% w/w 9.1% v/v 0.96 tons per cy Montgomery Watson
Dewatered Density (mechanical and CDF) 50% w/w 28.5% v/v 1.20 tons per cy Foth & VanDyke
Treated Density 93.8% w/w 60.0% v/v 1.35 tons per cy
Arrowhead/Menasha CDF Capacity 1,406,932 cy in situ 1,337,963 m3
HTTD Treatment Capacity 1,099,327 cy in situ 1,650,000          tons
Cap Volume 59,055 cy 45,080               m3
Vitrification Treatment Capacity 4,496,073 cy in situ 2145500.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0% Not Used
Sales Tax 5.5%
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

Mechanical - 3 cy bucket
Dock Construction $400,000 LS pj
Mobilization - Equipment $455,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman - JAG estimate
Shift Rate (10 hours) $9,000 per shift Ogden Beeman
Dredge Rate 630 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area pj
Free Water per cy Dredged (10%) 20                              gal Ogden Beeman
Offload Crane Mobilization $50,000 LS pj
Site Restoration $75,000 LS pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Vitrification (unit cost incl Cap and Op Costs) $27.0 per ton (250 glass ton per day melter unit) Unit Cost Study- Minergy

Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 1,791,071 sf 166,400 m2
Sand Cap Depth 1.7 feet
Sand Placement $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Acres corresponds to dredge 
footprint area
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Nearshore CDF Arrowhead Menasha
Land Lease or Purchase $1.8 per sf $1.8 Ole
Length 8,000 lf 9,200 Baird
Capping Volume 190,000 cy 170,000 Baird
Seeding Area 280,000 sy 250,000 Baird
Sheetpile Wall Length 8,000 lf 9,200 Baird
Sheetpile Depth 30 ft 30 based on bathymetry
Sheetpile Cost $19 per sf $19 pj
Shot Rock Berm $650 per lf $550 Baird
Rip Rap $215 per lf $250 Baird
Place Treated Material $2 per cy $2 pj
Clean Soil Cap $10 per cy $10 Baird
Seeding $1 per sy $1 Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 644,791                     sf 2 days slurry + 13 wk solids * 2 cell
Perimeter 3,212                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Alphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate (passive dewatering) 395                            gpm assume operate 24/7
Unit, Purchase (passive dewatering) $691,096 LS pj
Flow Rate (mechanical dewatering) 484                            gpm
Unit, Purchase (mechanical dewatering) $781,094 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day

Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Off-site Disposal (Passive Dewatering)

SEDIMENT REMOVAL (CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 174 acre $2,784,000
Dredging - 12 hour shifts 269 Day 2.069230769 $1,533,300
Dredge Monitoring (Water Quality) 269 Day $807,000
Sediment Removal QA 269 Day $322,800
Site Restoration 2 Each $1,200,000

Direct Capital: $7,017,100
Engineering, Procurement & Construction Management: 842,052
Contractor Overhead/Profit: 1,052,565

Total Capital: $8,900,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 644,791 sf $1,160,624
Mobilization 1 LS $20,000
Clear and Grub 644,791 sf $29,605
Berm Construction 33,309 cy $199,855
Rough Grading 644,791 sf $161,198
Liner Placement 644,791 sf $967,187
Demob/Disposal 1 LS $10,000
Regrade 33,309 cy $199,855
Seed/Sod 71,643 sy $71,643

Direct Capital: $2,819,968
Engineering, Procurement & Construction Management: 338,396

Total Capital: $3,200,000

WATER TREATMENT
Unit Purchase 395 gpm $691,096
Water Treatment (Includes Operator) 213,577,331 gal $85,431
Water Treatment QA 376 day $75,200

Direct Capital: $851,727
Engineering, Procurement & Construction Management: 102,207

Total Capital: $1,000,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 336,052 ton $8,401,300
Lime Purchase 33,606 ton $2,016,360
Soil Loading 336,052 ton $940,946
Soil Hauling 336,052 ton $1,575,244
Tipping Fees (non-TSCA) 316,767 ton $13,620,975
Tipping Fees (TSCA) 19,285 ton $1,060,682

Direct Capital: $27,615,507
Engineering, Procurement & Construction Management: 3,313,861

Total Capital: $30,900,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $48,500,000

ALTERNATIVE C2:  Dredge Sediment With Off-site Disposal (Mechanical Dewatering)

SEDIMENT REMOVAL (CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 174 acre $2,784,000
Dredging - 12 hour shifts 269 Day 2.069230769 $1,533,300
Dredge Monitoring (Water Quality) 269 Day $807,000
Sediment Removal QA 269 Day $322,800
Site Restoration 2 Each $1,200,000

Direct Capital: $7,017,100
Engineering, Procurement & Construction Management: 842,052
Contractor Overhead/Profit: 1,052,565

Total Capital: $8,900,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 67,210 bdt $5,376,820

Direct Capital: $5,476,820
Engineering, Procurement & Construction Management: 657,218

Total Capital: $6,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 261,917,015 gal $104,767
Water Treatment QA 376 day $75,200

Direct Capital: $961,061
Engineering, Procurement & Construction Management: 115,327

Total Capital: $1,100,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 134,421 ton $376,377
Soil Hauling 134,421 ton $630,096
Tipping Fees (non-TSCA) 126,706 ton $5,448,378
Tipping Fees (TSCA) 7,714 ton $424,272

Direct Capital: $6,879,124
Engineering, Procurement & Construction Management: 825,495

Total Capital: $7,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $28,300,000

ALTERNATIVE D:  Dredge Sediment, CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $490,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 26 Day $234,000
Dredge Monitoring (Water Quality) 26 Day $78,000
Sediment Removal QA 26 Day $31,200
Offload Crane Mobilization 1 LS $50,000

Direct Capital: $1,358,200
Engineering, Procurement & Construction Management: 162,984
Contractor Overhead/Profit: 203,730

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 19,286 ton $482,150
Lime Purchase 1,929 ton $115,740
Soil Loading 19,286 ton $54,001
Soil Hauling 19,286 ton $90,403
Tipping Fees (TSCA) 19,286 ton $1,060,730

Direct Capital: $1,803,024
Engineering, Procurement & Construction Management: 216,363

Total Capital: $2,000,000
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SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 174 acre $2,784,000
Dredging - 12 hour shifts 253 Day $1,442,100
Dredge Monitoring (Water Quality) 253 Day $759,000
Sediment Removal QA 253 Day $303,600
Site Restoration 1 LS $600,000

Direct Capital: $6,258,700
Engineering, Procurement & Construction Management: 751,044
Contractor Overhead/Profit: 938,805

Total Capital: $7,900,000

CDF CONSTRUCTION - ARROWHEAD

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,520,000 sf $4,536,000
Shot Rock/Rip Rap 8,000 lf $6,920,000
Sheetpile Placement 240,000 sf $4,560,000
Clean Soil Cap 190,000 cy $1,900,000
Seeding 280,000 sy $280,000
Mitigation 58 acre $578,512

Direct Capital: $18,774,512
Engineering, Procurement & Construction Management: 2,252,941

Total Capital: $21,027,454

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 420,549 $6,327,706

Total Present Worth, Longer Term O&M Costs $16,258,262

Total Project Capital and O&M Cost $37,300,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 247,212,770 gal $98,885
Water Treatment QA 376 day $75,200

Direct Capital: $955,179
Engineering, Procurement & Construction Management: 114,621

Total Capital: $1,100,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $54,500,000
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ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 174 acre $2,784,000
Dredging - 12 hour shifts 269 Day $1,533,300
Dredge Monitoring (Water Quality) 269 Day $807,000
Sediment Removal QA 269 Day $322,800
Site Restoration 2 Each $1,200,000

Direct Capital: $7,017,100
Engineering, Procurement & Construction Management: 842,052
Contractor Overhead/Profit: 1,052,565

Total Capital: $8,900,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 644,791 sf $1,160,624
Mobilization 1 LS $20,000
Clear and Grub 644,791 sf $29,605
Berm Construction 33,309 cy $199,855
Rough Grading 644,791 sf $161,198
Liner Placement 644,791 sf $967,187
Demob/Disposal 1 LS $10,000
Regrade 33,309 cy $199,855
Seed/Sod 71,643 sy $71,643

Direct Capital: $2,819,968
Engineering, Procurement & Construction Management: 338,396

Total Capital: $3,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,096
Water Treatment (Includes Operator) 213,577,331 gal $85,431
Water Treatment QA 376 day $75,200

Direct Capital: $851,727
Engineering, Procurement & Construction Management: 102,207

Total Capital: $1,000,000
SEDIMENT TREATMENT (VITRIFICATION 1x250 tons Integrated Storage Unit)

Capital Items Quantity Units Cost   
Sediment Treatment 336,051 ton $9,073,384
Soil Loading 336,051 ton $940,944
Soil Hauling 336,051 ton $393,810

Direct Capital: $10,408,138
Engineering, Procurement & Construction Management: $1,248,977

Total Capital: $11,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $29,300,000
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ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible, Dredge to CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $490,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 26 Day $234,000
Dredge Monitoring (Water Quality) 26 Day $78,000
Sediment Removal QA 26 Day $31,200
Offload Crane Mobilization 1 LS $50,000

Direct Capital: $1,358,200
Engineering, Procurement & Construction Management: 162,984
Contractor Overhead/Profit: 203,730

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 19,286 ton $482,150
Cement Purchase 1,929 ton $115,740
Soil Loading 19,286 ton $54,001
Soil Hauling 19,286 ton $90,403
Tipping Fees (TSCA) 19,286 ton $1,060,730

Direct Capital: $1,803,024
Engineering, Procurement & Construction Management: 216,363

Total Capital: $2,000,000

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 154,784 tons $928,704
Sand Placement 110,560 cy $663,360
Cobble Purchase and Placement 66,336 cy $1,990,079
Cap Placement QA 1 LS $100,000

Direct Capital: $3,882,142
Engineering, Procurement & Construction Management: 465,857

Total Capital: $4,347,999

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $86,960 $1,308,426

Total Present Worth, Longer Term O&M Costs $7,326,945

Total Project Capital and O&M Cost $11,700,000

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $200,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 174 acre $2,784,000
Dredging - 12 hour shifts 197 Day $1,122,900
Dredge Monitoring (Water Quality) 197 Day $591,000
Sediment Removal QA 197 Day $236,400
Site Restoration 2 Each $1,200,000

Direct Capital: $6,304,300
Engineering, Procurement & Construction Management: 756,516
Contractor Overhead/Profit: 945,645

Total Capital: $8,000,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 484 gpm $781,094
Water Treatment (Includes Operator) 192,303,134 gal $76,921
Water Treatment QA 297 Day $59,400

Direct Capital: $917,415
Engineering, Procurement & Construction Management: 110,090

Total Capital: $1,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $66,200,000
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Ap_LR-Summary  

Table 7-6  Cost Summary for Remedial Alternatives - Appleton to Little Rapids
125 ppb
Alternative Dredge 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction
Off-site 

Disposal
Institutional 

Controls Subtotal 20% 
Contingency TOTAL

A 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C 182,450 $10,100,000 --- --- $3,000,000 $900,000 --- --- $19,800,000 $4,500,000 $38,300,000 $7,660,000 $45,960,000

E 182,450 $10,100,000 --- --- $3,000,000 $900,000 $7,700,000 --- --- $4,500,000 $26,200,000 $5,240,000 $31,440,000

250 ppb
Alternative Dredge 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction
Off-site 

Disposal
Institutional 

Controls Subtotal 20% 
Contingency TOTAL

A 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C 80,611 $8,000,000 --- --- $3,000,000 $800,000 --- --- $8,700,000 $4,500,000 $25,000,000 $5,000,000 $30,000,000

E 80,611 $8,000,000 --- --- $3,000,000 $800,000 $3,400,000 --- --- $4,500,000 $19,700,000 $3,940,000 $23,640,000

500 ppb
Alternative Dredge 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction
Off-site 

Disposal
Institutional 

Controls Subtotal 20% 
Contingency TOTAL

A 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C 56,998 $7,200,000 --- --- $3,000,000 $800,000 --- --- $6,200,000 $4,500,000 $21,700,000 $4,340,000 $26,040,000

E 56,998 $7,200,000 --- --- $3,000,000 $800,000 $2,400,000 --- --- $4,500,000 $17,900,000 $3,580,000 $21,480,000

1000 ppb
Alternative Dredge 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction
Off-site 

Disposal
Institutional 

Controls Subtotal 20% 
Contingency TOTAL

A 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C 46,178 $6,800,000 --- --- $3,000,000 $800,000 --- --- $5,000,000 $4,500,000 $20,100,000 $4,020,000 $24,120,000

E 46,178 $6,800,000 --- --- $3,000,000 $800,000 $2,000,000 --- --- $4,500,000 $17,100,000 $3,420,000 $20,520,000

5000 ppb
Alternative Dredge 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction
Off-site 

Disposal
Institutional 

Controls Subtotal 20% 
Contingency TOTAL

A 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C 20,148 $6,000,000 --- --- $3,000,000 $800,000 --- --- $2,200,000 $4,500,000 $16,500,000 $3,300,000 $19,800,000

E 20,148 $6,000,000 --- --- $3,000,000 $800,000 $900,000 --- --- $4,500,000 $15,200,000 $3,040,000 $18,240,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
APPLETON TO LITTLE RAPIDS

Action Level - 125 ppb

Material Handling Assumptions:
Volume > 125 ppb 182,450 cy 119 ac 139,275 m3
Volume > 250 ppb 80,611 cy 61,535 m3
Volume > 500 ppb 56,998 cy 43,510 m3
Volume > 1,000 ppb 46,178 cy 35,250 m3
Volume > 5000 ppb 20,148 cy 15,380 m3
Volume > 50,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.4
Fresh Water Density 62.4 lb/ft3
In Situ Density 24.2% w/w 11.7% v/v 0.98 tons per cy
Slurry Density (20% in situ) 5.5% w/w 2.3% v/v 0.87 tons per cy Ogden Beeman
Dewatered Density 20% w/w 9.4% v/v 0.95 tons per cy Montgomery Watson
Dewatered Density (mechanical and CDF) 50% w/w 29.4% v/v 1.19 tons per cy Foth & VanDyke
Treated Density 93.5% w/w 60.0% v/v 1.30 tons per cy
HTTD Treatment Capacity 1,264,377 cy in situ 1,650,000          tons
Vitrification Treatment Capacity 1,328,888 cy in situ 2145500.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Vitrification
Vitrification $27.0 per ton (250 glass ton per dya melter unit) Unit Cost Study- Minergy

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 608,771                     sf 13.97546543 2 days slurry + 13 wk solids * 2 cell
Perimeter 3,121                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Asphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate 395                            gpm assume operate 24/7
Unit, Purchase $691,235 LS pj
Water Treatment (Including Operator) $0.40 per 1,000 gallons
Water Treatment QA $200 per day
Flow Rate (mechanical dewatering) 484                            gpm pj
Unit, Purchase (mechanical dewatering) $780,778 LS pj, 1 sample/day

Acres corresponds to dredge 
footprint area
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Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C:  Dredge Sediment With Off-site Disposal

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 5 Each $500,000
Mobilization - Equipment and Silt Curtain 5 LS $850,000
Debris Sweep 119 ac $1,904,000
Dredging - 12 hour shifts 174 Day 1.338461538 $991,800
Dredge Monitoring (Water Quality) 174 Day $522,000
Sediment Removal QA 174 Day $208,800
Site Restoration 5 Each $3,000,000

Direct Capital: $7,976,600
Engineering, Procurement & Construction Management: 957,192
Contractor Overhead/Profit: 1,196,490

Total Capital: $10,100,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 608,771 sf $1,095,788
Mobilization 1 LS $20,000
Clear and Grub 608,771 sf $27,951
Berm Construction 32,365 cy $194,193
Rough Grading 608,771 sf $152,193
Liner Placement 608,771 sf $913,157
Demob/Disposal 1 LS $10,000
Regrade 32,365 cy $194,193
Seed/Sod 67,641 sy $67,641

Direct Capital: $2,675,115
Engineering, Procurement & Construction Management: 321,014

Total Capital: $3,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,235
Water Treatment (Includes Operator) 138,380,705 gal $55,352
Water Treatment QA 244 day $48,800

Direct Capital: $795,388
Engineering, Procurement & Construction Management: 95,447

Total Capital: $900,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 216,541 ton $5,413,525
Lime Purchase 21,655 ton $1,299,300
Soil Loading 216,541 ton $606,315
Soil Hauling 216,541 ton $1,015,036
Tipping Fees (non-TSCA) 216,541 ton $9,311,263

Direct Capital: $17,645,439
Engineering, Procurement & Construction Management: 2,117,453

Total Capital: $19,800,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $38,300,000
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ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 5 Each $500,000
Mobilization - Equipment and Silt Curtain 5 LS $850,000
Debris Sweep 119 ac $1,904,000
Dredging - 12 hour shifts 174 Day 1.338461538 $991,800
Dredge Monitoring (Water Quality) 174 Day $522,000
Sediment Removal QA 174 Day $208,800
Site Restoration 5 Each $3,000,000

Direct Capital: $7,976,600
Engineering, Procurement & Construction Management: 957,192
Contractor Overhead/Profit: 1,196,490

Total Capital: $10,100,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 608,771 sf $1,095,788
Mobilization 1 LS $20,000
Clear and Grub 608,771 sf $27,951
Berm Construction 32,365 cy $194,193
Rough Grading 608,771 sf $152,193
Liner Placement 608,771 sf $913,157
Demob/Disposal 1 LS $10,000
Regrade 32,365 cy $194,193
Seed/Sod 67,641 sy $67,641

Direct Capital: $2,675,115
Engineering, Procurement & Construction Management: 321,014

Total Capital: $3,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,235
Water Treatment (Includes Operator) 138,380,705 gal $55,352
Water Treatment QA 244 day $48,800

Direct Capital: $795,388
Engineering, Procurement & Construction Management: 95,447

Total Capital: $900,000
SEDIMENT TREATMENT (VITRIFICATION 1x250 tons Integrated Storage Unit)

Capital Items Quantity Units Cost   
Sediment Treatment 216,541 ton $5,846,596
Soil Loading 216,541 ton $606,314
Soil Hauling 216,541 ton $253,758

Direct Capital: $6,706,668
Engineering, Procurement & Construction Management: $1,006,000

Total Capital: $7,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $26,200,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
APPLETON TO LITTLE RAPIDS

Action Level - 250 ppb

Material Handling Assumptions:
Volume > 250 ppb 80,611 cy 73 ac 61,535 m3
Volume > 125 ppb 182,450 cy 139,275 m3
Volume > 500 ppb 56,998 cy 43,510 m3
Volume > 1,000 ppb 46,178 cy 35,250 m3
Volume > 5000 ppb 20,148 cy 15,380 m3
Volume > 50,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.4
Fresh Water Density 62.4 lb/ft3
In Situ Density 24.2% w/w 11.7% v/v 0.98 tons per cy
Slurry Density (20% in situ) 5.5% w/w 2.3% v/v 0.87 tons per cy Ogden Beeman
Dewatered Density 20% w/w 9.4% v/v 0.95 tons per cy Montgomery Watson
Dewatered Density (mechanical and CDF) 50% w/w 29.4% v/v 1.19 tons per cy Foth & VanDyke
Treated Density 93.5% w/w 60.0% v/v 1.30 tons per cy
HTTD Treatment Capacity 1,264,377 cy in situ 1,650,000          tons
Vitrification Treatment Capacity 1,328,888 cy in situ 2145500.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Vitrification
Vitrification $27.0 per ton (250 glass ton per day melter unit) Unit Cost Study- Minergy

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 608,771                     sf 13.97546543 2 days slurry + 13 wk solids * 2 cell
Perimeter 3,121                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Asphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate 395                            gpm assume operate 24/7
Unit, Purchase $691,235 LS pj
Water Treatment (Including Operator) $0.40 per 1,000 gallons
Water Treatment QA $200 per day
Flow Rate (mechanical dewatering) 484                            gpm pj
Unit, Purchase (mechanical dewatering) $780,778 LS pj, 1 sample/day

Acres corresponds to dredge 
footprint area
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Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C:  Dredge Sediment With Off-site Disposal

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 5 Each $500,000
Mobilization - Equipment and Silt Curtain 5 LS $850,000
Debris Sweep 73 ac $1,168,000
Dredging - 12 hour shifts 77 Day 0.592307692 $438,900
Dredge Monitoring (Water Quality) 77 Day $231,000
Sediment Removal QA 77 Day $92,400
Site Restoration 5 Each $3,000,000

Direct Capital: $6,280,300
Engineering, Procurement & Construction Management: 753,636
Contractor Overhead/Profit: 942,045

Total Capital: $8,000,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 608,771 sf $1,095,788
Mobilization 1 LS $20,000
Clear and Grub 608,771 sf $27,951
Berm Construction 32,365 cy $194,193
Rough Grading 608,771 sf $152,193
Liner Placement 608,771 sf $913,157
Demob/Disposal 1 LS $10,000
Regrade 32,365 cy $194,193
Seed/Sod 67,641 sy $67,641

Direct Capital: $2,675,115
Engineering, Procurement & Construction Management: 321,014

Total Capital: $3,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,235
Water Treatment (Includes Operator) 61,139,879 gal $24,456
Water Treatment QA 108 day $21,600

Direct Capital: $737,291
Engineering, Procurement & Construction Management: 88,475

Total Capital: $800,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 95,673 ton $2,391,825
Lime Purchase 9,568 ton $574,080
Soil Loading 95,673 ton $267,884
Soil Hauling 95,673 ton $448,467
Tipping Fees (non-TSCA) 95,673 ton $4,113,939

Direct Capital: $7,796,196
Engineering, Procurement & Construction Management: 935,543

Total Capital: $8,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $25,000,000
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ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 5 Each $500,000
Mobilization - Equipment and Silt Curtain 5 LS $850,000
Debris Sweep 73 ac $1,168,000
Dredging - 12 hour shifts 77 Day 0.592307692 $438,900
Dredge Monitoring (Water Quality) 77 Day $231,000
Sediment Removal QA 77 Day $92,400
Site Restoration 5 Each $3,000,000

Direct Capital: $6,280,300
Engineering, Procurement & Construction Management: 753,636
Contractor Overhead/Profit: 942,045

Total Capital: $8,000,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 608,771 sf $1,095,788
Mobilization 1 LS $20,000
Clear and Grub 608,771 sf $27,951
Berm Construction 32,365 cy $194,193
Rough Grading 608,771 sf $152,193
Liner Placement 608,771 sf $913,157
Demob/Disposal 1 LS $10,000
Regrade 32,365 cy $194,193
Seed/Sod 67,641 sy $67,641

Direct Capital: $2,675,115
Engineering, Procurement & Construction Management: 321,014

Total Capital: $3,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,235
Water Treatment (Includes Operator) 61,139,879 gal $24,456
Water Treatment QA 108 day $21,600

Direct Capital: $737,291
Engineering, Procurement & Construction Management: 88,475

Total Capital: $800,000
SEDIMENT TREATMENT (VITRIFICATION 1x250 tons Integrated Storage Unit)

Capital Items Quantity Units Cost   
Sediment Treatment 95,673 ton $2,583,165
Soil Loading 95,673 ton $267,884
Soil Hauling 95,673 ton $112,117

Direct Capital: $2,963,165
Engineering, Procurement & Construction Management: $444,475

Total Capital: $3,400,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $19,700,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
APPLETON TO LITTLE RAPIDS

Action Level - 500 ppb

Material Handling Assumptions:
Volume > 500 ppb 56,998 cy 48 ac 43,510 m3
Volume > 125 ppb 182,450 cy 139,275 m3
Volume > 250 ppb 80,611 cy 61,535 m3
Volume > 1,000 ppb 46,178 cy 35,250 m3
Volume > 5000 ppb 20,148 cy 15,380 m3
Volume > 50,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.4
Fresh Water Density 62.4 lb/ft3
In Situ Density 24.2% w/w 11.7% v/v 0.98 tons per cy
Slurry Density (20% in situ) 5.5% w/w 2.3% v/v 0.87 tons per cy Ogden Beeman
Dewatered Density 20% w/w 9.4% v/v 0.95 tons per cy Montgomery Watson
Dewatered Density (mechanical and CDF) 50% w/w 29.4% v/v 1.19 tons per cy Foth & VanDyke
Treated Density 93.5% w/w 60.0% v/v 1.30 tons per cy
HTTD Treatment Capacity 1,264,377 cy in situ 1,650,000          tons
Vitrification Treatment Capacity 1,328,888 cy in situ 2145500.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Vitrification
Vitrification $27.0 per ton (250 glass ton per day melter unit) Unit Cost Study- Minergy

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 608,771                     sf 13.97546543 2 days slurry + 13 wk solids * 2 cell
Perimeter 3,121                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Asphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate 395                            gpm assume operate 24/7
Unit, Purchase $691,235 LS pj
Water Treatment (Including Operator) $0.40 per 1,000 gallons
Water Treatment QA $200 per day
Flow Rate (mechanical dewatering) 484                            gpm pj
Unit, Purchase (mechanical dewatering) $780,778 LS pj, 1 sample/day

Acres corresponds to dredge 
footprint area

Costs-R4.xls
Page 57 of 227

Appleton to Little Rapids (action level-500 ppb) 12/15/2002



Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C:  Dredge Sediment With Off-site Disposal

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 5 Each $500,000
Mobilization - Equipment and Silt Curtain 5 LS $850,000
Debris Sweep 48 ac $768,000
Dredging - 12 hour shifts 55 Day 0.423076923 $313,500
Dredge Monitoring (Water Quality) 55 Day $165,000
Sediment Removal QA 55 Day $66,000
Site Restoration 5 Each $3,000,000

Direct Capital: $5,662,500
Engineering, Procurement & Construction Management: 679,500
Contractor Overhead/Profit: 849,375

Total Capital: $7,200,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 608,771 sf $1,095,788
Mobilization 1 LS $20,000
Clear and Grub 608,771 sf $27,951
Berm Construction 32,365 cy $194,193
Rough Grading 608,771 sf $152,193
Liner Placement 608,771 sf $913,157
Demob/Disposal 1 LS $10,000
Regrade 32,365 cy $194,193
Seed/Sod 67,641 sy $67,641

Direct Capital: $2,675,115
Engineering, Procurement & Construction Management: 321,014

Total Capital: $3,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,235
Water Treatment (Includes Operator) 43,230,619 gal $17,292
Water Treatment QA 76 day $15,200

Direct Capital: $723,728
Engineering, Procurement & Construction Management: 86,847

Total Capital: $800,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 67,649 ton $1,691,225
Lime Purchase 6,765 ton $405,900
Soil Loading 67,649 ton $189,417
Soil Hauling 67,649 ton $317,105
Tipping Fees (non-TSCA) 67,649 ton $2,908,907

Direct Capital: $5,512,554
Engineering, Procurement & Construction Management: 661,506

Total Capital: $6,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $21,700,000
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ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 5 Each $500,000
Mobilization - Equipment and Silt Curtain 5 LS $850,000
Debris Sweep 48 ac $768,000
Dredging - 12 hour shifts 55 Day 0.423076923 $313,500
Dredge Monitoring (Water Quality) 55 Day $165,000
Sediment Removal QA 55 Day $66,000
Site Restoration 5 Each $3,000,000

Direct Capital: $5,662,500
Engineering, Procurement & Construction Management: 679,500
Contractor Overhead/Profit: 849,375

Total Capital: $7,200,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 608,771 sf $1,095,788
Mobilization 1 LS $20,000
Clear and Grub 608,771 sf $27,951
Berm Construction 32,365 cy $194,193
Rough Grading 608,771 sf $152,193
Liner Placement 608,771 sf $913,157
Demob/Disposal 1 LS $10,000
Regrade 32,365 cy $194,193
Seed/Sod 67,641 sy $67,641

Direct Capital: $2,675,115
Engineering, Procurement & Construction Management: 321,014

Total Capital: $3,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,235
Water Treatment (Includes Operator) 43,230,619 gal $17,292
Water Treatment QA 76 day $15,200

Direct Capital: $723,728
Engineering, Procurement & Construction Management: 86,847

Total Capital: $800,000
SEDIMENT TREATMENT (VITRIFICATION 1x250 tons Integrated Storage Unit)

Capital Items Quantity Units Cost   
Sediment Treatment 67,648 ton $1,826,497
Soil Loading 67,648 ton $189,415
Soil Hauling 67,648 ton $79,275

Direct Capital: $2,095,187
Engineering, Procurement & Construction Management: $314,278

Total Capital: $2,400,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $17,900,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
APPLETON TO LITTLE RAPIDS

Action Level - 1,000 ppb

Material Handling Assumptions:
Volume > 1000 ppb 46,178 cy 34 ac 35,250 m3
Volume > 125 ppb 182,450 cy 139,275 m3
Volume > 250 ppb 80,611 cy 61,535 m3
Volume > 500 ppb 56,998 cy 43,510 m3
Volume > 5000 ppb 20,148 cy 15,380 m3
Volume > 50,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.4
Fresh Water Density 62.4 lb/ft3
In Situ Density 24.2% w/w 11.7% v/v 0.98 tons per cy
Slurry Density (20% in situ) 5.5% w/w 2.3% v/v 0.87 tons per cy Ogden Beeman
Dewatered Density 20% w/w 9.4% v/v 0.95 tons per cy Montgomery Watson
Dewatered Density (mechanical and CDF) 50% w/w 29.4% v/v 1.19 tons per cy Foth & VanDyke
Treated Density 93.5% w/w 60.0% v/v 1.30 tons per cy
HTTD Treatment Capacity 1,264,377 cy in situ 1,650,000          tons
Vitrification Treatment Capacity 1,328,888 cy in situ 2145500.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Vitrification
Vitrification $27.0 per ton (250 glass ton per day melter unit) Unit Cost Study- Minergy

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 608,771                     sf 13.97546543 2 days slurry + 13 wk solids * 2 cell
Perimeter 3,121                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Asphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate 395                            gpm assume operate 24/7
Unit, Purchase $691,235 LS pj
Water Treatment (Including Operator) $0.40 per 1,000 gallons
Water Treatment QA $200 per day
Flow Rate (mechanical dewatering) 484                            gpm pj
Unit, Purchase (mechanical dewatering) $780,778 LS pj, 1 sample/day

Acres corresponds to dredge 
footprint area
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Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C:  Dredge Sediment With Off-site Disposal

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 5 Each $500,000
Mobilization - Equipment and Silt Curtain 5 LS $850,000
Debris Sweep 34 ac $544,000
Dredging - 12 hour shifts 44 Day 0.338461538 $250,800
Dredge Monitoring (Water Quality) 44 Day $132,000
Sediment Removal QA 44 Day $52,800
Site Restoration 5 Each $3,000,000

Direct Capital: $5,329,600
Engineering, Procurement & Construction Management: 639,552
Contractor Overhead/Profit: 799,440

Total Capital: $6,800,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 608,771 sf $1,095,788
Mobilization 1 LS $20,000
Clear and Grub 608,771 sf $27,951
Berm Construction 32,365 cy $194,193
Rough Grading 608,771 sf $152,193
Liner Placement 608,771 sf $913,157
Demob/Disposal 1 LS $10,000
Regrade 32,365 cy $194,193
Seed/Sod 67,641 sy $67,641

Direct Capital: $2,675,115
Engineering, Procurement & Construction Management: 321,014

Total Capital: $3,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,235
Water Treatment (Includes Operator) 35,023,657 gal $14,009
Water Treatment QA 62 day $12,400

Direct Capital: $717,645
Engineering, Procurement & Construction Management: 86,117

Total Capital: $800,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 54,806 ton $1,370,150
Lime Purchase 5,481 ton $328,860
Soil Loading 54,806 ton $153,457
Soil Hauling 54,806 ton $256,903
Tipping Fees (non-TSCA) 54,806 ton $2,356,658

Direct Capital: $4,466,028
Engineering, Procurement & Construction Management: 535,923

Total Capital: $5,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $20,100,000
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ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 5 Each $500,000
Mobilization - Equipment and Silt Curtain 5 LS $850,000
Debris Sweep 34 ac $544,000
Dredging - 12 hour shifts 44 Day 0.338461538 $250,800
Dredge Monitoring (Water Quality) 44 Day $132,000
Sediment Removal QA 44 Day $52,800
Site Restoration 5 Each $3,000,000

Direct Capital: $5,329,600
Engineering, Procurement & Construction Management: 639,552
Contractor Overhead/Profit: 799,440

Total Capital: $6,800,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 608,771 sf $1,095,788
Mobilization 1 LS $20,000
Clear and Grub 608,771 sf $27,951
Berm Construction 32,365 cy $194,193
Rough Grading 608,771 sf $152,193
Liner Placement 608,771 sf $913,157
Demob/Disposal 1 LS $10,000
Regrade 32,365 cy $194,193
Seed/Sod 67,641 sy $67,641

Direct Capital: $2,675,115
Engineering, Procurement & Construction Management: 321,014

Total Capital: $3,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,235
Water Treatment (Includes Operator) 35,023,657 gal $14,009
Water Treatment QA 62 day $12,400

Direct Capital: $717,645
Engineering, Procurement & Construction Management: 86,117

Total Capital: $800,000
SEDIMENT TREATMENT (VITRIFICATION 1x250 tons Integrated Storage Unit)

Capital Items Quantity Units Cost   
Sediment Treatment 54,806 ton $1,479,752
Soil Loading 54,806 ton $153,456
Soil Hauling 54,806 ton $64,225

Direct Capital: $1,697,433
Engineering, Procurement & Construction Management: $254,615

Total Capital: $2,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $17,100,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
APPLETON TO LITTLE RAPIDS

