




UPPER MISSISSIPPI RIVER & ILLINOIS WATERWAY 
SYSTEM NAVIGATION STUDY 

LARGE-SCALE MEASURES OF REDUCING TRAFFIC CONGESTION 
CONCEPTUAL LOCK DESIGNS 

EXECUTIVE SUMMARY 

UMR&IWNavigation. The ongoing 
UMR&I W System Navigation Study (“Navigation Study”) is addressing navigation 
improvement planning for the Upper Mississippi River and Illinois Waterway System 
for the years 2000-2050. 

Scope of this Investipation. The present report establishes engineeringly feasible 
conceptual designs, and the associated costs, for adding new locks at several 
alternative locations at a typical rock-founded lock and dam and at a typical pile- 
founded lock and dam. These so-called “generic” design concepts will be adapted to 
specific sites under a separate effort of the Navigation Study. The engineering 
product tree on the next page will help orient the reader to this report’s relationship to 
the other engineering work. 

Design Approach. Developing lock designs of reduced cost compared to traditional 
locks was a paramount objective. As such, several innovations were explored and 
developed, resulting in substantial savings. To give the plan formulation process a 
more comprehensive array of measures, three different lock types were developed 
(designated Types A, B, and C). These range from locks of traditional lock 
construction (with high performance) to locks of the lowest possible first cost (with 
trade-offs in performance). All lock designs were required to comply with two 
governing rules: 1) No locks will be considered that would be unsafe, and 2) No 
locks will be considered whose performance cannot be predicted. 

Interim ResultS. This investigation has determined a number of conceptual lock 
designs that are feasible from an engineering perspective, i.e., each of the designs 
could be built. An array of alternatives that fit within the governing criteria of having 
predictable performance and safe operation is presented to give a full spectrum of cost 
versus performance choices. The engineering feasibility of each of these alternatives, 
however, does not constitute full consideration of the plan formulation criteria of 
completeness, effectiveness, efficiency, and acceptability. The next step in the 
feasibility study will be to combine the results of all engineering efforts into a 
comprehensive engineering appendix to the system feasibility report. The Navigation 
Study will incorporate plan formulation activities that will give balanced regard to all 
inputs to determine the best plan to be recommended to meet national interests. 



UPPER MlSSlSSlppl RIVER & ILLINOIS WATERWAY SYSTEM NAVIGATION STUDY 

WITHOUT PROJECT Au WITH PROJECT 



UPPER MISSISSIPPI RIVER & ILLINOIS WATERWAY 
SYSTEM NAVIGATION STUDY 

LARGE-SCALE MEASURES OF REDUCING TRAFFIC CONGESTION 
CONCEPTUAL LOCK DESIGNS 

TABLE OF CONTENTS 

Executive Summary 
Navigation Study Engineering Product Tree 
Table of Contents 

i 
ii 
. . . 
111 

MAIN REPORT 

1 

2 

3 

4 

4a 

Purpose of UMR&IW Navigation Study 1 

Study Authority 1 

Scope of Engineering Objective 4a 1 

Design Approach 1 

4b 
4c 
4d 

Innovation 
(1). Innovative Task Force 
(2). Continuing Innovative Efforts 

Technical Review Conferences 
Engineering Coordinating Committee Meetings 
Environmental Considerations 

5 Definitions 4 

5a 
5b 

Sites 
Lock Locations 

(1). Location 1 
(2). Location 2 
(3). Location 3 
(4). Location 4 
(5). Location 5 
(6). Location 6 

Performance 5C 

. . . 
111 



&2glg& 

5d 

Se 
5f 

6 
6a. 

6b 

7a 

7b. 

Subiect 

Conceptual Lock Design Types 7 

(1). Type A 7 

(2). Type B 7 

(3). Type C 8 
Design Life 8 
Service Life 8 

Common Design Criteria and Features 
Criteria 

(1.) Sill Depth 
(2.) Submergence 
(3). Filling and Emptying Performance 
(4). Chamber Size 
(5). Cofferdam Height 
(6) Lock Dewatering 

Common Design Features 
(1). Guidewalls 

(a.) Guardwall/Guidewall Concept for 
Rock Foundations 

(b.) Guidewall Concept for Sand Foundations 
(2). Miter Gates 
(3). Miter Gate Operating Machinery 
(4). Tainter Valves 
(5). Tainter Valve Machinery 
(6). Electrical Systems 
(7). Maintenance Dewatering Provisions 
(8). Removable Lockwall Facing 

8 
8 
8 
9 
9 

10 
10 
10 
11 
11 

11 
12 
13 
14 
14 
14 
15 
15 
16 

GENERIC LOCK DESIGN CONCEPTS 

Rock-Founded Lock Design Con- 

Location 1 

17 

22 

22 
The following detailed contents for the Location 1 write-up is typical 
but not shown for the other rock-founded lock location write-ups. 

Existing Conditions 
(1). General Site Description 
(2). Foundation Conditions 

Type A 
(1). JWraulic Featu es 

(a). Intake and D&harge Structures 

22 
22 
23 
20 
23 
23 

iv 



7c 

7d 

8 Location 2 29 

8a Existing Conditions 29 
8b Type A 30 
8c Type B 31 
8d Type C 38 

9 Location 3 39 
9a Existing Conditions 39 
9b Type A 40 
9c Type B 40 
9d Type C 42 

10 Location 4 45 
10a Existing Conditions 45 
lob Type A 45 
1oc Type B 47 
10d Type C 48 

11 
lla 
llb 

(b). Culverts and Distribution 23 
(2). Geotechnical Considerations 24 

(a). Site Preparation 24 
(b). Rock Excavation 24 
(c). Dewatering Measures 24 

(3). Structural Features 24 
(a). Lockwalls 24 
(b). Miter Gate Monoliths 24 
(c). Guidewalls 24 

(4). Construction Sequence and Procedures 25 
(5). Operational Considerations 25 

(a). Impact on Navigation Traffic during Construction 25 
(b). Restrictions on the Use of the Existing Lock 25 

Type B 
The detailed contents shown for the Type A lock above 

are repeatedfor the Type B lock. 
Type C 

The detailed contents shown for the Type A lock above 
are repeatedfor the Type C lock. 

Location 5 
General Site Description 
Features Unique to Location 5 (for all three lock types) 

25 

28 

50 
50 
50 

V 



12 

Concepts 52 

Location 1 53 
The following detailed contents for the Location 1 write-up is typical 
but not shown for the other pile-founded lock location write-ups. 

12a 

12b 

12c 

12d Type C 61 

13 Location 2 65 
13a Existing Conditions 65 
13b Type A 65 
13c Type B 65 
13d Type C 78 

14 Location 3 84 
14a Existing Conditions 84 
14b Type A 85 
14c Type B 86 
14d Type C 97 

Existing Conditions 
(1). General Site Description 

Type A 
(1). Hydraulic Features 
(2). Geotechnical Features 

(a). Cofferdam 
(b). Site Preparation 
(c). Scour Protection During Construction 
(d). Sheet Pile Cutoffs around Lock Perimeter 
(e). Bearing Piles 
(f). Scour and Erosion Protection 

(3). Structural Features 
(a). Lockwalls 
(b). Upstream Lift Gate Monolith 
(c). Downstream Miter Gate Monolith 
(d). Guide- and Guardwalls 

(4). Construction Sequence and Procedures 
(5). Operational Considerations 

Type B 
The detailed contents shown for the Type A lock above 

are repeatedfor the Type B lock. 

The detailed contents shown for the Type A lock above 
are repeatedfor the Type C lock. 

53 
53 
53 
53 
53 
53 
54 
54 
54 
54 
54 
55 
55 
55 
55 
55 
56 
57 

57 

vi 



15 
15a 
15b 
15c 
15d 

16 
16a 
16b 
16c 
16d 

17 
17a 
17b 
17c 
17d 
17e 
17f 
1% 
17h 

17i 

18 
18a 
18b 
18c 

18d 

19 

Location 4 
Existing Conditions 
Type A 
Type B 
Type C 

98 
98 
98 

104 
109 

Locations 5 
Existing Conditions 
Type A 
Type B 
Type C 

112 
112 
113 
116 
118 

Alternative Elements of Design 
Hybrid Lock Designs 
Lift Gates 
Sector Gates 
Emergency Closure 
Trapezoidal Rock-Lined Lock Chamber 
Other Lock Sizes 
Parallel Sheetpile Walls 
Alternative Design Items for the Location 2, 

Pile-Founded Lock 
Alternative Design Items for the Location 3, 

Type C, Pile-Founded Lock 

121 
121 
121 
121 
121 
122 
122 
122 

123 

124 

Remaining Study Work 
Determining Performance Differences 
Determination of Costs 
Determination of Impacts to Navigation 

During Construction 
Comparison with Other Alternatives 

124 
124 
124 

124 
125 

Conclusions 125 

REFERENCES 

PLATES 

APPENDIX A-Cost Estimates 

vii 



Table 

1 
2 

6 
7 

8 
9 

10 

11 

Figure 
1 
2 

Plate 
Number Order 

List of Tables 

Common Lock Design Criteria 
Rock-Founded 1200’ Locks, 

Comparison of Summarized Costs 
Rock-Founded 600’ Locks, 

Comparison of Summarized Costs 
Pile-Founded 1200’ Locks, 

Comparison of Summarized Costs 
Pile-Founded 600’ Locks, 

Comparison of Summarized Costs 
Lock and Dam 22 - Pertinent Data 
Lock Closure Time During Construction 

(Location 2, Type B, Rock-Founded) 
Lock and Dam 25 - Pertinent Data 
Lock Closure Time During Construction 

(Location 2, Type B, Pile-Founded) 
Lock Closure Time During Construction 

(Location 2, Type C, Pile-Founded) 
Lock Closure Time During Construction 

(Location 3, Type B, Pile-Founded) 

m 
t of Figures 

UMR&I W Navigation System 2 
Alternative Locations for Lock Placement 6 

1 RGWl 
2 RGW2 
3 RGW3 
4 RlAl 
5 RlA2 
6 RlBl 
7 RlB2 
8 RlCl 
9 RlC2 

List of Plates 

9 

18 

19 

20 

21 
22 

37 
52 

77 

83 

96 

ck-Founded J,ock Concentual Des- 
Ported Guardwall - Plan and Elevation 
Unported Guidewall - Plan and Elevation 
Guide and Guardwall, Sheetpile Cells, Typical Sections 
Location 1, Type A, Lock Plan 
Location 1, Type A, Sections 
Location 1, Type B, Lock Plan 
Location 1, Type B, Sections 
Location 1, Type C, Lock Plan 
Location 1, Type C, Sections 

. . . 
Vlll 



List of Plates (Continued) 

Plate 
QrderNumber 

10 R2Bl 
11 R2B2 
12 R2B3 
13 R2Cl 
14 R2c2 
15 R2c3 
16 R3GP 
17 R3Al 
18 R3Bl 
19 R3B2 
20 R3Cl 
21 R3C2 
22 R4GP 
23 R4Al 
24 R4A2 
25 R4Bl 
26 R4B2 
27 R4Cl 
28 R4C2 
29 RSGP 
30 R5Al 
31 R5Bl 
32 R5Cl 

33 PGWl 
34 PlAl 
35 PlA2 
36 PlBl 
37 PlB2 
38 PlCl 
39 P2Bl 
40 P2B2 
41 P2B3 
42 P2B4 
43 P2B5 
44 P2Cl 
45 P2C2 
46 P3Al 
47 P3Bl 
48 P3B2 

n?Js 

Location 2, Type B, Plan & Sections 
Location 2, Type B, Sections & Details 
Location 2, Type B, Sill Details 
Location 2, Type C, Plan & Sections 
Location 2, Type C, Sections & Details 
Location 2, Type C, Sill Details 
Location 3, General Plan 
Location 3, Type A, Lock Plan 
Location 3, Type B, Lock Plan 
Location 3, Type B, Sections 
Location 3, Type C, Lock Plan 
Location 3, Type C, Sections 
Location 4, General Plan 
Location 4, Type A, Lock Plans 
Location 4, Type A, Sections 
Location 4, Type B, Lock Plans 
Location 4, Type B, Sections 
Location 4, Type C, Lock Plans 
Location 4, Type C, Sections 
Location 5, General Plan 
Location 5, Type A, Lock Plans 
Location 5, Type B, Lock Plans 
Location 5, Type C, Lock Plans 

Pile-Founded Lock Conceptual Desvw 
Guidewalls - Plan, Elevations, and Sections 
Location 1, Type A, Lock Plan 
Location 1, Type A, Section A 
Location 1, Type B, Lock Plan 
Location 1, Type B, Service Gate Monoliths 
Location 1, Type C, Lock Plan 
Location 2, Type B, Plan & Section 
Location 2, Type B, Plan, Sections & Details 
Location 2, Type B, Sill Details 
Location 2, Type B, Sections & Details 
Location 2, Type B, Construction Operation 
Location 2, Type C, Plan & Section 
Location 2, Type C, Plan, Sections & Details 
Location 3, Type A, Lock Plan 
Location 3, Type B, Plan & Section 
Location 3, Type B, Section B 

ix 



J,ist of Plates (Continued) 

Plate 
OrderNumber m 

49 P3B3 
50 P3B4 
51 P3B5 
52 P3Cl 
53 P3C2 
54 P3C3 
55 P4Al 
56 P4B 1 
57 P4B2 
58 P4B3 
59 P4B4 
60 P4B5 
61 P4B6 
62 P4C 1 
63 P4C2 
64 P5Al 
65 P5Bl 
66 P5Cl 

Location 3, Type B, Section C 
Location 3, Type B, Sections and Details 
Location 3, Type B, Alternative Design Gate Monolith 
Location 3, Type C, Plan & Elevation 
Location 3, Type C, Section B 
Location 3, Type C, Section C 
Location 4, Type A, Lock Plan and Elevation 
Location 4, Type B, Lock Plan 
Location 4, Type B, Chamber Section and Details 
Location 4, Type B, Miter Gate Monolith Plan and Sections 
Location 4, Type B, Upstream Approach 
Location 4, Type B, Upstream Approach and Sections 
Location 4, Type B, Longitudinal Section 
Location 4, Type C, Lock Plan and Sections 
Location 4, Type C, Miter Gate Monolith Plan and Sections 
Location 5, Type A, Lock Plan and Elevation 
Location 5, Type B, Lock Plan 
Location 5, Type C, Lock Plan 

X 



UPPER MISSISSIPPI RIVER & ILLINOIS WATERWAY 
SYSTEM NAVIGATION STUDY 

LARGE-SCALE MEASURES OF REDUCING TRAFFIC CONGESTION 

CONCEPTUAL LOCK DESIGNS 

1. Purpose of UMR&IW Navigation Study. The Upper Mississippi River & Illinois 
Waterway System Navigation Study (“Navigation Study”) is a feasibility study 
addressing navigation improvement planning for the Upper Mississippi River and 
Illinois Waterway (UMR&IW) system for the years 2000-2050. This study will 
assess the need for navigation improvements at 29 locks on the Upper Mississippi 
River and 8 locks on the Illinois Waterway and the impacts of providing these 
improvements (Figure 1 is a plan view of the UMR&IW system). More specifically, 
the principal problem to be addressed is congestion of commercial traffic at locks 
upstream of Melvin Price Lock and Dam due to limited lockage capacity and 
increasing traffic. The study will determine the location and appropriate sequencing 
of improvements on the UMR&IW, prioritizing navigation improvements for the 50- 
year planning horizon. The feasibility study will also include preparation of a system 
Environmental Impact Statement (EIS) and mitigation costs of environmental 
impacts. 

2. Studv Authoritv. Authority for the Navigation Study is contained in Section 2 16 
of the Flood Control Act of 1970 (Public Law 91-611) which allows the review of the 
operation of Corps of Engineers navigation projects when found advisable due to 
significantly changed physical or economic conditions. 

3. Scope of this Report. The present report establishes engineeringly feasible 
conceptual designs, and the associated costs, for adding new locks at several 
alternative locations at a typical rock-founded lock and dam and at a typical pile- 
founded lock and dam. These so-called “generic” design concepts will be adapted to 
specific sites under a separate effort of the Navigation Study. The engineering 
product tree included at the front of this report will help orient the reader to this 
report’s relationship to the other engineering work. 

4. Design Annroach. With a large Federal debt, shrinking Federal budgets, and 
limited Inland Waterway Trust Fund resources, the Navigation Study design team is 
acutely aware of the need to develop lock conceptual designs of reduced cost 
compared to traditional locks. As such, all past design criteria and construction 
standards were open for reevaluation. The focus turned to those criteria and standards 
that significantly impact costs, leaving refinement of appurtenances to any later site- 
specific feasibility studies. To give the plan formulation process a more 
comprehensive array of measures, three different general lock types were developed 
(designated Types A, B, and C and defined later). These range from traditional 
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Conceptual Lock Designs 

lock construction (with high performance) to locks of low first cost (with reductions 
in performance). All lock designs were required to comply with two governing rules: 
1) no lock concepts will be considered that would be unsafe, ’ and 2) no lock 
concepts will be considered whose performance cannot be predicted. Compliance 
with these rules helped provide the assurance that the alternative designs remained 
within the realm of engineering “feasibility”. The following were the main 
considerations for and influences on the design approach. 

a. Innovation. 

(1). innovative Task Force. In September 1992, the U.S. Army Corps of 
Engineers (USACE) Task Force for Design and Construction Innovations for Locks 
and Dams (DCILD) was formed. The primary objective of the task force was to 
identify new technology and methods “for constructing navigation projects in a more 
efficient, cost effective, and environmentally sound manner.” The task force 
completed the first phase of its charter to investigate prior efforts, explore new and 
innovative concepts, and assess the feasibility of applying innovative concepts to 
navigation projects. The results of this effort, including estimates of potential cost 
savings for various innovative measures, were published in a USACE pamphlet, dated 
30 April 1994 (Reference 18). In subsequent phases, the DCILD study was also to 
prepare design guidance and tools, complete a demonstration project in the General 
Investigations (GI) or Preconstruction Engineering and Design (PED) stages, and 
continue research and development to include field testing of components, large scale 
models, and parametric studies. However, the remaining DCILD task force phases 
were unfunded and a directive was given to Corps Districts involved in navigation 
projects to continue the innovation initiatives. 

(2). Continuing Innovative Efforts. Started by the DCILD task force, innovative 
lock design workshops continued to be held periodically with the involvement of 
Districts and Divisions with navigation missions and Headquarters USACE. These 
meetings were information sharing and technology transfer workshops intended to 
avoid duplication of effort while broadening the list of alternative designs. Several 
innovations were explored and developed by the three Districts working on the 
UMR&IW Navigation Study. Most of the innovations are estimated to provide 
substantial cost savings compared to traditional lock construction. These concepts are 
considered first generation technology in lock design. It is likely that successive 
efforts will generate new ideas or refinements to these innovations, achieving 
improved performance and/or additional cost savings. Innovative concepts that 
violate the governing rule of having predictable performance were not considered at 
this phase of the study. However, these concepts could be further considered during 
any later site-specific studies, particularly if it could be expected that the uncertainties 

’ All current design factors (for strength and structural capacity, etc.) will be adhered to. Navigational 
and operational safety will likewise not be compromised. The deviations from current standards 
discussed in paragraph 6 only effect performance and cost, not safety. 
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Conceptual Lock Designs 

would be abated with additional investigation. The specific innovations that were 
considered for the Navigation Study are discussed with the overall descriptions of the 
conceptual lock designs below. 

b. Technical Review Conferences. Conferences wherein Corps higher authority 
provides technical review to a District on completed or ongoing work of a feasibility 
study are routine. However, for the Navigation Study, the largest Civil Works study 
ever undertaken by the Corps, these Technical Review Conferences (TRC’s) have 
become even more prudent. To date, TRC’s have been held on 29-30 April 1993,23- 
24 August 1993,4-5 April 1994, and 27-28 September 1994, with each addressing 
study progress and an agenda of technical issues for direction (see References 4-7). 

c. Enpineering Coordinating Committee Meetings. The Navigation Study 
engineering work group has desired the input of the bordering states, academia, 
contractors, the towing industry and other interested public, and to keep the same 
groups informed of the study findings and progress. To that end, “Engineering 
Coordinating Committee Meetings” (ENCC’s) have been held at pertinent times. 
These meetings usually began with study updates by the Corps’ engineering work 
group, followed by question and answer periods and open discussions of relevant 
issues. To date, ENCC’s have been held on 25 May 1994 and 6 April 1995 (see 
References 2 and 3). These meetings covering engineering concerns are typical of 
coordination meetings that are held for the other work groups covering 
environmental, economic, and general public involvement interests. 

d. Environmental Considerations. The present engineering effort is intended to take 
a comprehensive look at possible generic lock designs, generally without regard to 
site-specific considerations. Later, these generic designs will be adapted to specific 
lock and dam sites. While general comment on the environmental effects is made 
below for the sites selected as “typical” for development of the generic lock concepts, 
the site-specific environmental impacts for all locations and sites will be more 
thoroughly addressed during the site adaption effort. Nevertheless, several design 
measures have been explored to avoid and minimize environmental impacts compared 
to traditional lock construction. These include use of less construction material 
through design innovations, beneficial use of dredged material, improved approach 
conditions to reduce tow maneuvering, designing for shorter construction durations, 
and construction without cofferdams, among other measures. 

5. Definitions 

a. Sites. Unless another meaning is obvious by the context, the use of “site” will 
mean any of the existing lock and dam sites included in the Navigation Study, e.g. 
Lock and Dam 11, Lock and Dam 20, Peoria Lock and Dam, etc. This distinction is 
necessary to avoid confusion with lock “locations” defined below. 
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Conceptual Lock Designs 

b. Lock Locatiom. During the reconnaissance phase of this study, it was determined 
that it was unnecessary and uneconomical to build new dams along with the new 
locks. This left the lock placements to be made at the existing lock and dam sites. In 
the present investigation, six alternative locations at each lock and dam were 
considered (see Figure 2). With these six locations, any placement from overbank to 
overbank was possible, however, practical matters restricted some locations from 
their full range. For most locations, the cost effectiveness of a lock placement is 
dependent upon site-specific considerations that will be considered separately from 
this report. The locations considered are as follows: 

(1). Location 1 is landward of the existing lock. For most sites, Location 1 
would entail land-based construction techniques as opposed to the more costly and 
difficult marine construction required at most other locations. Large quantities of soil 
and/or rock excavation would be required at this location, necessitating large disposal 
areas. Location 1 typically would require relocations of railroad track, utilities, private 
property, and other infrastructure. For the most part, construction would not interfere 
with navigation access to the existing lock. A considerable amount of channel work 
would be required to allow tows to reach a Location 1 lock safely. Unlike locks at 
other locations, a Location 1 lock would disrupt access to the existing lock for 
materials and personnel. However, easier access (for personnel and supplies) would 
be available to the new lock site than locks at other locations. 

(2). Location 2 is an extension of the existing 600-foot-long lock to result in a 
1200-foot-long lock. The only viable designs are those that could be constructed 
while maintaining navigation with only minimal traffic interruptions and low risks of 
accidents. Little or no channel work would be required for a Location 2 lock. 

(3). Location 3 utilizes the existing auxiliary lock miter gate bay (if present) to 
construct the new lock. This location would also require navigation interruptions 
during construction. However, it typically requires little or no channel work due to its 
close proximity to the existing channel. It also makes use of the existing intermediate 
lockwall and the existing auxiliary lock miter gate bay. 

(4). Location 4 is through the gated section of the dam. Although any placement 
through the gated section is possible, placement toward the side of the existing lock is 
generally preferred because less channel work is required and the lock would be more 
accessible to lock personnel. Siting a lock at Location 4 eliminates one or more of the 
existing dam gates. This loss of flow capacity could impact upstream water surface 
elevations. To date, it has been assumed that any dam gates removed would be 
replaced one-for-one at another location along the axis of the dam (where there 
presently is lesser or no flow capacity). This assumption will be further addressed 
under a separate effort to address all hydraulic impacts of new lock construction. The 
possibility of providing flow through the new lock chamber (controlled by an 
upstream lift gate) will be considered as well. 
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Conceptual Lock Designs 

(5). Location 5 places the lock in the non-overflow or overflow sections of the 
dam (if present) beyond the gated section of the dam. Again, the preferred location 
would be toward the existing lock side of the non-overflow or overflow sections. 
From the initial screening investigation, it appears that Location 5 would be infeasible 
(i.e., uneconomical) at all sites because of extensive channel work requirements, 
adverse environmental impacts, utility modifications, and poor accessibility. 
However, a Location 5 lock design has been developed in the present engineering 
investigation to determine first costs of Location 5 lock construction for quantitative 
comparison with other locations and further screening. 

(6). Location 6 is a land-based location on the opposite bank from the existing 
lock. This location is infeasible at all sites for the same reasons as Location 5 appears 
to be, only to a greater and more certain measure. An additional problem at Location 
6, resulting from the fact that there would be no flow adjacent to the new lock (unless 
additional dam gates were added), is that siltation would be a problem requiring 
frequent dredging work. No conceptual lock designs for Location 6 have been 
developed because the initial screening investigation determined that the added 
problems of this location were severe enough to eliminate all Location 6 Locks. 
Nevertheless, the basic lock cost of a Location 6 lock would be expected to be similar 
to Location 1, the other land-based location. 

c. Performance. Where the word “performance” is used, it will generally refer to the 
lock’s ability to perform its basic function of locking boats. A high performance lock 
would consistently lock boats efficiently. A low performance lock would lock boats 
more slowly. In addition, a low performance lock might perform less consistently, 
being less equipped for extreme conditions. 

d. Conceptual Lock Design Types. As noted earlier, three conceptual lock design 
types conforming to the two governing rules (of safety and predictability) were 
developed to present an array of measures for the plan formulation process. Although 
there are site- and location-specific differences, these lock types are generally defined 
as follows: 

(1). Type A. A “Type A” conceptual lock design is a lock designed according to 
current design standards and traditional construction methods for locks. It would be 
constructed within a dewatered cofferdam as were all the existing locks and dams on 
the Mississippi River and Illinois Waterway. This lock type would typically have 
concrete gravity or U-frame walls, a side port filling and emptying system, and a 
downstream miter gate and either an upstream miter gate or a lift gate. A Type A 
lock would be expected to have the highest performance levels but also the highest 
first cost. Construction risks would be low for this type of lock. 

(2). Type B. A “Type B” conceptual lock design is a lower cost lock utilizing 
construction techniques proven in marine construction that heretofore have not 
commonly been used in lock construction. The construction techniques are 
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innovative to the extent that the two governing rules (predictable and safe 
performance) would allow. A Type B lock would be expected to have a reduction in 
performance and a possible reduction in durability compared to a Type A lock. A 
Type B lock would present moderate risks to construct. 

(3). Type C. A “Type C” conceptual lock design is the lowest first cost design 
that still is safe with predictable performance. This lock type would be expected to be 
less durable (probably requiring major rehabilitation within the 50-year planning 
horizon) and less reliable than Type A and B locks. To accomplish the cost savings, 
certain design standards were relaxed with resulting tradeoffs in performance. The 
Type C conceptual designs include innovative construction techniques taken a step 
further to “no frills” design. A Type C lock would present low to moderate risks to 
construct. 

e. Design Life. The design life is the service life expected by the design engineers at 
the time of design. For lock construction, a figure of 50 years is typically selected 
since the project benefits usually far exceed the cost within this timeframe and a 
replacement in year 50 would be heavily discounted in terms of a present worth cost. 
This estimation is not an exact science and the actual service life typically varies from 
the design life. 

f. Service Life. Service life is the actual length of time that the project remains in 
operation. This is not known until the project ceases to be functional. Service life is 
influenced by a number of factors including: quality of original construction, extent 
and timing of maintenance, environmental influences (corrosive environments, 
freeze-thaw cycles, etc.), random events (accidents, natural disasters, etc.), traffic 
levels experienced, and other similar site-specific factors. 

6. Common De&m Criteria and Features. Unless otherwise noted, all lock designs 
conform to the following minimum criteria and include the following design features: 

a. Criteria. The minimum criteria used in developing the concept designs is 
shown in Table 1 and described herein. 

(1). Sill Depth. For Type A locks, the upper and lower sill elevations would be 
at a depth of twice the authorized draft (for this study, the authorized draft, “d”, is 9 
feet, therefore, 2d=18’ below the respective 95% exceedance duration upper and 
lower pool elevations. 2 For Type B and Type C locks, the upper and lower sill 
elevations would be shallower, raised to 1.7d (i.e., 15.3 feet) below the respective 
minimum upper and lower pool elevations. 

‘The Type A depth to sill (2d) is measured from 95% exceedance duration elevation per HL-89-5, 
“Hydraulic Design of Navigation Locks”, Sep. 1989. 
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(2). Submergence. The “submergence”, defined as the depth from minimum 
tailwater to the chamber floor, is 2d plus 2.0 feet (i.e., 20 feet) for the Type A locks.3 
The submergence for the Types B and C locks is 1.7d plus 2.0 feet, or 17.3 feet. This 
criterion for the Types B and C locks could reduce lock performance under certain 
circumstances (e.g., under heavy ice conditions at low pool stages). Some of the floor 
and sill elevations were rounded down to the nearest half-foot. 

TABLE 1 
COMMON LOCK DESIGN CRITERIA 

Lock Type 
Engineering Criteria A 

Depth to upper sill 2da 
Denth to lower sill 2dD 

_ _ 
B C 

1 .7dC 1 .7dC 
1 .7dC 1 .7dC 

Chamber floor depth a 
(“Submergence”) 

Filling and Emptying 
2d+2 1.7d+2 1.7d+2 

Less than 20 minutes (w/ 5.0 ton max. hawser force) 
Times 

Usable chamber length 
Chamber width 

Lockwall stability 
Dewaterable 

Top of Lockwalls 
Cofferdam Height 

600 and 1200’ alternatives for all Lock Types 
110’ I 110’ I 110’ 

I  I  

Compliance with ETL 111 O-2-256 
Yes Yes Yes 

Same as existing lockwallse 
0.10 probability flood f 2 ft. freeboard 

Load for dewatered lock 
I  .  

1 15 % duration elevation 

’ Measured from 95% exceedance duration pool elevation per HL-89-5, “Hydraulic Design of 
Navigation Locks”, Sep 89. 
b Measured from 95% exceedance duration tailwater elevation per HL-89-5, “Hydraulic Design of 
Navigation Locks”, Sep 89. 
’ Measured from minimum pool and tailwater for the upper and lower sills, respectively. These 
“lowest operating” elevations are determined from historical records. 
d The reference water surface elevations are the same as for the lower sills of each lock type (A and 
B&C). The chamber floor would be deeper where miter gates swing since the sill is less than 3 ft. 
above the floor. 
’ Lockwall heights would be addressed in site-specific studies. 

(3). Fiilinp and Emptying Performance. While EM 111 O-2-1 604 (Reference 13) 
suggests an &minute filling or emptying time as a common goal for low lift locks, the 
goal of this phase of the Navigation Study was to keep all filling and emptying (F/E) 

3 EM 111 O-2- 1604 recommends a submergence value of 23 feet for 11 O-foot-wide, 9-foot-draft, side- 
port filling and emptying locks. However, this value is based on a goal of optimizing filling and 
emptying times, not achieving total cost savings as is the goal of the UMR&IW Navigation Study. 
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times below 20 minutes. New 1200-foot-long locks have so great an improvement in 
transit time by eliminating double lockages, that F/E times are not as critical. Later 
studies could optimize F/E times by economic analysis, considering benefits of 
reduced transit time versus costs of different F/E systems. However, for most of the 
conceptual lock designs, F/E times were estimated and favorable results were found. 
The estimates were determined using the computer program TFSIM (documented in 
Reference 12) and CORPS program H5320. The F/E systems must be designed, and 
the F/E times must be determined, such that hawser forces do not exceed the 
allowable maximum force of 5.0 tons during the filling and emptying operations. 
Excessive turbulence must also be avoided. With these constraints, the range of 
expected F/E times of the conceptual lock designs was estimated at approximately 7 
to 15 minutes. If necessary, valve times can be slowed to reduce turbulence and 
hawser forces. While side-port F/E systems have been extensively studied, other F/E 
systems would require hydraulic modeling to ensure a safe and efficient design.4 

(4). Chamber Size. All of the alternative new locks would be 110 feet wide, the 
same width as the existing locks. For the Types A, B, and C locks with miter gates at 
each end, the upstream to downstream pintle-to-pintle distance is 1,270 feet, 
providing a usable chamber length of 1200 feet. For the locks that utilize a lift gate 
upstream and a miter gate downstream, these gates would also be positioned to 
provide a usable chamber length of 1200. The same design concepts have also been 
developed for new locks with 110’ by 600’ usable size chambers for all types and 
locations except Location 2 (which already has a 600-foot-long lock). The drawings 
in this report only depict the 1200’ lock alternative. However, the 600’ lock 
alternatives are of the same construction except that the middle 600 feet of lockwall is 
eliminated. The tops of the new lockwalls were assumed to be the same as the 
existing lock. This assumption would need to be reviewed during later site-specific 
studies. 

(5). Cofferdam Height. The top of any cofferdam used is equal to the 0.10 
probability flood elevation plus two feet of freeboard. During the site-specific 
feasibility phase, the cofferdam heights would need to be optimized using a risk 
analysis approach. The risk analysis would include the construction duration within 
the cofferdam, the contractor’s and Corps’ loss if flooding of the cofferdam occurs, 
and the amount of float time in the overall construction period for the work requiring 
a cofferdam. 

(6). Lock Dewatering. The design hydraulic load for overturning and sliding of 
the lockwalls assumes a dewatered chamber and a 15 percent duration exterior water 
surface elevation. All lock types would be dewaterable since this provision adds only 

4 A hydraulic model study is underway at the U.S. Army Corps of Engineers Waterways Experiment 
Station, primarily to investigate through-the-sill filling and emptying with a longitudinal floor culvert 
system. The results specific to the UMR&IW system were not available when the lock concepts in this 
report were developed. 
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a small percentage to the first cost. Some concepts may require the installation of 
deep wells at the time of dewatering to be fully dewaterable. All lock designs would 
have the majority of their lock chamber located in the lower pool because costs are 
lower with lower head for construction and maintenance dewatering. 

b. Common Desipn Features. To avoid excessive repetition of text, design 
features that are common to all or many of the designs are described here. 

