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Abstract 

In 2018, the U.S. Army Engineer Research and Development Center 
(ERDC), Coastal and Hydraulics Laboratory, participated in a navigation 
study to assist the Virginia Port Authority evaluation of a proposed 
channel widening alternative for the Port of Norfolk, Virginia. The 
proposal will allow large coal colliers and containerships to load to a 
deeper draft. The proposals also included deepening portions of Norfolk 
Harbor and providing additional widening in one section for two-way 
traffic. 

The simulations were conducted at the Maritime Institute of Technical and 
Graduate Studies (MITAGS) facility in Linthicum, MD. Moffatt & Nichol 
directed the simulation and modeling efforts, with assistance from Webb 
Simulation Consulting. The U.S. Army Engineer District, Norfolk, and 
ERDC provided oversight to ensure that all U.S. Army Corps of Engineers 
simulator study requirements were met. 

The MITAGS simulator includes a variety of environmental forces act 
upon the ship during the simulation transit. These include currents, wind, 
waves, bathymetry, and ship-to-ship interaction. 

Online simulations of the project were conducted at MITAGS. Seven 
mariners including harbor pilots and a master mariner participated in the 
testing and validation exercises.  

Results in the form of track plots and pilot questionnaires were reviewed 
to develop final conclusions. 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 



ERDC/CHL TR-19-17 iii 

 

Contents 
Abstract ................................................................................................................................................... ii 

Figures and Tables .................................................................................................................................. v 

Preface .................................................................................................................................................... vi 

1 Introduction ..................................................................................................................................... 1 
Background .............................................................................................................................. 1 
Objective ................................................................................................................................... 3 

Atlantic Ocean Channel (AOC) ..................................................................................................... 8 
Thimble Shoal Channel (TSC) ...................................................................................................... 9 

Approach ................................................................................................................................. 10 

2 Data Development ........................................................................................................................ 11 
Simulator description ............................................................................................................. 11 
Required data ......................................................................................................................... 11 
Design ships ........................................................................................................................... 14 

3 Navigation Study ........................................................................................................................... 18 
Validation ................................................................................................................................ 18 
Testing procedure ................................................................................................................... 19 

4 Results ........................................................................................................................................... 23 
AOC exercises ......................................................................................................................... 24 
Full transits between TSC and the dock ................................................................................ 25 

Inbound Kalina scenarios .......................................................................................................... 26 
Outbound Kalina scenarios ....................................................................................................... 28 
Outbound bulker from Lamberts Point Coal Terminal (LPCT) .................................................. 30 
Outbound bulker from Kinder Morgan Bulk Terminal .............................................................. 31 
Meeting scenarios in Meeting Area 2 ....................................................................................... 31 
Inbound Kalina meeting two outbound Kalinas, ebb tide with wind from the south ............. 33 
Inbound Kalina meeting two outbound Kalinas, flood tide with wind from the south ........... 34 
Inbound Kalina meeting two outbound Kalinas in foggy conditions with flood tide 
and wind from the south ............................................................................................................ 36 
Inbound Kalina meeting two outbound bulkers with flood tide and wind from the 
north ........................................................................................................................................... 37 
Outbound Kalina meeting two inbound Kalinas, ebb tide with wind from the north ............. 39 
Outbound Kalina meeting two inbound Kalinas, flood tide with wind from the north ........... 40 

5 Conclusions ................................................................................................................................... 42 

References ............................................................................................................................................ 44 

Appendix A: Virginia Pilot Endorsement Letter ................................................................................ 45 

Appendix B: Moffet & Nichol Hydrodynamic Memorandum ........................................................... 47 



ERDC/CHL TR-19-17 iv 

 

Appendix C: Vessel Track Plots .......................................................................................................... 65 

Appendix D: Final Pilot Questionnaires .......................................................................................... 127 

Appendix E: Pilot Comment Sheets ................................................................................................ 149 

Unit Conversion Table ....................................................................................................................... 338 

Acronyms and Abbreviations ........................................................................................................... 339 

Report Documentation Page 



ERDC/CHL TR-19-17 v 

 

Figures and Tables 

Figures 

Figure 1. Project vicinity map. ................................................................................................................... 1 
Figure 2. Location of container and coal terminals. ............................................................................... 2 
Figure 3. Norfolk Harbor federal navigation channels. ........................................................................... 3 
Figure 4. Pilot boarding area. .................................................................................................................... 5 
Figure 5. Norfolk Harbor Entrance reach, naturally deep water. ........................................................... 5 
Figure 6. Access channels for NIT docks. ................................................................................................ 6 
Figure 7. Access channel for VIG. .............................................................................................................. 6 
Figure 8. AOC. ............................................................................................................................................. 8 
Figure 9. Thimble Shoal Channel and approximate limits of Meeting Areas 1 and 2. ........................ 9 
Figure 10. USACE bathymetry for TSC and auxiliary channels............................................................. 12 
Figure 11. Wind rose, Norfolk Naval Air Station. ................................................................................... 14 
Figure 12. Maneuverability plot, inbound Kalina with ebb tide. .......................................................... 27 
Figure 13. Maneuverability plot, inbound Kalina with flood tide. ........................................................ 28 
Figure 14. Maneuverability plot, outbound Kalina with ebb tide. ........................................................ 29 
Figure 15. Maneuverability plot, outbound Kalina with flood tide. ...................................................... 30 
Figure 16. Maneuverability plot, outbound bulker with flood tide. ...................................................... 31 

Tables 

Table 1. Present channel dimensions in Norfolk Harbor. ....................................................................... 3 
Table 2. Design ships for Norfolk study. ................................................................................................. 14 
Table 3. Pilot card for ULCV, MV Kalina. ................................................................................................. 16 
Table 4. Pilot card for coal collier, MV bulker Zhong Xing Hai. ............................................................. 17 
Table 5. Simulation operator, October – November 2018. .................................................................. 18 
Table 6. Draft PED simulation matrix. .................................................................................................... 21 
Table 7. One-way run speed data for TSC. .............................................................................................. 32 
Table 8. Meeting results for Plates 29 – 33. One inbound Kalina meeting two outbound 
Kalinas. Ebb tide with 25 knots of wind from the south. Clear visibility. ............................................ 34 
Table 9. Meeting Results for Plates 34 – 39. One inbound Kalina meeting two outbound 
Kalinas. Flood tide with 25 knots of wind from the south. Clear visibility. .......................................... 35 
Table 10. Meeting Results for Plates 40 – 45. One inbound Kalina meeting two outbound 
Kalinas. Flood tide with 10 knots of wind from the south. Foggy. ....................................................... 37 
Table 11. Meeting Results for Plates 46 – 51. One inbound Kalina meeting two outbound 
Bulkers. Flood tide with 25 knots of wind from the north. Clear visibility. .......................................... 38 
Table 12. Meeting Results for Plates 52 – 57. One outbound Kalina meeting two inbound 
Kalinas. Ebb tide with 25 knots of wind from the north. Clear visibility. ............................................. 40 
Table 13. Meeting Results for Plates 58 – 63. One outbound Kalina meeting two inbound 
Kalinas. Flood tide with 25 knots of wind from the north. Clear visibility. .......................................... 41 



ERDC/CHL TR-19-17 vi 

 

Preface 

This study was conducted for the Virginia Port Authority, under MIPR 
3K3V3-B5G942.  

The work was performed by the Navigation Branch of the Navigation 
Division, U.S. Army Engineer Research and Development Center, Coastal 
and Hydraulics Laboratory. At the time of publication of this report, 
Mr. Timothy Shelton was Chief, Navigation Branch; Dr. Jacqueline 
Pettway was Chief, Navigation Division; and Mr. Charles E. Wiggins was 
the Technical Director for Navigation. The Director of ERDC-CHL was 
Dr. Ty V. Wamsley. 

The ship simulation study technical lead was Mr. Eric Smith of Moffatt & 
Nichol. Mr. Jeffery Oskamp, Ms. Gwen Lawrence of Moffatt & Nichol, and 
Ms. Colleen Schaffer of MITAGS directed daily operation of the ship 
simulator. Mr. Jon Gage of Moffatt & Nichol was project manager. Pilots 
for all simulations (except for the Atlantic Ocean Channel) were provided 
by the Virginia Pilot Association. Atlantic Ocean Channel simulations were 
piloted by Captain Larry Bergin. 

The Commander of ERDC was COL Teresa A. Schlosser, and the Director 
was Dr. David W. Pittman. 

 

 

 



ERDC/CHL TR-19-17 1 

 

1 Introduction 
Background 

Norfolk is located on the eastern coast of the Commonwealth of Virginia 
(Figure 1). The existing Norfolk Harbor and Channels project consists of a 
network of federally improved channels extending from the Atlantic 
Ocean, through the Chesapeake Bay, and into the Port of Hampton Roads. 
Norfolk Harbor is the nation’s largest coal export port and is the third 
largest container port on the U.S. east coast. The largest containerships 
and coal carriers calling on the U.S. east coast call at Norfolk Harbor. The 
fleet of coal ships and containerships regularly calling on Norfolk Harbor 
and channels includes vessels that are depth constrained at the existing 
channel depth. To allow deeper-drafted coal colliers and containerships to 
transit the Norfolk Harbor channels and to provide a section of channel for 
two-way traffic of the larger ships, deepening and widening channel 
improvements are proposed. The project is being developed under the 
authority of the Water Resources Development Act of 1986 (Public Law 
99-662). This law authorized the construction of the Norfolk Harbor and 
Channels, Virginia, Project as described in House Document 99-85, dated 
18 July 1985, entitled “Norfolk Harbor and Channels, Virginia.” The local 
sponsor is the Virginia Port Authority (VPA). 