Action Level - 5,000 ppb

Material Handling Assumptions:
Volume > 5000 ppb 20,148 cy 13 ac 15,380 m3
Volume > 125 ppb 182,450 cy 139,275 m3
Volume > 250 ppb 80,611 cy 61,535 m3
Volume > 500 ppb 56,998 cy 43,510 m3
Volume > 1000 ppb 46,178 cy 35,250 m3
Volume > 50,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.4
Fresh Water Density 62.4 lb/ft3
In Situ Density 24.2% w/w 11.7% v/v 0.98 tons per cy
Slurry Density (20% in situ) 5.5% w/w 2.3% v/v 0.87 tons per cy Ogden Beeman
Dewatered Density 20% w/w 9.4% v/v 0.95 tons per cy Montgomery Watson
Dewatered Density (mechanical and CDF) 50% w/w 29.4% v/v 1.19 tons per cy Foth & VanDyke
Treated Density 93.5% w/w 60.0% v/v 1.30 tons per cy
HTTD Treatment Capacity 1,264,377 cy in situ 1,650,000          tons
Vitrification Treatment Capacity 1,328,888 cy in situ 2145500.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Vitrification
Vitrification $27.0 per ton (250 glass ton per day melter unit) Unit Cost Study- Minergy

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 608,771                     sf 13.97546543 2 days slurry + 13 wk solids * 2 cell
Perimeter 3,121                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Asphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate 395                            gpm assume operate 24/7
Unit, Purchase $691,235 LS pj
Water Treatment (Including Operator) $0.40 per 1,000 gallons
Water Treatment QA $200 per day
Flow Rate (mechanical dewatering) 484                            gpm pj
Unit, Purchase (mechanical dewatering) $780,778 LS pj, 1 sample/day

Acres corresponds to dredge 
footprint area
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Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C:  Dredge Sediment With Off-site Disposal

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 5 Each $500,000
Mobilization - Equipment and Silt Curtain 5 LS $850,000
Debris Sweep 13 ac $208,000
Dredging - 12 hour shifts 20 Day 0.153846154 $114,000
Dredge Monitoring (Water Quality) 20 Day $60,000
Sediment Removal QA 20 Day $24,000
Site Restoration 5 Each $3,000,000

Direct Capital: $4,756,000
Engineering, Procurement & Construction Management: 570,720
Contractor Overhead/Profit: 713,400

Total Capital: $6,000,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 608,771 sf $1,095,788
Mobilization 1 LS $20,000
Clear and Grub 608,771 sf $27,951
Berm Construction 32,365 cy $194,193
Rough Grading 608,771 sf $152,193
Liner Placement 608,771 sf $913,157
Demob/Disposal 1 LS $10,000
Regrade 32,365 cy $194,193
Seed/Sod 67,641 sy $67,641

Direct Capital: $2,675,115
Engineering, Procurement & Construction Management: 321,014

Total Capital: $3,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,235
Water Treatment (Includes Operator) 15,281,244 gal $6,112
Water Treatment QA 27 day $5,400

Direct Capital: $702,748
Engineering, Procurement & Construction Management: 84,330

Total Capital: $800,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 23,913 ton $597,825
Lime Purchase 2,392 ton $143,520
Soil Loading 23,913 ton $66,956
Soil Hauling 23,913 ton $112,092
Tipping Fees (non-TSCA) 23,913 ton $1,028,259

Direct Capital: $1,948,653
Engineering, Procurement & Construction Management: 233,838

Total Capital: $2,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $16,500,000
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ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 5 Each $500,000
Mobilization - Equipment and Silt Curtain 5 LS $850,000
Debris Sweep 13 ac $208,000
Dredging - 12 hour shifts 20 Day 0.153846154 $114,000
Dredge Monitoring (Water Quality) 20 Day $60,000
Sediment Removal QA 20 Day $24,000
Site Restoration 5 Each $3,000,000

Direct Capital: $4,756,000
Engineering, Procurement & Construction Management: 570,720
Contractor Overhead/Profit: 713,400

Total Capital: $6,000,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 608,771 sf $1,095,788
Mobilization 1 LS $20,000
Clear and Grub 608,771 sf $27,951
Berm Construction 32,365 cy $194,193
Rough Grading 608,771 sf $152,193
Liner Placement 608,771 sf $913,157
Demob/Disposal 1 LS $10,000
Regrade 32,365 cy $194,193
Seed/Sod 67,641 sy $67,641

Direct Capital: $2,675,115
Engineering, Procurement & Construction Management: 321,014

Total Capital: $3,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 395 gpm $691,235
Water Treatment (Includes Operator) 15,281,244 gal $6,112
Water Treatment QA 27 day $5,400

Direct Capital: $702,748
Engineering, Procurement & Construction Management: 84,330

Total Capital: $800,000
SEDIMENT TREATMENT (VITRIFICATION 1x250 tons Integrated Storage Unit)

Capital Items Quantity Units Cost   
Sediment Treatment 23,912 ton $645,634
Soil Loading 23,912 ton $66,955
Soil Hauling 23,912 ton $28,022

Direct Capital: $740,611
Engineering, Procurement & Construction Management: $111,092

Total Capital: $900,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $15,200,000
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Table 7-8  Cost Summary for Remedial Alternatives - Little Rapids to De Pere
125 ppb
Alternative Dredge 

Volume (cy) Hydraulic Dredging Mechanical 
Dredging Capping Dewatering Water Treatment Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls Subtotal 20% 

Contingency TOTAL

A 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C1 1,483,156 $33,900,000 --- --- $3,100,000 $1,700,000 --- --- $181,000,000 $4,500,000 $224,200,000 $44,840,000 $269,040,000

C2A 1,483,156 $43,300,000 --- --- --- $5,100,000 --- --- $19,400,000 $4,500,000 $72,300,000 $14,460,000 $86,760,000

C2B 1,483,156 $43,300,000 --- --- $22,100,000 $5,000,000 --- --- $104,900,000 $4,500,000 $179,800,000 $35,960,000 $215,760,000

C3 1,483,156 $33,900,000 --- --- $53,400,000 $2,600,000 --- --- $67,300,000 $4,500,000 $161,700,000 $32,340,000 $194,040,000

D 1,483,156 $33,900,000 --- --- --- $1,900,000 --- $32,000,000 --- $4,500,000 $72,300,000 $14,460,000 $86,760,000

E 1,483,156 $43,300,000 --- --- $22,100,000 $10,700,000 $62,100,000 --- --- $4,500,000 $142,700,000 $28,540,000 $171,240,000

F 585,020 $23,100,000 --- $40,500,000 $3,100,000 $1,100,000 --- --- $71,400,000 $4,500,000 $143,700,000 $28,740,000 $172,440,000

250 ppb
Alternative Dredge 

Volume (cy) Hydraulic Dredging Mechanical 
Dredging Capping Dewatering Water Treatment Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls Subtotal 20% 

Contingency TOTAL

A 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C1 1,171,585 $28,600,000 --- --- $3,100,000 $1,500,000 --- --- $143,000,000 $4,500,000 $180,700,000 $36,140,000 $216,840,000

C2A 1,171,585 $37,600,000 --- --- --- $4,900,000 --- --- $16,200,000 $4,500,000 $63,200,000 $12,640,000 $75,840,000

C2B 1,171,585 $37,600,000 --- --- $22,100,000 $4,900,000 --- --- $83,700,000 $4,500,000 $152,800,000 $30,560,000 $183,360,000

C3 1,171,585 $28,600,000 --- --- $42,200,000 $2,400,000 --- --- $53,100,000 $4,500,000 $130,800,000 $26,160,000 $156,960,000

D 1,171,585 $28,600,000 --- --- --- $1,700,000 --- $32,000,000 --- $4,500,000 $66,800,000 $13,360,000 $80,160,000

E 1,171,585 $37,600,000 --- --- $22,100,000 $10,500,000 $49,100,000 --- --- $4,500,000 $123,800,000 $24,760,000 $148,560,000

F 411,065 $19,500,000 --- $36,000,000 $3,100,000 $1,000,000 --- --- $50,200,000 $4,500,000 $114,300,000 $22,860,000 $137,160,000

500 ppb
Alternative Dredge 

Volume (cy) Hydraulic Dredging Mechanical 
Dredging Capping Dewatering Water Treatment Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls Subtotal 20% 

Contingency TOTAL

A 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C1 776,791 $20,500,000 --- --- $3,100,000 $1,300,000 --- --- $94,800,000 $4,500,000 $124,200,000 $24,840,000 $149,040,000

C2A 776,791 $30,100,000 --- --- --- $4,700,000 --- --- $12,100,000 $4,500,000 $51,400,000 $10,280,000 $61,680,000

C2B 776,791 $30,100,000 --- --- $22,100,000 $4,700,000 --- --- $56,900,000 $4,500,000 $118,300,000 $23,660,000 $141,960,000

C3 776,791 $20,500,000 --- --- $28,000,000 $2,100,000 --- --- $35,200,000 $4,500,000 $90,300,000 $18,060,000 $108,360,000

D 776,791 $20,500,000 --- --- --- $1,400,000 --- $32,000,000 --- $4,500,000 $58,400,000 $11,680,000 $70,080,000

E 776,791 $30,100,000 --- --- $22,100,000 $10,300,000 $32,500,000 --- --- $4,500,000 $99,500,000 $19,900,000 $119,400,000

F 283,812 $14,600,000 --- $30,100,000 $3,100,000 $900,000 --- --- $34,600,000 $4,500,000 $87,800,000 $17,560,000 $105,360,000
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1000 ppb
Alternative Dredge 

Volume (cy) Hydraulic Dredging Mechanical 
Dredging Capping Dewatering Water Treatment Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls Subtotal 20% 

Contingency TOTAL

A 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C1 586,788 $14,800,000 --- --- $3,100,000 $1,100,000 --- --- $71,600,000 $4,500,000 $95,100,000 $19,020,000 $114,120,000

C2A 586,788 $24,700,000 --- --- --- $4,600,000 --- --- $10,100,000 $4,500,000 $43,900,000 $8,780,000 $52,680,000

C2B 586,788 $24,700,000 --- --- $22,100,000 $4,600,000 --- --- $44,000,000 $4,500,000 $99,900,000 $19,980,000 $119,880,000

C3 586,788 $14,800,000 --- --- $21,200,000 $2,000,000 --- --- $26,600,000 $4,500,000 $69,100,000 $13,820,000 $82,920,000

D 586,788 $14,800,000 --- --- --- $1,200,000 --- $32,000,000 --- $4,500,000 $52,500,000 $10,500,000 $63,000,000

E 586,788 $24,700,000 --- --- $22,100,000 $10,300,000 $24,600,000 --- --- $4,500,000 $86,200,000 $17,240,000 $103,440,000

F 170,418 $9,800,000 --- $23,800,000 $3,100,000 $900,000 --- --- $20,800,000 $4,500,000 $62,900,000 $12,580,000 $75,480,000

5000 ppb
Alternative Dredge 

Volume (cy) Hydraulic Dredging Mechanical 
Dredging Capping Dewatering Water Treatment Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls Subtotal 20% 

Contingency TOTAL

A 0 --- --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C1 186,348 $6,900,000 --- --- $3,100,000 $900,000 --- --- $22,700,000 $4,500,000 $38,100,000 $7,620,000 $45,720,000

C2A 186,348 $17,400,000 --- --- --- $4,500,000 --- --- $6,000,000 $4,500,000 $32,400,000 $6,480,000 $38,880,000

C2B 186,348 $17,400,000 --- --- $22,100,000 $4,500,000 --- --- $16,800,000 $4,500,000 $65,300,000 $13,060,000 $78,360,000

C3 186,348 $6,900,000 --- --- $6,800,000 $1,700,000 --- --- $8,500,000 $4,500,000 $28,400,000 $5,680,000 $34,080,000

D 186,348 $6,900,000 --- --- --- $1,000,000 --- $32,000,000 --- $4,500,000 $44,400,000 $8,880,000 $53,280,000

E 186,348 $17,400,000 --- --- $22,100,000 $10,100,000 $7,800,000 --- --- $4,500,000 $61,900,000 $12,380,000 $74,280,000

F 50,160 $5,200,000 --- $15,000,000 $3,100,000 $800,000 --- --- $6,100,000 $4,500,000 $34,700,000 $6,940,000 $41,640,000

12/15/2002



BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
LITTLE RAPIDS TO DE PERE

Action Level - 125 ppb

Material Handling Assumptions:
Volume > 125 ppb 1,483,156 cy 739 ac 1,132,180 m3
Volume > 250 ppb 1,171,585 cy 894,340 m3
Volume > 500 ppb 776,791 cy 592,970 m3
Volume > 1,000 ppb 586,788 cy 447,930 m3
Volume > 5000 ppb 186,348 cy 142,250 m3
Volume > 50,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.47
Fresh Water Density 62.4 lb/ft3
In Situ Density 37.1% w/w 19.3% v/v 1.08 tons per cy
Slurry Density (20% in situ) 9.0% w/w 3.9% v/v 0.89 tons per cy Ogden Beeman
Dewatered Density (settling pond) 30% w/w 14.8% v/v 1.03 tons per cy Montgomery Watson
Dewatered Density (CDF or landfill) 50% w/w 28.8% v/v 1.20 tons per cy Foth & VanDyke
Treated Density 93.7% w/w 60.0% v/v 1.33 tons per cy
HTTD Treatment Capacity 2,198,917 cy 1,650,000            tons
Cap Volume 898,136 cy 685,600               m3
Vitrification Treatment Capacity 8,028,121 cy in situ 6440000.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

Hydraulic - 2 12-inch Cutterheads
Site Preparation $803,400 LS Ogden Beeman
Mobilization - Equipment $1,135,000 LS Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (12 hours) $14,200 per shift Ogden Beeman
Dredge Rate 2885 cy in situ per 12 hour shift Ogden Beeman
Winter Over Equipment $285,000 per year Ogden Beeman
Site Restoration $600,000 per dredge launch site
Length of Piping 95,000 ft 18 mi

Piping Purchase/Installation $67 per ft Ogden Beeman
Number of Road Crossings 4 each pj, review map
Cost per Road Crossing $50,000 per crossing pj, review map
Number of Booster Pumps 4 each Ogden Beeman
Booster Pump Cost $2,500 per day Ogden Beeman

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Capital Costs $36,000,000 LS Unit Cost Study- Minergy
Operating Costs $6,800,000 per year Unit Cost Study- Minergy
Vitrification (Unit Cost includes Cap and Oper Costs) $24.0 per ton Unit Cost Study- Minergy

Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 11,689,322 sf 1,086,000 m2
Sand Cap Depth 1.7 feet
Placement Rate $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Acres corresponds to dredge 
footprint area

Distance to Town of Holland (map 
provded by Fred Swed) 11 mi of 
hard piping plus 7 mi of floating 
pipe
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Nearshore CDF Arrowhead Menasha
Land Lease or Purchase $1.8 per sf $1.8 Ole
Length 8,000 lf 9,200 Baird
Capping Volume 190,000 cy 170,000 Baird
Seeding Area 280,000 sy 250,000 Baird
Sheetpile Wall Length 8,000 lf 9,200 Baird
Sheetpile Depth 30 ft 30 based on bathymetry
Sheetpile Cost $19 per sf $19 pj
Shot Rock Berm $650 per lf $550 Baird
Rip Rap $215 per lf $250 Baird
Place Treated Material $2 per cy $2 pj
Clean Soil Cap $10 per cy $10 Baird
Seeding $1 per sy $1 Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area (1050 cy dredge rate) 636,049                     sf 14.60168334 2 days slurry + 13 wk solids * 2 cell
Perimeter (1050 cy dredge rate) 3,190                         lf assume square
Area (2885 cy dredge rate) 5,010,182                  sf 115.0179519

Perimeter (2885 cy dredge rate) 8,953                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Asphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate (1 10-inch Dredge; settling pond) 389                            gpm assume operate 24/7
Unit, Purchase (1 10-inch Dredge; settling pond) $684,675 LS pj
Flow Rate (1 10-inch Dredge; CDF) 456                            gpm assume operate 24/7
Unit, Purchase (1 10-inch Dredge; CDF) $752,984 LS pj
Flow Rate (2 12-inch Dredges) 3,505                         gpm assume operate 24/7
Unit, Purchase (2 12-inch Dredges) $2,561,265 LS pj
Flow Rate (2-12-in Dredges; settling pond) 2,991                         gpm assume operate 24/7
Flow Rate (mechanical dewatering) 1,252                         gpm
Unit, Purchase (mechanical dewatering) $1,380,892 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day
Length of piping for treated water discharge 20,000 feet

Disposal
Off-Site Disposal (Existing NR 500 Commercial)

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj
Conveyer Facility Construction 1,000,000 LS pj

Dedicated NR 500 Monofill
Landfill Construction $5,611,941
Landfill Area 140 acres
Local Siting Fee $5 per cy
Closure Cap $100,000 per acre
Operating Cost $500,000 per year
Post-closure Monitoring $30,000 per year

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

 2 days slurry + 13 wk solids * 2 
cells * 2 shifts per day 

Distance from town of Holland to 
river per map provided by Fred 
Swed

Costs-R4.xls
Page 72 of 227

Little Rapids to De Pere (action level-125 ppb) 12/15/2002



ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Passive Dewatering)

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 739 ac $11,824,000
Dredging - 12 hour shifts 1413 Day 10.86923077 $8,054,100
Dredge Monitoring (Water Quality) 1413 Day $4,239,000
Sediment Removal QA 1413 Day $1,695,600
Site Restoration 1 Each $600,000

Direct Capital: $26,682,700
Engineering, Procurement & Construction Management: 3,201,924
Contractor Overhead/Profit: 4,002,405

Total Capital: $33,900,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 636,049 sf $1,144,889
Mobilization 1 LS $20,000
Clear and Grub 636,049 sf $29,203
Berm Construction 33,083 cy $198,496
Rough Grading 636,049 sf $159,012
Liner Placement 636,049 sf $954,074
Demob/Disposal 1 LS $10,000
Regrade 33,083 cy $198,496
Seed/Sod 70,672 sy $70,672

Direct Capital: $2,784,842
Engineering, Procurement & Construction Management: 334,181

Total Capital: $3,100,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 389 gpm $684,675
Water Treatment (Includes Operator) 1,107,174,048 gal $442,870
Water Treatment QA 1,978 day $395,600

Direct Capital: $1,523,145
Engineering, Procurement & Construction Management: 182,777

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 1,982,931 ton $49,573,275
Lime Purchase 198,294 ton $11,897,640
Soil Loading 1,982,931 ton $5,552,207
Soil Hauling 1,982,931 ton $9,294,989
Tipping Fees (non-TSCA) 1,982,931 ton $85,266,033

Direct Capital: $161,584,144
Engineering, Procurement & Construction Management: 19,390,097

Total Capital: $181,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $224,200,000

ALTERNATIVE C2A:  Dredge Sediment with Combined Dewatering and Disposal Facility

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 739 ac $11,824,000
Dredging - 2 12-hour shifts 258 Day 1.417582418 $7,327,200
Dredge Monitoring (Water Quality) 258 Day $1,548,000
Sediment Removal QA 258 Day $619,200
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $2,580,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $34,125,200
Engineering, Procurement & Construction Management: 4,095,024
Contractor Overhead/Profit: 5,118,780

Total Capital: $43,300,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,505 gpm $2,561,265
Water Treatment (Includes Operator) 1,297,331,997 gal $518,933
Water Treatment QA 258 day $103,200
Piping 20,000 ft $1,340,000

Direct Capital: $4,523,398
Engineering, Procurement & Construction Management: 542,808

Total Capital: $5,100,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Landfill Construction 1 LS $5,611,941
Local Siting Fee 992,071 cy $4,960,355
Closure 31 acres $3,074,600

Direct Capital: $13,646,896
Engineering, Procurement & Construction Management: 1,637,628

Total Capital: $15,300,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $451,389

Total Present Worth, Longer Term O&M Costs $4,131,432

Total Project Capital and O&M Cost $19,400,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $72,300,000

ALTERNATIVE C2B:  Dredge Sediment with Separate Dewatering and Disposal Facility

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 739 ac $11,824,000
Dredging - 2 12-hour shifts 258 Day 1.417582418 $7,327,200
Dredge Monitoring (Water Quality) 258 Day $1,548,000
Sediment Removal QA 258 Day $619,200
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $2,580,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $34,125,200
Engineering, Procurement & Construction Management: 4,095,024
Contractor Overhead/Profit: 5,118,780

Total Capital: $43,300,000
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SEDIMENT DEWATERING (GRAVITY - NR 213)

Capital Items Quantity Units Cost   
Land Lease or Purchase 5,010,182 sf $9,018,328
Mobilization 1 LS $20,000
Clear and Grub 5,010,182 sf $230,036
Berm Construction 92,850 cy $557,099
Rough Grading 5,010,182 sf $1,252,545
Liner Placement 5,010,182 sf $7,515,273
Demob/Disposal 1 LS $10,000
Regrade 92,850 cy $557,099
Seed/Sod 556,687 sy $556,687

Direct Capital: $19,717,067
Engineering, Procurement & Construction Management: 2,366,048

Total Capital: $22,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 2,991 gpm $2,561,265
Water Treatment (Includes Operator) 1,107,174,048 gal $442,870
Water Treatment QA 720 day $144,000
Piping 20,000 ft $1,340,000

Direct Capital: $4,488,135
Engineering, Procurement & Construction Management: 538,576

Total Capital: $5,000,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Solidification 1,982,931 ton $49,573,275
Lime Purchase 198,294 ton $11,897,640
Sediment Loading 1,982,930 ton $5,552,205
Sediment Hauling 1,982,930 ton $9,294,987
Landfill Construction 1 LS $5,611,941
Local Siting Fee 992,071 cy $4,960,355
Closure 31 acres $3,074,600

Direct Capital: $89,965,003
Engineering, Procurement & Construction Management: 10,795,800

Total Capital: $100,800,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $451,389

Total Present Worth, Longer Term O&M Costs $4,131,432

Total Project Capital and O&M Cost $104,900,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $179,800,000
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ALTERNATIVE C3:  Dredge with Disposal at Existing NR 500 Commercial Disposal Facility (Mechanical Dewatering)

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 739 ac $11,824,000
Dredging - 12 hour shifts 1413 Day 10.86923077 $8,054,100
Dredge Monitoring (Water Quality) 1413 Day $4,239,000
Sediment Removal QA 1413 Day $1,695,600
Site Restoration 1 Each $600,000

Direct Capital: $26,682,700
Engineering, Procurement & Construction Management: 3,201,924
Contractor Overhead/Profit: 4,002,405

Total Capital: $33,900,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 594,879 bdt $47,590,332

Direct Capital: $47,690,332
Engineering, Procurement & Construction Management: 5,722,840

Total Capital: $53,400,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 456 gpm $1,380,892
Water Treatment (Includes Operator) 1,297,331,997 gal $518,933
Water Treatment QA 1,978 day $395,600

Direct Capital: $2,295,425
Engineering, Procurement & Construction Management: 275,451

Total Capital: $2,600,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 1,189,758 ton $3,331,323
Soil Hauling 1,189,758 ton $5,576,992
Tipping Fees (non-TSCA) 1,189,758 ton $51,159,607
Tipping Fees (TSCA) 0 ton $0

Direct Capital: $60,067,922
Engineering, Procurement & Construction Management: 7,208,151

Total Capital: $67,300,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $161,700,000
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ALTERNATIVE D:  Dredge Sediment to CDF

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 739 ac $11,824,000
Dredging - 12 hour shifts 1413 Day 10.86923077 $8,054,100
Dredge Monitoring (Water Quality) 1413 Day $4,239,000
Sediment Removal QA 1413 Day $1,695,600
Site Restoration 1 Each $600,000

Direct Capital: $26,682,700
Engineering, Procurement & Construction Management: 3,201,924
Contractor Overhead/Profit: 4,002,405

Total Capital: $33,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 456 gpm $752,984
Water Treatment (Includes Operator) 1,297,331,997 gal $518,933
Water Treatment QA 1,978 day $395,600

Direct Capital: $1,667,517
Engineering, Procurement & Construction Management: 200,102

Total Capital: $1,900,000

CDF CONSTRUCTION - MENASHA

Capital Items Quantity Units Cost   
Mobilization/Site Prep 27,778 sf $50,000
Shot Rock/Rip Rap 9,200 lf $7,360,000
Sheetpile Placement 276,000 sf $5,244,000
Clean Soil Cap 170,000 cy $1,700,000
Seeding 250,000 sy $250,000
Mitigation 52 acre $516,529

Direct Capital: $15,120,529
Engineering, Procurement & Construction Management: 1,814,463

Total Capital: $16,934,992

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 338,700 $5,096,178

Total Present Worth, Longer Term O&M Costs $15,026,734

Total Project Capital and O&M Cost $32,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $72,300,000

Costs-R4.xls
Page 78 of 227

Little Rapids to De Pere (action level-125 ppb) 12/15/2002



ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 2 Each $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 739 ac $11,824,000
Dredging - 2 12-hour shifts 258 Day 1.417582418 $7,327,200
Dredge Monitoring (Water Quality) 258 Day $1,548,000
Sediment Removal QA 258 Day $619,200
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $2,580,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $34,125,200
Engineering, Procurement & Construction Management: 4,095,024
Contractor Overhead/Profit: 5,118,780

Total Capital: $43,300,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 5,010,182 sf $9,018,328
Mobilization 1 LS $20,000
Clear and Grub 5,010,182 sf $230,036
Berm Construction 92,850 cy $557,099
Rough Grading 5,010,182 sf $1,252,545
Liner Placement 5,010,182 sf $7,515,273
Demob/Disposal 1 LS $10,000
Regrade 92,850 cy $557,099
Seed/Sod 556,687 sy $556,687

Direct Capital: $19,717,067
Engineering, Procurement & Construction Management: 2,366,048

Total Capital: $22,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 2,991 gpm $2,561,265
Water Treatment (Includes Operator) 1,107,174,048 gal $442,870
Water Treatment QA 720 day $144,000
Piping 95,000 ft $6,365,000

Direct Capital: $9,513,135
Engineering, Procurement & Construction Management: 1,141,576

Total Capital: $10,700,000
SEDIMENT TREATMENT (VITRIFICATION 2x375 t Standalone Storage Units)

Capital Items Quantity Units Cost   
Sediment Treatment 1,982,930 ton $47,590,332
Soil Loading 1,982,930 ton $5,552,205
Soil Hauling 1,982,930 ton $2,323,747

Direct Capital: $55,466,284
Engineering, Procurement & Construction Management: $6,655,954

Total Capital: $62,100,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $142,700,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible, Dredge and Off-site Disposal

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 1,010,188 tons $6,061,130
Sand Placement 721,563 cy $4,329,379
Cobble Purchase and Placement 432,938 cy $12,988,136
Cap Placement QA 1 LS $100,000

Direct Capital: $23,678,645
Engineering, Procurement & Construction Management: 2,841,437

Total Capital: $26,520,082

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $530,402 $7,980,581

Total Present Worth, Longer Term O&M Costs $13,999,099

Total Project Capital and O&M Cost $40,500,000

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 739 ac $11,824,000
Dredging - 12 hour shifts 558 Day $3,180,600
Dredge Monitoring (Water Quality) 558 Day $1,674,000
Sediment Removal QA 558 Day $669,600
Site Restoration 1 Each $600,000

Direct Capital: $18,218,200
Engineering, Procurement & Construction Management: 2,186,184
Contractor Overhead/Profit: 2,732,730

Total Capital: $23,100,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 636,049 sf $1,144,889
Mobilization 1 LS $20,000
Clear and Grub 636,049 sf $29,203
Berm Construction 33,083 cy $198,496
Rough Grading 636,049 sf $159,012
Liner Placement 636,049 sf $954,074
Demob/Disposal 1 LS $10,000
Regrade 33,083 cy $198,496
Seed/Sod 70,672 sy $70,672

Direct Capital: $2,784,842
Engineering, Procurement & Construction Management: 334,181

Total Capital: $3,100,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 389 gpm $684,675
Water Treatment (Includes Operator) 436,716,588 gal $174,687
Water Treatment QA 781 Day $156,200

Direct Capital: $1,015,562
Engineering, Procurement & Construction Management: 121,867

Total Capital: $1,100,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 782,153 ton $19,553,825
Lime Purchase 78,216 ton $4,692,960
Soil Loading 782,153 ton $2,190,028
Soil Hauling 782,153 ton $3,666,342
Tipping Fees (non-TSCA) 782,153 ton $33,632,579

Direct Capital: $63,735,735
Engineering, Procurement & Construction Management: 7,648,288

Total Capital: $71,400,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $143,700,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
LITTLE RAPIDS TO DE PERE

Action Level - 250 ppb

Material Handling Assumptions:
Volume > 250 ppb 1,171,585 cy 665 ac 894,340 m3
Volume > 125 ppb 1,483,156 cy 1,132,180 m3
Volume > 500 ppb 776,791 cy 592,970 m3
Volume > 1,000 ppb 586,788 cy 447,930 m3
Volume > 5000 ppb 186,348 cy 142,250 m3
Volume > 50,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.47
Fresh Water Density 62.4 lb/ft3
In Situ Density 37.1% w/w 19.3% v/v 1.08 tons per cy
Slurry Density (20% in situ) 9.0% w/w 3.9% v/v 0.89 tons per cy Ogden Beeman
Dewatered Density (settling pond) 30% w/w 14.8% v/v 1.03 tons per cy Montgomery Watson
Dewatered Density (CDF or landfill) 50% w/w 28.8% v/v 1.20 tons per cy Foth & VanDyke
Treated Density 93.7% w/w 60.0% v/v 1.33 tons per cy
HTTD Treatment Capacity 2,198,917 cy 1,650,000            tons
Cap Volume 760,521 cy 580,550               m3
Vitrification Treatment Capacity 8,028,121 cy in situ 6440000.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

Hydraulic - 2 12-inch Cutterheads
Site Preparation $803,400 LS Ogden Beeman
Mobilization - Equipment $1,135,000 LS Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (12 hours) $14,200 per shift Ogden Beeman
Dredge Rate 2885 cy in situ per 12 hour shift Ogden Beeman
Winter Over Equipment $285,000 per year Ogden Beeman
Site Restoration $600,000 per dredge launch site
Length of Piping 95,000 ft 18 mi

Piping Purchase/Installation $67 per ft Ogden Beeman
Number of Road Crossings 4 each pj, review map
Cost per Road Crossing $50,000 per crossing pj, review map
Number of Booster Pumps 4 each Ogden Beeman
Booster Pump Cost $2,500 per day Ogden Beeman

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Capital Costs $36,000,000 LS Unit Cost Study- Minergy
Operating Costs $6,800,000 per year Unit Cost Study- Minergy
Vitrification (Unit Cost includes Cap and Oper Costs) $24.0 per ton Unit Cost Study- Minergy

Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 10,155,502 sf 943,500 m2
Sand Cap Depth 1.7 feet
Placement Rate $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Acres corresponds to dredge 
footprint area

Distance to Town of Holland (map 
provded by Fred Swed) 11 mi of 
hard piping plus 7 mi of floating 
pipe
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Nearshore CDF Arrowhead Menasha
Land Lease or Purchase $1.8 per sf $1.8 Ole
Length 8,000 lf 9,200 Baird
Capping Volume 190,000 cy 170,000 Baird
Seeding Area 280,000 sy 250,000 Baird
Sheetpile Wall Length 8,000 lf 9,200 Baird
Sheetpile Depth 30 ft 30 based on bathymetry
Sheetpile Cost $19 per sf $19 pj
Shot Rock Berm $650 per lf $550 Baird
Rip Rap $215 per lf $250 Baird
Place Treated Material $2 per cy $2 pj
Clean Soil Cap $10 per cy $10 Baird
Seeding $1 per sy $1 Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area (1050 cy dredge rate) 636,049                     sf 2 days slurry + 13 wk solids * 2 cell
Perimeter (1050 cy dredge rate) 3,190                         lf assume square
Area (2885 cy dredge rate) 5,010,182                  sf

Perimeter (2885 cy dredge rate) 8,953                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Asphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate (1 10-inch Dredge; settling pond) 389                            gpm assume operate 24/7
Unit, Purchase (1 10-inch Dredge; settling pond) $684,675 LS pj
Flow Rate (1 10-inch Dredge; CDF) 456                            gpm assume operate 24/7
Unit, Purchase (1 10-inch Dredge; CDF) $752,984 LS pj
Flow Rate (2 12-inch Dredges) 3,505                         gpm assume operate 24/7
Unit, Purchase (2 12-inch Dredges) $2,561,265 LS pj
Flow Rate (2-12-in Dredges; settling pond) 2,991                         gpm assume operate 24/7
Flow Rate (mechanical dewatering) 1,252                         gpm
Unit, Purchase (mechanical dewatering) $1,380,892 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day
Length of piping for treated water discharge 20,000 feet

Disposal
Off-Site Disposal (Existing NR 500 Commercial)

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj
Conveyer Facility Construction 1,000,000 LS pj

Dedicated NR 500 Monofill
Landfill Construction $4,433,026
Landfill Area 140 acres
Local Siting Fee $5 per cy
Closure Cap $100,000 per acre
Operating Cost $500,000 per year
Post-closure Monitoring $30,000 per year

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

 2 days slurry + 13 wk solids * 2 
cells * 2 shifts per day 

Distance from town of Holland to 
river per map provided by Fred 
Swed
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ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Passive Dewatering)

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 665 ac $10,640,000
Dredging - 12 hour shifts 1116 Day 8.584615385 $6,361,200
Dredge Monitoring (Water Quality) 1116 Day $3,348,000
Sediment Removal QA 1116 Day $1,339,200
Site Restoration 1 Each $600,000