(1). Guidewall locations shown on the conceptual drawings Guidewalls. 
indicate a reasonable location for determining costs. Actual locations are site-specific 
and would need to be further addressed in later studies. For most of the Type A 
locks, a guidewall similar to the design used for the Melvin Price Locks (described 
later with the Type A lock descriptions) would be used. Two guidewall concept 
designs, one rock-founded and one pile-founded, were developed for use for Lock 
Types B and C. These designs are significantly less expensive than the traditional 
guidewall design used at Melvin Price Locks. Although further refinement is 
possible, investigations to date indicated that basic stability and strength 
requirements will limit the amount of additional cost savings in subsequent design 
phases. The two basic guidewall designs are described below: 

(a). Guardwall/Guidewall Concept for Rock Foundations. The concept for 
the rock-founded guardwall is adapted from the pile-founded guidewall concept 
described below and from a pile-founded guidewall design of a paper submitted at the 
1995 Corps of Engineers Structural Engineering Conference (Reference 11). The 
primary difference between the guardwalls and guidewalls depends on the location of 
the wall. Usually the upstream guardwall is placed riverside to prevent the tows from 
being drawn into the dam. The design is preliminary and the calculations were made 
for purposes of determining quantities and should not to be considered as complete. 
The conceptual design for the rock-founded guidewall is shown on Plate RGWl . 

The substructure would be comprised of 33.43 foot diameter sheet pile cells 
spaced at a distance of 80 feet and founded on limestone. It is uncertain what depth 
the sheet piling could be driven into the rock, but very little penetration may be 
possible at some sites due to the high strength of the rock. The cells derive their 
overturning stability from the cell diameter and mass. The bottom of the cell would 
be filled with tremie concrete to assist in stability and provide a seal to prevent the 
leakage of the gravel fill. Above the tremie seal, the sheet pile cells would be gravel- 
filled. Precast concrete beams would span between cells, providing the strength 
required for functioning as a guidewall. On the riverside face of the precast beams, 
precast panels would be attached to make up the rubbing surface. The panels would 
be removable to facilitate replacement. By having the rubbing surface a separate 
element, future guidewall rehabilitations would be easier and less costly and the 
integrity of the precast beams would not be compromised. The panels can be formed 
from abrasion resistant concrete and would also be armored for additional abrasion 
resistance. Inside the cell at the chamber side edge of the cell, concrete would be 
placed for the full height of the cell for support of the precast beams. The cell would 
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be provided with a reinforced concrete cap to aid in cell structural integrity and 
stability. Manholes would be built into the concrete cap for inspection purposes and 
as an access for replacing fill material when required. 

At least two prestressed concrete box beams comprised of not less than 4000 
psi concrete would span between the sheet pile cells. Concrete columns would 
provide support between the beams. The beams would have to be designed with 
weep holes to flood the cavities and reduce beam buoyancy during flood events. A 
wearing surface for the top of the beams would be constructed using precast sections 
or cast-in-place concrete. Handrails, tow haulage and checkposts would form the 
complete guidewall. 

A steel skirt would be provided to the upstream guardwalls to block off flow 
from the water line to a minimum depth of 11.0 feet. This skirt would reduce the 
volume of the water going through the guardwall and lower the surface velocity, 
thereby preventing tows from becoming “pinned” on the wall during lock entry and 
exit. A sheet pile wall would block the flow between the cells entirely for landside 
guidewalls . The steel skirt of the guardwall utilizes a braced, half-inch steel plate to 
reduce the amount of water flow through the sheet pile cell openings. The guidewall 
would be located landside and would utilize braced sheet piling as a soil retaining 
wall or water flow cutoff. The preliminary designs for the anchored retaining wall 
uses a PZ40 and the water flow cutoff wail uses a PZ35 sheet pile. 

A 54.29 foot diameter cell would be constructed at the end of the guidewall to 
resist collisions from tows. The cells would be entirely filled with concrete to 
increase the mass of the cell for improved impact resistance. The beam and panel 
system would be continued to this end cell. A steel plate 1.75 inches in thickness 
would wrap 180 degrees around the end cell to protect the sheets from impact. 

(b). Guidewall Concept for Sand Foundations. The following text briefly 
describes the guidewall concept for sand foundations used for the Navigation Study. 
The concept was adapted from the guidewalls used at Melvin Price Locks. This 
guidewall concept, shown on Plate PGWl would be used in conjunction with each of 
the Type B and C pile-founded lock concepts described later. 

The superstructure would be composed of conventionally reinforced, precast 
concrete beams spanning approximately 80 feet between bearing points. The beams 
would be stacked vertically like bulkheads, but would transfer their weight only to the 
bearing points and not along the length of the previously placed beam. Keyways 
would transfer lateral load between beams. The beams would be armored to resist 
abrasion and impact. 

The substructure or bearing would be composed of the precast concrete bearing 
block which would be supported by two high capacity, cast-in-place concrete piles 
each with an approximate diameter of 42 inches. Both the bearing block and the piles 
could be increased in size if required by more detailed analysis. The piles would be 
permanently cased with 3/4 inch steel pipe. More detailed analysis could reduce or 
eliminate the length of casing required resulting in a possible cost savings. The 
bearing blocks would be precast concrete shells that would be lowered onto the 
completed concrete piles, leveled and filled with tremie concrete. They would be 
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outfitted with pre-attached bearing devices (not designed at this level of investigation) 
that can be adjusted by divers to level the bearing surface. Each bearing point, 80 feet 
center to center, would be backed up by a 35 foot diameter sheet pile cell that would 
be filled with crushed stone and capped with a ring of reinforced concrete. The ring 
would reinforce the top of the cell against impact and keep the middle of the cell open 
for visual inspection for settlement of fill material. The cell would be designed to 
resist the lateral load from barge impact. For this concept, it was sized with reference 
to similar cells already constructed. There would be a gap between the completed cell 
and the vertical surface of the stack of guidewall beams that would be filled with 
concrete or grout. A method of forming this area to receive concrete would be to use 
a bladder (reinforced fabric bag) that would conform to the irregularly shaped gap. 
The bladder and concrete would be lodged in place by blocks welded to certain sheet 
piles and by deformations formed into the backside of the concrete beams. The 
bladder would remain in place. Alternatively, the connection could by formed by 
pneumatic forms that would also conform to the irregular configuration of the 
connection. They would function more like conventional formwork in that they 
would form the perimeter of the gap and be removed once the concrete has achieved 
sufficient strength. 

To achieve more energy absorbing characteristics (flexible guidewall), the gap 
between the cell and the stack of beams could be closed by marine fenders that would 
deform upon impact. The deformations could be large with heavy impact loads. 
Many fender geometries are available that could be mounted to adjustable steel 
framework that in turn would be mounted to the sheet pile cell. The large deflection 
of the fenders would induce moment into the concrete bearing piles that must be 
considered in a detailed analysis. 

The top guidewall beam would have a tension strap connection to the reinforced 
concrete ring on the top of the cell to resist the possible rebounding effect that the 
stack of beams could experience upon heavy barge impact. In order for the rebound 
restraining device to work for the entire stack of beams, post-tensioning rods would 
be installed vertically through the ends on the beams and anchor into the bearing seat. 
A more detailed analysis of the internal stability of the stack of guidewall beams 

could eliminate both the tension strap and the post-tensioning anchors. 
The end cell of the guidewall would be approximately 57 feet in diameter and 

would be filled with concrete and founded on H-piles. The cell will be designed to 
resist a direct impact of a fully loaded 15 barge tow. The cell would be notched 
during construction at the bearing seat in order to receive the stack of guidewall 
beams. 

(2). Miter Gates (Ref. EM 1110-2-2703). Double-leaf miter gates are the 
predominant lock gate type for locks in the United States and are fairly simple in their 
construction and operation. They can be opened or closed more rapidly than any 
other type of gate, and maintenance costs are generally low. A disadvantage of miter 
gates is that they normally cannot safely close off flow in an emergency situation with 
unbalanced head. Another concern is that they can be difficult to operate in ice 
conditions, although bubbler systems can improve winter operation. EM 11 IO-2- 
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2703 recommends horizontally framed miter gates over vertically framed miter gates 
“except for unusual applications and upon special approval.” For the Navigation 
Study, it is proposed to use vertically framed miter gates at all sites for the following 
reasons. As noted in EM 1110-2-2703, vertically framed miter gates weigh less than 
horizontally framed gates when the ratio of the height of a leaf to its width is less than 
about 0.7 (the ratio for the UMR&IW miter gates varies from 0.38 to about 0.55). 
The low lift locks in the UMR&IW system make it more economical to transfer the 
load into the sill rather that to the lockwalls. Horizontally framed gates require 
dewatering of the miter gate bays to repair leaking seals, whereas vertically framed 
gates have seals on the gates, allowing seal work during gate removal. When repairs 
are needed, whether routine or accident related, a vertically framed miter gate can be 
easily replaced in the wet by a spare gate. Horizontally framed gates require 
dewatering to adjust the quoin and miter contact block for their full length. Because 
of framing differences, repairs to vertically framed gates are usually easier, faster, and 
therefore cheaper than to horizontally framed miter gates. 

(3). Miter Gate Onerating Machinery. One of the following two types of miter 
gate machinery would be used: 

(a). Electric Driven: Each set of miter gate machinery would be driven by an 
electric motor and would include a brake, speed reducer, pinion gear, 
sector gear, sector arm, torque limiting coupling, rotary limit switch, strut 
arm which would connect to a miter gate leaf, and necessary shafts, 
couplings, and bearings. The motors would be located above the lockwall 
elevation to allow operation as long as the lock is otherwise still 
operational during high water periods. 

(b). Hydraulic Driven: Each set of miter gate machinery would consist of a 
gate-attached strut assembly connected to a sector gear which would be 
driven by a rack gear. The rack gear would be attached to a hydraulic 
cylinder piston. The hydraulic system would consist of a central or local 
pumping system comprised of hydraulic equipment such as pumps, 
cylinders, directional control valves, relief valves, flow control valves, 
reservoirs, filters, accumulators, and piping. 

(4). Tainter Valves. For most of the lock concepts, the lock filling and emptying 
would be accomplished by four tainter valves - two upstream for filling, and two 
downstream for emptying. These would be similar in design to those of the existing 
locks. 

(5). Tainter Valve Machinery. 

(a). Electric Driven: Each tainter valve would be raised and lowered with an 
electric motor operating through a speed reducer, to a cable drum wrapped 
with stainless steel wire rope that is connected to the tainter valve. Each 
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set of machinery would also include a rotary limit switch, torque limiting 
coupling, brake, and necessary shafts, couplings, and bearings. 

(b). Hydraulic Driven: Each tainter valve would be raised and lowered by a 
bell crank and strut assembly (or other similar arrangement) attached to 
the valve pickup point located along the centerline of the valve. The 
opposite end of the bell crank would be attached to a hydraulic cylinder 
piston. The hydraulic system would consist of a central or local pumping 
system comprised of hydraulic equipment such as pumps, cylinders, 
directional control valves, relief valves, flow control valves, reservoirs, 
filters, accumulators, and piping. 

(6). Ele trical _ te J). The lock electrical systems 
can be separated into two distinct functions; power and communications. The power 
systems produce, transport, and convert energy for utilization by equipment such as 
operating machinery, tow haulage units, bubblers, lighting, heating, controls, and 
ancillary equipment. Communications systems produce, transport, and utilize data 
and other information for control and monitoring of the equipment and environment. 
Sources of power have typically been from public utility connection backed up by an 
on-site standby diesel generator. Methods of distribution and conversion are not 
addressed for the system feasibility study. Communications systems at the locks are 
typically telephone, intercom, radio, traffic and safety signaling, surveillance, 
computer network, water level and weather monitoring, and control and monitoring of 
power utilization equipment. Although locks have historically been controlled by line 
voltage methods, EM 1110-2-2602 recommends low voltage or optical control 
methods. These methods of controlling lock operating equipment and operating 
voltages would minimize stresses on gates and other lock equipment. 
Communications systems could be employed to safely automate lock operations to 
any degree required, and low voltage and optical control methods provide less 
expense and greater flexibility in automation. The lock electrical systems comprise a 
relatively small percentage of the total cost of a lock. Thus, for the system feasibility 
study, minimal design effort has been expended on electrical design. Cost estimates 
were taken from recent projects with major lock electrical work. 

(7). Maintenance Dewaterinp Provisions. In general, each of the locks would be 
equipped with bulkhead slots upstream and downstream of the miter or lift gates at 
each end of the lock chamber. This would allow dewatering of the entire lock 
chamber, or only an individual lock service gate bay, as needed for maintenance. 
Fabrication of additional bulkheads of the same design as those presently used in the 
UMR&IW system would be advisable due to the limited supply of them at present, 
their age and condition, and the increased demand with more locks added to the 
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system. For the site-specific dewatering conditions at each lock, the necessary 
combination of sheetpile cutoffs, dewatering wells, and other provisions would be 
added as required to manage the dewatering operation. 

(8). Removable Lockwall Facing. Many, but not all, of the lockwall designs 
include precast concrete panels as the lockwall face. These would be attached to the 
supporting lockwall in a manner that allows easy removal and replacement. By 
precasting the panels, a higher quality concrete could be obtained resulting in longer 
design life. By making the panels easily removable, future rehabilitation work would 
be less costly. 
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GENERIC LOCK DESIGN CONCEPTS 

The existing locks and dams on the Mississippi River and Illinois Waterway can 
be categorized as either rock-founded or pile-founded. The new lock design concepts 
vary considerably depending upon which of the two general foundation conditions is 
present. The descriptions of the generic lock design concepts on the following pages 
are divided into the two foundation categories, and then further subdivided into the 
three design types at each of Locations 1 through 5.5 The 600’ locks are not shown, 
but the conceptual designs are the same as the 1200’ locks (only the middle 600 feet 
of lockwall is eliminated). The conceptual designs have had only minimal 
computations to determine structural adequacy. A comprehensive analysis would 
need to be completed during any future site-specific studies after definitive locations 
and design types were chosen. Endless variation in design details is possible, but the 
objective in this phase of the study was to establish engineering feasibility not to 
optimize the various design elements. 

The numerous lock alternatives are not all presented in the same level of detail. 
The more novel concepts were developed further to establish feasibility. Also there 
were differences in the availability of data, and, on a case-by-case basis, the return on 
obtaining additional information was considered before additional information was 
sought. The level of detail of a given alternative should not be construed as favoring 
or disfavoring an alternative. 

Although considered to be “generic” lock concepts (adaptable to all other sites in 
the Navigation Study), these lock concepts necessarily had to address the site-specific 
conditions of the model (i.e., typical) rock-founded and pile-founded sites. Lock and 
Dam 22 was selected for a model rock-founded site. Among the rock-founded sites 
within the study area, there is considerable variability. However, L/D 22 is in a reach 
with the highest traffic levels and is therefore more likely to need navigation 
improvements before the other sites. Lock and Dam 25 was selected as the model 
pile-founded lock site. It is also in a high traffic area and represents the deepest water 
and highest lift of any of the pile-founded sites within the study area. 

Summarized cost estimates for the rock-founded locks are shown in Table 2 and 
3, for 1200’ and 600’ locks, respectively. Cost estimates for the pile-founded locks 
are in Table 4 and 5. Appendix A contains backup cost estimates from which the 
summarized cost estimates were derived. Since the scope of the present investigation 
is very broad, these estimates should not be considered absolute, however they are 
useful for comparison purposes. The more-focused efforts of a site-specific 
feasibility study are needed to produce more representative cost estimates for new 
lock construction. For further discussion on the cost estimates, see Appendix A. 

5 As noted earlier, Location 6 was eliminated from further consideration via the initial screening effort 
due to its adverse environmental impacts and extensive channel work at all sites. Therefore no 
Location 6 lock concepts are presented in this report. 
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TABLE 2 
ROCK-FOUNDED 1200’ LOCKS 

COMPARISON OF SUMMARIZED COSTS (S 1.000’s)’ 

LOCK LOCATION BASIC OTHER 
AND TYPE’ LOCK COST3 FIRST COSTS4 

LOCATION 1 
TYPE A 
TYPE B 
TYPE C 
LOCATION 2 
TYPE B 
TYPE C 
LOCATION 3 
TYPE B 
TYPE C 
LOCATION 4 
TYPE A 
TYPE B 
TYPE C 
LOCATION 5 
TYPE A 
TYPE B 
TYPE C 

$ 188,000 $ 18,000 $206,000 
176,000 19,000 195,000 
171,000 20,000 191,000 

115,000 
110,000 

131,000 6,000 137,000 
122,000 5,000 127,000 

206,000 7,000 213,000 
184,000 7,000 191,000 
165,000 7,000 172,000 

234,000 12,000 246,000 
187,000 12,000 199,000 
161,000 12,000 173,000 

5,000 
5,000 

TOTALS 

120,000 
115,000 

NOTES: 
’ The costs shown above are not all-inclusive. They do not take into account 
impacts to navigation during construction, environmental impacts, or other 
site-specific costs and impacts. (See Appendix A for more information.) 
* There are no Type A locks at Locations 2 and 3, and Location 6 was 
eliminated by the initial screening effort. 
’ The basic lock costs include the necessary dam modifications (mostly a 
consideration for Location 4 lock types), the 05 “Locks” account code, 
and the 05.60. “Guidewalls” account code. Contingencies; planning, engineering, 
and design; and construction management are included in these costs. 
4 The costs in this column include real estate costs, channel costs and some 
of the other first costs that tend to be more site-specific. 
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TABLE 3 
ROCK-FOUNDED 600’ LOCKS 

ED COSTS (S 1.000’s)’ 

LOCK LOCATION BASIC OTHER 
AND TYPE2 IdOCK COST3 FIRST COSTS” 

LOCATION 1 
TYPE A 
TYPE B 
TYPE C 
LOCATION 3 
TYPE B 
TYPE C 
LOCATION 4 
TYPE A 
TYPE B 
TYPE C 
LOCATION 5 
TYPE A 
TYPE B 
TYPE C 

TOTALS 

$ 168,000 $24,000 $ 192,000 
152,000 24,000 176,000 
147,000 25,000 172,000 

109,000 
96,000 

176,000 
163,000 
154,000 

195,000 
159,000 
146,000 

5,000 
5,000 

7,000 
7,000 
7,000 

12,000 
12,000 
12,000 

114,000 
101,000 

183,000 
170,000 
161,000 

207,000 
171,000 
158,000 

NOTES: 
’ The costs shown above are not all-inclusive. They do not take into account 
impacts to navigation during construction, environmental impacts, or other 
site-specific costs and impacts. (See Appendix A for more information.) 
’ Location 2 already has a 600’ lock, there is no Type A lock at Location 3, 
and Location 6 was eliminated by the initial screening effort. 
3 The basic lock costs include the necessary dam modifications (mostly a 
consideration for Location 4 lock types), the 05 “Locks” account code, 
and the 05.60. “Guidewalls” account code. Contingencies; planning, engineering, 
and design; and construction management are included in these costs. 
4 The costs in this column include real estate costs, channel costs and some 
of the other first costs that tend to be more site-specific. 
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TABLE 4 
PILE-FOUNDED 1200’ LOCKS 

I I COMPARISON OF SUMMARIZED COSTS (S 1 .OOO s) 

LOCK LOCATION BASIC OTHER 
AND TYPE? COCK COST3 FIRST COSTS4 

LOCATION 1 
TYPE A 
TYPE B 
TYPE C 
LOCATION 2 
TYPE B 
TYPE C 
LOCATION 3 
TYPE B 
TYPE C 
LOCATION 4 
TYPE A 
TYPE B 
TYPE C 
LOCATION 5 
TYPE A 
TYPE B 
TYPE C 

326,000 12,000 338,000 
219,000 12,000 23 1,000 
163,000 12,000 175,000 

160,000 1,000 161,000 
151,000 1,000 152,000 

200,000 2,000 202,000 
194,000 2,000 196,000 

373,000 0 373,000 
283,000 0 283,000 
248,000 0 248,000 

342,000 178,000 520,000 
246,000 186,000 432,000 
227,000 186,000 413,000 

TOTALS 

NOTES: 
’ The costs shown above are not all-inclusive. They do not take into account 
impacts to navigation during construction, environmental impacts, or other 
site-specific costs and impacts. (See Appendix A for more information.) 
* There are no Type A locks at Locations 2 and 3, and Location 6 was 
eliminated by the initial screening effort. 
3 The basic lock costs include the necessary dam modifications (mostly a 
consideration for Location 4 lock types), the 05 “Locks” account code, 
and the 05.60. “Guidewalls” account code. Contingencies; planning, engineering, 
and design; and construction management are included in these costs. 
4 The costs in this column include real estate costs, channel costs and some 
of the other first costs that tend to be more site-specific. 
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TABLE 5 
PILE-FOUNDED 600’ LOCKS 

COMPARISON OF SUMMARIZED COSTS (S 1.000’s)’ 

LOCK LOCATION BASIC OTHER 
AND TYPE’ LOCK COST3 FIRST COSTS4 TOTALS 

LOCATION 1 
TYPE A 
TYPE B 
TYPE C 
LOCATION 1 
TYPE B 
TYPE C 
LOCATION 4 
TYPE A 
TYPE B 
TYPE C 
LOCATION 5 
TYPE A 
TYPE B 
TYPE C 

$273,000 $ 15,000 $288,000 
191,000 14,000 205,000 
149,000 16,000 165,000 

172,000 
160,000 

1,000 
1,000 

0 
0 
0 

179,000 
185,000 
185,000 

173,000 
161,000 

339,000 
232,000 
217,000 

339,000 
232,000 
217,000 

287,000 
205,000 
181,000 

466,000 
390,000 
366,000 

NOTES: 
’ The costs shown above are not all-inclusive. They do not take into account 
impacts to navigation during construction, environmental impacts, or other 
site-specific costs and impacts. (See Appendix A for more information.) 
* Location 2 already has a 600’ lock, there is no Type A lock at Location 3, 
and Location 6 was eliminated by the initial screening effort. 
3 The basic lock costs include the necessary dam modifications (mostly a 
consideration for Location 4 lock types), the 05 “Locks” account code, 
and the 05.60. “Guidewalls” account code. Contingencies; planning, engineering, 
and design; and construction management are included in these costs. 
4 The costs in this column include real estate costs, channel costs and some 
of the other first costs that tend to be more site-specific. 

21 



Conceptual Lock Designs 

Rock-Founded Lock Design Concepts 

Table 6: Lock and Dam 22 - Pertinent Data 

Data Description Value 

Upper Pool: Normal Operating Elevation El. 459.5 

Lower Pool: Normal Operating Elevation 

Lower Pool: Low Water Elevation 

Lower Pool: 15% Duration Elevation 

El. 449.0 

El. 447.8 

El. 460.0 

II---- ~~ 10 year Flood + 2 Feet of Free Board I El. 468.7 

Existing Upper Sill Elevation (Location 2) 

Existing Lower Sill Elevation (Location 2) 

El. 441.5 

El. 435.5 

Existing Upper Sill El. Aux. Lock (Location 3) El. 438.5 

Maximum Upper Sill Elevation - Type A 
Locks 

El. 441.1 

Maximum Lower Sill Elevation - Type A 
Locks 

El. 431.7 

Maximum Upper Sill El. - Types B and C 
Locks 

El. 443.8 

Maximum Lower Sill El. - Types B and C 
Locks 

El. 432.5 

Existing Lock Floor Elevation El. 435.0 

Type A Lock Floor Elevation El. 429.7 

IT- Types B and C Lock Floor Elevation I El. 430.5 

7. Location 1 (Rock-Founded) 

a. Existing: Conditions 

(1). General Site Description. At L/D 22 a high bluff adjacent to the lock rises at 
about a 3.5: 1 slope from its base at approximate elevation 470.0 to about elevation 
600.0. Several residential properties and an actively used railroad track are located 
within the proposed lock area. These site-specific considerations were addressed for 
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the lock concepts developed at L/D 22, but they may or may not be considerations at 
other sites. 

(2). Foundation Conditions. From the foundation exploration work, the 
following soil and rock parameters were determined for use for stability and design 
calculations. The overburden consists of a thin layer of cohesive fill about 4.0-foot- 
thick overlying a sand layer 30 to 40 feet thick. The soil parameters determined for 
the clay layer are a cohesion of 500 psf, an angle of internal friction of O”, a saturated 
unit weight of 120 pounds per cubic foot (PCF), and a moist unit weight of 120 PCF. 
The sand fill was determined to have an angle of internal friction of 25”, a saturated 
unit weight of 130 PCF, and a moist unit weight of 116 PCF. The ground water line 
varies from about elevation 454.0 at the lock house to about 460.0 at the end of the 
upper guidewall. The rock foundation consists of shale of varying thickness 
overlying a hard limestone. The shale was analyzed to exhibit an approximate unit 
weight of 135 PCF and compressive strength of 4 kips per square inch (KSI). The 
limestone was determined to be competent with an approximate unit weight of 165 
PCF and compressive strength of 20 KSI. 

b. Type A (Location 1. Rock Founded). The Location 1, Type A lock is a traditional 
design based on current Corps standards. A plan view of this lock is shown on Plate 
Rl Al. Unlike the original lock construction which required a sheetpile cellular 
cofferdam, the Location 1 Lock’s landlocked position makes dewatering possible 
without sheetpile cells. Construction of this lock would require extensive excavation 
of soil and rock. The lockwalls would be a traditional gravity wall design depending 
on the concrete mass for stability from overturning and sliding. This type of design 
has proven low maintenance and indefinite service life. The in-the-dry construction 
allows for direct inspection and better quality control than underwater construction. 
The lock would have miter gates at each end and the filling and emptying would be 
controlled with tainter valves. The filling and emptying system culverts and ports 
would be integral with the lockwall monoliths. Most of the lock would be 
constructed with cast-in-place concrete. A more detailed description of the Type A 
lock is given by feature below. 

(1). Hydraulic Features 
(a). Intake and DischarPe Structures. The intakes would be rectangular 

openings in both walls upstream of the lock chamber that bypass the miter 
gate anchorage system and join with in-the-wall lock culverts. The intakes 
would be covered with steel trash racks. Water exits the lock chamber 
through the lower lock area outlet ports of similar design to the intake 
ports. 

(b). Culverts and Distribution. The Location 1, Type A lock would utilize a 
conventional side-port filling and emptying system as recommended for 
low-lift locks by EM 111 O-2-1 604. The rectangular culverts (one in each 
wall) would be 12.5 feet wide by 14 feet high and the ports would be 
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3.75’ high by 2.5’ wide (9.375 square feet) and spaced at 28’ along each 
lockwall. Water would be brought from the culverts into the lock chamber 
through lockwall side ports perpendicular to the culverts. The ports on 
one wall would be staggered with respect to the ports in the other opposite 
wall so that the jets issuing from one culvert would pass between the jets 
from the other culvert. The alternate operations of filling and emptying 
would be controlled by tainter valves located in the gate monoliths, both 
upstream and downstream. 

(2). Geotechnical Considerations. While the following geotechnical 
considerations are specific to Lock 22, they are typical of the considerations at other 
sites. 

(a). Site Preparation. Construction at Location 1 at Lock 22 would first entail 
relocation of utilities, private buildings, and railroad track. Relocation of 
the railroad track, in particular, would require extensive soil and rock 
excavation into the adjacent bluff and appropriate means of slope 
stabilization. 

(b). Rock Excavation. The rock at Lock 22 rises landward of the existing 
lock. Thus the Location 1 site would require extensive rock excavation, 
estimated at approximately 65,000 cubic yards for Type A. 

(c). Dewaterinp Measures. As noted above, this traditional lock would not 
require the traditional cellular cofferdam to construct in the dry. Rather 
the excavation for the lock would be kept dry by the surrounding in situ 
soil and rock, supplemented by sheetpiling and wells as required. 

(3). Structural Features 

(a). Lockwalls. The lockwalls would be concrete gravity walls 32 feet wide 
at the base narrowing in steps to 8 feet wide at the top (see Plate RlA2). 
The filling and emptying culverts would be integral with the wall. The 
lockwalls would be equipped with ladders, checkposts, and T-armor. No 
floating mooring bitts are proposed for this 1 O-foot-lift lock. 

(b). Miter Gate Monoliths. The upstream and downstream miter gate sills 
would be constructed of cast-in-place concrete and would be excavated 
into- and founded directly on the underlying rock. The miter gate wall 
monoliths would be conventional cast-in-place concrete gravity walls. 

(c). Guidewalls. This lock would have 1200-foot-long guidewalls, upstream 
and downstream. Slurry trench guidewalls would be used where the 
guidewalls cut through existing land, transitioning to the typical design 
described earlier for a rock-foundation (paragraph 6b( l)(a).) at the bank 
line and on into the area that is currently within the river. 
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(4). Construction Sequence and Procedures. A general construction sequence is 
shown on Plate Rl Al. The construction sequence for this lock does not involve any 
unusual actions for lock construction. 

(5). Ouerational Considerations 

(a). Impact on Navigation Traffic during Construction. The Location 1 lock 
would have minimal impacts on navigation during construction. General 
construction activity would add to the number of boats in the area, which 
could have some adverse impact on navigation. Construction of the lock 
chamber itself would have only minor impacts due to disturbance of land 
access to the existing lock. Construction of the riverside guidewall tie-ins 
and channel excavation would have greater impacts, but these would be of 
short duration. 

(b). Restrictions on the Use of the ExistinP Lock. A new lock at Location 1 
would allow the full use of the existing lock. Additional studies would be 
required to determine whether simultaneous two-way traffic (utilizing both 
locks simultaneously without restrictions) would be feasible. 

C. Tvne B (Location 1. Rock Founded). A plan of the Location 1, Type B lock is 
shown on Plate Rl B 1. The Type B lock is to be designed and constructed utilizing 
innovative but proven methods. The design chosen for the Type B lock would be less 
expensive and require less time to construct than the Type A lock. The Type B lock 
would have miter gates at each end as does the Type A lock. The Type B lock is non- 
conventional due to the filling/emptying flume and use of slurry wall construction. 
The lock would be filled and emptied by a flume located riverward of the lock 
chamber. This filling/emptying design is in use at Locks 52 and 53 on the Ohio 
River. The main difference is that the lockwalls of Locks 52 and 53 are sheet pile 
wall construction and those shown for the Type B lock would be a combination of 
cast-in-place concrete and slurry wall construction. 

The excavation for the lock would be almost as extensive as for Type A but a 
reduction in excavation would be realized by using slurry trench construction. This 
construction method can be used in unfavorable soil and ground water conditions. 
This technique would be used to construct the flume seepage control wall 
immediately adjacent to the existing lock landwall. The slurry wall would be needed 
to reduce seepage into the flume during normal and dewatering operations. The new 
lock’s landwall would also be constructed by the slurry wall method and a reduction 
of construction time and costs should be realized. The new lock riverwall would be 
constructed using formed concrete. A feature description of this lock is provided 
below. 
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(1). Hvdraulic Features. 

(a). Side Flume. Unlike a conventional side-port filling and emptying system 
with wall culverts and ports, this lock would have a side-channel flume to 
fill and empty the lock chamber. The lock chamber would be filled 
through ports at the base of the riverwall, that divides the new lock and the 
flume. Filling the chamber from only one side can put a transverse slope 
on the chamber potentially raising the hawser forces of the tows. To 
prevent this, the filling time must be slowed down. While this is an 
economic disadvantage when looking at total transit time for each tow, the 
time difference is slight. 

(b). Intake and Discharge Structures. The flume would be filled and emptied 
using two tainter valves, one located at the upstream end of the flume and 
the other located at the downstream end. Two intake ports lead to the 
upstream tainter valve and two discharge ports follow the downstream 
tainter valve. 

(2). Geotechnical Considerations. 
(a). Site Preparation. (See Location 1 Type A) 
(b). Rock Excavation. The Location 1 site would require approximately 

44,000 cubic yards for the Type B lock. 
(c). Dewatering Measures. (See Location 1, Type A) 
(d). Slurry T e ch Des’gn (See paragraph (3).(a). “Lockwalls” below.) 
(e). Rock Anrchnors. (S:e paragraph (3).(a). “Lockwalls” below.) 

(3). Structural Features 

(a). Lockwalls. The lockwalls are shown in cross section on Plate RlB2. 
One of the walls would be cast-in-place concrete and two of them would 
be of slurry wall construction. Slurry wall construction is a technique 
where walls are built by excavating a trench into the soil which acts as the 
form. The excavation would be kept open using a bentonite or similar 
slurry. Tremie concrete would be placed to displace the slurry and 
constitute the wall. This method typically results in rough wall surfaces. 
To finish the faces, precast concrete slabs will be attached. 

Heat build up is a critical consideration for slurry walls regardless of 
the time of year because the soil acts as an insulating blanket around the 
concrete. This consideration results in a limit on the wall thickness that 
could be produced by a single pour. It is estimated that the thickness of 
the walls has to be less then about 6.0 ft thick to prevent thermal through- 
cracks. The slurry walls would probably have to be poured through a high 
water table that fluctuates with the pool and tailwater elevations. This 
would require special considerations and care in pouring the slurry wall. 
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Careful monitoring for slurry contamination and trench sloughing 
would be required when pouring the walls to ensure that a competent wall 
is constructed. The land side of the lockwalls can’t readily be visually 
inspected for defects. Competency of the walls would be suspect if the 
slurry became contaminated. If the competency of the wall became 
suspect then a visual inspection would be required. The inspection would 
require excavation of the soil surrounding the wall to be able to verify any 
damage. Excavation would also be required for any repairs to the 
damaged areas. The adequacy of the rock excavation, required to take 
place through the slurry, could be uncertain since visual inspection is not 
easily performed. 

A rock anchor system would be required to provide stability and make 
up for the lack of stability inherent with gravity walls. The number of 
rock anchors could be reduced if the wall is constructed with counterforts. 
This is discussed in more detail for the Type C lock. 

(b). Miter Gate Monolith. Due to the criticality of the miter gate monoliths, 
and the availability of a dewatered construction site, both miter gate 
monoliths of the Type B lock would be conventional cast-in-place 
concrete founded on rock. 

(c). Guidewalls. The Type B guidewalls would be of slurry trench 
construction similar to the lockwalls. This would eliminate the need for 
dewatering and braced excavations. The ends of the walls, that leave the 
confinement of the existing soil bank would be of cellular sheetpile 
construction as described in paragraph 6b( l)(a). In addition, an end cell 
would be constructed to withstand barge impact at the most vulnerable 
location on the guidewalls. 

(4). Mechanical Features. The Type B lock would have traditional miter gate and 
tainter valve machinery. With this design, however, the requirement for 
tainter valve machinery is half that required for a conventional side-port F/E 
system. 

(5). Construction Seauence and Procedures. A general construction sequence is 
shown on Plate RlBl. The slurry trench construction is the main influence in 
making the construction sequence “non-traditional”. 

(6). Operational Considerations 

(a). Imnact on Navigation Traffic durinp Co s n truction. (See discussion for 
Location 1, Type A.) 

(b). Restrictions on the Use of the Existing Lock. (See discussion for 
Location 1, Type A.) 
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d. Type C (Location 1. Rock Founded). The Type C lock is shown in plan on Plate 
Rl C 1. Similar to the Type B lock, the Type C lock makes extensive use of slurry wall 
construction for the lock chamber walls (although see discussion under paragraph 
(3).(a). “Lockwalls” below). Unlike the Type B lock, however, the chamber would be 
filled and emptied from a longitudinal culvert centered in the lock chamber. 
Eliminating the side flume reduces quantities of excavation and new concrete, and 
reduces the total lock construction duration. The advantages and disadvantages of 
slurry wall construction noted for the Type B lock are also applicable to the Type C 
lock. The miter gate monoliths would be a traditional cast-in-place design 
constructed in the dry. A description by feature of the Type C lock is provided below. 

