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EXISTING PROJECT DIMENSIONS
NAVIGATION FEATURE LENGTH (FEET) WIDTH (FEET)*

 OUTER REACH (ALL CUTS) 29,000 400
     OUTER REACH (CUT 1A) 11,000 400
     OUTER REACH (CUT 1B) 5,500 400
     OUTER REACH (CUT 1) 12,500 400
 MIDDLE REACH (CUT 2) 5,670 400
 INNER REACH (ALL CUTS) 3,330 400
     INNER REACH (CUT 2) 2,530 400
     INNER REACH (CUT 3) 800 400
 MIDDLE BASIN CHANNEL 2,670 
 WEST ACCESS CHANNEL

1,840 400 
 (EAST OF STA. 260+00)

 CUT A (WEST OF STA. 260+00)
 1,730 400
 BARGE CANAL (CUT 1 TO LOCK) 8,610 125
 TRIDENT BASIN & CHANNEL 1,500 (BASIN) 1,200 (BASIN) 

1,800 / 2,670 
 MIDDLE BASIN 2,200 

1,200Ø TURNING CIRCLE 
1,400 / 2,750 

 WEST BASIN 1,650 
1,400Ø TURNING CIRCLE

 * CPA MAINTAINS ADDITIONAL WIDTH UP TO 450 FEET IN SOME LIMITED AREAS 
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NAVIGATION FEATURE LENGTH (FEET) WIDTH (FEET)*

 OUTER REACH (ALL CUTS) 29,000 400
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80K-100K DWT Post-Panamax Tanker or Bulk Carrier SQUAT - Alternative Water Depths - Inbound, Loaded to 39.5' 

References:
 
1) Barass.  "Squat Formula for Ships in Rivers," The Naval Architect, November 2004.
 
2) Helmore, Phillip, "Determination of Coefficient K for Prediction of Ship Squat," The Naval Architect, 2005.
 
3) USACE ERDC/CHL CHETN-IX-14, "Charleston Harbor Ship Motion Data Collection and Squat Analysis," March 2004.
 
4) PIANC WG4, "Guidelines for the Design and Construction of Flexible Revetments Incorporating Geotextiles for Inland Waterways,"


 S
upplement to Bulletin No. 57, 1987. 

5) PIANC PTC II-30, "Approach Channels: A Guide for Design," Supplement to Bulletin No. 95, June 1997. 
6) EM 1110-2-1613:  Hydraulic Design of Deep-Draft Navigation Projects, 31 Aug 1995 (Equation 6-4, Shallow Water Squat). 

Design Vessel Dimensions: 
Draft, T (m or ft) 12.04 39.5 
Beam, B (m or ft) 42 137.8 
Length Overall, LOA (m or ft) 244 800.5 
Length at waterline, Lwl (m or ft) 231.6 759.8 
Length between Perps, Lpp (m or ft) 231.6 759.8 assume ~ Lwl 
Displacement (tonnes) 97200 -
Block Coefficient, Cb (calc) 0.81 same 
Cb used 0.8 same 
Ship X-Area, As=0.98*B*T (m^2 or ft^2) 495.6 5334 
g (m/sec^2 or ft/sec^2) 9.807 32.2 

Unrestricted Shallow Water X-Section = 8*B*h 
Empirical Formulas: 
Depth Froude #, Frh = Vs / (g*h)^0.5 
Schijf Limiting Velocity Froude #, SFrh = (8*(COS(Ȇ /3+1/3*ACOS(1-BR)))^3)^0.5 
Schijf Limiting Ship Speed, SVs (knots) = SFrh*(g*h)^0.5, Maximum Practical = 90% of Value 
Barass K (1.1 < h/T ratio < 1.3) = 6/((waterway width)/B)/(h/T)+0.4, where waterway width = Ach/Ch h 
Barass II Squat (ft) = K*Cb*Vs^2/100/.3048, where Vs (knots), 1.1 < h/T ratio < 1.5 
EM Shallow Water Squat, Eqn. 6-4, Z = 1/4.706*Cb/(Lpp/B)*(T/h)*V^2, where V is in knots 

Width of Influence (ft) 1171 Less than this width of water and ship will be in confined channel conditions 
Note: Outbound ships will have less draft or be at light condition 

OR-Cut 1A, Sta 0+00, Sta 100+00, Barass 2004/2005 Barass II 90% SVs < 0.6 < SVs S2= EM 6-4 
OR-Cut AB, Sta 50+00 Squat (ft) Barass K  Squat (ft) (knots) SFrh Frh Vs (knots) h/T ratio As/(Ach-As) BR=As/Ach Ach (ft^2) SB n Ch  w (ft)Ch h (ft) NB n Squat (ft) 

2.62 1.00 2.61 12.1 0.605 0.449 10 1.11 0.12 0.11 48504  -- 400 44 -- 2.77 
Vs Max Speed, 2.62 1.00 2.57 12.4 0.609 0.444 10 1.14 0.12 0.11 49606  -- 400 45 -- 2.71 
Unrestricted Channel X-Section = 8*B*h 2.62 1.00 2.52 12.6 0.613 0.439 10 1.16 0.12 0.11 50709  -- 400 46 -- 2.65 

2.62 1.00 2.48 12.8 0.617 0.434 10 1.19 0.11 0.10 51811 -- 400 47 -- 2.59 

2.78 1.06 2.57 12.2 0.609 0.449 10 1.11 0.12 0.11 49500 -- 400 44 --
Vs Max Speed, Restricted 2.77 1.05 2.55 12.4 0.610 0.444 10 1.14 0.12 0.11 49900 -- 400 45 -
Use Sta 55+00 x-sect 2.75 1.05 2.54 12.5 0.612 0.439 10 1.16 0.12 0.11 50300 -- 400 46 -

2.74 1.04 2.52 12.7 0.613 0.434 10 1.19 0.12 0.11 50700 -- 400 47 -

2.25 1.06 2.06 12.2 0.609 0.404 9 1.11 0.12 0.11 49500 -- 400 44 --
Vs from Pilot Input, Restricted 2.24 1.05 2.05 12.4 0.610 0.399 9 1.14 0.12 0.11 49900 -- 400 45 -
Use Sta 55+00 x-sect 2.23 1.05 2.04 12.5 0.612 0.395 9 1.16 0.12 0.11 50300 -- 400 46 -

2.22 1.04 2.03 12.7 0.613 0.391 9 1.19 0.12 0.11 50700 -- 400 47 -



   
 

  
 

 
 

 
 

                    

                       

                    

                    

                    

  

  

OR-Cut 1, ~Buoys 7/8, Sta 55+00 

Vs Max Speed, 
Unrestricted Channel X-Section = 8*B*h 

Barass 
Squat (ft) 

2.13 
2.13 
2.13 
2.13 

Barass

 K 

1.00 
1.00 
1.00 
1.00 

Barass II 
Squat (ft) 

2.10 
2.06 
2.03 
2.00 

90% SVs 
(knots) 
12.1 
12.4 
12.6 
12.8 

SFrh 
0.605 
0.609 
0.613 
0.617 

< 0.6 
Frh 

0.404 
0.399 
0.395 
0.391 

< SVs S2= 
Vs (knots) h/T ratio As/(Ach-As) 

9 1.11 0.12 
9 1.14 0.12 
9 1.16 0.12 
9 1.19 0.11 

BR=As/Ach 
0.11 
0.11 
0.11 
0.10 

Ach (ft^2) 
48504 
49606 
50709 
51811 

SB n Ch  w (ft) Ch h (ft) 
- 400 44 
- 400 45 
- 400 46 
- 400 47 

EM 6-4 
NB n Squat (ft) 

- 2.24 
- 2.19 
- 2.14 
- 2.10 

Vs Max Speed, Restricted 
Use Sta 55+00 x-sect 

2.25 
2.24 
2.23 
2.22 

1.06 
1.05 
1.05 
1.04 

2.06 
2.05 
2.04 
2.03 

12.2 
12.4 
12.5 
12.7 

0.609 
0.610 
0.612 
0.613 

0.404 
0.399 
0.395 
0.391 

9 
9 
9 
9 

1.11 
1.14 
1.16 
1.19 

0.12 
0.12 
0.12 
0.12 

0.11 
0.11 
0.11 
0.11 

49500 
49900 
50300 
50700 

-
-
-
-

400 
400 
400 
400 

44 
45 
46 
47 

-
-
-
--

Vs from Pilot Input, Restricted 
Use Sta 55+00 x-sect 

1.18 
1.17 
1.16 
1.16 

1.06 
1.05 
1.05 
1.04 

1.05 
1.04 
1.04 
1.03 

12.2 
12.4 
12.5 
12.7 

0.609 
0.610 
0.612 
0.613 

0.292 
0.288 
0.285 
0.282 

6.5 
6.5 
6.5 
6.5 

1.11 
1.14 
1.16 
1.19 

0.12 
0.12 
0.12 
0.12 

0.11 
0.11 
0.11 
0.11 

49500 
49900 
50300 
50700 

-
-
-
-

400 
400 
400 
400 

44 
45 
46 
47 

-
-
-
-

OR-Cut 1, Sta 85+00 

Vs Max Speed, Restricted 
Use Sta 85+00 x-sect 

Barass 
Squat (ft) 

