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EXISTING AND PROPOSED LAYOUTS 

PORT OF CATOOSA 

The Port of Catoosa is the most upriver port on the MKARNS, north of Tulsa, Oklahoma.  The full design 
basis for the Port of Catoosa can be found in Appendix A - Port of Catoosa Design Basis.  This port is in a 
side-channel off the Verdigris River and serves both bulk and liquid barges.  

The current mooring and breasting structures consist of a concrete cap supported by multiple piles. See 
Figure 3 for a picture depicting a typical mooring and breasting structure at the port. Above each concrete 
cap is a steel-framed structure used for mooring, breasting, and loading/unloading barges. The six (6) 
structures that will be replaced are separated into two locations. Location 1 is along the northeast bank at 
the terminus of the channel and has three (3) existing dolphins that will be replaced. Location 2 is along 
the midpoint of the channel and also has of three (3) existing dolphins that will be replaced. See Figure 4 
for the locations of the proposed dolphins. The current mooring dolphins support loading/unloading 
structures. The existing loading structures will be removed by the Port of Catoosa prior to installation of 
new monopiles, any new barge loading structures are not a part of this design.  

 

FIGURE 3 - EXISTING MOORING DOLPHINS 

The six (6) mooring dolphins exhibit surface corrosion on all off the superstructures. Based on the site 
inspection performed by Lanier and the previous inspection performed by BKL, Inc., these dolphins have 
significant structural deficiencies and should be replaced. See Appendix D - Facility Assessment Report for 
the detailed inspection report.  
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FIGURE 5 - EXISTING MOORING DOLPHINS  

 

FIGURE 6 - PORT OF MUSKOGEE DOLPHIN LOCATIONS 
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This coefficient also takes into account the dock configuration. If the dock has a closed support system, 
water displaced during a berthing operation will have a more difficult time moving around the ship as the 
ship as it moves closer to the fenders. This will cause the water to act as a cushion and dissipate some of 
the energy. As the monopile design is considered an open structure, a factor of 1.0 will be used. 

 
FIGURE 8 - BERTH STRUCTURE CONFIGURATIONS 

Calculation of Berthing Energy (based on Vasco Costa Method) 
E 184 kip-ft = Berthing Energy = W Ce Cm Cs Cc V2 / 2g 
W 28,790 tonnes = Displacement of vessel (including tug) 
g 32.2 ft/sec2 = Acceleration of gravity 
V 0.58 ft/sec = Approach velocity of vessel normal to the berth 
Cm 1.00  = Virtual (hydrodynamic) mass coefficient = 1+2D/B 
D 12.0 feet = Mean draft of vessel 
B 105.0 feet = Beam of vessel 
Cs 0.90  = Softness coefficient 
Ce 0.61  = Eccentricity coefficient = (r2+r2cos2g)/(r2+m2) 
Cc 1.00  = Configuration coefficient 
r 240.00 feet = Radius of gyration of the ship = (0.19*BC+0.11)*LOA 

m 206.78 feet = Distance between the center of gravity of the vessel and the berthing 
contact 

g 75.3 degrees = Angle that the velocity of ship makes with line connecting the center 
of gravity with contact point 

LBP 800.00 feet = Length between perpendiculars (excludes tug) 

BC 1.00  = Vessel block coefficient = W / (LOA*B*D*den) all values in metric 
(not to exceed 1.0 for barges) 

den 62.4 lb/ft3  = Density of water (freshwater = 62.4 lb/ft3, seawater = 64.3 lb/ft3)  
LOA 800.0 feet = Length overall (excludes tug) 

x 0.25  = fraction of LOA from end of vessel to berthing contact point (e.g. 0.25, 
0.33, 0.4 etc.) 

 

The berthing energy is calculated above. The energy used for the design of the monopile is the calculated 
energy (184 k-ft)  multiplied by the abnormal berth factor (1.25). This design berth energy is 231 k-ft. An 
11 inch thick laminated fender can absorb 6.25 k-ft/ft 2. It is assumed the contact area is 1 ft x 12 ft for a 
total fender energy of 75 k-ft. This reduced the energy the monopile must dissipate to 156 k-ft.  
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FIGURE 9 - BARGE STATIC LOADING 
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MOORING CASES I NVESTIGATED 

Two design currents will be used for the mooring analysis: the maximum current and the normal 
operating current. Based on a probability analysis, the chance of two 50 year events occurring 
simultaneously is 0.04%. For this reason, the extreme wind event and extreme flood loads will not 
applied concurrently. The maximum current load will be applied in combination with the normal 
operational wind speed. The maximum wind speed will be combined with a normal current velocity.   

Due to the characteristics of the river, the current does not change direction. In all cases the current is 
aligned longitudinally with the river and the force is applied parallel to the fenderline. The wind will be 
applied in all directions to determine the controlling direction that produces the largest magnitude 
tension in each line. The results are presented as a wind rose illustrating the effect of the wind speed and 
direction on various vessel loads. 