(1). Hydraulic Features 
(a). Intake and Discharge Structures. The intakes and discharge structures 

would be the same as for the Type A lock, bypassing the miter gates and 
controlled by tainter valves. However, between the miter gates is where 
the culverts differ. 

(b). Culverts and Distribution. An 18’ x 20’ longitudinal culvert centered in 
the lock chamber would be excavated into the rock foundation of the 
chamber floor and would be constructed with about two-foot-thick 
concrete walls, roof, and floor. The top of the culvert would be 
constructed higher than the lock chamber floor, leaving the top portion of 
the side walls exposed above the rock. The ports would be located at the 
top of the side walls of the culvert, jetting the water out horizontally. This 
is as opposed to having the ports in the roof of the culvert which would 
aim the energy of the inflow directly at the barges causing high hawser 
forces and unacceptable turbulence. 

(c). Filling and Emntving. The efficacy of this type of filling and emptying 
system would have to be determined by hydraulic model studies. 
However, it is anticipated that it would function in similar fashion to a 
traditional side-port filling and emptying system. 

(2). Geotechnical Features 
(a). Site Preparation. (See Location 1 Type A) 
(b). Rock Excavation. The Type C lock would require less rock excavation 

than either the Type A or Type B locks. 
(c). Dewaterinp Measures. (See Location 1, Type A) 
(d). Slurry Trench Design. (See paragraph (3).(a). “Lockwalls” below.) 
(e). Rock Anchors. (See paragraph (3).(a). “Lockwalls” below.) 

(3). Structural Features 

(a). Lockwalls.. Two alternatives for the lockwalls were considered for this 
design type. The cost estimate is based upon the first alternative. The first 
alternative (shown on Plate RlC2) would be to construct a linear slurry 
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wall and anchor it to the rock foundation with self drilling rock anchors. 
This wall would be approximately 4.0 feet wide. The height of this wall 
including a two-foot keyed-in section would be about 46.0 ft. The keyed 
section would provide resistance to sliding. An initial estimate requires 
four rows of anchors per linear foot of wall using 40 k per bolt allowable 
strength. The number of required anchors would be approximately 9,000 
and would be labor intensive to install. The rock anchor installation would 
occur sequentially upon excavation of the lock chamber. 

The other alternative would be to construct the slurry wall as a 
counterfort. The counterfort would provide stability against overturning 
and sliding. The WES stability program 3DSAD was used to determine 
the approximate length of counterfort required. The approximate length 
calculated is 34.0 ft, not including the thickness of the lock chamber wall 
itself, The number of rock anchors required could be reduced or even 
eliminated using the counterforts. The final anchoring requirements for 
the counterfort alternative would require additional study. The amount of 
additional concrete required for the counterfort design is about 8,400 cubic 
yards (CY) for the Type B lock and 15,500 CY for the Type C lock. 

(b). Miter Gate Monoliths. Due to the criticality of the miter gate monoliths, 
and the availability of a dewatered construction site, both miter gate 
monoliths of the Type C lock would be conventional cast-in-place 
concrete founded on rock. 

(c). Guidewalls. (See discussion for Location 1, Type B) 

(4). Construction Sequence and Procedures. A general construction sequence is 
shown on Plate Rl C 1. 

(5). Operational Considerations 

(a). Eon (See discussion for 
Location 1, Type A.) 

(b). Restrictions on the Use of the Existinp Lock. (See discussion for 
Location 1, Type A.) 

8. Location’ 

a. ExistinP Conditions 
(1). General Location Descrintion and Problem Definition. The Location 2 lock 

placement would construct a 1200-foot-long lock by extending the existing 600-foot 
lock chamber. The feasibility of extending the existing main lock is highly dependent 
on existing conditions and any impact to navigation during construction. To construct a 
completely new lock is not feasible because the loss of benefits to shut down navigation 
during construction would be immense. However, with the use of innovative 
construction techniques an existing lock chamber could be extended with reduced 
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impacts on navigation. The existing lock has large gravity type walls with filling and 
emptying culverts within the wall. For the lock extension, connecting to this existing 
system does not allow many alternatives such as thin structural walls with a bottom 
filling and emptying system or a system outside the lock wall. Therefore, the new lock 
extension design was constrained to have similar features as the existing lock. Pertinent 
data, elevations, and dimensions of the Location 2 locks are shown on Plate R2B 1 and 
R2Cl. 

(a). Existin? Lock Structure Stability. Stability of the existing intermediate 
wall was reviewed to determine if the lock walls met current design criteria. The 
existing walls are founded on rock and have performed well since the lock began 
operating in the late thirties. Computations show that the walls do meet current criteria 
and are considered stable. The stability of the existing lock chamber walls would not be 
affected by the lock extension. 

(b). Guidewalls and Guard Walls, The existing upstream and downstream 
guidewalls consist of a landward solid wall on timber cribbing. The walls are gravity 
type concrete. The top of walls are at EL. 471.5 feet. Though no analysis was 
performed, it is reasonable to assume that the upstream guidewall is in a condition that 
would only require extension and not complete removal and replacement. The lower 
guidewall would be reconstructed. Further design work would need to be made during 
the site-specific study phase for the most appropriate final design. 

(2). Foundation Conditions. (See Rock-Founded Location 3.) 
(3). Deviations from the Co 

* . 
mmon Tvpe B and C Cntena. The criteria defined 

earlier as common to all conceptual lock designs must be deviated from for the Location 
2 locks. The existing lock chamber floor elevation does not meet current criteria. The 
existing chamber floor provides 1.33D plus 2 feet of submergence. Lowering the 
existing lock floor is not feasible for several reasons. The cost of shutting down the 
river to lower the existing lock floor elevation would make the extension of the lock at 
Location 2 not feasible. Lowering the existing floor compromises the stability of the 
existing lock walls. Therefore, assumptions were made that the upper lock chamber 
floor and sill would remain and the new extension would be built to meet adopted 
common criteria of I .7D plus 2 feet below minimum tailwater. The depth is more 
beneficial in the downstream portion of the chamber because it eases resistance to entry 
(traveling upstream) into the lock caused by the piston effect. When a tow enters a lock, 
it causes water to be displaced out of the chamber. The piston effect occurs when 

inadequate chamber depth is provided. When not enough depth is provided, swell in the 
chamber is created. When the water finally displaces, the tow tends to lunge forward. 
Consequently, gates could be damaged due to impact. 

b.T eA C(Location. A Type A lock at Location 2 is not feasible 
because navigation would be closed for an extended period by the sheet pile cellular 
cofferdam required for this lock type. An alternative considered is to first construct a 
“temporary” 600-foot-long lock at another location, and then close the existing lock 
with the cofferdam. However this alternative, which amounts to construction of 1200 
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feet of lock chamber plus extra guidewalls and a cofferdam, proved to be 
economically inefficient. 

c. Tvne B (Location 2. Rock Founded). The existing main lock would be lengthened 
to 1200 feet by extending the land and intermediate walls 600 feet as shown on Plate 
R2B 1. The lock is designed to be dewatered and utilizes the excavated rock as a floor. 
The filling and emptying systems would extend the existing culverts within the land and 
intermediate walls. While the lock chamber walls are under construction, tow traffic 
would not be able to use the existing downstream guidewall safely. A temporary 
mooring area would be constructed downstream until the lower guidewall is completed. 
The lock would be provided with approximately 1800 feet of new guidewall. These 
walls would extend upstream and downstream of the landward lock wall. The 
downstream lock approach would consist of a guidewall, whereas the upstream lock 
approach may have a guidewall or a guard wall. Guidewall lengths will be determined 
as a result of the model studies; however, it can be generally assumed that the structures 
will be 1200 feet in length for estimating purposes. 

(1). Hvdraulic Features 
(a). Intake and Discharpe Structures. For the 600-foot lock extension, the 

existing intake manifolds would be utilized. Outlet manifolds for this 
alternative are assumed to have a configuration similar to the existing lock. 
The performance of the outlet and determination of the need for a more 
elaborate discharge manifold will be determined in physical model studies if 
this alternative is studied further. 

(b). Culverts and Distribution. The existing lock has a sidewall culvert/port 
system with 12.5foot by 12.5foot culverts on each side. Based on the 
results of a numerical model, the preliminary design of the extended lock 
requires 12.5-foot by 17.5-foot culverts in each wall, possibly closing some 
of the upstream existing ports, and additional ports in the new end that 
mirror the remaining ports in the existing lock. The culvert ceiling for the 
extension would not be lowered and the culvert heights would be maintained 
at low pool El. 449.0 feet. 

(c). Lower Miter Gate Sill. The new sill elevation would be set 1.7 times the 
draft depth of 9 feet plus 2 feet below lowest operating tailwater resulting in 
17.5 feet of submergence above the proposed sill elevation of 430.5 feet. 
The existing downstream sill of the main lock would be partially removed 
down to elevation 433.83 to provide the required depth in the lock chamber. 

(d). Annroach Conditions, Structures such as guidewalls, guard walls, and/or 
lateral dikes would be provided upstream and downstream of the lock to aid 
approach conditions. The preferred location and length of these structures 
will be investigated as part of the physical model tests of Lock and Dam 22. 
Some grading of the landward bank and/or dredging of the channel might be 
required to provide the depths and approach line for entrance to the lock. 
The removal of existing guard walls may be required. 
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i. Unstream GuidewalllGuard Wall. For the general design, the existing 
600-foot guidewall would be extended to 1200 feet. The 600-foot guidewall 
extension would be a solid wall with backfill landward of the wall. Should 
outdraft conditions be severe at a given site, a ported guard wall may be 
required riverward of the approach. The decision to add a guardwall would 
be made based upon a comparison of the economic benefit to the 
construction cost of the guardwall. 

ii. Downstream GuidewalL Because of the lock extension, the existing 
downstream guidewall must be removed. For the general design, a new 
1200-foot guidewall would be constructed. The guidewall would be solid 
rather than ported. 

(2). Geotechnical Features 
(a). Sheetpiles, Where sheetpiles are to be used they would require keying into 

the rock with tremie concrete seals. The lengths of the sheetpiles would be 
about 45 feet. Sheetpiles would be attached to adjacent precast units with a 
suitable design shown on Plate R2C2. 

(b). Site Prenaration. Site preparation for construction of the lock extension 
includes constructing the temporary downstream mooring facility, the 
fabrication/storage area, excavation of the barge access channel behind the 
existing and new lower guidewalls. Site preparations for the new guidewalls 
would be incorporated into site-specific designs. The new lower guidewall 
would be essentially completed prior to float-in of the new gate bay 
monolith and the subsequent construction of the new lockwalls. 

(c). Rock Excavation for Lock Extension, Excavation for the rock cradle 
would be accomplished in stages. Two monoliths at the downstream end of 
the guidewall would be removed prior to excavating for the gate bay 
monolith because of both the limited clearance between the end of the 
guidewall and the gate monolith and the required depth of the excavation 
(approximately 10 feet below the bottom of the guidewall cribs). Initial 
excavation would be for the gate sill monolith and the intermediate wall 
extension. The excavation would start at the riverward edge of the 
guidewall and extend riverward and downstream. Following construction of 
the gate sill monolith and the intermediate wall, the guidewall would be 
removed in increments, rock excavation and site preparation for the 
landward wall would also be performed in increments. Tie-in to the existing 
lock would require navigation shut down for removal of the existing 
discharge monoliths, completion of sheetpile installation and tie-in, 
excavation for tie-in of the lock floor and walls, and construction of the wall 
tie-in sections. 

(d). Sheetpile Cells.. Where used, the sheetpile cells and the walls of the lock 
extension would be supported on the rock at about El. 426.5 feet. Tremie 
seals would be required. During construction, sheetpile cells would be 
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installed adjacent to completed structures, especially for the tie-in of the new 
lock wall to the existing lock. 

(3). Structural Features 

(a). Lockwalls. The lockwalls would be constructed using precast concrete 
units. They result in gravity type walls founded on rock (see Plate R2B2) 
and faced with removable precast concrete rub panels. Each unit would be 
picked and set into place with a crane barge. This method simplifies and 
speeds construction. It results in considerable cost savings compared to the 
float-in methods using the same size units. The lift-in units would be 
designed such that the tops of their walls would be above the tailwater 
elevation once permanently positioned. The walls would later be extended 
to the top-of-lock elevation with cast-in-place concrete. 

The installation procedure of a lift-in unit begins with rock excavation 
to level the site. Then unit supports, or landing pads, would be 
constructed on the river floor under the four comers of the unit. Hydraulic 
jacks for leveling the unit would be placed on top of each landing pad. 
The unit would be lifted from a barge deck and lowered onto the hydraulic 
jacks. The units would then be leveled and aligned. Tremie concrete 
would then be placed in the bottom of the hollow unit up to where the 
culvert and port inverts would be located. Once the tremie concrete floor 
cures, the unit would be dewatered, and the remaining wall monolith 
construction performed in the dry. Anchors into the underlying rock 
foundation may be required to temporarily resist uplift forces on the tremie 
concrete floor. At some point during the wall construction, the anchors 
would become superfluous as the weight of the wall monolith becomes 
sufficient to resist uplift forces. After the unit is dewatered, the culvert 
and ports would be formed between the prefabricated openings in the lift- 
in unit’s walls, and the remaining voids filled with concrete. Raising the 
height of the lift-in unit walls to top of lock elevation would proceed with 
cast-in-place concrete. The installation of precast panels to the surface of 
the lockwalls would complete construction. The precast rubbing panels 
may be used as a form for the upper cast-in-place concrete. Lift-in units 
would be installed according to the previously discussed construction steps 
until the lockwall is completed to the desired length. 

The units were sized assuming that a 350-400 ton crane barge was 
available. The walls of the units have to be designed to resist handling 
stresses and the internal head of tremie concrete during pouring. Overall 
stability calculations were performed for normal lock operation and lock 
dewatering. Lateral movement of the walls would be resisted by keying into 
the rock floor strata. 

(b). Lock Floor. The lock floor would consist of sound natural rock. Debris 
created during excavation would be removed. 
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(c). Downstream Miter Gate Monolith. The lower miter gate sill monolith is 
designed as a continuous U-frame (see Plate R2B3). A precast prestressed 
concrete U-frame structure is constructed away from the final location on 
barges or in a dry dock. Once completed, the monolith would be floated to 
the site and sunk into place. Filling of internal voids and along the outside 
of the gate monolith with tremie concrete would tie the monolith to the rock 
foundation. The U-frame structure is designed for loadings during float-in 
and all other loading conditions required for a navigation lock monolith. 
Gate loads were estimated and overall stability calculations were performed. 
The installation of a lower miter gate sill monolith would require some lock 
shut down time. This is discussed further in the Construction Sequence and 
Procedures Section. 

(d). Miter Gates. The existing upper miter gate would be rehabilitated or 
replaced as appropriate. The existing lower miter gates would be removed. 
The new lower miter gate would be vertically framed with overall leaf 
dimensions of 39’-0” high by 60’~8” wide. 

(e). Tie-in to Existing Lock. Culvert discharge walls would be demolished to 
the beginning of the interface of new work. The required lock shut down 
during construction is discussed in the Construction Sequence and 
Procedures Section. Tie-in to the existing lock walls would be 
accomplished by constructing a wall similar to the lock chamber walls. 
After tie-in, the existing structure and the new structure would act as 
independent monoliths. A water tight expansion joint would be formed 
between the structures. After removal of the existing culvert discharge 
walls, a standard 44-foot monolith would be constructed identical to the 
other new lock wall monoliths. A shorter 29-foot monolith would be cast- 
in-place to close the gap between the new monoliths and the end of the 
existing lock wall. Because the bottom of excavation for the wall and slab 
tie-in would be at the existing gate monolith elevation, the stability of the 
gate sill monoliths is not a concern. 

(f). Temporary Moorinp Wall. The wall would be designed for a very short 
term design life. Quantities were based on an assumed structure with no 
reduction for reuse. 

(g). Guidewalls. The upper guidewall extension and lower guidewall would be 
constructed using the guidewall concepts for rock foundations, see 
paragraph 6 b(l)(a). 

(4). Construction Sequence and Procedures. Construction planning at 
Location 2 would be critical. The construction sequence presented is only one of 
several possible sequences. Many of the steps could be accomplished concurrently. 
The philosophy is to first construct items which would enhance lock performance 
during construction. Therefore, the upstream guidewall would be extended and the 
downstream guidewall would be constructed prior to construction of the downstream 
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lock extension. The following describes procedures required to accomplish each step of 
the construction, with an emphasis on the innovative construction procedures. 

(a). Install temporary mooring structure and dredge behind guidewall for 
barge access. This work would be accomplished using typical river 
construction with no impact on navigation. 

(b). Extend upstream guidewall and construct downstream guidewall. The 
downstream guidewall would be built from the landward side of the river. 
Helper boats to assist in lock approach would be required to ensure that the 
wall was not hit during construction. 

(c). Remove downstream portion of the existing lower guidewall. 
Approximately 100 feet of the downstream end of the guidewall would have 
to be removed to allow placement of the miter gate sill monolith. Some 
inconveniences to river traffic would occur. 

(d). Pre-dredge site atfuture lock walls and chamber. The areas would be 
excavated using methods to maintain an excavation tolerance of 5 inches. 
Some impact on navigation would be expected. 

(e). Install landing pads at site for the riverward lock wall and miter gate sill 
monolith. Clean excavation debris and install landing pads. 

(0. Placefloat-in miter gate sill monolith. Concurrent with Steps (a)-(e), the 
miter gate sill monolith would be constructed atop moored barges near the 
site. After the sill monolith construction is completed, the barges would be 
sunk until the sill floats off the barges. The sill, when floated, would have at 
a draft of 14 feet with at least 2 feet of underkeel clearance. Once floated to 
the site, positioning would be assisted by two 36 inch diameter master 
anchors and two moored barges at the site. The steps required to bring the 
gate sill monolith into its final position are similar to those shown on Plate 
P2B5. The monolith would be sunk on to the landing pads. Placement 
tolerances for the master anchors would be plus or minus 6 inches from their 
final position, and vertically 2 to 3 percent. Tighter tolerances would be 
achieved by an external sleeve that would be aligned and grouted to the 
master anchor. As necessary, the miter gate sill monolith could be tied to 
the rock foundation. 

(g). Construct approach walls monoliths and construct riverward chamber 
wall monoliths. Lock wall units would be constructed on barges and 
brought to the site. Place landing pads as in step (e). A 350-400 ton crane 
barge would set the wall units on landing pads. Final positioning and 
leveling would be assisted by hydraulic rams attached to each unit, flat 
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hydraulic jacks, and horn guides and steps on previous placed units. The 
open spaces between the base of the wall unit and the adjacent area would be 
sealed with sand bags preattached to the units or by placing a grout seal. 
The bottom of the wall units would be sealed with tremie concrete. Once 
the tremie concrete reaches its design strength, the unit would be dewatered. 
Construction of the rest of the wall would be in the dry. The construction of 

the new culvert discharge walls and river-ward walls would start at the miter 
gate sill monolith. 

(h). Demolish the existing guidewall in increments. Demolition of the existing 
guidewall would be accomplished using two techniques depending on 
proximity of the existing lock. Near the existing lock, concrete would be 
removed by line drilling and pressure wedging methods. Blasting of 
concrete would be more economical, if performed, away from existing 
structures. Timber cribbing, stone, and foundation soils would be excavated 
with a clam shell. 

(i). Construct landward lockwall monoliths. Construction of the landward wall 
would begin by excavating the rock crib. Once the landing pads are 
installed, wall construction would proceed as in steps (g) and (h). 

(i). Tie-in to existing lock walls. The tie-in of the intermediate and land walls 
would be done by removal of the existing culvert discharge walls. Because 
the culvert discharge walls house the emptying ports, the lock would not be 
able to operate. The two walls would be constructed simultaneously to 
reduce the amount of lock closure time. Construction of the walls would be 
the same as the other wall monoliths. 

(k). Dewater lock andplug existingfilling and emptyingports. Typical lock 
dewatering and construction methods would be used to plug existing ports 
and cut new ones. 

(5). Operational Considerations 

(a). Jm act n Navi 9. Both the designs and 
construction sequence were developed to minimize impacts to navigation and provide 
safe conditions during construction. During construction, navigation could be impacted 
in many different ways. Impacts include the use of helper boats, lock closure, 
temporary traveling kevels, width restrictions, and power restrictions. The impacts are 
quantified using experienced judgment and input received through Reference 8. The 
use of helper boats could be required for the entire construction period. During almost 
every phase of construction, tow boats would be passing directly next to unfinished 
construction or construction in progress. 
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An allowable daily schedule was assumed as follows: 8 hours of navigation 
closure per day (for construction within the river traffic path) and 16 hours of navigation 
traffic per day. Construction outside of the traffic path would take place 16 hours per 
day. Construction would be carried out 5 days a week. During the winter months, 
navigation slows down except on the Illinois Waterway and the downstream reach of 
the Upper Mississippi River. It is assumed that at least one month of shut down could 
take place without a significant loss of economic benefit. At the end of the 8 hour-per- 
day closure of navigation, unfinished construction would be left until the next day. 
During the 16 hour a day navigation period, a helper boat would be required for tows 
that pass next to unfinished construction that has not progressed to a level which could 
resist impact or rubbing forces. When an opposite lock wall is in place a temporary 
traveling kevei might be used to hold the tows to one side. The wall would have to be 
nearly complete with rub panels installed. Table 7 summarizes the estimated closure 
time required for the lock construction. The steps correspond to the letters in the 
construction sequence. 

TABLE 7 - Lock Closure Time During Construction II 

Construction 
Sequence 

Step 

Maximum Closure Number of Working Days 
Time Per day Required 

@m/day) for Construction 
(4 0 -- 

(b) 8 280 

(4 8 17 

(4 2 72 
w 8 30 

03 24 2 

II (g)approach 8 40 
walls II 

(g) riverwall 8 110 

(h) 8 60 

(0 8 160 

0) 24 20 

1’ (k) 24 30 
“Assumes upper and lower guidewalls are constructed concurrently. 

Because many of the steps in Table 7 would be accomplished concurrently, the 
total construction time required for the assumed daily schedule is about 2.5 years. Most 
of the construction would be performed during the allowed 8 hour-per-day navigation 
closure. The total duration of required lock closures is about 52 days; 2 days during 
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gate monolith placement (step i.), 20 days during the lock tie-in (step j.), and 30 days 
during lock dewatering for port modifications (step k.). If construction is planned so 
that the tie-in and lock dewatering occur during the allowed winter closure, then total 
lock closure could be reduced by about 1 month. All other construction would be 
performed within the navigation schedule. 

Increasing the distance between tows and construction areas would increase the 
level of safety during navigation. One way of accomplishing this would be to impose 
width restrictions on the tows. Discussions need to be initiated with the towing industry 
to decide the most feasible scenario. This would also include the liability question in 
the event that a tow damages construction. Power restrictions would be imposed on the 
tows traveling in the construction area. Tows would have to operate at 50 percent 
power and even less for larger tows. 

d. Type C (Location 2. Rock Founded). Due to the culverts within the existing wall a 
typical sheet pile cellular chamber wall lock is not practical. For the Type C lock, the 
existing main lock would be extended to 1200 feet by extending the land and 
intermediate wall 600 feet as shown on Plate R2C 1. The other portions of the lock are a 
scaled-back version of the Type B lock, primarily reducing the top wall width. The 
new lock would require approximately 2400 feet of guidewall. 

(1). Hydraulic Features. The features and performance of the Lock Type C were 
assumed to be the same for the Lock Type B except that the filling and emptying 
culverts would be smaller. 

(2). Geotechnical Features 
(a). Modifications of Lock Tvne B Design. For the Type C lock, the lock floor 

design was changed slightly. The floor elevation remains at El. 430.5 with a 
slight banking at the walls. The design concept is the same as the floor design 
in the existing lock. 

(b). Sheetpile. Installation of sheetpile, construction sequencing/staging, 
construction of the new gate sill monolith and the extension of the lock walls 
for the Type B lock would be identical to those of the Type B lock. The 
perimeter sheetpile for the Type C lock walls would be continuous, including 
the tie-ins to the existing lock and sill monoliths. Tie-ins as recommended for 
the Type B lock and the precast wall units are shown on Plate R2C4. 

(c). Site Prenaration. Site preparation would be the same as for the Type B lock. 
(d). Excavation for Lock Extension. Excavation staging/sequencing is the same 

as the Type B lock, but excavation depths decrease for the walls since sheet 
pile tie-ins are furnished. It is recommended that sheetpile installation and 
excavation for the gate sill monolith be sequenced with the gate sill monolith 
float-in operation so that during excavation stone debris does not drop into the 
gate sill monolith cradle. 

(e). Sheetpiles, The type of sheetpiles and installation concerns are the same as 
for the Type B lock. 
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This work would be done in the dry allowing the use of cast-in-place concrete. The 
lower gate monoliths would be composed of float-in units similar to the Type B 
design. As with the Type B lock, river traffic would be halted or restricted in width 
during the extension of the intermediate wall. Again, much of this work could be 
accomplished during the closure of the existing 600 foot lock for its modifications. 

(1). Hvdraulic Features. 
(a). Intake and Discharpe Structures. (See discussion under Type B.) 
(b). Culverts and Distribution. The in-the-wall culverts in the miter gate 

monoliths transition to a longitudinal culvert centered in the lock chamber 
and excavated into the rock. The top of the culvert would be constructed 
higher than the lock chamber floor, leaving the top portion of the side 
walls exposed above the rock. The ports would be located at the top of the 
side walls of the culvert, jetting the water out horizontally. This is as 
opposed to having the ports in the roof of the culvert which would aim the 
energy of the inflow directly at the barges causing high hawser forces and 
unacceptable turbulence. The alternate operations of filling and emptying 
would be controlled by tainter valves located in the gate monoliths, both 
upstream and downstream. At the downstream end of the center culvert, a 
transition would be made back to the in-the-wall culverts in the 
downstream miter gate monoliths. Water exits the lock chamber through 
the lower lock area outlet ports in a similar manner as it enters the intake 
ports of the lock chamber. 

(2). Geotechnical Features 
(a). Site Preparation. (See discussion for Type B) 
(b). Rock Excavation. Rock excavation would occur for the same purposes as 

for Type B and for excavation of the filling and emptying culvert. The 
total quantity of rock excavation for the lock chamber is estimated at 
39,000 cubic yards. 

(c). Cofferdam and Dewaterine Measures. The main features of the Type C 
lock would be constructed in the wet. As indicated in the construction 
sequence on Plate R3C1, a short line of temporary cofferdam cells would 
be required across the downstream end of the lock between opposite walls. 
Just as for the Type B locks, these cells would be needed to complete 
construction of the lower miter gate sill and other work requiring 
dewatering (including the F/E culvert). The upstream end would be closed 
off by installation of a poiree dam. The rock is not heavily fractured and it 
is expected that dewatering could be accomplish by pumping out of sumps 
excavated into the rock. 
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(3). Structural Features 

(a). Lockwalls. As noted above, the Type C lockwalls would be constructed 
of sheet pile cells, a proven method for water retention, A plan and cross 
section of these lockwalls is shown on Plates R3Cl and R3C2, 
respectively. The intermediate wall cells would have to be concrete-filled 
since these cells must be cut to allow placement of precast lockwall panels 
without projecting wider than the existing intermediate lockwall. 
Concrete-filled cells would be the most stable and durable, expected to last 
indefinitely, but these cells would also be more costly than cells with other 
fill types. The river-wall is presently shown gravel-filled to save cost. The 
river-wall could be upgraded with concrete fill also. The gravel-filled 
sheetpile cells would have higher maintenance costs, more emergency 
repairs, and shorter service life than concrete-filled cells. Gravel-filled 
cells would be capped with concrete with access provided for replacement 
of lost fill material. During any future design studies, a life-cycle cost 
analysis should be performed on cellular walls with the alternative fill 
materials. Precast concrete rubbing surfaces would be installed on both 
faces of the intermediate lockwall and on the lockside face of the riverwall 
cells. Unlike the intermediate wall (which has width constraints), the 
river-wall alignment would be adjusted to allow the panels to be placed 
external to the cells, maintaining the cell integrity and allowing the use of 
gravel fill. Tie-ins to existing lockwalls would require localized 
cofferdams and these wall monoliths would be concrete gravity wall 
construction. 

(b).Mms. (See discussion for Type B..) 
(c). Guidewalls. This lock would have 1200-foot-long guidewalls, upstream 

and downstream, of the typical design for a rock-foundation described 
earlier in paragraph 6b( l)(a). 

(4). Constructions. A general construction sequence is 
shown on Plate R3Cl. Most of the activities identified in this sequence must 
be done in the order shown for the same reasons as for the Type B lock. 

(5). Operational Considerations 

(a). Imuact on Navipation Traffic durinp Construction. (See discussion under 
the Location 3 “Existing Conditions, General Site Description” paragraph 
above.) 

(b). Restrictions on the Use of the Existing Lock. (See discussion under the 
Location 3 “Existing Conditions, General Site Description” paragraph 
above.) 
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10. Location) 

a. Existinp Conditions 
(1). General Site Description. Location 4 is through the gated section of the 

dam. Although any placement along the gated section is possible, the one selected for 
development of the Location 4 rock-founded concept design minimized the number of 
dam gates eliminated. The selected placement, shown on Plate R4GP, only 
eliminates one tainter gate bay from the dam. The loss of flow capacity would be 
mitigated by constructing a new tainter gate bay through the non-overflow section of 
the dam. This requirement is reflected in the cost estimates for each of the Location 4 
lock types. A new lock at Location 4 would require removal of the incomplete 
riverwall of the auxiliary lock and the end pier of the dam. This location would allow 
use of both the existing lock and the new lock for commercial traffic due to the 
separation between locks. In addition, minimal channel work would be required due 
to the close proximity of the new approach channels to the old approach channels. 
Access to the dam would be slowed on occasion due to the need for the dam operators 
to cross a second active lock instead of only one. The regulation schedule for the dam 
gates would have to be reexamined to minimize adverse effect on navigation. 

(2). Foundation Conditions. The footprint of the entire Location 4 lock at L/D 
22 would rest on competent limestone at a relatively uniform elevation. This may not 
be the case at all rock-founded sites. Some silt removal would be required at all sites. 

b. Type A (Location 4. Rock Founded). The Location 4, Type A, rock-founded lock 
would be a traditional lock design with concrete gravity walls built in the dry within a 
large cellular cofferdam (see Plate R4Al). The existing intermediate wall and one of 
the dam piers would be incorporated into the cofferdam layout for this lock. An 
extension of the existing lock’s downstream guidewall would be necessary to allow 
for safe passage of tows into the existing lock during construction. No underwater 
excavation would be required since the entire lock chamber area would be dewatered. 
Most of the lock would be constructed with cast-in-place concrete. The lockwalls 
would be a traditional gravity wall design depending on the concrete mass for 
stability from overturning and sliding. This type of design has proven low 
maintenance and indefinite service life. The in-the-dry construction allows for direc 
inspection and better quality control than underwater construction. The lock would 
have miter gates at each end and the filling and emptying would be controlled with 
tainter valves. The filling and emptying system culverts and ports would be integral 
with the lockwall monoliths. A more detailed description of the Type A lock is given 
by feature below. 

(1). Hydraulic Features. The hydraulic features of the Location 4, Type A lock 
are identical to those of the Location 1, Type A lock (see paragraph 7b( I).). 
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(2). Geotechnical Features 
(a). Site Preparation. Site preparation for construction of a Location 4 lock 

would be minimal and would primarily include silt removal and 
construction of temporary navigation aides as needed. An extension of the 
lower guidewall of the existing lock would be required to guide tows passed 
the Location 4 cofferdam. 

(b). Rock Excavation. All rock excavation would occur in the dry within the 
dewatered cofferdam. Total rock excavation quantity is estimated at 
50,300 cubic yards. 

(c). Cofferdam and Dewate 1 r’ng. The cofferdam would be a traditional design 
of soil-filled sheet pile cells. The rock is not heavily fractured and it is 
expected that dewatering could be accomplished by pumping out of sumps 
excavated into the rock. 

(3). Structural Features 

(a). Lockwalls. The Location 4, Type A lockwalls are shown in cross section 
on Plate R4A2. The lockwalls would be traditional concrete gravity walls 
28 feet wide with integral filling and emptying culverts. The lockwalls 
would be equipped with ladders, checkposts, and T-armor. No floating 
mooring bitts are proposed for this lo-foot-lift lock. 

(b).Miter Gate Monoliths. The upstream and downstream miter gate sills 
would be constructed of cast-in-place concrete and would be excavated 
into- and founded directly on the underlying rock. The miter gate wall 
monoliths would be conventional cast-in-place concrete gravity walls. 

(c). Guidewalls. This lock would have 1200-foot-long guidewalls, upstream 
and downstream, based on the Melvin Price Lock guidewalls, adapted to a 
rock foundation. (See description of guidewalls for Location 1, Type A, 
pile-founded) 

(4). Construction Sequence and Procedures. A general construction sequence is 
shown on Plate R4Al. The construction sequence for this traditional lock 
design is straightforward, having been repeated many times in lock 
construction. 

(5). Operational Considerations 

(a). Imnact on Navigation Traffic during Construction. During construction of 
the cofferdam and during the time the cofferdam would be present, aides 
to navigation would be required for safe access to the existing lock 
chamber. The existing lock’s lower guidewall would be extended to allow 
tows to align themselves with the lock at a greater distance from the lock. 
A traveling kevel on this wall might be necessary to handle the unpowered 
first cut of tows longer than 600 feet (the length of the existing lock). 
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(b). Restrictions on the Use of the Existing Lock. Once the Location 4 lock 
work was completed, it would be expected that commercial traffic could 
fully use both locks (the existing lock and the new lock). The lock 
placement shown in the plan view (Plate R4GP) was selected to displace 
as few dam gates as possible. If model studies reveal that greater 
separation between locks is needed for full use of both locks, then the 
Location 4 lock would be sited accordingly. 

c. Tvne B (Location 4. Rock Founded). The Location 4, Type B design would be 
constructed using both lift-in units and traditional cast-in-place techniques. This lock 
is shown in plan and cross section on Plates R4B 1 and R4B2, respectively. The upper 
gate monolith would be built in the dry within a cellular sheet pile cofferdam. The 
existing intermediate wall would be part of the cofferdam for construction of the 
upper gate monoliths. A cofferdam around the entire lock would not be needed or 
constructed; this is a substantial cost savings of the Type B lock compared to the 
Type A lock. The lower gate and lockwall monoliths would be composed of precast 
float-in units, meaning the majority of the lockwall fabrication would take place off- 
site as proposed for the Location 2, Type B lock. The emptying/filling culverts, ports, 
and utility lines would be located within the lockwalls. 