Direct Capital: $22,558,400
Engineering, Procurement & Construction Management: 2,707,008
Contractor Overhead/Profit: 3,383,760

Total Capital: $28,600,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 636,049 sf $1,144,889
Mobilization 1 LS $20,000
Clear and Grub 636,049 sf $29,203
Berm Construction 33,083 cy $198,496
Rough Grading 636,049 sf $159,012
Liner Placement 636,049 sf $954,074
Demob/Disposal 1 LS $10,000
Regrade 33,083 cy $198,496
Seed/Sod 70,672 sy $70,672

Direct Capital: $2,784,842
Engineering, Procurement & Construction Management: 334,181

Total Capital: $3,100,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 389 gpm $684,675
Water Treatment (Includes Operator) 874,587,113 gal $349,835
Water Treatment QA 1,563 day $312,600

Direct Capital: $1,347,110
Engineering, Procurement & Construction Management: 161,653

Total Capital: $1,500,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 1,566,372 ton $39,159,300
Lime Purchase 156,638 ton $9,398,280
Soil Loading 1,566,372 ton $4,385,842
Soil Hauling 1,566,372 ton $7,342,369
Tipping Fees (non-TSCA) 1,566,372 ton $67,353,996

Direct Capital: $127,639,786
Engineering, Procurement & Construction Management: 15,316,774

Total Capital: $143,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $180,700,000

ALTERNATIVE C2A:  Dredge Sediment with Combined Dewatering and Disposal Facility

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 665 ac $10,640,000
Dredging - 2 12-hour shifts 204 Day 1.120879121 $5,793,600
Dredge Monitoring (Water Quality) 204 Day $1,224,000
Sediment Removal QA 204 Day $489,600
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $2,040,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $29,610,600
Engineering, Procurement & Construction Management: 3,553,272
Contractor Overhead/Profit: 4,441,590

Total Capital: $37,600,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,505 gpm $2,561,265
Water Treatment (Includes Operator) 1,024,798,087 gal $409,919
Water Treatment QA 204 day $81,600
Piping 20,000 ft $1,340,000

Direct Capital: $4,392,785
Engineering, Procurement & Construction Management: 527,134

Total Capital: $4,900,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Landfill Construction 1 LS $4,433,026
Local Siting Fee 783,664 cy $3,918,320
Closure 24 acres $2,428,711

Direct Capital: $10,780,057
Engineering, Procurement & Construction Management: 1,293,607

Total Capital: $12,100,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $451,389

Total Present Worth, Longer Term O&M Costs $4,131,432

Total Project Capital and O&M Cost $16,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $63,200,000

ALTERNATIVE C2B:  Dredge Sediment with Separate Dewatering and Disposal Facility

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 665 ac $10,640,000
Dredging - 2 12-hour shifts 204 Day 1.120879121 $5,793,600
Dredge Monitoring (Water Quality) 204 Day $1,224,000
Sediment Removal QA 204 Day $489,600
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $2,040,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $29,610,600
Engineering, Procurement & Construction Management: 3,553,272
Contractor Overhead/Profit: 4,441,590

Total Capital: $37,600,000
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SEDIMENT DEWATERING (GRAVITY - NR 213)

Capital Items Quantity Units Cost   
Land Lease or Purchase 5,010,182 sf $9,018,328
Mobilization 1 LS $20,000
Clear and Grub 5,010,182 sf $230,036
Berm Construction 92,850 cy $557,099
Rough Grading 5,010,182 sf $1,252,545
Liner Placement 5,010,182 sf $7,515,273
Demob/Disposal 1 LS $10,000
Regrade 92,850 cy $557,099
Seed/Sod 556,687 sy $556,687

Direct Capital: $19,717,067
Engineering, Procurement & Construction Management: 2,366,048

Total Capital: $22,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 2,991 gpm $2,561,265
Water Treatment (Includes Operator) 874,587,113 gal $349,835
Water Treatment QA 569 day $113,800
Piping 20,000 ft $1,340,000

Direct Capital: $4,364,900
Engineering, Procurement & Construction Management: 523,788

Total Capital: $4,900,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Solidification 1,566,372 ton $39,159,300
Lime Purchase 156,638 ton $9,398,280
Sediment Loading 1,566,371 ton $4,385,839
Sediment Hauling 1,566,371 ton $7,342,365
Landfill Construction 1 LS $4,433,026
Local Siting Fee 783,664 cy $3,918,320
Closure 24 acres $2,428,711

Direct Capital: $71,065,840
Engineering, Procurement & Construction Management: 8,527,901

Total Capital: $79,600,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $451,389

Total Present Worth, Longer Term O&M Costs $4,131,432

Total Project Capital and O&M Cost $83,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $152,800,000
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ALTERNATIVE C3:  Dredge with Disposal at Existing NR 500 Commercial Disposal Facility (Mechanical Dewatering)

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 665 ac $10,640,000
Dredging - 12 hour shifts 1116 Day 8.584615385 $6,361,200
Dredge Monitoring (Water Quality) 1116 Day $3,348,000
Sediment Removal QA 1116 Day $1,339,200
Site Restoration 1 Each $600,000

Direct Capital: $22,558,400
Engineering, Procurement & Construction Management: 2,707,008
Contractor Overhead/Profit: 3,383,760

Total Capital: $28,600,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 469,911 bdt $37,592,907

Direct Capital: $37,692,907
Engineering, Procurement & Construction Management: 4,523,149

Total Capital: $42,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 456 gpm $1,380,892
Water Treatment (Includes Operator) 1,024,798,087 gal $409,919
Water Treatment QA 1,563 day $312,600

Direct Capital: $2,103,411
Engineering, Procurement & Construction Management: 252,409

Total Capital: $2,400,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 939,823 ton $2,631,503
Soil Hauling 939,823 ton $4,405,419
Tipping Fees (non-TSCA) 939,823 ton $40,412,375
Tipping Fees (TSCA) 0 ton $0

Direct Capital: $47,449,297
Engineering, Procurement & Construction Management: 5,693,916

Total Capital: $53,100,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $130,800,000
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ALTERNATIVE D:  Dredge Sediment to CDF

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 665 ac $10,640,000
Dredging - 12 hour shifts 1116 Day 8.584615385 $6,361,200
Dredge Monitoring (Water Quality) 1116 Day $3,348,000
Sediment Removal QA 1116 Day $1,339,200
Site Restoration 1 Each $600,000

Direct Capital: $22,558,400
Engineering, Procurement & Construction Management: 2,707,008
Contractor Overhead/Profit: 3,383,760

Total Capital: $28,600,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 456 gpm $752,984
Water Treatment (Includes Operator) 1,024,798,087 gal $409,919
Water Treatment QA 1,563 day $312,600

Direct Capital: $1,475,503
Engineering, Procurement & Construction Management: 177,060

Total Capital: $1,700,000

CDF CONSTRUCTION - MENASHA

Capital Items Quantity Units Cost   
Mobilization/Site Prep 27,778 sf $50,000
Shot Rock/Rip Rap 9,200 lf $7,360,000
Sheetpile Placement 276,000 sf $5,244,000
Clean Soil Cap 170,000 cy $1,700,000
Seeding 250,000 sy $250,000
Mitigation 52 acre $516,529

Direct Capital: $15,120,529
Engineering, Procurement & Construction Management: 1,814,463

Total Capital: $16,934,992

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 338,700 $5,096,178

Total Present Worth, Longer Term O&M Costs $15,026,734

Total Project Capital and O&M Cost $32,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $66,800,000

Costs-R4.xls
Page 89 of 227

Little Rapids to De Pere (action level-250 ppb) 12/15/2002



ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 665 ac $10,640,000
Dredging - 2 12-hour shifts 204 Day 1.120879121 $5,793,600
Dredge Monitoring (Water Quality) 204 Day $1,224,000
Sediment Removal QA 204 Day $489,600
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $2,040,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $29,610,600
Engineering, Procurement & Construction Management: 3,553,272
Contractor Overhead/Profit: 4,441,590

Total Capital: $37,600,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 5,010,182 sf $9,018,328
Mobilization 1 LS $20,000
Clear and Grub 5,010,182 sf $230,036
Berm Construction 92,850 cy $557,099
Rough Grading 5,010,182 sf $1,252,545
Liner Placement 5,010,182 sf $7,515,273
Demob/Disposal 1 LS $10,000
Regrade 92,850 cy $557,099
Seed/Sod 556,687 sy $556,687

Direct Capital: $19,717,067
Engineering, Procurement & Construction Management: 2,366,048

Total Capital: $22,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 2,991 gpm $2,561,265
Water Treatment (Includes Operator) 874,587,113 gal $349,835
Water Treatment QA 569 day $113,800
Piping 95,000 ft $6,365,000

Direct Capital: $9,389,900
Engineering, Procurement & Construction Management: 1,126,788

Total Capital: $10,500,000
SEDIMENT TREATMENT (VITRIFICATION 2x375 t Standalone Storage Units)

Capital Items Quantity Units Cost   
Sediment Treatment 1,566,371 ton $37,592,907
Soil Loading 1,566,371 ton $4,385,839
Soil Hauling 1,566,371 ton $1,835,591

Direct Capital: $43,814,337
Engineering, Procurement & Construction Management: $5,257,720

Total Capital: $49,100,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $123,800,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible, Dredge and Off-site Disposal

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 877,636 tons $5,265,816
Sand Placement 626,883 cy $3,761,297
Cobble Purchase and Placement 376,130 cy $11,283,892
Cap Placement QA 1 LS $100,000

Direct Capital: $20,611,005
Engineering, Procurement & Construction Management: 2,473,321

Total Capital: $23,084,326

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $461,687 $6,946,672

Total Present Worth, Longer Term O&M Costs $12,965,191

Total Project Capital and O&M Cost $36,000,000

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 665 ac $10,640,000
Dredging - 12 hour shifts 392 Day $2,234,400
Dredge Monitoring (Water Quality) 392 Day $1,176,000
Sediment Removal QA 392 Day $470,400
Site Restoration 1 Each $600,000

Direct Capital: $15,390,800
Engineering, Procurement & Construction Management: 1,846,896
Contractor Overhead/Profit: 2,308,620

Total Capital: $19,500,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 636,049 sf $1,144,889
Mobilization 1 LS $20,000
Clear and Grub 636,049 sf $29,203
Berm Construction 33,083 cy $198,496
Rough Grading 636,049 sf $159,012
Liner Placement 636,049 sf $954,074
Demob/Disposal 1 LS $10,000
Regrade 33,083 cy $198,496
Seed/Sod 70,672 sy $70,672

Direct Capital: $2,784,842
Engineering, Procurement & Construction Management: 334,181

Total Capital: $3,100,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 389 gpm $684,675
Water Treatment (Includes Operator) 306,859,461 gal $122,744
Water Treatment QA 549 Day $109,800

Direct Capital: $917,219
Engineering, Procurement & Construction Management: 110,066

Total Capital: $1,000,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)
SEDIMENT DISPOSAL (OFF-SITE)

Capital Items Quantity Units Cost   
Solidification 549,581 ton $13,739,525
Lime Purchase 54,959 ton $3,297,540
Soil Loading 549,581 ton $1,538,827
Soil Hauling 549,581 ton $2,576,161
Tipping Fees (non-TSCA) 549,581 ton $23,631,983

Direct Capital: $44,784,036
Engineering, Procurement & Construction Management: 5,374,084

Total Capital: $50,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $114,300,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
LITTLE RAPIDS TO DE PERE

Action Level - 500 ppb

Material Handling Assumptions:
Volume > 500 ppb 776,791 cy 498 ac 592,970 m3
Volume > 125 ppb 1,483,156 cy 1,132,180 m3
Volume > 250 ppb 1,171,585 cy 894,340 m3
Volume > 1,000 ppb 586,788 cy 447,930 m3
Volume > 5000 ppb 186,348 cy 142,250 m3
Volume > 50,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.47
Fresh Water Density 62.4 lb/ft3
In Situ Density 37.1% w/w 19.3% v/v 1.08 tons per cy
Slurry Density (20% in situ) 9.0% w/w 3.9% v/v 0.89 tons per cy Ogden Beeman
Dewatered Density (settling pond) 30% w/w 14.8% v/v 1.03 tons per cy Montgomery Watson
Dewatered Density (CDF or landfill) 50% w/w 28.8% v/v 1.20 tons per cy Foth & VanDyke
Treated Density 93.7% w/w 60.0% v/v 1.33 tons per cy
HTTD Treatment Capacity 2,198,917 cy 1,650,000            tons
Cap Volume 492,979 cy 376,320               m3
Vitrification Treatment Capacity 8,028,121 cy in situ 6440000.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

Hydraulic - 2 12-inch Cutterheads
Site Preparation $803,400 LS Ogden Beeman
Mobilization - Equipment $1,135,000 LS Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (12 hours) $14,200 per shift Ogden Beeman
Dredge Rate 2885 cy in situ per 12 hour shift Ogden Beeman
Winter Over Equipment $285,000 per year Ogden Beeman
Site Restoration $600,000 per dredge launch site
Length of Piping 95,000 ft 18 mi

Piping Purchase/Installation $67 per ft Ogden Beeman
Number of Road Crossings 4 each pj, review map
Cost per Road Crossing $50,000 per crossing pj, review map
Number of Booster Pumps 4 each Ogden Beeman
Booster Pump Cost $2,500 per day Ogden Beeman

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Capital Costs $36,000,000 LS Unit Cost Study- Minergy
Operating Costs $6,800,000 per year Unit Cost Study- Minergy
Vitrification (Unit Cost includes Cap and Oper Costs) $24.0 per ton Unit Cost Study- Minergy

Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 8,117,944 sf 754,200 m2
Sand Cap Depth 1.7 feet
Placement Rate $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Acres corresponds to dredge 
footprint area

Distance to Town of Holland (map 
provded by Fred Swed) 11 mi of 
hard piping plus 7 mi of floating 
pipe
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Nearshore CDF Arrowhead Menasha
Land Lease or Purchase $1.8 per sf $1.8 Ole
Length 8,000 lf 9,200 Baird
Capping Volume 190,000 cy 170,000 Baird
Seeding Area 280,000 sy 250,000 Baird
Sheetpile Wall Length 8,000 lf 9,200 Baird
Sheetpile Depth 30 ft 30 based on bathymetry
Sheetpile Cost $19 per sf $19 pj
Shot Rock Berm $650 per lf $550 Baird
Rip Rap $215 per lf $250 Baird
Place Treated Material $2 per cy $2 pj
Clean Soil Cap $10 per cy $10 Baird
Seeding $1 per sy $1 Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area (1050 cy dredge rate) 636,049                     sf 2 days slurry + 13 wk solids * 2 cell
Perimeter (1050 cy dredge rate) 3,190                         lf assume square
Area (2885 cy dredge rate) 5,010,182                  sf

Perimeter (2885 cy dredge rate) 8,953                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Asphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate (1 10-inch Dredge; settling pond) 389                            gpm assume operate 24/7
Unit, Purchase (1 10-inch Dredge; settling pond) $684,675 LS pj
Flow Rate (1 10-inch Dredge; CDF) 456                            gpm assume operate 24/7
Unit, Purchase (1 10-inch Dredge; CDF) $752,984 LS pj
Flow Rate (2 12-inch Dredges) 3,505                         gpm assume operate 24/7
Unit, Purchase (2 12-inch Dredges) $2,561,265 LS pj
Flow Rate (2-12-in Dredges; settling pond) 2,991                         gpm assume operate 24/7
Flow Rate (mechanical dewatering) 1,252                         gpm
Unit, Purchase (mechanical dewatering) $1,380,892 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day
Length of piping for treated water discharge 20,000 feet

Disposal
Off-Site Disposal (Existing NR 500 Commercial)

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj
Conveyer Facility Construction 1,000,000 LS pj

Dedicated NR 500 Monofill
Landfill Construction $2,939,208
Landfill Area 140 acres
Local Siting Fee $5 per cy
Closure Cap $100,000 per acre
Operating Cost $500,000 per year
Post-closure Monitoring $30,000 per year

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

 2 days slurry + 13 wk solids * 2 
cells * 2 shifts per day 

Distance from town of Holland to 
river per map provided by Fred 
Swed
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ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Passive Dewatering)

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 498 ac $7,968,000
Dredging - 12 hour shifts 740 Day 5.692307692 $4,218,000
Dredge Monitoring (Water Quality) 740 Day $2,220,000
Sediment Removal QA 740 Day $888,000
Site Restoration 1 Each $600,000

Direct Capital: $16,164,000
Engineering, Procurement & Construction Management: 1,939,680
Contractor Overhead/Profit: 2,424,600

Total Capital: $20,500,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 636,049 sf $1,144,889
Mobilization 1 LS $20,000
Clear and Grub 636,049 sf $29,203
Berm Construction 33,083 cy $198,496
Rough Grading 636,049 sf $159,012
Liner Placement 636,049 sf $954,074
Demob/Disposal 1 LS $10,000
Regrade 33,083 cy $198,496
Seed/Sod 70,672 sy $70,672

Direct Capital: $2,784,842
Engineering, Procurement & Construction Management: 334,181

Total Capital: $3,100,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 389 gpm $684,675
Water Treatment (Includes Operator) 579,873,337 gal $231,949
Water Treatment QA 1,036 day $207,200

Direct Capital: $1,123,825
Engineering, Procurement & Construction Management: 134,859

Total Capital: $1,300,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 1,038,544 ton $25,963,600
Lime Purchase 103,855 ton $6,231,300
Soil Loading 1,038,544 ton $2,907,923
Soil Hauling 1,038,544 ton $4,868,175
Tipping Fees (non-TSCA) 1,038,544 ton $44,657,392

Direct Capital: $84,628,390
Engineering, Procurement & Construction Management: 10,155,407

Total Capital: $94,800,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $124,200,000

ALTERNATIVE C2A:  Dredge Sediment with Combined Dewatering and Disposal Facility

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 498 ac $7,968,000
Dredging - 2 12-hour shifts 135 Day 0.741758242 $3,834,000
Dredge Monitoring (Water Quality) 135 Day $810,000
Sediment Removal QA 135 Day $324,000
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $1,350,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $23,709,400
Engineering, Procurement & Construction Management: 2,845,128
Contractor Overhead/Profit: 3,556,410

Total Capital: $30,100,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,505 gpm $2,561,265
Water Treatment (Includes Operator) 679,467,005 gal $271,787
Water Treatment QA 135 day $54,000
Piping 20,000 ft $1,340,000

Direct Capital: $4,227,052
Engineering, Procurement & Construction Management: 507,246

Total Capital: $4,700,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Landfill Construction 1 LS $2,939,208
Local Siting Fee 519,589 cy $2,597,945
Closure 16 acres $1,610,296

Direct Capital: $7,147,450
Engineering, Procurement & Construction Management: 857,694

Total Capital: $8,000,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $451,389

Total Present Worth, Longer Term O&M Costs $4,131,432

Total Project Capital and O&M Cost $12,100,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $51,400,000

ALTERNATIVE C2B:  Dredge Sediment with Separate Dewatering and Disposal Facility

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 498 ac $7,968,000
Dredging - 2 12-hour shifts 135 Day 0.741758242 $3,834,000
Dredge Monitoring (Water Quality) 135 Day $810,000
Sediment Removal QA 135 Day $324,000
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $1,350,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $23,709,400
Engineering, Procurement & Construction Management: 2,845,128
Contractor Overhead/Profit: 3,556,410

Total Capital: $30,100,000
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SEDIMENT DEWATERING (GRAVITY - NR 213)

Capital Items Quantity Units Cost   
Land Lease or Purchase 5,010,182 sf $9,018,328
Mobilization 1 LS $20,000
Clear and Grub 5,010,182 sf $230,036
Berm Construction 92,850 cy $557,099
Rough Grading 5,010,182 sf $1,252,545
Liner Placement 5,010,182 sf $7,515,273
Demob/Disposal 1 LS $10,000
Regrade 92,850 cy $557,099
Seed/Sod 556,687 sy $556,687

Direct Capital: $19,717,067
Engineering, Procurement & Construction Management: 2,366,048

Total Capital: $22,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 2,991 gpm $2,561,265
Water Treatment (Includes Operator) 579,873,337 gal $231,949
Water Treatment QA 377 day $75,400
Piping 20,000 ft $1,340,000

Direct Capital: $4,208,615
Engineering, Procurement & Construction Management: 505,034

Total Capital: $4,700,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Solidification 1,038,544 ton $25,963,600
Lime Purchase 103,855 ton $6,231,300
Sediment Loading 1,038,544 ton $2,907,922
Sediment Hauling 1,038,544 ton $4,868,173
Landfill Construction 1 LS $2,939,208
Local Siting Fee 519,589 cy $2,597,945
Closure 16 acres $1,610,296

Direct Capital: $47,118,445
Engineering, Procurement & Construction Management: 5,654,213

Total Capital: $52,800,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $451,389

Total Present Worth, Longer Term O&M Costs $4,131,432

Total Project Capital and O&M Cost $56,900,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $118,300,000
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ALTERNATIVE C3:  Dredge with Disposal at Existing NR 500 Commercial Disposal Facility (Mechanical Dewatering)

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 498 ac $7,968,000
Dredging - 12 hour shifts 740 Day 5.692307692 $4,218,000
Dredge Monitoring (Water Quality) 740 Day $2,220,000
Sediment Removal QA 740 Day $888,000
Site Restoration 1 Each $600,000

Direct Capital: $16,164,000
Engineering, Procurement & Construction Management: 1,939,680
Contractor Overhead/Profit: 2,424,600

Total Capital: $20,500,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 311,563 bdt $24,925,046

Direct Capital: $25,025,046
Engineering, Procurement & Construction Management: 3,003,006

Total Capital: $28,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 456 gpm $1,380,892
Water Treatment (Includes Operator) 679,467,005 gal $271,787
Water Treatment QA 1,036 day $207,200

Direct Capital: $1,859,879
Engineering, Procurement & Construction Management: 223,185

Total Capital: $2,100,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 623,126 ton $1,744,753
Soil Hauling 623,126 ton $2,920,904
Tipping Fees (non-TSCA) 623,126 ton $26,794,425
Tipping Fees (TSCA) 0 ton $0

Direct Capital: $31,460,082
Engineering, Procurement & Construction Management: 3,775,210

Total Capital: $35,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $90,300,000
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ALTERNATIVE D:  Dredge Sediment to CDF

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 498 ac $7,968,000
Dredging - 12 hour shifts 740 Day 5.692307692 $4,218,000
Dredge Monitoring (Water Quality) 740 Day $2,220,000
Sediment Removal QA 740 Day $888,000
Site Restoration 1 Each $600,000

Direct Capital: $16,164,000
Engineering, Procurement & Construction Management: 1,939,680
Contractor Overhead/Profit: 2,424,600

Total Capital: $20,500,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 456 gpm $752,984
Water Treatment (Includes Operator) 679,467,005 gal $271,787
Water Treatment QA 1,036 day $207,200

Direct Capital: $1,231,971
Engineering, Procurement & Construction Management: 147,837

Total Capital: $1,400,000

CDF CONSTRUCTION - MENASHA

Capital Items Quantity Units Cost   
Mobilization/Site Prep 27,778 sf $50,000
Shot Rock/Rip Rap 9,200 lf $7,360,000
Sheetpile Placement 276,000 sf $5,244,000
Clean Soil Cap 170,000 cy $1,700,000
Seeding 250,000 sy $250,000
Mitigation 52 acre $516,529

Direct Capital: $15,120,529
Engineering, Procurement & Construction Management: 1,814,463

Total Capital: $16,934,992

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 338,700 $5,096,178

Total Present Worth, Longer Term O&M Costs $15,026,734

Total Project Capital and O&M Cost $32,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $58,400,000
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ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 498 ac $7,968,000
Dredging - 2 12-hour shifts 135 Day 0.741758242 $3,834,000
Dredge Monitoring (Water Quality) 135 Day $810,000
Sediment Removal QA 135 Day $324,000
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $1,350,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $23,709,400
Engineering, Procurement & Construction Management: 2,845,128
Contractor Overhead/Profit: 3,556,410

Total Capital: $30,100,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 5,010,182 sf $9,018,328
Mobilization 1 LS $20,000
Clear and Grub 5,010,182 sf $230,036
Berm Construction 92,850 cy $557,099
Rough Grading 5,010,182 sf $1,252,545
Liner Placement 5,010,182 sf $7,515,273
Demob/Disposal 1 LS $10,000
Regrade 92,850 cy $557,099
Seed/Sod 556,687 sy $556,687

Direct Capital: $19,717,067
Engineering, Procurement & Construction Management: 2,366,048

Total Capital: $22,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 2,991 gpm $2,561,265
Water Treatment (Includes Operator) 579,873,337 gal $231,949
Water Treatment QA 377 day $75,400
Piping 95,000 ft $6,365,000

Direct Capital: $9,233,615
Engineering, Procurement & Construction Management: 1,108,034

Total Capital: $10,300,000
SEDIMENT TREATMENT (VITRIFICATION 2x375 t Standalone Storage Units)

Capital Items Quantity Units Cost   
Sediment Treatment 1,038,544 ton $24,925,046
Soil Loading 1,038,544 ton $2,907,922
Soil Hauling 1,038,544 ton $1,217,043

Direct Capital: $29,050,012
Engineering, Procurement & Construction Management: $3,486,001

Total Capital: $32,500,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $99,500,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible, Dredge and Off-site Disposal

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 701,551 tons $4,209,304
Sand Placement 501,108 cy $3,006,646
Cobble Purchase and Placement 300,665 cy $9,019,938
Cap Placement QA 1 LS $100,000

Direct Capital: $16,535,888
Engineering, Procurement & Construction Management: 1,984,307

Total Capital: $18,520,194

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $370,404 $5,573,207

Total Present Worth, Longer Term O&M Costs $11,591,726

Total Project Capital and O&M Cost $30,100,000

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 498 ac $7,968,000
Dredging - 12 hour shifts 271 Day $1,544,700
Dredge Monitoring (Water Quality) 271 Day $813,000
Sediment Removal QA 271 Day $325,200
Site Restoration 1 Each $600,000

Direct Capital: $11,520,900
Engineering, Procurement & Construction Management: 1,382,508
Contractor Overhead/Profit: 1,728,135

Total Capital: $14,600,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 636,049 sf $1,144,889
Mobilization 1 LS $20,000
Clear and Grub 636,049 sf $29,203
Berm Construction 33,083 cy $198,496
Rough Grading 636,049 sf $159,012
Liner Placement 636,049 sf $954,074
Demob/Disposal 1 LS $10,000
Regrade 33,083 cy $198,496
Seed/Sod 70,672 sy $70,672

Direct Capital: $2,784,842
Engineering, Procurement & Construction Management: 334,181

Total Capital: $3,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 389 gpm $684,675
Water Treatment (Includes Operator) 211,864,949 gal $84,746
Water Treatment QA 379 Day $75,800

Direct Capital: $845,221
Engineering, Procurement & Construction Management: 101,427

Total Capital: $900,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)
SEDIMENT DISPOSAL (OFF-SITE)

Capital Items Quantity Units Cost   
Solidification 379,447 ton $9,486,175
Lime Purchase 37,945 ton $2,276,700
Soil Loading 379,447 ton $1,062,452
Soil Hauling 379,447 ton $1,778,658
Tipping Fees (non-TSCA) 379,447 ton $16,316,221

Direct Capital: $30,920,205
Engineering, Procurement & Construction Management: 3,710,425

Total Capital: $34,600,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $87,800,000

Costs-R4.xls
Page 103 of 227

Little Rapids to De Pere (action level-500 ppb) 12/15/2002



BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
LITTLE RAPIDS TO DE PERE

Action Level - 1,000 ppb

Material Handling Assumptions:
Volume > 1000 ppb 586,788 cy 328 ac 447,930 m3
Volume > 125 ppb 1,483,156 cy 1,132,180 m3
Volume > 250 ppb 1,171,585 cy 894,340 m3
Volume > 500 ppb 776,791 cy 592,970 m3
Volume > 5000 ppb 186,348 cy 142,250 m3
Volume > 50,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.47
Fresh Water Density 62.4 lb/ft3
In Situ Density 37.1% w/w 19.3% v/v 1.08 tons per cy
Slurry Density (20% in situ) 9.0% w/w 3.9% v/v 0.89 tons per cy Ogden Beeman
Dewatered Density (settling pond) 30% w/w 14.8% v/v 1.03 tons per cy Montgomery Watson
Dewatered Density (CDF or landfill) 50% w/w 28.8% v/v 1.20 tons per cy Foth & VanDyke
Treated Density 93.7% w/w 60.0% v/v 1.33 tons per cy
HTTD Treatment Capacity 2,198,917 cy 1,650,000            tons
Cap Volume 416,370 cy 317,840               m3
Vitrification Treatment Capacity 8,028,121 cy in situ 6440000.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

Hydraulic - 2 12-inch Cutterheads
Site Preparation $803,400 LS Ogden Beeman
Mobilization - Equipment $1,135,000 LS Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (12 hours) $14,200 per shift Ogden Beeman
Dredge Rate 2885 cy in situ per 12 hour shift Ogden Beeman
Winter Over Equipment $285,000 per year Ogden Beeman
Site Restoration $600,000 per dredge launch site
Length of Piping 95,000 ft 18 mi

Piping Purchase/Installation $67 per ft Ogden Beeman
Number of Road Crossings 4 each pj, review map
Cost per Road Crossing $50,000 per crossing pj, review map
Number of Booster Pumps 4 each Ogden Beeman
Booster Pump Cost $2,500 per day Ogden Beeman

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Capital Costs $36,000,000 LS Unit Cost Study- Minergy
Operating Costs $6,800,000 per year Unit Cost Study- Minergy
Vitrification (Unit Cost includes Cap and Oper Costs) $24.0 per ton Unit Cost Study- Minergy

Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 5,945,840 sf 552,400 m2
Sand Cap Depth 1.7 feet
Placement Rate $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Acres corresponds to dredge 
footprint area

Distance to Town of Holland (map 
provded by Fred Swed) 11 mi of 
hard piping plus 7 mi of floating 
pipe
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Nearshore CDF Arrowhead Menasha
Land Lease or Purchase $1.8 per sf $1.8 Ole
Length 8,000 lf 9,200 Baird
Capping Volume 190,000 cy 170,000 Baird
Seeding Area 280,000 sy 250,000 Baird
Sheetpile Wall Length 8,000 lf 9,200 Baird
Sheetpile Depth 30 ft 30 based on bathymetry
Sheetpile Cost $19 per sf $19 pj
Shot Rock Berm $650 per lf $550 Baird
Rip Rap $215 per lf $250 Baird
Place Treated Material $2 per cy $2 pj
Clean Soil Cap $10 per cy $10 Baird
Seeding $1 per sy $1 Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area (1050 cy dredge rate) 636,049                     sf 2 days slurry + 13 wk solids * 2 cell
Perimeter (1050 cy dredge rate) 3,190                         lf assume square
Area (2885 cy dredge rate) 5,010,182                  sf

Perimeter (2885 cy dredge rate) 8,953                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Asphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate (1 10-inch Dredge; settling pond) 389                            gpm assume operate 24/7
Unit, Purchase (1 10-inch Dredge; settling pond) $684,675 LS pj
Flow Rate (1 10-inch Dredge; CDF) 456                            gpm assume operate 24/7
Unit, Purchase (1 10-inch Dredge; CDF) $752,984 LS pj
Flow Rate (2 12-inch Dredges) 3,505                         gpm assume operate 24/7
Unit, Purchase (2 12-inch Dredges) $2,561,265 LS pj
Flow Rate (2-12-in Dredges; settling pond) 2,991                         gpm assume operate 24/7
Flow Rate (mechanical dewatering) 1,252                         gpm
Unit, Purchase (mechanical dewatering) $1,380,892 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day
Length of piping for treated water discharge 20,000 feet

Disposal
Off-Site Disposal (Existing NR 500 Commercial)

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj
Conveyer Facility Construction 1,000,000 LS pj

Dedicated NR 500 Monofill
Landfill Construction $2,220,280
Landfill Area 140 acres
Local Siting Fee $5 per cy
Closure Cap $100,000 per acre
Operating Cost $500,000 per year
Post-closure Monitoring $30,000 per year

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

 2 days slurry + 13 wk solids * 2 
cells * 2 shifts per day 

Distance from town of Holland to 
river per map provided by Fred 
Swed
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ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Passive Dewatering)

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 328 ac $5,248,000
Dredging - 12 hour shifts 559 Day 4.3 $3,186,300
Dredge Monitoring (Water Quality) 559 Day $1,677,000
Sediment Removal QA 559 Day $670,800
Site Restoration 1 Each $600,000

Direct Capital: $11,652,100
Engineering, Procurement & Construction Management: 1,398,252
Contractor Overhead/Profit: 1,747,815

Total Capital: $14,800,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 636,049 sf $1,144,889
Mobilization 1 LS $20,000
Clear and Grub 636,049 sf $29,203
Berm Construction 33,083 cy $198,496
Rough Grading 636,049 sf $159,012
Liner Placement 636,049 sf $954,074
Demob/Disposal 1 LS $10,000
Regrade 33,083 cy $198,496
Seed/Sod 70,672 sy $70,672

Direct Capital: $2,784,842
Engineering, Procurement & Construction Management: 334,181

Total Capital: $3,100,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 389 gpm $684,675
Water Treatment (Includes Operator) 438,036,771 gal $175,215
Water Treatment QA 783 day $156,600

Direct Capital: $1,016,490
Engineering, Procurement & Construction Management: 121,979

Total Capital: $1,100,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 784,517 ton $19,612,925
Lime Purchase 78,452 ton $4,707,120
Soil Loading 784,517 ton $2,196,648
Soil Hauling 784,517 ton $3,677,423
Tipping Fees (non-TSCA) 784,517 ton $33,734,231