A total of eight (8) mooring conditions were evaluated based on the following parameters: 

a) Barge tow arrangement: 6 wide x 4 long or 6 wide x 1 long  
b) Draft: 1 ft or 12 ft 
c) Wind/Current Speed: 75 knot wind/2 knot current or 40 knot wind/6.6 knot current  

 The full mooring analysis output can be found in Appendix H - Optimoor Results. A summary of the 
monopile reactions and maximum tension can be found in Table 4 below. 
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TABLE 4 - MOORING SUMMARY 

Mooring  
Case 

Barge Tow  
Arrangement  

Draft 
(ft.)  

Wind 
Speed 

(knots)  

Current  
Speed 

(knots)  

Maximum 
Line Tension 

(kips ) 

Maximum 
Monopile Load 

(kips)  
1 6x1 Barges 12 75 2 97.90 140.60 
2 6x1 Barges 12 40 6.6 165.30 246.50 
3 6x1 Barges 1 75 2 112.90 188.70 
4 6x1 Barges 1 40 6.6 52.30 82.70 
5 6x4 Barges 12 75 2 21.20 46.40 
6 6x4 Barges 12 40 6.6 40.20 60.60 
7 6x4 Barges 1 75 2 102.50 226.00 
8 6x4 Barges 1 40 6.6 50.10 110.50 

 

 

Figure 11 - Mooring Case 1: 6x1 Barges 2 kn Current 12-ft Draft  
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Figure 12 - Mooring Case 2: 6x1 Barges with 6.6 kn Current 12-ft Draft 

 

Figure 13 - Mooring Case 3: 6x1 Barges 2 kn Current 1-ft Draft 
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Figure 14 - Mooring Case 4: 6x1 Barges with 6.6 kn Current 1-ft Draft 

 

Figure 15 - Mooring Case 5: 6x4 Barges 2 kn Current, 12-ft Draft 
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Figure 16 - Mooring Case 6: 6x4 Barges with 6.6 kn Current 12-ft Draft 

 

Figure 17 - Mooring Case 7: 6x4 Barges 2 kn Current 1-ft Draft 
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Figure 18 - Mooring Case 8: 6x4 Barges with 6.6 kn Current 1-ft Draft 
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DESIGN LOADS  

For the monopile design, the maximum berthing load for high and low water will be used as well as the 
maximum bollard load. The location where the load is applied is critical in determining the stress in the 
pile. Figure 19, below, illustrates how water elevation changes the loading location along the length of the 
pile.  

 

 

FIGURE 19 - MONOPILE LOADING DIAGRAM 
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TABLE 5 - PORT OF CATOOSA DESIGN LOADS 

Port of Catoosa 

Condition 
Mudline 
Elevation 

(ft)  

Water 
Elevation 

(ft)  

Load 
Elevation 

(ft)  

Load 
(kips) 

Head 
Deflection 

(in)  

Energy  
(k-ft)  

Maximum 
Moment 

(k-ft)  
6x4 Flood 
Mooring 

(light  ship) 

520 

560 566 110.6 1.24 NA 5,308  

6x4 Flood 
Mooring 

(loaded ship) 
560 554 46 0.77 NA 1,658  

6x4 Extreme 
Wind Mooring 

(light  ship) 
560 566 225.8 2.58 NA 10,833  

6x4 Extreme 
Wind Mooring 
(loaded ship) 

560 554 46.4 0.78 NA 1,667  

6x1 Flood 
Mooring (light  

ship) 
560 566 67.4 0.70 NA 3,233  

6x1 Flood 
Mooring 

(loaded ship) 
560 554 135 2.50 NA 4,858  

6x1 Extreme 
Wind Mooring 

(light  ship) 
560 566 159.7 1.82 NA 7,667  

6x1 Extreme 
Wind Mooring 
(loaded ship) 

560 554 119 2.20 NA 4,283  

3x4 High Water 
Berthing 560 554 276 1.98 22.77* 9,917 

3x4 Low Water 
Berthing 532 526 276 0.04 0.46* 2,300 

*Berthing load limited to static loading 
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MONOPILE DESIGN 

The monopiles are designed as a single steel pipe pile with varying wall thicknesses along its length that 
will be anchored into bedrock. This design is one of the more economical designs since it allows for the 
wall thickness to vary along the length. Figure 20 below shows a monopile being fabricated. Since the 
sheets are typically rolled in 10-foot lengths, the wall thickness can change every 10 feet without 
increasing the labor cost.  

 

FIGURE 20 - MONOPILE FABRICATION 

The monopiles are typically fabricated to their full length in the shop. Fabricating most of the pile in the 
shop will reduces field cost, allows for a safer construction site, and reduces the time in the field and 
subsequently down time at the port.  Delivery of the piles is often done by barge; see Figure 21 on page 
24. The casing will require that the top of the pile where the mooring rails and fenders are located be 
shipped separately and welded in the field. An alternate option would be to have the pile fabricated to the 
full length and the mooring rails and fenders installed in the field.  
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FIGURE 21 - MONOPILE DELIVERY 
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FIGURE 23 - PORT OF CATOOSA PILE MOMENT 
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LANIER JOB NO. 11682 Oklahoma DOT –PORT OF CATOOSA
March 2022 MKARNS Mooring Modernization

DESIGN BASIS Rev. A

DOCUMENT 00 66 13 - DESIGN BASIS

1.1 PROJECT SCOPE

A. General Description

1. The Project will replace existing structures which were not designed for the type of major flood
events the region has experienced in recent years and enhance harbor safety by eliminating risk
of loose barges and damage to infrastructure. The Project will expand much needed capacity for
vessels within the waterway and prepare ports for forecasted increases in freight demand
through the MKARNS.