(1). Hvdraulic Features 
(a). Intake and Discharue Structures. (See discussion under Type A) 
(b). Culverts and Distribution. (See discussion under Type A) 

(2). Geotechnical Features 
(a). Site Preparation. (See discussion under Type A.) 
(b). Rock Excavation. Underwater rock excavation would take place for 

preparing the foundation of the lockwalls. Rock excavation in the dry 
would occur for obtaining the desired lock chamber floor elevation. Total 
rock excavation quantity is estimated at 26,000 cubic yards. 

(c). Cofferdamg. The upper miter gate bay cofferdam would be 
a traditional design of soil-filled sheet pile cells. As indicated in the 
construction sequence on Plate R4B 1, a short line of temporary cofferdam 
cells would be required across the downstream end of the lock between 
opposite walls. These cells would be needed to complete construction of 
the lower miter gate sill and other work requiring dewatering. The 
upstream end would be closed off by installation of lock bulkheads. The 
rock is not heavily fractured and it is expected that dewatering could be 
accomplished by pumping out of sumps excavated into the rock. 
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(3). Structural Features 

(a). Lockwalls. The Location 4, Type B lockwalls would be of the same 
design as those for the Locations 2 and 3, Type B locks. For a description 
of this lockwall design see those respective write-ups. 

(b). Miter Gate Monoliths. The upstream miter gate wall monoliths would be 
conventional cast-in-place concrete gravity walls. The downstream miter 
gate wall monoliths would be of precast modular construction. Both miter 
gate sills would be constructed of cast-in-place concrete in the dry. 

(c). Guidewalls. This lock would have 1200-foot-long guidewalls, upstream 
and downstream, of the typical design for a rock-foundation described 
earlier in paragraph 6b( l)(a). 

(4). Construction Sequence and Procedures. A basic construction sequence for 
the Location 4, Type B lock is shown on Plate R4B 1. 

(5). Operational Considerations 

(a). Imnact on Navigation Traffic during Construction. During construction of 
the landside lockwall, lower miter gate bay, and guidewalls, navigation aides 
(e.g., helper boats) would be required to allow tows to reach the existing lock 
safely. Few or no complete closures or width restrictions should be necessary. 
(b). Restrictions on the Use of the Existing Lock. (See discussion for the 
Type A lock.) 

d. Type C (Location 4. Rock Founded). The Location 4, Type C lock is shown on 
Plate R4C 1. The Type C lockwalls would be constructed with sheetpile cells. The 
filling/emptying system for the Type C lock would include a longitudinal culvert 
excavated into the rock along the centerline of the lock chamber. This work would be 
done in the dry allowing the use of cast-in-place concrete. The upstream gate 
monoliths would consist of cast-in-place concrete gravity walls. The lower gate 
monoliths would be composed of float-in units similar to the Type B design. A 
cofferdam would be built for the cast-in-place construction of the upstream gate 
monolith. The construction of the upper gate monoliths, and the removal of the 
existing components required for their construction is identical to the Type B design 
at this location. A more detailed lock description, by feature, is provided below. 

(1). Hydraulic Features. (See discussion for Location 3, Type C.) 

(2). Geotechnical Features 
(a). Site Preparation. (See discussion for Type A.) 
(b). Rock Excavation. Underwater rock excavation would take place for 

preparing the foundation of the lockwalls. Rock excavation in the dry 
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would occur for obtaining the desired lock chamber floor elevation. Total 
rock excavation quantity is estimated at 37,000 cubic yards. 

(c). Cofferdam and Dewatering. The dewatering requirements and provisions 
would be the similar to those for the Type B lock. 

(3). Structural Features 

(a). Lockwalls. As noted above, the Type C lockwalls would be constructed 
of sheet pile cells. A plan and cross section of these lockwalls is shown on 
Plates R4C 1 and R4C2, respectively. Precast concrete rubbing surfaces 
would be installed on the cell walls exposed to barge traffic, both sides of 
the intermediate wall and the lock side of the river-wall. The lockwall 
alignments would be such that they would allow the panels to be placed 
external to the cells, maintaining the cell integrity and allowing the use of 
gravel fill. The lockwalls are presently shown gravel-filled to save cost, 
but they could be upgraded with concrete fill. The gravel-filled sheetpile 
cells would have higher maintenance costs, more emergency repairs, and 
shorter service life than concrete-filled cells. Concrete-filled cells would 
be the most stable and durable, expected to last indefinitely, but these cells 
would also be initially more costly than gravel-filled cells. During any 
future design studies, a life-cycle cost analysis should be performed on 
cellular walls with these alternative fill materials. Tie-ins to existing 
lockwalls would require localized cofferdams and these wall monoliths 
would be concrete gravity wall construction. 

(b).v. (See discussion for Type B locks.) 
(c). Guidewalls. This lock would have 1200-foot-long guidewalls, upstream 

and downstream, of the typical design for a rock-foundation described 
earlier in paragraph 6b( l)(a). 

(4). Construction Sequence and Procedures. A basic construction sequence for 
the Location 4, Type C lock is shown on Plate R4C 1. 

(5). Onerational Considerations 

(a). Im ct n Navi Q nst ion. (See discussion for the 
Location 4, Type B lock.) 

(b). Restrictions on the Use of the Existinp Lock. (See discussion for the 
Location 4, Type A lock.) 
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11. Location 5 (Rock-Founded). The Location 5 locks of all three design types 
would be identical to those described above for Location 4, with only a few 
exceptions described below. Plan views of the Location 5, Types A, B, and C locks 
are shown on Plates R5A 1, R5B 1, and R5C 1, respectively. While constructing a lock 
in this location would be feasible from an engineering standpoint (i.e., it is possible to 
construct), these locks are economically infeasible at all sites because of extensive 
channel work requirements and adverse environmental impacts. The incremental cost 
of the channel work and the environmental mitigation for lock construction at 
Location 5 eliminates this alternative from further consideration. The site adaption 
write up further documents the reasons for the elimination of Location 5 locks from 
further consideration. A complete feature-by-feature description is not provided for 
these locks because of the similarities to the Location 4 locks, but differing items are 
described below. 

a. General Site Descrintion. The Location 5 lock placement sites a lock in the non- 
overflow or overflow section of a dam, if there is one. At Lock and Dam 22, the 
selected Location 5 lock placement was adjacent to the dam storage yard (where dam 
bulkheads are stored). The further the lock would be placed from the gated section of 
the dam, the higher the lock costs would be because of the channel work required to 
join with- or realign the existing navigation channel. The non-overflow section 
consists of an embankment with a core of sheet pile cells. Cutting through this 
section with a new lock presents a challenge in maintaining damming capability at all 
phases of construction (see paragraph b(l)(b) below). Placing a lock and associated 
channel at Location 5 would require removal of at least two islands. This undesirable 
environmental loss, which is typical at other sites besides L/D 22, is not involved with 
Locations 1 through 4. 

b. Features Unique to Location 5 (for all three lock types) 

(l).Geotechnical Considerations. 
(a). Site Preparation. To have access to the construction site both upstream 

and downstream of the dam, dredging would be required to obtain 
adequate depths. 

(b). Tie-In to Non-Overflow Section. Cellular sheetpile walls would be used 
to pass through the non-overflow section of the dam and tie-in to the upper 
miter gate bay of the lock. Before the upstream lock approach could be 
excavated through the non-overflow dike, the cells would have to be 
capable of retaining the adjacent dike material on both sides and providing 
damming capability to hold pool. First the riprap would have to be 
removed from the non-overflow section and cells driven (both upstream 
and downstream) to the centerline of the dike where there is an existing 
cellular sheetpile diaphragm. The downstream cellular wall must tie-in to 
a completed upper miter gate bay or cofferdam. By chemical grout or jet 
grouting a seepage cutoff would be constructed between sheet piling 
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extending from the new cells and the sheetpiling of the diaphragm cells to 
remain in the dike. Then the piling of the diaphragm cells between walls 
would be pulled. The upstream and downstream cellular walls could then 
be completed by driving the connecting cells. After this, the embankment 
material of the dike between walls would be removed. 

(2). Construction Sequence and Procedures. A general construction sequence 
for each of the three lock types is shown on Plates RSAl, R5B 1, and R5C 1. 

(3). _ r t’ 1 One a iona Considerations/ Navigation ImPactS. Due to its removal from 
the existing lock, construction of the lock itself should have little impact on 
navigation, other than the added number of boats due to general construction activity. 
However, constructing the channel could have major impacts on navigation, 

particularly during the transition period from using the existing channel to having the 
new channel adequately completed. It is not expected that the two widely separated 
channels could be maintained simultaneously. To maintain the existing navigation 
channel, river training works are constructed and periodic dredging is performed. 
Some of these river training structures would have to be removed and others added to 
retrain the river to a new course. There would likely to be a period before the new 
channel is complete, when neither channel is adequate for 9-foot-draft navigation. 
Once the new channel is complete, the old approach channels to the existing lock 
would likely be good only for recreation craft without extensive dredging. 
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Pile-Founded Lock Design ConceptS 

Pile founded lock concept designs were based on the Lock and Dam 25. Pertinent data, 
elevations, and dimensions are tabulated below. 

Table 8: Lock and Dcam 25 - Pertinent Data 

Data Description Value 

Upper Pool: Normal Operating Elevation El. 434.0 

Maximum drawdown of Upper Pool El. 429.7 

Lower Pool: Normal Operating Elevation 

Lower Pool: Low Water Elevation 

El. 419.0 

El. 415.8 

Lower Pool: 15% Duration Elevation 

(Cofferdam Height) 

10 year Flood + 2 Feet of Free Board 

El. 429.3 

II (For lock dewatering load) El. 443.0 

Existing Upper Sill Elevation (Location 2) 

Existing Lower Sill Elevation (Location 2) 

Existing Upper Sill El. Aux. Lock (Location 3) 

Maximum Upper Sill Elevation - Type A 
Locks 

El. 415.0 

El. 407.0 

El. 407.0 

El. 416.0 

1 Maximum Lower Sill Elevation - Type A El. 401 .O 
Locks 

Maximum Upper Sill El. - Types B and C 
Locks 

El. 418.7 

Maximum Lower Sill El. - Types B and C 
Locks 

El. 403.7 

Existing Lock Floor Elevation El. 405.0 

Type A Lock Floor Elevation El. 399.0 

II Types B and C Lock Floor Elevation 
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12. Location 1 (Pile-Founded) 

. . 
a. Existing Condmons 

(1). General Site Description. The Location 1 lock placement is landward of 
the existing lock and as close as possible to the existing lock to minimize the 
approach excavation. The lock could be moved further from the existing lock if 
required due to reasons related to approach conditions, relocations, existing 
infrastructure, etc. Optimizing the alignment is out of the scope of this study. The 
location requires significant changes to existing river training structures that are on 
the same side of the river as the lock. Types A, B, and C are all feasible at Location 1 
at Lock and Dam 25. 

The existing riverfront area features drainage areas, access roads, utilities, 
recreation, parking, residential and commercial property, etc. that would have to be 
removed, rerouted, relocated or abandoned to accommodate the right of way for the 
new lock, cofferdam, guidewalls and approach channels. The existing approach 
channels and training structures on the near side of the river would have to be 
modified. During this transition time, approach conditions to the existing lock would 
be altered. Some delays might occur. 

b. TyDe A (Location 1. Pile-Founded). The Type A lock would be a reinforced 
concrete U-frame structure constructed in the dry within a dewatered cofferdam. The 
cofferdam consists partly of the existing lock and guidewall and would be completed 
with sheet pile cells and arcs (an earthen cofferdam with a concrete slurry wall core is 
an option, but not presented). The lock service gates would be a two-leaf lift gate 
upstream and miter gates downstream. The filling and emptying system uses intake 
ports and discharge outlet that would be directed into the approaches. Flow would be 
distributed in the chamber by side ports leading from culverts in the lock walls. The 
concept features 1,200-foot-long guidewalls upstream and downstream that would be 
constructed in the wet. 

(1). Hvdraulic Features. See discussion for rock-founded Location 1, Type B 
(paragraph 7b( l).). 

(2). Geotechnical Features 
(a). Cofferdam. The cellular cofferdam partially surrounds the lock and 

provides space for lock construction and access around the lock. A road 
on top of the cofferdam would also provide access. The cofferdam would 
be constructed of sheet pile cells with connecting arcs. Both cells and arcs 
would be filled with sand. The site would have to be partially excavated 
to reduce the driven length of piles and to reduce the lateral loads on the 
completed cells. An earthen berm would help stabilize the cells after 
dewatering. The river-ward leg of the cofferdam would be formed by two 
cantilevered Z-pile walls that run parallel to the existing lock. They would 
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be separated from the existing lock and guidewall by about 60 feet to 
minimize adverse effects on the stability of these two structures. The 
lower of the two walls will be driven at least to elevation 360 to also serve 
as a seepage cutoff barrier. The cutoff will be at the end of a 175 foot 
seepage path. The cellular cofferdam only requires partial removal after 
the project is complete. A portion of the landward leg could remain. 

(b). Site Preparation. The levee that contains pool at Lock 25 requires 
relocating and the relocated levee would have to be built before the 
existing levee would be removed. For the cofferdam, two levels of 
cantilevered Z-pile walls would be driven parallel to the existing lock 
alignment. The upper level would support the existing esplanade and 
other backfill at elevation 444 and the lower level would permit a general 
excavation to about elevation 405. After this, the sheet pile cofferdam 
cells would be driven to elevation 355. The existing road would have to 
be temporarily rerouted as the existing embankment is excavated to 
prepare for sheet pile driving. The remainder of the excavation would 
occur within the confines of the cofferdam to reduce the amount of the 
overall excavation. Utilities would be relocated and temporary access to 
the existing lock would be restored by a road on top of the cofferdam. 

(c). Scour Protection DurinP Construction. As a minimum, the upper and 
lower legs of the cofferdam would require scour protection due to their 
exposure to river velocities and to river traffic. 

(d). Sheet Pile Cutoffs around Lock Perimeter. Sheet pile cutoff walls would 
border the portions of the lock wall that are exposed to river velocities. 
Sheet piles would be embedded into the concrete monoliths. The purpose 
of the walls would be to provide scour protection against the loss of 
material from around the bearing piles and to provide a seepage cutoff. 

(e). BearinP Piles. The gate monoliths and the chamber structures would be 
supported by steel H-piles driven to refusal. The presence of cobbles and 
boulders at the site dictate that steel H-piles be used for the foundation. 
Pile capacities were developed from Design Memorandum No. 21 for the 
design of the auxiliary lock at Melvin Price Locks and Dam on the 
Mississippi River. The compressive capacity was assumed to be the same 
at 345 kips for an HP 14x117. The tension capacity of 3 1 kips was 
calculated by interpolating the available embedment depth at Lock and 
Dam No. 25 with the tension capacities and corresponding pile depths at 
Melvin Price. 

(f). Scour and Erosion Protection. Permanent scour protection would be 
required in the upstream and downstream channel. Some earthen slopes 
would have to be protected from scour. The depth, type and number of 
layers of stone vary. Most areas would be covered with a six-foot thick 
layer of stone. The sides of the lock would be backfilled to the top of the 
lock and would not require scour protection. 
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(3). Structural Features 

(a). Lockwalls. The lock chamber walls would be U-frame monoliths founded 
on steel H-piles driven to bedrock. The base and the walls would be 
constructed of cast-in-place reinforced concrete. Concrete would be 
placed in lifts that are limited in height due to practical batch plant and 
labor force capacity and to reduce stresses from the heat of hydration of 
the cement. The walls would contain the longitudinal filling and emptying 
culvert, line hooks, check posts, wall armor, ladders, floating mooring 
bitts, and other lock wall appurtenances. 

(b).Upstream Lift Gate Monolith. The upstream lift gate monolith would be 
constructed of cast-in-place reinforced concrete and exhibits U-frame 
action. Foundation H-piles would be driven to bedrock. Battered piles 
would be required to resist lateral loads on the lock service gate or 
bulkheads. Two lift gate leaves would be required for operation of the 
lock. There would be a concrete sill for the lift gate that limits the height 
and number of leaves required. The monolith contains the filling and 
emptying culvert, lift gate machinery and recesses, bulkhead recesses, 
floating mooring bitts, machinery rooms and control house structure. Also 
featured is a cross over gallery for utilities and personnel access. 

(c). Downstream Miter Gate Monolith. The downstream miter gate monolith 
would be constructed of reinforced concrete and exhibits U-frame action. 
Foundation H-piles would driven to bedrock. Battered piles would be 
required to resist lateral loads on the lock service gate or bulkheads. Two 
miter gate leaves would be required for operation of the lock. The gate 
would have a personnel access bridge across the top. There would be a 
concrete sill for the gate that would provide a clearance above the lock 
floor during gate operation. The monolith contains the tilling and 
emptying culvert, discharge ports, miter gate machinery and recesses, 
bulkhead recesses, floating mooring bitts, and machinery rooms. 

(d). Guide- and Guardwalls. The upstream guardwall (riverside) and the 
downstream guidewall (landside) would consist of multiple stacked 
precast concrete rubbing beams supported by mass concrete cells on 57- 
foot centers. The intermediate cells would be 35 feet in diameter and the 
end cells would be 57 feet in diameter. The cells would be constructed by 
placing tremie concrete in sheetpile cell forms. All cells would be 
founded on steel H-piles driven to bedrock. The sheet piles serve only as a 
concrete form and will be cut off below the water level. The rubbing 
beams would be simply supported on their bearings. The beams would be 
heavily reinforced and armored to resist the abrasion of the tows. The 
upstream wall would be open, ported between cells and below the beams. 
The ports permit flow through the wall, creating forces that draw tows to 
the wall. The size of the ports would be finalized by the model study. The 
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downstream wall would not be ported and would have a taller rubbing 
surface due to the larger water level fluctuations in the lower pool. 

(4). Construction Sequence and Procedures 

(4. The site would be partially excavated to reduce the driving length of 
the sheet-pile cell cofferdam and to reduce the lateral load from the soil on the cells 
after dewatering. The top of cofferdam would be El. 440 and would have a gravel 
road for construction and accesses the existing lock. The cells would be driven to El. 
355, 30 ft below the new foundation level. The cofferdam would be equipped with a 
floodway and spillway. Only 16 cells and arcs require removal at completion of the 
project. The remainder could remain in place to reduce costs. 

(W The slope of the excavation near the existing lock would be terraced 
with two levels of retaining walls due to the close proximity of the new lock. The 
placement of the upper retaining wall must accommodate a minimum esplanade for 
operations of the existing lock. The walls could be tied-back. 

cc>. The dewatering system is installed. Excavation to the foundation level 
could be done in the dry and/or in the wet. Berms would be constructed in the wet. 
The cofferdam is fully dewatered. Final grading of stability berms occurs in the dry. 

G-0. Bearing piles are driven. Sheet pile cut-off walls only at the upstream 
and downstream ends are driven. 

03. Concrete monoliths are constructed conventionally with lifts of cast in 
place concrete. The order of monolith construction is an important part of the 
constructibility of the project, but not worth detailed attention in this report since 
many combinations are feasible. Monoliths that support the bascule bridge should be 
completed first so as to not delay its construction. 

(0 As monolith construction progresses, backfill could be placed and 
compacted. Since many of the cofferdam cells are to remain in place, the additional 
fill would not interfere with sheet pile removal. There would be some risk to the 
contractor of scour of the backfill, site contamination, and clean-up costs of scoured 
fill if the cofferdam requires flooding. Early backfill would enable the contractor to 
get out of the cofferdam hole quicker and expedite the construction schedule. 

(g>. Equipment is installed. Stone scour protection in the approaches is 
placed. The cofferdam is rewatered and partially removed. 

(h). The guidewalls are constructed concurrent with the lock up to the 
intersection with the cofferdam. After cofferdam removal, the tie-in of the guidewalls 
to the lock is made and the lock put into service. 
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(9. A Bascule bridge is constructed over the new lock for permanent 
access to the existing lock. Its founding monolith should be one of the first 
completed to facilitate construction of the bridge. Control house and lock 
appurtenances are constructed. 

0). Concurrent with lock and guidewall construction, approach channels 
are dredged/excavated. New wing dams might require installation and old wing dams 
moved/modified. This work should be scheduled to be completed during the 
guidewall tie-in so it does not delay the in-service date for the lock. 

(5). Onerational Considerations. The operational considerations for the pile- 
founded Location 1 locks are the same as those for the rock-founded Location 1 
locks. (Refer to the same subject heading for rock-founded Location 1, Type A.) 

c. Tvne B (Location 1. Pile-Founded). The chamber for Type B locks would be 
constructed using a pile-reinforced, concrete slurry wall. The chamber structures 
would be constructed without the use of a cofferdam. The culverts would be located 
in the chamber floor and would be constructed on a reinforced tremie concrete base 
slab founded on bearing piles. Areas between the completed culverts and slurry walls 
would be filled with crushed stone and covered with a layer of cast-in-place concrete. 
The upstream miter gate monolith and the downstream miter gate monolith would be 
constructed within a concrete-filled slurry wall that functions as a cofferdam. The 
lock filling intake would be through the sill of the miter gate monolith. Lock 
emptying would be through an outlet manifold in the miter gate monolith. 

(1). Hvdraulic 
(a). Intake and Discharge Structures. The culvert system would be filled 

through a set of five butterfly valves installed in the upstream face of the 
upper sill. Each valve would open onto a short passage leading to a 
manifold or mixing chamber inside the lock sill that extends across the 
11 O-foot width of the chamber. Two 20-foot-wide passages opening off 
the downstream wall of the manifold lead through the monolith floor and 
into the chamber culverts. The culvert system would be emptied through a 
manifold in the downstream miter gate monolith, controlled by two sluice 
valves, one on each side of the monolith. The butterfly valves and sluice 
valves can be bulkheaded off for closure of the filling and emptying 
system. 

(b). Culverts and Distribution. The chamber would feature bottom 
longitudinal culverts that would extend over the entire length of the 
chamber. They would be immediately adjacent to each other at entry and 
exit to the chamber, but would separate at the middle half of the chamber 
to improve distribution. The culverts would consist of cast-in-place walls 
founded on the tremie layer and precast cover panels. Regularly spaced 
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ports would be situated along the culverts. The remainder of the chamber 
floor above the tremie concrete will be filled with crushed stone and 
covered with cast-in-place concrete. 

(2). Geotechnical Features 
(a). Site Preparation. The entire lock area would be initially graded to El. 432 

prior to construction. Flood protection levees would be built of the 
excavated material for low lying areas. Excavated material for the lock 
construction would be used to back fill around the completed structure, but 
much of it would require disposal. 

(b). Braced Cofferdams for Service Gate Monoliths. Both service gate 
monoliths would be constructed inside a pile-reinforced, concrete-filled 
slurry wall that would serve as a cofferdam to El. 432. At chamber ends, 
the concrete wall would be placed to a top elevation of El. 399 upstream 
and to El. 401.7 downstream. The balance of the height would be made 
with Z-piling braced against soldier piles. After installation, the Z-pile 
would have to be backfilled and compacted to facilitate the drilling of 
soldier piles and the short slurry walls. The tip of the slurry wall would be 
at El. 360. The primary slurry wall soldier piles extend to El. 325 and the 
intermediate soldier piles extend to El. 360. The slurry wall provides 
scour protection and seepage cutoff underneath the completed monoliths. 
Wall heights to complete cofferdam protection levels could be made of a 
cast-in-place cap extending above the slurry wall to complete cofferdam 
protection levels. Earthen levees could be a substitute where feasible, but 
are not presented herein. Foundation dewatering of the gate monoliths 
would not be required during construction because of the five-foot-thick 
tremie seal coat in the bottom of the cofferdam. Some uplift pressure 
relief holes in the base may be required. 

(c). Scour Protection During Construction. Protection of the site during 
construction would be provided by the cofferdams and slurry walls. Stone 
scour protection may be required on the two ends of the lock. 

(d). Slurry Cutoff Alone Chamber. The chamber would be constructed 
between parallel pile-reinforced slurry walls similar to and connecting the 
slurry walls surrounding the service gate monoliths. These walls would 
delineate the construction area, support the chamber rubbing panels and 
provide a permanent seepage cutoff along the chamber. 

(e). Bearing Piles. (See discussion for Location 1, Type A). 
(0. Scour and Erosion Protection. The finished guidewall structures and 

approaches require a six-foot-thick layer of scour protection. 

(3). Structural Features 

(a). Lockwalls. The lock chamber walls would consist of pile-reinforced 
slurry walls, capped with a cast-in-place concrete wall and supporting 

58 



Conceptual Lock Designs 
Pile-Founded - Location 1, Type B 

precast rubbing panels that would be backfilled with grout. The walls 
would be tied-back to deadmen for added strength. The precast concrete 
rubbing panels could be removable to ease future lock wall refacing. The 
panels also contain lock wall appurtenances. At line hook and check post 
location added wall strength in the form of anchors or backup soldier piles 
could be added. The top eight feet of the walls would be a cast-in-place 
cap over the top of the slurry wall and soldier piles. The lock walls would 
be designed to resist normal operating loads and those caused by 
completely dewatering the chamber. 

(b). 1,ock Floor and Culverts. The entire chamber floor would be covered with 
a five-foot-thick layer of reinforced tremie concrete. The floor would be 
designed to act as a compression strut between the chamber walls and to 
distribute uplift forces to piles during dewatering. The culverts would be 
cast upon the tremie concrete which might require some grinding to 
achieve desired smoothness. The sides of the filling and emptying 
culverts would be constructed of cast-in-place concrete walls, five feet 
thick by 7.5 feet high. The culverts would be covered by two-foot-thick 
precast panels. The culverts would have ports spaced at regular intervals. 
The area between the culverts and between the culverts and the slurry 
walls on the sides of the chamber would be filled with a 7.5-foot thick 
layer of crushed stone and covered with a two-foot-thick layer of cast-in- 
place concrete. 

(c). TMiter The upstream miter gate monolith would 
be constructed inside a pile-reinforced, concrete-filled, slurry wall that 
would serve as the cofferdam. The cofferdam would have at least two 
layers of internal bracing supported at intervals by bearing piles. The 
bracing would interfere with pile driving and many other construction 
activities. Some of the bracing might have to be cast into the concrete. A 
five-foot-thick reinforced concrete slab would be placed in the bottom of 
the cofferdam by the tremie method. Uplift pressure relief holes may be 
required in the base slab. The monolith would be pile founded. After 
dewatering the cofferdam, the tremie concrete surface will be prepared as a 
construction joint for bond to the next concrete placement. The portion of 
the monolith upstream from the sill acts as a U-frame. The downstream 
portion of the monolith would not exhibit U-frame action due to the 
discontinuity caused by the culverts in the floor. It would act as an 
articulated U-frame which will require a more complex analysis. The gate 
recesses, bulkhead recesses and other appurtenances would be laid out 
similarly to Melvin Price Locks and Dam, except that at the downstream 
end of the monolith a single slot would be provided for the floating 
mooring bitts which would be removed prior to installation of the 
maintenance bulkheads. 

(d). Downstream Miter Gate Monolith. The downstream miter gate monolith 
would be similar, except as noted, to the upstream gate monolith. The 
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portion of the monolith downstream from the sill acts as a U-frame. The 
upstream portion of the monolith would not exhibit U-frame action due to 
the discontinuity caused by the culverts in the floor. The miter gate 
pintles, maintenance bulkhead recesses and line hooks and check posts 
would be laid out similarly to Melvin Price Locks and Dam, except that at 
the upstream end of the monolith a single slot would be provided for the 
floating mooring bitts which would be removed prior to installation of the 
maintenance bulkheads. 

(e). Guide- and Guardwalls. The upstream guardwall (riverside) and the 
downstream guidewall (landside) would both be of the standard pile- 
founded walls described in paragraph 6b( l)(b). 

(4). Construction Sequence and Procedures 
(a). Drill holes on 12-foot centers for primary soldier piles using a bentonite 

slurry. Install temporary casing in the top 20 feet of each hole. 

(b). Install soldier piles in holes to bedrock. Plumb piles and grout into place 
with a low-strength mix. Excavate a three-foot-wide trench between 
primary piles (including low-strength grout) to El. 360 and place 
intermediate piles between primary piles. 

(c). Fill the trench with tremie concrete uniformly on both sides of the 
intermediate pile. The fill concrete would be unreinforced. 

(d). Excavate the chamber area between slurry walls to approximately El. 
420. Dewater inside walls to approximately El. 415. Excavate trenches for 
installation of deadmen for tiebacks along chamber wall. Install tieback 
anchors through sleeves in the concrete wall and attach to a deadman. Pre- 
stress the anchors. 

(e). Excavate to approximately El. 386. Pl ace two-foot-thick layer of gravel 
in base of excavation. 

(0. Drive foundation bearing piles to rock at approximately El. 325. Cover 
with a five-foot-thick layer of reinforced tremie concrete. 

(g). Construct cast-in-place wall on top of slurry wall to El. 444. 

(h). Attach eight-inch-thick precast rubbing panels to primary piles in the 
slurry wall with stud fasteners. Grout behind the rubbing panels. 

(i). At gate monolith openings at upstream and downstream ends of the lock, 
the construction procedure must be adjusted. Drive a sheet pile wall 
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outside the limits of the slurry wall. Backfill as necessary on both sides of 
the slurry wall location. 

(i). Install primary soldier piles as above. Excavate trench for slurry wall. 
Install tremie concrete to elevation of lock floor (El. 399 upstream, El. 
401.7 downstream). Intermediate soldier piles would not be used. 

(k). Install a wale between the soldier piles and the sheet piling. Begin 
excavation inside the sheet piling. 

(1). Excavate to approximately El. 385. Install grout between the soldier piles 
and the sheet pile wall. Place a two-foot-thick layer of crushed stone. 
Drive bearing piles and install reinforced tremie concrete floor in base of 
cofferdam as above. 

(m). Install top level of bracing inside the service gate monolith area. 

(n). Dewater to El. 4 15. place a second layer of internal bracing. Complete 
dewatering. Construct service gate monoliths by using traditional methods 
of cast in place concrete. 

(0) Construct culverts on top of the tremie concrete in the chamber. 

(p). Fill chamber floor areas between finished culverts with crushed stone and 
cover with a two-foot-thick layer of cast-in-place concrete. 

(q). Excavate fill outside the sheet piles to establish entry and exit channels to 
the lock. Rewater the lock. Cut off exposed sheet piling and soldier piles 
underwater. 

(r). Construct guidewalls concurrently with the lock 

(s). Complete excavation for channels and approaches. 

(t). Install stone scour protection. 

(5). Operational Considerations. The operational considerations for the pile- 
founded Location 1 locks are the same as those for the rock-founded Location 1 
locks. (Refer to the same subject heading for rock-founded Location 1, Type A.) 

d.T e $C_(Locationl.. The chamber for Type C locks would be 
constructed without a cofferdam. The landward chamber wall would be a steel sheet 
pile wall anchored to a deadman and armored with concrete. A traveling kevel that 
runs on top of the wall keeps the tows against this wall. Consequently, the riverward, 
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tied back wall would not be armored, but would be recessed to avoid impact with the 
tow. A single tilling and emptying culvert would be located behind the landward wall 
and would be ported into the chamber. Filling and emptying would be through the 
landward walls of the service gate monoliths. The upstream and downstream miter 
gate monoliths would be constructed within internally-braced, single sheet pile wall 
cofferdams, using traditional constructed methods. The lock floor would consist of 
heavy stone that would protect it against scour from propeller wash. 

(1). Hydraulic Features 
(a). Intake and Discharge Structures. The culvert system would be filled 

through an intake manifold in the upstream approach. The culvert gates 
would be sluice gates installed in the landward wall of the upstream and 
downstream miter gate monoliths. The gates could be bulkheaded off for 
maintenance closure of the filling an emptying system. Emptying of the 
culvert would discharge behind the downstream guidewall through ports in 
the guidewall. 

(b). Culverts and Distribution. The chamber would be side-filled from a 
single, precast concrete culvert installed on the land side of the chamber 
and having inner dimensions of 19 feet wide by 16 feet tall. The base of 
the culvert would be at El. 395.7 at the bottom of the chamber scour 
protection, except at the upstream and downstream ends of the chamber, 
where the precast culvert must rise to meet the culvert profile inside the 
service gate monoliths. If a single valve system were to go out, the lock 
would shut down. This would be a rare occurrence, however, and a spare 
valve could be available on site to replace the damaged valve thus 
minimizing downtime. 

(2). Geotechnical Features 
(a). Braced Cofferdams for Service Gate Monoliths. Each service gate 

monolith would be constructed inside an internally-braced single sheet pile 
wall cofferdam as described for Locations 4 and 5, Types B and C below. 

(b). Site Preparation. A sheet pile wall would be driven adjacent to the 
existing lock wall and anchored to a deadman as the excavation 
progresses. A six-foot-thick layer of stone scour protection would be 
placed over the lock floor. 

(c). Scour Protection During Construction. Stone scour protection will be 
required upstream and downstream of the lock. This will provide both 
interim scour protection (during construction) and permanent protection. 

(d). Sheet Pile Cutoffs around Lock Perimeter. Sheet pile cutoff walls would 
be provided by the Z-pile chamber walls and the cofferdam walls. 

(e). Bearing Piles. The gate monoliths would be supported by steel H-piles 
driven as described for Types A and B above. 
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(f). Scour and Erosion Protection. In addition to the scour protection in the 
chamber, the upstream and downstream guidewalls would be surrounded 
with a six-foot-thick layer of stone protection. 

(3). Structural Features 

(a). Lockwalls. The riverward lock chamber wall would consist of a line of 
steel sheet piles tied-back to Z-pile deadmen. The top of the lock wall 
would be at El. 444 and the tip of the piles would be at El. 360. The face 
of the riverward lock wall does not have precast panels on it, but would be 
recessed ten feet resulting in a chamber width of 120 feet. The landward 
wall would also be a tied-back Z-pile wall but would have precast concrete 
rubbing panels that can be removed for future lockwall refacing. The 
panels would support lock wall appurtenances. For check posts and 
mooring bitts extra strength would be added to the wall in the form of high 
strength piling, master piles, additional tiebacks and or battered H-piles. 

(b). Lock Floor and Culvert. A single precast culvert would be installed on the 
landward side of the chamber floor. It would be placed on bearing piles 
and grouted to them at the same elevation as the base of the chamber scour 
protection, except at the upstream and downstream ends, where it would 
be necessary to have the culvert rise to meet the culvert elevation inside 
the gate monoliths, The Z-pile wall would be used as a guide for culvert 
installation. The ports from the culvert would be burned through the Z- 
pile and lined with a steel liner installed by divers. The ports should be no 
wider than one Z-pile. The void between the culvert and Z-pile would be 
grouted. The grout and the liner would eliminate the scouring of material 
from below the culvert. 