Direct Capital: $63,928,347
Engineering, Procurement & Construction Management: 7,671,402

Total Capital: $71,600,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $95,100,000

ALTERNATIVE C2A:  Dredge Sediment with Combined Dewatering and Disposal Facility

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 328 ac $5,248,000
Dredging - 2 12-hour shifts 102 Day 0.56043956 $2,896,800
Dredge Monitoring (Water Quality) 102 Day $612,000
Sediment Removal QA 102 Day $244,800
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $1,020,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $19,445,000
Engineering, Procurement & Construction Management: 2,333,400
Contractor Overhead/Profit: 2,916,750

Total Capital: $24,700,000

Costs-R4.xls
Page 107 of 227

Little Rapids to De Pere (action level-1,000 ppb) 12/15/2002



WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,505 gpm $2,561,265
Water Treatment (Includes Operator) 513,269,905 gal $205,308
Water Treatment QA 102 day $40,800
Piping 20,000 ft $1,340,000

Direct Capital: $4,147,373
Engineering, Procurement & Construction Management: 497,685

Total Capital: $4,600,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Landfill Construction 1 LS $2,220,280
Local Siting Fee 392,498 cy $1,962,490
Closure 12 acres $1,216,419

Direct Capital: $5,399,189
Engineering, Procurement & Construction Management: 647,903

Total Capital: $6,000,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $451,389

Total Present Worth, Longer Term O&M Costs $4,131,432

Total Project Capital and O&M Cost $10,100,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $43,900,000

ALTERNATIVE C2B:  Dredge Sediment with Separate Dewatering and Disposal Facility

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 328 ac $5,248,000
Dredging - 2 12-hour shifts 102 Day 0.56043956 $2,896,800
Dredge Monitoring (Water Quality) 102 Day $612,000
Sediment Removal QA 102 Day $244,800
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $1,020,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $19,445,000
Engineering, Procurement & Construction Management: 2,333,400
Contractor Overhead/Profit: 2,916,750

Total Capital: $24,700,000
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SEDIMENT DEWATERING (GRAVITY - NR 213)

Capital Items Quantity Units Cost   
Land Lease or Purchase 5,010,182 sf $9,018,328
Mobilization 1 LS $20,000
Clear and Grub 5,010,182 sf $230,036
Berm Construction 92,850 cy $557,099
Rough Grading 5,010,182 sf $1,252,545
Liner Placement 5,010,182 sf $7,515,273
Demob/Disposal 1 LS $10,000
Regrade 92,850 cy $557,099
Seed/Sod 556,687 sy $556,687

Direct Capital: $19,717,067
Engineering, Procurement & Construction Management: 2,366,048

Total Capital: $22,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 2,991 gpm $2,561,265
Water Treatment (Includes Operator) 438,036,771 gal $175,215
Water Treatment QA 285 day $57,000
Piping 20,000 ft $1,340,000

Direct Capital: $4,133,480
Engineering, Procurement & Construction Management: 496,018

Total Capital: $4,600,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Solidification 784,517 ton $19,612,925
Lime Purchase 78,452 ton $4,707,120
Sediment Loading 784,517 ton $2,196,647
Sediment Hauling 784,517 ton $3,677,422
Landfill Construction 1 LS $2,220,280
Local Siting Fee 392,498 cy $1,962,490
Closure 12 acres $1,216,419

Direct Capital: $35,593,303
Engineering, Procurement & Construction Management: 4,271,196

Total Capital: $39,900,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $451,389

Total Present Worth, Longer Term O&M Costs $4,131,432

Total Project Capital and O&M Cost $44,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $99,900,000
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ALTERNATIVE C3:  Dredge with Disposal at Existing NR 500 Commercial Disposal Facility (Mechanical Dewatering)

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 328 ac $5,248,000
Dredging - 12 hour shifts 559 Day 4.3 $3,186,300
Dredge Monitoring (Water Quality) 559 Day $1,677,000
Sediment Removal QA 559 Day $670,800
Site Restoration 1 Each $600,000

Direct Capital: $11,652,100
Engineering, Procurement & Construction Management: 1,398,252
Contractor Overhead/Profit: 1,747,815

Total Capital: $14,800,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 235,355 bdt $18,828,399

Direct Capital: $18,928,399
Engineering, Procurement & Construction Management: 2,271,408

Total Capital: $21,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 456 gpm $1,380,892
Water Treatment (Includes Operator) 513,269,905 gal $205,308
Water Treatment QA 783 day $156,600

Direct Capital: $1,742,800
Engineering, Procurement & Construction Management: 209,136

Total Capital: $2,000,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 470,710 ton $1,317,988
Soil Hauling 470,710 ton $2,206,453
Tipping Fees (non-TSCA) 470,710 ton $20,240,529
Tipping Fees (TSCA) 0 ton $0

Direct Capital: $23,764,970
Engineering, Procurement & Construction Management: 2,851,796

Total Capital: $26,600,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $69,100,000
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ALTERNATIVE D:  Dredge Sediment to CDF

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 328 ac $5,248,000
Dredging - 12 hour shifts 559 Day 4.3 $3,186,300
Dredge Monitoring (Water Quality) 559 Day $1,677,000
Sediment Removal QA 559 Day $670,800
Site Restoration 1 Each $600,000

Direct Capital: $11,652,100
Engineering, Procurement & Construction Management: 1,398,252
Contractor Overhead/Profit: 1,747,815

Total Capital: $14,800,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 456 gpm $752,984
Water Treatment (Includes Operator) 513,269,905 gal $205,308
Water Treatment QA 783 day $156,600

Direct Capital: $1,114,892
Engineering, Procurement & Construction Management: 133,787

Total Capital: $1,200,000

CDF CONSTRUCTION - MENASHA

Capital Items Quantity Units Cost   
Mobilization/Site Prep 27,778 sf $50,000
Shot Rock/Rip Rap 9,200 lf $7,360,000
Sheetpile Placement 276,000 sf $5,244,000
Clean Soil Cap 170,000 cy $1,700,000
Seeding 250,000 sy $250,000
Mitigation 52 acre $516,529

Direct Capital: $15,120,529
Engineering, Procurement & Construction Management: 1,814,463

Total Capital: $16,934,992

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 338,700 $5,096,178

Total Present Worth, Longer Term O&M Costs $15,026,734

Total Project Capital and O&M Cost $32,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $52,500,000
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ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 328 ac $5,248,000
Dredging - 2 12-hour shifts 102 Day 0.56043956 $2,896,800
Dredge Monitoring (Water Quality) 102 Day $612,000
Sediment Removal QA 102 Day $244,800
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $1,020,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $19,445,000
Engineering, Procurement & Construction Management: 2,333,400
Contractor Overhead/Profit: 2,916,750

Total Capital: $24,700,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 5,010,182 sf $9,018,328
Mobilization 1 LS $20,000
Clear and Grub 5,010,182 sf $230,036
Berm Construction 92,850 cy $557,099
Rough Grading 5,010,182 sf $1,252,545
Liner Placement 5,010,182 sf $7,515,273
Demob/Disposal 1 LS $10,000
Regrade 92,850 cy $557,099
Seed/Sod 556,687 sy $556,687

Direct Capital: $19,717,067
Engineering, Procurement & Construction Management: 2,366,048

Total Capital: $22,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 2,991 gpm $2,561,265
Water Treatment (Includes Operator) 438,036,771 gal $175,215
Water Treatment QA 285 day $57,000
Piping 95,000 ft $6,365,000

Direct Capital: $9,158,480
Engineering, Procurement & Construction Management: 1,099,018

Total Capital: $10,300,000
SEDIMENT TREATMENT (VITRIFICATION 2x375 t Standalone Storage Units)

Capital Items Quantity Units Cost   
Sediment Treatment 784,517 ton $18,828,399
Soil Loading 784,517 ton $2,196,647
Soil Hauling 784,517 ton $919,355

Direct Capital: $21,944,401
Engineering, Procurement & Construction Management: $2,633,328

Total Capital: $24,600,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $86,200,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible, Dredge and Off-site Disposal

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 513,838 tons $3,083,028
Sand Placement 367,027 cy $2,202,163
Cobble Purchase and Placement 220,216 cy $6,606,488
Cap Placement QA 1 LS $100,000

Direct Capital: $12,191,679
Engineering, Procurement & Construction Management: 1,463,001

Total Capital: $13,654,680

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $273,094 $4,109,048

Total Present Worth, Longer Term O&M Costs $10,127,566

Total Project Capital and O&M Cost $23,800,000

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 328 ac $5,248,000
Dredging - 12 hour shifts 163 Day $929,100
Dredge Monitoring (Water Quality) 163 Day $489,000
Sediment Removal QA 163 Day $195,600
Site Restoration 1 Each $600,000

Direct Capital: $7,731,700
Engineering, Procurement & Construction Management: 927,804
Contractor Overhead/Profit: 1,159,755

Total Capital: $9,800,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 636,049 sf $1,144,889
Mobilization 1 LS $20,000
Clear and Grub 636,049 sf $29,203
Berm Construction 33,083 cy $198,496
Rough Grading 636,049 sf $159,012
Liner Placement 636,049 sf $954,074
Demob/Disposal 1 LS $10,000
Regrade 33,083 cy $198,496
Seed/Sod 70,672 sy $70,672

Direct Capital: $2,784,842
Engineering, Procurement & Construction Management: 334,181

Total Capital: $3,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 389 gpm $684,675
Water Treatment (Includes Operator) 127,216,760 gal $50,887
Water Treatment QA 228 Day $45,600

Direct Capital: $781,162
Engineering, Procurement & Construction Management: 93,739

Total Capital: $900,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)
SEDIMENT DISPOSAL (OFF-SITE)

Capital Items Quantity Units Cost   
Solidification 227,844 ton $5,696,100
Lime Purchase 22,785 ton $1,367,100
Soil Loading 227,844 ton $637,963
Soil Hauling 227,844 ton $1,068,019
Tipping Fees (non-TSCA) 227,844 ton $9,797,292

Direct Capital: $18,566,474
Engineering, Procurement & Construction Management: 2,227,977

Total Capital: $20,800,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $62,900,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
LITTLE RAPIDS TO DE PERE

Action Level - 5,000 ppb

Material Handling Assumptions:
Volume > 5000 ppb 186,348 cy 173 ac 142,250 m3
Volume > 125 ppb 1,483,156 cy 1,132,180 m3
Volume > 250 ppb 1,171,585 cy 894,340 m3
Volume > 500 ppb 776,791 cy 592,970 m3
Volume > 1000 ppb 586,788 cy 447,930 m3
Volume > 50,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.47
Fresh Water Density 62.4 lb/ft3
In Situ Density 37.1% w/w 19.3% v/v 1.08 tons per cy
Slurry Density (20% in situ) 9.0% w/w 3.9% v/v 0.89 tons per cy Ogden Beeman
Dewatered Density (settling pond) 30% w/w 14.8% v/v 1.03 tons per cy Montgomery Watson
Dewatered Density (CDF or landfill) 50% w/w 28.8% v/v 1.20 tons per cy Foth & VanDyke
Treated Density 93.7% w/w 60.0% v/v 1.33 tons per cy
HTTD Treatment Capacity 2,198,917 cy 1,650,000            tons
Cap Volume 136,188 cy 103,960               m3
Vitrification Treatment Capacity 8,028,121 cy in situ 6440000.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Debris Sweep $16,000 per acre Ogden Beeman
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Hydraulic - 10-inch Cutterhead
Site Preparation $100,000 per dredge launch site pj
Mobilization - Equipment $135,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (10 hours) $5,700 per shift Ogden Beeman
Dredge Rate 1050 cy in situ per 10 hour shift Ogden Beeman
Site Restoration $600,000 per dredge launch site pj

Hydraulic - 2 12-inch Cutterheads
Site Preparation $803,400 LS Ogden Beeman
Mobilization - Equipment $1,135,000 LS Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (12 hours) $14,200 per shift Ogden Beeman
Dredge Rate 2885 cy in situ per 12 hour shift Ogden Beeman
Winter Over Equipment $285,000 per year Ogden Beeman
Site Restoration $600,000 per dredge launch site
Length of Piping 95,000 ft 18 mi

Piping Purchase/Installation $67 per ft Ogden Beeman
Number of Road Crossings 4 each pj, review map
Cost per Road Crossing $50,000 per crossing pj, review map
Number of Booster Pumps 4 each Ogden Beeman
Booster Pump Cost $2,500 per day Ogden Beeman

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Capital Costs $36,000,000 LS Unit Cost Study- Minergy
Operating Costs $6,800,000 per year Unit Cost Study- Minergy
Vitrification (Unit Cost includes Cap and Oper Costs) $24.0 per ton Unit Cost Study- Minergy

Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 2,943,858 sf 273,500 m2
Sand Cap Depth 1.7 feet
Placement Rate $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Acres corresponds to dredge 
footprint area

Distance to Town of Holland (map 
provded by Fred Swed) 11 mi of 
hard piping plus 7 mi of floating 
pipe
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Nearshore CDF Arrowhead Menasha
Land Lease or Purchase $1.8 per sf $1.8 Ole
Length 8,000 lf 9,200 Baird
Capping Volume 190,000 cy 170,000 Baird
Seeding Area 280,000 sy 250,000 Baird
Sheetpile Wall Length 8,000 lf 9,200 Baird
Sheetpile Depth 30 ft 30 based on bathymetry
Sheetpile Cost $19 per sf $19 pj
Shot Rock Berm $650 per lf $550 Baird
Rip Rap $215 per lf $250 Baird
Place Treated Material $2 per cy $2 pj
Clean Soil Cap $10 per cy $10 Baird
Seeding $1 per sy $1 Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area (1050 cy dredge rate) 636,049                     sf 2 days slurry + 13 wk solids * 2 cell
Perimeter (1050 cy dredge rate) 3,190                         lf assume square
Area (2885 cy dredge rate) 5,010,182                  sf

Perimeter (2885 cy dredge rate) 8,953                         lf assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS pj
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Asphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Water Treatment
Flow Rate (1 10-inch Dredge; settling pond) 389                            gpm assume operate 24/7
Unit, Purchase (1 10-inch Dredge; settling pond) $684,675 LS pj
Flow Rate (1 10-inch Dredge; CDF) 456                            gpm assume operate 24/7
Unit, Purchase (1 10-inch Dredge; CDF) $752,984 LS pj
Flow Rate (2 12-inch Dredges) 3,505                         gpm assume operate 24/7
Unit, Purchase (2 12-inch Dredges) $2,561,265 LS pj
Flow Rate (2-12-in Dredges; settling pond) 2,991                         gpm assume operate 24/7
Flow Rate (mechanical dewatering) 1,252                         gpm
Unit, Purchase (mechanical dewatering) $1,380,892 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day
Length of piping for treated water discharge 20,000 feet

Disposal
Off-Site Disposal (Existing NR 500 Commercial)

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj
Conveyer Facility Construction 1,000,000 LS pj

Dedicated NR 500 Monofill
Landfill Construction $705,099
Landfill Area 140 acres
Local Siting Fee $5 per cy
Closure Cap $100,000 per acre
Operating Cost $500,000 per year
Post-closure Monitoring $30,000 per year

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

 2 days slurry + 13 wk solids * 2 
cells * 2 shifts per day 

Distance from town of Holland to 
river per map provided by Fred 
Swed
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ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Passive Dewatering)

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 173 ac $2,768,000
Dredging - 12 hour shifts 178 Day 1.369230769 $1,014,600
Dredge Monitoring (Water Quality) 178 Day $534,000
Sediment Removal QA 178 Day $213,600
Site Restoration 1 Each $600,000

Direct Capital: $5,400,200
Engineering, Procurement & Construction Management: 648,024
Contractor Overhead/Profit: 810,030

Total Capital: $6,900,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 636,049 sf $1,144,889
Mobilization 1 LS $20,000
Clear and Grub 636,049 sf $29,203
Berm Construction 33,083 cy $198,496
Rough Grading 636,049 sf $159,012
Liner Placement 636,049 sf $954,074
Demob/Disposal 1 LS $10,000
Regrade 33,083 cy $198,496
Seed/Sod 70,672 sy $70,672

Direct Capital: $2,784,842
Engineering, Procurement & Construction Management: 334,181

Total Capital: $3,100,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 389 gpm $684,675
Water Treatment (Includes Operator) 139,108,188 gal $55,643
Water Treatment QA 249 day $49,800

Direct Capital: $790,119
Engineering, Procurement & Construction Management: 94,814

Total Capital: $900,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 249,141 ton $6,228,525
Lime Purchase 24,915 ton $1,494,900
Soil Loading 249,141 ton $697,595
Soil Hauling 249,141 ton $1,167,848
Tipping Fees (non-TSCA) 249,141 ton $10,713,063

Direct Capital: $20,301,931
Engineering, Procurement & Construction Management: 2,436,232

Total Capital: $22,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $38,100,000

ALTERNATIVE C2A:  Dredge Sediment with Combined Dewatering and Disposal Facility

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 173 ac $2,768,000
Dredging - 2 12-hour shifts 33 Day 0.181318681 $937,200
Dredge Monitoring (Water Quality) 33 Day $198,000
Sediment Removal QA 33 Day $79,200
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $330,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $13,735,800
Engineering, Procurement & Construction Management: 1,648,296
Contractor Overhead/Profit: 2,060,370

Total Capital: $17,400,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,505 gpm $2,561,265
Water Treatment (Includes Operator) 163,000,121 gal $65,200
Water Treatment QA 33 day $13,200
Piping 20,000 ft $1,340,000

Direct Capital: $3,979,666
Engineering, Procurement & Construction Management: 477,560

Total Capital: $4,500,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Landfill Construction 1 LS $705,099
Local Siting Fee 124,646 cy $623,230
Closure 4 acres $386,300

Direct Capital: $1,714,628
Engineering, Procurement & Construction Management: 205,755

Total Capital: $1,900,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $451,389

Total Present Worth, Longer Term O&M Costs $4,131,432

Total Project Capital and O&M Cost $6,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $32,400,000

ALTERNATIVE C2B:  Dredge Sediment with Separate Dewatering and Disposal Facility

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 173 ac $2,768,000
Dredging - 2 12-hour shifts 33 Day 0.181318681 $937,200
Dredge Monitoring (Water Quality) 33 Day $198,000
Sediment Removal QA 33 Day $79,200
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $330,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $13,735,800
Engineering, Procurement & Construction Management: 1,648,296
Contractor Overhead/Profit: 2,060,370

Total Capital: $17,400,000
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SEDIMENT DEWATERING (GRAVITY - NR 213)

Capital Items Quantity Units Cost   
Land Lease or Purchase 5,010,182 sf $9,018,328
Mobilization 1 LS $20,000
Clear and Grub 5,010,182 sf $230,036
Berm Construction 92,850 cy $557,099
Rough Grading 5,010,182 sf $1,252,545
Liner Placement 5,010,182 sf $7,515,273
Demob/Disposal 1 LS $10,000
Regrade 92,850 cy $557,099
Seed/Sod 556,687 sy $556,687

Direct Capital: $19,717,067
Engineering, Procurement & Construction Management: 2,366,048

Total Capital: $22,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 2,991 gpm $2,561,265
Water Treatment (Includes Operator) 139,108,188 gal $55,643
Water Treatment QA 91 day $18,200
Piping 20,000 ft $1,340,000

Direct Capital: $3,975,109
Engineering, Procurement & Construction Management: 477,013

Total Capital: $4,500,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Solidification 249,141 ton $6,228,525
Lime Purchase 24,915 ton $1,494,900
Sediment Loading 249,140 ton $697,593
Sediment Hauling 249,140 ton $1,167,846
Landfill Construction 1 LS $705,099
Local Siting Fee 124,646 cy $623,230
Closure 4 acres $386,300

Direct Capital: $11,303,493
Engineering, Procurement & Construction Management: 1,356,419

Total Capital: $12,700,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $451,389

Total Present Worth, Longer Term O&M Costs $4,131,432

Total Project Capital and O&M Cost $16,800,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $65,300,000
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ALTERNATIVE C3:  Dredge with Disposal at Existing NR 500 Commercial Disposal Facility (Mechanical Dewatering)

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 173 ac $2,768,000
Dredging - 12 hour shifts 178 Day 1.369230769 $1,014,600
Dredge Monitoring (Water Quality) 178 Day $534,000
Sediment Removal QA 178 Day $213,600
Site Restoration 1 Each $600,000

Direct Capital: $5,400,200
Engineering, Procurement & Construction Management: 648,024
Contractor Overhead/Profit: 810,030

Total Capital: $6,900,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 74,742 bdt $5,979,371

Direct Capital: $6,079,371
Engineering, Procurement & Construction Management: 729,525

Total Capital: $6,800,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 456 gpm $1,380,892
Water Treatment (Includes Operator) 163,000,121 gal $65,200
Water Treatment QA 249 day $49,800

Direct Capital: $1,495,892
Engineering, Procurement & Construction Management: 179,507

Total Capital: $1,700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 149,484 ton $418,556
Soil Hauling 149,484 ton $700,708
Tipping Fees (non-TSCA) 149,484 ton $6,427,824
Tipping Fees (TSCA) 0 ton $0

Direct Capital: $7,547,088
Engineering, Procurement & Construction Management: 905,651

Total Capital: $8,500,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $28,400,000
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ALTERNATIVE D:  Dredge Sediment to CDF

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 173 ac $2,768,000
Dredging - 12 hour shifts 178 Day 1.369230769 $1,014,600
Dredge Monitoring (Water Quality) 178 Day $534,000
Sediment Removal QA 178 Day $213,600
Site Restoration 1 Each $600,000

Direct Capital: $5,400,200
Engineering, Procurement & Construction Management: 648,024
Contractor Overhead/Profit: 810,030

Total Capital: $6,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 456 gpm $752,984
Water Treatment (Includes Operator) 163,000,121 gal $65,200
Water Treatment QA 249 day $49,800

Direct Capital: $867,984
Engineering, Procurement & Construction Management: 104,158

Total Capital: $1,000,000

CDF CONSTRUCTION - MENASHA

Capital Items Quantity Units Cost   
Mobilization/Site Prep 27,778 sf $50,000
Shot Rock/Rip Rap 9,200 lf $7,360,000
Sheetpile Placement 276,000 sf $5,244,000
Clean Soil Cap 170,000 cy $1,700,000
Seeding 250,000 sy $250,000
Mitigation 52 acre $516,529

Direct Capital: $15,120,529
Engineering, Procurement & Construction Management: 1,814,463

Total Capital: $16,934,992

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 338,700 $5,096,178

Total Present Worth, Longer Term O&M Costs $15,026,734

Total Project Capital and O&M Cost $32,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $44,400,000
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ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (12-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $803,400
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 173 ac $2,768,000
Dredging - 2 12-hour shifts 33 Day 0.181318681 $937,200
Dredge Monitoring (Water Quality) 33 Day $198,000
Sediment Removal QA 33 Day $79,200
Piping 95,000 ft $6,365,000
Road Crossings 4 Each $200,000
Booster Pumps 4 Each $330,000
Winter Over All Equipment 1 year $285,000
Site Restoration 1 Each $600,000

Direct Capital: $13,735,800
Engineering, Procurement & Construction Management: 1,648,296
Contractor Overhead/Profit: 2,060,370

Total Capital: $17,400,000

SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 5,010,182 sf $9,018,328
Mobilization 1 LS $20,000
Clear and Grub 5,010,182 sf $230,036
Berm Construction 92,850 cy $557,099
Rough Grading 5,010,182 sf $1,252,545
Liner Placement 5,010,182 sf $7,515,273
Demob/Disposal 1 LS $10,000
Regrade 92,850 cy $557,099
Seed/Sod 556,687 sy $556,687

Direct Capital: $19,717,067
Engineering, Procurement & Construction Management: 2,366,048

Total Capital: $22,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 2,991 gpm $2,561,265
Water Treatment (Includes Operator) 139,108,188 gal $55,643
Water Treatment QA 91 day $18,200
Piping 95,000 ft $6,365,000

Direct Capital: $9,000,109
Engineering, Procurement & Construction Management: 1,080,013

Total Capital: $10,100,000
SEDIMENT TREATMENT (VITRIFICATION 2x375 t Standalone Storage Units)

Capital Items Quantity Units Cost   
Sediment Treatment 249,140 ton $5,979,371
Soil Loading 249,140 ton $697,593
Soil Hauling 249,140 ton $291,961

Direct Capital: $6,968,926
Engineering, Procurement & Construction Management: $836,271

Total Capital: $7,800,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $61,900,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible, Dredge and Off-site Disposal

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 254,407 tons $1,526,445
Sand Placement 181,720 cy $1,090,318
Cobble Purchase and Placement 109,032 cy $3,270,953
Cap Placement QA 1 LS $100,000

Direct Capital: $6,187,716
Engineering, Procurement & Construction Management: 742,526

Total Capital: $6,930,242

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $138,605 $2,085,489

Total Present Worth, Longer Term O&M Costs $8,104,008

Total Project Capital and O&M Cost $15,000,000

SEDIMENT REMOVAL (10-INCH CUTTERHEAD)

Capital Items Quantity Units Cost   
Site Preparation 1 Each $100,000
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Debris Sweep 173 ac $2,768,000
Dredging - 12 hour shifts 48 Day $273,600
Dredge Monitoring (Water Quality) 48 Day $144,000
Sediment Removal QA 48 Day $57,600
Site Restoration 1 Each $600,000

Direct Capital: $4,113,200
Engineering, Procurement & Construction Management: 493,584
Contractor Overhead/Profit: 616,980

Total Capital: $5,200,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 636,049 sf $1,144,889
Mobilization 1 LS $20,000
Clear and Grub 636,049 sf $29,203
Berm Construction 33,083 cy $198,496
Rough Grading 636,049 sf $159,012
Liner Placement 636,049 sf $954,074
Demob/Disposal 1 LS $10,000
Regrade 33,083 cy $198,496
Seed/Sod 70,672 sy $70,672

Direct Capital: $2,784,842
Engineering, Procurement & Construction Management: 334,181

Total Capital: $3,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 389 gpm $684,675
Water Treatment (Includes Operator) 37,444,306 gal $14,978
Water Treatment QA 67 Day $13,400

Direct Capital: $713,053
Engineering, Procurement & Construction Management: 85,566

Total Capital: $800,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)
SEDIMENT DISPOSAL (OFF-SITE)

Capital Items Quantity Units Cost   
Solidification 67,063 ton $1,676,575
Lime Purchase 6,707 ton $402,420
Soil Loading 67,063 ton $187,776
Soil Hauling 67,063 ton $314,358
Tipping Fees (non-TSCA) 67,063 ton $2,883,709

Direct Capital: $5,464,838
Engineering, Procurement & Construction Management: 655,781

Total Capital: $6,100,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $34,700,000
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DP_GB-Summary

Table 7-10  Cost Summary for Remedial Alternatives - De Pere to Green Bay
125 ppb
Alternative Dredge 

Volume (cy)
TSCA 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls

Bayport 
Closure1 Subtotal 20% 

Contingency TOTAL

A 0 0 --- --- --- --- --- --- --- --- $4,500,000 --- $4,500,000 $900,000 $5,400,000

B 0 0 --- --- --- --- --- --- --- --- $9,900,000 --- $9,900,000 $1,980,000 $11,880,000

C1 6,868,500 240,778 --- $100,500,000 --- --- $700,000 --- --- $659,200,000 $4,500,000 $4,200,000 $769,100,000 $153,820,000 $922,920,000

C2A 6,868,500 240,778 $109,400,000 --- --- --- $7,700,000 --- --- $70,200,000 $4,500,000 $4,200,000 $196,000,000 $39,200,000 $235,200,000

C2B 6,868,500 240,778 $109,400,000 --- --- $19,900,000 $7,300,000 --- --- $419,200,000 $4,500,000 $4,200,000 $564,500,000 $112,900,000 $677,400,000

C3 6,868,500 240,778 $85,400,000 --- --- $217,700,000 $6,400,000 --- --- $277,000,000 $4,500,000 $4,200,000 $595,200,000 $119,040,000 $714,240,000

D 6,868,500 240,778 --- $100,500,000 --- --- $1,200,000 --- $39,200,000 $462,200,000 $4,500,000 $4,200,000 $611,800,000 $122,360,000 $734,160,000

E 6,868,500 240,778 $109,400,000 --- --- $19,900,000 $12,900,000 $253,600,000 --- --- $4,500,000 $4,200,000 $404,500,000 $80,900,000 $485,400,000

F 4,680,565 240,778 --- $69,500,000 $67,800,000 --- $1,100,000 --- $39,200,000 $246,300,000 $4,500,000 $4,200,000 $432,600,000 $86,520,000 $519,120,000

250 ppb
Alternative Dredge 

Volume (cy)
TSCA 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls

Bayport 
Closure1 Subtotal 20% 

Contingency TOTAL

A 0 0 --- --- --- --- --- --- --- --- $4,500,000 --- $4,500,000 $900,000 $5,400,000

B 0 0 --- --- --- --- --- --- --- --- $9,900,000 --- $9,900,000 $1,980,000 $11,880,000

C1 6,449,065 240,778 --- $94,600,000 --- --- $700,000 --- --- $619,100,000 $4,500,000 $4,200,000 $723,100,000 $144,620,000 $867,720,000

C2A 6,449,065 240,778 $104,500,000 --- --- --- $7,500,000 --- --- $66,200,000 $4,500,000 $4,200,000 $186,900,000 $37,380,000 $224,280,000

C2B 6,449,065 240,778 $104,500,000 --- --- $19,900,000 $7,100,000 --- --- $393,900,000 $4,500,000 $4,200,000 $534,100,000 $106,820,000 $640,920,000

C3 6,449,065 240,778 $81,500,000 --- --- $204,400,000 $6,200,000 --- --- $260,200,000 $4,500,000 $4,200,000 $561,000,000 $112,200,000 $673,200,000

D 6,449,065 240,778 --- $94,600,000 --- --- $1,100,000 --- $39,200,000 $422,800,000 $4,500,000 $4,200,000 $566,400,000 $113,280,000 $679,680,000

E 6,449,065 240,778 $104,500,000 --- --- $19,900,000 $12,800,000 $238,100,000 --- --- $4,500,000 $4,200,000 $384,000,000 $76,800,000 $460,800,000

F 4,433,446 240,778 --- $66,000,000 $66,200,000 --- $1,100,000 --- $39,200,000 $222,700,000 $4,500,000 $4,200,000 $403,900,000 $80,780,000 $484,680,000

500 ppb
Alternative Dredge 

Volume (cy)
TSCA 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls

Bayport 
Closure1 Subtotal 20% 

Contingency TOTAL

A 0 0 --- --- --- --- --- --- --- --- $4,500,000 --- $4,500,000 $900,000 $5,400,000

B 0 0 --- --- --- --- --- --- --- --- $9,900,000 --- $9,900,000 $1,980,000 $11,880,000

C1 6,169,458 240,778 --- $90,600,000 --- --- $600,000 --- --- $592,400,000 $4,500,000 $4,200,000 $692,300,000 $138,460,000 $830,760,000

C2A 6,169,458 240,778 $100,900,000 --- --- --- $7,300,000 --- --- $63,500,000 $4,500,000 $4,200,000 $180,400,000 $36,080,000 $216,480,000

C2B 6,169,458 240,778 $100,900,000 --- --- $19,900,000 $7,000,000 --- --- $377,000,000 $4,500,000 $4,200,000 $513,500,000 $102,700,000 $616,200,000

C3 6,169,458 240,778 $78,500,000 --- --- $195,600,000 $6,000,000 --- --- $249,000,000 $4,500,000 $4,200,000 $537,800,000 $107,560,000 $645,360,000

D 6,169,458 240,778 --- $90,600,000 --- --- $1,100,000 --- $39,200,000 $396,600,000 $4,500,000 $4,200,000 $536,200,000 $107,240,000 $643,440,000

E 6,169,458 240,778 $100,900,000 --- --- $19,900,000 $12,700,000 $227,800,000 --- --- $4,500,000 $4,200,000 $370,000,000 $74,000,000 $444,000,000

F 4,242,710 240,778 --- $63,300,000 $65,100,000 --- $1,100,000 --- $39,200,000 $204,500,000 $4,500,000 $4,200,000 $381,900,000 $76,380,000 $458,280,000
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DP_GB-Summary

1000 ppb
Alternative Dredge 

Volume (cy)
TSCA 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls

Bayport 
Closure1 Subtotal 20% 

Contingency TOTAL

A 0 0 --- --- --- --- --- --- --- --- $4,500,000 --- $4,500,000 $900,000 $5,400,000

B 0 0 --- --- --- --- --- --- --- --- $9,900,000 --- $9,900,000 $1,980,000 $11,880,000

C1 5,879,529 240,778 --- $86,500,000 --- --- $600,000 --- --- $564,800,000 $4,500,000 $4,200,000 $660,600,000 $132,120,000 $792,720,000

C2A 5,879,529 240,778 $96,900,000 --- --- --- $7,200,000 --- --- $60,700,000 $4,500,000 $4,200,000 $173,500,000 $34,700,000 $208,200,000

C2B 5,879,529 240,778 $96,900,000 --- --- $19,900,000 $6,900,000 --- --- $359,400,000 $4,500,000 $4,200,000 $491,800,000 $98,360,000 $590,160,000

C3 5,879,529 240,778 $75,100,000 --- --- $186,400,000 $5,900,000 --- --- $237,400,000 $4,500,000 $4,200,000 $513,500,000 $102,700,000 $616,200,000

D 5,879,529 240,778 --- $86,500,000 --- --- $1,100,000 --- $39,200,000 $369,600,000 $4,500,000 $4,200,000 $505,100,000 $101,020,000 $606,120,000