2. Lanier & Associates Consulting Engineers, Inc. (Lanier) to provide engineering services related
to the conceptual layout and permitting of marine facilities at the Port of Catoosa in association
with MKARNS Mooring Modernization.

1.2 AVAILABLE INFORMATION

A. SURVEYS

1. Hydrographic Survey: To be provided by Consor

2. Topographic Survey: Performed by Keystone

3. Boundary Survey: Performed by Keystone

B. GEOTECHNICAL INFORMATION

1. Performed by Red Rock

2. Draft results transmitted on 12/21/21

C. DRAFTING STANDARDS

1. Lanier to use in-house drafting standards

D. GOVERNMENT AND INDUSTRY CODES & STANDARDS

1. Design shall consider the applicable editions of specifications of government and industry codes
and standards including but not limited to: OSHA, US Coast Guard, US Army Corps of
Engineers, Code of Federal Regulations, and NFPA.

2. The following codes, standards and guidelines will be referenced during the design
development and construction of the proposed facilities:

a. PIANC (Guidelines for the design of Fender Systems & Recommendations for the
Design and Assessment of Marine Oil and Petrochemical Terminals)

b. OCIMF (Oil Companies International Marine Forum)

1.3 SITE AND ENVIRONMENTAL CONDITIONS
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DESIGN BASIS Rev. A

A. Risk Category (ASCE 7-16) II

B. Design Environmental Return Period 50 year

C. Mudline Elevation 520-ft ft NAVD88

D. Design Wind Conditions (ASCE 7-10)

1. Gust Duration 30 seconds

2. Maximum Wind Velocity for Mooring 75-kts

3. Operating Wind Velocity for Breasting 40-kts

E. Design Water Levels

1. Extreme High Water Elevation (+) 560-ft NAVD88

2. Design High Water Elevation (+) 560-ft NAVD88

3. Design Low Water Elevation (+) 532-ft NAVD88

F. Design Current

1. Normal Design Current

a. High River 1.0-kts

b. Low River Ebb 1.0-kts

2. 50-yr Design Current 1.0-kts

G. Seismic Design Conditions (ASCE 7-16) (To be confirmed by Geotechnical analysis)

1. Site Class B

2. Mapped Acceleration Parameter Ss (0.2s response) 0.141 (IBC 2015)

3. Mapped Acceleration Parameter S1 (1.0s response) 0.077 (IBC 2015)

4. Site Coefficient (Fa) 0.9

5. Site Coefficient (Fv) 0.8

6. Spectral Acceleration Parameter SDS (0.2s response) 1.5

7. Spectral Acceleration Parameter SD1 (1.0s response) 0.6

8. Seismic Design Category Category A (IBC 2015)
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March 2022 MKARNS Mooring Modernization

DESIGN BASIS Rev. A

1.4 VESSEL DATA

A. Design Vessel Criteria

1. Single inland Barge

a. Vessel Size 35-ft x 200-ft

b. Molded Depth 13-ft

c. Maximum Draft 12-ft

d. Displacement Tonnage 2,400 MT

2. Barge Tow

a. Maximum Barge Breasting Configuration 3 wide x 4 long

b. Barge Mooring Configuration 6 wide x 4 long

c. Barge Mooring Configuration 6 wide x 1 long

B. Berthing Parameters

1. Vessel Berthing

a. Mooring and breasting structures will be designed and configured for the berthing of both
a single barge and barge tow.

b. Laminated berthing fenders shall be attached to the breasting structures for the berthing
of barges.

c. Berthing vessels shall be tug assisted.

d. Berthing velocity per PIANC.

e. Barges shall be moored with a minimum of (6) lines. Two bow lines and two stern lines
will be attached to each of the independent mooring structures.  Four spring lines (two
forward and two aft) shall be attached to mooring bollards on the breasting structures.

f. Breasting dolphins will be equipped with mooring rails.

g. While at berth, the barges mooring lines shall properly tended.

1.5 STRUCTURAL

A. General Description

1. Six (6) new mooring dolphins are intended to replace and supplement existing mooring
structures at the Port of Catoosa.

2. Top of mooring dolphins shall be 10 feet above design high water.
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B. Monopiles

1. Mooring equipment will consist of side rails.

2. Top of Working Surface 570-ft

3. Design Loads

a. Breasting Energy

1) Will be defined as the largest breasting energy for the design vessels at their
respective approach velocities with an applied abnormal berthing factor.

b. Mooring Line Load

1) Design mooring line load to be verified for sizing equipment through analysis,
practical experience for similar facilities with similar design barges, and in
accordance with the appropriate Port of Catoosa Standards.