(c). Upstream Miter Gate Monolith. The upstream miter gate monolith would 
be constructed inside an internally-braced, single sheet pile wall cofferdam 
using traditional concrete construction methods. The landward monolith 
wall would be wider than the river-ward monolith wall to accommodate the 
culvert and gates. The culvert within the wall would be situated 
sufficiently above the lock floor to allow U-frame behavior of the 
monolith. The miter gate pintles, gate recesses, bulkhead recesses and 
other appurtenances would be laid out similarly to the auxiliary gate at 
Melvin Price Locks and Dam, except that at the downstream end of the 
monolith a single slot would be provided for the floating mooring bitts 
which would be removed prior to installation of the maintenance 
bulkheads. 

(d).fl. The downstream miter gate monolith 
would be similar to the Upstream Gate Monolith. 
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(e). Guide- and Guardwalls. This lock would have an upstream guardwall 
(riverside) and a downstream guidewall (landside) of the standard design 
for sand foundations described in paragraph 6b( l)(b). 

(4). Construction Sequence and Procedures 
(4. Construct internally-braced, single sheet pile cofferdams for the 

upstream and downstream service gate monoliths, similar to those used for Location 
4, Types B and C options. Excavate interior of cofferdams to base of monoliths. 
Construct monoliths by traditional means. 

@I. Install a line of steel sheet piles riverward and parallel to the existing 
lock landside wall, between the upstream and downstream service gate monoliths. 
Install tiebacks attaching them to deadmen and the sheet pile wall. 

cc>. Excavate for the lock chamber and culvert installation. The chamber 
floor is excavated to El. 395.7. The land side of the excavation slopes up to meet the 
existing ground at a slope of 1V on 4 H. The excavation is warped to meet the 
existing ground at the far ends of the service gate monoliths. Construct a levee at the 
top of the slope to increase project protection from floods. 

(4. Install the landward Z-pile wall and use it as a guide in placing the 
culvert which is to be installed underwater. 

69. Place precast concrete culvert along the landside on piles. Grout the 
culvert to the piles. The upstream and downstream ends of the culvert would slope 
upward to meet the culvert elevations in the service gate monoliths. 

(0. Divers would enter the culvert and burn out Z-pile at the location of 
ports. The void between the culvert and Z-pile would be lined with a steel box that 
was outfitted to the culvert prior to installation. The box would form the port when 
grout is placed between the culvert and Z-pile. 

w. Backfill behind landward wall and anchor as required. 

09. Install six feet of stone scour protection in the floor of the chamber. 

(9. 
channel. 

Install upstream and downstream guidewalls on the land side of the 

(5). Onerational Considerations. The operational considerations for the pile- 
founded Location 1 locks are the same as those for the rock-founded Location 1 
locks. (Refer to the same subject heading for rock-founded Location 1, Type A.) 
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13. Location 2 (Pile-Founded) 

a. ExistinP Conditions 
(I). General Location Description and Problem Definition. Refer to the rock- 

founded Location 2 discussion (paragraph 8a(l).) for the general location description 
and problem definition. Pertinent data, elevations, and dimensions of the pile-founded 
Location 2 locks are shown on Plates P2Bl and P2Cl. 

(a). Existing T,ock Structure Stability. Based on performance history of the 
existing locks, the existing walls are considered stable. Site-specific designs 
would require analysis to determine if the existing structures are safe. 

(b). Guidewalls and Guardwalls. The existing upstream guidewall consists of a 
landward solid wall. The wall would be a concrete gravity type founded on 
piles. Though no analysis was performed, it is reasonable to assume that the 
upstream guidewall is in a condition that would only require extension and 
not complete removal and replacement. An economic analysis needs to be 
performed concerning construction of a riverside guardwall in lieu of 
extending the landside guidewall. Preliminary model study results indicated 
better approach conditions with a riverside guardwall although costs would 
be higher for the guardwall (which would also require demolition of the 
existing landside wall). The lower guidewall would be demolished due to 
the new lock extension and a new landside guidewall would be constructed. 
The design type for both walls would be as described in paragraph 6b( l)(b). 

(2). Deviations from the Common Tvoe B and C Criteria. (See discussion for 
rock-founded Location 2 in paragraph 8a(3).) 

(3). Foundation Conditions. 

b. Type A (Location 2. Pile-Founded). A Type A lock at Location 2 is not feasible 
because navigation would be closed for an extended period by the sheet pile cellular 
cofferdam required for this lock type. An alternative considered is to first construct a 
“temporary” 600-foot-long lock at another location, and then close the existing lock 
with the cofferdam. However this alternative, which amounts to construction of 1200 
feet of lock chamber plus extra guidewalls and a cofferdam, proved to be 
economically inefficient. 

c. TvDe B (Location 2. Pile-Founded). The Location 2, Type B lock is shown on Plate 
P2B 1. Most on-site construction for the Location 2, Type B lock would be done in the 
wet requiring technologies borrowed from offshore platform work, major bridge 
construction, and tunnel construction that will be adapted to lock construction. The 
walls would be armored with only abrasion-resistant concrete and special joint details. 
Miter gates would be used upstream and downstream. The lock is designed to be 
dewatered and utilizes a structural floor to resist differential water pressures across the 
slab. The filling and emptying system would include extending the existing culverts 
within the land and intermediate walls. The filling and emptying system would have a 
reduced culvert size resulting in lengthened filling and emptying times. While the 
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lower guidewall would be under construction, tow traffic would not be able to use the 
existing downstream guidewall safely. A temporary mooring area would be constructed 
downstream until the lower guidewall would be completed. The lock would be 
provided with approximately 1800 feet of new guidewall. These walls would extend 
upstream and downstream of the landward lock wall. The downstream lock approach 
would consist of a guidewall, whereas the upstream lock approach may have a 
guidewall or a guard wall. Final guidewall and guardwall configurations would need to 
be determined in site-specific studies. It is assumed that the guidewalls would be 1200 
feet in length for estimating purposes. 

(1). Hydraulic Features 
(a). Intake and Discharpe Structures. For the 600-foot lock extension, the 

existing intake manifolds would be utilized. Outlet manifolds for this 
alternative are assumed to have a configuration similar to the existing lock. 
The performance of the outlet and determination of the need for a more 
elaborate discharge manifold would be determined in physical model studies 
if this alternative is studied further. 

(b). Culverts and Distribution. Based on the results of a numerical model, the 
preliminary design of the extended lock requires 12.5 foot by 12.5 foot 
culverts in each wall, closing the upstream three-fourths of the existing 
ports, and additional ports in the new end that mirror the remaining ports in 
the existing lock. 

(c). Ports. Waterways Experiment Station (WES) recommends that the total 
port area divided by the total culvert area should never exceed unity. If it 
exceeds 1 .O, experience has shown that flow bypasses some of the ports 
resulting in poor flow distribution into the lock chamber. The ratio for the 
existing lock is 1.5 (240 square feet / 156 square feet) which is too high. 
Based on this criteria the only acceptable alternative studied is the one that 
uses a total port area equal to l/2 ( 120 square feet / 240 square feet ) the 
existing port area. This alternative requires closing some of the existing 
ports. WES recommends having the ports as close to the center of the new 
lock as possible/practical and symmetrical about the centerline of the lock. 

(d). Annroach Conditions. See the discussion on guidewalls and guardwalls in 
the pile-founded Location 2 introductory text, paragraph 14a(l)(h). 

(2). Geotechnical Features 
(a). Site Preparation. Site preparation for construction of the lock extension 

would include constructing the temporary downstream mooring facility, the 
fabrication/storage area, excavation of the barge access channel behind the 
existing and new lower guidewalls. Site preparations for the new guidewalls 
would need to be incorporated into the site-specific designs. The new lower 
guidewall would be essentially completed prior to float-in of the new gate 
bay monolith and the subsequent construction of the new lock walls. 
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(b). Sheet Piling. Sheet piling would be driven 12 inches outside the exterior 
faces of the new lock wall extensions, along the upstream and downstream 
faces of the new downstream gate sill, and across the downstream face of the 
downstream apron. Depths of the sheet pile would be in the range of 20 to 
40 feet, (depending on location and purpose. Along the exterior faces of the 
lock wall extensions the sheet pile would serve as a retaining wall for 
required excavation and would extend above grade to elevation 408.00 feet 
to divert current and alluvial sediment past the excavated area for the lock 
extension. The sheet pile along the upstream and downstream faces of the 
new gate bay monolith serve primarily as retaining walls for the required 
excavation for the new gate monolith. These sheet piles would be connected 
to the sheet piling along the exterior faces of the lock wall extensions and 
the combination, when tied-in to the sheet pile beneath the existing lock, 
would provide significant seepage control. 

One method of accomplishing a tie-in to the sheet pile beneath the 
existing lock is shown on Plate P2B4. This, or a similar type sheet pile tie- 
in, is recommended since it is relatively inexpensive and provides 
significantly enhanced seepage control. The primary purpose of the sheet 
pile across the downstream face of the new downstream apron would be to 
prevent undermining of the new apron in the event that tow boat prop wash 
causes severe scour at that location. This sheet pile should extend 
approximately 30 feet below the base of the precast concrete sections and be 
connected to the sheet pile along the exterior faces of lock wall extensions. 
The tops of all sheet pile would be attached to adjacent precast units with 
suitable ties and tremie concrete. 

The tops of sheet pile in the area where the new gate bay monolith 
would be floated in may need to be cut off under water just prior to 
beginning the gate monolith float-in operation in order to provide adequate 
water depth over the sheet pile. Required water depth, including a minimum 
2 feet of clearance beneath the gate bay monolith is about 16 feet for the 
monolith proposed. Actual underwater sheet pile cut off requirements for 
the float-in operation would depend on the lower pool elevation during float- 
in, draft and clearance requirements for the final monolith design, and top 
elevation to which the sheet pile are initially driven. 

(c). Excavation for Lock Extension. Excavation for the lock extension would be 
accomplished in stages once sheet pile have been driven around the lock 
extension perimeter to the existing stone protection along the downstream 
edge of the existing 2 foot thick reinforced concrete scour protection apron. 
The majority of the concrete scour protection apron and associated stone 
scour protection should remain in place until navigation is shut down to 
remove the existing outlet monoliths and construct the tie-ins for the lock 
walls. The existing guidewall and associated stone scour protection would 
remain in place until the new gate bay monolith and intermediate wall are 
essentially complete. Two guidewall monoliths at the downstream end of the 
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guidewall would be removed prior to excavating for the gate bay monolith 
because of both the limited clearance between the end of the guidewall and 
the gate monolith and the required depth of the excavation (approximately 
13 feet below the bottom of the guidewall cribs). Initial excavation would 
be for the gate bay monolith and the intermediate wall, extension 
downstream of the apron scour stone. The excavation would start at the 
riverward edge of the guidewall scour stone and the downstream edge of the 
downstream apron scour stone and extend riverward and downstream. 
Following construction of the gate bay monolith and the intermediate wall, 
the guidewall would be removed in increments. Excavation and site 
preparation for the landward wall would also be performed in increments. 

Tie-in to the existing lock would require navigation shut down for 
removal of the existing discharge monoliths and associated scour protection 
slab and stone, completion of sheet pile installation and tie-in, excavation for 
tie-in of the lock floor and walls, and construction of the wall and floor tie-in 
sections. 

Placement of the float-in floor units would start at the new gate monolith 
and progress downstream and upstream. Placement of the floor units could 
proceed as the new walls are completed or could be delayed until the 
seasonal navigation shut down to accomplish the tie-in of the new lock 
extension to the existing lock. 

(d). Scour Protection During Construction. Maintaining navigation through the 
construction area for the lock extension would be expected to result in 
damage (scour/deposition) to excavation surfaces in the sand foundation, 
unless scour protection would be placed on the exposed sand surfaces. 
&retained excavation slopes in the sand foundation would be no steeper 
than 1V on 3H and would be protected with a 36 inch thick layer of riprap. 
Horizontal excavation surfaces would be protected with an 18 inch thick 
layer of riprap. Assumptions for the riprap designs included: (1) 165 pcf 
stone, (2) turbulent flow conditions, (3) short term design (construction 
period only), (4) towboats traveling through the construction area either to or 
from the existing lock would be operating at significantly less than full 
power (50 percent power and even less for the larger towboats up to 10,000 
horsepower), (5) no granular or geotextile filter beneath the riprap, and (6) 
reworking of the riprap or removal of silt prior to placing the precast 
concrete units would be acceptable. Riprap placed in 36 inch thick layers 
would be excavated and salvaged along with the existing scour stone when 
the excavation is expanded. 

(e). Sheet Pile Cutoffs around Lock Perimeter. (See paragraph (b) “Sheet 
Piling” above.) 

(f). Bearing Piles. The gate bay monolith and the walls of the lock extension 
would be supported on piling bearing on the rock at about elevation 325.00 
feet. The floor units would be attached to and supported by the walls in 
order to avoid driving piles in the navigation channel to support the lock 
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floor. The use of bearing piles would provide a pile-supported lock 
extension somewhat similar to the timber friction-pile-supported existing 
lock. The piles would minimize the possibility of differential settlement 
between precast lock units and between the new lock extension and the 
existing, lock. Increased uplift resistance would be obtained by properly 
embedding the pile tops in the tremie concrete seal. 

The design and cost estimate was based on using steel H-piles driven to 
refusal on rock to take advantage of high pile capacities. Depending on the 
site, steel H-piles might not be the most cost-effective pile type to use. 
However, they can accommodate many adverse pile driving conditions and 
are considered a reasonable choice until site-specific studies are conducted. 
A discussion on the potential use of precast concrete piles is presented in 
paragraph 17 (Alternative Elements of Design). To reduce impacts to 
navigation during the gate sill monolith construction, cased cast-in-place 
reinforced concrete piles would be used. The concrete piles provide much 
larger capacities which reduces the number of piles required. 

During construction, piles would be installed adjacent to existing pile- 
supported structures, especially for tie-in of the new lock walls to the 
existing lock. Pile driving operations could cause detrimental movement of 
the adjacent completed structures, particularly if the adjacent structures have 
significant unbalanced lateral loading. Lateral load on existing structures 
could be minimized by holding water levels constant within the lock 
chamber. However, holding water levels constant within the lock chamber 
will cause the existing lock to cease locking boats temporarily. If it becomes 
evident that the pile driving operations may cause detrimental movement of 
existing structures, then alternative pile installation methods that transfer 
less energy into the surrounding foundations would be necessary. Possible 
alternatives would include using augured holes held open with bentonite 
drilling fluid in which piles are set and grouted to displace the bentonite. 
Piles could also be cast-in-place inside cased, augered holes. 

(g). Existing; Timber Piles in the Construction Area. The existing discharge 
monolitjhs and the downstream guidewall are founded on timber piles having 
a minimum designed center to center spacing of 3 feet. Removal of the 
discharge and guidewall monoliths and excavation to required depth would 
leave an estimated 15 feet of timber pile below the excavation line at the 
guidewall location and an estimated 20 feet of timber pile below the 
excavation line at the locations of the discharge monoliths. The timber 
piling or selected timber piles could be pulled, however, for the current 
design and cost estimate it was assumed that the timber piles would be 
cutoff at the excavation line and the steel H-piles for the new walls would be 
driven bletween the existing timber piles. This approach would undoubtedly 
require field adjustment to the designed locations of some of the steel H- 
piles and may well require some additional piles as a consequence of the 
field adjusted locations. With the timber piles cut off in place, the most 
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challenging locations for installing new piles would be the discharge 
monolith locations because of the significantly increased number of timber 
piles under those monoliths. A greater number of smaller sized piles is a 
potential design option at the discharge monoliths since design pile spacing 
would be significantly restricted by the large number and close spacing of 
existing timber piles. 

(h). Scour and Erosion Protection. Riprap erosion protection would be placed 
along the riverside of the intermediate wall extension for its full length. A 
concrete apron would not be required on the riverside of the new 
intermediate wall since discharge ports would only be on the land side of the 
new intermediate wall discharge monoliths. A 50-foot-wide, six-foot-thick 
band of graded Stone B would be placed along the intermediate wall 
extension from the stone protection along the existing concrete scour 
protection apron to the downstream end of the intermediate wall extension. 

Stone protection to prevent scour from towboat prop wash has been 
included in the estimate. A six-foot layer of stone, 40 feet wide would be 
placed along the downstream edge of the new downstream apron, along the 
riverside of the new downstream guidewall and along any new extension of 
the existing upstream landward guidewall. 

(3). Structural Features 
(a). Lockwalls. The lock walls would be constructed using precast concrete 

units. They would be gravity type walls founded on piles (see Plate P2B2) 
and would be faced with removable precast concrete rub panels. Each unit 
would be picked and set into place with a crane barge. This method 
simplifies and speeds up construction which results in considerable cost 
savings compared to float-in methods using the same size units. The units 
were sized assuming that a 350-400 ton crane barge was available. The 
walls of the units have to be designed to resist handling stresses and the 
internal head of tremie concrete during pouring. 

Overall stability calculations were performed for normal lock operation 
and lock dewatering. Lateral movement of the walls would be resisted by 
the floor units acting both as a compression strut and tension tie. Stability 
calculations for pile selection assumed no foundation support under the lock 
floor. This is conservative, but demonstrates that the wall/floor system 
would be feasible when no piles are installed under the floor. 

The landward lock chamber wall poses a special problem in that it 
would be built at the location of the existing downstream guidewall. As the 
existing guidewall is demolished, a portion of the existing timber piles 
would remain. Placement of the new walls would need to accommodate the 
existing timber piles. Discussion of driving piles at the existing timber piles 
is provided in the Geotechnical Features section. 

(b). Lock Floor. The lock floor would be precast concrete units which are 
floated in and connected to the lock walls (see Plate P2B2). The floor units 
are designed to resist uplift pressures during dewatering and water loads 
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during lock operation. During dewatering the floor must support an upward 
pressure of 2.3 kips/ft2 from the differential head (429.3-393.5). 
Calculations show that prestressing strands would be required to resist the 
uplift pressures. The connection between the floor and wall must be 
designed to transfer the lateral wall load of 123 kip/ft of lock wall. The load 
would be transferred through grouted H-pile studs. Each floor unit would be 
constructed with openings at each end which fit over the H-pile studs 
extending from the wall. After setting the units the openings would be 
grouted using a thixotropic grout (see Plate P2B2, Detail A). The 
connect:lon is very complicated and transfers several combined loadings. 
During design, advanced methods of analysis would be required to verify 
the strength and behavior of the connection. 

When the floor and walls are connected and neglecting tension pile 
capacity,, the factor of safety against flotation is 1.85 under scheduled 
dewatering and 1.33 under extreme dewatering. 

(c). Miter Gates. The existing upper miter gate would be rehabilitated or 
replaced as appropriate. The existing lower miter gates would be removed. 
The new lower miter gate would be vertically framed with overall leaf 
dimensions of 39’-0” high by 60’~8” wide. 

(d). Downstream Miter Gate Monolith. The lower miter gate monolith is 
designed as a continuous U-frame (see Pate 2B-P-3). A precast prestressed 
concrete U-frame structure would be constructed away from the final 
location on barges or in a dry dock. Once completed, the monolith would be 
floated ‘:o the site, sunk into place, and piles driven through sacrificial 
diaphragms. Filling of internal voids with tremie concrete would tie the 
monolith to the piles. 

The U-frame structure is designed for both loadings during float-in and 
all othe:: loading conditions required for navigation lock monoliths. Gate 
loads were estimated and overall stability calculations were performed. A 
pile ana.lysis was not performed but the number of piles required were 
estimated based on resultant loads. Depending on the pile type the 
downst:eam approach monoliths might have to interact with the gate 
monolith to resist lateral loads. This provision is feasible and could be 
determined in site-specific analysis at a later date. 

The installation of a lower miter gate monolith would require some lock 
shutdown time. This is discussed further in the Construction Sequence and 
Procedures Section. 

(e). Tie-in to Existing Lock. The existing culvert discharge walls do not have 
similar pile density as the existing chamber walls and no sheet pile cut-off 
wall exists. Therefore, the entire culvert discharge walls would be 
demoliished up to the interface of the existing lower miter gate monolith. 
The proposed removal would stop at an existing monolith joint which would 
give a flat surface to interface with. 
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(i.) Landward Wall, Tie-in to the existing lock walls would be 
accomplished by constructing a wall similar to the lock chamber walls (see 
Plate P2B4). After tie-in, the existing structure and the new structure would 
act as independent monoliths. A water tight expansion joint would be 
formed between the structures. 

After removal of the existing culvert discharge walls, a standard 45 foot 
monolith would be constructed identical to the other new lockwall 
monoliths. A shorter monolith would be used to close the gap between the 
standard monoliths and the end of the existing wall. This monolith would 
have to be designed such that a sealing surface is formed with the existing 
lock to allow dewatering. This seal could be a compression seal or an 
external seal bridging the joint between the existing wall and the precast 
wall unit. 

Because the bottom of excavation (for the wall and slab tie-in) would be 
below the existing gate monolith, stability of the gate sill monoliths would 
be a concern. The existing sheet pile under the gate sill monolith runs along 
the downstream edge of the gate sill monolith and would provide soil 
stabilization during excavation. After excavation, construction of the wall 
would proceed the same as the lock chamber walls. 

Because the new extension is designed for full uplift pressures, a sheet 
pile cut-off wall would not be required. However, the sheet pile wall would 
be connected to the existing sheet pile. The “splice” would be accomplished 
using a grout plug (see Plate P2B4). The sand within a two-foot by ten-foot 
area “confined” between the new and existing sheet pile would be injected 
with chemical grout and capped with tremie concrete. 

(ii.) Intermediate Wall, The tie-in for the intermediate wall would be 
similar to the landward wall (see Plate P2B4). Along the downstream 
riverward comer of the gate monolith, the existing sheet pile deviates back 
into the monolith. Upon excavation in this area, a void would most likely 
form under that comer. Stability of the monolith is not a concern, however 
the void would have to be filled. During sealing of the sheet pile and precast 
wall units with tremie concrete, the void would become filled with concrete. 

(iii.) Lock Floor, The tie-in floor units would be similar to the other 
floor units, except that they would have a sloping top. The sloping top 
transitions the existing floor (elevation 405.00 feet) down to the extension 
floor (elevation 401.5 feet). A sealed joint would be required along the 
interface between the existing and new structure. They would be tied to the 
walls in the same manner as the other floor units. 

(I). Temporary Mooring Wall.. The wall would be designed for a very short 
term design life. Quantities were based on an assumed structure with no 
reduction for reuse. 

(g). Guidewalls. The guidewall design to be used for sand foundations is 
described in paragraph 6b( l)(b) above. 
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(4). Construction Sequence and Procedures. Construction planning at Location 2 
would be critical. The construction sequence presented is only one representation of 
several possible sequences. Many of the steps could be accomplished concurrently. 
The philosophy is to first construct items which would enhance lock performance 
during construction. Therefore, the upstream guidewall would be extended and the 
downstream guidewall would be constructed prior to construction of the downstream 
lock extension. Thle following describes the sequence and procedures required to 
accomplish the construction. 

(a). Install temporary mooring structure and dredge behind guidewall for barge 
access. These work items could be accomplished using typical river 
construction with no impact on navigation. 

(b). Extend iMpstream guide wall and construct downstream guidewall. The 
down&earn guidewall would be built from the landward side of the river. 
Helper boats to assist in lock approach would be required to ensure that the 
wall was not hit during construction. 

(c). Remove downstream portion of the existing lower guidewall. 
Approximately 100 feet of the downstream end of the guidewall would have 
to be removed to allow placement of the miter gate monolith. 

(d). At existl’ng downstream approach, remove existing riprap and partially 
remove concrete scour protection apron. Only the downstream portions of 
the slab would be removed to maximize the number of wall monoliths to be 
installed prior to the new lock tie-in. The scour protection apron is 2 feet 
thick and must be removed underwater. The slabs would be cut into 
approximately 15 foot squares and lifted onto a barge with a crane. The 
slabs would be hauled to land for disposal. Methods for cutting slabs under 
water would need to be developed. Stone protection could simply be 
removed using a clam shell. 

(e). Drive srieetpile cut-offwalls. Sheet pile for the riverward wall, miter gate 
monolith, and downstream apron would be placed. Sheet pile at the 
landward wall and tie-in area would be placed later. Since the sheets would 
be on the outside of the structures, tolerance to horizontal alignment of the 
sheet pile would be specified as 10 to 16 inches. This would account for 
misplacement, deflections from excavation, and driving bearing piles. 
Therefclre, a moored barge with a pile driving rig and telescoping leads 
could install the sheet piles. 

(f). Pre-dredge site within sheetpile to El. 391,Ojket. The sheet pile wall would 
delineal:e the area to be dredged with the exception of the existing lower 
guidewsll area and the tie-in area. The area would be dredged in stages 
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using a hydraulic suction dredge to the line below the scour protection (El. 
391 .O feet), with a level tolerance of 10 inches. Use of a special dust-pan 
dredge head after the initial dredging would further reduce the tolerance to 5 
inches. 

(g). Back@1 site within sheet pile with scour stones to El. 392.5 feet. Depending 
on the type of dredge, a 12 to 24 inch layer of scour stone would be placed 
within the sheet pile. Typically, leveling and compacting are done with a 
screed suspended from barges or for more accuracy, a bottom supported 
screed could be used. The stone layer would be screeded or compacted to a 
level tolerance of 4 inches. 

(h). Install the piles and landing pads at site for the riverward lock wall and 
miter gate monoliths. Bearing piles and piles for landing pads would be 
driven using techniques consistent with pile type and river construction. 
The bearing piles to rock would have to be driven prior to the landing pad 
piles, except at the miter gate monolith where piles are installed after 
monolith placement. After installation of the landing pad piles, a steel open 
box is placed precisely where the pad would be. The steel box acts as a 
form for the tremie concrete which ties the landing pads to the piles. 

(i). Placefloat-in miter gate monolith. Concurrent with Steps (a)-(h), the miter 
gate sill monolith would be constructed atop moored barges near the site. 
After the sill monolith construction is complete, the barges would be sunk 
until the sill floated off the barges. The sill would be floated at a draft of 14 
feet with at least 2 feet of underkeel clearance. Once floated to the site, 
positioning would be assisted by two 36 inch diameter master piles and two 
moored barges at the site. Plate P2B5 describes the steps required to bring 
the gate sill monolith into its final placement. The monolith would be sunk 
on to the landing pads. After final positioning, pile would be driven 
through the sacrificial diaphragms. The monolith would be tied to the piles 
using tremie concrete. Driving tolerances for the master piles would be plus 
or minus 6 inches from their final position, and vertically 2 to 3 percent. 
Tighter tolerances would be achieved by an external sleeve that is aligned 
and grouted to the master pile. 

Construct approach walls monoliths, riverward chamber wall monoliths. 
Lock wall units would be constructed on barges and brought to the site. 
Place piles and landing pads as in step (h). A 350-400 ton crane barge 
would set the wall units on landing pads. Final positioning and leveling 
would be assisted by hydraulic rams attached to each unit, flat hydraulic 
jacks, and horn guides and steps on previously placed units. The open 
spaces between the base of the wall unit and the adjacent area would be 
sealed with sand bags preattached to the units or by placing a grout seal. 
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The bottom of the wall units would be sealed with tremie concrete. Once 
the tremie concrete reaches its design strength, the unit would be dewatered. 
Construction of the rest of the wall would be in the dry. The construction of 

the new culvert discharge walls and riverward walls would start at the miter 
gate monolith. 

(k). Demolish the existingguidewall in increments. Demolition of the existing 
guidewall would be accomplished using two techniques depending on 
proximil:y of the existing lock. Near the existing lock, concrete would be 
removed by line drilling and pressure wedging methods. Blasting of 
concrete would be more economical, if performed, away from existing 
structures . Timber cribbing, stone, and foundation soils would be 
excavated with a clam shell and the timber piles would be cut off underwater 
at the excavation line. 

(1). Install piles and construct landward lock wall monoliths. Construction of 
the landward wall would begin by placing bearing piles within the existing 
timber piles. Once bearing piles are installed, wall construction would 
proceed as in steps (h), (j), and (k). 

(m).PlaceprecastJoor units. Each precast lock floor unit would be floated into 
its position. Two vertical guide poles would be set up on the previously 
placed floor unit and used as a guide during sinking of the units. Steel 
cables extending from winches mounted atop the lock walls would be 
attachecl to the floor units. During ballasting, stability of the unit would be 
controlled by the pulling forces from the winches. 

(n). Tie-in lock walls. The tie-in of the intermediate and land wall would be 
done by removal of the existing culvert discharge walls. Because the culvert 
discharge walls house the emptying ports, the lock would not be able to 
operate. The two walls would be constructed simultaneously to reduce the 
amount of lock closure time. Construction of the walls would be the same 
as the other wall monoliths. 

(0). Tie-in lockfloor. The tie-in floor units would be installed the same as the 
floor units of step (1) with one exception. Since the units would have a 
sloping top, temporary ballasting would be required during floating to keep 
the unit level. Ballasting could be built into the unit or be temporary and 
removed prior to sinking. 

(p). Underbase infilling. Underbase grouting must be carried out in isolated 
compartments. Sand bags would be preattached to the leading edge of the 
floor slabs. Once the floor is in place, the sand bags sit on the prepared 
founda;ion. As a result, the sand bags and the lock wall form an isolated 
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compartment under the floor unit. Vertical sleeve holes would be formed 
through each floor unit during prefabrication. These holes would be the 
inlet and outlets for the grout and water during the infilling. 

(q). Znzllingfl OOY unit voids. The chamber floor voids would be filled using 
sand injection methods. A vertical sleeves would be formed through the top 
of each floor unit compartment during prefabrication. The sleeves would be 
fabricated with a plug. Each compartment would require two sleeves, one 
being the inlet and the other the outlet. After the compartment is filled a 
permanent plug would be installed. 

(r). Dewater lock and plug existing filling and emptying ports. Typical lock 
dewatering and construction methods to fill existing ports. 

(5). Operational Considerations 

(a). Imnact on Navipation Traffic during Construction. Both the lock design 
and construction sequence were developed to minimize impacts to 
navigation and provide safe conditions during construction. During 
construction, navigation could be impacted in many different ways. Impacts 
include use of helper boats, lock closure, temporary traveling kevels, width 
restrictions, and power restrictions. The impacts have been quantified using 
experienced judgment and input received through Reference 8. The use of 
helper boats could be required for the entire construction period. During 
almost every phase of construction, tow boats would be passing directly next 
to unfinished construction or construction in progress. 

An allowable daily schedule was assumed as follows: construction 
along the river traffic path would take place 8 hours per day; the 
construction outside the river traffic path would take place 16 hours per day; 
construction would be carried out 5 days a week. During the winter months, 
navigation slows down except on the Illinois Waterway and the downstream 
reach of the Upper Mississippi River. It is assumed that at least one month 
of shut down would be allowed without significant loss of economic 
benefits. At the end of the 8 hour per day construction period requiring 
navigation closure, unfinished construction would be left until the next day. 
During the 16 hour per day navigation period, tows that must pass next to 
unfinished construction that has not progressed to a level which could resist 
impact or rubbing forces, a helper boat would be required. When an 
opposite lock wall is in place a temporary traveling kevel might be used to 
hold the tows to one side. The wall would have to be nearly complete with 
rub panels installed to resist tow impacts. 
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The table below summarizes the estimated closure time required for the 
lock construction. The steps correspond the letters in the construction 
sequence. 

Construcl.ion Maximum Closure Number of Working Days 
Time Per day (h&day) Required for Construction 

0 30 

8 280 

8 17 

24 2 
8 26 

2 20 
0 40 

8 36 

8 23 

8 20 
0 20 

II (9 24 9 
8 20 

11 (j) approach 1 

8 110 

IO 

1 I 
8 120 

1 
(1) 24 60 

8 100 

Cm> 8 92 

(n> 24 20 

24 

30 
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Because many of the steps in Table 9 could be accomplished 
concurrently, the total time required for the assumed daily schedule is about 
2 to 2.5 years. Most of the construction would be performed during the 8 
hour/day navigation closure. Total lock closure required would be about 
12 1 days; 2 days during demolition of upstream slabs (step d), 9 days 
during gate monolith placement (step i), 20 days during the lock tie-in (steps 
n-o), 60 days for concreting of lockwalls, and 30 days during lock 
dewatering for port modifications. If construction is planned so that the tie- 
in and lock dewatering would occur during the allowed winter closure, then 
loss of benefits to the towing industry could be minimized. 

Increasing the distance between tows and construction would increase 
the level of safety during navigation. One way of accomplishing this would 
be to impose width restrictions on the tows. Discussions would be initiated 
with the tow industry to decide the most feasible scenario. This would also 
include liability in the event that a tow damages construction. Substitute 
wall units could be made to replace one that becomes heavily damaged. 

Power restrictions would be imposed on the tows traveling over scour 
protection in the construction area. Tows would have to operate at 50 
percent power and even less for larger tows. 

d. Type C (Location 2. Pile-Founded). Due to the culverts within the existing wall a 
typical cellular chamber wall lock is not practical. This lock has features comparable to 
Type B (see Plate P2Cl). The lock chamber is designed to be dewatered utilizing an in- 
floor weep hole system in conjunction with a subdrainage blanket to reduce uplift 
pressures beneath the slab panels. Intermediate tie/struts would be used to resist lateral 
movement of the chamber walls. The other portions of the lock are a scaled-back 
version of the Type B lock, primarily reducing the top wall width. The new lock would 
require approximately 2400 feet of new guidewall. 

(1). Hydraulic Features. The features and performance of the Lock Type B are 
assumed to be the same for the Lock Type C. 

(2). Geotechnical Features 
(a). Modifications of Lock Type B Design. For the Type C lock, the Type B 

lock floor design was changed from an uplift-pressure-resisting design to an 
uplift-pressure-relief design for lock dewatering. The design concept is 
basically the same as the floor design in the existing lock. Changes from the 
existing lock floor design include tying the floor struts to the lock walls so 
the struts act as tension as well as compression members, a much more 
elaborate floor drain system, thicker precast floor slabs, and sealing of the 
floor drain system (including capping of the floor slab weep holes) to 
prevent contamination of the drain system with finer-grained materials 
during normal lock operation. The floor drain system would be operational 
(weep hole caps removed) only during lock dewatering. 
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(b). Sheet Pile. Installation of sheet pile, construction sequencing/staging, 
constru:tion of the new gate bay monolith and the extension of the lock 
walls would be almost identical to the Type B lock. However, the perimeter 
sheet pile for the Type C lock must be continuous and must tie-in to the 
sheet pile beneath the existing lock to provide needed seepage cutoff/control 
for lock dewatering and in case a major leak should develop in the lock 
extension during normal lock operation. Tie-ins to existing sheet pile could 
be the same as recommended for the Type B lock (Plate P2B4). 