E 5,879,529 240,778 $96,900,000 --- --- $19,900,000 $12,500,000 $217,100,000 --- --- $4,500,000 $4,200,000 $355,100,000 $71,020,000 $426,120,000

F 4,046,276 240,778 --- $60,500,000 $61,900,000 --- $1,100,000 --- $39,200,000 $185,700,000 $4,500,000 $4,200,000 $357,100,000 $71,420,000 $428,520,000

5000 ppb
Alternative Dredge 

Volume (cy)
TSCA 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Capping Dewatering Water 

Treatment
Thermal 

Treatment
CDF 

Construction Off-site Disposal Institutional 
Controls

Bayport 
Closure1 Subtotal 20% 

Contingency TOTAL

A 0 0 --- --- --- --- --- --- --- --- $4,500,000 --- $4,500,000 $900,000 $5,400,000

B 0 0 --- --- --- --- --- --- --- --- $9,900,000 --- $9,900,000 $1,980,000 $11,880,000

C1 4,517,391 240,778 --- $67,200,000 --- --- $500,000 --- --- $434,700,000 $4,500,000 $4,200,000 $511,100,000 $102,220,000 $613,320,000

C2A 4,517,391 240,778 $76,000,000 --- --- --- $6,500,000 --- --- $47,500,000 $4,500,000 $4,200,000 $138,700,000 $27,740,000 $166,440,000

C2B 4,517,391 240,778 $76,000,000 --- --- $19,900,000 $6,300,000 --- --- $277,100,000 $4,500,000 $4,200,000 $388,000,000 $77,600,000 $465,600,000

C3 4,517,391 240,778 $57,200,000 --- --- $143,200,000 $5,200,000 --- --- $182,900,000 $4,500,000 $4,200,000 $397,200,000 $79,440,000 $476,640,000

D 4,517,391 240,778 --- $67,200,000 --- --- $1,000,000 --- $39,200,000 $244,600,000 $4,500,000 $4,200,000 $360,700,000 $72,140,000 $432,840,000

E 4,517,391 240,778 $76,000,000 --- --- $19,900,000 $11,900,000 $166,800,000 --- --- $4,500,000 $4,200,000 $283,300,000 $56,660,000 $339,960,000

F 3,102,041 240,778 --- $47,100,000 $42,900,000 --- $1,000,000 --- $39,200,000 $95,500,000 $4,500,000 $4,200,000 $234,400,000 $46,880,000 $281,280,000

1Bayport closure costs are present value costs based on closure 40 years from the present.
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
DE PERE TO GREEN BAY

Action Level - 125 ppb

Material Handling Assumptions:
Volume > 125 ppb 6,868,500 cy 1130 ac 5,243,130 m3
Volume > 250 ppb 6,449,065 cy 4,922,950 m3
Volume > 500 ppb 6,169,458 cy 4,709,510 m3
Volume > 1,000 ppb 5,879,529 cy 4,488,190 m3
Volume > 5000 ppb 4,517,391 cy 3,448,390 m3
Volume > 50,000 ppb 240,778 cy 183,800 m3
Solids Specific Gravity 2.36
Fresh Water Density 62.4 lb/ft3
In Situ Density 33.8% w/w 17.8% v/v 1.05 tons per cy
Slurry Density (20% in situ) 8.0% w/w 3.6% v/v 0.88 tons per cy Ogden Beeman
Dewatered Density (settling pond) 30% w/w 15.4% v/v 1.02 tons per cy Montgomery Watson
Dewatered Density (Hydraulic Dredging and CDF) 50.0% w/w 29.8% v/v 1.18 tons per cy Foth & VanDyke
Dewatered Density (Mechanical Dredging) 33.8% w/w 17.8% v/v 1.05 tons per cy
Treated Density 93.4% w/w 60.0% v/v 1.28 tons per cy
CDF Capacity 2,136,771 cy in situ 974,801 m3
HTTD Treatment Capacity 1,577,177 cy in situ 1,650,000       tons
Cap Volume 2,187,936 cy 1,670,180       m3
Vitrification Treatment Capacity 9,106,166 cy in situ 6440000.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day
Debris Sweep $16,000 per acre Ogden Beeman

Hydraulic - 2 12-inch Cutterheads
Site Preparation $803,400 LS Ogden Beeman
Mobilization - Equipment $1,135,000 LS Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (12 hours) $14,200 per shift Ogden Beeman
Dredge Rate 2885 cy in situ per 12 hour shift Ogden Beeman
Winter Over Equipment $285,000 per year Ogden Beeman
Site Restoration $600,000 per dredge launch site
Length of Piping 95,000 ft 18 mi

Piping Purchase/Installation $67 per ft Ogden Beeman
Number of Road Crossings 12 each pj, review map
Cost per Road Crossing $50,000 per crossing pj, review map
Number of Booster Pumps 4 each Ogden Beeman
Booster Pump Cost $2,500 per day Ogden Beeman

Mechanical - 8 cy bucket
Dock Construction $400,000 LS pj
Mobilization - Equipment $455,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman - JAG estimate
Shift Rate (10 hours) $17,000 per shift Ogden Beeman
Dredge Rate 1900 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area pj
Free Water per cy Dredged (10%) 20                              gal Ogden Beeman
Offload Crane Mobilization $50,000 LS pj
Site Restoration $500,000 LS pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Capital Costs $36,000,000 LS Unit Cost Study- Minergy
Operating Costs $6,800,000 per year Unit Cost Study- Minergy
Vitrification (Unit Cost includes Cap and Oper Costs) $24.0 per ton Unit Cost Study- Minergy

Acres corresponds to dredge 
footprint area

Distance to Town of Holland (map 
provided by Fred Swed). 11 mi of 
hard piping plus 7 mi of floating 
pipe

Costs-R4.xls
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Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 21,055,849 sf 1,956,200 m2
Sand Cap Depth 1.7 feet
Sand Purchase $6 per ton Ole
Placement Rate $6 per cy Ogden Beeman
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Sand Density 1.4 tons per cy
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Nearshore CDF Bayport
Land Lease or Purchase $1.80 per sf Baird
Length 9,600 lf Baird
Capping Volume 205,000 cy 2,178,000 Baird
Seeding Area 300,000 sy 2,178,000 Baird
Sheetpile Wall Length 9,600 lf based on bathymetry
Sheetpile Depth 30 ft pj
Sheetpile Cost $19 per sf Baird
Shot Rock Berm $500 per lf Baird
Rip Rap $210 per lf pj
Clean Soil Cap $10 per cy Baird
Seeding $1 per sy Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 4,491,228                  sf 103.10           

Perimeter 8,477                         lf 2119.251741 assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Alphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Water Treatment
Flow Rate (3 Mechanical Dredges) 57                              gpm assume operate 24/7
Unit, Purchase (3 Mechanical Dredges) $216,590 LS pj
Flow Rate (3 Mechanical Dredges to CDF) 287                            gpm assume operate 24/7
Unit, Purchase (3 Mechanical Dredges to CDF) $570,498 LS pj
Flow Rate (2 Hydraulic Dredges) 3,563 gpm assume operate 24/7
Unit, Purchase (Hydraulic Dredge) $2,586,470 LS pj
Flow Rate (2 Hydraulic Dredges; settling pond) 3,110 gpm assume operate 24/7
Flow Rate (mechanical dewatering) 3,563 gpm
Unit, Purchase (mechanical dewatering) $2,586,470 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day
Length of piping for treated water discharge 20,000 feet

Disposal
Existing NR 500 Commercial Disposal Facility

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj
Conveyer System Construction 1,000,000 LS pj

New Landfill Disposal (Dedicated NR 500 Monofill)
Landfill Construction $25,988,920
Local Siting Fee $5 per cy
Closure Cap $100,000 per acre
Operating Cost $500,000 per year
Post-closure Monitoring $30,000 per year

 2 days slurry + 13 wk solids * 2 
cells * 2 shifts per day 

Distance from town of Holland to 
river per map provided by Fred 
Swed
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Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

TOTAL COST $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Passive Dewatering)

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 3,615 Day 27.80769231 $61,455,000
Dredge Monitoring (Water Quality) 3,615 Day $10,845,000
Sediment Removal QA 3,615 Day $4,338,000
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $79,133,000
Engineering, Procurement & Construction Management: 9,495,960
Contractor Overhead/Profit: 11,869,950

Total Capital: $100,500,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 57 gpm $216,590
Water Treatment (Includes Operator) 138,716,232 gal $55,486
Water Treatment QA 1,687 day $337,400

Direct Capital: $609,476
Engineering, Procurement & Construction Management: 73,137

Total Capital: $700,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 7,185,641 ton $179,641,037
Lime Purchase 718,565 ton $43,113,900
Soil Loading 7,185,641 ton $20,119,796
Soil Hauling 7,185,641 ton $33,682,694
Tipping Fees (non-TSCA) 6,933,746 ton $298,151,076
Tipping Fees (TSCA) 251,896 ton $13,854,253

Direct Capital: $588,562,756
Engineering, Procurement & Construction Management: 70,627,531

Total Capital: $659,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $769,100,000
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ALTERNATIVE C2A:  Dredge Sediment with Combined Dewatering and Disposal Facility

SEDIMENT REMOVAL (2 12-INCH CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1130 acre $18,080,000
Dredging - 2 12 hour shifts/day 1191 Day 6.543956044 $33,824,400
Dredge Monitoring (Water Quality) 1191 Day $7,146,000
Sediment Removal QA 1191 Day $2,858,400
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $11,910,000
Winter Over All Equipment 7 yr $1,995,000
Site Restoration 1 LS $600,000

Direct Capital: $86,155,600
Engineering, Procurement & Construction Management: 10,338,672
Contractor Overhead/Profit: 12,923,340

Total Capital: $109,400,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,563 gpm $2,586,470
Water Treatment (Including Operator) 6,106,807,801 gal $2,442,723
Water Treatment QA 1,191 Day $476,400
Piping 20,000 ft $1,340,000

Direct Capital: $6,845,593
Engineering, Procurement & Construction Management: 821,471

Total Capital: $7,700,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Landfill Construction 1 LS $25,988,920
Local Siting Fee 4,104,792 cy $20,523,960
Closure 127 acres $12,721,463

Direct Capital: $59,234,343
Engineering, Procurement & Construction Management: 7,108,121

Total Capital: $66,300,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $252,053

Total Present Worth, Longer Term O&M Costs $3,932,097

Total Project Capital and O&M Cost $70,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $192,100,000

ALTERNATIVE C2B:  Dredge Sediment with Separate Dewatering and Disposal Facilities

SEDIMENT REMOVAL (2 12-INCH CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1130 acre $18,080,000
Dredging - 2 12 hour shifts/day 1191 Day 6.543956044 $33,824,400
Dredge Monitoring (Water Quality) 1191 Day $7,146,000
Sediment Removal QA 1191 Day $2,858,400
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $11,910,000
Winter Over All Equipment 7 yr $1,995,000
Site Restoration 1 LS $600,000

Direct Capital: $86,155,600
Engineering, Procurement & Construction Management: 10,338,672
Contractor Overhead/Profit: 12,923,340

Total Capital: $109,400,000

SEDIMENT DEWATERING (GRAVITY - NR 213)

Capital Items Quantity Units Cost   
Land Lease or Purchase 4,491,228 sf $8,084,210
Mobilization 1 LS $20,000
Clear and Grub 4,491,228 sf $206,209
Berm Construction 87,910 cy $527,458
Rough Grading 4,491,228 sf $1,122,807
Liner Placement 4,491,228 sf $6,736,842
Demob/Disposal 1 LS $10,000
Regrade 87,910 cy $527,458
Seed/Sod 499,025 sy $499,025

Direct Capital: $17,734,010
Engineering, Procurement & Construction Management: 2,128,081

Total Capital: $19,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,110 gpm $2,586,470
Water Treatment (Including Operator) 5,330,439,162 gal $2,132,176
Water Treatment QA 1,191 Day $476,400
Piping 20,000 ft $1,340,000

Direct Capital: $6,535,045
Engineering, Procurement & Construction Management: 784,205

Total Capital: $7,300,000
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SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Solidification 8,095,823 ton $202,395,568
Lime Purchase 809,583 ton $48,574,980
Sediment Loading 8,095,823 ton $22,668,304
Sediment Hauling 8,095,823 ton $37,949,169
Landfill Construction 1 LS $25,988,920
Local Siting Fee 4,104,792 cy $20,523,960
Closure 127 acres $12,721,463

Direct Capital: $370,822,364
Engineering, Procurement & Construction Management: 44,498,684

Total Capital: $415,300,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $252,053

Total Present Worth, Longer Term O&M Costs $3,932,097

Total Project Capital and O&M Cost $419,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $564,500,000
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ALTERNATIVE C3:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Mechanical Dewatering)

SEDIMENT REMOVAL (2 - 12-inch CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1130 acre $18,080,000
Dredging - 2 12 hour shifts/day 1191 Day 6.543956044 $33,824,400
Dredge Monitoring (Water Quality) 1191 Day $7,146,000
Sediment Removal QA 1191 Day $2,858,400
Winter Over All Equipment 7 yr $1,995,000
Site Restoration 1 LS $600,000

Direct Capital: $67,280,600
Engineering, Procurement & Construction Management: 8,073,672
Contractor Overhead/Profit: 10,092,090

Total Capital: $85,400,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 2,428,747 bdt $194,299,745

Direct Capital: $194,399,745
Engineering, Procurement & Construction Management: 23,327,969

Total Capital: $217,700,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,563 gpm $2,586,470
Water Treatment (Includes Operator) 6,106,807,801 gal $2,442,723
Water Treatment QA 3,334 day $666,800

Direct Capital: $5,695,993
Engineering, Procurement & Construction Management: 683,519

Total Capital: $6,400,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 4,857,494 ton $13,600,982
Soil Hauling 4,857,494 ton $22,769,501
Tipping Fees (non-TSCA) 4,687,212 ton $201,550,127
Tipping Fees (TSCA) 170,281 ton $9,365,475

Direct Capital: $247,286,086
Engineering, Procurement & Construction Management: 29,674,330

Total Capital: $277,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $595,200,000
ALTERNATIVE D:  Dredge Sediment, CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 3,615 Day $61,455,000
Dredge Monitoring (Water Quality) 3,615 Day $10,845,000
Sediment Removal QA 3,615 Day $4,338,000
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $79,133,000
Engineering, Procurement & Construction Management: 9,495,960
Contractor Overhead/Profit: 11,869,950

Total Capital: $100,500,000

CDF CONSTRUCTION

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,700,000 sf $4,860,000
Shot Rock/Rip Rap 9,600 lf $6,816,000
Sheetpile Placement 288,000 sf $5,472,000
Clean Soil Cap 205,000 cy $2,050,000
Seeding 300,000 sy $300,000
Mitigation 62 acre $619,835

Direct Capital: $20,117,835
Engineering, Procurement & Construction Management: $2,414,140

Total Capital: $22,531,975

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 450,639 $6,780,456

Total Present Worth, Longer Term O&M Costs $16,711,012

Total Project Capital and O&M Cost $39,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 287 gpm $570,498
Water Treatment (Includes Operator) 312,357,784 gal $124,943
Water Treatment QA 1,687 day $337,400

Direct Capital: $1,032,841
Engineering, Procurement & Construction Management: 123,941

Total Capital: $1,200,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 4,950,209 ton $123,755,225
Lime Purchase 495,021 ton $29,701,260
Soil Loading 4,950,209 ton $13,860,585
Soil Hauling 4,950,209 ton $23,204,105
Tipping Fees (non-TSCA) 4,698,313 ton $202,027,479
Tipping Fees (TSCA) 365,647 ton $20,110,606

Direct Capital: $412,659,260
Engineering, Procurement & Construction Management: 49,519,111

Total Capital: $462,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $611,800,000

ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (2 - 12-inch CUTTERHEAD'S)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1130 acre $18,080,000
Dredging - 2 12 hour shifts/day 1191 Day 6.543956044 $33,824,400
Dredge Monitoring (Water Quality) 1191 Day $7,146,000
Sediment Removal QA 1191 Day $2,858,400
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $11,910,000
Winter Over All Equipment 7 yr $1,995,000
Site Restoration 1 LS $600,000

Direct Capital: $86,155,600
Engineering, Procurement & Construction Management: 10,338,672
Contractor Overhead/Profit: 12,923,340

Total Capital: $109,400,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 4,491,228 sf $8,084,210
Mobilization 1 LS $20,000
Clear and Grub 4,491,228 sf $206,209
Berm Construction 87,910 cy $527,458
Rough Grading 4,491,228 sf $1,122,807
Liner Placement 4,491,228 sf $6,736,842
Demob/Disposal 1 LS $10,000
Regrade 87,910 cy $527,458
Seed/Sod 499,025 sy $499,025

Direct Capital: $17,734,010
Engineering, Procurement & Construction Management: 2,128,081

Total Capital: $19,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,110 gpm $2,586,470
Water Treatment (Including Operator) 5,330,439,162 gal $2,132,176
Water Treatment QA 1,191 Day $476,400
Piping 95,000 ft $6,365,000

Direct Capital: $11,560,045
Engineering, Procurement & Construction Management: 1,387,205

Total Capital: $12,900,000
SEDIMENT TREATMENT (VITRIFICATION 2x375 t Standalone Storage Units)

Capital Items Quantity Units Cost   
Sediment Treatment 8,095,823 ton $194,299,745
Soil Loading 8,095,823 ton $22,668,304
Soil Hauling 8,095,823 ton $9,487,292

Direct Capital: $226,455,341
Engineering, Procurement & Construction Management: $27,174,641

Total Capital: $253,600,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $404,500,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible,Dredge to CDF and Off-site Disposal

CDF CONSTRUCTION

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,700,000 sf $4,860,000
Shot Rock/Rip Rap 9,600 lf $6,816,000
Sheetpile Placement 288,000 sf $5,472,000
Clean Soil Cap 205,000 cy $2,050,000
Seeding 300,000 sy $300,000
Mitigation 62 acre $619,835

Direct Capital: $20,117,835
Engineering, Procurement & Construction Management: $2,414,140

Total Capital: $22,531,975

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 450,639 $6,780,456

Total Present Worth, Longer Term O&M Costs $16,711,012

Total Project Capital and O&M Cost $39,200,000

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 1,819,641 tons $10,917,848
Sand Placement 1,299,744 cy $7,798,463
Cobble Purchase and Placement 779,846 cy $23,395,388
Cap Placement QA 1 LS $100,000

Direct Capital: $42,411,699
Engineering, Procurement & Construction Management: 5,089,404

Total Capital: $47,501,103

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $950,022 $14,294,314

Total Present Worth, Longer Term O&M Costs $20,312,833

Total Project Capital and O&M Cost $67,800,000

Costs-R4.xls
Page 139 of 227

De Pere to Green Bay (action level-125 ppb) 12/15/2002



SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 2,464 Day $41,888,000
Dredge Monitoring (Water Quality) 2,464 Day $7,392,000
Sediment Removal QA 2,464 Day $2,956,800
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $54,731,800
Engineering, Procurement & Construction Management: 6,567,816
Contractor Overhead/Profit: 8,209,770

Total Capital: $69,500,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 287 gpm $570,498
Water Treatment (Includes Operator) 268,170,233 gal $107,268
Water Treatment QA 1,687 day $337,400

Direct Capital: $1,015,166
Engineering, Procurement & Construction Management: 121,820

Total Capital: $1,100,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 2,661,249 ton $66,531,225
Lime Purchase 266,125 ton $15,967,500
Soil Loading 2,661,249 ton $7,451,497
Soil Hauling 2,661,249 ton $12,474,605
Tipping Fees (non-TSCA) 2,409,353 ton $103,602,198
Tipping Fees (TSCA) 251,896 ton $13,854,255

Direct Capital: $219,881,280
Engineering, Procurement & Construction Management: 26,385,754

Total Capital: $246,300,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $432,600,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
DE PERE TO GREEN BAY

Action Level - 250 ppb

Material Handling Assumptions:
Volume > 250 ppb 6,449,065 cy 1103 ac 4,922,950 m3
Volume > 125 ppb 6,868,500 cy 5,243,130 m3
Volume > 500 ppb 6,169,458 cy 4,709,510 m3
Volume > 1,000 ppb 5,879,529 cy 4,488,190 m3
Volume > 5000 ppb 4,517,391 cy 3,448,390 m3
Volume > 50,000 ppb 240,778 cy 183,800 m3
Solids Specific Gravity 2.36
Fresh Water Density 62.4 lb/ft3
In Situ Density 33.8% w/w 17.8% v/v 1.05 tons per cy
Slurry Density (20% in situ) 8.0% w/w 3.6% v/v 0.88 tons per cy Ogden Beeman
Dewatered Density (settling pond) 30% w/w 15.4% v/v 1.02 tons per cy Montgomery Watson
Dewatered Density (Hydraulic Dredging and CDF) 50.0% w/w 29.8% v/v 1.18 tons per cy Foth & VanDyke
Dewatered Density (Mechanical Dredging) 33.8% w/w 17.8% v/v 1.05 tons per cy
Treated Density 93.4% w/w 60.0% v/v 1.28 tons per cy
CDF Capacity 2,136,771 cy in situ 974,801 m3
HTTD Treatment Capacity 1,577,177 cy in situ 1,650,000           tons
Cap Volume 2,015,618 cy 1,538,640           m3
Vitrification Treatment Capacity 9,106,166 cy in situ 6440000.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day
Debris Sweep $16,000 per acre Ogden Beeman

Hydraulic - 2 12-inch Cutterheads
Site Preparation $803,400 LS Ogden Beeman
Mobilization - Equipment $1,135,000 LS Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (12 hours) $14,200 per shift Ogden Beeman
Dredge Rate 2885 cy in situ per 12 hour shift Ogden Beeman
Winter Over Equipment $285,000 per year Ogden Beeman
Site Restoration $600,000 per dredge launch site
Length of Piping 95,000 ft 18 mi

Piping Purchase/Installation $67 per ft Ogden Beeman
Number of Road Crossings 12 each pj, review map
Cost per Road Crossing $50,000 per crossing pj, review map
Number of Booster Pumps 4 each Ogden Beeman
Booster Pump Cost $2,500 per day Ogden Beeman

Mechanical - 8 cy bucket
Dock Construction $400,000 LS pj
Mobilization - Equipment $455,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman - JAG estimate
Shift Rate (10 hours) $17,000 per shift Ogden Beeman
Dredge Rate 1900 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area pj
Free Water per cy Dredged (10%) 20                             gal Ogden Beeman
Offload Crane Mobilization $50,000 LS pj
Site Restoration $500,000 LS pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Capital Costs $36,000,000 LS Unit Cost Study- Minergy
Operating Costs $6,800,000 per year Unit Cost Study- Minergy
Vitrification (Unit Cost includes Cap and Oper Costs) $24.0 per ton Unit Cost Study- Minergy

Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 20,514,438 sf 1,905,900 m2
Sand Cap Depth 1.7 feet
Sand Purchase $6 per ton Ole
Placement Rate $6 per cy Ogden Beeman
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Sand Density 1.4 tons per cy
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Acres corresponds to dredge footprint 
area

Distance to Town of Holland (map 
provided by Fred Swed). 11 mi of hard 
piping plus 7 mi of floating pipe
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Nearshore CDF Bayport
Land Lease or Purchase $1.80 per sf Baird
Length 9,600 lf Baird
Capping Volume 205,000 cy 2,178,000 Baird
Seeding Area 300,000 sy 2,178,000 Baird
Sheetpile Wall Length 9,600 lf based on bathymetry
Sheetpile Depth 30 ft pj
Sheetpile Cost $19 per sf Baird
Shot Rock Berm $500 per lf Baird
Rip Rap $210 per lf pj
Clean Soil Cap $10 per cy Baird
Seeding $1 per sy Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 4,491,228                 sf 103.10          

Perimeter 8,477                        lf 2119.251741 assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Alphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Water Treatment
Flow Rate (3 Mechanical Dredges) 57                             gpm assume operate 24/7
Unit, Purchase (3 Mechanical Dredges) $216,590 LS pj
Flow Rate (3 Mechanical Dredges to CDF) 287                           gpm assume operate 24/7
Unit, Purchase (3 Mechanical Dredges to CDF) $570,498 LS pj
Flow Rate (2 Hydraulic Dredges) 3,563 gpm assume operate 24/7
Unit, Purchase (Hydraulic Dredge) $2,586,470 LS pj
Flow Rate (2 Hydraulic Dredges; settling pond) 3,110 gpm assume operate 24/7
Flow Rate (mechanical dewatering) 3,563 gpm
Unit, Purchase (mechanical dewatering) $2,586,470 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day
Length of piping for treated water discharge 20,000 feet

Disposal
Existing NR 500 Commercial Disposal Facility

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj
Conveyer System Construction 1,000,000 LS pj

New Landfill Disposal (Dedicated NR 500 Monofill)
Landfill Construction $24,401,866
Local Siting Fee $5 per cy
Closure Cap $100,000 per acre
Operating Cost $500,000 per year
Post-closure Monitoring $30,000 per year

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

 2 days slurry + 13 wk solids * 2 cells * 2 
shifts per day 

Distance from town of Holland to river 
per map provided by Fred Swed
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ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

TOTAL COST $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Passive Dewatering)

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 3,395 Day 26.11538462 $57,715,000
Dredge Monitoring (Water Quality) 3,395 Day $10,185,000
Sediment Removal QA 3,395 Day $4,074,000
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $74,469,000
Engineering, Procurement & Construction Management: 8,936,280
Contractor Overhead/Profit: 11,170,350

Total Capital: $94,600,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 57 gpm $216,590
Water Treatment (Includes Operator) 130,245,307 gal $52,098
Water Treatment QA 1,584 day $316,800

Direct Capital: $585,488
Engineering, Procurement & Construction Management: 70,259

Total Capital: $700,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 6,746,839 ton $168,670,973
Lime Purchase 674,684 ton $40,481,040
Soil Loading 6,746,839 ton $18,891,149
Soil Hauling 6,746,839 ton $31,625,808
Tipping Fees (non-TSCA) 6,494,943 ton $279,282,567 $293,136,820
Tipping Fees (TSCA) 251,896 ton $13,854,253

Direct Capital: $552,805,790
Engineering, Procurement & Construction Management: 66,336,695

Total Capital: $619,100,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $723,100,000

ALTERNATIVE C2A:  Dredge Sediment with Combined Dewatering and Disposal Facility

SEDIMENT REMOVAL (2 12-INCH CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1103 acre $17,648,000
Dredging - 2 12 hour shifts/day 1118 Day 6.142857143 $31,751,200
Dredge Monitoring (Water Quality) 1118 Day $6,708,000
Sediment Removal QA 1118 Day $2,683,200
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $11,180,000
Winter Over All Equipment 7 yr $1,995,000
Site Restoration 1 LS $600,000

Direct Capital: $82,307,200
Engineering, Procurement & Construction Management: 9,876,864
Contractor Overhead/Profit: 12,346,080

Total Capital: $104,500,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,563 gpm $2,586,470
Water Treatment (Including Operator) 5,733,885,955 gal $2,293,554
Water Treatment QA 1,118 Day $447,200
Piping 20,000 ft $1,340,000

Direct Capital: $6,667,224
Engineering, Procurement & Construction Management: 800,067

Total Capital: $7,500,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Landfill Construction 1 LS $24,401,866
Local Siting Fee 3,854,126 cy $19,270,632
Closure 119 acres $11,944,607

Direct Capital: $55,617,105
Engineering, Procurement & Construction Management: 6,674,053

Total Capital: $62,300,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $252,053

Total Present Worth, Longer Term O&M Costs $3,932,097

Total Project Capital and O&M Cost $66,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $183,000,000
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ALTERNATIVE C2B:  Dredge Sediment with Separate Dewatering and Disposal Facilities

SEDIMENT REMOVAL (2 12-INCH CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1103 acre $17,648,000
Dredging - 2 12 hour shifts/day 1118 Day 6.142857143 $31,751,200
Dredge Monitoring (Water Quality) 1118 Day $6,708,000
Sediment Removal QA 1118 Day $2,683,200
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $11,180,000
Winter Over All Equipment 7 yr $1,995,000
Site Restoration 1 LS $600,000

Direct Capital: $82,307,200
Engineering, Procurement & Construction Management: 9,876,864
Contractor Overhead/Profit: 12,346,080

Total Capital: $104,500,000

SEDIMENT DEWATERING (GRAVITY - NR 213)

Capital Items Quantity Units Cost   
Land Lease or Purchase 4,491,228 sf $8,084,210
Mobilization 1 LS $20,000
Clear and Grub 4,491,228 sf $206,209
Berm Construction 87,910 cy $527,458
Rough Grading 4,491,228 sf $1,122,807
Liner Placement 4,491,228 sf $6,736,842
Demob/Disposal 1 LS $10,000
Regrade 87,910 cy $527,458
Seed/Sod 499,025 sy $499,025

Direct Capital: $17,734,010
Engineering, Procurement & Construction Management: 2,128,081

Total Capital: $19,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,110 gpm $2,586,470
Water Treatment (Including Operator) 5,004,927,490 gal $2,001,971
Water Treatment QA 1,118 Day $447,200
Piping 20,000 ft $1,340,000

Direct Capital: $6,375,641
Engineering, Procurement & Construction Management: 765,077

Total Capital: $7,100,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Solidification 7,601,439 ton $190,035,963
Lime Purchase 760,144 ton $45,608,640
Sediment Loading 7,601,439 ton $21,284,028
Sediment Hauling 7,601,439 ton $35,631,743
Landfill Construction 1 LS $24,401,866
Local Siting Fee 3,854,126 cy $19,270,632
Closure 119 acres $11,944,607

Direct Capital: $348,177,479
Engineering, Procurement & Construction Management: 41,781,297

Total Capital: $390,000,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $252,053

Total Present Worth, Longer Term O&M Costs $3,932,097

Total Project Capital and O&M Cost $393,900,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $534,100,000

ALTERNATIVE C3:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Mechanical Dewatering)

SEDIMENT REMOVAL (2 - 12-inch CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1103 acre $17,648,000
Dredging - 2 12 hour shifts/day 1118 Day 6.142857143 $31,751,200
Dredge Monitoring (Water Quality) 1118 Day $6,708,000
Sediment Removal QA 1118 Day $2,683,200
Winter Over All Equipment 7 yr $1,995,000
Site Restoration 1 LS $600,000

Direct Capital: $64,162,200
Engineering, Procurement & Construction Management: 7,699,464
Contractor Overhead/Profit: 9,624,330

Total Capital: $81,500,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 2,280,432 bdt $182,434,525

Direct Capital: $182,534,525
Engineering, Procurement & Construction Management: 21,904,143

Total Capital: $204,400,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,563 gpm $2,586,470
Water Treatment (Includes Operator) 5,733,885,955 gal $2,293,554
Water Treatment QA 3,130 day $626,000

Direct Capital: $5,506,024
Engineering, Procurement & Construction Management: 660,723

Total Capital: $6,200,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 4,560,863 ton $12,770,417
Soil Hauling 4,560,863 ton $21,379,046
Tipping Fees (non-TSCA) 4,390,582 ton $188,795,016
Tipping Fees (TSCA) 170,281 ton $9,365,475

Direct Capital: $232,309,953
Engineering, Procurement & Construction Management: 27,877,194

Total Capital: $260,200,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $561,000,000
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ALTERNATIVE D:  Dredge Sediment, CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 3,395 Day $57,715,000
Dredge Monitoring (Water Quality) 3,395 Day $10,185,000
Sediment Removal QA 3,395 Day $4,074,000
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $74,469,000
Engineering, Procurement & Construction Management: 8,936,280
Contractor Overhead/Profit: 11,170,350

Total Capital: $94,600,000

CDF CONSTRUCTION

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,700,000 sf $4,860,000
Shot Rock/Rip Rap 9,600 lf $6,816,000
Sheetpile Placement 288,000 sf $5,472,000
Clean Soil Cap 205,000 cy $2,050,000
Seeding 300,000 sy $300,000
Mitigation 62 acre $619,835

Direct Capital: $20,117,835
Engineering, Procurement & Construction Management: $2,414,140

Total Capital: $22,531,975

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 450,639 $6,780,456

Total Present Worth, Longer Term O&M Costs $16,711,012

Total Project Capital and O&M Cost $39,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 287 gpm $570,498
Water Treatment (Includes Operator) 303,886,859 gal $121,555
Water Treatment QA 1,584 day $316,800

Direct Capital: $1,008,853
Engineering, Procurement & Construction Management: 121,062

Total Capital: $1,100,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 4,511,406 ton $112,785,150
Lime Purchase 451,141 ton $27,068,460
Soil Loading 4,511,406 ton $12,631,937
Soil Hauling 4,511,406 ton $21,147,216
Tipping Fees (non-TSCA) 4,259,510 ton $183,158,951
Tipping Fees (TSCA) 376,711 ton $20,719,131

Direct Capital: $377,510,845
Engineering, Procurement & Construction Management: 45,301,301

Total Capital: $422,800,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $566,400,000

ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (2 - 12-inch CUTTERHEAD'S)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1103 acre $17,648,000
Dredging - 2 12 hour shifts/day 1118 Day 6.142857143 $31,751,200
Dredge Monitoring (Water Quality) 1118 Day $6,708,000
Sediment Removal QA 1118 Day $2,683,200
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $11,180,000
Winter Over All Equipment 7 yr $1,995,000
Site Restoration 1 LS $600,000

Direct Capital: $82,307,200
Engineering, Procurement & Construction Management: 9,876,864
Contractor Overhead/Profit: 12,346,080