2) Maximum Line Break Strength 81.7 kips

C. Coating Systems

1. Steel Piles Coal tar epoxy

2. Steel Pipe Shapes & Structural Shapes Below Deck Coal tar epoxy

3. Steel Pipe Shapes & Structural Shapes Above Deck Three coat epoxy

4. Mooring rails Carboguard 1209

Color Signal Yellow

END OF SECTION 00 31 10
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LANIER JOB NO. 11682 Oklahoma DOT -PORT OF MUSKOGEE
March, 2022 MKARNS Mooring Modernization

DESIGN BASIS Rev. A

DOCUMENT 00 66 13 - DESIGN BASIS

1.1 PROJECT SCOPE

A. General Description

1. The Project will replace existing structures which were not designed for the type of major flood
events the region has experienced in recent years and enhance harbor safety by eliminating risk
of loose barges and damage to infrastructure. The Project will expand much needed capacity for
vessels within the waterway and prepare ports for forecasted increases in freight demand
through the MKARNS.

2. Lanier & Associates Consulting Engineers, Inc. (Lanier) to provide engineering services related
to the conceptual layout and permitting of marine facilities at the Port of Muskogee in
association with MKARNS Mooring Modernization.

1.2 AVAILABLE INFORMATION

A. SURVEYS

1. Hydrographic Survey: To be provided by Consor

2. Topographic Survey: Performed by Keystone

3. Boundary Survey: Performed by Keystone

B. GEOTECHNICAL INFORMATION

1. Performed by Kleinfelder

2. Draft results transmitted on 11/29/21

C. DRAFTING STANDARDS

1. Lanier to use in-house drafting standards

D. GOVERNMENT AND INDUSTRY CODES & STANDARDS

1. Design shall consider the applicable editions of specifications of government and industry codes
and standards including but not limited to: OSHA, US Coast Guard, US Army Corps of
Engineers, Code of Federal Regulations, and NFPA.

2. The following codes, standards and guidelines will be referenced during the design
development and construction of the proposed facilities:

a. PIANC (Guidelines for the design of Fender Systems & Recommendations for the
Design and Assessment of Marine Oil and Petrochemical Terminals)
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b. OCIMF (Oil Companies International Marine Forum)

1.3 SITE AND ENVIRONMENTAL CONDITIONS

A. Risk Category (ASCE 7-16) II

B. Design Environmental Return Period 50 year

C. Mudline Elevation 479-ft NAVD88

D. Design Wind Conditions (ASCE 7-10)

1. Gust Duration 30 seconds

2. Maximum Wind Velocity for Mooring 75-kts

3. Operating Wind Velocity for Breasting 40-kts

E. Design Water Levels

1. Extreme High Water Elevation (+) 522-ft NAVD88

2. Design High Water Elevation (+) 518.5-ft NAVD88

3. Design Low Water Elevation (+) 488.52-ft NAVD88

F. Design Current

1. Normal Design Current

a. High River 6.6-kts

b. Low River Ebb 2.0-kts

2. 50-yr Design Current 6.6-kts

G. Seismic Design Conditions (ASCE 7-16) (To be confirmed by Geotechnical analysis)

1. Site Class B

2. Mapped Acceleration Parameter Ss (0.2s response) 0.141 (IBC 2015)

3. Mapped Acceleration Parameter S1 (1.0s response) 0.077 (IBC 2015)

4. Site Coefficient (Fa) 0.9

5. Site Coefficient (Fv) 0.8

6. Spectral Acceleration Parameter SDS (0.2s response) 1.5
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7. Spectral Acceleration Parameter SD1 (1.0s response) 0.6

8. Seismic Design Category Category A (IBC 2015)

1.4 VESSEL DATA

A. Design Vessel Criteria

1. Single inland Barge

a. Vessel Size 35-ft x 200-ft

b. Molded Depth 13-ft

c. Maximum Draft 12-ft

d. Displacement Tonnage 2,400 MT

2. Barge Tow

a. Maximum Barge Breasting Configuration 3 wide x 4 long

b. Barge Mooring Configuration 6 wide x 4 long

c. Barge Mooring Configuration 6 wide x 1 long

B. Berthing Parameters

1. Vessel Berthing

a. Mooring and breasting structures will be designed and configured for the berthing of both
a single barge and barge tow.

b. Laminated berthing fenders shall be attached to the breasting structures for the berthing
of barges.

c. Berthing vessels shall be tug assisted.

d. Berthing velocity per PIANC.

e. Barges shall be moored with a minimum of (6) lines. Two bow lines and two stern lines
will be attached to each of the independent mooring structures.  Four spring lines (two
forward and two aft) shall be attached to mooring bollards on the breasting structures.

f. Breasting dolphins will be equipped with mooring rails.

g. While at berth, the barge mooring lines shall be properly tended.

1.5 STRUCTURAL
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1. Twenty (20) new mooring dolphins are intended to replace and supplement existing mooring
structures at the Port of Muskogee.