2.05 
2.04 
2.03 
2.02 

Barass

 K 

1.08 
1.07 
1.07 
1.06 

Barass II 
Squat (ft) 

1.88 
1.86 
1.85 
1.84 

90% SVs 
(knots) 
12.1 
12.3 
12.4 
12.6 

SFrh 
0.603 
0.605 
0.606 
0.608 

< 0.6 
Frh 

0.381 
0.377 
0.373 
0.369 

< SVs S2= 
Vs (knots) h/T ratio As/(Ach-As) 

8.5 1.11 0.13 
8.5 1.14 0.12 
8.5  1.16 0.12 
8.5 1.19 0.12 

BR=As/Ach 
0.11 
0.11 
0.11 
0.11 

Ach (ft^2) 
48000 
48400 
48800 
49200 

SB n Ch  w (ft) Ch h (ft) 
- 400 44 
- 400 45 
- 400 46 
- 400 47 

NB n 
-
-
-
--

Vs from Pilot Input, Restricted 
Use Sta 85+00 x-sect 

1.02 
1.02 
1.01 
1.01 

1.08 
1.07 
1.07 
1.06 

0.91 
0.90 
0.90 
0.89 

12.1 
12.3 
12.4 
12.6 

0.603 
0.605 
0.606 
0.608 

0.269 
0.266 
0.263 
0.260 

6 
6 
6 
6 

1.11 
1.14 
1.16 
1.19 

0.13 
0.12 
0.12 
0.12 

0.11 
0.11 
0.11 
0.11 

48000 
48400 
48800 
49200 

-
-
-
-

400 
400 
400 
400 

44 
45 
46 
47 

-
-
-
-

MR-Cut 2, ~B12/13, Sta 150+00 
Jetties 

Vs Max Speed, Restricted 

Barass 
Squat (ft) 

2.58 
2.52 
2.47 
2.41 

Barass

 K 

1.54 
1.50 
1.47 
1.44 

Barass II 
Squat (ft) 

2.47 
2.41 
2.35 
2.29 

90% SVs 
(knots) 

9.9 
10.1 
10.4 
10.7 

SFrh 
0.493 
0.500 
0.507 
0.514 

< 0.6 
Frh 

0.359 
0.355 
0.351 
0.347 

< SVs S2= 
Vs (knots) h/T ratio As/(Ach-As) 

8 1.11 0.23 
8 1.14 0.22 
8 1.16 0.21 
8 1.19 0.20 

BR=As/Ach 
0.19 
0.18 
0.17 
0.17 

Ach (ft^2) 
28732 
29644 
30567 
31502 

SB n Ch  w (ft) Ch h (ft) 
8 400 44 
8 400 45 
8 400 46 
8 400 47 

NB n 
3.5 
3.5 
3.5 
3.5 

Vs from Pilot Input, Restricted 

1.22 
1.19 
1.17 
1.14 

1.54 
1.50 
1.47 
1.44 

1.13 
1.10 
1.08 
1.05 

9.9  
10.1 
10.4 
10.7 

0.493 
0.500 
0.507 
0.514 

0.247 
0.244 
0.241 
0.239 

5.5 
5.5 
5.5 
5.5 

1.11 
1.14 
1.16 
1.19 

0.23 
0.22 
0.21 
0.20 

0.19 
0.18 
0.17 
0.17 

28732 
29644 
30567 
31502 

8 
8 
8 
8 

400 
400 
400 
400 

44 
45 
46 
47 

3.5 
3.5 
3.5 
3.5 

MR-Cut 2, Sta 165+00 
Trident Basin East 

Vs Max Speed, Restricted 

Barass 
Squat (ft) 

2.05 
2.01 
1.96 
1.92 

Barass

 K 

1.60 
1.56 
1.53 
1.49 

Barass II 
Squat (ft) 

1.95 
1.90 
1.86 
1.81 

90% SVs 
(knots) 

9.6 
9.9 

10.1 
10.4 

SFrh 
0.480 
0.488 
0.495 
0.502 

< 0.6 
Frh 

0.314 
0.310 
0.307 
0.304 

< SVs S2= 
Vs (knots) h/T ratio As/(Ach-As) 

7 1.11 0.24 
7 1.14 0.23 
7 1.16 0.23 
7 1.19 0.22 

BR=As/Ach 
0.20 
0.19 
0.18 
0.18 

Ach (ft^2) 
27280 
28125 
28980 
29845 

SB n Ch  w (ft) Ch h (ft) 
5 400 44 
5 400 45 
5 400 46 
5 400 47 

NB n 
5 
5 
5 
5 

Vs from Pilot Input, Restricted 

1.05 
1.02 
1.00 

1.60 
1.56 
1.53 

0.97 
0.94 
0.92 

9.6 
9.9 

10.1 

0.480 
0.488 
0.495 

0.224 
0.222 
0.219 

5 
5 
5 

1.11 
1.14 
1.16 

0.24 
0.23 
0.23 

0.20 
0.19 
0.18 

27280 
28125 
28980 

5 
5 
5 

400 
400 
400 

44 
45 
46 

5 
5 
5 

0.98 1.49 0.90 10.4 0.502 0.217 5 1.19 0.22 0.18 29845 5 400 47 5 



  
 

 
 

 
 

  
 

  

  

  

  

IR-Cut 2, Trident Basin West 
Sta 185+00 

Vs Max Speed, Restricted 

Barass 
Squat (ft) 

2.20 
2.14 
2.09 
2.04 

Barass

 K 

1.71 
1.67 
1.63 
1.59 

Barass II 
Squat (ft) 

2.10 
2.04 
1.99 
1.94 

90% SVs 
(knots) 

8.9 
9.1 
9.4 
9.7 

SFrh 
0.458 
0.466 
0.474 
0.482 

< 0.6 
Frh 

0.325 
0.321 
0.318 
0.314 

< SVs S2= 
Vs (knots) h/T ratio As/(Ach-As) 

7 1.04 0.27 
7 1.06 0.26 
7 1.09 0.25 
7 1.11 0.24 

BR=As/Ach 
0.21 
0.21 
0.20 
0.19 

Ach (ft^2) 
24973 
25796 
26630 
27474 

SB n Ch  w (ft) Ch h (ft) 
3.4  400 41 
3.4 400 42 
3.4 400 43 
3.4  400 44 

NB n 
6.8 
6.8 
6.8 
6.8 

Vs from Pilot Input, Restricted 

1.12 
1.09 
1.07 
1.04 

1.71 
1.67 
1.63 
1.59 

1.04 
1.02 
0.99 
0.96 

8.9  
9.1 
9.4 
9.7 

0.458 
0.466 
0.474 
0.482 

0.232 
0.230 
0.227 
0.224 

5 
5 
5 
5 

1.04 
1.06 
1.09 
1.11 

0.27 
0.26 
0.25 
0.24 

0.21 
0.21 
0.20 
0.19 

24973 
25796 
26630 
27474 

3.4  
3.4 
3.4 
3.4  

400 
400 
400 
400 

41 
42 
43 
44 

6.8 
6.8 
6.8 
6.8 

IR-Cut 2, CT3, Sta 200+00 

Vs Max Speed, Restricted 

Barass 
Squat (ft) 

1.86 
1.82 
1.78 
1.74 

Barass

 K 

1.97 
1.92 
1.88 
1.84 

Barass II 
Squat (ft) 

1.79 
1.74 
1.70 
1.66 

90% SVs 
(knots) 

7.9 
8.2 
8.4 
8.7 

SFrh 
0.410 
0.418 
0.426 
0.433 

< 0.6 
Frh 

0.279 
0.275 
0.272 
0.269 

< SVs S2= 
Vs (knots) h/T ratio As/(Ach-As) 

6 1.04 0.34 
6 1.06 0.33 
6 1.09 0.32 
6 1.11 0.31 

BR=As/Ach 
0.26 
0.25 
0.24 
0.24 

Ach (ft^2) 
20813 
21431 
22054 
22682 

SB n Ch  w (ft) Ch h (ft) 
1.5 400 41 
1.5 400 42 
1.5 400 43 
1.5 400 44 

NB n 
3.75 
3.75 
3.75 
3.75 

Vs from Pilot Input, Restricted 

1.05 
1.02 
1.00 
0.98 

1.97 
1.92 
1.88 
1.84 

0.98 
0.96 
0.93 
0.91 

7.9 
8.2 
8.4 
8.7 

0.410 
0.418 
0.426 
0.433 

0.209 
0.207 
0.204 
0.202 

4.5  
4.5 
4.5  
4.5 

1.04 
1.06 
1.09 
1.11 

0.34 
0.33 
0.32 
0.31 

0.26 
0.25 
0.24 
0.24 

20813 
21431 
22054 
22682 

1.5 
1.5 
1.5 
1.5 

400 
400 
400 
400 

41 
42 
43 
44 

3.75 
3.75 
3.75 
3.75 

MTB, SCPs, Sta 215+00 

Vs Max Speed, Restricted 

Barass 
Squat (ft) 