(c). Site Preparation. Site preparation would be the same as for the Type B lock. 
(d). Excavalion for Lock Extension Excavation staging/sequencing is the same 

as the Type B lock, but excavation depths decrease. With the precast wall 
units setting 2 feet higher, the excavation line for placement of the 
construction scour protection stone beneath the new lock walls would also 
be 2 feet higher. The excavation line for the lock floor would be 3.5 feet 
higher than for the Type B lock because the stone scour protection during 
construction will be removed prior to installation of the floor system. 
Decrea: ing the depth of excavation beneath the lock floor raises the scour 
stone layer significantly and thus increases scour stone size and layer 
thickness for horizontal excavation surfaces. It was assumed that unretained 
excavation slopes would be no steeper than 1 V on 3H. The gate bay 
monolith would be the same as for the Type B lock (uplift-pressure-resisting 
design.] 

(e). Stone Scour Protection During Construction The reason for stone scour 
protection during construction for the Type C lock is essentially the same as 
for the Type B lock, i.e., tows moving through the construction area to and 
from thl: existing lock. Stone sizes and layer thickness would be also the 
same for the Type B lock, however, the 18 inch thick stone layer would be 
placed only beneath the lock walls and the 36 inch thick stone layer would 
be placed on the 1V and 3H excavation slopes and on the horizontal 
excavation surfaces beneath the lock floor. The 36 inch thick scour stone 
beneath the lock floor would be excavated and salvaged prior to constructing 
the lock. floor system. It is assumed that excavation for, and float-in of, the 
new gale bay monolith would be sequenced such that scour stone would not 
be needed beneath the gate bay monolith. 

(I). Sheet Pile Cutoffs around Lock Perimeter. 
(g). Bearing Piles. The type of piles and pile installation concerns are the same 

as for the Type B lock. 
(h). Existing Timber Piles in the Construction Area. Excavation depth in the 

areas ol’the timber piles decreases 2 feet, but otherwise there is no 
significant change from the Type B lock. 

(i). Scour and Erosion Protection, Scour protection along new guidewalls and 
apron edge is the same as for the Type B lock. 

(j). Lock F .oor System. The lock floor system would be the same as for the 
downstream portion of the Types B and C locks at location 3, with the 
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exception of the gate bay monolith. It is assumed that the gate bay monolith 
at location 2 would be the same for either the Type B and C lock extension. 
The floor system is shown in Section A on Plate P2C2. The floor system 
consists of floor beams between the walls, a subdrainage system, and precast 
concrete floor slabs. The subdrainage system consists of a geotextile fascine 
mattress to filter and prevent migration of foundations soils, a 2-foot-thick 
layer of granular filter material to filter foundation soils, a 2-foot-thick layer 
of coarse granular filter/drainage gravel, and 3-foot-thick precast concrete 
floor slabs. Collector channels for drainage would be formed in the bottom 
of the floor slabs and would be covered with non-corrosive wire mesh to 
retain the coarse granular filter/drainage gravel. Weep holes in the floor 
units would be capped except during lock dewaterings. To prevent 
contamination of the filter/drainage layers due to sediments being carried 
into these Iayers through joints in the lock floor during normal lock 
operation, a compression or other type seal would be required at joints in the 
lock floor to prevent flow through the joints. 

The sill and HP studs along the bottom of the lock chamber face of the 
precast wall unit would be deleted for the Type C lock so that the precast 
floor beams, when set and grouted, would bear against the vertical lock 
chamber face of the wall unit. A blockout would also be included in the 
precast wall units at floor beam locations for installations of tension ties 
between the floor beams and walls following initial dewatering. 

Construction of the lock floor system would require shut down of 
navigation, removal of the 36 inch thick layer of stone placed for scour 
protection during construction of the walls and leveling of the foundation 
materials as close to the base of strut elevation as practical. Granular filter 
material could be added to fill low areas to the required elevation. The 
precast struts with attached geotextile fascines would then be lowered into 
position and the geotextile fascines lowered to rest on the leveled foundation 
materials. If the width of the geotextile fascine mattress is attached to the 
struts is equal to one-half the strut spacing, the geotextile fascines attached 
to adjacent struts would overlap 5 feet when lowered onto the foundation 
materials. 

Once a strut and the attached fascines are lowered into positions, bearing 
piles would be driven through holes in the strut and be subsequently grouted 
to the strut. The ends of the strut would also be grouted to provide solid 
bearing against walls for subsequent compression loading when the lock 
extension is dewatered. When adjacent struts (or sill and adjacent strut) are 
in place, the 2 foot layer of granular filter would be placed and leveled 
followed by placement and leveling of the 2 foot thick layer of coarse 
granular filter/drainage gravel. The 2 foot thick precast floor slabs would 
then be slowly lowered into final position and the weepholes subsequently 
capped by divers. The strut/wall tension ties and floor joint seals would be 
installed during the initial dewatering prior to placing the lock back in 
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service. Construction of the lock floor system should be sequenced to 
minimize contamination of the floor drain system with sediment, to the 
maximum extent practical. 

If the lock floor system design shown is evaluated further at some future 
date, it is recommended that consideration be given to changing some 
portions of the design. The geotextile fascine would be a back-up for the 
granular filter that could be placed directly on the foundation materials. 
Since t1.e granular filter layer would be 2 feet thick, the geotextile fascine 
mattress would probably not be necessary. It also appears that the size of 
the precast floor units could be significantly increased (combining 2, or 
possibly 4, units into 1) which would significantly decrease the lineal feet of 
floor jojnts and allow the use of fewer (but larger) weepholes. Since all 
weepholes would need to be located and uncapped prior to dewatering, a 
signif&nt reduction in their number is an attractive option. 

(3). Structural Features 

(a).Lockwalls. Th 1 k e oc walls are a scaled back version of the Lock Type B 
walls (see. Plate P2C2). The walls would be faced with removable precast 
concrete rub panels and they would be constructed using the same methods 
presented for the Lock Type B except for the void at the floor beam tie-in. 
A precast box with studs on the outside would be placed to form a void in 
the tremie concrete. After wall construction, the void would be used to tie 
the floor beams to the lock walls. 

Stability calculations were performed for normal lock operation and lock 
dewatering. Lateral movement of the walls would be resisted by the 
intermediate floor beams which would act as a compression strut and a 
tension tie. Less piles would be required since the walls would no longer be 
supporting the slab system. Based on the stability analysis, the type and 
require11 number of piles are shown on Plate P2C2. 

(b).LockFlnnr. tS ee also the discussion under Geotechnical Features above in 
paragraph (j) Lock Floor System.) The floor system consists of floor beams 
between the walls, a subdrainage system, and precast concrete floor slabs. 
The sil and HP studs along the bottom of the lock chamber face of the 
precast wall units would be deleted for the Type C lock so that the precast 
floor beams, when set and grouted, would bear against the vertical lock 
chamber face of the wall unit. A blockout would also be included in the 
precast wall units at floor beam locations for installations of tension ties 
between the floor beams and walls following initial dewatering. 

(i) Floor Beams. Assuming 45foot-long monoliths, the connection 
between the floor beams and wall must resist 1435 kips in tension for 
normal operation, and 1790 kips compression for extreme maintenance. The 
floor bc:ams would be precast concrete and would be post-tensioned or 
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prestressed. The floor beams would be founded on piles to resist differential 
water loads. 

(ii) Slab Panels and Subdrainape System, The slab panels are designed 
to relieve uplift pressures during dewatering. In the upper chamber (floor 
El. 40.5 feet), the weep holes are required to relieve an uplift pressure of 
1.83 ksf. In lower chamber (floor El. 401.5 feet) a pressure of 2.3 .ksf must 
be relieved. The weep holes would be augmented by a subdrainage system 
which is described under the Geotechnical Features. 

(c). Downstream Miter Gate Monolith. Similar to the Type B lock. 
(d). Tie-in to ExistinP Lock. Similar to the Type B lock. 
(e). Temnorary Mooring Wall. Similar to the Type B lock. 
(f). Guidewalls. The guidewall design to be used for sand foundations is 

described in paragraph 6b( l)(b) above. 

(4). Construction Sequence and Procedures. Considerations for construction are 
nearly the same as the Lock Type B. The Lock Type C has a different floor system and 
is represented below. The construction sequence presented below is only one 
representation of several possible sequences. Many of the steps could be accomplished 
concurrently. The following describes sequence procedures required to accomplish the 
construction. 

Steps (a) -(I) are the same as for the Type B lock. 

(m).Constructfloor system. Floor beam tie-in is as shown in section for 
Location 3, Plate P3B4. Floor beams would be placed underwater to align 
with blockouts in the wall. H-piles would be driven through the pile ports 
and grouted to the floor beams. Tremie concrete would be placed at the 
ends, between the beam and the lock wall to resist compressive forces 
during dewatering done in step (p). Once beams were installed the filter 
layers would be placed and slab panels would be installed. 

(n). Tie in at lockwalls. (Same as for the Type B lock.) 

(0). Tie-in ofj’oor slab. The tie-in for the floor would be installed the same as 
the floor system of step (m). 

(p). Tiefloor beams to lock wall monoliths. The lock would be dewatered. 
From inside the culvert, holes would be bored through the tremie concrete 
(placed in step (m)) to connect the block-out in the wall with the block out in 
the floor beam. Reinforcing bars would be passed through the holes and 
threaded into couplers in the beams. Blockouts would then be filled with 
concrete. Concurrently, the filling and emptying ports would be modified. 
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(5). Mona1 Considerations 

(a). Impact. on Navigation Traffic during Construction. In general, impacts to 
navigation for the ‘Type C lock are the same as for the Type B Lock. The lock closure 
times are different due to the different floor system. Table 10 summarizes the estimated 
closure time required for the lock construction. The steps correspond the letters in the 
construction sequence. 

TABLE 10 - Lock Closure Time During Construction 

Construction 
Sequer Ice 

Step 

Maximum Closure Number of Working Days 
Time Per day (l-n-s/day) Required for Construction 

(a> 0 30 

04 8 420 

00 

69 

24 2 
8 26 

2 20 
0 40 

23 

8 20 
0 20 

(9 24 9 
8 20 

(j) approach 8 40 
wall:; 

(j) riverwall 8 110 

(1) 24 60 
8 100 

(n> 24 20 

(0) 8 46 
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As with the Type B Lock, some of the steps in Table 10 would be accomplished 
concurrently, and the total time required for the assumed daily schedule is about 2 to 2.5 
years. Based on Table 10, the total required lock closure would be about 12 1 days; 9 
days during demolition of upstream slabs (step d), 2 days during gate monolith 
placement (step i), 20 days during the lock tie-in (steps n and o), 60 days for the 
landwall monolith construction, and 30 days for floor beam tie-ins and port 
modifications (step p). If construction is planned so that the tie-in and lock dewatering 
occurs during the allowed winter closure, then the total lock closure could be reduced to 
about 34 days. 

Power restrictions would be imposed on the tows traveling over scour protection in 
the construction area. Tows would have to operate at 50 percent power and even less 
for larger tows. Even with reduced power tows would not be able to navigate over 
exposed filter layers for the floor system. Therefore, the floors could be installed 
during the winter closure concurrent with the tie-in or filter layers and slab panels 
would have to be placed by the end of the 8 closure period per day. 

14. Location 3 (Pile-Founded). The existing locks were built with provisions for a 
second 360 foot auxiliary lock riverward of the main lock. The provisions included an 
upstream gate monolith with gates and appropriate recesses for a miter gate installed 
360 feet downstream within the intermediate wall. Constructing a lock at this location 
would take advantage of some of the provisions. 

Similar to Location 2, a new conventional lock cannot be constructed at Location 3 
without shutting down navigation for an extended period of time. The existing partial 
auxiliary lock structure can be extended while maintaining navigation. 

If a Location 3 lock were constructed, the final configuration would be a two lock 
system. The new lock would become the primary lock while the existing lock would be 
secondary. The secondary lock would have one-side filling and emptying and would be 
used for small tows, recreation, and used during major maintenance of the primary lock. 

The feasibility of constructing a lock within the auxiliary lock location poses many 
of the same problems as Location 2. Because the auxiliary lock is not directly in the 
path of navigation, impact to navigation during construction would be less than at 
Location 2. 

a. ExistinrJ Conditions 
(1). General Site Description. The existing provisions for a 360 foot auxiliary lock 

would constrain the new lock geometry and filling system. The upper gate sill is in 
place and the intermediate and riverward walls have existing culverts and thus, Location 
3 does not lend itself to other filling and emptying systems. The available culvert area 
is limited by the 12.5 by 12.5 feet or 14 feet diameter existing culverts. The location of 
the culverts within the wall forces the option of a large gravity type wall. Descriptions 
of some of the more pertinent aspects of the existing conditions are given below. 
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(a). Upper Sill. It is assumed that the sill is stable; this assumption should be 
verified in future design stages. Depending on the site, the existing timber 
seal wc’uld be replaced with a steel seal. 

(b). Intermediate J,ock Wall, The stability of the existing intermediate wall was 
investigated and is presented in the text for Location 2. At Location 3, once 
the new lock floor is in place, it would act to resist lateral loads applied to 
the intermediate wall. 

(c). Guidewalls and Guard Walls. The existing upper and lower guidewalls for 
the main lock consist of landward solid walls. The walls would be a 
concrete gravity type founded on timber piles. Though no analysis was 
performed, it is reasonable to assume that the guidewalls are in a condition 
that would only require extension and not complete removal and 
replacement. The final determinations whether the existing guidewalls 
require extension would be determined as part of the physical model tests at 
WES. Some locks may have an upper guardwall off of the riverward culvert 
entrance wall and would be removed to accommodate construction of the 
new upper guidewall for Location 3. 

(d). Scour Hole. The riverward lock location is adjacent to the dam outlets. 
Based on topography from 1989 surveys (see Plate P3B 1) a scour hole has 
developed downstream of the dam outlet works. The scour hole extends 
into the auxiliary lock location which would require much of the new lock 
extension to be constructed on fill. The size and depth of the scour hole 
most likely varies depending on the site. To give stability to the new 
riverwerd wall, the sand fill would have to extend a significant distance from 
the new lock chamber. The scour hole at Lock and Dam 25 was assumed 
for quantity calculations. The scour hole would be partially tilled using 
dredged river sand and armored with capstone and riprap. 

(2). Deviations from Common Criteria. The intended auxiliary lock chamber 
floor elevation does not meet the submergence criteria set forth for the other locations in 
paragraph 6a above The intended chamber floor provides 1.33D plus 2 feet of 
submergence. The standard criteria states that the chamber floor shall be 1.7D plus 2 
feet below normal pool. To meet criteria, the floor elevation would have to be lowered 
from EL. 405.0 to EL. 401.5. Lowering the lock floor to meet criteria is not feasible for 
several reasons. The founding elevation of the existing intermediate lock wall is at EL. 
400.0. If the floor was lowered the stability of the existing lock walls would be 
compromised. Based on the these constraints, it was assumed the chamber floor 
elevation for the upper portion of the new lock extension would remain as intended (El. 
405.0). The new extension downstream of the existing main lock would be built to 
meet criteria. This configuration is similar to the lock extension at Location 2. 

b. Type A (Location 3. Pile-Founded). The Type A lock construction requires a 
cellular cofferdam around the lock construction area that would encroach on the 
approach channel to the existing lock (see Plate P3Al). Because of the resulting 

85 



Conceptual Lock Designs 
Pile-Founded - Location 3, Type B 

extended closure to navigation, construction of this lock alternative is economically 
inefficient and is eliminated from further consideration. 

c. Tvpe B (Location 3. Pile-Founded). The existing partially constructed auxiliary 
lock would be lengthened to 1200 feet by extending the intermediate wall 660 feet and 
extending the river-ward wall 1150 feet as shown on Plate P3B 1. The lock is designed 
to be dewatered utilizing a subdrainage system to relieve uplift pressures beneath the 
lock floor. Floor beams would resist lateral loads applied to lock walls. The floor 
beams would act both as compression struts during dewatering and tension ties during 
lock operation. 

The filling and emptying system would include plugging ports from the existing 
intermediate wall and rerouting them to the new chamber. The culverts would be 
similar to the existing main lock. 

While portions of the lock extension are being constructed, the tow traffic would not 
be able to easily access the existing lock. The existing downstream guidewall would be 
extended 600 feet prior to starting construction of the intermediate wall extension to 
ease approach conditions during and after construction. This guidewall extension could 
also be used in the future during major maintenance of the new lock chamber. 

The new lock would require approximately 2400 feet of new guidewall. These walls 
would extend upstream and downstream of the river-ward lock wall. Prior to installing 
the upstream guide wall, the existing 400-foot-long guard wall would be removed. A 
reasonable configuration for guidewalls would be determined as part of the physical 
model tests at WES. 

(1). Hvdraulic Features. The Location 3 features and performance are assumed 
similar to Location 2 for the purpose of this study. For the Location 3 alternative, the 
river wall lock culvert of the existing 600 foot lock would be utilized for the new lock. 
Lockages through the existing lock would then be accomplished with a single valve 
operation (using the landwall culvert only) thereby impacting the filling and emptying 
time of the existing lock. 

(2). Geotechnical Features 
(a). Site Prenaration. Because excavation within the sheet pile cofferdams is 

difficult and to keep the recesses in the sheets as clean as possible, 
excavation done prior to placing sheet pile cofferdam walls would be 
preferred. The upstream portion of the lock (at scour hole) would be built 
primarily on fill (see Plate P3B3). After removal of any existing scour 
protection, this area would be prefilled to EL. 394.5 feet. The downstream 
area requires approximately 5-8 feet of excavation. Much of this material 
could be used to fill the scour hole. Sand fill for the scour hole would be 
required for a distance of 80 feet from the river-ward face (see Plate P3B3). 
The sand till would form angle of repose at that point, forming an 
underwater slope of approximately 1 V to 1 OH. The slope would intersect 
the existing downstream stone protection or river bottom. 
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(b).Sheet pile cut-off wall, The outer wall of the stay-in place cofferdam would 
provide the cut-off wall required during dewatering of the lock. It is 
estimated that the outer sheet piles would be driven approximately 35-40 
foot deep. The inner sheet piles for the wall cofferdams would only be 
required for construction and only require an embedment of 25 feet. Sheet 
piles would also be driven along the perimeter of the gate monolith to 
provide seepage control during dewatering of the gate bay. Sheet piles at the 
gate mctnolith would be driven to the same depths as the outer sheet piles of 
the wall cofferdam. 

(c). Excavation Along the Existing I-wall. The founding elevation of the 
existing I-wall is at El. 400.0 feet. The bottom of the floor beams would be 
at El. 398.0 feet. To install the floor, overexcavation of at least 1 foot would 
be requ red lowering the excavation to El. 397.0 feet. To further complicate 
the situation, the bottom of the existing timber cribbing is at El. 396.0 feet. 
During excavation, material would migrate from below the wall creating a 
void. The void would have to be grouted. It is assumed that the wall would 
require some amount of underpinning. The cribbing would have to be 
remove’3 incremental while driving sheet pile and grouting behind to ensure 
stability of the wall. Sheet piles could be driven underwater within a foot of 
the wall (see Plate P3B4). 

(d). Cofferd ams: 
G&; Bay Cofferdam. The gate bay will be constructed within a braced 

sheetpile cofferdam. The gate bay cofferdam height and design load is 
based on the common criteria for all designs. 

hkwall Cofferdam. The tops of the lockwall cofferdams are below 
the elev,ation required by the common criteria. This is considered 
acceptable because the walls would be dewatered/ constructed in 35- to 
45-foot monoliths and the consequences of overtopping are less of a 
concern. If a wall cofferdam would be overtopped, only a small area 
would be affected. When water levels recede, wall construction could 
continue without major loss. 

(e). Scour Protection During Construction. Prior to significant construction the 
scour hllle would be filled. The first l-3 gates would be closed until the rock 
protection and the outside of the riverward wall was in-place. Due to the 
size of .:he rock required. Placement of the rock would have to occur after 
driving the outer cofferdam sheet piling and wall construction had 
proceeded to a point to resist the lateral pressures imposed by the rock. 
Construction of the new chamber floor would be protected by the stilling 
effect of the wall cofferdams. The sheetpile wall cofferdams would provide 
a barrier against alluvial sediment and scour for the construction within the 
new chamber. 

(f). Bearing Piles. Bearing piles are recommended because of the weight of the 
new lock, the difficult site conditions, and the fact that the existing lock is 
pile founded. Bearing piles are a significant cost item. Pile capacity would 
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have a large effect on foundation cost. To take advantage of the economy of 
large pile capacities, it would be recommended to place piles directly 
bearing on the underlying rock. For estimating purposes, the rock elevation 
was assumed to be El. 325.0 feet. 

Three pile types were analyzed and are presented on the drawings. Steel 
H-piles, prestressed concrete piles, and steel cased cast in-place piles were 
analyzed. Capacities for the steel H-piles were based on load tests 
conducted for Melvin Price Locks and Dam and Lock and Dam 26. 
Capacities for the prestressed and cast in place concrete piles were based on 
allowable stresses in the pile. 

Steel H-piles were selected for the cost estimates since they can 
accommodate many adverse pile driving conditions and in general are 
economically conservative. Site-specific design work would select the most 
feasible/economic pile type. A discussion on the use of precast concrete 
piles is presented in paragraph 17, Alternative Elements of Design. 

Similar to Location 2, piles would be driven near the existing structures. 
This situation produces forces and movements that are not easily predicted. 
This is especially true at Location 3 due to the significant excavation along 
the existing I-wall. An extensive instrumentation program would be 
established during construction to monitor the movement of the existing 
structures. 

(g). Scour and Erosion Protection, Riprap erosion protection would be placed 
along the riverside of the riverward wall extension in two reaches. The 
upper reach would be downstream to station 9+00B. This reach is in the 
area of the scour hole. Stone protection consisting of 6 foot of capstone on 3 
foot of Graded Stone C would be placed on the sand fill for 80 feet from the 
river-ward face of the river-ward wall. The remaining sand fill slope (1 V on 
1 OH), will be protected with 5 feet of 3500 pound topsize riprap on 3 foot of 
Graded Stone C (see Plate P3B3). The lower reach downstream of station 
9+00B to the end of the lock would be protected with a 50 foot width of a 6 
foot layer of Graded Stone B (see Plate P3B2). A tremie concrete apron 
would be required in front of the lock discharge ports. 

Towboat propwash along the guidewalls and lock approach would create 
the need for scour protection. An important factor is the depth of water over 
the scour protection stone. As water depths decrease below 25 feet, the 
stone size (and therefore, the stone layer thickness) increases rapidly. The 
minimum water depth along the new downstream guidewall and along any 
new extension of the upstream landward guidewall would be about 19 feet. 
Stone protection to prevent scour from towboat prop wash has been included 
in the estimate. A six-foot-layer of stone, 40 feet wide, would be placed 
along the downstream edge of the new lower apron, along both sides of the 
new lower guidewall, riverside of the downstream extension, and along both 
sides of the new upper guardwall. 
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(3). Structural 

(a). I,~&alls. The lockwalls would be of gravity type founded on piles (see 
Plates P3B2 and P3B3) and faced with removable precast concrete rub 
panels. The walls would be constructed using stay-in-place braced sheet pile 
cofferdams. The outer sheet piles would serve as: (i) cut-off wall for 
seepage control, (ii) permanent scour protection, and (iii) forms for 
dewate:-ing and concrete placement. The estimated depth for the outer sheet 
pile wall is 35 feet, primarily for seepage control. The inner sheet pile wall 
serves only as a form for dewatering and concrete placement. To resist 
lateral pressures during excavation and dewatering the embedment depth for 
the inner sheet piles would be 25 feet. 

A reinforced concrete tremie slab would be poured in the wet onto 
predrivzn bearing piles to provide a bottom seal for the cofferdam. Once the 
cofferdm is dewatered the remainder of the wall would be constructed 
using uaditional methods except that the sheet pile would act as permanent 
concrete forms. A reusable bulkhead could be installed to limit the amount 
of dewatering and allow the wall to be placed as separate 35-45 feet 
monoliths. Once concrete has been brought up to the top of the culvert the 
cofferdam bracing would be removed. 

Staaility calculations were performed for normal lock operation and lock 
dewatering. Lateral movement of the walls would be resisted by floor 
beams .which act as both compression struts and tension ties. The sheet pile 
was neglected in the stability calculations. 

(b).Mloor. The floor would extend from the existing utility chase. At sites 
where 1 he utilities do not cross through the lock floor, the floor would 
extend from the existing upper sill monolith. The new floor system consists 
of floor beams between the walls, a subdrainage system, and precast 
concrete floor slabs. Weepholes in the floor slabs would be capped to 
preven: siltation from plugging the weephole. Prior to lock dewaterings, 
the weephole caps would removed using a diver. 

The precast floor beams, when set and grouted, would bear against the 
verticaI face of lock chamber wall. A blockout would be formed within the 
cofferdam at floor beam locations for installations of tension ties between 
the floor beams and walls following initial dewatering. 

(i.) Floor Beams. Assuming 35 foot monoliths, the connection between 
the floor beams and wall must resist 1435 kips in tension for normal 
operation, and 1034 kips compression for extreme maintenance. The floor 
beams would be precast concrete and would be post-tensioned or 
prestressed. The floor beams would be founded on piles to resist differential 
water loads. The piles would be grouted to the floor beams using a 
thixotropic grout. 

(ii.) ) tern, The slab panels are designed 
to relieve uplift pressures during dewatering. The slabs would be 2 feet 
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thick precast concrete with preinstalled weep holes and an under slab void 
system (see Plate P3B4). The size of the slabs allow adequate movement so 
that water loads during lock operation do not damage or crack the panels. In 
the upper chamber (floor El. 405.0 feet), the weep holes would be required 
to relieve an uplift pressure of 1.83 ksf. In lower chamber (floor El. 40 1.5 
feet) a pressure of 2.3 ksf must be relieved. The weep holes would be 
augmented by a subdrainage system. The subdrainage system was 
previously described for the Location 2, Type B, pile-founded lock. 

(c). Miter Gates 
(i.) Upper Gates. The upstream miter gates for most of the locks with 

provisions for an auxiliary lock have the miter gate leafs installed. Theses 
leafs have exhibited corrosion over the years but typically no more than the 
gate at the main lock. The gates have not been operated and loading is from 
differential pool elevation. The only fatigue loading would be from flood 
events which could only represent a maximum of 50 cycles. Therefore, at 
sites where the gates have been maintained or are in good condition reuse 
would be considered. The cost estimate for the generic designs assumes the 
upper gate would be replaced. The upper gate leaf dimensions are 35-O” 
high by 60’-8” wide and would not be interchangeable with the 39’-0” high 
lower gates. 

(ii.) Lower Gates. The lower miter gate would be vertically framed with 
leaf dimensions of 39’-0” high by 60’-8” wide. With the walk way installed 
the vertical dimension would be 40.5 feet. Gate weights were interpolated 
from gates used at the Melvin Price Lock and Dam 26. 

(d). Downstream Miter Gate Monolith. The proposed downstream miter gate 
monolith is designed as a continuous U-frame. The entire gate sill, gate 
recesses, maintenance bulkhead slots, and filling and emptying valves are 
included. The monoliths would be constructed within a braced sheet pile 
cofferdam using conventional methods. Because this type of structure is a 
proven design, no stability calculations were performed. A detailed 
description of the cofferdam and gate monoliths is presented for the 
Location 4 pile founded lock. The conventional cofferdam approach tends 
to be lengthy and expensive. Two alternatives for installing the miter gate 
monoliths are presented in paragraph 17, Alternative Elements of Design. 

(e). Tie-in to Existing Lock. The existing river-ward culvert discharge wall does 
not have similar pile density as the existing chamber walls and no sheet pile 
cut-off wall exists. Therefore, the entire riverward culvert discharge wall 
would be demolished up to the interface of the existing lower miter gate 
monolith. The proposed removal would stop at an existing monolith joint 
which would give a flat surface to interface with. 

(i.) Intermediate Wall. Tie-in to the existing lock walls would be 
accomplished by constructing a wall similar to the lock chamber walls. 
After tie-in, the existing structure and the new structure would act as 
independent monoliths. A water tight expansion joint would be formed 
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between the structures. After removal of the existing culvert discharge wall, 
monolihs would be constructed identical to the other lock wall monoliths. 
A shorter monolith would be used to close the gap between the standard 
monolil.hs and the end of the existing wall. This monolith would have to be 
designed such that a sealing surface is formed with the existing lock to allow 
dewatering. This seal could be a compression seal or an external seal 
bridgirrs the joint between the existing wall and the sheet pile cofferdam. 

The existing sheet pile under the gate sill monolith does not run the 
entire length of the downstream edge of the gate sill monolith and would 
provide partial soil stabilization during excavation. Along the downstream 
river-ward comer of the gate monolith, the existing sheet pile deviates back 
into the monolith. Upon excavation in this area, a void would most likely 
form under that comer. Stability of the monolith is not a concern, however 
the void would have to be tilled. During sealing of the sheet pile 
cofferd,uns, the void would become filled with tremie concrete. After 
cofferd,un sealing, construction of the wall would proceed the same as the 
lock chamber walls. 

The: outer sheet pile would tie into the existing sheet pile cut-off wall. 
The “splice” would be accomplished using a grout plug similar to that used 
at Location 2 (see Plate P2B4). The sand within a two feet by ten feet area 
“confined” between the new and existing sheet pile would be injected with 
chemical grout and capped with tremie concrete. 

(ii.) Rivet-ward Wall. The tie-in for the intermediate wall would be 
similar the intermediate wall with the exception that little or no demolition 
of the existing riverward wall would be required. 

(iii.) Lock Floor. The tie-in floor panels would be similar to the other 
floor panels, except that they would have a sloping top. The sloping top 
transiti~>ns the existing floor (elevation 405.00 feet) down to the extension 
floor (elevation 401.5 feet). The floor transition would start at the lower 
edge ol’a floor beam sloping down at about 1 vertical to 4 horizontal. 

(0, Temporary Mooring Wall, Depending on the riverward bank configuration, 
a temporary mooring structure may be required during construction of the 
lower guidewall. If required, the wall would be designed for a short design 
life. Quantities were based on an assumed structure with no reduction for 
reuse. Quantities do not reflect any bank realignment and where required 
would be incorporated into site-specific designs. 

(g). GuideTvalls. The Location 3, Type B guidewalls would be of the standard 
design described in paragraph 6b( l)(b) above. 

(4). Construction Sequence and Procedures. Construction planning at Location 3 
would be critical. The construction sequence is presented and is only one representation 
of several possible: sequences. Many of the steps could be accomplished concurrently. 
The philosophy is to first construct items which would enhance lock performance 
during construction. 
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The construction sequence and procedures are listed below. Special attention is 
given to the innovative construction procedures. 

(a). Close dam gates adjacent to auxiliary lock and install instrumentation. To 
augment tilling the scour hole and reducing disturbance at prepared 
foundations, gates would be closed during construction. The number of 
gates would be site-specific, however, in most cases the first two gates 
would be closed during construction. Install instrumentation on existing 
structures to monitor movement during excavation, pile driving, and 
dewatering. 

(b). Remove existing riprap and concrete apron within the auxiliary lock. 
Riprap at the downstream approach and within auxiliary chamber would be 
removed using a clam shell or backhoe. The concrete apron is 2 feet thick 
and must be removed underwater. The slabs would be cut into 
approximately 15’ squares and lifted onto a barge with a crane. The slabs 
would be hauled to land for disposal. 

(c). Remove existing cribbing and riprap and underpin existing I-wall. Timber 
cribbing and associated stone protection along intermediate lock wall could 
simply be removed using a clam shell, or backhoe. Removal must be 
incremental so that the stability of the I-wall is not compromised. As 
portions of the cribbing are removed, underpinning of the wall could be 
done by driving sheet piling within 1 foot of the I-wall. Sheets would be 
driven using an extension pile. The void under the wall and between the 
wall and the sheet pile would be tilled with grout or tremie concrete. 

(d). Extend existing main lock guide wall. Extend existing downstream 
guidewall at main lock. Depending on the site, the walls would be 
constructed from the landward side, minimizing traffic delays. The 
construction procedure would be finalized during site-specific designs after 
the guidewall design and configuration are complete. 

(e). Excavate site andJill scour hole. The downstream area of the extension 
requires 5-8 feet of excavation. This material would be excavated using a 
hydraulic dredge to fill river sand into scour hole. The scour protection 
would be placed to within 20 feet of outer sheet pile wall. The remainder of 
the scour protection would be placed after wall construction. 

(0. Install sheet pile coferdams for walls and miter gate monoliths. The sheet 
pile walls are considerably long and impose relatively strict alignment 
requirements on the sheet pile placement. To achieve the alignment 
requirements a fixed template would be required. The template would 
consist of a fixed framed with four spud pile sleeves. The frame would be 
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about 29 feet in width, 35-45 feet in length, and 8 feet deep. The template 
would be floated to its position on a pontoon. After the template is aligned, 
the 4 s:3ud piles would be driven through the sleeves into the river bed. 
Sheet piles would be set up against the framing and blocked to maintain 
horizontal and vertical alignment. The four spud piles would be pulled and 
the template would be moved to the next location. Bracing could be 
installc,d while the template was in place or after it is moved. 

Thl: miter gate monoliths would be constructed within a braced single 
sheet pile cofferdam. The sheet pile for the miter gate cofferdam would be 
installe,d using conventional construction methods. Due to the height of the 
cofferdam two rows of bracing would be required. The lower bracing would 
be installed underwater prior to dewatering. The outer walls in the direction 
of flow, would be used as concrete forms. The other sheet piles along with 
bracing would be removed. 

(g).D rive ji es or oc wa jlflk II s and miter gate monoliths and seal coferdams. 
Within the cofferdam, the foundation would be excavated and leveled. 
Bearin,g piles would be driven using techniques consistent with pile type and 
river construction. Bracing for the wall cofferdams could be designed to act 
as a pile driving templates. After pile placement, top reinforcement of 
tremie slab is lowered to rest on preset anchors in sheet pile. Reinforced 
tremie concrete is placed at the base of the cofferdam to provide a seal for 
dewatering. After dewatering, the monolith is constructed within the 
cofferd am using traditional construction methods. 

(h). Construct miter gate monolith. The miter gate cofferdam would be 
dewatered and the gate monoliths would be constructed using conventional 
construction techniques. After construction within the cofferdam is 
complete, sheet pile walls perpendicular to flow would be removed. 
Depending on construction staging the removed sheet piles would be reused 
for the lock wall cofferdams. 

(i). Construct lock chamber walls. Construct riverward lock chamber wall in 
the braced single sheet pile wall cofferdam. The cofferdam would tie into 
the completed downstream gate monolith and the existing upstream lock 
walls. Away from recesses, the Z-pile cofferdam walls form the edges of 
the wall and serve as formwork and permanent scour protection. At 
mooring bitts, bulkhead slots, and other recesses, the sheet pile wall would 
flair out to accommodate forming recess geometry at face of wall. After 
completion, the flared sheet pile would be cut along the bottom and 
removed. Intermediate bulkheads could be placed along the wall to allow 
partial dewatering of cofferdam. 