2. Top of mooring dolphins shall be 10 feet above design high water.

B. Monopiles

1. Mooring equipment will consist of side rails.

2. Top of Working Surface 532-ft

3. Design Loads

a. Breasting Energy

1) Will be defined as the largest breasting energy for the design vessels at their
respective approach velocities with an applied abnormal berthing factor.

b. Mooring Line Load

1) Design mooring line load to be verified for sizing equipment through analysis,
practical experience for similar facilities with similar design barges, and in
accordance with the appropriate Port of Muskogee Standards.

2) Maximum Line Break Strength 81.7 kips

C. Coating Systems

1. Steel Piles Coal tar epoxy

2. Steel Pipe Shapes & Structural Shapes Below Deck Coal tar epoxy

3. Steel Pipe Shapes & Structural Shapes Above Deck Three coat epoxy

4. Mooring rails Carboguard 1209
Color Signal Yellow

END OF SECTION 00 31 10
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DOCUMENT 00 66 13 - DESIGN BASIS

1.1 PROJECT SCOPE

A. General Description

1. The Project will replace existing structures which were not designed for the type of major flood
events the region has experienced in recent years and enhance harbor safety by eliminating risk
of loose barges and damage to infrastructure. The Project will expand much needed capacity for
vessels within the waterway and prepare ports for forecasted increases in freight demand
through the MKARNS.

2. Lanier & Associates Consulting Engineers, Inc. (Lanier) to provide engineering services related
to the conceptual layout and permitting of marine facilities at the Oakley’s 33 Grand River site
in association with MKARNS Mooring Modernization.

1.2 AVAILABLE INFORMATION

A. SURVEYS

1. Hydrographic Survey: To be provided by Consor

2. Topographic Survey: Performed by Keystone

3. Boundary Survey: Performed by Keystone

B. GEOTECHNICAL INFORMATION

1. Performed by Kleinfelder

2. Draft results transmitted on 11/29/21

C. DRAFTING STANDARDS

1. Lanier to use in-house drafting standards

D. GOVERNMENT AND INDUSTRY CODES & STANDARDS

1. Design shall consider the applicable editions of specifications of government and industry codes
and standards including but not limited to: OSHA, US Coast Guard, US Army Corps of
Engineers, Code of Federal Regulations, and NFPA.

2. The following codes, standards and guidelines will be referenced during the design
development and construction of the proposed facilities:

a. PIANC (Guidelines for the design of Fender Systems & Recommendations for the
Design and Assessment of Marine Oil and Petrochemical Terminals)

b. OCIMF (Oil Companies International Marine Forum)
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1.3 SITE AND ENVIRONMENTAL CONDITIONS

A. Risk Category (ASCE 7-16) II

B.  Design Environmental Return Period 50 year

C. Mudline Elevation 479-ft NAVD88

D. Design Wind Conditions (ASCE 7-10)

1. Gust duration 30 seconds

2. Maximum Wind Velocity for Mooring 75-kts

3. Operating Wind Velocity for Breasting 40-kts

E. Design Water Levels

1. Extreme High Water Elevation (+) 522-ft NAVD88

2. Design High Water Elevation (+) 517.5-ft NAVD88

3. Design Low Water Elevation (+) 488.52-ft NAVD88

F. Design Current

1. Normal Design Current

a. High River 6.6-kts

b. Low River Ebb 2.0-kts

2. Extreme Design Current 6.6-kts

G. Seismic Design Conditions (ASCE 7-16) (To be confirmed by Geotechnical analysis)

1. Site Class B

2. Mapped Acceleration Parameter Ss (0.2s response) 0.141 (IBC 2015)

3. Mapped Acceleration Parameter S1 (1.0s response) 0.077 (IBC 2015)

4. Site Coefficient (Fa) 0.9

5. Site Coefficient (Fv) 0.8

6. Spectral Acceleration Parameter SDS (0.2s response) 1.5

7. Spectral Acceleration Parameter SD1 (1.0s response) 0.6
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8. Seismic Design Category Category A (IBC 2015)

1.4 VESSEL DATA

A. Design Vessel Criteria

1. Single inland Barge

a. Vessel Size 35-ft x 200-ft

b. Molded Depth 13-ft

c. Maximum Draft 12-ft

d. Displacement Tonnage 2,400 MT

2. Barge Tow

a. Maximum Barge Breasting Configuration 3 wide x 4 long

b. Barge Mooring Configuration 6 wide x 4 long

c. Barge Mooring Configuration 6 wide x 1 long

B. Berthing Parameters

1. Vessel Berthing

a. Mooring and breasting structures will be designed and configured for the berthing of both
a single barge and barge tow.

b. Laminated berthing fenders shall be attached to the breasting structures for the berthing
of barges.

c. Berthing vessels shall be tug assisted.

d. Berthing velocity per PIANC.

e. Barges shall be moored with a minimum of (6) lines. Two bow lines and two stern lines
will be attached to each of the independent mooring structures. Four spring lines (two
forward and two aft) shall be attached to mooring bollards on the breasting structures.

f. Breasting dolphins will be equipped with mooring rails.

g. While at berth, the barge mooring lines shall be properly tended.
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1.5 STRUCTURAL

A. General Description

1. Six (6) new mooring dolphins are intended to replace and supplement existing mooring
structures at the Oakley’s 33 Grand River .