Figure 1. Project vicinity map. 
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Two containership terminals and three coal terminals will accommodate 
the deeper-drafted ships (Figure 2). The two containership terminals are 
the Norfolk International Terminals (NIT), which have both north and 
south docks, and the Virginia International Gateway (VIG). A proposed 
third containership terminal is proposed for Craney Island. However, 
construction of that facility is estimated to be 20 years in the future, and it 
is not part of this study. The Portsmouth Marine Terminal is past the 
southern end of the proposed channel improvements. Upgrades to 
accommodate deeper drafting vessels are not planned for this terminal, 
and therefore it is not part of this study. Newport News Marine Terminal 
is located near the western terminus of the Newport News Channel and is 
likewise not anticipated to be reconfigured to accommodate 
deeper-drafting vessels. Two of the coal terminals, Dominion and Kinder 
Morgan, are in Newport News. The third coal terminal is the Lamberts 
Point Coal Terminal (LPCT) in Norfolk. 

Figure 2. Location of container and coal terminals. 
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Objective 

Existing Conditions. The Norfolk Harbor project consists of a network 
of federally improved and maintained channels extending from the 
Atlantic Ocean, through the Chesapeake Bay, and into Norfolk Harbor and 
Newport News (Figure 3). 

Figure 3. Norfolk Harbor federal navigation channels. 

 

Table 1 presents the existing dimensions for the harbor channels as 
maintained by the U.S. Army Engineer District, Norfolk (CENAO). 

Table 1. Present channel dimensions in Norfolk Harbor. 

Channel Segment Depth, ft Width, ft Length, Mi 

Atlantic Ocean Channel -52 1,300 10.0 

Thimble Shoal Channel -50 1,000 13.0 

Norfolk Harbor Entrance Reach -50 1,000 to 1,440 2.0 

Norfolk Harbor Reach -50 850-1,250 4.0 

Craney Island Reach -50 800 3.0 

Newport News Channel -50 800 5.4 

Note that as is typical with simulator studies, anchorage areas were not 
part of the Norfolk Harbor Simulator Study and are not included in this 
report.  
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Norfolk Harbor has some unique features that influenced the scope for the 
simulation testing program. These features are as follows: 

1. First, most ships entering most U.S. ports are boarded by the harbor pilots 
at the sea buoy. This allows the pilot to be in control of the ship before it 
enters the maintained federal channels. However, Norfolk Harbor has two 
sea buoys. The first is the Chesapeake Bay buoy located near the east end 
of the Atlantic Ocean Channel (AOC). (Figure 4). The second is the Cape 
Henry (CH) Buoy located between the west end of the AOC and the east 
end of Thimble Shoal Channel (TSC). Ships calling at the Port of Norfolk 
are typically boarded by a member of the Virginia Pilot Association at the 
pilot boarding area located near the CH Buoy. This means that the ship’s 
captain, or his designee, cons the ship through the AOC without a state 
pilot on board. The state pilots also disembark the outbound ships near the 
CH Buoy. 

2. Second, there are two areas of naturally deep water located within the 
harbor area (Figure 4). The first is in the pilot boarding area (Figure 4). 
The second is in the Norfolk Harbor Entrance Reach (NHER), east of the 
Hampton Roads Bridge Tunnel (Figure 5).  

3. Access to the containership docks, NIT North, NIT South, and VIG is 
provided by private navigation channels. The access channels between the 
Norfolk Harbor Reach and NIT North and South are shown highlighted in 
yellow (Figure 6). The access channel between Craney Island Reach and 
VIG is shown highlighted in yellow (Figure 7). Because these access 
channels are privately owned and maintained, they were not included in 
the Preconstruction Engineering Design (PED) simulation study. 
However, Moffat & Nichol (M&N) evaluated the access channels with 
separate simulation studies. The M&N evaluations included recent 
improvements to the NIT South access channel that are not reflected on 
the navigation chart shown in Figure 6. 
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Figure 4. Pilot boarding area. 

 

Figure 5. Norfolk Harbor Entrance reach, naturally deep water. 
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Figure 6. Access channels for NIT docks. 

 

Figure 7. Access channel for VIG. 
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Proposed Channel Improvements. Deepening and widening 
improvements have been proposed for Norfolk Harbor to achieve the 
following: 

1. Reduce cargo transportation costs for the existing and future fleet at 
Norfolk Harbor by allowing the vessels to call at a deeper draft. 

2. Reduce navigation operational constraints caused by one-way traffic in 
certain reaches for both the existing and future commercial and 
Department of Defense fleet over the period of analysis at Norfolk Harbor. 
The most critical existing constraint is the requirement for one-way only 
transits of TSC for containerships longer than 1,150 feet (ft) and with a 
beam greater than 150 ft (USACE NAO VPA 2018). In addition, coal 
colliers drafting greater than 48.5 ft must time their departure to arrive at 
the AOC at high tide to avoid potential grounding due to squat and wave-
induced vertical motion. 

To address these requirements, numerous channel improvements were 
studied during the Feasibility portion of the study. The Preferred 
Alternative (also referred to as the Action Plan or Recommended Plan) was 
presented in the General Reevaluation Report (GRR) (USACE NAO VPA 
2018). The GRR was conducted under Section 216 of the Flood Control Act 
of 1970 (Public Law 91-611), which authorizes the review of completed 
projects in the interest of navigation and related purposes to determine the 
feasibility of further port deepening. The Preferred Alternative is the 
National Economic Development (NED) Plan, which includes the following: 

1. Deepening of Atlantic Ocean Channel to a required depth -59 ft. 
2. Deepening of Thimble Shoal Channel to a required depth -56 ft. 
3. Deepening the Norfolk Harbor Channel to a required depth -55 ft. 
4. Deepening the Norfolk Harbor Entrance Channel to a required 

depth -55 ft. 
5. Deepening of the Newport News Channel to a required depth -55 ft. 
6. Widening of the Thimble Shoal Channel east of the Chesapeake Bay Bridge 

Tunnel to 1,300 ft. 

Due to vertical motion and other engineering considerations, outer 
channels (AOC and TSC) require depths greater than the reference depth 
set by the inner channels. Channel depth requirements were determined 
by conducting a Channel Analysis and Design Evaluation Tool modeling 
study (USACE NAO VPA 2018). 
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Additional explanation of the AOC and TSC reaches of Norfolk Harbor and 
the proposed improvements for those reaches follows. 

Atlantic Ocean Channel (AOC) 

The AOC is a 1300 ft wide Deep Water Route with shallower inbound and 
outbound lanes on either side (Figure 8). The AOC is used by vessels 
drafting 45 ft or greater. The U.S. Navy also requires that aircraft carriers 
(drafts 38 ft – 40 ft) use the AOC. As previously stated, the pilots typically 
board and disembark the ship at the CH Buoy. The pilots typically take 
aircraft carriers through the AOC. Otherwise, the state pilots only take the 
vessels through the AOC if requested by the ship’s master. 

Figure 8. AOC. 

 

Depths greater than 60 ft are common just southeast and northwest of the 
portion of existing 52 ft deep AOC (Figure 7). When the AOC is deepened 
to 59 ft, it is unlikely that the channel shown on the chart will be extended.   
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Thimble Shoal Channel (TSC) 

The TSC is presently 1,000 ft wide and 50 ft deep (Figure 9). It has two 
adjacent north and south auxiliary channels. The auxiliary channels are 
presently 450 ft wide with an authorized depth of 32 ft but are not 
maintained.  

Figure 9. Thimble Shoal Channel and approximate limits of Meeting Areas 1 and 2. 

 

Two meeting areas were evaluated during a feasibility screening simulator 
study conducted by the U.S. Army Engineer Research and Development 
Center (ERDC) in February 2017. The two areas, Meeting Areas 1 and 2, 
are identified in Figure 9. The simulator study was conducted using large 
containerships sized close to this study’s design vessels. The ERDC study 
recommended a minimum width of 1,200 ft and a maximum width of 
1,400 ft for the design ships to meet. This recommendation was given for 
both meeting areas, with the caveat that Meeting Area 2 could possibly be 
reduced to 1,300 ft. The reduction might be possible because the water 
immediately north and south of Meeting Area 2 is deeper. The deeper 
water results in decreased bank effects upon passing ships. 

Meeting Area 2, east of the Chesapeake Bay Bridge Tunnel (CBBT), at a 
width of 1,300 ft, was selected for the NED plan. Within this segment, TSC 
will be widened 150 ft on each side to establish a total width of 1,300 ft. A 
commensurate widening of the auxiliary channels is not proposed. This 
channel improvement was included with the simulation modeling 
conducted for this PED effort. Meeting Area 1 was not selected for the 
NED plan, and simulation modeling results are excluded from this report. 
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Approach 

Real-time ship simulation study. To assist the CENAO and the VPA, a 
real-time ship simulator study was conducted at the Maritime Institute of 
Technical and Graduate Studies (MITAGS). This study was used to evaluate 
the effectiveness of the NED plan. The MITAGS facility is located in 
Linthicum, MD. The ship simulation study was conducted by M&N with 
assistance from Webb Simulation Consulting. ERDC provided oversight and 
review prior to and during the simulations. ERDC also assisted during data 
processing, review of simulation results, and technical report authoring. A 
detailed description of the approach is presented in Chapter 2. 

This report was furnished in draft form to M&N, VPA, CENAO, David 
Miller and Associates, and the VPA for their review and concurrence. The 
VPA Colonel documented concurrence with a letter to CENAO dated 
5 March 2019. That letter is included in Appendix A. 
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2 Data Development 
Simulator description 

The MITAGS training center offers two Full-Mission Shiphandling 
Simulators [SHS #1 and SHS #2], four Bridge Tug Simulators, and six 
Part-Task Simulators (Moffatt & Nichol 2018). The simulators are built on 
the Transas Navi-Trainer Profession (NTPro) 5000 platform, Version 5.35. 
The simulation facility is certified by Det Norske Veritas. A more detailed 
description of the facility is available in the referenced Moffatt & Nichol 
NHC Simulation Plan. 