1.37 
1.34 
1.31 
1.28 

Barass

 K 

2.09 
2.04 
2.00 
1.96 

Barass II 
Squat (ft) 

1.31 
1.27 
1.24 
1.21 

90% SVs 
(knots) 

7.5 
7.8 
8.0 
8.3 

SFrh 
0.390 
0.397 
0.405 
0.412 

< 0.6 
Frh 

0.232 
0.230 
0.227 
0.224 

< SVs S2= 
Vs (knots) h/T ratio As/(Ach-As) 

5 1.04 0.38 
5 1.06 0.37 
5 1.09 0.35 
5 1.11 0.34 

BR=As/Ach 
0.28 
0.27 
0.26 
0.25 

Ach (ft^2) 
19342 
19887 
20436 
20988 

SB n Ch  w (ft) Ch h (ft) 
0 400 41 
0 400 42 
0 400 43 
0 400 44 

NB n 
3.5 
3.5 
3.5 
3.5 

Vs from Pilot Input, Restricted 

1.11 
1.09 
1.06 
1.04 

2.09 
2.04 
2.00 
1.96 

1.05 
1.02 
1.00 
0.97 

7.5 
7.8 
8.0 
8.3 

0.390 
0.397 
0.405 
0.412 

0.209 
0.207 
0.204 
0.202 

4.5  
4.5 
4.5  
4.5 

1.04 
1.06 
1.09 
1.11 

0.38 
0.37 
0.35 
0.34 

0.28 
0.27 
0.26 
0.25 

19342 
19887 
20436 
20988 

0 
0 
0 
0 

400 
400 
400 
400 

41 
42 
43 
44 

3.5 
3.5 
3.5 
3.5 

WAC, NCP3/4 ~Sta 255+00 

Vs Max Speed, Restricted 

Barass 
Squat (ft) 

1.04 
1.01 
0.99 
0.97 

Barass

 K 

1.95 
1.90 
1.86 
1.82 

Barass II 
Squat (ft) 

0.97 
0.95 
0.92 
0.90 

90% SVs 
(knots) 

8.0 
8.3 
8.5 
8.8 

SFrh 
0.413 
0.421 
0.429 
0.437 

< 0.6 
Frh 

0.209 
0.207 
0.204 
0.202 

< SVs S2= 
Vs (knots) h/T ratio As/(Ach-As) 

4.5  1.04 0.34 
4.5 1.06 0.33 
4.5  1.09 0.31 
4.5 1.11 0.30 

BR=As/Ach 
0.25 
0.25 
0.24 
0.23 

Ach (ft^2) 
21073 
21704 
22340 
22982 

SB n Ch  w (ft) Ch h (ft) 
5.56  400 41 
5.56  400 42 
5.56 400 43 
5.56 400 44 

NB n 
0 
0 
0 
0 

Vs from Pilot Input, Restricted 

0.56 
0.54 
0.53 
0.52 

1.95 
1.90 
1.86 
1.82 

0.51 
0.50 
0.48 
0.47 

8.0 
8.3 
8.5 
8.8 

0.413 
0.421 
0.429 
0.437 

0.153 
0.152 
0.150 
0.148 

3.3 
3.3 
3.3 
3.3 

1.04 
1.06 
1.09 
1.11 

0.34 
0.33 
0.31 
0.30 

0.25 
0.25 
0.24 
0.23 

21073 
21704 
22340 
22982 

5.56  
5.56  
5.56 
5.56 

400 
400 
400 
400 

41 
42 
43 
44 

0 
0 
0 
0 



  
 

   
    

   
    

   
      

   
 

 
 

 

CHANNEL CROSS-SECTIONS 

The following select  cross-sections of the channel were considered in the analysis of  project 
dimensions. The cross-sections for the Outer Reach, from the seaward end to the apex of the 
turn at the beginning of the Middle Reach, are considered to be nearly unrestricted. Only very 
slight  banks exist for as much as 400 ft on either side of the channel.  No cross-sections are 
shown for Outer Reach Cuts 1A and 1B.  The first  cross-section presented, OR, Cut 1, Sta. 
55+00, conservatively represents cross-sections along Cut 1A and 1B.  For the restricted channel 
cross-sections in the Middle Reach, Inner Reach, and West Access Channel, minimum bank 
slope lines are approximated and horizontal slope values (n) are stated.  The horizontal and 
vertical geometry for all cross-sections are shown in feet. 
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Dredging�Table 
Survey�Area Acreage Depth Volume 

(ft.�MLLW) (CY) 

3 6.2 Ͳ35'+1' 70,717 
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6.9 Ͳ35'+1' 121,234 6A 
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30.6 �Ͳ44'+2' 108,494 10 

11 141.5 Ͳ46'+2' 456,574 

22.2 Ͳ46'+2' 713,352 12 

200.6 Ͳ46'+2' 629,041 13 
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RECOMMENDED PLAN PROJECT DIMENSIONS 
NAVIGATION FEATURE LENGTH (FEET) WIDTH (FEET)

 OUTER REACH (ALL CUTS) 29,000 500
     OUTER REACH (CUT 1A) 11,000 500
     OUTER REACH (CUT 1B) 5,500 500
     OUTER REACH (CUT 1) 12,500 500
 MIDDLE REACH (CUT 2) 5,670 500
 INNER REACH (ALL CUTS) 3,330 500
     INNER REACH (CUT 2) 2,530 500
     INNER REACH (CUT 3) 800 500
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 WEST ACCESS CHANNEL

1,840 500
 (EAST OF STA. 260+00)
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T E C H N I C A L  M E M O R A N D U M  


Port Canaveral Hydrodynamic Model Calibration 

PREPARED FOR: Ray Cox/CH2M HILL 

PREPARED BY: Don Kingery/CH2M HILL 

COPIES: file 

DATE: June 3, 2007 

Introduction 
The Canaveral Port Authority (CPA) is conducting a feasibility study of potential navigation 
improvements under the authority granted by Section 203 of WRDA 1986. This technical 
memorandum documents the setup, calibration, and initial model runs of a hydrodynamic 
model that will be used to evaluate the potential effects of alternative scenarios considered 
in the Port Canaveral Feasibility Study. 

Scope 
An aerial view showing the overall layout of Port Canaveral is shown in Figure 1.  The 
port’s main channel runs east-west with three turning basins, the Trident Turning Basin, the 
Middle Turning Basin, and the West Turning basin extending off the north side of the main 
channel as shown in the figure.   

The purpose of the model is to demonstrate any potential impacts that the alternative 
scenarios may have on the hydraulics within the port.  The focus of the model is to evaluate 
magnitudes of currents at different locations inside the port.  Boundaries of the model 
extend out into the open ocean, however, data for calibration of the model along the 
coastline are not available and no attempt is made to calibrate or verify circulation outside 
of the port. 

Data used to calibrate the model were collected in August and September 2005.  These 
consist of data from two tide gages, one mounted to the South Jetty Fishing Pier at the 
mouth of the harbor and the second mounted on a mooring dolphin at Cruise Ship Terminal 
5 (CT5) in the West Turning Basin, and a Horizontal Acoustic Doppler Current Profiler 
(HADCP) mounted on a pile at Cruise Ship Terminal 4 (CT4).  These data are documented 
in a separate memorandum (CH2M HILL, 2006) 

This technical memorandum describes the model setup and calibration and presents results 
of initial simulations using the calibrated model that will be used as a baseline “existing 
conditions” case against which various alternatives will be compared. 

MODEL CALIBRATION TM(060307DLK).DOC 
COPYRIGHT 2007 BY CH2M HILL, INC. • COMPANY CONFIDENTIAL 

1 



  
   

 

 

 

PORT CANAVERAL HYDRODYNAMIC MODEL CALIBRATION 

Approach 
A 2-dimensional depth-averaged finite element hydrodynamic model, RMA2, was used to 
model circulation within the port. RMA2 computes water surface elevations and horizontal 
velocity components for subcritical, free-surface two-dimensional flow fields.  

RMA2 computes a finite element solution of the Reynolds form of the Navier-Stokes 
equations for turbulent flows. Friction is calculated with the Manning’s or Chezy equation, 
and eddy viscosity coefficients are used to define turbulence characteristics. Both steady and 
unsteady (dynamic) problems can be analyzed. 

RMA2 is a general-purpose model designed for far-field problems in which vertical 
accelerations are negligible and velocity vectors generally point in the same direction over 
the entire depth of the water column at any instant of time. It expects a vertically 
homogeneous fluid with a free surface.  