2. Top of mooring dolphins shall be 10 feet above design high water.

3. All monopiles shall have laminated rubber fenders with mooring rails

B.  Monopiles

1. Mooring equipment will consist of side rails.

2. Top of Working Surface 532-ft

3. Design Loads

a. Breasting Energy

1) Will be defined as the largest breasting energy for the design vessels at their
respective approach velocities with an applied abnormal berthing factor.

b. Mooring Line Load

1) Design mooring line load to be verified for sizing equipment through analysis,
practical experience for similar facilities with similar design barges, and in
accordance with the appropriate standards.

2) Maximum Line Break Strength 81.7 kips

C. Coating Systems

1. Steel Piles Coal tar epoxy

2. Steel Pipe Shapes & Structural Shapes Below Deck Coal tar epoxy

3. Steel Pipe Shapes & Structural Shapes Above Deck Three coat epoxy

4. Mooring rails Carboguard 1209
Color Signal Yellow

END OF SECTION 00 31 10

Page|53



Preliminary Monopile Design Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    
 

   
   

  

Appendix D  - Facility Assessment Report 

Page|54



    

 

 
OKLAHOMA DEPARTMENT OF TRANSPORTATION 

MULTIPLE LOCATIONS  
 

FACILITY INSPECTION REPORT 

FOR 

 

 

 

MKARNS MOORING MODERNIZATION PROJECT 
 
 
 
 

PREPARED BY: 

 
 

PH: 504-895-0368  
WWW.LANIER-ENGINEERS.COM 

 
OKLAHOMA FIRM NO. 7205 

 
 

PH: 281-493-4140  
WWW.CONSORENG.COM 

 
OKLAHOMA FIRM NO. 2518 

 
 
 
 
 
 

EC-2320  
JOB PIECE NO. 35247(05)  

 
MARCH, 2022 

 

  

Page|55











Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Appendix A -  Port of Catoosa Photographs 

  

Page|60



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 1 

 

 

PORT OF CATOOSA - 2 

Page|61



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 3 

 

PORT OF CATOOSA - 4 

Page|62



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

 

PORT OF CATOOSA - 5 

 

PORT OF CATOOSA - 6 

 

Page|63



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 7 

 

PORT OF CATOOSA - 8 

Page|64



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 9 

 

 

PORT OF CATOOSA - 10 

 

Page|65



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 11 

 

 

PORT OF CATOOSA - 12 

Page|66



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 13 

 

 

PORT OF CATOOSA - 14 

 

Page|67



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 15 

 

 

PORT OF CATOOSA - 16 

 

Page|68



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 17 

 

PORT OF CATOOSA - 18 

Page|69



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 19 

 

PORT OF CATOOSA - 20 

 

Page|70



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 21 

 

 

PORT OF CATOOSA - 22 

 

Page|71



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 23 

 

 

PORT OF CATOOSA - 24 

 

Page|72



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 25 

 

 

PORT OF CATOOSA - 26 

 

Page|73



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 27 

 

 

PORT OF CATOOSA - 28 

 

Page|74



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 29 

 

 

 

PORT OF CATOOSA - 30 

 

Page|75



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 31 

 

 

PORT OF CATOOSA - 32 

 

Page|76



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 33 

 

 

PORT OF CATOOSA - 34 

 

Page|77



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 35 

 

 

PORT OF CATOOSA - 36 

 

Page|78



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 37 

 

 

PORT OF CATOOSA - 38 

 

Page|79



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 39 

 

 

 

PORT OF CATOOSA - 40 

 

Page|80



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 41 

 

 

PORT OF CATOOSA - 42 

 

Page|81



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 43 

 

 

PORT OF CATOOSA - 44 

 

Page|82



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 45 

 

 

PORT OF CATOOSA - 46 

 

Page|83



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 47 

 

 

PORT OF CATOOSA - 48 

 

Page|84



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 49 

 

 

PORT OF CATOOSA - 50 

 

Page|85



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 51 

 

 

PORT OF CATOOSA - 52 

 

Page|86



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 53 

 

 

PORT OF CATOOSA - 54 

Page|87



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

PORT OF CATOOSA - 55 

 

 

PORT OF CATOOSA - 56 

 

 

Page|88



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

Appendix B -  Port of Muskogee Photographs 

Page|89



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 1 

 

 

Port of Muskogee - 2 

 

Page|90



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 3 

 

 

Port of Muskogee - 4 

Page|91





Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 7 

 

 

Port of Muskogee - 8 

 

Page|93



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 9 

 

 

Port of Muskogee - 10 

 

Page|94



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 11 

 

 

Port of Muskogee - 12 

 

Page|95



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 13 

 

 

Port of Muskogee - 14 

 

Page|96



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 15 

 

 

Port of Muskogee - 16 

 

Page|97



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 17 

 

 

Port of Muskogee - 18 

 

Page|98



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 19 

 

 

Port of Muskogee - 20 

 

Page|99



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 21 

 

 

Port of Muskogee - 22 

 