Ccnstruct I-wall extension using same methods as riverward wall. 
Construction barges would operate from inside the new lock chamber. A 
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traveling mooring line would be required along the existing downstream 
guide wall to ensure that the tow does not impact the I-wall under 
construction. 

(i). Tie-in lockwalls to existing lock. The tie-in of the intermediate wall would 
be done by removal of the existing culvert discharge wall monoliths. Line 
drilling and pressure wedge techniques could be used for demolition. 
Because the intermediate wall culvert discharge monoliths house the 
emptying ports, the existing lock will operate using the landward culvert 
only. Tie-in at the riverward wall is similar, except little or no demolition 
would be required. Other than tieing the sheetpile cofferdam to the existing 
concrete wall, construction of the walls will be the same as the other wall 
monoliths. 

(W’ P f d t f h b fr re are oun a ion or c am er oor. Once site preparation is completed 
in the chamber area, the foundation base within the chamber would be 
screeded to a level tolerance of 2 inches. 

(1). Installfloor beams andfascine mattress. A 100 foot catamaran barge would 
be used to place the precast floor beams at 35 foot spacing. Two 18 foot by 
110 foot geotextile fascine mattresses would be attached (in a flexible 
manner) to the either side of the floor beam. Once the beam is lowered 
using linear jacks, the fascine mattresses would be laid out flat by lines 
connected to the two barges of the Catamaran. The two adjacent fascine 
mattresses would have a 5 foot overlap. 

(m).Drive bearing piles and grout tofloor beams. Small H-pile bearing piles 
would be driven through the pile ports in the floor beams. A thixotropic 
grout would be used to grout the piles to the floor beams. 

(n). Place$lter material and install slab panels between floor beams. In the 
wet, a 2 foot layer of granular filter material would be placed on top of the 
fascine mattresses, and compacted and leveled to a level tolerance of 2 
inches. A 2 foot layer of graded drainage gravel would then be placed on 
top of the filter sand and leveled to a level tolerance of 1 to 2 inches. The 
Catamaran barge would then be used to lift 16 precast paving slabs 
simultaneously with a strong back. The strong back would lower the panels 
to the floor level and set them on the drainage gravel. 

(0). Tiefloor beams to lock wall monoliths and modzfi existing lock. The filling 
and emptying ports in the existing I-wall would be plugged (putting the 
existing lock out of operation for 4 weeks), after which, the new lock would 
be dewatered. For the new wall extension (see Plate P3B4), holes would be 
bored through the tremie concrete (placed in step (g)) to connect the block- 
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out in the wall with the block out in the floor beam. Reinforcing bars would 
be passed through the holes and threaded into couplers in the beams. 
Blockcuts in the beam and wall would then be filled with concrete tying the 
beams to the wall. Holes would be drilled from the lock side through the 
floor beams into the existing intermediate wall (see Plate P3B3). Rock 
anchor;; would be inserted and grouted into place. Using this method, 
operation of the existing lock is not interrupted. Also, the new tilling and 
emptying ports would be cut into the existing I-wall for the new lock 
operation. 

(p). Demob’sh upstream guardwall. Upstream guardwall would be dismantled 
and removed. After removal of the guardwall, a helper boat would be 
required to ensure tows do not drift into the dam or construction area. This 
is especially true where significant outdraft is exhibited. 

(q). Construct upstream and downstream guidewalls. The guidewall and 
guardwall construction could be accomplished concurrently with the above 
steps. 

(5). Operational Considerations 

(a). Impact on Navigation Traffic durinp Construction. Navigational impacts 
would be similar to impacts at Location 2, but to a lesser degree. Much of 
the construction at Location 3 would be away from the navigation channel. 
When construction is near the path of navigation traffic, the daily schedule 
for Location 2 would be used (that is, 8 hours of navigation closure per day 
and 16 hours with navigation). 

Helper boats will be required during construction to ensure that tows 
naviga1.e safely past construction areas. This is especially true during 
construction of the upper guardwall, lower guidewall, and the extension of 
the intermediate lockwall. A traveling kevel will be installed along the 
existin,; guidewall and its extension to hold tows away from construction of 
the intermediate wall extension, 

Table 11 summarizes the estimated closure time required for the lock 
construction. The steps correspond the letters in the construction sequence. 
Many of the steps in Table 11 would be accomplished concurrently, and the 
total duration of construction would be about 2 years. The total lock closure 
time is estimated at 30 days; this would be required to make modifications 
to the existing lock’s filling and emptying ports (step 0). Once the tie-in of 
the intermediate wall is initiated (step j), the existing lock would thereafter 
fill ant; empty only from the landwall. 

Increasing the distance between tows and construction would increase 
the level of safety during navigation. One way of accomplishing this would 
be to impose width restrictions on the tows. Discussions would have to be 
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initiated with the tow industry to decide the most feasible scenario. This 
would also include liability in the event that a tow damages construction. 

Unlike Location 2, power restrictions for Location 3 would be minimal 
and only related to a save traveling speed when navigating next to 
unfinished construction. 

II TABLE 11 - Lock Closure Time During Construction 

Construction Maximum Closure Number of Working Days 
Sequence Time Per day @r-s/day) Required for Construction 

Step 

a 0 30 
b 0 45 

C 24 10 
0 70 

d 8 120 

e 8 21 
0 130 

f 8 36 

g 24 15 

0 100 
h 8 90 

i 24 10 
8 160 
0 110 

j 8 60 
k 0 55 
1 0 65 

m 0 25 
I  I  

n 0 65 

0 I 24 I 30 
110 

9 I 8 I 260 
Assumes upper and lower guidewalls are constructed concurrently. 
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(b). Restri,;tions on the Use of the Existing Lock. 

After construction of the new lock, the existing Filling and Emntving. 
lock will operate with only one-half of its present filling and emptying 
capacit:y. At a minimum, this will double the tilling and emptying times. 
The valve operation rate might have to be slowed to prevent a lateral swell 
in the chamber, thus further slowing filling. 

Approach Conditions. The approach to the existing lock might be difficult 
after construction of the new lock. Approach conditions for existing 
conditions and various lock placements are being studied as part of the 
model studies at Waterways Experiment Station. These results would be 
incorporated into any future site-specific designs. 

d. Type C (Location 3. Pile-Founded). Due to the culverts within the existing wall a 
typical cellular ch,amber wall lock was not considered practical. The Type C lock is 
nearly identical to the Type B lock. The existing lower guidewall would be extended 
using a temporary floating guidewall (see Plate P3Cl) and the top of lockwall widths 
would be reduced (see Plates P3C2 and P3C3). All features other than those are 
similar to the Typo: B lock. 

(1). Hydraulic: Features. The hydraulic features for the Type C lock are the same 
as for Type B. 

(2). Geotechnical Features. The geotechnical features are the same as those for 
the Type B lock e:<cept in the area of the existing lower guidewall extension. Because 
the lower guidews,ll extension would be a temporary floating system, the site 
preparation and excavation would nearly be eliminated. Scour protection at anchor 
locations and along the floating structure would be needed. 

(3). Structural Features 
(a). Lockwalls. The river-ward lock chamber wall would have a reduced top 

width compared to the Type B lock. Concrete and fill along the river-ward 
side of the wall is deleted (see Plates P3C2 and P3C3). Because the 
existing lock would still be used for navigation, the top width of the 
intermediate wall would not be reduced. 

(b). Lock Floor. The lock floor would be precast concrete sections which are 
connected to the lock walls (see Plate P3B2). The slabs are designed to 
resist uplift pressures during dewatering and water loads during lock 
operation. During dewatering the floor must support a upward pressure of 
2.3 ksf’from the differential head (429.3-393.5). The connection between 
the flol3r and wall must be designed to transfer the lateral wall load of 123 
kip/fMi of lock. When the floor and walls are connected a factor of safety 
agains; floating is 2.86 (need back-up) under normal dewatering. 
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(c). Guidewalls. The existing lower guidewall would be extended using a 
floating barge type guidewall. Retired barges would be tied together and 
anchored to the riverbed below. This is under the assumption that the 
guidewall would only be used during construction of the new lock 
extension. If the existing lock were routinely used for commercial 
navigation, an improved guidewall may be required. 

(4). Construction Sequence and Procedures. The construction sequence and 
procedures for the Type C lock are essentially the same as the Type B lock. 

(5). Operational Considerations. The operational considerations for the Type C 
lock are essentially the same as for the Type B lock. 

1.5. Location 4 (Pile-Founded) 

a. Existing Conditions 
(1). General Site Description. Location 4 can be defined as any location 

along the centerline of the existing dam, between the auxiliary lock bay and the 
storage yard. The location is best sited as close to the existing lock as possible to take 
advantage of the established channel. This location is favorable for approaches since 
it is near the middle of the river. For the purposes of this study, the Location 4 lock 
options have been positioned with the centerline of the lock within 100 feet of the 
riverward wall of the auxiliary gate bay. The centerline of the new lock would be 
situated far enough from the existing lock to provide for minimal interruption to 
navigation during construction. 

Up to five of the tainter gate bays must be closed temporarily for construction, 
depending on the lock concept. Two or three tainter gates would be permanently 
removed with this lock placement. This loss of flow capacity would be mitigated for 
each of the Location 4 lock types by adding an equal number of new tainter gates in 
the overflow dike area. Besides the tainter gates, other portions of the existing lock 
and dam structures, including dam piers and service bridge spans, must be removed. 
Utilities must be rerouted to accommodate the breach in the dam. The scoured area 
downstream from the dam must be filled in to make a foundation for the tremie floor 
slab in the approach channel and for the other monoliths at the upstream end of the 
lock. Some of the stone scour protection and the timber mattress downstream from 
the stilling basin must be removed for construction of cutoffs underneath the approach 
walls. The silt and stone adjacent to the existing riverward lock wall must also be 
removed. Portions of the existing guardwall extending above El. 416 must be 
removed to provide 2D clearance for navigation. Additionally, for the Type C lock, 
portions of the riverward wall of the existing auxiliary lock bay which extend above 
El. 416 must be removed. 

b. Type A (Location 4. Pile-Founded). The Location 4, Type A Lock is shown on 
Plate P4Al. This lock is similar to the main lock at Melvin Price Lock and Dam. 
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The lock is a reinj’orced concrete U-frame structure constructed in the dry within a 
dewatered, cellular cofferdam. The upstream end of the cofferdam would be situated 
a sufficient distance from the capstone downstream from the dam to facilitate 
cofferdam pile driving. The lock service gates would consist of a triple-leaf lift gate 
upstream and miter gates downstream. The filling and emptying system would use 
intake ports in the upstream approach and discharge outlets directed outside of the 
downstream approach. The culverts would fill the chamber through side ports in the 
chamber walls. The Type A lock concept would include 1,200-foot-long guidewalls 
upstream and downstream that are constructed in the wet. A soil-founded approach 
structure would connect the new lock with the existing dam and forms a portion of the 
upstream guidewall. 

(1). Hydraulic Features 
(a). Intake and Discharge Structures. The culvert system would be tilled and 

emptied through manifolds at the upstream and downstream ends of the 
lock. The intake manifold would lead from the upstream approach and 
into thl: culverts. The outlet manifold would release flow from the 
culverts into the river. Flow would be controlled by tainter valves at the 
upstream and downstream ends of the lock. The culvert valves could be 
bulkheaded off on both sides for maintenance closure of the filling and 
emptying system. 

(b). Culverts and Distribution. The chamber would be side-filled. 
Conventional culverts in the lock walls would extend over the entire 
length of the chamber. Regularly spaced ports would extend from the 
culvetis through the lock walls and into the chamber. 

(2). Geotechnical Features 
(a). Cofferdam. The cofferdam surrounds the lock and provides room for lock 

construction and access within the cofferdam. A road on top of the 
cofferdam would also provide access. The top of the cofferdam would be 
El. 440, which gives 10 year flood protection with 2 feet of freeboard. 
The ccfferdam would be constructed of sheet pile cells with connecting 
arcs, both of which would be filled with sand. An earthen stability berm 
would be placed against the cells before dewatering. The cofferdam 
would be independent of the existing lock, but due to its close proximity 
the effects of pile driving would require monitoring. The cofferdam would 
be completely removed after the project is complete. 

(b). Approach Structures. The portion of the stilling basin in the approach area 
must b ave its foundation completely reinforced with grout to resist 
downward forces from upper pool for which it was not originally 
designed. Sheet piling would be driven where soil conditions permit to 
construct cutoff walls underneath the approach walls. In areas adjacent to 
capstone, where sheet piling could not be driven, grout curtains would 
form the seepage cutoff. 
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(c). Site Preparation. The footprint of the interior of the cofferdam would be 
dredged/filled to approximately El. 388 (the founding elevation of 
majority of monoliths) prior to construction of the cofferdam. This site 
preparation scheme would fill the scoured-out areas in the vicinity of the 
new lock and would reduce soil loads on the cofferdam. The approach 
area would be filled with crushed stone (1” minus) to El. 397.0 after 
cofferdam construction and prior to construction of the approach 
structures. The stone would be the foundation material for the approach 
structure. Stone would be placed on both sides of the cofferdam to 
minimize differential load on the cofferdam. The approach structure 
should not be constructed until after the cofferdam removed. 

(d). Scour Protection DurinP Construction. Stone scour protection would be 
installed around the cofferdam. Scour monitoring would be performed as 
required. 

(e). Sheet Pile Cutoffs around Lock Perimeter. Sheet pile cutoff walls would 
border the perimeter of the lock and be embedded in the concrete 
monoliths. The cutoff walls would provide scour protection against the 
loss of material from around the bearing piles and provide a seepage cut- 
off wall. 

(I). Bearinp Piles. See discussion for Location 1. 
(g). Scour and Erosion Protection. The finished structures would be 

surrounded by stone scour protection. The depth, type and number of 
layers of stone vary. Most areas would be covered with a six-foot-thick 
layer of stone. The area between the new lock and the existing lock would 
be covered with about 8 feet of stone placed over geotextile. This area 
receives greater protection in anticipation of possible use as an overflow 
area in the future. An approximately 6-foot-thick layer of stone would be 
placed on the riverward side of the approach structure and the upstream lift 
gate monolith. In-place stone protection removed from downstream of the 
dam for lock construction would be replaced after construction is 
completed. 

(3). Structural Features 

(a). Lockwalls. See discussion for Location 1. 
(b). I Jnstream Miter Gate Monolith. See discussion for Location 1. 
(c). Downstream Miter Gate Monolith. See discussion for Location 1. 
(d). Approach Structures. A soil founded U-frame approach structure connects 

the new lock with the existing dam. The structure would be constructed 
with a tremie concrete floor slab and precast concrete wall units. The 
tremie concrete floor of the approach would be delineated on either side of 
the channel by precast underwater formwork placed on top of the 
foundation stone till. After the floor is in place, the foundation would be 
grouted (see geotechnical discussion). Precast concrete boxes, similar to 
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those used for the chamber walls, would be placed on top of the completed 
floor slab. The boxes would be filled with concrete and post-tensioned to 
the floor with multi-strand anchors. The walls tie into the existing 
auxiliary lock wall on the landward side and to the dam pier on the 
river-ward side. 

(e). Guidewalls. The upstream guidewall extends 1,200 feet from the 
centerline of the first upstream cell to the upstream end of the existing 
auxiliary miter gate monolith. Part of the guided approach would be 
formed by the lock approach structure constructed over the dam. The 
actual length of the new guidewall structures would be approximately 850 
feet. The guidewall would be situated on the river side of the upstream 
approa.ch and would be ported. The downstream guidewall extends 1,200 
feet from the downstream face of the miter gate monolith to the centerline 
of the last downstream cell. It would be situated on the landward side of 
the downstream approach. The design of these walls is described for the 
pile-founded Location 1, Type A lock. 

(4). Construction Sequence and Procedures 

(a). Shut five tainter gates upstream from the site to limit turbulent flow 
against the cofferdam. They should remain shut until all permanent scour 
protection is placed. Prior to lock construction, additional spillway 
capacity would be added in the non-overflow section and/or in the 
auxiliary gate bay. Three gate bays would be lost permanently. 

(b). Remove existing stone scour protection which would interfere with the 
construction of the lock. Stone scour protection could be reused around 
the co Fferdams. 

(c). Dredge sand fill into scour holes as required to level the construction area. 
Compaction of this fill would be not required. 

(d). The site is partially excavated to reduce the driving length of the sheet-pile 
cofferjam and to reduce the lateral load from the soil on the cells. The top 
of cofferdam would be El. 440 and the tips would be driven to El. 355, 
thirty feet below the new foundation level. The cofferdam would include 
a gravel road for construction access, a floodway and a spillway. Place 
scour protection for the cofferdam as required. (Note: Pile driving effects 
(cofferdam only) on the existing I-wall require close monitoring. If the I- 
wall experiences movement, the tailwater would have to be maintained in 
the existing lock during pile driving to stabilize the I-wall. This would 
affect traffic through the existing lock.) 

(e). The dewatering system is installed and the cofferdam dewatered. 
Excav,ation to the foundation level could be done in the dry and/or in the 
wet. Final grading is done in the dry. 
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(f). Bearing piles are driven vertically and designed to resist compression, 
tension and lateral loads. Perimeter Z-pile cut-off walls are driven to 
control seepage and scour. 

(g). Concrete monoliths are U-frames that are conventionally constructed. The 
order of monolith construction is important, but many combinations are 
feasible. The monoliths would contain a conventional side-port filling and 
emptying system with reverse tainter valves. 

(h). Equipment is installed. Stone scour protection for the lock is placed 
within the cofferdam. The cofferdam is rewatered and removed. 

(i). The dam tie-in is constructed. The centerline of the uppermost cofferdam 
cells is located at Sta. 2+79.98B to avoid the capstone that protects a large 
scour hole downstream of the stilling basin. The stone protection is deep, 
and its removal would endanger the stability of the dam. The gap between 
the dam and the new lock would be spanned with a soil/stone founded “U” 
shaped approach structure since piles cannot be driven through the stone 
protection. It also forms the upstream guardwall and a part of the 
upstream guidewall. To construct the base of the tie-in, the derrick stone, 
capstone, riprap, bedding material, lumber mattress and sand would be 
removed to El. 398, from Sta. 1+46.00B to Sta. 1+81.00B. Two rows of 
Z-piling would be driven to El. 360. Overexcavation to El. 398 would be 
done for stone blanket after stilling basin is grouted (step 0). 

(i). Install three rows of grout sleeve pipes under the approach walls, through 
the stone and sand foundation to El. 360, from Sta. 1+8 1 .OOB to Sta. 
3+47.96B. The inner and outer rows would be spaced on five- to six-foot 
centers and the center row would have staggered spacing. The grout holes 
would be drilled with an eccentric head, down-the-hole, rotary percussion 
hammer. 

(k). Fill the scour hole between Sta. 1+8 1 .OOB to Sta. 3+47.96B with a clean 
l-inch stone to El. 399. Slope the stone outside the limits of the tie-in 
structure to stabilize the fill. Provide scour protection for the fill. 

(1). The existing stilling basin would be grouted with cement bentonite grout 
for an area of 39 feet long by 150 feet wide. The grout injection pattern is 
a 5-foot to 6-foot grid with additional sleeves installed in the center of 
each grid pattern. The grout would extend 40 feet beneath the stilling 
basin and would carry the load imposed by upper pool and the new 
concrete floor and walls. 

(m).Place precast concrete forms (boxes) outside the limits of the grout pipes. 
Fill the precast boxes with tremie concrete. The floor would be 

overexcavated at least one foot (minimum) to accommodate a one-foot- 
thick layer of crushed stone that would keep the tremie concrete from 
being contaminated with foundation material. 

(n). Place reinforcement cages for the floor and support them above the 
previously placed crushed stone. Place tremie concrete from El. 399 to El. 
409. 
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(0). Grout the foundation through the outer row of pipes first. Cement- 
bentonite grout would be used except where voids are too small, in which 
case sodium silicate grout would be used. Sodium silicate grout would be 
used fijr connecting the new z-piles to the sheet-pile cut-off wall for the 
existing stilling basin. (Note: In lieu of the z-pile cut-off wall, a grout 
curtain cut-off wall could be used.) 

(p). Place precast concrete wall units on the tremie slab and level them with 
flat jacks and shims. Seal the perimeter of the units with skirts or 
sandbags and fill with tremie concrete. The units would be post tensioned 
to the base slab. Drilling for the tendons could be done through holes cast 
into the wall units. 

(q). Unwater the gate bays adjacent to each pier to be removed, by placing 
upstre,am and downstream bulkheads. Remove tainter gates. 

(r). Line drill each pier base and place charges/expansive agents for pier 
removal. Rewater gate bays and remove bulkheads. Remove each dam 
pier stem. The dam sill would remain. 

(s). Construct guidewalls of precast concrete beams supported by concrete- 
tilled cellular structures founded on bearing piles. Guidewalls would be 
constructed concurrently with the lock and/or tie-in. The final tie-in to the 
lock must be made after the cofferdarn is removed. 

(t). Conccrrent with lock and guidewall construction, approach channels are 
dredged/excavated. New wing dams may require installation and old wing 
dams :aoved/modified. This work would be scheduled so it does not delay 
completion date of the lock. Control house and lock appurtenances are 
constructed. 

(u). Place stone scour protection around guidewalls and in the approaches as 
required. 

(5). Operational Considerations 

(a). Impact on Navigation Traffic durinp Construction. The completed 
cofferdam would create a 140 foot wide approach canal to the existing lock at the 
downstream guidewall. The bank could be excavated to widen the canal beyond the 
guidewall. The narrow canal would slow approaches to the lock during the life of the 
cofferdam. The new downstream guidewall would effectively lengthen the canal and 
could further lengthen approach times. The approach should still be safe for 
navigation. Also, the driving of a cellular sheetpile cofferdam adjacent to the existing 
lock could require that lower pool be held in the chamber. This would impact 
navigation. 

(b). Restrhk. See discussion for Location 
4, rock-founded. 
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c. nne B (Location 4. Pile-Founded). The Location 4, Type B lock is shown on 
Plates P4Bl through P4B6. The Type B lock would be constructed primarily in the 
wet, downstream from the dam. Both gate monoliths will be constructed within 
internally-braced single sheet pile wall cofferdams, using traditional construction 
methods. The upstream end of the upstream service gate monolith would be situated 
a sufficient distance from the capstone downstream from the dam to facilitate 
cofferdam pile driving. The chamber structures would be constructed in the wet. The 
central portion of the chamber floor would be constructed using precast concrete 
units. The filling and emptying culverts would be installed inside these units. The 
floor units would be floated into position, lowered onto their supports, and filled with 
tremie concrete. The remainder of the chamber floor would be tremie concrete. The 
walls would be constructed using precast concrete boxes filled with concrete. All of 
the lock structures would be pile-founded, with the exception of the approach 
structures, which would be founded on the existing sand substrate and overlying stone 
protection, grouted to form a stronger composite foundation. The intake and 
discharge for filling and emptying would be through the upstream gate monolith. 

(1). Hydraulic Features 
(a). Intake and Discharge Structures. The culvert system would be filled 

through a set of five butterfly valves installed in the upstream face of the 
upper sill. Each valve would open onto a short passage leading to a 
manifold or mixing chamber inside the lock sill. This culvert would be 
12.5 feet wide by 16.3 feet high and extend across the entire width of the 
monolith. Five eight-foot-diameter passages opening off the downstream 
wall of the manifold lead through the monolith floor and into the chamber 
culverts. The culvert system would be emptied through the manifold, 
controlled by two vertically-operated sluice gates, one on each side of the 
monolith. The sluice gates could be bulkheaded off on both sides for 
maintenance closure of the filling and emptying system. The vertical 
operation of the gates permits them to be removed for maintenance and 
inspection through the top of the slot. 

(b). Culverts and Distribution. The chamber would be bottom-filled. 
Culverts would extend over approximately the first 70 percent of the 
chamber. These would consist of five eight-foot diameter steel culverts 
embedded in concrete in the chamber floor. Regularly spaced ports would 
extend from the culverts through the floor and into the chamber. Port 
geometry and baffles (if any) would require model testing. 

(2). Geotechnical Features 
(a). Braced Cofferdams for Service Gate Monoliths. Each service gate 

monolith would be constructed inside an internally-braced, single sheet 
pile wall cofferdam. The top of the cofferdam would be at El. 440.0 and 
the tip of the sheet piling would be at El. 360.0. Cofferdam piles would be 
left in place after construction of the monoliths, except that the areas of 
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piling between the lockwalls would be cut out to open up the channel and 
expose the culverts. These piles provide scour protection and seepage 
cutoffs beneath the completed monoliths. The cofferdam for the upstream 
miter gate monolith would be dewatered during construction with a system 
of deep wells, submersible pumps, and tremie concrete seal. 

(b).Approach Structures. A grouting program would provide stability beneath 
the lock approach structures. The portion of the stilling basin in the 
approach area must be completely grout stabilized to resist downward 
forces from upper pool for which it was not originally designed. Sheet 
piling would be driven where feasible to construct seepage barriers 
underneath the approach walls. In areas adjacent to capstone, where sheet 
piling cannot be driven, grout curtains would form the seepage cutoff. 

(c). Site Preparation. The entire chamber area and the service gate monolith 
areas would be excavated/backfilled to El. 387.7 prior to construction. 
The approach area would be filled with crushed stone (1” minus) rock to 
El. 397.0 prior to construction of approach structures. This site 
preparation scheme would fill the scoured-out areas in the vicinity of the 
new lock and would limit the loads on the cofferdams during construction. 

(d). Scour Protection During Construction. This would be provided by the 
cofferdams and cutoff walls as described previously. 

(e). Sheet Pile Cutoffs alon? Chamber. The chamber would be constructed 
between parallel rows of steel sheet piles permanently installed between 
the service gate monoliths. These barriers would delineate the 
construction area, control currents through the construction area and 
provide a scour protection and seepage cutoff for the completed chamber 
structures. 

(f). Bearing Piles. The gate monoliths and the chamber structures would be 
supported by steel H-piles driven to bedrock. Previous experience in this 
geographic region and the possibility of encountering cobbles during 
driving dictate that steel H-piles be used for the foundation. For the 
current study, the pile capacities were developed from Design 
Memorandum No. 21 for the design of the auxiliary lock at Melvin Price 
Locks and Dam on the Mississippi River. The compressive capacity was 
assumed to be the same at 345 kips for an HP 14x117 pile. The tension 
capacity of 3 1 kips was calculated by interpolating the available 
embedment depth at Lock and Dam No. 25 with the tension capacities and 
corresponding pile depths at Melvin Price. 

(g). Scour and Erosion Protection. The finished structures would be 
surrounded by stone scour protection. The depth, type and number of 
layers of stone vary by location. Most areas would be covered with a six- 
foot-thick layer of stone. The part of the upstream approach channel width 
away from the guidewall would be covered with three feet of stone. The 
area between the new lock and the existing lock would be covered with 
approximately 8 feet of stone placed over geotextile. This area receives 
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greater protection in anticipation of possible use as an overflow area. An 
approximately 6-foot thick layer of stone would be placed on the 
riverward side of the approach structure and the upstream lift gate 
monolith. In-place stone protection removed for lock construction would 
be replaced after construction is completed. 

(3). Structural Features 

(a). Lockwalls. The lock chamber walls would consist of precast concrete 
boxes supported by H-piles and filled with concrete. The boxes would 
have internal diaphragm walls and ties for stability. The overall box 
dimensions in plan are 50 feet long by ten feet wide. There would be two 
courses of boxes. The lower boxes would be sealed on the bottom to 
retain concrete fill. The sealing mechanism would be steel skirts or 
sandbags. Boxes in the lower course would be 34 feet high, which would 
allow the wall joint to be constructed in the dry above lower pool. The 
upper and lower wall boxes would be bonded together across the joint by 
reinforcing steel placed in the fill concrete. Boxes in the upper course 
would be 18 feet high. The upper box face concrete would be removable 
by the use of a bond breaker material. This would ease lock wall refacing 
in the future. The top approximately 2 feet of the walls would be cast in 
place, to ensure watertight construction and to even out any irregularities 
in the top of the wall due to differences in installed elevation between 
adjacent wall units. Reinforcing dowels extending from the lower wall 
boxes into the tremie floor fill provide structural continuity. 

(b). Lock Floor. The central 73.0 feet of the lock chamber floor would be 
constructed using barge-like, precast concrete units. Each unit (with the 
exception of the most downstream unit) would be 73 .O feet wide by 100 
feet long by 12 feet deep. The side and end walls of the unit would be 1.5 
feet thick. The interior longitudinal and lateral diaphragms, which stiffen 
the unit, and the floor would be 1 .O foot thick. The ends of the floor slab 
would be offset 3.0 feet from the upstream end of the unit and extended 
2.5 feet from the downstream end of the unit to create shear seats for 
installation of succeeding units. There is no top slab. The interior 
diaphragms stiffen the floor units and support the culvert pipes. For the 
upstream 70 percent of the chamber length, the units would include five 
eight-foot-diameter steel pipes, supported by the lateral diaphragms and 
bulkheaded during installation, which form the filling and emptying 
culverts. Over the remainder of the chamber length, the units would not 
include these pipes. Seals would be installed on the downstream wall of 
each unit around the perimeter of the wall and around each culvert (if 
present). Each unit would be floated into the construction area and 
ballasted for controlled lowering onto pile-supported landing pads. 
Foundation H-piles would be driven through knockouts located in the 
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floor of the unit. Weld beads on the driving end of each pile would ensure 
a strong embedded connection with the concrete in the finished floor. 
Tremie concrete would be placed in the unit recesses to complete the floor. 
After seating of adjacent floor units and installation of the tremie fill, the 

bulkheads would be removed and the steel pipes connected internally to 
form the culvert joints. The culverts feed flow to the chamber through 
ports spaced at regular intervals. Dowels extending from the sides of the 
units and formed shear keys would bond the unit to the adjacent tremie 
concrete-filled floor. The remaining 18.5 feet of chamber on each side of 
the precast units would consist of tremie concrete over pre-driven H-piles 
and pre-placed reinforcing cages. 

(c). Upstream Miter Gate Monolith. The upstream miter gate monolith would 
be constructed inside an internally-braced, single sheet pile wall cofferdam 
using traditional concrete construction methods. The portion of the 
monolith upstream from the sill would be a U-frame. The downstream 
portion of the monolith would not exhibit U-frame action due to the 
discontinuity caused by the culverts in the floor. Consequently, a more 
complex analysis of this area is needed. A comparison of the project 
heads at Lock and Dam No. 25 and Melvin Price Locks and Dam indicated 
that for preliminary design a two-leaf lift gate could be used. The gate 
recesses, bulkhead recesses and other appurtenances would be laid out 
similarly to the Melvin Price Locks, except that at the downstream end of 
the monolith a single slot would be provided for the floating mooring bitts 
(which would be removed prior to gate maintenance operations) and 
installation of the maintenance bulkheads. The monolith would be 
constructed in the dry within an internally braced single sheet pile wall 
cofferdam with a tremie concrete seal. After dewatering the tremie 
concrete seal would be bonded to the next concrete placement. 

(4. D 1. The downstream miter gate monolith 
would be constructed inside an internally-braced, single sheet pile wall 
cofferdam using traditional construction methods. The cofferdam would 
be dewatered after the full thickness of the floor is installed with tremie 
concrete. Uplift would be resisted with mass concrete and tension piles. 
The miter gate pintles, maintenance bulkhead recesses and line hooks and 
check posts would be laid out similarly to the Melvin Price Locks, except 
that at the upstream end of the monolith a single slot would be provided 
for the floating mooring bitts (which would be removed prior to gate 
maintenance operations) and installation of the maintenance bulkheads. 

(e). ss. Specialized approach structures lead traffic through 
the existing dam and into the lock. The tremie concrete floor of the 
approach would be delineated on either side of the channel by precast 
underwater formwork placed on top of the foundation stone fill. After the 
floor is in place, precast concrete boxes similar to those used for the 
chamber walls would be placed on top of the floor directly over the 
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previously installed grout/sheet pile cutoff curtains. These boxes would be 
filled with concrete and tied to the floor with post-tensioned anchors. The 
walls tie in to the existing auxiliary lock wall on the landward side and to 
the dam pier on the riverward side. 

(Q Guidewalls. The upstream guidewall extends 1,200 feet from the 
centerline of the first upstream cell to the upstream end of the auxiliary 
miter gate monolith. Part of the guided approach would be formed by the 
lock approach structure constructed over the dam. The guidewall would 
be situated on the river side of the upstream approach. The downstream 
guidewall would extend 1,200 feet from the downstream face of the miter 
gate monolith to the centerline of the last downstream cell. It would be 
situated on the landward side of the downstream approach. A description 
of the guidewall design is presented in paragraph 6b( l)(b). 

(4). Construction Sequence and Procedures 
(a), Close the three tainter gates immediately upstream from the construction 

site. These should be closed before any existing stone scour protection is 
removed and should remain closed for the duration of the construction. 

(b). Remove stone scour protection in the vicinity of the construction site, 
downstream from the dam and along the existing lock. 

(c). Perform a general site excavation/backfill to El. 387.7. This would 
include filling the scour hole downstream from the dam. 

(d). Construct the service gate monoliths inside internally-braced, single steel 
sheet pile wall cofferdams. Use modular framing for internal bracing. 
The upstream miter gate monolith cofferdam would utilize a deep well 
dewatering system. The tremie concrete seal in the bottom of the 
cofferdam would be bonded to the subsequent cast-in-place concrete 
construction. The full depth of the base of the downstream miter gate 
monolith would be tremie concrete. Dewater the cofferdams and construct 
the remainder of the monolith concrete using traditional methods. Install 
gates and appurtenances. Cut out sheet piling in the channel and culvert 
areas. 

(e). Drive two parallel rows of sheet piles between the service gate monoliths. 
(f). Drive bearing piles for the tremie concrete portions of the floor on either 

side of the culvert units and for the lock walls. Drive four leveling piles 
for each lower course wall box. Drive piles for landing pads for the float- 
in culvert units. 

(g). Install a layer of crushed stone over the entire chamber area. 
(h). Install the lower course of precast wall units. Each unit is supported by a 

dogging beam attached to the leveling piles as it is leveled into its proper 
position. Install a reinforcing cage for the interior of the wall and place 
the upper course wall box. Fill the interior of the boxes with tremie 
concrete. Install cast-in-place concrete over the completed assembly to 
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bring the top of wall up to its final position and to level out any 
irregularities in installation. 

(i). Install landing pads for float-in culvert units. 
(j). Install float-in culvert units. Float each unit into position over the landing 

pads and the end of the preceding unit. Using a system of winches and 
spud piles for positioning, lower the unit into its final position using 
controlled flooding. Drive foundation bearing piles through the knockouts 
cast in the floor of the unit. Grout underneath the units. Fill the cellular 
compartments of the unit with tremie concrete. 

(k). Remove interior bulkheads in the steel culvert pipes and install internal 
sleeves to complete the culvert construction. 