The program is widely accepted and has a long history of successful application to a variety 
of situations. It has been applied to calculate water levels and flow distribution around 
islands, flow at bridges having one or more relief openings, in contracting and expanding 
reaches, into and out of off-channel hydropower plants, at river junctions, and into and out 
of pumping plant channels, circulation and transport in water bodies with wetlands, and 
general water levels and flow patterns in rivers, reservoirs, and estuaries.  

RMA2 is part of the Corps of Engineers’ Surface Water Modeling System (SMS).  SMS 
provides a pre- and post-processor and a platform for running RMA2 as well as a number of 
other models for modeling circulation, water quality, sediment transport, and wave 
dynamics for inland and coastal water bodies.  SMS was used for setting up the model, 
running RMA2, and extracting data from the model simulations. 

Details of the steps taken to setup and run the model are documented below.  These include: 

x Model Setup which describes the model grid and documents the data and 
procedures used for its setup, 

x Model Calibration which describes adjustments made during the calibration process 
and documents results of the final simulation, and 

x Baseline Simulations which presents results of a baseline simulation for a number 
of locations within the Port.  These will be considered existing conditions for 
comparison to subsequent simulations run for the developed alternatives. 

Model Setup 
Shoreline boundaries of the model were defined based on a plan view drawing and aerial 
photographs of the port.  These images were imported into the SMS pre-processor and geo-
referenced by assigning actual coordinates to selected points.  An offshore boundary was 
generated approximately 3 miles out from the harbor mouth.  The model is driven by 
specifying water surface elevations along this boundary.  As stated above, modeling the 
actual circulation of the area between the boundary and mouth of the port is not within the 
scope of this project. This area is included to act as a buffer between the boundaries and the 
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PORT CANAVERAL HYDRODYNAMIC MODEL CALIBRATION 

mouth of the port so that any boundary effects that are present do not influence predicted 
circulation inside the port. 

Survey data used to define the bathymetry for inside the harbor were provided by Morgan 
& Eklund based on the most recent historical surveys and additional surveys performed for 
this project. Bathymetry data for areas along the coast and offshore of the port were taken 
from the National Geophysical Data Center (NGDC) Coastal Relief Model for the Florida 
coast. A contour plot of the model bathymetry is shown in Figure 2. 

After the boundaries and any interior features were defined and bathymetry data were 
imported, the finite element mesh for the port model was generated using the SMS mesh 
generation feature.  Once generated, the mesh was refined by hand to ensure better model 
stability. The final finite-element mesh used for the baseline model is shown in Figure 3.  
This mesh will be further edited during the alternatives analysis to reflect the different 
scenarios considered in the feasibility study including changes to model boundaries, 
changes to interior node locations, and changes to element water depths, as necessary. 

Time series measurements of water surface elevation from tide gages were used as 
boundary conditions for the offshore boundary.  These are discussed in more detail below. 

Model Calibration 
The following discusses model calibration and includes a brief description of the data used 
to calibrate the model, a discussion of the approach to model calibration, a summary of 
results of the model calibration and verification, and a discussion of the calibration results. 

Calibration Data 
Field data collected between August 17 and September 19, 2005 are used for calibration and 
verification of the model.  These data were collected using two tide gages, one installed at 
the South Jetty Fishing Pier and the second installed on a mooring dolphin for Cruise Ship 
Terminal 5 (CT5) in the West Turning Basin (WTB), and a Horizontal Acoustic Doppler 
Current Profiler (HADCP) deployed to collect current data along a transect extending into 
the main channel from Cruise Ship Terminal 4 (CT4).  These data are presented and 
discussed further in a separate Technical Memorandum titled “Port Canaveral Tide and 
Current Measurements” (CH2M HILL, 2006). 

Water Surface Elevation Data. Figure 4 presents a plot of the data from the two tide gages 
over the length of the deployment. The water surface elevation data showed a well defined 
tidal signal, with higher frequency oscillations with periods on the order of 45 minutes 
superimposed on the tidal signal.  This oscillation occurs over the length of the record but 
varies in amplitude. It can be clearly seen on and around August 26 which corresponds to 
the day that Hurricane Katrina made landfall in South Florida. 

There was no observable difference in tidal amplitude or tidal phase between water surface 
elevation data collected at the South Jetty Fishing Pier and the West Turning Basin.  
Comparison of the higher frequency components of water surface elevation show no phase 
difference between the two signals, but show an amplification in the magnitude of the 
oscillations at CT5 compared to that at the Fishing Pier.   
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PORT CANAVERAL HYDRODYNAMIC MODEL CALIBRATION 

Review of the entire record showed two periods (from August 30 through September 4, and 
from September 15 through the end of the record) in which there were differences in water 
surface elevations between the two gages at low tide of up to a foot.  Data obtained from a 
tide gage installed on the Trident Pier in the Trident Turning Basin closely matched that 
collected in the WTB. It was concluded that these portions of the Fishing Pier data were 
erroneous and these periods were not used in the model calibration and verification. 

Current Velocity Data. The HADCP was set up to record time series of current speed and 
direction for 18 6-meter (20-foot) long bins extending across the channel from the edge of 
CT4. The HDACP was installed at a depth of 21.5 feet below MLLW to collect current 
measurements at approximately mid-water depth for the main channel.  

Data from three bins (Bins 2, 10, and 18) were retrieved from the HADCP and used as the 
model calibration data. Figure 5 shows velocity data for bin number 10 of the HADCP data 
at a location approximately 203 feet north of CT4 for the one week period used for 
calibration and verification of the model.  The upper graph shows the east/west component 
of the current velocity with positive values corresponding to ebb currents and negative 
values to currents in the flood direction.  The lower graph shows the north/south 
component, with positive values corresponding to a northward flow.  As with the water 
surface elevation data, these data exhibit a tidal component combined with a higher 
frequency component. For the velocity data, the magnitude of the higher frequency 
component is generally the same order of magnitude as that for the tidal component. 

Approach 
Data from the tide gages were used to drive the water surface elevation at the model’s 
offshore boundary. Model predictions corresponding to locations of bins 2, 10, and 18 of the 
HADCP profile at distances of approximately 45 feet, 203 feet, and 360 feet, respectively, 
from the edge of CT4 were compared with the recorded current velocities from these same 
locations. Adjustments were made to the model, as appropriate, so that the predicted 
velocities reasonably matched those measured in the field. 

The locations of the model observation points corresponding to HDACP bins 2, 10, and 18 
are shown in Figure 6.  Locations of these bins with respect to the edge of CT4, the south 
boundary of the dredged main channel, and the centerline of the main channel are listed in 
Table 1. Bins 10 and 18 are both inside the dredged channel near the south edge and 
centerline of the channel, respectively.  Bin 2 is outside of the main channel within the 
berthing area of CT4. 

Eddy viscosity, bottom roughness, wind speed velocity, and water surface elevation time 
series applied to the model boundary were all varied during the calibration process to 
determine the sensitivity of the model to these parameters and to ultimately refine the 
model so that the model yielded predictions that were comparable to those observed in the 
field. 
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PORT CANAVERAL HYDRODYNAMIC MODEL CALIBRATION 

TABLE 1 
Locations of HADCP Bins used for Model Calibration 

Bin Number Location 

2 45 feet north of CT4 

10 23 feet north of south boundary of dredged channel 

18 18 feet south of dredged channel centerline 

Each calibration run simulated a two day time period beginning 12:00 AM August 20, 2005 
and ending 12:00 AM August 22, 2005.  Following the final calibration run, a one week run 
spanning the period from August 20 through August 26 was made to verify that the model 
would perform satisfactorally under a variety of conditions.  This period included the 
calibration period which appears representative of normal conditions within the harbor 
during the field studies, as well as the period following passage of Hurricane Katrina which 
included the largest current velocities during the record. 

The ability of the model to represent the actual currents observed during the field studies 
was determined by visually comparing model predictions of currents versus field data on 
time series plots for the period of the simulations.  

Calibration Run Results 
Water surface elevation data from the South Jetty Fishing Pier were applied to the ocean 
boundary to drive the final model. Results from the final calibration run are shown in 
Figure 7. This figure compares model predictions with field data for water surface elevation 
at CT5 in the WTB (top graph) and east and north components of the current velocity for the 
location of the HADCP bin number 10.  The east component is in the direction of the harbor 
axis and represents the general ebb and flood direction, with ebb flows to the east being 
positive. The results show a good correlation with measured data.   

Model Verification 
A one week long simulation was made using the Fishing Pier data to drive the model 
boundary. Results of this run are shown in Figures 8 through 10 for the locations 
corresponding to HADCP bins 2, 10, and 18, respectively.   

The model predictions show a good correlation at all three locations with measured currents 
for the period of the highest currents around August 26.  Overall, predictions correlate best 
with observed currents at Bin 10 and show good correlation over the week with currents 
observed at Bin 2. 