Page|100



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 23 

 

 

Port of Muskogee - 24 

 

Page|101



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 25 

 

 

Port of Muskogee - 26 

 

Page|102



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 27 

 

 

Port of Muskogee - 28 

 

Page|103



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 29 

 

 

Port of Muskogee - 30 

 

Page|104



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 31 

 

 

Port of Muskogee - 32 

 

Page|105



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 33 

 

 

Port of Muskogee - 34 

 

Page|106



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 35 

 

 

Port of Muskogee - 36 

 

Page|107



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 37 

 

 

Port of Muskogee - 38 

 

Page|108



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 39 

 

 

Port of Muskogee - 40 

 

Page|109



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 41 

 

 

Port of Muskogee - 42 

 

Page|110



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 43 

 

 

Port of Muskogee - 44 

 

Page|111



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 45 

 

 

Port of Muskogee - 46 

 

Page|112



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 47 

 

 

Port of Muskogee - 48 

 

Page|113



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 49 

 

 

 

Port of Muskogee - 50 

 

Page|114



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 51 

 

 

Port of Muskogee - 52 

 

Page|115



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 53 

 

 

Port of Muskogee - 54 

 

Page|116



Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Port of Muskogee - 55 

 

 

Port of Muskogee - 56 

 

 

Page|117

































Facility Inspection Report  Oklahoma DOT 
March 2022  MKARNS Mooring Modernization  
    

  

   

 

Appendix D -  BLK Dolphin Removal and Replacement Study 

Page|133



Page|134



Port of Catoosa – Mooring Dolphin Repair and Replacement Study 
 

  
 January 2019 TOC 

Table of Contents 
 

Executive Summary 1 

Introduction 2 

Existing Structures 3 

Proposed Structures 5 

Existing Conditions 12 

Construction Methods 12 

Cost Estimate 15 

Conclusions 16 

  
Appendix A – Marcan Report – Underwater Dolphin Inspections 
 
Appendix B – T-Head Wharf As-Built Plans 
 
Appendix C – 1973 Caisson Details 
 
Appendix D – Seven ft. Diameter “Can” Dolphin As-Built Plans 
 
Appendix E – Geotechnical Report for Main Dock Construction 
 
Appendix F – City of Tulsa Blasting Specification 

 
Photos 1-3 – Existing “Tower” Structures 
 
Photo 4 – Existing Tipped Can Structure 
 
Photo 5 – Existing “Can” Dolphin Proposed for Replacement Dolphins 
 
Photo 6-7 –Existing Dolphins 10-13 and Existing Blue Knight Structure  
 
Figure 1 – Aerial Photograph of Main Channel and Inspected Dolphins 
 
Figure 2 – Isometric Drawing of Existing “Tower” Dolphins 
 
Figures 3-6 – Aerial Photograph Showing Proposed New Dolphin Locations 

 

Page|135



Port of Catoosa – Mooring Dolphin Repair and Replacement Study 
 

  
 January 2019 Page 1 

Executive Summary 
 
The Tulsa Port of Catoosa wishes to remove and replace several failing or deteriorating mooring dolphins in the main 
channel.  In the summer of 2014 the Port conducted an underwater inspection of 15 dolphins. The aerial in Figure 1 
depicts all of the dolphins inspected with yellow numbers. The inspection report is in Appendix A and referred to as 
Marcan Report. All of the inspected Dolphins showed signs of deterioration, some requiring immediate repair or 
decommissioning. The scope of this study is to investigate construction methods for removal and 
replacement of the dolphins, determine the most feasible construction methods and the associated opinion 
of probable cost and recommend project phasing.   
 
Our investigation included speaking with three local contractors that were recommended as the most capable of this 
construction, meeting with industries that will be impacted by the construction and will be using the proposed new 
dolphins, speaking with the City of Tulsa planning division about impacts to the Spavinaw water supply lines that 
cross the main channel, reviewing plans for the existing structures and recently constructed dolphins, site visits to 
familiarize ourselves with the existing dolphin configuration and how they are used, reviewing existing geotechnical 
reports for soil borings in the channel and reviewing the underwater inspection reports.   
 
Based on our investigation we concluded that Phase I construction plans should be produced for the following items: 
�x The removal of eight existing dolphins, constructed with eight 24” diameter piers each with platforms at the 

normal water level and steel truss towers extending above, known as tower dolphins. These are shown as 
Dolphins 0-3, 4 and 5, 14 and 15.   

�x Removal of one existing, tipped-over can dolphin near the Galvilon West loading structure. 
�x Reconstruction of five seven ft. diameter piers drilled twelve feet into shale and extending at least 35 ft. above 

the normal water line (known as can dolphins) similar to the most recent dolphins constructed at the port and 
depicted in Photo 5 and Appendix D at locations near existing dolphins 4, 5, 14 and 15.   

�x The reconstruction plans and details should have new dolphins lined up with the front of existing dolphins and 
spaced as close to 100ft. centers as possible. The proposed location of these structures is shown in figure 3. 

 
Phase II construction plans should be produced for the following items 
�x The removal of four existing dolphins, shown as dolphins 10-13 in Figure 1 at the north end of the channel. 