SHS #1 and SHS #2 are Full-Mission Shiphandling Simulators that are 
housed within 360° curved projection screens that measure 80 ft in 
diameter and 30 ft in height. SHS #3, SHS #5, and SHS #6 are Full-
Mission Bridge Tug Simulators that utilize a 300° horizontal field of view 
and 42° vertical field of view. SHS #4 is a Bridge Tug Simulator that offers 
120° of visuals and the ability to change the view to any location. The six 
Part-Task Simulators have the same model hydrodynamic fidelity as the 
Full-Mission Bridge but have reduced visual acuity (single video channel). 
The Full-Mission Bridge Simulators, Tug Bridge Simulators, and the Part-
Task Simulators can be integrated into the same gaming area to allow up 
to 12 interactive ownships in one exercise. 

Required data 

For this study, data required included channel geometry, currents, 
bathymetry, wind, wave, and visual data of the physical scene comprising 
the study area. All simulation scenarios, described by location, initial ship 
conditions, wind speed, current, and availability of tugs were developed 
in conjunction with the pilots and approved by both ERDC and 
CENAO prior to simulation. When conducting U.S. Army Corps 
of Engineers (USACE) simulator studies, conditions are typically 
chosen to represent severe conditions. The pilots indicated that, while the 
conditions simulated were severe, they have encountered more difficult 
conditions in real life. However, the pilots also indicated the simulator 
provided an adequate experience to support their evaluation of the design. 

Channel geometry. The navigation channel footprints for existing and 
proposed future conditions were furnished by CENAO as a computer aided 
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design and drafting (CADD) file in the State Plane Virginia South, North 
American Datum of 1983 coordinate system. 

Currents. Currents for existing and proposed future conditions were 
furnished by the Virginia Institute of Marine Science (VIMS). The currents 
were calculated using a Semi-implicit Cross-scale Hydroscience Integrated 
System Model (SCHISM) model of the lower Chesapeake. The SCHISM 
model was approved by the ERDC Navigation Technical Director, for 
Norfolk Harbor Deepening. This model provides a comprehensive 
simulation of currents throughout the project area and was calibrated 
based on National Oceanic and Atmospheric Administration (NOAA) data. 

M&N prepared a memorandum documenting VIMS analysis of the 
sensitivity of the SCHISM model to grid resolution. This memorandum is 
included in Appendix B. 

Bathymetry. Bathymetry was obtained from the USACE Hydrographic 
Surveys web site:  
https://www.arcgis.com/apps/opsdashboard/index.html#/4b8f2ba307684cf597617bf1b6d2f85d 

A sample from an April 2018 survey showing the high resolution of the 
data is shown below (Figure 10). The depths, given in mean lower low 
water are for TSC and its auxiliary channels. 

Figure 10. USACE bathymetry for TSC and auxiliary channels. 

 

https://www.arcgis.com/apps/opsdashboard/index.html#/4b8f2ba307684cf597617bf1b6d2f85d
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Wind. Steady winds were used for the simulation program. Wind 
magnitudes and directions were based upon pilot input and verified by the 
wind rose at the Norfolk Naval Air Station (Figure 11). 

Waves. The model database will support a spectral representation (e.g., 
Jonswap) of a time-varying wave field into the model. This will include the 
capability to model bidirectional swell and sea concurrently. Waves with a 
height of 1 meter (m) and a 10-second (sec) period coincident with the 
wind were used for the four Atlantic Ocean Channel scenarios. Typically, 
swell is not included in simulations of interior, which are protected. 
Wind-generated waves were implemented for all scenarios but not 
anticipated to influence the design ships. 

Visual data. The Norfolk visual scene and radar databases existed at 
MITAGS prior to this study and had previously been used for pilot 
training. 

Data checkout. The databases were checked prior to the simulation 
study by representatives of MITAGS and Webb Simulation Consulting. 
The data were geometrically correct, and all databases overlaid properly. 
Screenshots of data checkout were presented to ERDC.  



ERDC/CHL TR-19-17 14 

 

Figure 11. Wind rose, Norfolk Naval Air Station. 

 

Design ships 

Two design ships were used during the PED simulation study, an 
ultra-large container vessel (ULCV) and a large bulker or coal collier. The 
ship specifications are shown below (Table 2). Both ships are even keel, 
meaning that the draft is the same along the length of the ship. This is 
generally regarded as more difficult than a ship that is trimmed (the bow 
and stern loaded to different drafts). In addition, the economic studies 
were based upon fully loaded ships. The pilot cards for each vessel are 
included (Tables 3 and 4).  

Table 2. Design ships for Norfolk study. 

Ship Length over All Beam Draft 
Dead Weight 

Tons 
Twenty-Foot 

Equivalent Unit 

ULCV 
1201 ft 
366.1 m 

168 ft 
51.2 m 

49.0 ft 
14.9 m 163,239 ~14,000 

Bulker 
985 ft 

300.2 m 
164 ft 
50.0 m 

51.1 ft 
15.6 m 210,000 N/A 
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Note the draft of the bulker in Table 2 is 51.1 ft (or 51 ft, 1 inch [in.]). The 
draft of the bulker in Table 4 is 50 ft, 11 in. The discrepancy was caused 
by truncation during MITAGS ship model development process. The 2 in. 
difference in draft has negligible impacts upon the study results. ERDC 
typically considers channel deepening of up to 2 ft exempt from 
simulation because an additional 2 ft of draft will not change ship 
response enough to warrant simulation. This assumes that the draft 
increase is the vessels do not increase in length or beam and maintain the 
same operational parameters.  

Both design ships presently call at Norfolk Harbor but are not able to call 
fully loaded due to channel depth restrictions.  
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Table 3. Pilot card for ULCV, MV Kalina. 
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Table 4. Pilot card for coal collier, MV bulker Zhong Xing Hai. 
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3 Navigation Study 

Real-time simulations were conducted during October and November of 
2018. Table 5 lists the visitors for the entire simulation program. 

Table 5. Simulation operator, October – November 2018. 

Name Date Affiliation Session Purpose 

Capt. Whiting Chisman 

8-9 OCT 
17-18 OCT 
22-26 OCT 
7 NOV 

Virginia Pilots  

Validation 
Testing 1 
Testing 2 
Testing 3 

Harbor Pilot 

Capt. Chad Jamison 
8-9 OCT 
15-19 OCT 

Virginia Pilots 
Validation 
Testing 1 

Harbor Pilot 

Capt. Keith Hope 15-19 OCT Virginia Pilots Testing 1 Harbor Pilot 

Capt. David Ware 22-26 OCT Virginia Pilots Testing 2 Harbor Pilot 

Capt. Jacob Johnson 5 - 9 NOV Virginia Pilots Testing 3 Harbor Pilot 

Capt. Waightstill Avery 5 - 9 NOV Virginia Pilots Testing 3 Harbor Pilot 

Capt. Larry Bergin 

8-9 OCT  
15-19 OCT 
22-26 OCT 
5 - 9 NOV 

MITAGS 

Virginia Pilots 
Testing 1 
Testing 2 
Testing 2 

Master 
Mariner 

Mr. Mario Sanchez 23 – 24 OCT ERDC Testing 2 Observer 

Mr. Tim Shelton 5 – 7 NOV ERDC Testing 3 Observer 

Mr. Zac Canody 7 NOV VPA Testing 3 Observer 

Validation 

Validation was conducted on 8-9 October 2018. During validation, 
repeated runs were made through the existing condition simulation 
databases. These databases w e r e  adjusted until existing conditions 
were reproduced. The same adjustments were carried forward to the 
databases for the alternative improvements. The following parameters 
were verified and re-calibrated during validation: 

• Ship-to-ship interaction 
• Wind effects 
• Bank conditions 
• Ship engine and rudder response 
• Waves and currents 
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• Visual scene and radar image for the entire study area 
o Location of all aids to navigation  
o Location and orientation of the docks 
o Location of buildings visible from the vessel. 

Note that the pilots were not completely satisfied with the vessel response 
during validation. This was mainly for the interaction between multiple 
ships and their response to banks during the meeting scenarios. This is not 
uncommon for validation of two-way traffic simulations. The hydrodynamic 
modeling of ship-to-ship interaction is extremely complex. However, the 
pilots indicated that the two-way traffic modeling was still useful as a tool to 
assist them in the evaluation of the widening’s effectiveness. The pilots were 
able to accomplish this by extrapolating their simulator experiences to their 
experience with a wide range of real-world conditions. 

Testing procedure 

To completely analyze the proposed channels, appropriate combinations 
of heading, currents, wind and waves were simulated using both design 
ships.  

Prior to conducting the simulations, the test matrix was presented to and 
approved by ERDC and CENAO. In addition to combinations of wind and 
currents, a low-visibility condition was added. This was done in response 
to extreme fog observed by ERDC personnel during their reconnaissance 
visit. That test matrix is shown in Table 6. Note that the test matrix 
included in the simulation plan was subject to change based upon 
observations and information received during validation and testing. A full 
description of the runs tested is included in the result analysis for each 
channel section simulated. 

The deepening portion of the improvements was evaluated with one-way 
simulations of the entire project.  

Numerous simulations were conducted to evaluate the effectiveness of the 
1,300 ft wide Meeting Area 2 in the TSC. All exercises were two-way, with 
one ship meeting a convoy of two ships within the proposed Meeting Area 
2. Multiple ship convoys occur regularly in the TSC. They were also 
included in the ERDC 2017 screening program as part of the credible 
worst-case scenario. All three ships were piloted, during the actual 
meeting, by a member of the Virginia Pilot Association. This was 
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accomplished by utilizing two members of the Virginia Pilot Association 
and one Master Mariner. In the case of one inbound ship meeting two 
outbound ships, the simulation was accomplished as follows: 

1. The inbound ship was conned by a VPA pilot for the duration of the 
exercise. 

2. The first outbound ship was conned by a VPA pilot until the meeting was 
completed. At that time, the simulation of outbound ownship 1 was 
terminated. 