The model overpredicts currents at the location of Bin 18 between August 22 and 25 
compared to observed data. The HADCP data for Bin 18 between August 22 and 25 show a 
period of significantly smaller currents that are not observed in the other two datasets. 
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PORT CANAVERAL HYDRODYNAMIC MODEL CALIBRATION 

Discussion 
The currents inside the port contain two dominant components: one due to the flooding and 
ebbing of the tides, and a second higher frequency component that may be due to harbor 
resonance. The period of these higher frequency oscillations is on the order of about 45 
minutes and these components are observed to be as large as or larger than the tidal 
component during certain periods with the highest currents occurring following the passing 
of Hurricane Katrina. 

Evidence of the higher frequency flows can be seen as pertubations in the water surface 
elevation data in Figure 4 with larger pertubations in the WTB data collected at the back of 
the port than in the South Jetty Fishing Pier data at the harbor mouth.  Sensitivity runs show 
the model to be very sensitive to the magnitude of these oscillations.   

Current measurements were taken at a water depth that was approximately equal to the 
mid-depth inside the main channel.  Model predictions from the 2-dimensional model 
represent depth-averaged velocities.  A 2-dimensional model with depth-averaged velocities 
is appropriate for modeling flows in which there is little or no stratification of the water 
column due to temperature or freshwater inflows and the direction of water movement at 
any location is generally the same through the water column. This was expected to be the 
case for Port Canaveral, and based on the good correlation between modeled and observed 
currents, these assumptions appear to be valid. 

The one week scenario used for the model verification run should be sufficient for use as a 
baseline conditions case for comparison of existing conditions with flows from model runs 
simulating potential future scenarios.  This period contains data that appears representative 
of “normal” as well as “high-current” conditions.  Comparison of results and statistics 
between scenario runs and the baseline run should give an indication of potential impacts of 
the given scenario on the hydraulics of the harbor. 

Changes in currents in the harbor due to harbor modifications can affect the amplitude of 
tidal oscillations by changing the tidal prism and the flow area at different locations of the 
port and can affect the amplitude of components due to harbor resonance by changing the 
resonant frequencies in the port. The ability of the model to simulate both the tidal and 
higher frequency components suggests that changes in harbor geometry that will affect 
these should be reflected in the model results. 

The time step necessary to reproduce the higher frequency current velocities observed in the 
harbor resulted in significant model run times. The two day simulations took on the order 
of three and a half hours of computer run time on a desktop computer; the week long 
scenario took on the order of twelve hours. The run time will be a constraint on the number 
and length of scenarios that can feasibly be run.  

Baseline Simulation 
The purpose of the baseline simulation is to provide a set of “existing” conditions against 
which to compare changes in port hydraulics due to implementation of various alternative 
harbor modification scenarios. The baseline scenario is based on the one week verification 
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scenario described above. Additional observation points, shown in Figure 16, were defined 
and time series of current velocities were extracted from the model for these locations. 

In general, three observation points each were defined for transects intersecting the harbor 
at various locations.  These locations include: 

x The mouth of the port (Inlet) 

x Main channel west of the Trident Turning Basin (Trident TB) 

x Main channel east of the Middle Turning Basin (Middle TB – east) 

x Main channel west of the Middle Turning Basin (Middle TB – west) 

x Entrance to the West Turning Basin (West TB) 

The highest velocities predicted at these stations were at the Trident TB transect, located at a 
point in the main channel west of the Trident Turning Basin where the channel necks down 
with an average current speed over the transect of 0.28 feet per second and a maximum 90th 

percentile current speed at mid-channel of 0.58 feet per second.  A summary of average and 
maximum 90th percentile currents at these locations are presented in Table 2. 

TABLE 2 
Current Statistics for Results of Baseline Simulation for Defined Transects 

Transect Maximum 90%-tile Current Speed 
(fps) 

Average Current Speed 
(fps) 

Inlet 0.48 0.21 

Trident TB 0.58 0.28 

Middle TB – east 0.44 0.21 

Middle TB – west 0.34 0.14 

West TB 0.14 0.04 

Conclusions 
x Largest currents within the harbor will be due to a combination of tidal currents plus 

higher frequency oscillating currents that are potentially a product of harbor resonance.  
The passage of Hurricane Katrina provided conditions that may represent the higher 
end of current magnitudes that are expected in the port. 

x Applying South Jetty Fishing Pier water surface elevation data to the offshore boundary 
of the model resulted in a good correlation between model predictions and observed 
currents. These data are appropriate for use as boundary conditions during periods in 
which the discrepancies in the data noted above were absent. 
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x	 The one week simulation used for the model verification run should be sufficient for 
comparisons of future harbor and channel scenarios.  This period includes “typical” and 
“high-velocity” currents and will allow prediction of the expected changes in current 
speeds during these conditions. 

x	 Longer term (one month) simulations can be made using WTB data filtered to reduce 
amplitude of higher frequency forcing, however, it is felt that the longer simulations will 
not provide significantly more useful information for addressing the goals of the 
modeling to warrant the increase in run time. 
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Figures. 

Cruise Ship Terminal 5 Middle Turning Basin 
(CT5) 

West Turning Basin 

Trident Turning Basin 

South Jetty 
Fishing Pier 

Cruise Ship Terminal 4 
(CT4) 

Figure 1. General Layout of Port Canaveral. 

Figure 2. Port Canaveral Model Bathymetry 

MODEL CALIBRATION TM(060307DLK).DOC 
COPYRIGHT 2007 BY CH2M HILL, INC. • COMPANY CONFIDENTIAL 

9 



  
   

PORT CANAVERAL HYDRODYNAMIC MODEL CALIBRATION 

Figure 3. Finite Element Mesh for Port Canaveral Hydrodynamic Model 
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Port Canaveral WSE Legend 
West Turning Basin Weekly Plots 
Fishing Pier 
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Figure 4. Water Surface Elevation Observations in Port Canaveral, August 17, 2005 through 
September 19, 2005. 
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Figure 5. Velocity Data from HADCP Bin 10 Used for Model Calibration. 
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Figure 6. Locations of HADCP Velocity Data Used in Model Calibration. 
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Final Model Calibration Results 

CT5 Water Surface Elevation 

-1 

0 

1 

S
pe

ed
 (f

ps
) 

Bin 10 - East Velocity Component 

-1 

0 

1 

S
pe

ed
 (f

ps
) 

Modeled 
Observed 

Bin 10 - North Velocity Component 

-4 

-2 

0 

2 

4 

W
S

E
 (f

t N
G

V
D

) 

8/20/05 8/21/05 8/22/05 
Date 

Figure 7. Final Model Calibration Results at Location of HADCP Bin 10 
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Verification Run 
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Figure 8. Model Verification Run, Bin 2, August 20 through August 27, 2005. 
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Figure 9. Model Verification Run, Bin 10, August 20 through August 27, 2005. 
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Verification Run 
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Figure 10. Model Verification Run, Bin 18, August 20 through August 27, 2005. 
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Figure 11. Observation Points Defined for Model Scenario Comparisons 
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13 from -44 to -48 

� 

2EVHUYDWLRQ�3RLQWV� 
2EVHUYDWLRQ�SRLQWV�GHILQHG�GXULQJ�WKH�PRGHO�FDOLEUDWLRQ�SURFHGXUH�ZHUH�XVHG�IRU� 
FRPSDULQJ�YHORFLWLHV�DW�YDULRXV�ORFDWLRQV�LQ�WKH�KDUERU���7KHVH�DUH�VKRZQ�IRU�HDFK�PRGHO�LQ� 
)LJXUHV���DQG�����1RWH�WKDW�WKH�REVHUYDWLRQ�SRLQWV�ZHUH�GHILQHG�LQ�HDFK�PRGHO�XVLQJ� 
LGHQWLFDO�FRRUGLQDWHV���$V�D�UHVXOW��FKDQJHV�LQ�WKH�VKRUHOLQH�DW�WKH�:7%�FXWRII�UHVXOWV�LQ�WKH� 
HDVWHUQ�PRVW�REVHUYDWLRQ�SRLQW�IRU�WKH�WUDQVHFW�LQ�WKLV�DUHD�EHLQJ�IDUWKHU�IURP�WKH�VKRUHOLQH� 
LQ�WKH�3UHIHUUHG�$OWHUQDWLYH�VFHQDULR�WKDQ�LQ�WKH�H[LVWLQJ�FRQGLWLRQV�FDVH�� 

7KH�VLQJOH�REVHUYDWLRQ�SRLQW�VKRZQ�LQ�WKH�EDFN�RI�WKH�:7%�ZDV�XVHG�LQ�WKH�PRGHO� 
FDOLEUDWLRQ�SURFHGXUHV�WR�REVHUYH�ZDWHU�VXUIDFH�HOHYDWLRQ�SUHGLFWLRQV�RQO\�DQG�LV�QRW�XVHG� 
IRU�FRPSDULQJ�PRGHO�YHORFLWLHV�EHORZ���� 