Total Capital: $104,500,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 4,491,228 sf $8,084,210
Mobilization 1 LS $20,000
Clear and Grub 4,491,228 sf $206,209
Berm Construction 87,910 cy $527,458
Rough Grading 4,491,228 sf $1,122,807
Liner Placement 4,491,228 sf $6,736,842
Demob/Disposal 1 LS $10,000
Regrade 87,910 cy $527,458
Seed/Sod 499,025 sy $499,025

Direct Capital: $17,734,010
Engineering, Procurement & Construction Management: 2,128,081

Total Capital: $19,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,110 gpm $2,586,470
Water Treatment (Including Operator) 5,004,927,490 gal $2,001,971
Water Treatment QA 1,118 Day $447,200
Piping 95,000 ft $6,365,000

Direct Capital: $11,400,641
Engineering, Procurement & Construction Management: 1,368,077

Total Capital: $12,800,000
SEDIMENT TREATMENT (VITRIFICATION 2x375 t Standalone Storage Units)

Capital Items Quantity Units Cost   
Sediment Treatment 7,601,439 ton $182,434,525
Soil Loading 7,601,439 ton $21,284,028
Soil Hauling 7,601,439 ton $8,907,936

Direct Capital: $212,626,488
Engineering, Procurement & Construction Management: $25,515,179

Total Capital: $238,100,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $384,000,000
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ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible,Dredge to CDF and Off-site Disposal

CDF CONSTRUCTION

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,700,000 sf $4,860,000
Shot Rock/Rip Rap 9,600 lf $6,816,000
Sheetpile Placement 288,000 sf $5,472,000
Clean Soil Cap 205,000 cy $2,050,000
Seeding 300,000 sy $300,000
Mitigation 62 acre $619,835

Direct Capital: $20,117,835
Engineering, Procurement & Construction Management: $2,414,140

Total Capital: $22,531,975

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 450,639 $6,780,456

Total Present Worth, Longer Term O&M Costs $16,711,012

Total Project Capital and O&M Cost $39,200,000

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 1,772,853 tons $10,637,116
Sand Placement 1,266,323 cy $7,597,940
Cobble Purchase and Placement 759,794 cy $22,793,820
Cap Placement QA 1 LS $100,000

Direct Capital: $41,328,876
Engineering, Procurement & Construction Management: 4,959,465

Total Capital: $46,288,341

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $925,767 $13,929,362

Total Present Worth, Longer Term O&M Costs $19,947,881

Total Project Capital and O&M Cost $66,200,000

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 2,334 Day $39,678,000
Dredge Monitoring (Water Quality) 2,334 Day $7,002,000
Sediment Removal QA 2,334 Day $2,800,800
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $51,975,800
Engineering, Procurement & Construction Management: 6,237,096
Contractor Overhead/Profit: 7,796,370

Total Capital: $66,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 287 gpm $570,498
Water Treatment (Includes Operator) 263,179,430 gal $105,272
Water Treatment QA 1,584 day $316,800

Direct Capital: $992,570
Engineering, Procurement & Construction Management: 119,108

Total Capital: $1,100,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 2,402,720 ton $60,068,000
Lime Purchase 240,272 ton $14,416,320
Soil Loading 2,402,720 ton $6,727,616
Soil Hauling 2,402,720 ton $11,262,750
Tipping Fees (non-TSCA) 2,150,824 ton $92,485,453
Tipping Fees (TSCA) 251,896 ton $13,854,254

Direct Capital: $198,814,392
Engineering, Procurement & Construction Management: 23,857,727

Total Capital: $222,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $403,900,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
DE PERE TO GREEN BAY

Action Level - 500 ppb

Material Handling Assumptions:
Volume > 500 ppb 6,169,458 cy 1083 ac 4,709,510 m3
Volume > 125 ppb 6,868,500 cy 5,243,130 m3
Volume > 250 ppb 6,449,065 cy 4,922,950 m3
Volume > 1,000 ppb 5,879,529 cy 4,488,190 m3
Volume > 5000 ppb 4,517,391 cy 3,448,390 m3
Volume > 50,000 ppb 240,778 cy 183,800 m3
Solids Specific Gravity 2.36
Fresh Water Density 62.4 lb/ft3
In Situ Density 33.8% w/w 17.8% v/v 1.05 tons per cy
Slurry Density (20% in situ) 8.0% w/w 3.6% v/v 0.88 tons per cy Ogden Beeman
Dewatered Density (settling pond) 30% w/w 15.4% v/v 1.02 tons per cy Montgomery Watson
Dewatered Density (Hydraulic Dredging and CDF) 50.0% w/w 29.8% v/v 1.18 tons per cy Foth & VanDyke
Dewatered Density (Mechanical Dredging) 33.8% w/w 17.8% v/v 1.05 tons per cy
Treated Density 93.4% w/w 60.0% v/v 1.28 tons per cy
CDF Capacity 2,136,771 cy in situ 974,801 m3
HTTD Treatment Capacity 1,577,177 cy in situ 1,650,000            tons
Cap Volume 1,926,748 cy 1,470,800            m3
Vitrification Treatment Capacity 9,106,166 cy in situ 6440000.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day
Debris Sweep $16,000 per acre Ogden Beeman

Hydraulic - 2 12-inch Cutterheads
Site Preparation $803,400 LS Ogden Beeman
Mobilization - Equipment $1,135,000 LS Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (12 hours) $14,200 per shift Ogden Beeman
Dredge Rate 2885 cy in situ per 12 hour shift Ogden Beeman
Winter Over Equipment $285,000 per year Ogden Beeman
Site Restoration $600,000 per dredge launch site
Length of Piping 95,000 ft 18 mi

Piping Purchase/Installation $67 per ft Ogden Beeman
Number of Road Crossings 12 each pj, review map
Cost per Road Crossing $50,000 per crossing pj, review map
Number of Booster Pumps 4 each Ogden Beeman
Booster Pump Cost $2,500 per day Ogden Beeman

Mechanical - 8 cy bucket
Dock Construction $400,000 LS pj
Mobilization - Equipment $455,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman - JAG estimate
Shift Rate (10 hours) $17,000 per shift Ogden Beeman
Dredge Rate 1900 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area pj
Free Water per cy Dredged (10%) 20                              gal Ogden Beeman
Offload Crane Mobilization $50,000 LS pj
Site Restoration $500,000 LS pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Capital Costs $36,000,000 LS Unit Cost Study- Minergy
Operating Costs $6,800,000 per year Unit Cost Study- Minergy
Vitrification (Unit Cost includes Cap and Oper Costs) $24.0 per ton Unit Cost Study- Minergy

Acres corresponds to dredge 
footprint area

Distance to Town of Holland (map 
provided by Fred Swed). 11 mi of 
hard piping plus 7 mi of floating 
pipe
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Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 20,132,328 sf 1,870,400 m2
Sand Cap Depth 1.7 feet
Sand Purchase $6 per ton Ole
Placement Rate $6 per cy Ogden Beeman
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Sand Density 1.4 tons per cy
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Nearshore CDF Bayport
Land Lease or Purchase $1.80 per sf Baird
Length 9,600 lf Baird
Capping Volume 205,000 cy 2,178,000 Baird
Seeding Area 300,000 sy 2,178,000 Baird
Sheetpile Wall Length 9,600 lf based on bathymetry
Sheetpile Depth 30 ft pj
Sheetpile Cost $19 per sf Baird
Shot Rock Berm $500 per lf Baird
Rip Rap $210 per lf pj
Clean Soil Cap $10 per cy Baird
Seeding $1 per sy Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 4,491,228                  sf 103.10           

Perimeter 8,477                         lf 2119.251741 assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Alphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Water Treatment
Flow Rate (3 Mechanical Dredges) 57                              gpm assume operate 24/7
Unit, Purchase (3 Mechanical Dredges) $216,590 LS pj
Flow Rate (3 Mechanical Dredges to CDF) 287                            gpm assume operate 24/7
Unit, Purchase (3 Mechanical Dredges to CDF) $570,498 LS pj
Flow Rate (2 Hydraulic Dredges) 3,563 gpm assume operate 24/7
Unit, Purchase (Hydraulic Dredge) $2,586,470 LS pj
Flow Rate (2 Hydraulic Dredges; settling pond) 3,110 gpm assume operate 24/7
Flow Rate (mechanical dewatering) 3,563 gpm
Unit, Purchase (mechanical dewatering) $2,586,470 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day
Length of piping for treated water discharge 20,000 feet

Disposal
Existing NR 500 Commercial Disposal Facility

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj
Conveyer System Construction 1,000,000 LS pj

New Landfill Disposal (Dedicated NR 500 Monofill)
Landfill Construction $23,343,896
Local Siting Fee $5 per cy
Closure Cap $100,000 per acre
Operating Cost $500,000 per year
Post-closure Monitoring $30,000 per year

 2 days slurry + 13 wk solids * 2 
cells * 2 shifts per day 

Distance from town of Holland to 
river per map provided by Fred 
Swed
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Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

TOTAL COST $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Passive Dewatering)

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 3,248 Day 24.98461538 $55,216,000
Dredge Monitoring (Water Quality) 3,248 Day $9,744,000
Sediment Removal QA 3,248 Day $3,897,600
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $71,352,600
Engineering, Procurement & Construction Management: 8,562,312
Contractor Overhead/Profit: 10,702,890

Total Capital: $90,600,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 57 gpm $216,590
Water Treatment (Includes Operator) 124,598,376 gal $49,839
Water Treatment QA 1,516 day $303,200

Direct Capital: $569,629
Engineering, Procurement & Construction Management: 68,355

Total Capital: $600,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 6,454,322 ton $161,358,055
Lime Purchase 645,433 ton $38,725,980
Soil Loading 6,454,322 ton $18,072,102
Soil Hauling 6,454,322 ton $30,254,635
Tipping Fees (non-TSCA) 6,202,427 ton $266,704,347
Tipping Fees (TSCA) 251,896 ton $13,854,253

Direct Capital: $528,969,373
Engineering, Procurement & Construction Management: 63,476,325

Total Capital: $592,400,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $692,300,000
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ALTERNATIVE C2A:  Dredge Sediment with Combined Dewatering and Disposal Facility

SEDIMENT REMOVAL (2 12-INCH CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1083 acre $17,328,000
Dredging - 2 12 hour shifts/day 1070 Day 5.879120879 $30,388,000
Dredge Monitoring (Water Quality) 1070 Day $6,420,000
Sediment Removal QA 1070 Day $2,568,000
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $10,700,000
Winter Over All Equipment 6 yr $1,710,000
Site Restoration 1 LS $600,000

Direct Capital: $79,455,800
Engineering, Procurement & Construction Management: 9,534,696
Contractor Overhead/Profit: 11,918,370

Total Capital: $100,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,563 gpm $2,586,470
Water Treatment (Including Operator) 5,485,286,920 gal $2,194,115
Water Treatment QA 1,070 Day $428,000
Piping 20,000 ft $1,340,000

Direct Capital: $6,548,584
Engineering, Procurement & Construction Management: 785,830

Total Capital: $7,300,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Landfill Construction 1 LS $23,343,896
Local Siting Fee 3,687,026 cy $18,435,132
Closure 114 acres $11,426,735

Direct Capital: $53,205,763
Engineering, Procurement & Construction Management: 6,384,692

Total Capital: $59,600,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $252,053

Total Present Worth, Longer Term O&M Costs $3,932,097

Total Project Capital and O&M Cost $63,500,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $176,500,000

ALTERNATIVE C2B:  Dredge Sediment with Separate Dewatering and Disposal Facilities

SEDIMENT REMOVAL (2 12-INCH CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1083 acre $17,328,000
Dredging - 2 12 hour shifts/day 1070 Day 5.879120879 $30,388,000
Dredge Monitoring (Water Quality) 1070 Day $6,420,000
Sediment Removal QA 1070 Day $2,568,000
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $10,700,000
Winter Over All Equipment 6 yr $1,710,000
Site Restoration 1 LS $600,000

Direct Capital: $79,455,800
Engineering, Procurement & Construction Management: 9,534,696
Contractor Overhead/Profit: 11,918,370

Total Capital: $100,900,000

SEDIMENT DEWATERING (GRAVITY - NR 213)

Capital Items Quantity Units Cost   
Land Lease or Purchase 4,491,228 sf $8,084,210
Mobilization 1 LS $20,000
Clear and Grub 4,491,228 sf $206,209
Berm Construction 87,910 cy $527,458
Rough Grading 4,491,228 sf $1,122,807
Liner Placement 4,491,228 sf $6,736,842
Demob/Disposal 1 LS $10,000
Regrade 87,910 cy $527,458
Seed/Sod 499,025 sy $499,025

Direct Capital: $17,734,010
Engineering, Procurement & Construction Management: 2,128,081

Total Capital: $19,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,110 gpm $2,586,470
Water Treatment (Including Operator) 4,787,933,264 gal $1,915,173
Water Treatment QA 1,070 Day $428,000
Piping 20,000 ft $1,340,000

Direct Capital: $6,269,643
Engineering, Procurement & Construction Management: 752,357

Total Capital: $7,000,000
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SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Solidification 7,271,870 ton $181,796,742
Lime Purchase 727,187 ton $43,631,220
Sediment Loading 7,271,870 ton $20,361,235
Sediment Hauling 7,271,870 ton $34,086,889
Landfill Construction 1 LS $23,343,896
Local Siting Fee 3,687,026 cy $18,435,132
Closure 114 acres $11,426,735

Direct Capital: $333,081,849
Engineering, Procurement & Construction Management: 39,969,822

Total Capital: $373,100,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $252,053

Total Present Worth, Longer Term O&M Costs $3,932,097

Total Project Capital and O&M Cost $377,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $513,500,000
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ALTERNATIVE C3:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Mechanical Dewatering)

SEDIMENT REMOVAL (2 - 12-inch CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1083 acre $17,328,000
Dredging - 2 12 hour shifts/day 1070 Day 5.879120879 $30,388,000
Dredge Monitoring (Water Quality) 1070 Day $6,420,000
Sediment Removal QA 1070 Day $2,568,000
Winter Over All Equipment 6 yr $1,710,000
Site Restoration 1 LS $600,000

Direct Capital: $61,790,800
Engineering, Procurement & Construction Management: 7,414,896
Contractor Overhead/Profit: 9,268,620

Total Capital: $78,500,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 2,181,561 bdt $174,524,872

Direct Capital: $174,624,872
Engineering, Procurement & Construction Management: 20,954,985

Total Capital: $195,600,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,563 gpm $2,586,470
Water Treatment (Includes Operator) 5,485,286,920 gal $2,194,115
Water Treatment QA 2,994 day $598,800

Direct Capital: $5,379,384
Engineering, Procurement & Construction Management: 645,526

Total Capital: $6,000,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 4,363,122 ton $12,216,741
Soil Hauling 4,363,122 ton $20,452,133
Tipping Fees (non-TSCA) 4,192,840 ton $180,292,139
Tipping Fees (TSCA) 170,281 ton $9,365,475

Direct Capital: $222,326,488
Engineering, Procurement & Construction Management: 26,679,179

Total Capital: $249,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $537,800,000
ALTERNATIVE D:  Dredge Sediment, CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 3,248 Day $55,216,000
Dredge Monitoring (Water Quality) 3,248 Day $9,744,000
Sediment Removal QA 3,248 Day $3,897,600
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $71,352,600
Engineering, Procurement & Construction Management: 8,562,312
Contractor Overhead/Profit: 10,702,890

Total Capital: $90,600,000

CDF CONSTRUCTION

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,700,000 sf $4,860,000
Shot Rock/Rip Rap 9,600 lf $6,816,000
Sheetpile Placement 288,000 sf $5,472,000
Clean Soil Cap 205,000 cy $2,050,000
Seeding 300,000 sy $300,000
Mitigation 62 acre $619,835

Direct Capital: $20,117,835
Engineering, Procurement & Construction Management: $2,414,140

Total Capital: $22,531,975

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 450,639 $6,780,456

Total Present Worth, Longer Term O&M Costs $16,711,012

Total Project Capital and O&M Cost $39,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 287 gpm $570,498
Water Treatment (Includes Operator) 298,239,928 gal $119,296
Water Treatment QA 1,516 day $303,200

Direct Capital: $992,994
Engineering, Procurement & Construction Management: 119,159

Total Capital: $1,100,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 4,218,890 ton $105,472,250
Lime Purchase 421,889 ton $25,313,340
Soil Loading 4,218,890 ton $11,812,892
Soil Hauling 4,218,890 ton $19,776,047
Tipping Fees (non-TSCA) 3,966,994 ton $170,580,761
Tipping Fees (TSCA) 385,366 ton $21,195,108

Direct Capital: $354,150,398
Engineering, Procurement & Construction Management: 42,498,048

Total Capital: $396,600,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $536,200,000

ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (2 - 12-inch CUTTERHEAD'S)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1083 acre $17,328,000
Dredging - 2 12 hour shifts/day 1070 Day 5.879120879 $30,388,000
Dredge Monitoring (Water Quality) 1070 Day $6,420,000
Sediment Removal QA 1070 Day $2,568,000
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $10,700,000
Winter Over All Equipment 6 yr $1,710,000
Site Restoration 1 LS $600,000

Direct Capital: $79,455,800
Engineering, Procurement & Construction Management: 9,534,696
Contractor Overhead/Profit: 11,918,370

Total Capital: $100,900,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 4,491,228 sf $8,084,210
Mobilization 1 LS $20,000
Clear and Grub 4,491,228 sf $206,209
Berm Construction 87,910 cy $527,458
Rough Grading 4,491,228 sf $1,122,807
Liner Placement 4,491,228 sf $6,736,842
Demob/Disposal 1 LS $10,000
Regrade 87,910 cy $527,458
Seed/Sod 499,025 sy $499,025

Direct Capital: $17,734,010
Engineering, Procurement & Construction Management: 2,128,081

Total Capital: $19,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,110 gpm $2,586,470
Water Treatment (Including Operator) 4,787,933,264 gal $1,915,173
Water Treatment QA 1,070 Day $428,000
Piping 95,000 ft $6,365,000

Direct Capital: $11,294,643
Engineering, Procurement & Construction Management: 1,355,357

Total Capital: $12,700,000
SEDIMENT TREATMENT (VITRIFICATION 2x375 t Standalone Storage Units)

Capital Items Quantity Units Cost   
Sediment Treatment 7,271,870 ton $174,524,872
Soil Loading 7,271,870 ton $20,361,235
Soil Hauling 7,271,870 ton $8,521,722

Direct Capital: $203,407,829
Engineering, Procurement & Construction Management: $24,408,940

Total Capital: $227,800,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $370,000,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible,Dredge to CDF and Off-site Disposal

CDF CONSTRUCTION

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,700,000 sf $4,860,000
Shot Rock/Rip Rap 9,600 lf $6,816,000
Sheetpile Placement 288,000 sf $5,472,000
Clean Soil Cap 205,000 cy $2,050,000
Seeding 300,000 sy $300,000
Mitigation 62 acre $619,835

Direct Capital: $20,117,835
Engineering, Procurement & Construction Management: $2,414,140

Total Capital: $22,531,975

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 450,639 $6,780,456

Total Present Worth, Longer Term O&M Costs $16,711,012

Total Project Capital and O&M Cost $39,200,000

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 1,739,831 tons $10,438,985
Sand Placement 1,242,736 cy $7,456,418
Cobble Purchase and Placement 745,642 cy $22,369,254
Cap Placement QA 1 LS $100,000

Direct Capital: $40,564,657
Engineering, Procurement & Construction Management: 4,867,759

Total Capital: $45,432,416

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $908,648 $13,671,792

Total Present Worth, Longer Term O&M Costs $19,690,311

Total Project Capital and O&M Cost $65,100,000
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SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 2,233 Day $37,961,000
Dredge Monitoring (Water Quality) 2,233 Day $6,699,000
Sediment Removal QA 2,233 Day $2,679,600
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $49,834,600
Engineering, Procurement & Construction Management: 5,980,152
Contractor Overhead/Profit: 7,475,190

Total Capital: $63,300,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 287 gpm $570,498
Water Treatment (Includes Operator) 259,327,325 gal $103,731
Water Treatment QA 1,516 day $303,200

Direct Capital: $977,429
Engineering, Procurement & Construction Management: 117,291

Total Capital: $1,100,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 2,203,177 ton $55,079,425
Lime Purchase 220,318 ton $13,219,080
Soil Loading 2,203,177 ton $6,168,896
Soil Hauling 2,203,177 ton $10,327,392
Tipping Fees (non-TSCA) 1,951,281 ton $83,905,104
Tipping Fees (TSCA) 251,896 ton $13,854,253

Direct Capital: $182,554,150
Engineering, Procurement & Construction Management: 21,906,498

Total Capital: $204,500,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

Costs-R4.xls
Page 167 of 227

De Pere to Green Bay (action level-500 ppb) 12/15/2002



BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $381,900,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
DE PERE TO GREEN BAY

Action Level - 1,000 ppb

Material Handling Assumptions:
Volume > 1000 ppb 5,879,529 cy 1034 ac 4,488,190 m3
Volume > 125 ppb 6,868,500 cy 5,243,130 m3
Volume > 250 ppb 6,449,065 cy 4,922,950 m3
Volume > 500 ppb 6,169,458 cy 4,709,510 m3
Volume > 5000 ppb 4,517,391 cy 3,448,390 m3
Volume > 50,000 ppb 240,778 cy 183,800 m3
Solids Specific Gravity 2.36
Fresh Water Density 62.4 lb/ft3
In Situ Density 33.8% w/w 17.8% v/v 1.05 tons per cy
Slurry Density (20% in situ) 8.0% w/w 3.6% v/v 0.88 tons per cy Ogden Beeman
Dewatered Density (settling pond) 30% w/w 15.4% v/v 1.02 tons per cy Montgomery Watson
Dewatered Density (Hydraulic Dredging and CDF) 50.0% w/w 29.8% v/v 1.18 tons per cy Foth & VanDyke
Dewatered Density (Mechanical Dredging) 33.8% w/w 17.8% v/v 1.05 tons per cy
Treated Density 93.4% w/w 60.0% v/v 1.28 tons per cy
CDF Capacity 2,136,771 cy in situ 974,801 m3
HTTD Treatment Capacity 1,577,177 cy in situ 1,650,000            tons
Cap Volume 1,833,253 cy 1,399,430            m3
Vitrification Treatment Capacity 9,106,166 cy in situ 6440000.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day
Debris Sweep $16,000 per acre Ogden Beeman

Hydraulic - 2 12-inch Cutterheads
Site Preparation $803,400 LS Ogden Beeman
Mobilization - Equipment $1,135,000 LS Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (12 hours) $14,200 per shift Ogden Beeman
Dredge Rate 2885 cy in situ per 12 hour shift Ogden Beeman
Winter Over Equipment $285,000 per year Ogden Beeman
Site Restoration $600,000 per dredge launch site
Length of Piping 95,000 ft 18 mi

Piping Purchase/Installation $67 per ft Ogden Beeman
Number of Road Crossings 12 each pj, review map
Cost per Road Crossing $50,000 per crossing pj, review map
Number of Booster Pumps 4 each Ogden Beeman
Booster Pump Cost $2,500 per day Ogden Beeman

Mechanical - 8 cy bucket
Dock Construction $400,000 LS pj
Mobilization - Equipment $455,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman - JAG estimate
Shift Rate (10 hours) $17,000 per shift Ogden Beeman
Dredge Rate 1900 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area pj
Free Water per cy Dredged (10%) 20                              gal Ogden Beeman
Offload Crane Mobilization $50,000 LS pj
Site Restoration $500,000 LS pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Capital Costs $36,000,000 LS Unit Cost Study- Minergy
Operating Costs $6,800,000 per year Unit Cost Study- Minergy
Vitrification (Unit Cost includes Cap and Oper Costs) $24.0 per ton Unit Cost Study- Minergy

Acres corresponds to dredge 
footprint area

Distance to Town of Holland (map 
provided by Fred Swed). 11 mi of 
hard piping plus 7 mi of floating 
pipe
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Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 19,041,971 sf 1,769,100 m2
Sand Cap Depth 1.7 feet
Sand Purchase $6 per ton Ole
Placement Rate $6 per cy Ogden Beeman
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Sand Density 1.4 tons per cy
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Nearshore CDF Bayport
Land Lease or Purchase $1.80 per sf Baird
Length 9,600 lf Baird
Capping Volume 205,000 cy 2,178,000 Baird
Seeding Area 300,000 sy 2,178,000 Baird
Sheetpile Wall Length 9,600 lf based on bathymetry
Sheetpile Depth 30 ft pj
Sheetpile Cost $19 per sf Baird
Shot Rock Berm $500 per lf Baird
Rip Rap $210 per lf pj
Clean Soil Cap $10 per cy Baird
Seeding $1 per sy Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 4,491,228                  sf 103.10           

Perimeter 8,477                         lf 2119.251741 assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Alphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Water Treatment
Flow Rate (3 Mechanical Dredges) 57                              gpm assume operate 24/7
Unit, Purchase (3 Mechanical Dredges) $216,590 LS pj
Flow Rate (3 Mechanical Dredges to CDF) 287                            gpm assume operate 24/7
Unit, Purchase (3 Mechanical Dredges to CDF) $570,498 LS pj
Flow Rate (2 Hydraulic Dredges) 3,563 gpm assume operate 24/7
Unit, Purchase (Hydraulic Dredge) $2,586,470 LS pj
Flow Rate (2 Hydraulic Dredges; settling pond) 3,110 gpm assume operate 24/7
Flow Rate (mechanical dewatering) 3,563 gpm
Unit, Purchase (mechanical dewatering) $2,586,470 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day
Length of piping for treated water discharge 20,000 feet

Disposal
Existing NR 500 Commercial Disposal Facility

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj
Conveyer System Construction 1,000,000 LS pj

New Landfill Disposal (Dedicated NR 500 Monofill)
Landfill Construction $22,246,866
Local Siting Fee $5 per cy
Closure Cap $100,000 per acre
Operating Cost $500,000 per year
Post-closure Monitoring $30,000 per year

 2 days slurry + 13 wk solids * 2 
cells * 2 shifts per day 

Distance from town of Holland to 
river per map provided by Fred 
Swed
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Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

TOTAL COST $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Passive Dewatering)

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 3,095 Day 23.80769231 $52,615,000
Dredge Monitoring (Water Quality) 3,095 Day $9,285,000
Sediment Removal QA 3,095 Day $3,714,000
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $68,109,000
Engineering, Procurement & Construction Management: 8,173,080
Contractor Overhead/Profit: 10,216,350

Total Capital: $86,500,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 57 gpm $216,590
Water Treatment (Includes Operator) 118,742,966 gal $47,497
Water Treatment QA 1,445 day $289,000

Direct Capital: $553,087
Engineering, Procurement & Construction Management: 66,370

Total Capital: $600,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 6,151,006 ton $153,775,150
Lime Purchase 615,101 ton $36,906,060
Soil Loading 6,151,006 ton $17,222,817
Soil Hauling 6,151,006 ton $28,832,841
Tipping Fees (non-TSCA) 5,899,111 ton $253,661,752
Tipping Fees (TSCA) 251,896 ton $13,854,253

Direct Capital: $504,252,872
Engineering, Procurement & Construction Management: 60,510,345

Total Capital: $564,800,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $660,600,000
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ALTERNATIVE C2A:  Dredge Sediment with Combined Dewatering and Disposal Facility

SEDIMENT REMOVAL (2 12-INCH CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1034 acre $16,544,000
Dredging - 2 12 hour shifts/day 1019 Day 5.598901099 $28,939,600
Dredge Monitoring (Water Quality) 1019 Day $6,114,000
Sediment Removal QA 1019 Day $2,445,600
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $10,190,000
Winter Over All Equipment 6 yr $1,710,000
Site Restoration 1 LS $600,000

Direct Capital: $76,285,000
Engineering, Procurement & Construction Management: 9,154,200
Contractor Overhead/Profit: 11,442,750

Total Capital: $96,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,563 gpm $2,586,470
Water Treatment (Including Operator) 5,227,509,847 gal $2,091,004
Water Treatment QA 1,019 Day $407,600
Piping 20,000 ft $1,340,000

Direct Capital: $6,425,074
Engineering, Procurement & Construction Management: 771,009

Total Capital: $7,200,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Landfill Construction 1 LS $22,246,866
Local Siting Fee 3,513,757 cy $17,568,787
Closure 109 acres $10,889,744

Direct Capital: $50,705,397
Engineering, Procurement & Construction Management: 6,084,648

Total Capital: $56,800,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $252,053

Total Present Worth, Longer Term O&M Costs $3,932,097

Total Project Capital and O&M Cost $60,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $169,600,000

ALTERNATIVE C2B:  Dredge Sediment with Separate Dewatering and Disposal Facilities

SEDIMENT REMOVAL (2 12-INCH CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1034 acre $16,544,000
Dredging - 2 12 hour shifts/day 1019 Day 5.598901099 $28,939,600
Dredge Monitoring (Water Quality) 1019 Day $6,114,000
Sediment Removal QA 1019 Day $2,445,600
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $10,190,000
Winter Over All Equipment 6 yr $1,710,000
Site Restoration 1 LS $600,000

Direct Capital: $76,285,000
Engineering, Procurement & Construction Management: 9,154,200
Contractor Overhead/Profit: 11,442,750

Total Capital: $96,900,000

SEDIMENT DEWATERING (GRAVITY - NR 213)

Capital Items Quantity Units Cost   
Land Lease or Purchase 4,491,228 sf $8,084,210
Mobilization 1 LS $20,000
Clear and Grub 4,491,228 sf $206,209
Berm Construction 87,910 cy $527,458
Rough Grading 4,491,228 sf $1,122,807
Liner Placement 4,491,228 sf $6,736,842
Demob/Disposal 1 LS $10,000
Regrade 87,910 cy $527,458
Seed/Sod 499,025 sy $499,025

Direct Capital: $17,734,010
Engineering, Procurement & Construction Management: 2,128,081

Total Capital: $19,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,110 gpm $2,586,470
Water Treatment (Including Operator) 4,562,927,820 gal $1,825,171
Water Treatment QA 1,019 Day $407,600
Piping 20,000 ft $1,340,000

Direct Capital: $6,159,241
Engineering, Procurement & Construction Management: 739,109

Total Capital: $6,900,000
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SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Solidification 6,930,133 ton $173,253,336
Lime Purchase 693,014 ton $41,580,840
Sediment Loading 6,930,133 ton $19,404,374
Sediment Hauling 6,930,133 ton $32,485,000
Landfill Construction 1 LS $22,246,866
Local Siting Fee 3,513,757 cy $17,568,787
Closure 109 acres $10,889,744

Direct Capital: $317,428,947
Engineering, Procurement & Construction Management: 38,091,474

Total Capital: $355,500,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $252,053

Total Present Worth, Longer Term O&M Costs $3,932,097

Total Project Capital and O&M Cost $359,400,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $491,800,000
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ALTERNATIVE C3:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Mechanical Dewatering)

SEDIMENT REMOVAL (2 - 12-inch CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1034 acre $16,544,000
Dredging - 2 12 hour shifts/day 1019 Day 5.598901099 $28,939,600
Dredge Monitoring (Water Quality) 1019 Day $6,114,000
Sediment Removal QA 1019 Day $2,445,600
Winter Over All Equipment 6 yr $1,710,000
Site Restoration 1 LS $600,000

Direct Capital: $59,130,000
Engineering, Procurement & Construction Management: 7,095,600
Contractor Overhead/Profit: 8,869,500

Total Capital: $75,100,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 2,079,040 bdt $166,323,203

Direct Capital: $166,423,203
Engineering, Procurement & Construction Management: 19,970,784

Total Capital: $186,400,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,563 gpm $2,586,470
Water Treatment (Includes Operator) 5,227,509,847 gal $2,091,004
Water Treatment QA 2,854 day $570,800

Direct Capital: $5,248,274
Engineering, Procurement & Construction Management: 629,793

Total Capital: $5,900,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 4,158,080 ton $11,642,624
Soil Hauling 4,158,080 ton $19,491,000
Tipping Fees (non-TSCA) 3,987,799 ton $171,475,344
Tipping Fees (TSCA) 170,281 ton $9,365,475

Direct Capital: $211,974,444
Engineering, Procurement & Construction Management: 25,436,933

Total Capital: $237,400,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $513,500,000
ALTERNATIVE D:  Dredge Sediment, CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 3,095 Day $52,615,000
Dredge Monitoring (Water Quality) 3,095 Day $9,285,000
Sediment Removal QA 3,095 Day $3,714,000
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $68,109,000
Engineering, Procurement & Construction Management: 8,173,080
Contractor Overhead/Profit: 10,216,350

Total Capital: $86,500,000

CDF CONSTRUCTION

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,700,000 sf $4,860,000
Shot Rock/Rip Rap 9,600 lf $6,816,000
Sheetpile Placement 288,000 sf $5,472,000
Clean Soil Cap 205,000 cy $2,050,000
Seeding 300,000 sy $300,000
Mitigation 62 acre $619,835

Direct Capital: $20,117,835
Engineering, Procurement & Construction Management: $2,414,140

Total Capital: $22,531,975

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 450,639 $6,780,456

Total Present Worth, Longer Term O&M Costs $16,711,012

Total Project Capital and O&M Cost $39,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 287 gpm $570,498
Water Treatment (Includes Operator) 292,384,518 gal $116,954
Water Treatment QA 1,445 day $289,000

Direct Capital: $976,452
Engineering, Procurement & Construction Management: 117,174

Total Capital: $1,100,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 3,915,574 ton $97,889,350
Lime Purchase 391,558 ton $23,493,480
Soil Loading 3,915,574 ton $10,963,607
Soil Hauling 3,915,574 ton $18,354,253
Tipping Fees (non-TSCA) 3,663,678 ton $157,538,173
Tipping Fees (TSCA) 395,705 ton $21,763,760