3. The second outbound ship was conned by a Master Mariner as that ship 
follows the first outbound ship at an appropriate distance. Once the first 
meeting was completed, the VA pilot transferred to the bridge of the 
second outbound ship and took the con from the Master Mariner. 

Conducting the exercises in this manner required the inbound mariner to 
meet the first outbound ship, regain proper alignment, meet the second 
outbound ship, and finally recover for the duration of the inbound transit. 
This methodology allowed for complete simulation with each ship being 
conned by an experienced VPA pilot while maintaining efficiency of the 
simulation effort. This methodology was also applied to a single outbound 
ship meeting two inbound vessels.  
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Table 6. Draft PED simulation matrix.  

Table 6: Draft PED Simulation Matrix 

Run 
No. 

Purpose / Area of 
Study 

Piloted 
Vessel 1 

Passing 
Vessel 2 

Passing 
Vessel 3 

Channel 
Layout 

Vessel 1 Start 
Direction of 

Transit 
Vessel 2 

Start 
End Current Wind Wave 

Offshore 
Swell 

 
 
 

1 Inbound Full Transit 14k TEU   PED “CH” Buoy Inbound  VIG Flood NE 25 kts TBD TBD    

2 Inbound Full Transit 14k TEU   PED “CH” Buoy Inbound  VIG Ebb SW 25 kts TBD TBD    

3 Outbound Transit 14k TEU   PED VIG Outbound  CBBT Flood NE 25 kts TBD TBD    

4 Outbound Transit 14k TEU   PED VIG Outbound  CBBT Ebb SW 25 kts TBD TBD    

5 Meeting Area #2 14k TEU 14k TEU 14k TEU PED Buoy R "2" Inbound G "5" R "6" Flood S 25 kts TBD TBD    

6 Meeting Area #2 14k TEU 14k TEU 14k TEU PED Buoy R "2" Inbound G "5" R "6" Ebb S 25 kts TBD TBD    

7 Meeting Area #2 14k TEU 14k TEU 14k TEU PED Buoy G "5" Outbound R "2" R "2" Flood N 25 kts TBD TBD    

8 Meeting Area #2 14k TEU 14k TEU 14k TEU PED Buoy G "5" Outbound R "2" R "2" Ebb N 25 kts TBD TBD    

9 Meeting Area #2 14k TEU Coal Collier Coal Collier PED Buoy R "2" Inbound G "5" R "8" High Slack N 25 kts TBD TBD    

10 Meeting Area #2 14k TEU 14k TEU 14k TEU PED Buoy R "2" Inbound G "5" R "6" Flood S 10 kts TBD TBD     

11 Outbound Transit Coal Collier   PED Norfolk Outbound  CBBT High Slack N 25 kts TBD TBD    

12 Outbound Transit Coal Collier   PED 
Newport 

News 
Outbound  CBBT High Slack N 25 kts 

TBD TBD 
   

13 AOC – Inbound* 14k TEU   PED “CB” Buoy Inbound  “CH” Buoy Flood NE 25 kts TBD TBD    

14 AOC – Inbound* 14k TEU   PED “CB” Buoy Inbound  “CH” Buoy Ebb SW 25 kts TBD TBD    

15 AOC – Outbound* 14k TEU   PED “CH” Buoy Outbound  “CB” Buoy Ebb SW 25 kts TBD TBD    

16 AOC – Outbound Coal Collier   PED “CH” Buoy Outbound  “CB” Buoy High Slack N 25 kts TBD TBD    
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4 Results 

Results are presented in the form of track plots (Appendix C), final pilot 
questionnaires (Appendix D), and pilot comment sheets filled out after 
each exercise (Appendix E). Results of the AOC simulations will be 
presented first followed by the one-way runs for both the ULCV and the 
bulker. Last, the two-way simulations for the TSC will be analyzed.  

Ship simulation results for channel design tends to be fairly subjective. 
The evaluation of navigation simulation results typically consists of track 
plots, evaluation questionnaires, and observations that are recorded after 
each simulation exercise run. Simulator studies rely heavily on the 
experience of the mariners. Therefore, the introduction of human 
judgement and execution into the study makes defining exact criteria for 
technical evaluation difficult. 

With respect to exact data collected during a simulation exercise, the ship’s 
position and heading are post‐processed into track plots which are input 
into computer‐aided‐drawing software. This allows for the examination of 
individual and composite runs and querying of distances between ships 
and important impedances to free navigation such as the channel edge, 
other ships, and any other objects present in the environment.  

Compared to a full matrix of statistically reliable experimental design, ship 
simulation studies conduct a somewhat limited number of exercises. This 
is due to time and budget constraints as well as the availability of mariners 
to con the simulated vessels. That is why simulation conditions are 
typically limited to more severe conditions. These scenarios include 
combinations of wind and current under which the port would expect to be 
able to operate. This is the standard of practice for maximum conservative 
evaluation and how all the scenarios in this study were developed for the 
combinations of wind speed and direction, current, tug usage, and docked 
ships. When subject matter experts undertake the process of evaluating 
results, it is imperative to recognize that the data being evaluated are 
based on a limited number of exercises. These exercises are conducted 
under post-project conditions. This involves deeper-drafted ships than 
presently call at Norfolk and meeting ships larger than the present 
restriction for two-way traffic. Pilots are also operating with a visual scene 
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that is a two-dimensional representation of the three-dimensional world, 
which can affect results. All of these variables come into play in navigation 
simulation studies and necessitate that simulation reports are provided in 
draft form for review by all the project stakeholders. 

AOC exercises 

Track plots for the AOC are shown in Plates 1 – 4. For reasons previously 
discussed, these runs were undertaken with a master mariner, rather than 
a harbor pilot, conning the ship. Four runs were conducted, two inbound 
and two outbound. It was determined that one master mariner would be 
sufficient to properly test the AOC improvements. Transiting the AOC is 
regarded as fairly straight forward as evidenced by the fact that the 
Virginia pilots are usually not onboard at that time. 

The track plot for the Kalina’s inbound transit through AOC during flood 
tide is shown in Plate 1. The wind was 25 knots from the northeast. In 
addition to the wind-induced waves, a wave surge with a height of 1 m with 
a 10 sec period from the northeast was included in the scenario. This 
scenario is number 159 in the MITAGS run number system. The ship 
remained near the centerline for most of the transit. Between buoys G “9” 
and G “11,” the vessel came to approximately 185 ft of the south edge of the 
channel.  

The track plot for the Kalina’s inbound transit through AOC during ebb 
tide is shown in Plate 2. This is run number 160. The wind was 25 knots 
from the southwest. In addition to the wind-induced waves, a wave surge 
with a height of 1 m with a 10 sec period from the southwest was included 
in the scenario. The ship remained near the centerline for most of the 
transit. The ship did not come closer than 300 ft to the channel edge at any 
point during the transit. 

The Kalina’s outbound run with ebb tide and 25 knots of wind from the 
southwest (Run 161) is presented as a track plot in Plate 3. The wave surge 
was from the southwest with a height of 1 m with a 10 sec period. The ship 
tended to stay more on the southern part of the channel. The ship came to 
within approximately 180 ft of the channel between buoys G “11” and G 
“13” and to within approximately 60 ft of the channel near buoy G “7.” 

The track plot of the only bulk carrier run in the AOC is shown in Plate 4 
(Run 62). This run was conducted with slack current. The wind was 
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25 knots from the north. However, the wind will have minimal effect upon 
the fully loaded collier. The vessel stayed towards the channel centerline 
throughout the exercise. The ship’s track varied less and crabbed less than 
the containerships. This is probably a reflection of the minimized effect of 
wind. Containerships, with their cargo loaded on deck, have a much higher 
wind profile. This results in a larger sail area. 

Full transits between TSC and the dock 

Full transits of the project area, excluding the AOC because the pilots are 
not typically onboard, were undertaken. Only the containership was 
simulated inbound since its cargo is both import and export. The 
containership was simulated with 49.0 ft draft both inbound and 
outbound. The coal collier was simulated outbound only since it already 
transits Norfolk Harbor inbound with a ballast condition. The bulker draft 
was 50.91 ft for outbound transits. As previously stated, both the ULCV 
and bulker presently transit the existing channels at a lesser draft.  

One transit for each full harbor scenario was completed each week, 
resulting in three runs of each scenario for the study. Each pilot did not 
complete the full transit. Both VPA pilots were on the bridge for each of 
the full harbor simulations, so it became somewhat of a dual effort.  

Because the runs are long, the track plots are not only presented on one 
full track but also are broken down into smaller insets. The insets allow the 
data to be plotted at a larger scale for improved visibility. Scenarios will be 
presented in the direction of the transits. Inbound simulations begin near 
the east end of TSC and progress inward. Outbound simulations begin in 
the channel, with the ships heading outbound. 

The channel lines are shown as dashes on each plate. In areas where no 
channel line is shown on the NOAA charts, no channel line is shown on the 
plates. There is naturally deep water in those areas. However, there are 
areas where there is a defined federal channel with naturally deep water 
outside the channel limits. It is common practice today for the pilots to 
take advantage of the naturally deep water, which may extend beyond the 
defined federal channel. Continued use of these unmaintained areas will 
need to be reevaluated by the pilots for deeper drafting vessels. During 

                                                                 
1 As discussed previously, the resultant difference between the simulator and design draft of 

approximately 2 in. does not alter the conclusions of the effort. 
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testing for this navigation study, many of the simulation runs between the 
TSC and the docks made use of the deeper water in the vicinity of the 
Norfolk Harbor Entrance Channel (NHEC). To assist in evaluating the 
usage of the ships maneuvering ability during these runs, a separate series 
of figures were developed in addition to the track plots.  