5HVXOWV� 
7DEOH���VXPPDUL]HV�WKH�UHVXOWV�RI�WKH�PRGHO�UXQV�IRU�WKH�H[LVWLQJ�FRQGLWLRQV�DQG�WKH� 
3UHIHUUHG�$OWHUQDWLYH�VFHQDULRV���5HVXOWV�DUH�VXPPDUL]HG�IRU�WKH�WKUHH�REVHUYDWLRQ�SRLQWV�IRU� 
HDFK�WUDQVHFW�VKRZQ�LQ�)LJXUH���� 

� 

� 

%$2�35()�$/7�+<'52�02'(/�'2&� � �� 
&23<5,*+7������%<�&+�0�+,//��,1&����&203$1<�&21),'(17,$/� 



  

  

 

  

     

   

     

   

   

   

   

     

   

    

  

    

   

   

    

   

   

   

  

    

    

    

     

 

35()(55('�$/7(51$7,9(�02'(/,1*�5(68/76� 

7$%/(��� 
&RPSDULVRQ�RI�0RGHO�5HVXOWV�²�3UHIHUUHG�$OWHUQDWLYH�YV�([LVWLQJ�&RQGLWLRQV� 

Location

Average Speed (fps) 90%-tile speed 

(Existing) (Preferred) % change (Existing) (Preferred) % change 

Inlet 

North Jetty 0.164 0.185 12.9% 0.326 0.374 14.6% 

Inlet (mid) 0.223 0.228 2.3% 0.447 0.462 3.5% 

South Jetty 0.185 0.279 51.3% 0.367 0.576 57.2% 

Average 0.191 0.231 21.2% 0.380 0.471 23.9% 

West of Trident Turning Basin 

North 0.249 0.227 -8.6% 0.503 0.464 -7.8% 

Mid 0.262 0.236 -10.1% 0.528 0.490  -7.2% 

South 0.261 0.221 -15.4% 0.526 0.456 -13.2% 

Average 0.257 0.228 -11.4% 0.519 0.470 -9.4% 

East of Middle Turning Basin 

North 0.193 0.180 -6.5% 0.392 0.377 -3.7% 

Mid 0.195 0.186 -4.8% 0.395 0.382 -3.2% 

South 0.192 0.185 -3.5% 0.391 0.376 -4.0% 

Average 0.193 0.184 -4.9% 0.393 0.378 -3.6% 

West of Middle Turning Basin 

North 0.108 0.129 20.1% 0.219 0.264 20.2% 

Mid 0.128 0.136 6.3% 0.262 0.280 6.9% 

South 0.148 0.137  -7.7% 0.303 0.283 -6.6% 

Average 0.128 0.134 4.8% 0.261 0.275 5.4% 

West Turning Basin 

West 0.022 0.023 8.3% 0.044 0.048 9.8% 

Mid 0.040 0.038 -3.3% 0.082 0.080  -2.4% 

East 0.060 0.074 23.3% 0.126 0.153 21.1% 

Average 0.041 0.045 11.9% 0.084 0.093 11.5% 
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5HYLHZ�RI�WKH�UHVXOWV�VKRZHG�QR�REVHUYDEOH�FKDQJHV�LQ�RYHUDOO�FLUFXODWLRQ�SDWWHUQV�LQ�WKH� 
SRUW���7KH�UHVXOWV�LQGLFDWH�WKHUH�LV�DQ�RYHUDOO�LQFUHDVH�LQ�IORZ�LQWR�DQG�RXW�RI�WKH�KDUERU�DV�D� 
UHVXOW�RI�RSHQLQJ�XS�WKH�FKDQQHO�DQG�FXWWLQJ�EDFN�WKH�HQWUDQFH�WR�WKH�:7%���� 

%HFDXVH�WKH�LQFUHDVH�LQ�VXUIDFH�DUHD�RI�WKH�3RUW�FDXVHG�E\�FXWWLQJ�EDFN�WKH�HQWUDQFH�WR�WKH� 
:7%�ZLOO�UHVXOW�LQ�DQ�LQFUHDVH�LQ�WKH�WLGDO�SULVP��LQFUHDVHG�IORZV�WKURXJK�WKH�FKDQQHO�HDVW�RI� 
WKH�:7%�ZHUH�H[SHFWHG���:KHWKHU�WKLV�LQFUHDVH�LQ�IORZ�ZRXOG�UHVXOW�LQ�DQ�RYHUDOO�LQFUHDVH�LQ� 
YHORFLW\�GHSHQGV�RQ�WKH�PDJQLWXGH�RI�FKDQJHV�WR�WKH�IORZ�DUHD�DW�WKH�JLYHQ�WUDQVHFW���� 

)LHOG�GDWD�DQG�PRGHO�SUHGLFWLRQV�ERWK�LQGLFDWH�WKDW�YHORFLWLHV�LQ�WKH�SRUW�DUH�GXH�WR�D� 
VXSHUSRVLWLRQ�RI�WLGDO�FXUUHQWV�ZLWK�D�KLJKHU�IUHTXHQF\�RVFLOODWLQJ�FXUUHQW�WKDW�PD\�EH�D� 
SURGXFW�RI�KDUERU�UHVRQDQFH���0RGHO�UHVXOWV�RI�ZDWHU�VXUIDFH�HOHYDWLRQV�LQ�WKH�:7%�VKRZ�D� 
JUHDWHU�DPSOLWXGH�KLJK�IUHTXHQF\�FRPSRQHQW�IRU�WKH�3UHIHUUHG�$OWHUQDWLYH�WKDQ�IRU�WKH� 
H[LVWLQJ�FRQGLWLRQV���7KLV�VXJJHVWV�WKDW�WKH�PRGLILFDWLRQV��FKDQQHO�ZLGHQLQJ�DQG�GHHSHQLQJ�� 
PD\�VOLJKWO\�DOWHU�WKH�UHVSRQVH�RI�WKH�KDUERU�WR�WKH�KLJKHU�IUHTXHQF\�IRUFLQJ�UHVXOWLQJ�LQ� 
JUHDWHU�IORZ�LQWR�DQG�RXW�RI�WKH�KDUERU�� 

9HORFLW\�GHFUHDVHV�ZHUH�SUHGLFWHG�IRU�WKH�VHFWLRQ�RI�WKH�FKDQQHO�EHWZHHQ�WKH�7ULGHQW� 
7XUQLQJ�%DVLQ��77%��DQG�WKH�07%����7KHVH�FKDQJHV�DUH�UHODWLYHO\�VPDOO��ZLWK�YHORFLWLHV� 
GHFUHDVLQJ�RQ�WKH�RUGHU�RI���WR�����DW�WKH�WUDQVHFWV�REVHUYHG���7KHVH�GHFUHDVHV�DUH�GXH�WR�WKH� 
DIIHFWV�RI�ZLGHQLQJ�DQG�GHHSHQLQJ�WKH�FKDQQHO�DORQJ�WKLV�VHFWLRQ���� 

,QFUHDVHG�YHORFLWLHV�ZHUH�REVHUYHG�DW�WKH�RWKHU�ORFDWLRQV�GXH�WR�LQFUHDVHV�LQ�IORZ�LQ�DQG�RXW� 
RI�WKH�KDUERU�� 

9HORFLWLHV�SUHGLFWHG�E\�WKH�PRGHO��ERWK�IRU�WKH�H[LVWLQJ�FRQGLWLRQV�DQG�3UHIHUUHG� 
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EXISTING PROJECT DIMENSIONS
NAVIGATION FEATURE LENGTH (FEET) WIDTH (FEET)*

 OUTER REACH (ALL CUTS) 29,000 400


     OUTER REACH (CUT 1A)
 11,000 400


     OUTER REACH (CUT 1B)
 5,500 400


     OUTER REACH (CUT 1)
 12,500 400
 MIDDLE REACH (CUT 2) 5,670 400
 INNER REACH (ALL CUTS) 3,330 400


     INNER REACH (CUT 2)
 2,530 400


     INNER REACH (CUT 3)
 800 400
 MIDDLE BASIN CHANNEL 2,670 
 WEST ACCESS CHANNEL

1,840 400 
 (EAST OF STA. 260+00)

 CUT A (WEST OF STA. 260+00)
 1,730 400
 BARGE CANAL (CUT 1 TO LOCK) 8,610 125
 TRIDENT BASIN & CHANNEL 1,500 (BASIN) 1,200 (BASIN) 

1,800 / 2,670 
 MIDDLE BASIN 2,200 

1,200Ø TURNING CIRCLE 
1,400 / 2,750 

 WEST BASIN 1,650 
1,400Ø TURNING CIRCLE

 * CPA MAINTAINS ADDITIONAL WIDTH UP TO 450 FEET IN SOME LIMITED AREAS 
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RECOMMENDED PLAN PROJECT DIMENSIONS 
NAVIGATION FEATURE LENGTH (FEET) WIDTH (FEET)

 OUTER REACH (ALL CUTS) 29,000 500
     OUTER REACH (CUT 1A) 11,000 500
     OUTER REACH (CUT 1B) 5,500 500
     OUTER REACH (CUT 1) 12,500 500
 MIDDLE REACH (CUT 2) 5,670 500
 INNER REACH (ALL CUTS) 3,330 500
     INNER REACH (CUT 2) 2,530 500
     INNER REACH (CUT 3) 800 500
 MIDDLE BASIN CHANNEL 2,670 
 WEST ACCESS CHANNEL 1,840 500
 (EAST OF STA. 260+00)