Direct Capital: $330,002,623
Engineering, Procurement & Construction Management: 39,600,315

Total Capital: $369,600,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $505,100,000

ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (2 - 12-inch CUTTERHEAD'S)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 1034 acre $16,544,000
Dredging - 2 12 hour shifts/day 1019 Day 5.598901099 $28,939,600
Dredge Monitoring (Water Quality) 1019 Day $6,114,000
Sediment Removal QA 1019 Day $2,445,600
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $10,190,000
Winter Over All Equipment 6 yr $1,710,000
Site Restoration 1 LS $600,000

Direct Capital: $76,285,000
Engineering, Procurement & Construction Management: 9,154,200
Contractor Overhead/Profit: 11,442,750

Total Capital: $96,900,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 4,491,228 sf $8,084,210
Mobilization 1 LS $20,000
Clear and Grub 4,491,228 sf $206,209
Berm Construction 87,910 cy $527,458
Rough Grading 4,491,228 sf $1,122,807
Liner Placement 4,491,228 sf $6,736,842
Demob/Disposal 1 LS $10,000
Regrade 87,910 cy $527,458
Seed/Sod 499,025 sy $499,025

Direct Capital: $17,734,010
Engineering, Procurement & Construction Management: 2,128,081

Total Capital: $19,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,110 gpm $2,586,470
Water Treatment (Including Operator) 4,562,927,820 gal $1,825,171
Water Treatment QA 1,019 Day $407,600
Piping 95,000 ft $6,365,000

Direct Capital: $11,184,241
Engineering, Procurement & Construction Management: 1,342,109

Total Capital: $12,500,000
SEDIMENT TREATMENT (VITRIFICATION 2x375 t Standalone Storage Units)

Capital Items Quantity Units Cost   
Sediment Treatment 6,930,133 ton $166,323,203
Soil Loading 6,930,133 ton $19,404,374
Soil Hauling 6,930,133 ton $8,121,250

Direct Capital: $193,848,826
Engineering, Procurement & Construction Management: $23,261,859

Total Capital: $217,100,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $355,100,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible,Dredge to CDF and Off-site Disposal

CDF CONSTRUCTION

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,700,000 sf $4,860,000
Shot Rock/Rip Rap 9,600 lf $6,816,000
Sheetpile Placement 288,000 sf $5,472,000
Clean Soil Cap 205,000 cy $2,050,000
Seeding 300,000 sy $300,000
Mitigation 62 acre $619,835

Direct Capital: $20,117,835
Engineering, Procurement & Construction Management: $2,414,140

Total Capital: $22,531,975

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 450,639 $6,780,456

Total Present Worth, Longer Term O&M Costs $16,711,012

Total Project Capital and O&M Cost $39,200,000

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 1,645,602 tons $9,873,614
Sand Placement 1,175,430 cy $7,052,582
Cobble Purchase and Placement 705,258 cy $21,157,745
Cap Placement QA 1 LS $100,000

Direct Capital: $38,383,942
Engineering, Procurement & Construction Management: 4,606,073

Total Capital: $42,990,015

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $859,800 $12,936,810

Total Present Worth, Longer Term O&M Costs $18,955,329

Total Project Capital and O&M Cost $61,900,000
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SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 2,130 Day $36,210,000
Dredge Monitoring (Water Quality) 2,130 Day $6,390,000
Sediment Removal QA 2,130 Day $2,556,000
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $47,651,000
Engineering, Procurement & Construction Management: 5,718,120
Contractor Overhead/Profit: 7,147,650

Total Capital: $60,500,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 287 gpm $570,498
Water Treatment (Includes Operator) 255,360,134 gal $102,144
Water Treatment QA 1,445 day $289,000

Direct Capital: $961,642
Engineering, Procurement & Construction Management: 115,397

Total Capital: $1,100,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 1,997,673 ton $49,941,825
Lime Purchase 199,768 ton $11,986,080
Soil Loading 1,997,673 ton $5,593,484
Soil Hauling 1,997,673 ton $9,364,092
Tipping Fees (non-TSCA) 1,745,777 ton $75,068,429
Tipping Fees (TSCA) 251,896 ton $13,854,257

Direct Capital: $165,808,168
Engineering, Procurement & Construction Management: 19,896,980

Total Capital: $185,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $357,100,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
DE PERE TO GREEN BAY

Action Level - 5,000 ppb

Material Handling Assumptions:
Volume > 5000 ppb 4,517,391 cy 715 ac 3,448,390 m3
Volume > 125 ppb 6,868,500 cy 5,243,130 m3
Volume > 250 ppb 6,449,065 cy 4,922,950 m3
Volume > 500 ppb 6,169,458 cy 4,709,510 m3
Volume > 1000 ppb 5,879,529 cy 4,488,190 m3
Volume > 50,000 ppb 240,778 cy 183,800 m3
Solids Specific Gravity 2.36
Fresh Water Density 62.4 lb/ft3
In Situ Density 33.8% w/w 17.8% v/v 1.05 tons per cy
Slurry Density (20% in situ) 8.0% w/w 3.6% v/v 0.88 tons per cy Ogden Beeman
Dewatered Density (settling pond) 30% w/w 15.4% v/v 1.02 tons per cy Montgomery Watson
Dewatered Density (Hydraulic Dredging and CDF) 50.0% w/w 29.8% v/v 1.18 tons per cy Foth & VanDyke
Dewatered Density (Mechanical Dredging) 33.8% w/w 17.8% v/v 1.05 tons per cy
Treated Density 93.4% w/w 60.0% v/v 1.28 tons per cy
CDF Capacity 2,136,771 cy in situ 974,801 m3
HTTD Treatment Capacity 1,577,177 cy in situ 1,650,000            tons
Cap Volume 1,415,350 cy 1,080,420            m3
Vitrification Treatment Capacity 9,106,166 cy in situ 6440000.00 tons

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day
Debris Sweep $16,000 per acre Ogden Beeman

Hydraulic - 2 12-inch Cutterheads
Site Preparation $803,400 LS Ogden Beeman
Mobilization - Equipment $1,135,000 LS Ogden Beeman
Mobilization - Silt Curtain $35,000 Ogden Beeman
Shift Rate (12 hours) $14,200 per shift Ogden Beeman
Dredge Rate 2885 cy in situ per 12 hour shift Ogden Beeman
Winter Over Equipment $285,000 per year Ogden Beeman
Site Restoration $600,000 per dredge launch site
Length of Piping 95,000 ft 18 mi

Piping Purchase/Installation $67 per ft Ogden Beeman
Number of Road Crossings 12 each pj, review map
Cost per Road Crossing $50,000 per crossing pj, review map
Number of Booster Pumps 4 each Ogden Beeman
Booster Pump Cost $2,500 per day Ogden Beeman

Mechanical - 8 cy bucket
Dock Construction $400,000 LS pj
Mobilization - Equipment $455,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman - JAG estimate
Shift Rate (10 hours) $17,000 per shift Ogden Beeman
Dredge Rate 1900 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area pj
Free Water per cy Dredged (10%) 20                              gal Ogden Beeman
Offload Crane Mobilization $50,000 LS pj
Site Restoration $500,000 LS pj

High Temperature Thermal Desorption
Setup Staging Area $50,000 pj
Mobilization/Site Prep $150,000 Maxymillian
Sediment Treatment QA $2 per ton
Ratio of Amending Sand Volume to Dredge Vol. 0.25 :1
Sand Purchase and Deliver $6 per ton Ole
Blending $25 per ton Ole
HTTD (includes off-gas treatment) $75 per ton Maxymillian
Stack Testing $50,000 LS Maxymillian
Place Treated Material $3 per ton

Vitrification
Capital Costs $36,000,000 LS Unit Cost Study- Minergy
Operating Costs $6,800,000 per year Unit Cost Study- Minergy
Vitrification (Unit Cost includes Cap and Oper Costs) $24.0 per ton Unit Cost Study- Minergy

Acres corresponds to dredge 
footprint area

Distance to Town of Holland (map 
provided by Fred Swed). 11 mi of 
hard piping plus 7 mi of floating 
pipe
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Capping
Mobilization/Site Prep $200,000 Ogden Beeman
Area 12,497,672 sf 1,161,100 m2
Sand Cap Depth 1.7 feet
Sand Purchase $6 per ton Ole
Placement Rate $6 per cy Ogden Beeman
Sand Density 1.4 tons per cy
Armored Cap Depth 1.0 feet
Cobbles $30 per cy Means
Sand Density 1.4 tons per cy
Cap Placement QA $100,000 LS Ogden Beeman
Long-term O&M 2% of capital pj
Long-term Monitoring $400,000 per year Anne LTM

Nearshore CDF Bayport
Land Lease or Purchase $1.80 per sf Baird
Length 9,600 lf Baird
Capping Volume 205,000 cy 2,178,000 Baird
Seeding Area 300,000 sy 2,178,000 Baird
Sheetpile Wall Length 9,600 lf based on bathymetry
Sheetpile Depth 30 ft pj
Sheetpile Cost $19 per sf Baird
Shot Rock Berm $500 per lf Baird
Rip Rap $210 per lf pj
Clean Soil Cap $10 per cy Baird
Seeding $1 per sy Baird
Mitigation $10,000 per acre Tim

$10,000 per year Tim
Long-term Monitoring $650,000 per year Anne LTM
Long-term O&M 2% of capital pj

Solidification
Percent Lime 10.0% (w/w) Montgomery Watson
Lime $60 per ton Mixing $25 per ton pj, pug mill mixing

Dewatering - Mechanical
Mobilization $100,000 pj
Holding Pond-Centrifuge $80 per bone dry ton Global Dewatering

Dewatering - Upland Pond (2 cells)
 Land Lease or Purchase $1.80 per sf Ole
Area 4,491,228                  sf 103.10           

Perimeter 8,477                         lf 2119.251741 assume square
Depth of Material in Dewatering Cell 8 feet based on size at Arrowhead Park

Cell Retention Time 24 hours Not Used
Cell Depth 10 feet

Mobilization $20,000 LS
Clear and Grub $2,000 per acre pj
Berm Volume 10.4 cy per lf 2:1 slope, 8-foot top
Berm Construction $6 per cy pj
Rough Grading $0.25 per sf pj
Alphalt Liner $1.50 per sf pj, 2 2-inch lifts
Demob/Disposal $10,000 LS pj
Regrade Berm Soils $6 per cy pj
Seed/Sod $1 per sy Baird

Water Treatment
Flow Rate (3 Mechanical Dredges) 57                              gpm assume operate 24/7
Unit, Purchase (3 Mechanical Dredges) $216,590 LS pj
Flow Rate (3 Mechanical Dredges to CDF) 287                            gpm assume operate 24/7
Unit, Purchase (3 Mechanical Dredges to CDF) $570,498 LS pj
Flow Rate (2 Hydraulic Dredges) 3,563 gpm assume operate 24/7
Unit, Purchase (Hydraulic Dredge) $2,586,470 LS pj
Flow Rate (2 Hydraulic Dredges; settling pond) 3,110 gpm assume operate 24/7
Flow Rate (mechanical dewatering) 3,563 gpm
Unit, Purchase (mechanical dewatering) $2,586,470 LS
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample/day
Length of piping for treated water discharge 20,000 feet

Disposal
Existing NR 500 Commercial Disposal Facility

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Round-trip Hauling (to Vitrification Facility) 0.5 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj
Conveyer System Construction 1,000,000 LS pj

New Landfill Disposal (Dedicated NR 500 Monofill)
Landfill Construction $17,092,830
Local Siting Fee $5 per cy
Closure Cap $100,000 per acre
Operating Cost $500,000 per year
Post-closure Monitoring $30,000 per year

 2 days slurry + 13 wk solids * 2 
cells * 2 shifts per day 

Distance from town of Holland to 
river per map provided by Fred 
Swed
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Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

TOTAL COST $9,900,000

ALTERNATIVE C1:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Passive Dewatering)

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 2,378 Day 18.29230769 $40,426,000
Dredge Monitoring (Water Quality) 2,378 Day $7,134,000
Sediment Removal QA 2,378 Day $2,853,600
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $52,908,600
Engineering, Procurement & Construction Management: 6,349,032
Contractor Overhead/Profit: 7,936,290

Total Capital: $67,200,000
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WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 57 gpm $216,590
Water Treatment (Includes Operator) 91,233,227 gal $36,493
Water Treatment QA 1,110 day $222,000

Direct Capital: $475,083
Engineering, Procurement & Construction Management: 57,010

Total Capital: $500,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 4,725,974 ton $118,149,341
Lime Purchase 472,598 ton $28,355,880
Soil Loading 4,725,974 ton $13,232,726
Soil Hauling 4,725,974 ton $22,153,001
Tipping Fees (non-TSCA) 4,474,078 ton $192,385,360
Tipping Fees (TSCA) 251,896 ton $13,854,253

Direct Capital: $388,130,561
Engineering, Procurement & Construction Management: 46,575,667

Total Capital: $434,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $511,100,000
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ALTERNATIVE C2A:  Dredge Sediment with Combined Dewatering and Disposal Facility

SEDIMENT REMOVAL (2 12-INCH CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 715 acre $11,440,000
Dredging - 2 12 hour shifts/day 783 Day 4.302197802 $22,237,200
Dredge Monitoring (Water Quality) 783 Day $4,698,000
Sediment Removal QA 783 Day $1,879,200
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $7,830,000
Winter Over All Equipment 5 yr $1,425,000
Site Restoration 1 LS $600,000

Direct Capital: $59,851,200
Engineering, Procurement & Construction Management: 7,182,144
Contractor Overhead/Profit: 8,977,680

Total Capital: $76,000,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,563 gpm $2,586,470
Water Treatment (Including Operator) 4,016,428,155 gal $1,606,571
Water Treatment QA 783 Day $313,200
Piping 20,000 ft $1,340,000

Direct Capital: $5,846,241
Engineering, Procurement & Construction Management: 701,549

Total Capital: $6,500,000

SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Landfill Construction 1 LS $17,092,830
Local Siting Fee 2,699,709 cy $13,498,544
Closure 84 acres $8,366,866

Direct Capital: $38,958,240
Engineering, Procurement & Construction Management: 4,674,989

Total Capital: $43,600,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $252,053

Total Present Worth, Longer Term O&M Costs $3,932,097

Total Project Capital and O&M Cost $47,500,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $138,700,000

ALTERNATIVE C2B:  Dredge Sediment with Separate Dewatering and Disposal Facilities

SEDIMENT REMOVAL (2 12-INCH CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 715 acre $11,440,000
Dredging - 2 12 hour shifts/day 783 Day 4.302197802 $22,237,200
Dredge Monitoring (Water Quality) 783 Day $4,698,000
Sediment Removal QA 783 Day $1,879,200
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $7,830,000
Winter Over All Equipment 5 yr $1,425,000
Site Restoration 1 LS $600,000

Direct Capital: $59,851,200
Engineering, Procurement & Construction Management: 7,182,144
Contractor Overhead/Profit: 8,977,680

Total Capital: $76,000,000

SEDIMENT DEWATERING (GRAVITY - NR 213)

Capital Items Quantity Units Cost   
Land Lease or Purchase 4,491,228 sf $8,084,210
Mobilization 1 LS $20,000
Clear and Grub 4,491,228 sf $206,209
Berm Construction 87,910 cy $527,458
Rough Grading 4,491,228 sf $1,122,807
Liner Placement 4,491,228 sf $6,736,842
Demob/Disposal 1 LS $10,000
Regrade 87,910 cy $527,458
Seed/Sod 499,025 sy $499,025

Direct Capital: $17,734,010
Engineering, Procurement & Construction Management: 2,128,081

Total Capital: $19,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,110 gpm $2,586,470
Water Treatment (Including Operator) 3,505,812,959 gal $1,402,325
Water Treatment QA 783 Day $313,200
Piping 20,000 ft $1,340,000

Direct Capital: $5,641,995
Engineering, Procurement & Construction Management: 677,039

Total Capital: $6,300,000
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SEDIMENT DISPOSAL (Dedicated NR 500 Monofill)

Capital Items Quantity Units Cost   
Solidification 5,324,597 ton $133,114,924
Lime Purchase 532,460 ton $31,947,600
Sediment Loading 5,324,597 ton $14,908,872
Sediment Hauling 5,324,597 ton $24,959,048
Landfill Construction 1 LS $17,092,830
Local Siting Fee 2,699,709 cy $13,498,544
Closure 84 acres $8,366,866

Direct Capital: $243,888,684
Engineering, Procurement & Construction Management: 29,266,642

Total Capital: $273,200,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Operations 10 $500,000 $3,680,044
Post Closure Monitoring 40 $30,000 $252,053

Total Present Worth, Longer Term O&M Costs $3,932,097

Total Project Capital and O&M Cost $277,100,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $388,000,000
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ALTERNATIVE C3:  Dredge Sediment With Disposal at Existing NR 500 Commercial Disposal Facility (Mechanical Dewatering)

SEDIMENT REMOVAL (2 - 12-inch CUTTERHEADS)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 715 acre $11,440,000
Dredging - 2 12 hour shifts/day 783 Day 4.302197802 $22,237,200
Dredge Monitoring (Water Quality) 783 Day $4,698,000
Sediment Removal QA 783 Day $1,879,200
Winter Over All Equipment 5 yr $1,425,000
Site Restoration 1 LS $600,000

Direct Capital: $45,056,200
Engineering, Procurement & Construction Management: 5,406,744
Contractor Overhead/Profit: 6,758,430

Total Capital: $57,200,000

SEDIMENT DEWATERING (MECHANICAL)

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $100,000
Dewatering 1,597,379 bdt $127,790,327

Direct Capital: $127,890,327
Engineering, Procurement & Construction Management: 15,346,839

Total Capital: $143,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,563 gpm $2,586,470
Water Treatment (Includes Operator) 4,016,428,155 gal $1,606,571
Water Treatment QA 2,193 day $438,600

Direct Capital: $4,631,641
Engineering, Procurement & Construction Management: 555,797

Total Capital: $5,200,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Soil Loading 3,194,758 ton $8,945,323
Soil Hauling 3,194,758 ton $14,975,429
Tipping Fees (non-TSCA) 3,024,477 ton $130,052,503
Tipping Fees (TSCA) 170,281 ton $9,365,475

Direct Capital: $163,338,730
Engineering, Procurement & Construction Management: 19,600,648

Total Capital: $182,900,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $397,200,000
ALTERNATIVE D:  Dredge Sediment, CDF and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 2,378 Day $40,426,000
Dredge Monitoring (Water Quality) 2,378 Day $7,134,000
Sediment Removal QA 2,378 Day $2,853,600
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $52,908,600
Engineering, Procurement & Construction Management: 6,349,032
Contractor Overhead/Profit: 7,936,290

Total Capital: $67,200,000

CDF CONSTRUCTION

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,700,000 sf $4,860,000
Shot Rock/Rip Rap 9,600 lf $6,816,000
Sheetpile Placement 288,000 sf $5,472,000
Clean Soil Cap 205,000 cy $2,050,000
Seeding 300,000 sy $300,000
Mitigation 62 acre $619,835

Direct Capital: $20,117,835
Engineering, Procurement & Construction Management: $2,414,140

Total Capital: $22,531,975

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 450,639 $6,780,456

Total Present Worth, Longer Term O&M Costs $16,711,012

Total Project Capital and O&M Cost $39,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 287 gpm $570,498
Water Treatment (Includes Operator) 264,874,779 gal $105,950
Water Treatment QA 1,110 day $222,000

Direct Capital: $898,448
Engineering, Procurement & Construction Management: 107,814

Total Capital: $1,000,000
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SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 2,490,541 ton $62,263,525
Lime Purchase 249,055 ton $14,943,300
Soil Loading 2,490,541 ton $6,973,515
Soil Hauling 2,490,541 ton $11,674,411
Tipping Fees (non-TSCA) 2,238,645 ton $96,261,755
Tipping Fees (TSCA) 477,989 ton $26,289,406

Direct Capital: $218,405,911
Engineering, Procurement & Construction Management: 26,208,709

Total Capital: $244,600,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $360,700,000

ALTERNATIVE E:  Dredge Sediment and Thermal Treatment

SEDIMENT REMOVAL (2 - 12-inch CUTTERHEAD'S)

Capital Items Quantity Units Cost   
Site Preparation 2 LS $1,606,800
Mobilization - Equipment and Silt Curtain 1 LS $1,170,000
Debris Sweep 715 acre $11,440,000
Dredging - 2 12 hour shifts/day 783 Day 4.302197802 $22,237,200
Dredge Monitoring (Water Quality) 783 Day $4,698,000
Sediment Removal QA 783 Day $1,879,200
Piping 95,000 ft $6,365,000
Road Crossings 12 ea $600,000
Booster Pumps 4 ea $7,830,000
Winter Over All Equipment 5 yr $1,425,000
Site Restoration 1 LS $600,000

Direct Capital: $59,851,200
Engineering, Procurement & Construction Management: 7,182,144
Contractor Overhead/Profit: 8,977,680

Total Capital: $76,000,000
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SEDIMENT DEWATERING (GRAVITY)

Capital Items Quantity Units Cost   
Land Lease or Purchase 4,491,228 sf $8,084,210
Mobilization 1 LS $20,000
Clear and Grub 4,491,228 sf $206,209
Berm Construction 87,910 cy $527,458
Rough Grading 4,491,228 sf $1,122,807
Liner Placement 4,491,228 sf $6,736,842
Demob/Disposal 1 LS $10,000
Regrade 87,910 cy $527,458
Seed/Sod 499,025 sy $499,025

Direct Capital: $17,734,010
Engineering, Procurement & Construction Management: 2,128,081

Total Capital: $19,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 3,110 gpm $2,586,470
Water Treatment (Including Operator) 3,505,812,959 gal $1,402,325
Water Treatment QA 783 Day $313,200
Piping 95,000 ft $6,365,000

Direct Capital: $10,666,995
Engineering, Procurement & Construction Management: 1,280,039

Total Capital: $11,900,000
SEDIMENT TREATMENT (VITRIFICATION 2x375 t Standalone Storage Units)

Capital Items Quantity Units Cost   
Sediment Treatment 5,324,597 ton $127,790,327
Soil Loading 5,324,597 ton $14,908,872
Soil Hauling 5,324,597 ton $6,239,762

Direct Capital: $148,938,961
Engineering, Procurement & Construction Management: $17,872,675

Total Capital: $166,800,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $283,300,000

ALTERNATIVE F:  Cap Sediment to Maximum Extent Possible,Dredge to CDF and Off-site Disposal

CDF CONSTRUCTION

Capital Items Quantity Units Cost   
Land Lease or Purchase 2,700,000 sf $4,860,000
Shot Rock/Rip Rap 9,600 lf $6,816,000
Sheetpile Placement 288,000 sf $5,472,000
Clean Soil Cap 205,000 cy $2,050,000
Seeding 300,000 sy $300,000
Mitigation 62 acre $619,835

Direct Capital: $20,117,835
Engineering, Procurement & Construction Management: $2,414,140

Total Capital: $22,531,975

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 450,639 $6,780,456

Total Present Worth, Longer Term O&M Costs $16,711,012

Total Project Capital and O&M Cost $39,200,000

CAPPING

Capital Items Quantity Units Cost   
Mobilization/Site Prep 1 LS $200,000
Sand Purchase 1,080,046 tons $6,480,275
Sand Placement 771,461 cy $4,628,768
Cobble Purchase and Placement 462,877 cy $13,886,303
Cap Placement QA 1 LS $100,000

Direct Capital: $25,295,345
Engineering, Procurement & Construction Management: 3,035,441

Total Capital: $28,330,786

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $566,616 $8,525,468

Total Present Worth, Longer Term O&M Costs $14,543,987

Total Project Capital and O&M Cost $42,900,000
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SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 3 LS $1,470,000
Watertight Barges 4 ea $400,000
Offload Stockpile Area Prep. 1 LS $75,000
Dredging - 12 hour shifts 1,633 Day $27,761,000
Dredge Monitoring (Water Quality) 1,633 Day $4,899,000
Sediment Removal QA 1,633 Day $1,959,600
Offload Crane Mobilization 1 LS $50,000
Site Restoration 1 ea $500,000

Direct Capital: $37,114,600
Engineering, Procurement & Construction Management: 4,453,752
Contractor Overhead/Profit: 5,567,190

Total Capital: $47,100,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 287 gpm $570,498
Water Treatment (Includes Operator) 236,290,366 gal $94,516
Water Treatment QA 1,110 day $222,000

Direct Capital: $887,014
Engineering, Procurement & Construction Management: 106,442

Total Capital: $1,000,000

SEDIMENT DISPOSAL (Existing NR 500 Commercial Disposal Facility)

Capital Items Quantity Units Cost   
Solidification 1,009,840 ton $25,246,000
Lime Purchase 100,984 ton $6,059,040
Soil Loading 1,009,840 ton $2,827,552
Soil Hauling 1,009,840 ton $4,733,625
Tipping Fees (non-TSCA) 757,944 ton $32,591,604
Tipping Fees (TSCA) 251,896 ton $13,854,265

Direct Capital: $85,312,086
Engineering, Procurement & Construction Management: 10,237,450

Total Capital: $95,500,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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BAYPORT CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 2,178,000 cy $21,780,000
Seeding 2,178,000 sy $2,178,000
Mitigation 450 acre $4,500,000

Present Worth of Direct Capital: $2,766,749
Engineering, Procurement & Construction Management: $332,010

Total Capital: $3,098,759

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 972 $14,628
Long-term Monitoring 40 63,194 $950,842
Long-term O&M 40 6,025 $90,659

Total Present Worth, Longer Term O&M Costs $1,056,130

Total Project Capital and O&M Cost $4,200,000

TOTAL COST $234,400,000
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Zone2-Summary

Table 7-3  Cost Summary for Remedial Alternatives - Zone 2
500 ppb
Alternative Dredge 

Volume (cy)
Mechanical 
Dredging

Water 
Treatment

CAD 
Construction

CDF 
Construction

Renard Island 
Closure

Off-site 
Disposal

Institutional 
Controls Subtotal 20% 

Contingency TOTAL

A 0 --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

D 29,748,004 $327,500,000 $1,200,000 --- $476,000,000 $15,500,000 --- $4,500,000 $824,700,000 $164,940,000 $989,640,000

G 29,748,004 $327,500,000 $1,200,000 $358,700,000 --- $15,500,000 --- $4,500,000 $707,400,000 $141,480,000 $848,880,000

1000 ppb
Alternative Dredge 

Volume (cy)
Mechanical 
Dredging

Water 
Treatment

CAD 
Construction

CDF 
Construction

Renard Island 
Closure

Off-site 
Disposal

Institutional 
Controls Subtotal 20% 

Contingency TOTAL

A 0 --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

D 29,322,254 $322,900,000 $1,200,000 --- $470,000,000 $15,500,000 --- $4,500,000 $814,100,000 $162,820,000 $976,920,000

G 29,322,254 $322,900,000 $1,200,000 $353,700,000 --- $15,500,000 --- $4,500,000 $697,800,000 $139,560,000 $837,360,000

5000 ppb
Alternative Dredge 

Volume (cy)
Mechanical 
Dredging

Water 
Treatment

CAD 
Construction

CDF 
Construction

Renard Island 
Closure

Off-site 
Disposal

Institutional 
Controls Subtotal 20% 

Contingency TOTAL

A 0 --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C 4,070,170 $48,700,000 $700,000 --- --- $15,500,000 $437,800,000 $4,500,000 $507,200,000 $101,440,000 $608,640,000

D 4,070,170 $48,700,000 $700,000 --- $97,100,000 $15,500,000 --- $4,500,000 $166,500,000 $33,300,000 $199,800,000

G 4,070,170 $48,700,000 $700,000 $54,600,000 --- $15,500,000 --- $4,500,000 $124,000,000 $24,800,000 $148,800,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
Zone 2

Action Level - 500 ppb

Material Handling Assumptions:
Volume > 500 ppb 29,748,004 cy 22,708,400 m3
Volume > 1,000 ppb 29,322,254 cy 22,383,400 m3
Volume > 5,000 ppb 4,070,170 cy 3,107,000 m3
Solids Specific Gravity 2.36
Fresh Water Density 62.4 lb/ft3
In Situ Density 49.5% w/w 29.3% v/v 1.18 tons per cy
Slurry Density (20% in situ) 12.8% w/w 5.9% v/v 0.91 tons per cy
Dewatered Density (settling pond) 49.5% w/w 29.3% v/v 1.18 tons per cy
Treated Density 93.4% w/w 60.0% v/v 1.28 tons per cy
CDF Capacity 29,336,664 cy 22,394,400 m3
CAD Capacity 29,336,664 cy 22,394,400 m3

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Mechanical - 12 cy bucket
Dock Construction $400,000 LS Ogden Beeman
Mobilization - Equipment $315,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman (JAG estimate)
Shift Rate (10 hours) $30,000 per shift Ogden Beeman
Dredge Rate 4000 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area
Free Water per cy Dredged (10%) 20                               gal Ogden Beeman
Site Restoration $670,000 LS

Nearshore CDF Renard Island
Land Lease or Purchase $1.80 per sf Ole
Length 20,948 lf Baird
Capping Volume 3,880,174 cy 290,400 Baird
Area 34,921,570 sf 2,613,600 Baird
Ground Treatment Volume 117,777 cy
Ground Treatment $25 per cy
Dredge Volume 3,880,174 cy
Fill Purchase/Placement $30 per cy
Sheetpile Area 2,513,814 sf Baird
Sheetpile Cost $19 per sf Grant
Shot Rock Berm $650 per lf Baird
Rip Rap $215 per lf Baird
Place Treated Material $2 per cy
Clean Soil Cap $10 per cy Baird
Seeding $1 per sy Baird
Mitigation $10,000 per acre

$10,000 per year Tim
Long-term Monitoring $650,000 per year
Long-term O&M 2% of capital

CAD
Removal Volume 29,748,004                cy
Area 50,199,757                sf
Sand Cap Thickness 3                                 ft
Mobilization/Site Prep $200,000
Placement Rate $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Cap Placement QA $100,000 LS
Long-term O&M 2% of capital
Long-term Monitoring $400,000 per year

Water Treatment
Flow Rate (7 dredges) 281                             gpm assume operate 24/7
Unit, Purchase $562,869 LS pj
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample per day

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

Costs-R4.xls
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ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

TOTAL COST $9,900,000

ALTERNATIVE D:  Dredge Sediment to CDF

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 7 LS $2,450,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 7,437 Day 57.20769231 $223,110,000
Dredge Monitoring (Water Quality) 7,437 Day $22,311,000
Sediment Removal QA 7,437 Day $8,924,400
Site Restoration 1 ea $670,000

Direct Capital: $257,865,400
Engineering, Procurement & Construction Management: 30,943,848
Contractor Overhead/Profit: 38,679,810

Total Capital: $327,500,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 281 gpm $562,869
Water Treatment (Includes Operator) 600,790,689 gal $240,316
Water Treatment QA 1,488 day $297,600

Direct Capital: $1,100,786
Engineering, Procurement & Construction Management: 132,094

Total Capital: $1,200,000
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CDF CONSTRUCTION (Cellular Cofferdam Design)

Capital Items Quantity Units Cost   
Land Lease or Purchase 34,921,570 sf $62,858,826
Ground Treatment 117,777 cy $2,944,420
Dredging 3,695 day $21,063,804
Fill Purchase/Placement 3,880,174 cy $116,405,233
Shot Rock/Rip Rap 20,948 lf $18,120,406
Sheetpile Placement 2,513,814 sf $47,762,457
Clean Soil Cap 3,880,174 cy $38,801,744
Seeding 3,880,174 sy $3,880,174
Mitigation 802 acre $8,016,889

Direct Capital: $319,853,954
Engineering, Procurement & Construction Management: $38,382,475

Total Capital: $358,236,429

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 7,164,729 $107,802,633

Total Present Worth, Longer Term O&M Costs $117,733,189

Total Project Capital and O&M Cost $476,000,000

RENARD ISLAND CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 290,400 cy $2,904,000
Seeding 290,400 sy $290,400
Mitigation 60 acre $600,000

Direct Capital: $3,794,400
Engineering, Procurement & Construction Management: $455,328

Total Capital: $4,249,728

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 84,995 $1,278,853

Total Present Worth, Longer Term O&M Costs $11,209,409

Total Project Capital and O&M Cost $15,500,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600
Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $824,700,000
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ALTERNATIVE G:  Dredge Sediment to CAD

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 7 LS $2,450,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 7,437 Day $223,110,000
Dredge Monitoring (Water Quality) 7,437 Day $22,311,000
Sediment Removal QA 7,437 Day $8,924,400
Site Restoration 1 ea $670,000

Direct Capital: $257,865,400
Engineering, Procurement & Construction Management: 30,943,848
Contractor Overhead/Profit: 38,679,810

Total Capital: $327,500,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 281 gpm $562,869
Water Treatment (Includes Operator) 600,790,689 gal $240,316
Water Treatment QA 1,488 day $297,600

Direct Capital: $1,100,786
Engineering, Procurement & Construction Management: 132,094

Total Capital: $1,200,000

CAD CONSTRUCTION

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Dredging - 12 hour shifts 28,332 Day $161,492,400
Sand Purchase 7,808,851 tons $46,853,106
Placement 5,577,751 cy $33,466,505
Cap Placement QA 1 LS $100,000

Direct Capital: $242,082,011
Engineering, Procurement & Construction Management: 29,049,841

Total Capital: $271,131,852

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $5,422,637 $81,590,607

Total Present Worth, Longer Term O&M Costs $87,609,126

Total Project Capital and O&M Cost $358,700,000

RENARD ISLAND CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 290,400 cy $2,904,000
Seeding 290,400 sy $290,400
Mitigation 60 acre $600,000