These figures contain data for the NHEC only. They contain the tracks for 
runs conducted under the same conditions of current and wind. The 
figures also include plots of rudder angle and engine speed in revolutions 
per minute (RPM). The track plots are at 30 sec intervals. The rudder and 
engine data are plotted at 1 sec intervals. The rudder and engine data are 
plotted versus distance traveled once the ship entered the NHEC. This 
gives a good comparison of maneuvering required when compared with 
the position of vessel in the track plot. However, because there is a turn in 
the NHEC and the ships did not travel in a straight line, it should not be 
considered as an exact correlation between ship track position and 
maneuverability.  

Rudder and engine speed are considered indicators of maneuverability 
being applied to the ship. The more rudder angle that is applied, the quicker 
the pilot is trying to get the ship to respond. Note that many pilots apply full 
rudder angle in short bursts to start the vessel swinging. This is not an 
indication that full maneuvering ability is being utilized. Engine speed is 
also a factor since increasing the engine RPM will increase the water flow 
past the rudder, this increases the rudder’s ability to turn the ship. Pilots 
refer to having to use all their ship’s maneuverability as being “hooked up 
and hard over.” Being hooked up and hard over for a sustained period 
indicates that the pilots have no maneuverability in reserve if it is needed. 

Inbound Kalina scenarios 

The composite plot of the inbound Kalina at ebb tide is shown in Plates 5, 
6, 7, 8, and 9. The runs shown in the track plots are numbers 2, 84, and 
120. The wind was 25 knots from the southwest. The transits of the TSC 
are shown in Plates 6 and 7. Plate 8 (Inset 3) contains the passage through 
NHER. Figure 12 shows the rudder and engine for Runs 2, 84, and 120 
NHER. Data for the inbound ship read from right to left. Run 120 was the 
only ship to use full engine speed or full rudder. Note that the hard-
to-starboard rudder was a quick response to stop the ship from turning 
after an approximately 25 degrees port rudder command. Runs 2 and 84 
left the authorized channel to take advantage of deep water. Run 120 did 
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not leave the authorized channel at any time. Moderate rudder angles and 
engine speeds indicate the inbound Kalina’s transit at ebb tide was well 
within its full available maneuverability. Plate 9 shows the runs from 
Inset 3, Norfolk Harbor Reach and Craney Island Reach. The runs in these 
two reaches were completed without any issues. 

Figure 12. Maneuverability plot, inbound Kalina with ebb tide. 

 

The composite plot of the inbound Kalina at flood tide is shown in Plates 
10, 11, 12, 13, and 14. The corresponding run numbers are 1, 83, and 119. 
The wind was 25 knots from the northeast. The transits of the TSC are 
shown in Plates 11 and 12. One ship crossed the channel line between buoy 
R “14” and R “16” (Plate 12) where the water is naturally deep. Plate 13 
contains the Inset 3 tracks of the NHER. Two of the ships left the 
authorized channel limits to take advantage of the naturally deep water. 
Figure 13 shows the rudder and engine for Runs 1, 83, and 119 as the 
Kalina transited inbound with flood tide. Throughout all of the runs, each 
transit required only moderate rudder angles and engine speeds. The 
tracks of all three ships are very smooth and none show sudden swerves 
that could indicate an attempt to change course. Moderate rudder angles 
and engine speeds indicate the inbound Kalina’s transit at flood tide was 
well within its full available maneuverability. All three ships completed the 
exercise as shown in Plate 14.  
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Figure 6. Maneuverability plot, inbound Kalina with flood tide. 

 

Outbound Kalina scenarios 

The composite plot of the outbound Kalina at ebb tide is shown in Plates 
15, 16, 17, and 18. The runs shown in the track plots are run numbers 4, 5, 
86, and 122. Note that Run 5 is a continuation of Run 4. The wind was 
25 knots from the southwest. These runs will be discussed as they head 
outbound. Note that the order of the insets has been reversed. Plate 15 
contains the complete runs. The start of the outbound run is shown in 
Plate 16 (Inset 1). All three vessels remained near the channel centerline. 
Plate 17 contains the NHER plots. One ship Run 4 swung farther north 
and ran aground just past buoy G “3.” The run was aborted and restarted 
in the northern end of the Elizabeth River as Run 5. All runs, excluding 
Run 5, remained within the channel limits of NHER. Figure 14 shows the 
rudder and engine for Runs 4, 86, and 122 as the Kalina transited 
outbound with ebb tide. Run 122 was hard to port for approximately 
40 sec while full ahead in the naturally deep area west of buoy R “22.” This 
was done to start a turn and does not indicate a problem with reserve 
maneuverability. Examination of rudder angle and engine speed plots 
indicates that none of the outbound Kalina’s transiting at flood tide 
required the ship’s full maneuverability to remain in the channel. The 
ships’ partial transits of TSC are shown in Plate 18. The exercises were 
stopped just before the CBBT. The pilots were not having trouble 
remaining in the 1,000 ft TSC, so the exercises were ended before they 
entered the 1,300 ft wide TSC.  
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Figure 7. Maneuverability plot, outbound Kalina with ebb tide. 

 

The composite plot of the outbound Kalina at flood tide is shown in Plates 
19, 20, 21, and 22. The runs shown in the track plots are numbers 3, 85, 
and 121. The wind was 25 knots from the northeast. The complete track 
plots for this scenario are shown in Plate 19. The outbound runs end just 
west of the CBBT for the same reasons as the outbound ebb runs. Plate 20 
contains the track plots for Inset 1. The ships tended to stay on the west 
side of the Craney Island Reach. The ships immediately were set to the 
west and carried a 5-degree crab angle very quickly after the start of the 
run. This was most likely caused by the wind. All three runs transited the 
NHER within the channel limits (Plate 21). Figure 15 shows the rudder and 
engine for Runs 3, 85, and. None of the runs used more than 25 degrees of 
rudder. Examination of the figure indicates that all three runs remained in 
the channel and that none required the ship’s full maneuverability to do 
so. Plate 22 contains the track plots for Inset 3. One ship left the channel 
by approximately 25 ft as it approached buoy G “11.” This was caused by an 
anomaly in the harbor database.  
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Figure 8. Maneuverability plot, outbound Kalina with flood tide. 

 

Outbound bulker from Lamberts Point Coal Terminal (LPCT) 

The composite plot for the entire transit of three bulker simulations, 
outbound from the LPCT is shown in Plate 23. The insets are shown in 
Plates 24, 25, and 26. The runs shown are numbers 20, 87, and 123. These 
are the only simulations conducted from the terminal to the CBBT. 
Inbound colliers are in ballast and reflect no change from present day 
operation; therefore, they were not simulated. The outbound simulations 
were conducted at flood current to replicate present-day operation. 
Presently, fully loaded (48 ft to 50 ft draft) ships sail from LPCT early in 
the flood tide. This is done so they will have high water in the AOC. The 
simulations were stopped at the CBBT. The pilots felt they had completed 
enough of the TSC to evaluate the scenario. Also, west of the CBBT the TSC 
is 1,000 ft wide. The improved TSC (Meeting Area 2) widens to 1300 ft 
east of the CBBT. Thus, the portion of the TSC west of the CBBT is more 
difficult and was the focus of the simulation effort for the bulker. Wind for 
the simulations was 25 knots from the north. However, the wind has 
minimal effect upon the loaded colliers. None of the runs left the 
authorized channel at any point in the transits. Figure 16 shows the rudder 
and engine for Runs 20, 87, and 123 as the bulker transited outbound with 
flood tide. None of the runs used more than 20 degrees of rudder. 
Examination of the figure indicates that all three runs remained in the 
channel and that none required the ship’s full maneuverability to do so. 
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Figure 9. Maneuverability plot, outbound bulker with flood tide. 

 

Outbound bulker from Kinder Morgan Bulk Terminal 

The composite plot for the entire transit of three bulker simulations, 
outbound from the Kinder Morgan Bulk Terminal, is shown in Plate 27. 
The runs shown are numbers 20, 87, and 123. The exercises were 
conducted with flood tide and 25 knots of wind from the north. These are 
the only simulations conducted from the terminal to the CBBT for the 
same reason already discussed for colliers outbound from the LPCT. The 
simulations were ended after the ships entered Norfolk Harbor Entrance 
Reach. At that point, the exercises became redundant with those outbound 
from LPCT. All three transits followed similar paths, staying to the 
southern side of the Newport News Channel. The simulations for the fully 
loaded bulkers indicated little effect from the wind.  

A maneuverability plot is not furnished because these scenarios did not 
transit the NHEC. 

Meeting scenarios in Meeting Area 2 

Results from the two-way traffic simulations are presented as track plots 
and a summary table for each condition tested. The tables present data 
taken from the processed output files in CADD software when ships were 
abeam of each other. These are not data recorded during run time by the 
simulator operator. Although the track plots are shown at 30 sec intervals, 
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1 sec interval data were used to determine when the ships were abeam of 
each other. The bank distance is the closest point from ship’s starboard 
side to the channel limit. Ship/Ship is the closest point between the two 
ships. The indicated speed is at point of meeting. 

Table 7 presents ship speed over ground data for the one-way runs 
previously discussed. These data are presented for comparison with the 
speed data for the meeting scenarios. The speed for the inbound ships is 
taken approximately between buoys R “6” and G “5.” The one-way 
outbound runs did not pass the CBBT into Meeting Area 2. Therefore, the 
speed data are taken approximately between buoys R “10” and G”9.” One 
of the three Kalina outbound runs conducted with ebb tide ended just 
after turning onto TSC. 