 CUT A (WEST OF STA. 260+00)
 1,730 500
 BARGE CANAL (CUT 1 TO LOCK) 8,610 125
 TRIDENT BASIN & CHANNEL 1,500 (BASIN) 1,200 (BASIN) 

1,800 / 2,670 
 MIDDLE BASIN 2,200 

1,422Ø TURNING CIRCLE 
1,400 / 2,750 

 WEST BASIN 1,650 
1,725Ø TURNING CIRCLE
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MEMORANDUM 


To: Collins McKay 

From: Bill Hobensack, PE 
Steve Howard, PE 
Kevin Bodge, PhD, PE 

Re: Canaveral Harbor Navigation Channel Improvements: Potential Impacts to Inlet
 Jetties and Sediment Trap 

Date:  December 21, 2007 

The following analysis is offered pursuant to  your request in regard to potential 
impacts to the north and south jetties following construction of the proposed channel 
widening and deepening at the Canaveral Harbor Entrance. This analysis likewise 
includes consideration of impacts to the existing south jetty sediment trap. Our 
investigation and findings, below, reflect the “preferred project alternative” as illustrated 
in Attachment A of this memorandum. 

1.0 SOUTH CHANNEL WIDENER 

The configuration of the proposed south-bank widener in the preferred alternative 
is illustrated in Figure 1, relative to existing conditions. In this alternative, the new 
widener commences  within, and continues  eastward through and beyond, the existing 
sediment trap. Our analysis considered that the existing channel and  widener  would be 
deepened to -48 ft MLLW elevation and the new widener would be likewise dredged to 
-48 ft MLLW elevation, representing a project depth of 46’+2’. 

Figure 2 illustrates existing conditions at Section Cuts A, B, and C; the locations 
of  which are shown in Figure 1. Figure 3 illustrates proposed conditions at the same 
three sections, per the preferred alternative. In the section views, the location of the south 
jetty is developed from planform view. The south jetty structure is comprised of vertical 
steel sheet pile (not illustrated) with rock armor on either side. In the absence of detailed 
as-built or existing surveys of the structure, the side-slopes of the rock armor are 
represented as 1(v):2.5(h). Data describing the actual foundation (toe) depth of the rock, 
nominally illustrated in the section views, were not available for this analysis; although, 
as indicated below, this does not appear to affect the conclusions of our analysis. 

The existing bank (seabed) slope in the vicinity of  each section is illustrated in 
Figures 2 and 3 by green and red lines. These reflect survey data measured in June-July 
2007 and November 2007 (Corps surveys #07-085 and #08-027, respectively). 
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Figure 1: Configuration of existing navigation channel, sediment trap, and proposed widener per the preferred alternative, in 
the vicinity of the Canaveral Harbor Entrance south jetty. 
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Figure 2: Existing conditions at Sections A, B, C, indicated in Figure 1. 
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 Figure 3: Post-project conditions at Sections A, B, C, indicated in Figure 1. 
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 Within the entrance and along the main channel (Sections A and B), the average, 
existing bank slope is typically on the order of 1:3.5 to 1:5 (vertical : horizontal, typ.), 
depending upon the vertical span of measurement. At the entrance, between the jetty 
head and the sediment trap (Section C), the existing bank slope is on the order of 1:5 to 
1:5.8. As described in the analysis of the north-channel  widener, below, the latter is 
generally consistent  with the observed side-slopes along the north bank of the channel. 
For the purposes of this analysis, the equilibrated bank slope above the proposed project 
improvements is presumed to be 1(v):6(h). This represents a reasonable proxy value for 
the equilibrated channel side-slopes, based upon observed, existing conditions. It is a 
slightly conservative estimate for the side-slopes within the entrance (Sections A and B), 
where the observed sideslopes are typically steeper than 1:6. 

At its closest proximity, the boundaries of the existing channel/widener and 
sediment trap are approximately 320 to 340 feet from the MLLW waterline of the south 
jetty, respectively (see Figures 1 and 2). Likewise, at its closest point, the proposed 
widener is located over 500 feet from the waterline of the south jetty; or, at least 160 to 
180 feet further distant from the jetty than the boundaries of the existing channel/widener 
and sediment trap. Thus, in the preferred alternative, consideration of the structural 
stability of the south jetty is dictated by deepening of the existing channel/widener and 
sediment trap – and not by the configuration of the new widener. (By this same 
reasoning, the western boundary of the proposed new widener in the preferred alternative 
could be shifted westward in future refinements of the plan, by as much as 300 feet, more 
or less, and still remain as far distant from the south jetty as the existing channel/widener 
or sediment trap. To the extent that deepening of the existing channel/widener and trap 
would not adversely impact the south jetty, as described below, such a westward shift of 
the new widener boundary would likewise not be predicted to adversely impact the south 
jetty.) 

As noted, Figure 3 illustrates deepening of the existing channel/widener to 
46’+2’. (Section C in the figure additionally illustrates deepening of the sediment trap, 
which is described below.) In the figure, the dashed magenta line illustrates a 1:6 bank 
slope projected above the base of the deepened cut – which is a generally conservative 
proxy estimate of the anticipated, equilibrium side-slope that might be expected in the 
long-term after construction. At Sections A and B, along the deepened channel/widener 
at the entrance, there remains at least an  80- to 100-ft  wide “buffer” between the top of 
the conservative bank adjustment and the south jetty structure, measured at the seabed. 
At Section C, this buffer distance is greater (about 180-ft, in absence of deepening the 
sediment trap, described below.) The existing pile-supported fishing pier, not shown in 
the section views, is located wholly within this buffer; it is at least 50-ft or more from the 
top of the presumed 1:6 side-slope bank adjustment. 

Accordingly, based upon the information described above, this analysis indicates 
that deepening of the existing channel/widener to 46’+2’ is not reasonably anticipated to 
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adversely impact  either the existing south jetty structure or fishing pier. Likewise, the 
configuration of the proposed new widener, excavated to 46’+2’, is not reasonably 
anticipated to adversely impact either of these structures, particularly because this project 
feature is located further from the structures than the existing channel/widener which is to 
be deepened to 46’+2’. 

2.0 IMPACT TO THE SOUTH JETTY SEDIMENT TRAP 

Because the proposed  widener in the preferred alternative occupies a portion of 
the existing south jetty sediment trap, the effective capacity of the trap would be reduced. 
Deepening that portion of the existing trap outside the limits of the widener, from 44’+2’ 
to 46’+2’ (to match the remainder of the project), would reclaim most, but not all of this 
lost capacity. That is, the capacity of the 46’+2’ trap, at its existing boundaries, would be 
reduced by about  35,600 cubic  yards, more or less, from its design capacity; i.e., from 
234,000 cubic yards to about 198,400 cubic yards.1 In order to regain this 35,600 cubic 
yards, and to maintain the sediment trap’s design  effective capacity, the southern 
boundary of the sediment trap must be expanded (shifted southward) by approximately 
20 feet. This 20-ft southward expansion of the trap, likewise cut to 46’+2’, is therefore 
recommended. 

Along its existing west boundary, deepening of the existing trap from 44’+2’ to 
46’+2’ would slightly increase the potential for adverse impact to the south jetty. At a 
presumed equilibrium bank slope of 1:6, the 2-ft deepening would theoretically translate 
the top-of-bank location by a distance of 2’x 6 = 12’ closer to the structure.  While the 
potential for adverse impact to the structure is not necessarily indicated by the analysis 
illustrated in Figure 3 (Section C), above; it is nonetheless considered prudent to shift the 
western boundary of the existing sediment trap seaward by 12-feet, in order that the 
presumed top-of-bank of the deepened trap remains at the same location as for the 
existing trap. This slight “contraction” of the deepened trap’s western boundary results in 
a small net  effect to the trap’s volumetric capacity; and, it is accounted for in the 
recommended 20-ft expansion of the trap’s southern boundary, in order to retain the 
trap’s original design capacity. 

In sum, in order to preserve the trap’s effective shoaling capacity and to result in 
no net increase of potential impacts to the south jetty, it is recommended that (1) the 
southern boundary of the trap be expanded by 20-ft southward, (2) the western boundary 
be contracted by 12-ft northeastward, and (3) the entirety of the trap within these adjusted 
boundaries be deepened to -48 ft MLLW (46’+2’). This recommended configuration is 
illustrated in Figure 4, following page. 

1 In this analysis, as in the original design formulation of the existing trap, the effective capacity of the trap 
is estimated by comparing the November, 2004 (post-hurricane) shoal bathymetry to the geometry of the 
dredged sediment trap. 
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Figure 4: Proposed configuration of sediment trap in conjunction with the preferred alternative. 