These existing dolphins are constructed with eight 24 inch diameter piers each with platforms at the normal 
water level and steel truss towers extending above, known as tower dolphins. 

�x Reconstruction of two seven ft. diameter dolphins near dolphins 12 and 13 with a platform between them 
constructed on smaller diameter piers.  The platform would serve two industries with transport pipes for product, 
water and electricity and be equipped with at least one jib crane.    

 
Add Alternates for Phase I or Phase II to include the following: 
�x Up to 13 additional can dolphins on the west bank in the space that is currently served by shore wires. 
 
All design documents should include specifications for the removal of the existing dolphins that minimize the impact 
to the Spavinaw water lines and the adjacent industries but should not limit means and methods. And the documents 
should have construction sequencing that limits the impact to channel traffic and Port industries. 
 
The estimated construction cost for the above recommendations with 20% contingency is: 
�x Phase I base amount:   $1,800,000.00 
�x Phase II base amount:  $1,400,000.00 
�x Add Alternate for Phase I or II (construction of 13 additional dolphins):  $2,340,000.00 
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Introduction 
 
The Port wishes to eventually remove and replace all of the original “tower” type mooring dolphins in the channel.  
The purpose of this study is to investigate construction methods for removal and replacement of the dolphins, 
determine the most feasible methods and the associated opinion of probable cost and recommend construction 
project phasing.   
 
We began by reviewing the Marcan Report shown in Appendix A to determine the dolphins requiring the most 
immediate need of replacement. The aerial in Figure 1 depicts all of the dolphins inspected with yellow numbers.  
Two dolphins had clearly failed by the time of inspection and were not included in the 15 inspected.  Dolphins 1, 2, 
and 3 have already been decommissioned due to disrepair These are tower structures on concrete piers with a 
concrete platform and truss type construction tying them together.  Because they are in an area of the channel that is 
narrow, causing a bottleneck to the barge traffic, they are to be removed but not replaced.  A forth dolphin, noted as 
“0”, in this area has been removed above the water and the materials drug to the bank.  This Dolphin also needs to 
be removed down to the stream bed and the steel superstructure removed from the site.   
 
Dolphins 10-13 in the northeast corner of the channel are identified as needing to be replaced. They currently serve 
two port industries.  Discussions with these industries and with the Port staff about future plans led us to propose 
replacing these four dolphins with two can dolphins connected by a platform.   
 
The Port wishes to remove the failing can dolphin circled north of the Galvilon West loading structure but not replace 
it.  There is another can dolphin south of the Galvilon West loading structure that has completely failed and is under 
water.  Removal of this structure is not currently considered necessary.   
 
Dolphins 4, 5, 14 and 15 are also tower structures and they are to be removed and replaced.  The remaining dolphins 
inspected, 6 through 9 are currently serving industries and will be the last to be replaced. 
 
Figure 1 
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Existing Structures 
 
The existing tower structures are represented in Photos 1-3 and in the isometric drawing in Figure 2. They were 
constructed at the same time and in a similar fashion to the T-Head Wharf.  Plans for the T-Head Wharf structure are 
included in Appendix B. We don’t have access to as-built plans for the actual tower dolphins. In the summer of 2014 
the Port conducted an underwater inspection of 15 dolphins. This report is in Appendix A and referred to as Marcan 
Report. All of the inspected Dolphins showed signs of deterioration, some requiring immediate repair or 
decommissioning.  We know these structures were not constructed strictly according to the plans (they don’t have a 
battered pile) so using the Marcan dive report and physical observations, we created the isometric drawing in Figure 
2.  They are in various states of disrepair as indicated in the photos and in the dive report.  The Port has identified 
Dolphins 0-4, 4, 5, 14 and 15 as most needing to be removed or removed and replaced. Dolphins 10-13 have had 
some pier encasement done to prolong their life. 
 
The existing tower structures appear to be platforms about two feet above the normal water elevation.  The platforms 
are approximately 12 ft. by 16 ft. resting on eight 24 in. diameter piers that are socketed five ft. into rock and belled at 
the bottom.  Above the platform, is a tower constructed of steel pipes with a wood bumper system tied to the channel 
face of the tower from the platform to the top of the tower. 
   
The existing tipped can structure is shown in Photo 4 and in the details in Appendix C – 1973 Caisson Details. The 
can pictured is on the north side of the Galvilon West loading structure.  The one on the south side is completely 
under water.  These two structures were constructed in 1973 and both were hit by barges.  The as-built plans 
indicated that they are made of steel casing with a concrete bottom and top with aggregate in between.  The as-built 
plans called for them to be anchored to the channel bottom with eight six-inch diameter holes filled with concrete with 
one #11 rebar in each hole.  According to the Marcan Report, the north can structure is still attached to one (or more) 
of the six-inch holes. The Port is not interested in moving the south structure but wants to remove the north structure. 
 
Figure 2 
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Photo 2 – Tower Dolphin Photo 1 – Tower Dolphin 

Photo 3 – Tower Dolphin Photo 4 – Tipped Can Dolphin 
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