Table 7. One-way run speed data for TSC. 

Run Ship Heading Current Speed (knots) 

1 Kalina Inbound Flood 11.8 

83 Kalina Inbound Flood 11.7 

119 Kalina Inbound Flood 9.6 

2 Kalina Inbound Ebb 9.1 

84 Kalina Inbound Ebb 9.1 

120 Kalina Inbound Ebb 7.5 

3 Kalina Outbound Flood 9.4 

85 Kalina Outbound Flood 8.9 

121 Kalina Outbound Flood 7.2 

86 Kalina Outbound Ebb 10.8 

122 Kalina Outbound Ebb 9.0 

20 Bulker Outbound Flood 8.2 

87 Bulker Outbound Flood 7.3 

123 Bulker Outbound Flood 7.3 

The tidal currents for Meeting Area 2 simulations were parallel to the 
channel. The magnitude for ebb currents was approximately 1 knot. The 
magnitude for the flood currents was slightly higher, approximately 
1.3 knots. 

Icons from the 1 sec data processing were added to the 30 sec track plots. 
These icons are solid and show the exact moment when the ships were 
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abeam. An inset scaled to two times the original is included and annotated 
with the measurements. Also, additional relevant clearances between the 
two ships and between each ship and bank are included in this report’s 
discussion of each simulation exercise.  

Results from the two-way simulations for Meeting Area 2 are presented 
grouped by scenario. Scenarios differ by ship type, current, and wind.  

Inbound Kalina meeting two outbound Kalinas, ebb tide with wind from the 
south 

Plates 28 – 33 contain the track plots for an inbound Kalina meeting two 
outbound Kalina with ebb tide and 25 knots of wind from the south. The 
results are summarized in Table 8 at the end of this section. 

Plate 28 contains the track plots for Run 7. The ships successfully met, and 
interaction for both meetings was manageable by the pilots. 

Results from Run 15 are shown in Plate 29. The ships successfully met, 
and interaction for both meetings was manageable by the pilots. 

The track plots for Run 66 are shown in Plate 30. The ships successfully 
met, and interaction for both meetings was manageable by the pilots. 

Plate 31 contains the track plots for Run 72. The ships successfully met, 
and interaction for both meetings was manageable by the pilots. 

The results of Run 126 are shown in Plate 32. The ships successfully met, 
and interaction for both meetings was manageable by the pilots. 

Plate 33 contains the track plots from Run 132. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.  
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Table 8. Meeting results for Plates 29 – 33. One inbound Kalina meeting two outbound 
Kalinas. Ebb tide with 25 knots of wind from the south. Clear visibility. 

Plate Run 
 First Meeting Second Meeting 

Ship Ship/Bank Ship/Ship Speed Ship/Bank Ship/Ship Speed 

28 7 

Kalina 1 Out 284 
350 

11.6 k    

Kalina In 239 9.2 k 211 
258 

8.8 k 

Kalina 2 Out    349 8.6 k 

29 15 

Kalina 1 Out 267 ft 
349 

13.2 k    

Kalina In 276 ft 10.1 k 226 
360 

11.3 k 

Kalina 2 Out    314 10.1 k 

30 66 

Kalina 1 Out 221 
451 

13.1 k    

Kalina In 215 11.6 k 218 
427 

11.1 k 

Kalina 2 Out    273 12.5 k 

31 72 

Kalina 1 Out 137 
489 

11.4 k    

Kalina In 187 11.5 k 134 
551 

11.8 k 

Kalina 2 Out    210 11.3 k 

32 126 

Kalina 1 Out 175 
515 

10.1    

Kalina In 186 8.8 k 190 
482 

8.9 k 

Kalina 2 Out    163 11.0 k 

33 132 

Kalina 1 Out 246 
417 

13.1 k    

Kalina In 216 10.3 k 276 
454 

10.0 k 

Kalina 2 Out    183 9.9 k 

Inbound Kalina meeting two outbound Kalinas, flood tide with wind from 
the south 

Plates 34 – 39 contain the track plots for an inbound Kalina meeting two 
outbound Kalina with ebb tide and 25 knots of wind from the south. The 
results are summarized in Table 9 at the end of this section. 

The track plot for Run 6 is presented in Plate 34. The ships successfully 
met, and interaction for both meetings was manageable by the pilots. 

The results from the Run 12 exercise are shown in Plate 35. The first pair 
of ships met successfully. While the interaction was managed by the pilots, 
the inbound ship was set to the north and was at the northern channel 
edge when it met the second ship.  
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Plate 36 contains the track plot for Run 65. The ships successfully met, 
and interaction for both meetings was manageable by the pilots. The 
inbound ship came within 21 ft of the channel edge after meeting the 
second outbound ship. 

The track plot for Run 71 is presented in Plate 37. The ships successfully 
met, and interaction for both meetings was manageable by the pilots. The 
first outbound ship came to within 55 ft of the channel edge after meeting 
the inbound vessel.  

The Run 125 track plot is shown in Plate 38. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.  

Plate 39 contains the track plot of Run 131. The ships successfully met and, 
interaction for both meetings was manageable by the pilots.  

Table 9. Meeting Results for Plates 34 – 39. One inbound Kalina meeting two outbound 
Kalinas. Flood tide with 25 knots of wind from the south. Clear visibility. 

Plate Run 
 First Meeting Second Meeting 

Ship Ship/Bank Ship/Ship Speed Ship/Bank Ship/Ship Speed 

34 6 

Kalina 1 Out 253 
430 

10.0 k    

Kalina In 273 11.5 k 254 
381 

11.0 k 

Kalina 2 Out    339 7.3 k 

35 12 

Kalina 1 Out 264 
420 

11.2 k    

Kalina In 258 11.2 k 33 
475 

12.7 k 

Kalina 2 Out    320 10.3 k 

36 65 

Kalina 1 Out 244 
478 

10.9 k    

Kalina In 198 13.1 k 120 
504 

12.6 k 

Kalina 2 Out    213 9.4 k 

37 71 

Kalina 1 Out 173 
440 

10.7 k    

Kalina In 296 14.3 k 253 
477 

13.9 k 

Kalina 2 Out    186 10.3 k 

38 125 

Kalina 1 Out 211 
510 

10.0 k    

Kalina In 150 10.2 k 169 
503 

10.2 k 

Kalina 2 Out    208 8.4k 

39 131 

Kalina 1 Out 186 
492 

10.6 k    

Kalina In 188 12.3 k 231 
427 

12.0 k 

Kalina 2 Out    255  
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Inbound Kalina meeting two outbound Kalinas in foggy conditions with 
flood tide and wind from the south 

Plates 40 – 45 contain the track plots for an inbound Kalina meeting two 
outbound Kalina in fog with flood tide and 10 knots of wind from the 
south. The fog runs were conducted with half-mile visibility. This 
compares with clear visibility considered to be 5 miles. The results are 
summarized in Table 10 at the end of this section. 

The track plots from Run 19 are shown in Plate 40. After the first meeting, 
the outbound pilot was able to manage the interaction. However, the 
inbound ship was set strongly to the north followed by an extreme turn to 
port. The turn was so severe that the second meeting is omitted from 
further analysis. The pilots did not document how they would change their 
approach to this scenario. However, the pilots repeated the scenario after 
swapping positions from inbound to outbound. That run was successful 
and is discussed in the following paragraph. 

Plate 41 contains the results from Run 11. The ships successfully met, and 
interaction for both meetings was manageable by the pilots. 

The results from Run 70 are presented in Plate 42. The ships successfully 
met, and interaction for both meetings was manageable by the pilots. 
However, as the first outbound ship approached the inbound ship, it 
maneuvered to the south side of the channel, coming to within 27 ft of the 
channel edge.  

Plate 43 contains the results from Run 76. The ships successfully met, and 
interaction for both meetings was manageable by the pilots. However, the 
inbound ship moved to the far north side of the channel to meet the first 
outbound ship and left the channel by approximately 17 ft after the 
meeting.  

Plate 44 contains the track plots for Run 130. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.  

The track plot for Run 136 is shown in Plate 45. The ships successfully 
met, and interaction for both meetings was manageable by the pilots.  
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Table 10. Meeting Results for Plates 40 – 45. One inbound Kalina meeting two outbound 
Kalinas. Flood tide with 10 knots of wind from the south. Foggy. 

Plate Run 
 First Meeting Second Meeting 

Ship Ship/Bank Ship/Ship Speed Ship/Bank Ship/Ship Speed 

40 19 

Kalina 1 Out 238 
318 

10.8 k    

Kalina In 356 10.9 k  
 

 

Kalina 2 Out      

41 11 

Kalina 1 Out 296 
300 

8.5 k    

Kalina In 241 11.5 k 306 
437 

10.7 k 

Kalina 2 Out    196 10.6 k 

42 70 

Kalina 1 Out 136 
498 

11.6 k    

Kalina In 261 12.2 k 266 
409 

12.1 k 

Kalina 2 Out    208 9.9 k 

43 76 

Kalina 1 Out 237 
603 

9.9 k    

Kalina In 63 14.0 k 138 
519 

14.1 k 

Kalina 2 Out    283 10.5 k 

44 130 

Kalina 1 Out 180 
569 

11.4 k    

Kalina In 168 11.5 k 283 
505 

11.1 k 

Kalina 2 Out    256 10.6 k 

45 136 

Kalina 1 Out 177 
566 

10.6 k    

Kalina In 146 14.5 k 268 
552 

14.2 k 

Kalina 2 Out    166 11.0 k 

Inbound Kalina meeting two outbound bulkers with flood tide and wind 
from the north 

Plates 46 – 51 contain the track plots for an inbound Kalina meeting two 
outbound bulkers in flood tide and 25 knots of wind from the north. The 
results are summarized in Table 11 at the end of this section.  