(1). Place tremie concrete on either side of the float-in units to complete the 
chamber construction. Delineate individual mass concrete tremie 
placements with precast formwork. 

(m). Dewater the lock to inspect all joints. Rewater the lock. 
(n). Fill in the area upstream from the lift gate monolith with crushed stone to 

El. 397. 
(0). Delineate the boundaries of the upstream approach area with precast 

formwork placed on the fill material. 
(p). Install sheet pile cutoffs and (where pile driving is not possible) grout 

curtains along the location of the approach walls. 
(q). Stabilize the stilling basin in the approach channel with grout columns. 
(r). Install tremie concrete floor within the approach floor boundaries. 
(s). When the approach floor is complete, install approach wall boxes similar 

to those used to construct the lock walls. In addition to internal 
reinforcing, post-tensioning strands would be installed to tie the walls to 
the approach floor. 

(t). Construct upstream and downstream guidewalls. These could be 
constructed concurrently with the lock chamber. 

(5). Operational Considerations. See the discussion for the Location 4, Type B 
lock, rock-founded. 

d. >I. The Location 4, Type C lock is shown on 
Plates P4C1 and P4C2. The Type C lock would be constructed primarily in the wet, 
downstream from the tainter gates on the Missouri end of the dam. The upstream and 
downstream miter gate monoliths would be constructed within internally-braced 
single sheet pile wall cofferdams, using traditional construction methods. The 
upstream end of the upstream service gate monolith would be situated a sufficient 
distance from the capstone downstream from the dam to facilitate cofferdam pile 
driving. The chamber walls would consist of interconnected sheet pile cells, which 
would form a cofferdam for dry installation of the chamber floor and culverts. The 
centerline of the new lock would be situated far enough from the existing lock to 
avoid interference between the driving of new sheet pile and the timber cribbing on 
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the existing I-wall. The filling and emptying culverts would be ported precast 
concrete units, founded on piles and surrounded with stone fill. The culvert system 
extends over 75 percent of the chamber length. The downstream 25 percent would be 
paved with precast panels. The service gate monoliths would be pile-founded. Intake 
and discharge openings for filling and emptying would be through the upstream miter 
gate monolith. 

(1). Hydraulic Features 
(a). Intake and Discharge Structures. The culvert system would be filled 

through a set of five butterfly valves installed in the upstream face of the 
upper sill. Each valve would open onto a short passage leading to a 
manifold or mixing chamber inside the lock sill. This manifold would be 
12.5 feet wide by 15.8 feet high and extend across the entire 190-foot 
width of the monolith. Two 20-foot-wide by 7.5-foot high passages 
opening off the downstream wall of the manifold lead through the 
monolith floor and into the chamber culverts. System discharge through 
the manifold would be controlled by two vertically-operated sluice gates, 
one on each side of the monolith. The sluice gates could be bulkheaded 
off on both sides for maintenance. 

(b). Culverts and Distribution. The chamber would be bottom-filled. 
Culverts would extend over the first 75 percent of the chamber. These 
would consist of dual precast concrete culverts ported to the chamber. 

(2). Geotechnical Features 
(a). Braced Cofferdams for Service Gate Monolith. Each service gate 

monolith would be constructed inside a cofferdam as described for Type B 
above. 

(b). Approach Structures. (S ee d iscussion for Location 4 Type B above.) 
(c). Site Preparation. Existing stone protection in the vicinity of the new 

landward chamber would be removed before construction to facilitate 
installation of the landward chamber wall cells. The chamber area and the 
service gate monolith areas would then be excavated/backfilled to El. 
390.2 prior to construction. The approach area would be filled with 
crushed stone (1” minus) to El. 397 prior to construction of approach 
structures. This site preparation scheme would fill the scoured-out areas in 
the vicinity of the new lock and would limit the loads on the cofferdams 
during construction. 

(d). Scour Protection DurinP Construction. The cellular chamber walls and 
cofferdam embedded piling would provide scour protection both during 
construction and permanently. 

(e). Sheet Pile Cutoffs around Lock Perimeter. This function will be 
performed by the Z-pile in the cofferdams remaining in place and the cells 
that compose the chamber. 
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(I). Bearing Piles. The gate monoliths would be supported by steel H-piles 
driven as described for Type B above. 

(g). Scour and Erosion Protection. The cellular chamber walls would provide a 
cofferdam for chamber culvert construction as described previously. The 
outside perimeter of this cofferdam would require scour protection which 
would be left in place as permanent scour protection when construction is 
completed. The other finished structures would also be surrounded by 
stone scour protection. The depth, type and number of layers of stone 
vary. Most areas would be covered with a six-foot-thick layer of stone. 
The part of the upstream approach channel width away from the guidewall 
would be covered with three feet of stone. The area between the new lock 
and the existing lock would be covered with about 8 feet of stone over a 
sheet of geotextile. This area receives greater protection in anticipation of 
possible use as an overflow area. An approximately 6-foot-thick layer of 
stone would be placed on the riverward side of the approach structure and 
the upstream miter gate monolith. In-place stone protection removed for 
lock construction would be replaced after construction is completed. 

(3). Structural Features 

(a). Lockwalls. The lock chamber walls would consist of parallel rows of sheet 
pile cells and connecting arcs. The top of the cells would be at El. 444.0 
and the tip of the piles would be at El. 360.0. The cells and arcs would be 
filled with crushed stone and would have a two-foot-thick concrete cap. 
The cells would be armored to resist the abrasive forces of the tows. 
Armor to protect the sheetpile interlocks would be installed in the dry. 

(b). Lock Floor. Precast concrete culverts, founded on piles and surrounded 
with stone fill, would be installed in the upstream 75 percent of the 
chamber. These culverts would form the filling and emptying culverts. 
They have exterior dimensions of 22 feet wide by 10.5 feet high and 
interior dimensions of 20 feet wide by 7.5 feet high, with a two-foot thick 
ceiling. The downstream 25 percent of the chamber consist of precast 
paving slabs over rock fill. The culverts, floor slabs and stone would be 
installed in the dry, using the chamber walls as a cofferdam. 

(c). LMiter (See Location 4, Type B above.) 
(d).DQ. The downstream miter gate monolith 

would be constructed similarly to that for Location 4, Type B. 
(e). Aunroach Structures. (See Location 4, Type B above.) 
(f). Guidewalls. (See discussion for the Type B lock.) 

(4). Construction Sequence and Procedures 
(a). To limit turbulent flow immediately upstream from the lock construction 

site, the three tainter gates directly upstream of the site would be shut. 
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(b). Remove the existing rip-rap scour protection, which would interfere with 
the construction of the lock, downstream from the dam and auxiliary lock 
gate bay. 

(c). Dredge sand into scour holes as required. 
(d). Construct service gate monoliths in internally-braced single sheet pile wall 

cofferdams. (See discussion above for the Type B lock.) 
(e). Construct a series of 22 sheet pile cells, 45.96 feet in diameter, and 

connecting arcs on the land side of the chamber centerline between the 
gate monoliths., The upstream and downstream cells tie into the gate 
monoliths. 

(f). Fill the cells and arcs with crushed stone. 
(g). In the wet, excavate/backfill the chamber and the general site to roughly 

El. 390.2 to accommodate installation of the chamber floor and culvert. 
Final grading would be done in the dry. 

(h). Construct the riverward line of sheet pile cells. Install dewatering system. 
(i). Dewater the lock for chamber floor construction and culvert and rubbing 

panel installation. 
(j). Place a one-foot layer of bedding material in the bottom of the chamber 

excavation, and drive piles to support precast culverts. 
(k). Place the precast culverts on the piles. Level the culverts and place 

underbase grout to tie them to the piles. 
(1). Place bedding material in the areas around and downstream from the 

culverts. Cover areas between and beside culverts with a six-foot-thick 
layer of stone protection. Cover the area downstream from the culverts 
with precast concrete panels (cast-in-place floor cover is optional). 

(m).Complete excavation/backfill around the lock structures as necessary for 
installation of stone scour protection. Some of this excavation may need 
to be accomplished earlier in the construction sequence to stabilize the 
sheet pile cells. 

(n). Construct guidewalls upstream and downstream from the lock structures. 
The guidewalls could be constructed concurrently with the lock. Install 
stone scour protection around guidewalls. 

(5). Onerational Considerations/ Navigation Imoacts. These would be the same 
for Type C as they would be for the Type B lock. 

16. Locations 5 (Pile-Founded). 

a. Existinp Conditions 
(1). General Site Description. Location 5 can be defined as any location along 

the submersible dike. The dike (which is not featured at some lock and dam sites) is 
on the opposite side of the river from the existing lock and beyond the storage yard. 
The lock location would be best sited as close to the storage yard as possible to 
minimize excavation for the lock and approach channels. The location requires 
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significant changes to existing river training structures to move the channel to the 
other shore. For the purposes of this study, the Location 5 lock options are positioned 
with the centerline of the lock 2 15 feet from the end of the storage yard. It should be 
noted that Location 5 is located on higher ground than Location 4 and consequently 
requires large excavations, for lock structures and outlet channels, and large disposal 
areas. All three options require specialized approach structures which tie into and 
create a passage through the overflow dike. 

Part of the existing submersible dike must be removed to accommodate 
construction of the approach to the new lock. This involves removal of stone 
protection, excavation of the dike fill, removal of dike cells in the path of the channel 
and tie-in of new approach cells to the remaining dike cells. The new approach 
channel must be excavated down to the entrance elevation of the lock. Excavation 
would occur after the new cells are completed and tied-in to the new lock. 
Construction for all lock options would include river training actions, to move the 
main channel to the new lock location, and excavation of a short side channel on the 
river side of the lock and a longitudinal channel on the land side of the lock to 
accommodate chamber emptying. 

b. 0). The Location 5, Type A lock is shown on 
Plates P5Al. The Type A lock is a U-frame structure constructed in the dry within a 
dewatered, cellular cofferdam. The upstream end of the cofferdam would be situated 
a sufficient distance downstream from the overflow dike to clear the downstream toe 
of the dike. The lock service gates would consist of a triple-leaf lift gate upstream 
and miter gates downstream. The filling and emptying system would use intake ports 
that are directed into the approach and discharge outlets directed out of the approach. 
Distribution would be made in the chamber from side ports from the culverts in the 
walls. The lock would be constructed in the dry within a cellular cofferdam. The 
concept features 1,200-foot-long guidewalls upstream and downstream that would be 
constructed in the wet. A cellular sheet pile wall connects the new lock with the 
existing dam. The approach structure also forms a portion of the upstream guidewall. 
The centerline of the new lock would be situated far enough from the existing lock to 

provide for minimal interruption to navigation during construction of the lock itself. 
Channel construction could result in greater delays to navigation. 

(1). Hydraulic Features. The Location 5, Type A lock hydraulic features would 
be the same as those for the Location 4, Type A lock. 

(2). Geotechnical Features 
(a). Cellular Cofferdam. The cofferdam will be the same as for the Location 4, 

Type A lock except that the landward leg of the cofferdam could remain in 
place to reduce cost. 

(b). Site Preparation. The footprint of the interior of the cofferdam would be 
dredged/filled to approximately El. 388 (the founding elevation of 
majority of monoliths) prior to construction of the cofferdam. This site 
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preparation scheme would even out the ground surface in the vicinity of 
the new lock and would reduce soil loads on the cofferdam. The approach 
structure should not be constructed until after the cofferdam is removed. 
The remainder of the excavation would occur within the confines of the 
cofferdam to reduce the amount of the overall excavation. 

(c). Approach Structures. (See structural features below) 
(d).Scour Protection During Construction. Stone scour protection would be 

installed around the cofferdam. Scour monitoring would be performed as 
required. 

(e). Sheet Pile Cutoffs around Lock Perimeter. Sheet pile cutoff walls would 
border the perimeter of the lock and be embedded in the concrete 
monoliths. The cutoff walls would provide scour protection against the 
loss of material from around the bearing piles and provide a seepage 
cutoff. 

(f). BearinP Piles. See discussion for Location 1. 
(g). Scour and Erosion Protection. The finished structures would be 

surrounded by stone scour protection. The depth, type and number of 
layers of stone vary. Most areas would be covered with a six-foot-thick 
layer of stone where necessary. In-place stone protection removed for 
lock construction would be replaced after construction is completed. 

(3). Structural Features 

(a). Lockwalls. See discussion for Location 1. 
(b). Upstream Lift Gate Monolith. See discussion for Location 1. 
(c). Downstream Miter Gate Monolith. See discussion for Location 1. 
(d). Approach Structure. The approach structure would be constructed of two 

rows of sheet pile cells that breach the submersible dike and are 
mechanically connected to the lift gate monolith. These cells would also 
be tied into the submersible dike cells to provide a watertight connection. 
The tie would be made with mechanical interlocks where new structures 
meet and chemical grout where new sheet pile interfaces with existing 
sheet pile. The new cells would be armored with concrete to protect the 
interlocks from damage. The floor of the approach would be excavated on 
a gentle downhill slope from El. 412 at STA. 1+30B to El. 403 at the lift 
gate monolith. This area would be covered with six feet of stone 
protection. 

(e). Guidewalls. The upstream guidewall extends 1,200 feet from the 
centerline of the first upstream cell to the upstream end of the landward 
approach cells. The guidewall would be situated on the river side of the 
upstream approach. Part of the guided approach would be formed by the 
lock approach structure constructed through the dam. The guidewall 
would be ported. The downstream guidewall extends 1,200 feet from the 
downstream face of the miter gate monolith to the centerline of the last 
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downstream cell. It would be situated on the Iandward side of the 
downstream approach. The guidewall design is described for the pile- 
founded Location 1, Type A lock. 

(4). Construction Sequence and Procedures 
(a). Remove the existing stone scour protection on the overflow section which 

would interfere with the construction of the lock or cofferdam. Stone 
scour protection could be reused around the cofferdam. 

(b). Dredge sand fill into low areas to El. 387 (average foundation elevation). 
Compaction of this fill would be not required. 

(c). Drive the upstream leg of the cofferdam to hold the slope of the overflow 
dike and excavate the site to El. 388 to reduce driving depths of the sheets 
and to reduce the lateral load from the soil on the cells. Drive the 
remainder of the cofferdam cells. The top of cofferdam would be El. 440 
and the tips would be driven to El. 357, thirty feet below the new 
foundation level. Pile driving effects (cofferdam only) on the existing 
overflow dike would require close monitoring. If the overflow dike 
experiences movement, it may have to be built-up. The cofferdam would 
be equipped with a gravel road for construction access, a floodway and 
spillway. Place scour protection for the cofferdam as required. 
Underwater excavation slopes would be 1V on 5H. Stability berms would 
be constructed in the wet. 

(d). The dewatering system is installed and the cofferdam dewatered. Final 
grading is done to the stability berms and to prepare the foundation. 

(e). Bearing piles would be driven vertically and designed to resist 
compression, tension and lateral loads. Perimeter Z-pile cut-off walls 
would be driven to control seepage and scour. 

(Q Concrete monoliths, which are U-frames, would be conventionally 
constructed. The order of monolith construction is an important part of the 
constructibility of the project, but many combinations are feasible. The 
monoliths contain a conventional side-port filling and emptying system 
with reverse tainter valves. 

(g). Equipment is installed. Stone scour protection for the lock is placed 
within the cofferdam. The cofferdam is rewatered. Upstream, 
downstream, and riverward legs of the cofferdam are removed. Other cells 
could remain to reduce costs. 

(h). Construct dam tie-in. Tie-in cells are permanent construction that require 
protection from damage to the interlocks by the tows. Remove stone 
protection on the upstream side of the dike and drive new cells up to the 
existing cells in the dike. Stabilize these cells by driving bearing piles in 
them and filling with tremie concrete. 

(i). Drive two arcs (one on the outer side of each of the approach walls) thirty- 
feet long between the new cells and the existing cells and connect with 
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mechanical interlocks (to the new cells) and grout (to the existing cells) to 
prevent loss of the dike material. Drive two additional arcs twenty-feet 
long (one on the inside of each of the approach walls) and connect 
similarly. Twenty-foot long arcs would eventually be removed. 

(j). Remove the dike cells that interfere with completion of the new cells. 
Remove downstream stone scour protection and drive and stabilize 
remaining tie-in cells. 

(k). Remove the remainder of the existing dike cells in the approach and 
excavate the fill material to El. 409. Outfit the cells with precast concrete 
rubbing surfaces. The tie-in cells also form the upstream guardwall and a 
part of the upstream guidewall. 

(1). Construct guidewalls of precast concrete beams supported by concrete- 
filled cellular structures founded on bearing piles. Guidewalls could be 
constructed concurrently with the lock and/or tie-in. The final tie-in to the 
lock must be made after the cofferdam is removed. 

(m).Concurrent with lock and guidewall construction, approach channels are 
dredged/excavated. New wing darns may require installation and old wing 
dams may need to be moved/modified. This work could be scheduled so it 
does not delay the completion date of the lock. Control house and lock 
appurtenances are constructed. 

(n). Place stone scour protection around guidewalls and in approaches as 
required. 

(5). Operational Considerations/ Navigation Impacts. (See discussion for 
Location 5, Rock-Founded.) 

c. Type B (Location 5. Pile-Founded). The Location 5, Type B lock is shown on 
Plates P5B 1. The Type B lock would consist of a 1,200-foot bottom-fill chamber, an 
upstream miter gate monolith, a downstream miter gate monolith, an approach 
structure leading through the existing submersible dike to the miter gate monolith, 
and 1,200-foot guidewalls upstream and downstream. The Type B lock monoliths 
and chamber structures would be similar to those at Location 4. The approach 
structure through the dike forms part of the upstream guided approach. The 
downstream guide wall would be similar to Location 4. Discharge from the manifold 
in the upstream miter gate monolith would be conveyed away form the outlet via 
discharge channels, one on the riverward side leading directly to the river and one on 
the land side running parallel to the lock and leading downstream. The upstream end 
of the upstream service gate monolith would be situated a sufficient distance from the 
centerline of the dike to clear the downstream toe of the dike. The centerline of the 
new lock would be situated far enough from the existing lock that navigation should 
be unimpeded during construction; however, river training actions could affect 
navigation. 
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(1). Hydraulic Features. The Hydraulic Features for this lock would be the same 
as for Location 4, Type B. 

(2). Geotechnical Features 
(a). Braced Cofferdams for Service Gate Monolith. (Same as Location 4, 

Type B) 
(b).Annroach Structures. (Same as Location 5, Type A) 
(c). Site Preparation. The entire chamber area and the service gate monolith 

areas would be excavated/backfilled to El. 387.7 prior to construction. 
This initial excavation would include the base and side slope of the outlet 
channel on the land side of the lock. This site preparation scheme would 
include filling the scoured-out areas in the vicinity of the new lock and 
would limit the loads on the cofferdams during construction. 

(d). Scour Protection During Construction. This would be provided by the 
cutoff walls as described previously. 

(e). Sheet Pile Cutoffs along Chamber. The chamber would be constructed 
between parallel rows of steel sheet piles, similar to the Location 4, Type 
B lock as described above. 

(f). BearinP Piles. The gate monoliths and the chamber structures would be 
supported by steel H-piles driven to bedrock, similar to the Location 4, 
Type B lock described above. Pile capacities are presumed to be the same 
as calculated for Location 4. 

(g). Scour and Erosion Protection. The finished structures would be 
surrounded by a six-foot-thick layer of stone protection. Existing stone 
protection removed for lock construction would be replaced after 
construction is completed. 

(3). Structural Features 

(a). Lockwalls. The lock chamber walls would be constructed in the same 
fashion as Location 4, Type B. 

(b). Lock Floor. The lock chamber floor would be constructed with the same 
components and procedures as Location 4, Type B. 

(c). Upstream Miter Gate Monolith. The upstream miter gate monolith would 
be constructed similarly to Location 4, Type B. 

(d). Downstream Miter Gate Monolith. The downstream miter gate monolith 
would be constructed similarly to Location 4, Type B. 

(e). Approach Structures. The approach structures for this lock are similar to 
those of Type A except the Type B approach structure is not as long. 

(f). Guidewalls. (See Location 4, Type B.) 

(4). Construction Sequence and Procedures 
(a). Fill scour areas downstream from the dam with sand as needed. Perform 

a general site excavation/backfill of the construction area, including the 
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side channel on the land side of the lock. This leveling of the site would 
reduce construction loads on the cofferdams and other structures during 
construction. Lay back the slopes of the excavated area as necessary to 
meet the existing contours and transition the floor elevation at the end of 
the lock chamber. 

(b). Construct the lock structures according to the construction sequence for 
Location 4, Type B. 

(c). The lock approach would consist of parallel rows of sheet pile cells 
passing through the existing dike. Remove stone scour protection from 
the upstream side of the dike in the areas where the new cells would pass 
through the dike. Drive the upstream cells through the existing dike 
material. Drive bearing piles and fill all cells with tremie concrete. 

(d). Drive sheet pile arcs on the front and back of the new cells, connecting 
them to the existing diaphragm cells in the dike. The arcs on the channel 
side of the new cells are temporary. Grout these connections to prevent 
loss of dike material from behind the new cells during construction. 

(e). Remove diaphragm cells, material on the top of the dike, and downstream 
stone protection on the dike in the line of new approach cells. Drive the 
new downstream cells between the diaphragm and the upstream service 
gate monolith. Drive sheet pile arcs on the front and back of the new cells, 
connecting them to the existing diaphragm cells in the dike. The arcs on 
the channel side of the new cells are temporary. Grout these connections 
to prevent loss of dike material from behind the new cells during 
construction. Fill the new cells with concrete similar to those already 
completed. 

(f). Remove the remaining diaphragm cells crossing the lock approach. 
Excavate the remaining dike material in the lock approach to 
approximately El. 403. 

(g). Rewater the chamber. 
(h). Build guidewalls upstream and downstream from the lock. (These could 

also be constructed concurrently with the lock.) 
(i). Complete the excavation/backfill of the land side discharge channel and 

the river side discharge chute. Install stone protection around all structures 
and on the slope of the discharge channel and chute. 

(5). herational Considerations. See the discussion for the rock-founded 
Location 5 lock. 

d. Type C (Location 5. Pile-Founded). See discussion for Location 5, Type B and 
Location 4, Type C. The Location 5, Type C lock is shown on Plates P5Cl. 

(1). Hydraulic Features. The hydraulic features internal to the lock for the Type 
C lock are the same as those for the Location 4, Type C lock. The features external to 
the lock are similar to those for Location 5, Type B. 

118 



Conceptual Lock Designs 
Pile-Founded - Location 5, Type C 

(2). Geotechnical Features. 
(a). Braced Cofferdams for Service Gate Monoliths. Each service gate 

monolith would be constructed inside a cofferdam as described for 
Location 5, Type B above. 

(b).Annroach Structures. See discussion for Location 5, Type B. 
(c). Site Preparation. The entire chamber area and the service gate monolith 

areas would be excavated/backfilled to El. 390.2 prior to construction. 
This initial excavation would include the base and side slope of the outlet 
channel on the land side of the lock. This site preparation scheme would 
include filling the scoured-out areas in the vicinity of the new lock and 
would limit the loads on the cofferdams during construction. 

(4. ). The cellular chamber walls and 
cofferdam embedded piling would provide scour protection during 
construction and permanently. 

(e). Sheet Pile Cutoffs around Lock Perimeter. (Same as Location 4, Type C). 
(f). Bearing Piles. The gate monoliths would be supported by steel H-piles 

driven to bedrock, similar to Type B. 
(g). Scour and Erosion Protection. The finished structures would be 

surrounded by a six-foot-thick layer of stone protection. Stone protection 
removed for lock construction would be replaced after construction is 
completed. 

(3). Structural Features 

(a). Lockwalls. The lock chamber walls are similar to Location 4, Type C. 
(b). Lock Floor. The lock floor would be similar to that of Location 4, 

Type C. 
(c). Upstream Miter Gate Monolith. The upstream miter gate monolith would 

be similar to that at Location 4, Type C. 
(d).D wnstr a tie The downstream miter gate monolith 

would be similar to that at Location 4, Type C. 
(e). Guidewalls. See discussion for Type B. 

(4). )s nt tin 
(a). Fill scour areas downstream from the dam with sand as needed. Perform a 

general site excavation/backfill of the construction area, including the side 
channel on the land side of the lock. This leveling of the site would 
reduce construction loads on the cofferdams and other structures during 
construction. Transition the elevation of the excavated area as necessary 
for the floor of the side channel and for the transition at the end of the lock 
chamber. 

(b). Construct the lock structures according to the construction sequence for 
Location 4, Type C. 
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(c). Construct the approach structures and guidewalls according to the 
construction sequence for Location 5, Type B. 

(5). Operational Considerations. See the discussion for the rock-founded 
Location 5 lock. 
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17. Alternative Elements of DesiPn. As noted at the start of the descriptions of the 
lock conceptual designs, endless variation in design details is possible. Further 
refinement of the lock designs would need to take place in any future studies to 
optimally reduce costs while maintaining or improving the functioning of the lock. 
The following is a partial list of some of the alternative design elements that were at 
least briefly considered. Some of them hold future promise while others have been 
eliminated from further consideration due to the availability of better alternatives that 
would be used. 

a. Hybrid Lock Designs. To make the number of lock alternatives 
manageable, lock types were limited to three general design types. In general 
the lock features of a given lock type and location would match the lock 
features of the same type lock at another location (for the same foundation 
conditions). However, there may be site- and location-specific differences that 
make it possible or even advisable to alter a design from the standard. For 
example, at some sites, the current directions and velocities may be such that 
shorter guidewalls could be used without adverse impacts on navigation. Or 
the Type A lock design could be built to Type B sill depths and submergence. 
As stated above, there are an endless variety of combinations. The more 
promising alternative combinations would need to be examined during any 
site-specific feasibility studies. 
b. Lift. While some of the Type A locks are shown with lift gates, the 
majority of all lock types and locations are shown with miter gates. Lift gates 
cost more initially and are more difficult to repair than miter gates. However, 
they do provide a means of passing ice and debris that miter gates don’t. A 
preliminary economic analysis indicated that the added costs of lift gates 
exceed the added benefits. Lift gates might allow flow through the lock 
chamber during high flow periods (after navigation ceases). If this proves 
feasible, lift gates could save the cost of adding flow capacity elsewhere for 
Location 4 locks that take some of the existing dam gates out of service. Lift 
gates would be considered again during any site-specific studies that may 
follow. 
c. Sector Gates. Sector Gates have been used on navigation locks but are not 
proposed for the Navigation Study locks. The locks in the UMR&IW 
navigation system have heads at the upper range that sector gates are capable 
of handling. In addition, sector gates require wider lockwalls which results in 
associated higher construction costs and other adverse impacts. 
d. EmerPency Closure. In the event that both the upper and lower miter gates 
were critically damaged, an emergency closure gate could stop the flow of 
water through the lock to prevent the loss of pool. Again, however, a 
preliminary economic analysis indicated that the costs of providing the 
emergency closure would exceed the benefits. This is true because of the low 
probability of losing both sets of miter gates and losing pool. Emergency 
closure gates are not recommended for locks with miter gates. However, since 
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lift gates are used for passing ice and debris through the lock chamber (which 
increases the risk of failure of the function of the lift gates), emergency 
closure bulkheads should be further considered for any locks with lift gates. 
e. Trapezoidal Rock-lined Lock Chamber. An alternative to eliminate 
concrete walls and replace them with embankment was briefly considered, but 
is not recommended. This lock design would require end-filling which is 
slower. However, the most significant disadvantage is the greatly increased 
lock area require for this lock design. The existing lock and dam sites do not 
have any location where a lock of this type would fit without incurring 
additional costs to replace lost dam gate capacity and handle the other 
impacts. 

f. Other Lock Sizes. This report only considered locks 110 feet wide by 
either 600 feet or 1200 feet in length. While it is engineeringly feasible to 
construct locks of other sizes, the Initial Screening report determined that all 
other-sized locks provide a lesser value (i.e., a lower benefit-to-cost ratio). 

g. Parallel Sheetpile Walls. Parallel sheetpile walls are an alternative type of 
lockwall construction that has potential at the rock-founded Location 3 and 
would result in concrete gravity walls without using a cofferdam. The 
lockwalls would consist of two rows of sheet piling driven parallel to one 
another and filled between with concrete. The erection of this wall type would 
begin by excavating a trench down to sound rock along the centerline of the 
future wall. This trench would provide the necessary depth required for 
placement of a concrete floor beneath the culvert. Anchors would be installed 
into the trench’s rock foundation to secure the concrete floor against uplift 
forces during construction. The sheet pile rows would be keyed into the 
undisturbed rock foundation on either side of the trench. Internal bracing 
would be required to support the straight pile walls. Once the two parallel 
sheet pile rows and bracing are in place, a tremie concrete floor would be 
placed between the rows. After the floor reached design strength, the area 
between the rows would be dewatered. The remaining wall construction 
would be performed in the dry by cast-in-place techniques. Culverts and ports 
would be formed on top of the tremie concrete floor. Protection against barge 
impacts, such as precast rubbing panels, would be installed over the exterior 
surfaces of the sheet pile wall exposed to river traffic. Openings in the sheet 
piling must be made to permit the emptying/filling ports passage of water. 

This type of wall construction presents a number of challenges including 
constructing the culverts within the congested work space, and maintaining a 
tight seal all around the dewatered area. This design probably has higher risks 
than the other design types and preliminary cost estimates indicate a higher 
cost than the rock-founded Location 3, Type B walls. However, further 
refinements could lower the costs. This lockwall design concept could 
probably be adapted to the pile-founded sites as well. 
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h. Alternative Design Items for the Location 3~ Pile-Founded Lock 
(1). Prestressed Concrete Piles.. Where gravel and cobbles are not present 
within the sand column, prestressed concrete piles are a feasible option over 
H-piles. The use of prestressed concrete piles have the potential for savings. 

For Location 2, lock type B: Based on the proposed 18 inch square 
prestressed concrete piles bearing on sound stratum at EL. 325.0 feet, an 
initial savings of $900,000 (23%) could be realized. If pile depth averaged 
60 feet and bearing were above (11.5 feet) the bedrock, a total initial savings 
of $1.4 million (35%) could be realized. If a larger prestressed pile (more 
than 24 inches) was used, saving should increase. 
(i). Size and depth, If prestressed concrete piles are shown to be feasible at 

some sites, larger concrete piles would typically offer more economy. 
Square prestressed concrete piles 36 inches or larger would have 
capacities at or above 650 tons. To ensure pile capacities in this range 
the pile would probably require socketing into the rock to avoid 
overstressing the rock. Also, transferring theses loads to the walls would 
require additional analysis. Therefore, at this time it is recommended to 
use concrete piles limited to 24 inches. From Reference 8, 18 inch piles 
develop their capacity in friction at 18 to 2 1 feet. With a scour 
allowance, the piles could effectively bear 12 to 15 feet above the 
bedrock. 

(j). Installation, Installation of the piles occurs after placement of the stone 
blanket. Driving or a combination of driving and jetting would clear a 
hole through the scour stone to allow further driving of the displacement 
pile. The proposed piling method would be to jet and drive 18 inch 
square prestressed concrete piles to be bedrock without a stinger. An 
internal 3 inch jet with a 2 inch nozzle is recommended. External jets 
may supplement if required; larger piles would probably require external 
jetting. The pile would bear on sound bedrock or the dense gravel just 
above the bed rock. If weak rock is encountered at a site then a stinger 
could be used. A heavy wide-flange shape could be used and driven 
through the weak rock to sound stratum. 

(2). WeeninP Floor Slab Svstem. A floor system as presented for Location 
2, lock type C, and Location 3, could be used with the lock type B. Though 
maintenance cost increase, the weep hole floor system has potential for 
significant first cost savings over the structural floor. 
(3). Reactive Powder Concrete for Wall Armor. Reactive powder concrete 
(RPC) is a relatively new material. However, the Corps and industry 
representatives have done research on RPC pipe and pole sections. 

The material is very strong and durable. RPC cured at ambient 
temperatures for 28 days has modest strengths of 20,000 psi and are 
extremely durable. Application to rub panels could possibly minimize 
damage to lock walls due to impact and abrasion. This is especially true at 
comers, monolith joints, and other recesses which would be poured as 
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second placements. The proposed idea is not to replace the rub panels but 
face them with a thin layer of the RPC concrete (l-2 inches). Currently the 
cost of RPC is substantially higher than conventional concrete. The thin 
layer would help hold down costs. 

i. Alternative Design Items for the Location 3. Tvne C. Pile-Founded Lock 
(1) Lower Gate Sill Monolith. After construction of the lock walls, the gate 
sill would be constructed in the dry within the maintenance bulkheads. The 
sill would be constructed on top of the tremie base slab. The sill would tied 
to the gate monolith walls using grouted reinforcement 

18. Remainin g Study Work. This interim report has summarized the investigation of 
a range of engineeringly feasible concept designs for construction of new locks at 
existing locks and dams within the Upper Mississippi and Illinois Waterway 
Navigation System. This lock design investigation is incomplete, in itself, in 
determining Federal interest for any navigation improvements. The following 
discussion presents some of the activities that will take place and considerations that 
will be addressed regarding lock concepts in the remainder of the Navigation Study. 

a. Determininp Performance Differences. The alternative lock concepts presented in 
this report would vary in their level of performance. These differences must be 
quantified to make a meaningful comparison of alternatives. 

b. Determination of Costs. For each of the concept designs, site-specific cost 
estimates will be developed. These all-encompassing cost estimates will be broken 
down into the following general categories: 

(1). First Costs* 
(a). Lock Chamber 
(b). Guidewalls 
(c). Channel Work 
(d). Dam Modifications (if required) 

(2). Replacement Costs (and interval) 
(3). Maintenance Costs 
(4). Operations Costs 
(5). Environmental Impacts and Mitigation 
(6). Impacts to Navigation During Construction 
(7). Relocation Requirements 

’ First costs for the selected typical rock-founded site (L/D 22) and typical pile-founded site 
(L/D 25) are included in this report. 

c. Determination of Imnacts to Navigation During Construction. The extent of 
delays and closures to navigation necessitated by construction activity must be 
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determined for each alternative. This will vary for each alternative and is an 
important cost consideration. 

d. 9~. Although this interim report has focused on 
new locks, a number of “small-scale measures” (also to reduce navigation delays) are 
being given equal consideration as alternative navigation improvements. Both the 
large-scale and small-scale measure alternatives will be compared with the alternative 
of no Federal action. 

19. Conclusions. This investigation has determined a number of conceptual lock 
designs that are feasible from an engineering perspective, i.e., each of the designs 
could be built. An array of alternatives that fit within the governing criteria of having 
predictable performance and safe operation was presented to give a full spectrum of 
cost versus performance choices. The engineering feasibility of each of these 
alternatives, however, does not constitute full consideration of the plan formulation 
criteria of completeness, effectiveness, efficiency, and acceptability. The Navigation 
Study will incorporate plan formulation activities that will give balanced regard to all 
inputs to determine the best plan to be recommended. 
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