Direct Capital: $3,794,400
Engineering, Procurement & Construction Management: $455,328

Total Capital: $4,249,728

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 84,995 $1,278,853

Total Present Worth, Longer Term O&M Costs $11,209,409

Total Project Capital and O&M Cost $15,500,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $707,400,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
Zone 2

Action Level - 1,000 ppb

Material Handling Assumptions:
Volume > 1,000 ppb 29,322,254 cy 22,383,400 m3
Volume > 500 ppb 29,748,004 cy 22,708,400 m3
Volume > 5,000 ppb 4,070,170 cy 3,107,000 m3
Solids Specific Gravity 2.36
Fresh Water Density 62.4 lb/ft3
In Situ Density 49.5% w/w 29.3% v/v 1.18 tons per cy
Slurry Density (20% in situ) 12.8% w/w 5.9% v/v 0.91 tons per cy
Dewatered Density (settling pond) 49.5% w/w 29.3% v/v 1.18 tons per cy
Treated Density 93.4% w/w 60.0% v/v 1.28 tons per cy
CDF Capacity 26,394,060 cy 22,394,400 m3
CAD Capacity 29,336,664 cy 22,394,400 m3

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Mechanical - 12 cy bucket
Dock Construction $400,000 LS Ogden Beeman
Mobilization - Equipment $315,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman (JAG estimate)
Shift Rate (10 hours) $30,000 per shift Ogden Beeman
Dredge Rate 4000 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area
Free Water per cy Dredged (10%) 20                               gal Ogden Beeman
Site Restoration $670,000 LS

Nearshore CDF Renard Island
Land Lease or Purchase $1.80 per sf Ole
Length 20,798 lf Baird
Capping Volume 3,824,642 cy 290,400 Baird
Area 34,421,776 sf 2,613,600 Baird
Ground Treatment Volume 116,931 cy
Ground Treatment $25 per cy
Dredge Volume 3,824,642 cy
Fill Purchase/Placement $30 per cy
Sheetpile Area 2,495,760 sf Baird
Sheetpile Cost $19 per sf Grant
Shot Rock Berm $650 per lf Baird
Rip Rap $215 per lf Baird
Place Treated Material $2 per cy
Clean Soil Cap $10 per cy Baird
Seeding $1 per sy Baird
Mitigation $10,000 per acre

$10,000 per year Tim
Long-term Monitoring $650,000 per year
Long-term O&M 2% of capital

CAD
Removal Volume 29,322,254                cy
Area 49,481,304                sf
Sand Cap Thickness 3                                 ft
Mobilization/Site Prep $200,000
Placement Rate $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Cap Placement QA $100,000 LS
Long-term O&M 2% of capital
Long-term Monitoring $400,000 per year

Water Treatment
Flow Rate (7 dredges) 281                             gpm assume operate 24/7
Unit, Purchase $562,869 LS pj
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample per day

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM
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ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

TOTAL COST $9,900,000

ALTERNATIVE D:  Dredge Sediment to CDF

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 7 LS $2,450,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 7,331 Day 56.39230769 $219,930,000
Dredge Monitoring (Water Quality) 7,331 Day $21,993,000
Sediment Removal QA 7,331 Day $8,797,200
Site Restoration 1 ea $670,000

Direct Capital: $254,240,200
Engineering, Procurement & Construction Management: 30,508,824
Contractor Overhead/Profit: 38,136,030

Total Capital: $322,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 281 gpm $562,869
Water Treatment (Includes Operator) 592,192,242 gal $236,877
Water Treatment QA 1,467 day $293,400

Direct Capital: $1,093,146
Engineering, Procurement & Construction Management: 131,178

Total Capital: $1,200,000
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CDF CONSTRUCTION (Cellular Cofferdam Design)

Capital Items Quantity Units Cost   
Land Lease or Purchase 34,421,776 sf $61,959,198
Ground Treatment 116,931 cy $2,923,274
Dredging 3,643 day $20,762,341
Fill Purchase/Placement 3,824,642 cy $114,739,255
Shot Rock/Rip Rap 20,798 lf $17,990,270
Sheetpile Placement 2,495,760 sf $47,419,440
Clean Soil Cap 3,824,642 cy $38,246,418
Seeding 3,824,642 sy $3,824,642
Mitigation 790 acre $7,902,153

Direct Capital: $315,766,990
Engineering, Procurement & Construction Management: $37,892,039

Total Capital: $353,659,029

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 7,073,181 $106,425,175

Total Present Worth, Longer Term O&M Costs $116,355,731

Total Project Capital and O&M Cost $470,000,000

RENARD ISLAND CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 290,400 cy $2,904,000
Seeding 290,400 sy $290,400
Mitigation 60 acre $600,000

Direct Capital: $3,794,400
Engineering, Procurement & Construction Management: $455,328

Total Capital: $4,249,728

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 84,995 $1,278,853

Total Present Worth, Longer Term O&M Costs $11,209,409

Total Project Capital and O&M Cost $15,500,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600
Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $814,100,000
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ALTERNATIVE G:  Dredge Sediment to CAD

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 7 LS $2,450,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 7,331 Day $219,930,000
Dredge Monitoring (Water Quality) 7,331 Day $21,993,000
Sediment Removal QA 7,331 Day $8,797,200
Site Restoration 1 ea $670,000

Direct Capital: $254,240,200
Engineering, Procurement & Construction Management: 30,508,824
Contractor Overhead/Profit: 38,136,030

Total Capital: $322,900,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 281 gpm $562,869
Water Treatment (Includes Operator) 592,192,242 gal $236,877
Water Treatment QA 1,467 day $293,400

Direct Capital: $1,093,146
Engineering, Procurement & Construction Management: 131,178

Total Capital: $1,200,000

CAD CONSTRUCTION

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Dredging - 12 hour shifts 27,926 Day $159,178,200
Sand Purchase 7,697,092 tons $46,182,550
Placement 5,497,923 cy $32,987,536
Cap Placement QA 1 LS $100,000

Direct Capital: $238,618,286
Engineering, Procurement & Construction Management: 28,634,194

Total Capital: $267,252,480

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $5,345,050 $80,423,203

Total Present Worth, Longer Term O&M Costs $86,441,722

Total Project Capital and O&M Cost $353,700,000

RENARD ISLAND CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 290,400 cy $2,904,000
Seeding 290,400 sy $290,400
Mitigation 60 acre $600,000

Direct Capital: $3,794,400
Engineering, Procurement & Construction Management: $455,328

Total Capital: $4,249,728

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 84,995 $1,278,853

Total Present Worth, Longer Term O&M Costs $11,209,409

Total Project Capital and O&M Cost $15,500,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $697,800,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
Zone 2

Action Level - 5,000 ppb

Material Handling Assumptions:
Volume > 5,000 ppb 4,070,170 cy 3,107,000 m3
Volume > 500 ppb 29,322,254 cy 22,383,400 m3
Volume > 1,000 ppb 29,748,004 cy 22,708,400 m3
Solids Specific Gravity 2.36
Fresh Water Density 62.4 lb/ft3
In Situ Density 49.5% w/w 29.3% v/v 1.18 tons per cy
Slurry Density (20% in situ) 12.8% w/w 5.9% v/v 0.91 tons per cy
Dewatered Density (settling pond) 49.5% w/w 29.3% v/v 1.18 tons per cy
Treated Density 93.4% w/w 60.0% v/v 1.28 tons per cy
CDF Capacity 26,394,060 cy 22,394,400 m3
CAD Capacity 29,336,664 cy 22,394,400 m3

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Mechanical - 12 cy bucket
Dock Construction $400,000 LS Ogden Beeman
Mobilization - Equipment $315,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman (JAG estimate)
Shift Rate (10 hours) $30,000 per shift Ogden Beeman
Dredge Rate 4000 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area
Free Water per cy Dredged (10%) 20                               gal Ogden Beeman
Site Restoration $670,000 LS

Nearshore CDF Renard Island
Land Lease or Purchase $1.80 per sf Ole
Length 7,749 lf Baird
Capping Volume 530,892 cy 290,400 Baird
Area 4,778,026 sf 2,613,600 Baird
Ground Treatment Volume 43,565 cy
Ground Treatment $25 per cy
Dredge Volume 530,892 cy
Fill Purchase/Placement $30 per cy
Sheetpile Area 929,845 sf Baird
Sheetpile Cost $19 per sf Grant
Shot Rock Berm $650 per lf Baird
Rip Rap $215 per lf Baird
Place Treated Material $2 per cy
Clean Soil Cap $10 per cy Baird
Seeding $1 per sy Baird
Mitigation $10,000 per acre

$10,000 per year Tim
Long-term Monitoring $650,000 per year
Long-term O&M 2% of capital

Solidification Tim
Percent Lime 10.0% (w/w)
Lime $60 per ton Mixing $25 per ton Ole

CAD
Removal Volume 4,070,170                   cy
Area 6,868,412                   sf
Sand Cap Thickness 3                                 ft
Mobilization/Site Prep $200,000
Placement Rate $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Cap Placement QA $100,000 LS
Long-term O&M 2% of capital
Long-term Monitoring $400,000 per year

Water Treatment
Flow Rate (7 dredges) 281                             gpm assume operate 24/7
Unit, Purchase $562,869 LS pj
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample per day
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Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton pj
Round-trip Hauling 2 hours pj
Tipping Fee (non-TSCA) $43 per ton St. Paul
Tipping Fee (TSCA) $55 per ton St. Paul
Truck Rate $75 per hour pj
Truck Load 32 tons pj

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

TOTAL COST $9,900,000
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ALTERNATIVE D:  Dredge Sediment to CDF

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 7 LS $2,450,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 1,018 Day $30,540,000
Dredge Monitoring (Water Quality) 1,018 Day $3,054,000
Sediment Removal QA 1,018 Day $1,221,600
Site Restoration 1 ea $670,000

Direct Capital: $38,335,600
Engineering, Procurement & Construction Management: 4,600,272
Contractor Overhead/Profit: 5,750,340

Total Capital: $48,700,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 281 gpm $562,869
Water Treatment (Includes Operator) 82,201,153 gal $32,880
Water Treatment QA 204 day $40,800

Direct Capital: $636,550
Engineering, Procurement & Construction Management: 76,386

Total Capital: $700,000

CDF CONSTRUCTION (Cellular Cofferdam Design)

Capital Items Quantity Units Cost   
Land Lease or Purchase 4,778,026 sf $8,600,446
Ground Treatment 43,565 cy $1,089,124
Dredging 506 day $2,881,984
Fill Purchase/Placement 530,892 cy $15,926,752
Shot Rock/Rip Rap 7,749 lf $6,702,630
Sheetpile Placement 929,845 sf $17,667,049
Clean Soil Cap 530,892 cy $5,308,917
Seeding 530,892 sy $530,892
Mitigation 110 acre $1,096,884

Direct Capital: $59,804,678
Engineering, Procurement & Construction Management: $7,176,561

Total Capital: $66,981,240

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 1,339,625 $20,156,392

Total Present Worth, Longer Term O&M Costs $30,086,948

Total Project Capital and O&M Cost $97,100,000

RENARD ISLAND CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 290,400 cy $2,904,000
Seeding 290,400 sy $290,400
Mitigation 60 acre $600,000

Direct Capital: $3,794,400
Engineering, Procurement & Construction Management: $455,328

Total Capital: $4,249,728

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 84,995 $1,278,853

Total Present Worth, Longer Term O&M Costs $11,209,409

Total Project Capital and O&M Cost $15,500,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600
Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $166,500,000

ALTERNATIVE G:  Dredge Sediment to CAD

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 7 LS $2,450,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 1,018 Day $30,540,000
Dredge Monitoring (Water Quality) 1,018 Day $3,054,000
Sediment Removal QA 1,018 Day $1,221,600
Site Restoration 1 ea $670,000

Direct Capital: $38,335,600
Engineering, Procurement & Construction Management: 4,600,272
Contractor Overhead/Profit: 5,750,340

Total Capital: $48,700,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 281 gpm $562,869
Water Treatment (Includes Operator) 82,201,153 gal $32,880
Water Treatment QA 204 day $40,800

Direct Capital: $636,550
Engineering, Procurement & Construction Management: 76,386

Total Capital: $700,000

CAD CONSTRUCTION

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Dredging - 12 hour shifts 3,877 Day $22,098,900
Sand Purchase 1,068,420 tons $6,410,518
Placement 763,157 cy $4,578,941
Cap Placement QA 1 LS $100,000

Direct Capital: $33,358,359
Engineering, Procurement & Construction Management: 4,003,003

Total Capital: $37,361,362

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $747,227 $11,243,003

Total Present Worth, Longer Term O&M Costs $17,261,522

Total Project Capital and O&M Cost $54,600,000
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RENARD ISLAND CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 290,400 cy $2,904,000
Seeding 290,400 sy $290,400
Mitigation 60 acre $600,000

Direct Capital: $3,794,400
Engineering, Procurement & Construction Management: $455,328

Total Capital: $4,249,728

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 84,995 $1,278,853

Total Present Worth, Longer Term O&M Costs $11,209,409

Total Project Capital and O&M Cost $15,500,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $124,000,000

ALTERNATIVE C:  Dredge and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 7 LS $2,450,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 1,018 Day $30,540,000
Dredge Monitoring (Water Quality) 1,018 Day $3,054,000
Sediment Removal QA 1,018 Day $1,221,600
Site Restoration 1 ea $670,000

Direct Capital: $38,335,600
Engineering, Procurement & Construction Management: 4,600,272
Contractor Overhead/Profit: 5,750,340

Total Capital: $48,700,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 281 gpm $562,869
Water Treatment (Includes Operator) 82,201,153 gal $32,880
Water Treatment QA 204 day $40,800

Direct Capital: $636,550
Engineering, Procurement & Construction Management: 76,386

Total Capital: $700,000
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SEDIMENT DISPOSAL (OFF-SITE)

Capital Items Quantity Units Cost   
Solidification 4,797,107 ton $119,927,675
Lime Purchase 479,711 ton $28,782,660
Soil Loading 4,797,107 ton $13,431,900
Soil Hauling 4,797,107 ton $22,486,439
Tipping Fees (non-TSCA) 4,797,107 ton $206,275,594

Direct Capital: $390,904,268
Engineering, Procurement & Construction Management: 46,908,512

Total Capital: $437,800,000

RENARD ISLAND CLOSURE

Capital Items Quantity Units Cost   
Clean Soil Cap 290,400 cy $2,904,000
Seeding 290,400 sy $290,400
Mitigation 60 acre $600,000

Direct Capital: $3,794,400
Engineering, Procurement & Construction Management: $455,328

Total Capital: $4,249,728

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 84,995 $1,278,853

Total Present Worth, Longer Term O&M Costs $11,209,409

Total Project Capital and O&M Cost $15,500,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600
Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $507,200,000

Costs-R4.xls
Page 213 of 227

Zone 2 (action level-5,000 ppb) 12/15/2002



Zone3A-Summary

Table 7-3  Cost Summary for Remedial Alternatives - Zone 3A
500 ppb
Alternative Dredge 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Dewatering Water 

Treatment
CAD 

Construction
CDF 

Construction
Off-site 

Disposal
Institutional 

Controls Subtotal 20% 
Contingency TOTAL

A 0 --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

D 16,328,102 --- $181,800,000 --- $3,000,000 --- $285,000,000 --- $4,500,000 $474,300,000 $94,860,000 $569,160,000

G 16,328,102 --- $181,800,000 --- $3,000,000 $199,800,000 --- --- $4,500,000 $389,100,000 $77,820,000 $466,920,000

1000 ppb
Alternative Dredge 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Dewatering Water 

Treatment
CAD 

Construction
CDF 

Construction
Off-site 

Disposal
Institutional 

Controls Subtotal 20% 
Contingency TOTAL

A 0 --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

C 14,410 --- $4,600,000 --- $600,000 --- --- $1,300,000 $4,500,000 $11,000,000 $2,200,000 $13,200,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
Zone 3A

Action Level - 500 ppb

Material Handling Assumptions:
Volume > 500 ppb 16,328,102 cy 12,464,200 m3
Volume > 1,000 ppb 14,410 cy 11,000 m3
Volume > 5,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.36
Fresh Water Density 62.4 lb/ft3
In Situ Density 28.5% w/w 14.4% v/v 1.01 tons per cy
Slurry Density (20% in situ) 6.5% w/w 2.9% v/v 0.88 tons per cy
Dewatered Density 50.0% w/w 29.8% v/v 1.18 tons per cy
Treated Density 93.4% w/w 60.0% v/v 1.28 tons per cy
CDF Capacity 26,500,893 cy 22,394,400 m3
CAD Capacity 29,336,664 cy 22,394,400 m3

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Mechanical - 12 cy bucket
Dock Construction $400,000 LS Ogden Beeman
Mobilization - Equipment $315,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman (JAG estimate)
Shift Rate (10 hours) $30,000 per shift Ogden Beeman
Dredge Rate 4000 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area
Free Water per cy Dredged (10%) 20                               gal Ogden Beeman
Site Restoration $670,000 LS

Nearshore CDF
Land Lease or Purchase $1.80 per sf Ole
Length 15,520 lf Baird
Capping Volume 2,129,752 cy Baird
Area 19,167,772 sy Baird
Ground Treatment Volume 87,257 cy
Ground Treatment $25 per cy
Dredge Volume 2,129,752 cy
Fill Purchase/Placement $30 per cy
Sheetpile Area 1,862,396 sf Baird
Sheetpile Cost $19 per sf Grant
Shot Rock Berm $650 per lf Baird
Rip Rap $215 per lf Baird
Place Treated Material $2 per cy
Clean Soil Cap $10 per cy Baird
Seeding $1 per sy Baird
Mitigation $10,000 per acre

$10,000 per year Tim
Long-term Monitoring $650,000 per year
Long-term O&M 2% of capital

CAD
Removal Volume 16,328,102                cy
Area 27,553,672                sf
Sand Cap Thickness 3                                 ft
Mobilization/Site Prep $200,000
Placement Rate $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Cap Placement QA $100,000 LS
Long-term O&M 2% of capital
Long-term Monitoring $400,000 per year

Water Treatment
Flow Rate (7 dredges) 1,727                          gpm assume operate 24/7
Unit, Purchase $1,674,760 LS pj
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample per day

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM
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ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE D:  Dredge Sediment to CDF

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 7 LS $2,450,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 4,083 Day 31.40769231 $122,490,000
Dredge Monitoring (Water Quality) 4,083 Day $12,249,000
Sediment Removal QA 4,083 Day $4,899,600
Site Restoration 1 ea $670,000

Direct Capital: $143,158,600
Engineering, Procurement & Construction Management: 17,179,032
Contractor Overhead/Profit: 21,473,790

Total Capital: $181,800,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 1,727 gpm $1,674,760
Water Treatment (Includes Operator) 2,029,749,525 gal $811,900
Water Treatment QA 817 day $163,400

Direct Capital: $2,650,060
Engineering, Procurement & Construction Management: 318,007

Total Capital: $3,000,000
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CDF CONSTRUCTION (Cellular Cofferdam Design)

Capital Items Quantity Units Cost   
Land Lease or Purchase 19,167,772 sf $34,501,989
Ground Treatment 87,257 cy $2,181,417
Dredging 2,028 day $11,561,513
Fill Purchase/Placement 2,129,752 cy $63,892,573
Shot Rock/Rip Rap 15,520 lf $13,424,770
Sheetpile Placement 1,862,396 sf $35,385,521
Clean Soil Cap 2,129,752 cy $21,297,524
Seeding 2,129,752 sy $2,129,752
Mitigation 440 acre $4,400,315

Direct Capital: $188,775,376
Engineering, Procurement & Construction Management: $22,653,045

Total Capital: $211,428,421

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 4,228,568 $63,624,296

Total Present Worth, Longer Term O&M Costs $73,554,852

Total Project Capital and O&M Cost $285,000,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600
Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $474,300,000

ALTERNATIVE G:  Dredge Sediment to CAD

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 7 LS $2,450,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 4,083 Day $122,490,000
Dredge Monitoring (Water Quality) 4,083 Day $12,249,000
Sediment Removal QA 4,083 Day $4,899,600
Site Restoration 1 ea $670,000

Direct Capital: $143,158,600
Engineering, Procurement & Construction Management: 17,179,032
Contractor Overhead/Profit: 21,473,790

Total Capital: $181,800,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 1,727 gpm $1,674,760
Water Treatment (Includes Operator) 2,029,749,525 gal $811,900
Water Treatment QA 817 day $163,400

Direct Capital: $2,650,060
Engineering, Procurement & Construction Management: 318,007

Total Capital: $3,000,000
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CAD CONSTRUCTION

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Dredging - 12 hour shifts 15,551 Day $88,640,700
Sand Purchase 4,286,127 tons $25,716,761
Placement 3,061,519 cy $18,369,115
Cap Placement QA 1 LS $100,000

Direct Capital: $132,996,575
Engineering, Procurement & Construction Management: 15,959,589

Total Capital: $148,956,164

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $2,979,123 $44,824,773

Total Present Worth, Longer Term O&M Costs $50,843,292

Total Project Capital and O&M Cost $199,800,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $389,100,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
Zone 3A

Action Level - 1,000 ppb

Material Handling Assumptions:
Volume > 1,000 ppb 14,410 cy 11,000 m3
Volume > 500 ppb 16,328,102 cy 12,464,200 m3
Volume > 5,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.36
Fresh Water Density 62.4 lb/ft3
In Situ Density 28.5% w/w 14.4% v/v 1.01 tons per cy
Slurry Density (20% in situ) 6.5% w/w 2.9% v/v 0.88 tons per cy
Dewatered Density 28.5% w/w 14.4% v/v 1.01 tons per cy
Treated Density 93.4% w/w 60.0% v/v 1.28 tons per cy

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Mechanical - 12 cy bucket
Dock Construction $400,000 LS Ogden Beeman
Mobilization - Equipment $315,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman (JAG estimate)
Shift Rate (10 hours) $30,000 per shift Ogden Beeman
Dredge Rate 4000 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area
Free Water per cy Dredged (10%) 20                               gal Ogden Beeman
Site Restoration $670,000 LS

Solidification Tim
Percent Lime 10.0% (w/w)
Lime $60 per ton Mixing $25 per ton Ole

Water Treatment
Flow Rate 286                             gpm assume operate 24/7
Unit, Purchase $569,927 LS pj
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample per day

Disposal
Off-Site Disposal

Load Soil for Hauling $2.80 per ton
Round-trip Hauling 2 hours
Tipping Fee (non-TSCA) $43 per ton
Tipping Fee (TSCA) $55 per ton
Truck Rate $75 per hour
Truck Load 32 tons

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM

ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000
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ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE C:  Dredge and Off-site Disposal

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 7 LS $2,450,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 4 Day $120,000
Dredge Monitoring (Water Quality) 4 Day $12,000
Sediment Removal QA 4 Day $4,800
Site Restoration 1 ea $670,000

Direct Capital: $3,656,800
Engineering, Procurement & Construction Management: 438,816
Contractor Overhead/Profit: 548,520

Total Capital: $4,600,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit Purchase 286 gpm $569,927
Water Treatment (Includes Operator) 297,131 gal $119
Water Treatment QA 1 day $200

Direct Capital: $570,246
Engineering, Procurement & Construction Management: 68,429

Total Capital: $600,000

SEDIMENT DISPOSAL (OFF-SITE)

Capital Items Quantity Units Cost   
Solidification 14,494 ton $362,350
Lime Purchase 1,450 ton $87,000
Soil Loading 14,494 ton $40,583
Soil Hauling 14,494 ton $67,941
Tipping Fees (non-TSCA) 14,494 ton $623,239

Direct Capital: $1,181,113
Engineering, Procurement & Construction Management: 141,734

Total Capital: $1,300,000
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INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600
Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $11,000,000
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Zone3B-Summary

Table 7-3  Cost Summary for Remedial Alternatives - Zone 3B
500 ppb
Alternative Dredge 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Dewatering Water 

Treatment
CAD 

Construction
CDF 

Construction
Off-site 

Disposal
Institutional 

Controls Subtotal 20% 
Contingency TOTAL

A 0 --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000

D 43,625,096 --- $478,200,000 --- $4,700,000 --- $667,700,000 --- $4,500,000 $1,155,100,000 $231,020,000 $1,386,120,000

G 43,625,096 --- $478,600,000 --- $4,700,000 $523,100,000 --- --- $4,500,000 $1,010,900,000 $202,180,000 $1,213,080,000
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BASIS FOR PRELIMINARY COST ESTIMATES
SEDIMENT REMEDIATION

FOX RIVER, WISCONSIN
Zone 3B

Action Level - 500 ppb

Material Handling Assumptions:
Volume > 500 ppb 43,625,096 cy 33,301,600 m3
Volume > 1,000 ppb 0 cy 0 m3
Volume > 5,000 ppb 0 cy 0 m3
Solids Specific Gravity 2.36
Fresh Water Density 62.4 lb/ft3
In Situ Density 28.4% w/w 14.4% v/v 1.01 tons per cy
Slurry Density (20% in situ) 6.5% w/w 2.9% v/v 0.88 tons per cy
Dewatered Density 50.0% w/w 29.8% v/v 1.18 tons per cy
Treated Density 93.4% w/w 60.0% v/v 1.28 tons per cy
CDF Capacity 26,500,893 cy 22,394,400 m3
CAD Capacity 29,336,664 cy 22,394,400 m3

Cost Estimating Parameters & Methodology:
Interest Rate 6.0%
Sales Tax 5.5% Not Used
Engineering, Procurement and Construction Mgmt 12.0%
Contractor Overhead and Profit - Dredging Only 15.0%

Dredging
Dredge Monitoring (Water Quality) $3,000 per day
Sediment Removal QA $1,200 per day

Mechanical - 7 dredges
Dock Construction $400,000 LS Ogden Beeman
Mobilization - Equipment $315,000 per dredge Ogden Beeman
Mobilization - Silt Curtain $35,000 LS Ogden Beeman
Mobilization - Watertight Barge $100,000 ea Ogden Beeman (JAG estimate)
Shift Rate (10 hours) $30,000 per shift Ogden Beeman
Dredge Rate 4000 cy in situ per 10 hour shift Ogden Beeman
Offload Stockpile Area Prep. $75,000 per area
Free Water per cy Dredged (10%) 20                               gal Ogden Beeman
Site Restoration $670,000 LS

Nearshore CDF
Land Lease or Purchase $1.80 per sf Ole
Length 25,368 lf Baird
Capping Volume 5,690,230 cy Baird
Area 51,212,069 sy Baird
Ground Treatment Volume 142,626 cy
Ground Treatment $25 per cy
Dredge Volume 5,690,230 cy
Fill Purchase/Placement $30 per cy
Sheetpile Area 3,044,194 sf Baird
Sheetpile Cost $19 per sf Grant
Shot Rock Berm $650 per lf Baird
Rip Rap $215 per lf Baird
Place Treated Material $2 per cy
Clean Soil Cap $10 per cy Baird
Seeding $1 per sy Baird
Mitigation $10,000 per acre

$10,000 per year Tim
Long-term Monitoring $650,000 per year
Long-term O&M 2% of capital

CAD
Removal Volume 43,625,096                cy
Area 73,617,350                sf
Sand Cap Thickness 3                                 ft
Mobilization/Site Prep $200,000
Placement Rate $6 per cy Ogden Beeman
Sand Purchase $6 per ton Ole
Sand Density 1.4 tons per cy
Cap Placement QA $100,000 LS
Long-term O&M 2% of capital
Long-term Monitoring $400,000 per year

Water Treatment
Flow Rate (7 dredges) 1,729                          gpm assume operate 24/7
Unit, Purchase $1,676,421 LS pj
Water Treatment (Including Operator) $0.40 per 1,000 gallons pj
Water Treatment QA $200 per day pj, 1 sample per day

Institutional Controls
Public Education Program $100,000 pj
O&M Plans $20,000 pj
Deed Restrictions $5,000 pj
Annual Costs
Public Education Program $30,000 pj
Maintaining O&M Plans $800 pj
Reporting $20,000 pj
Long-term Monitoring $600,000 Anne LTM
Long-term Monitoring (no action) $300,000 Anne LTM
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ALTERNATIVE A:  No Action

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

ALTERNATIVE B:  Monitored Natural Recovery

MONITORING/INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Public Education Program 1 LS $100,000
O&M Plans 1 LS $20,000
Deed Restrictions 1 LS $5,000

Direct Capital: $125,000
Engineering, Procurement & Construction Management: 15,000

Total Capital: $140,000

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring 40 $600,000 $9,027,778
Public Education Program 40 $30,000 $451,389
Maintaining O&M Plans 40 $800 $12,037
Reporting 40 $20,000 $300,926

Total Present Worth, Longer Term O&M Costs $9,792,130

Total Project Capital and O&M Cost $9,900,000

ALTERNATIVE D:  Dredge Sediment to CDF

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 7 LS $2,450,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 10,907 Day 83.9 $327,210,000
Dredge Monitoring (Water Quality) 10,907 Day $32,721,000
Sediment Removal QA 10,907 Day $13,088,400
Site Restoration 1 ea $670,000

Direct Capital: $376,539,400
Engineering, Procurement & Construction Management: 45,184,728
Contractor Overhead/Profit: 56,480,910

Total Capital: $478,200,000

WATER TREATMENT

Capital Items Quantity Units Cost   
Unit, Purchase 1,729 LS $1,676,421
Water Treatment (Includes Operator) 5,432,013,966 gal $2,172,806
Water Treatment QA 1,909 day $381,800

Direct Capital: $4,231,027
Engineering, Procurement & Construction Management: 507,723

Total Capital: $4,700,000
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CDF CONSTRUCTION (Cellular Cofferdam Design)

Capital Items Quantity Units Cost   
Land Lease or Purchase 51,212,069 sf $92,181,725
Ground Treatment 142,626 cy $3,565,653
Dredging 5,419 day $30,889,820
Fill Purchase/Placement 5,690,230 cy $170,706,897
Shot Rock/Rip Rap 25,368 lf $21,943,566
Sheetpile Placement 3,044,194 sf $57,839,688
Clean Soil Cap 5,690,230 cy $56,902,299
Seeding 5,690,230 sy $5,690,230
Mitigation 1,176 acre $11,756,673

Direct Capital: $451,476,551
Engineering, Procurement & Construction Management: $54,177,186

Total Capital: $505,653,737

Present Worth of Longer Term Operating Costs Years Annual Cost
Mitigation 40 10,000 $150,463
Long-term Monitoring 40 650,000 $9,780,093
Long-term O&M 40 10,113,075 $152,164,325

Total Present Worth, Longer Term O&M Costs $162,094,881

Total Project Capital and O&M Cost $667,700,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600
Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $1,155,100,000

ALTERNATIVE G:  Dredge Sediment to CAD

SEDIMENT REMOVAL (MECHANICAL DREDGING)

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 8 LS $2,800,000
Watertight Barges 4 ea $400,000
Dredging - 12 hour shifts 10,907 Day $327,210,000
Dredge Monitoring (Water Quality) 10,907 Day $32,721,000
Sediment Removal QA 10,907 Day $13,088,400
Site Restoration 1 ea $670,000

Direct Capital: $376,889,400
Engineering, Procurement & Construction Management: 45,226,728
Contractor Overhead/Profit: 56,533,410

Total Capital: $478,600,000

WATER TREATMENT

Capital Items Quantity Units Cost   
820 gpm unit, Purchase 1 LS $1,676,421
Water Treatment (Includes Operator) 5,432,013,966 gal $2,172,806
Water Treatment QA 1,909 day $381,800

Direct Capital: $4,231,027
Engineering, Procurement & Construction Management: 507,723

Total Capital: $4,700,000
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CAD CONSTRUCTION

Capital Items Quantity Units Cost   
Mobilization - Equipment and Silt Curtain 1 LS $170,000
Dredging - 12 hour shifts 41,548 Day $236,823,600
Sand Purchase 11,451,588 tons $68,709,526
Placement 8,179,706 cy $49,078,233
Cap Placement QA 1 LS $100,000

Direct Capital: $354,881,359
Engineering, Procurement & Construction Management: 42,585,763

Total Capital: $397,467,122

Present Worth of Longer Term Operating Costs Years Annual Cost
Monitoring/O&M
Long-term Monitoring 40 $400,000 $6,018,519
Long-term O&M 40 $7,949,342 $119,608,166

Total Present Worth, Longer Term O&M Costs $125,626,685

Total Project Capital and O&M Cost $523,100,000

INSTITUTIONAL CONTROLS

Capital Items Quantity Units Cost   
Deed Restrictions 1 LS $5,000

Direct Capital: $5,000
Engineering, Procurement & Construction Management: 600

Total Capital: $5,600

Present Worth of Longer Term Operating Costs Years Annual Cost
Long-term Monitoring (no action) 40 $300,000 $4,513,889

Total Present Worth, Longer Term O&M Costs $4,513,889

Total Project Capital and O&M Cost $4,500,000

TOTAL COST $1,010,900,000
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Table 7-3  Cost Summary for Remedial Alternatives - Zone 4
500 ppb
Alternative Dredge 

Volume (cy)
Hydraulic 
Dredging

Mechanical 
Dredging Dewatering Water 

Treatment
CAD 

Construction
CDF 

Construction
Off-site 

Disposal
Institutional 

Controls Subtotal 20% 
Contingency TOTAL

A 0 --- --- --- --- --- --- --- $4,500,000 $4,500,000 $900,000 $5,400,000

B 0 --- --- --- --- --- --- --- $9,900,000 $9,900,000 $1,980,000 $11,880,000
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