The track plot for Run 10 is shown in Plate 46. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.  

Plate 47 contains the track plot for Run 18. The ships successfully met, and 
interaction for both meetings was manageable by the pilots.  
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Plate 48 contains the track plots for Run 69. The ships successfully met, 
and interaction for both meetings was manageable by the pilots1.  

Plate 49 contains the track plots for Run 75. The ships successfully met, 
and interaction for both meetings was manageable by the pilots. However, 
the first outbound bulker came within 40 ft of the channel edge after 
meeting the inbound vessel.  

The results of Run 129 are shown in Plate 50. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.  

Plate 51 presents the track plot for Run 135. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.  

Table 11. Meeting Results for Plates 46 – 51. One inbound Kalina meeting two outbound 
Bulkers. Flood tide with 25 knots of wind from the north. Clear visibility. 

Plate Run 
 First Meeting Second Meeting 

Ship Ship/Bank Ship/Ship Speed Ship/Bank Ship/Ship Speed 

46 10 

Bulker 1 Out 231 
461 

7.6 k    

Kalina In 217 10.5 k 179 
502 

10.2 k 

Bulker 2 Out    239 7.6 k 

47 18 

Bulker 1 Out 262 
382 

7.5 k    

Kalina In 254 13.6 k 255 
415 

11.3 k 

Bulker 2 Out    210 6.9 k 

48 69 

Bulker 1 Out 154 
535 

8.0 k    

Kalina In 231 13.1 k 193 
500 

12.2 k 

Bulker 2 Out    161 7.6 k 

49 75 

Bulker 1 Out 202 
410 

7.6 k    

Kalina In 295 13.0 k 188 
394 

13.2 k 

Bulker 2 Out    235 7.5 k 

50 129 

Bulker 1 Out 182 
496 

7.9    

Kalina In 239 11.2 k 196 
524 

10.7 k 

Bulker 2 Out    187  

51 135 

Bulker 1 Out 209 
559 

7.7 k    

Kalina In 158 13.7 k 210 
526 

13.7 k 

Bulker 2 Out    206 7.8 k 

                                                                 
1 Track data show the first outbound bulker ran aground approximately 2,300 ft after the meeting the 

inbound containership. This was due to an inadvertent continuation of the simulation after the pilot 
had left the bridge and is not indicative of the channel design. 
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Outbound Kalina meeting two inbound Kalinas, ebb tide with wind from the 
north 

Plates 52 – 57 contain the track plots for an outbound Kalina meeting two 
inbound Kalinas with ebb tide and 25 knots of wind from the north. The 
results are summarized in Table 12 at the end of this section. 

The track plots for Run 9 are shown in Plate 52. The ships successfully 
met, and interaction for both meetings was manageable by the pilots.  

Plate 53 contains the track plots for Run 17. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.  

The track plots for Run 68 are shown in Plate 54. The ships successfully 
met, and interaction for both meetings was manageable by the pilots.  

Plate 55 contains the track plots for Run 74. The outbound ship met the 
first inbound ship near buoy R “4.” The outbound ship pilot recovered and 
was able to successfully meet the second inbound ship. However, the first 
inbound ship left the channel by nearly 20 ft on the north side before 
returning to center of the channel. 

Plate 56 contains the track plots for Run 128. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.  

Plate 57 contains the track plots for Run 134. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.   
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Table 12. Meeting Results for Plates 52 – 57. One outbound Kalina meeting two inbound 
Kalinas. Ebb tide with 25 knots of wind from the north. Clear visibility. 

Plate Run 
 First Meeting Second Meeting 

Ship Ship/Bank Ship/Ship Speed Ship/Bank Ship/Ship Speed 

52 9 

Kalina 1 In 247 
383 

8.7 k    

Kalina Out 295 11.0 k 240 
446 

11.5 k 

Kalina 2 In    226 8.6 k 

53 17 

Kalina 1 In 323 
318 

10.6 k    

Kalina Out 285 12.5 k 344 
371 

9.2 k 

Kalina 2 In    190 13.1 k 

54 68 

Kalina 1 In 289 
429 

11.6 k    

Kalina Out 191 12.2 k 241 
447 

13.9 k 

Kalina 2 In    143 7.9 k 

55 74 

Kalina 1 In 174 
347 

11.0 k    

Kalina Out 378 13.9 k 274 
434 

13.1 k 

Kalina 2 In    208 9.4 k 

56 128 

Kalina 1 In 210 
521 

9.2 k    

Kalina Out 200 10.8 k 269 
497 

10.7 k 

Kalina 2 In    114 8.1 k 

57 134 

Kalina 1 In 229 
552 

11.6 k    

Kalina Out 119 10.8 k 210 
540 

13.6 k 

Kalina 2 In    158 10.4 k 

Outbound Kalina meeting two inbound Kalinas, flood tide with wind from 
the north 

Plates 58 – 63 contain the track plots for an outbound Kalina meeting two 
inbound Kalinas with flood tide and 25 knots of wind from the north. The 
results are summarized in Table 13 at the end of this section. 

The track plots for Run 8 are presented in Plate 58. The ships successfully 
met, and interaction for both meetings was manageable by the pilots.  

Plate 59 contains the track plots for Run 16. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.  
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The track plot for Run 67 is shown in Plate 60. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.  

Plate 61 contains the track plots for Run 73. The ships successfully met, 
and interaction for both meetings was manageable by the pilots. However, 
after meeting the first ship, the outbound ship stayed on the southern edge 
of the channel, leaving the channel by over 5 ft.  

The track plots for run 127 are presented in Plate 62. The ships success-
fully met, and interaction for both meetings was manageable by the pilots.  

Plate 63 contains the track plots for Run 133. The ships successfully met, 
and interaction for both meetings was manageable by the pilots.  

Table 13. Meeting Results for Plates 58 – 63. One outbound Kalina meeting two inbound 
Kalinas. Flood tide with 25 knots of wind from the north. Clear visibility. 

Plate Run 
 First Meeting Second Meeting 

Ship Ship/Bank Ship/Ship Speed Ship/Bank Ship/Ship Speed 

58 8 

Kalina 1 In 267 
393 

11.1 k    

Kalina Out 185 10.2 k 101 
347 

10.9 k 

Kalina 2 In    380 9.9 k 

59 16 

Kalina 1 In 218 
365 

12.2 k    

Kalina Out 254 10.2 k 206 
361 

10.6 k 

Kalina 2 In    272 11.6 k 

60 67 

Kalina 1 In 181 
459 

13.5 k    

Kalina Out 180 11.7 k 175 
416 

11.4 k 

Kalina 2 In    174 10.2 k 

61 73 

Kalina 1 In 281 
478 

13.4 k    

Kalina Out 132 11.6 k 63 
413 

12.2 k 

Kalina 2 In    339 10.8 k 

62 127 

Kalina 1 In 173 
543 

10.1 k    

Kalina Out 181 11.6 k 166 
563 

8.3 k 

Kalina 2 In    169 11.1 k 

63 133 

Kalina 1 In 222 
506 

13.7 k    

Kalina Out 140 10.8 k 179 
435 

11.4 k 

Kalina 2 In    256 11.0 
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5 Conclusions  

Atlantic Ocean Channel. The AOC was simulated in the same manner 
it operates in real life. All simulations were conducted with a master 
mariner, rather than a VPA pilot conning the ship. Based upon an analysis 
of the data and observations during the simulations, the NED plan to 
deepen the AOC and allow deeper-drafted ships to transit should operate 
as expected. 

Harbor Deepening from TSC to terminals. Simulations of the 
deeper-drafted vessels transiting the area between the terminals through 
or mostly through the TSC show areas where the pilots deliberately 
maneuvered their ships from the authorized channel to take advantage of 
naturally deep water. This is standard operating practice today in Norfolk 
Harbor but will be reevaluated by the pilots as the channels are modified 
to accommodate deeper drafting vessels.  

Eight of the twelve simulations of the Kalina transiting the Norfolk Harbor 
Entrance Reach did so without straying outside the channel. All three 
bulkers transiting outbound through the Norfolk Harbor Entrance 
Channel remained in the channel.  

Plots of ship maneuverability were included for all the transits of NHER. 
These plots documented the use of rudder and engine speed as the ship 
maneuvered along the NHER. These figures indicated that the pilots had a 
significant amount of ship maneuverability available to use if required. 

None of the pilots expressed any concern with bringing the deeper-drafted 
ships through this reach in real life. They simply operated the way they do 
presently, intentionally using the naturally deep water. As previously 
stated, both the bulker and containership presently call at Norfolk Harbor 
on a regular basis at a lighter draft. They do not presently have problems 
with these ships.  

Based upon an analysis of the data and observations during the 
simulations, the NED plan to deepen and widen the harbor channels 
should operate as expected and will allow deeper drafted ships to access 
Hampton Roads marine terminals. 
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Meeting Area 2. The majority of the simulation effort focused on 
Meeting Area 2. Thirty-six simulations were conducted in Meeting Area 2. 
Each simulation had 2 meetings, so a total of 72 actual meetings were 
included in the program. The minimum ship-to-ship clearance recorded 
during these runs was 258 ft (Plate 28). The next smallest clearance was 
300 ft (Plate 41).  

The pilots felt that ship-to-ship interaction on the simulator was not what 
they would expect in real life when the ULCVs meet other ULCVs or large 
bulkers. The interaction forces did not seem to be as sensitive to the 
distance between the ships as the pilots expected. The interaction did seem 
to be somewhat sensitive to the vessels’ speeds. In general, the pilots 
operated their ownships somewhat faster for the Meeting Area 2 
simulation than for the one-way transits. The maximum speeds as 
recorded in Table 7 were all less than 12 knots for one-way traffic. Only 
three ships were recorded going faster than 10 knots. For the meetings 
conducted during simulation of Meeting Area 2, 30 ships were traveling at 
12 knots or faster. 