 

           
         

      
        

         
         

 
         

         
       

      
        

       
 
 

  
 
        

               
        
          

        
        

          
           

         
           

         
     

 
          

      
          

        
        

       
       

            
            

       
        

     
 

With respect to these adjusted boundaries, the planform footprint of the trap to be 
deepened by 2-feet, to 46’+2’, outside of the boundaries of the proposed new widener, 
amounts to approximately 6.0 acres. (This value includes the 0.6 acre southward 
expansion of the existing trap and excludes the 0.1 acres  which is  “deleted” from the 
existing trap footprint along the western boundary.) This acreage estimate reflects the 
floor limits of the trap, at 46’+2’, and does not include side-slopes. 

Based upon a November 2007 condition survey (#08-027), the required dredge 
volume to  establish the revised trap boundaries to its existing depth of 44’+2’ is 
approximately 26,300 cubic  yards. This is mostly comprised of the 20-ft southward 
expansion of the trap. The required dredge volume to  establish the revised trap 
boundaries to a depth of 46’+2’ is approximately 43,800 cubic  yards. These estimates 
include only the trap area outside (south of) the limits of the proposed new widener. 

3.0 NORTH CHANNEL WIDENER 

In the preferred alternative (Attachment  A), the proposed 100-ft north bank 
widener terminates at Easting 789,477 ft (NAD83) and tapers for a distance of 500 ft to 
the existing channel boundary (Range 0) at Easting 789,977 ft. The latter point 
corresponds to approximately Station 11+00 along the inlet’s north jetty – based upon 
baseline stationing used for the Corps of Engineers’ construction of jetty improvements 
in 2005. See Figure 5. This places the limits of the north bank widener wholly west of 
the 300-ft extension of the north jetty. This extension, constructed in late 2005, consists 
of steel sheet pile with rock armor placed on  either side. The existing channel and the 
proposed  widener are to be dredged to 46-ft plus 2-ft; or,  elevation -48 ft MLLW. Our 
analysis indicates that the proposed deepening of the channel and location of the north 
bank widener, per the preferred alternative, does not pose significant potential for adverse 
impacts to the north jetty following channel side-bank equilibration. 

Our analysis was based in part upon: (a) U.S. Army Corps of Engineers (USACE) 
construction drawings for the north jetty sand-tightening and extension (DACW17-02-B
0004), (b) a 2005 post-construction survey of the north jetty extension (prepared by 
Morgan & Eklund Surveyors for J. E. McAmis Inc., Commission #5445.00), and (c) the 
January 2006 condition survey of the Canaveral Harbor navigation channel prepared by 
the USACE. In order to examine the potential effect of channel modifications upon the 
north jetty, we considered the probable (equilibrated) slope of the channel’s north bank, 
relative to the apparent location of the north jetty structure, for a 0-ft, 50-ft, and 100-ft 
widening of the channel. For  each, we considered dredge elevations of both -46 ft and 
-48 ft MLLW (44’+2’ and 46’+2’, respectively). Examination of various surveys 
indicated that a 1:6 (vertical:horizontal) slope provided a reasonable approximation of the 
equilibrated bank slope in the vicinity of the north jetty.     
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 Figures  6 through 10 depict five (5) section views through the north jetty and 
navigation channel. The figures depict the proxy estimate of the equilibrated bank slope 
(1v:6h) along the channel, for 0-, 50-, and 100-ft widening scenarios, relative to the north 
jetty structure. The location of the jetty was derived from a comparison between the 
aforementioned construction drawings and the post-construction, as-built jetty survey. 
The anticipated bank slopes associated with the preferred alternative are indicated by the 
bold line in each section. 

The data and this analysis suggest that any widening of the north channel along 
the newly extended north jetty (east of jetty Sta. 11+00) presents a potential for 
undermining the rock armor placed along the new jetty sheet pile. At the same time, 
deepening of the existing channel to 46+2 ft along the newly extended north jetty does 
not indicate significant increased potential for undermining the rock armor, relative to 
existing conditions. (See Figures 8-10.) It is for this reason that the north channel 
widener described in the preferred alternative terminates west of the new jetty extension; 
viz., at Easting 789,977 ft. 

West of the new jetty extension,  where the jetty alignment is northwest, tending 
away from the channel, the analysis indicates that a gradual  widening of the north 
channel – deepened to 46+2 ft – does not indicate significant increased potential for 
undermining the jetty structure. (See Figures 6 and 7.) In sum, the configuration of the 
north bank  widening, along  with the channel deepening to 46+2, described in the 
preferred alternative, does not indicate a significant potential for adverse impacts to the 
existing north jetty structure. 

There are two pile-supported surge warning signs, constructed by the Canaveral 
Port Authority in 2001, located inside the entrance, north of the proposed  widener cut. 
(The approximate locations of these signs are indicated by two squares shown in Figure 
5.) An analysis similar to that conducted above suggests that the easternmost  warning 
sign is not anticipated to be substantially affected by construction of the proposed 
widener. Construction of the proposed widener near the westernmost sign, however, may 
result in exposure of up to one-half of the buried pile length – assuming the pile was 
driven 20-feet below grade, per the Port’s construction drawings. This amount of 
exposure may destabilize the western sign. Relocation (or, more probably, re
construction) of this sign at least 100 feet north of its existing location is therefore 
anticipated to be necessary. 
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Figure 5 – Proposed north jetty widener (preferred alternative) and location of sectional 
views in relation to USACE construction stationing along the north jetty. 
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Jetty Trunk - Construction Sta. 5+40 (E789,477) 

2006 Bathymetry 
(USACE Chan. Survey) 

50
' W

id
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er
 

Jetty Trunk 
(per plans) 

6 (typ) 

1 

2005 "AS BUILT" 
Survey 

Proposed Widener Width = 100 ft 

0 50 100 150  200  250 300 350 400 450 500 550 600 650 
Distance North of Channel Range 0 (feet) 

Figure 6 – Proposed widener at USACE jetty Station 5+40 relative to the north jetty – 
jetty position is based upon the 2005 as-built survey and construction 
drawings. 
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Jetty Trunk - Construction Sta. 8+00 (E789,709) 

2006 Bathymetry 
(USACE Chan. Survey) 

50
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id
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Jetty Trunk 
(per plans) 

6 (typ) 

1 

2005 "AS BUILT" 
Survey 

Proposed Widener 
Width is 52.4 ft at 
this Station (in taper) 

0 50 100 150  200  250 300 350 400 450 500 550 600 650 
Distance North of Channel Range 0 (feet) 

Figure 7 – Proposed widener at USACE jetty Station 8+00 relative to the north jetty – 
jetty position is based upon the 2005 as-built survey and construction 
drawings. 
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 1-2005 Bathymetry 

Jetty Extension Trunk - Construction Sta. 12+00 (E790,073) 

2006 Bathymetry 
(USACE Chan. Survey) 

50
' W

id
en
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1-2006 Survey 

Jetty Trunk 
(Per Plans) 

6 (typ) 

1 

Bedding Stone Not Shown - Both Sides 
(2' min thickness off seabed, per plans) 

As-built depth of structure 
uncertain 

2005 "AS BUILT" 
Survey 

Proposed Widener Width = 0 ft 

0 50 100 150  200  250 300 350 400 450 500 550 600 650 
Distance North of Channel Range 0 (feet) 

Figure 8 – Proposed widener at USACE jetty Station 12+00 relative to the north jetty – 
jetty position is based upon the 2005 as-built survey and construction 
drawings. 
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1-2005 Bathymetry 

Jetty Extension Trunk - Construction Sta. 13+50 (E790,223) 

2006 Bathymetry 
(USACE Chan. Survey) 
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1-2006 Survey 

Jetty Trunk 
(Per Plans) 

6 (typ) 

1 

Bedding Stone Not Shown - Both Sides 
(2' min thickness off seabed, per plans) 

As-built depth of structure 
uncertain 

2005 "AS BUILT" 
Survey 

Proposed Widener Width = 0 ft 

0 50 100 150  200  250 300 350 400 450 500 550 600 650 
Distance North of Channel Range 0 (feet) 

Figure 9 – Proposed widener at USACE jetty Station 13+50 relative to the north jetty – 
jetty position is based upon the 2005 as-built survey and construction 
drawings. 
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1-2005 Bathymetry 

Jetty Head - Construction Sta. 14+40 (E790,313) 

2006 Bathymetry 
(USACE Chan. Survey) 
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1-2006 Survey 

Jetty Head 
(Per Plans) 

6 (typ) 

1 

Bedding Stone Not Shown - Both Sides 
(2' min thickness off seabed, per plans) 

As-built depth of structure 
uncertain 

2005 "AS BUILT" 
Survey 

Proposed Widener Width = 0 ft 

0 50 100 150  200  250 300 350 400 450 500 550 600 650 
Distance North of Channel Range 0 (feet) 

Figure 10 – Proposed widener at USACE jetty Station 14+40 relative to the north jetty – 
jetty position is based upon the 2005 as-built survey and construction 
drawings. 
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