Despite their concerns regarding the interaction, the pilots indicated that 
the simulations of Meeting Area 2 provided sufficient data to extrapolate 
how the ships will handle in the proposed condition. 

In the pilots’ final questionnaire, the consensus was that Meeting Area 2 
would function as designed. One pilot stated that the interaction made him 
feel uncomfortable at speeds at which they normally pass today. However, 
they do not pass ships this large. These are presently restricted to one-way 
traffic. 

Based upon the pilots’ ability to evaluate the future channel based upon 
their simulator experience, the 1,300 ft wide Meeting Area 2 should 
function as expected. 
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Appendix B: Moffet & Nichol Hydrodynamic 
Memorandum 

 

 



2780 Lighthouse Point East, Suite D 
Baltimore, MD 21224 

(410) 563-7300
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Norfolk Harbor Navigation Improvements Preconstruction Engineering and Design 
M&N Project No. 10253 

Memorandum 

To: ERDC and Virginia Port Authority 

From: Gwen Lawrence 
Eric Smith, PE 

Date: January 2019 

Subject: VIMS Model Refinements for Norfolk Ship Simulations 

Project: Norfolk Harbor Navigation Improvements Preconstruction Engineering 
and Design 

This memorandum documents further analysis completed by Moffatt & Nichol to compare 
the two hydrodynamic models discussed in detail in “Further Study of Channel Deepening 
in Lower Chesapeake Bay to Support Ship Simulations” (Zhang et al., 2018).  

The Virginia Institute of Marine Science (VIMS) had originally developed a 3D 
unstructured-grid hydrodynamic model SCHISM (Zhang et al., 2017) to investigate the 
impact of channel dredging on the hydrodynamics in the lower Chesapeake Bay area. This 
grid model had resolution up to 15 m. Since competition of this model the channel 
deepening project proposed in the Thimble Shoals, Norfolk Harbor and the Elizabeth River 
Channels has been modified to include a meeting area east of the Chesapeake Bay Bridge 
Tunnel, known as Meeting Area #2. Additionally, to validate the channel dredging project 
geometry there was the need to perform ship simulations which required a depth-averaged 
flow field. There were concerns regarding the resolution of the original hydrodynamic 
model for the ship simulation effort. As a result, the SCHISM model was updated with 
higher grid resolution in the navigation channel from the Atlantic Ocean through Norfolk 
to Newport News. The grid resolution was increased 2 times in the longitudinal and 3-4 
times in the lateral directions. Further information on the grid refinement can be found in 
“Further Study of Channel Deepening in Lower Chesapeake Bay to Support Ship 
Simulations” (Zhang et al., 2018). 

The ship simulation study was performed using the original model grid resolution since the 
refined hydrodynamic results were not available at the time of the study. Therefore, to 
address the concerns a thorough comparison between the original model and the higher 
resolution model has been completed by VIMS to show that the depth-averaged velocities 
did not significantly change with the higher grid resolution or the addition of Meeting Area 
#2 (Zhang et al., 2018). Moffatt & Nichol perform further analysis to compare the two 
hydrodynamic models to show that the depth-average velocities used for the ship 
simulation study did not significantly change. 
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For the ship simulation study a two-dimensional time-varying current field from the 
original hydrodynamic model was used to drive the currents. A representative 24-hour 
period during a typical spring tide was identified. For each simulation, a time point is 
selected from the time-varying current field to represent the current field at the start of the 
simulation, and the currents are updated in the model in real time starting from the initial 
current field. For the majority of the vessel simulations the current field was initiated at 
either peak flood (14:00) or peak ebb (20:00) tidal currents. As a result, this analysis will 
focus on the model output hourly from 14:00 to 24:00. The longest vessel simulation took 
approximately 3 hours. 

To evaluate the difference in current magnitudes between the original model and the higher 
resolution model heat maps were created. To compose the heat maps a surface was created 
for each grid and then each surface was interpolated to the same points to allow a difference 
to be determine from the two models. The difference in current magnitude between the 
original grid and higher resolution grid are shown every two hours for the time period of 
interest in Figure 1. Current Velocity Difference between the Higher Resolution Grid and 
the Original Grid at 14:00.Figure 1 to Figure 6. A positive difference shows when the 
higher resolution grid shows higher current magnitudes than the original grid. Additionally, 
two area insets, Figure 7, for the peak flood and peak ebb currents are shown in Figure 8 
to Figure 11. From these plots the majority of the difference between the two grids resulted 
in a current magnitude difference of less than 0.2 knots. The one exception was in the 
Newport News Channel where differences of approximately 0.5 knots were calculated 
between the two grids. However, it should be noted that this difference was calculated for 
timesteps 20:00 to 24:00 during the ebb current conditions. Simulations in the Newport 
News Channel were only performed during the flood current condition. There is one small 
area adjacent to anchorages, I-1 and I-2, in the Newport News Channel that had differences 
of approximately 0.35 knots during the flood current condition. However, at this location 
the coal colliers would be under tug power as it approached the Kinder Morgan and 
Dominion Coal Terminals. The typical current magnitude in the vicinity of anchorages was 
approximately 0.6 to 0.8 knots. 

The difference in current direction between the original model and the higher resolution 
model was evaluated for the peak flood and peak ebb currents by vector plots. To create 
the vector plots a surface was created for each grid and then each surface was interpolated 
to the sane points to allow comparison at the same point. The vector maps for the two 
insets, Figure 7, for peak flood and peak ebb are shown in Figure 12 to Figure 15. The 
vector length was normalized such that all the vectors are the same length as these plots 
were solely intended to compare current direction and not magnitude. On the vector plots 
it is hard to see the red arrows showing the original grid because the vectors from the two 
grids have negligible to no difference. There is noticeable difference between the two grid 
vectors during the flood currents near the Kinder Morgan Terminal. However, these 
currents are well outside the channel where the ship simulations were performed. 

Overall, the difference between the two hydrodynamic model resolutions was negligible 
for the currents used for the ship simulations. Therefore, no additional simulations need to 
be performed with the higher resolution current database at this time. 
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Figure 1. Current Velocity Difference between the Higher Resolution Grid and the Original Grid at 14:00.
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Figure 2. Current Velocity Difference between the Higher Resolution Grid and the Original Grid at 16:00.
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Figure 3. Current Velocity Difference between the Higher Resolution Grid and the Original Grid at 18:00.
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Figure 4. Current Velocity Difference between the Higher Resolution Grid and the Original Grid at 20:00.
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Figure 5. Current Velocity Difference between the Higher Resolution Grid and the Original Grid at 22:00.
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Figure 6. Current Velocity Difference between the Higher Resolution Grid and the Original Grid at 00:00. 
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Figure 7. Inset Map Figure. 
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Figure 8. Current Velocity Difference between the Higher Resolution Grid and the Original Grid in Meeting Area #2 during 
Flood Current. 
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Figure 9. Current Velocity Difference between the Higher Resolution Grid and the Original Grid in Meeting Area #2 during 
Ebb Current. 
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Figure 10. Current Velocity Difference between the Higher Resolution Grid and the Original Grid in Newport News Channel 
during Flood Current. 
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Figure 11. Current Velocity Difference between the Higher Resolution Grid and the Original Grid in Newport News Channel 
during Ebb Current. 
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Figure 12. Current Direction Vectors for the Original Grid and High Resolution Grid in Meeting Area #2 Interpreted to the 
Same Points for Flood Currents 
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Figure 13. Current Direction Vectors for the Original Grid and High Resolution Grid in Meeting Area #2 Interpreted to the 
Same Points for Ebb Currents. 
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Figure 14. Current Direction Vectors for the Original Grid and High Resolution Grid in Newport News Channel Interpreted 
to the Same Points for Flood Currents. 
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Figure 15. Current Direction Vectors for the Original Grid and High Resolution Grid in Newport News Channel Interpreted 
to the Same Points for Ebb Currents. 
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Appendix C: Vessel Track Plots 
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Appendix D: Final Pilot Questionnaires 
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Appendix E: Pilot Comment Sheets 
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Unit Conversion Table 

Multiply By To Obtain 

degrees (angle) 0.01745329 radians 

feet 0.3048 meters 

horsepower (550 foot-pounds force per second) 745.6999 watts 

knots 0.5144444 meters per second 

miles (U.S. statute) 1,609.347 meters 

square feet 0.09290304 square meters 
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Acronyms and Abbreviations 

AOC Atlantic Ocean Channel 

CADD computer aided design and drafting 

CBBT Chesapeake Bay Bridge Tunnel 

CENAO US Army Engineer District, Norfolk 

CH Cape Henry 

ERDC U.S. Army Engineer Research and Development Center 

ft foot/feet 

GRR General Reevaluation Report 

in. inch/inches 

LPCT Lamberts Point Coal Terminalx 

m meter/meters 

M&N Moffet & Nichol 

MITAGS Maritime Institute of Technical and Graduate Studies 

NED National Economic Development Plan 

NHEC Norfolk Harbor Entrance Channel 

NHER Norfolk Harbor Entrance Reach 

NIT Norfolk Internationl Terminals 

NOAA National Oceanic and Atmospheric Administration 

PED Preconstruction Engineering Design 
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RPM rotations per minute 

SCHISM Semi-implicit Cross-scale Hydroscience Integrated System Model 

sec second/seconds 

SHS Ship Handling Simulators 

TSC Thimble Shoal Channel 

ULCV ultra-large container vessel 

USACE U.S. Army Corps of Engineers 

VIG Virginia International Gateway 

VIMS Virginia Institute of Marine Science 

VPA Virginia Port Authority 
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