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ABSTRACT: The second part of the Prince William Sound Disabled 
Tanker Towing Study was undertaken to evaluate, using computer sim-
ulations, the capability of existing escort vessels in Prince William 
Sound, Alaska, and to examine alternatives that could enhance escort 
and rescue towing capabilities. The study was undertaken by The 
Glosten Associates, Inc., the Maritime Simulation Centre the Nether-
lands, and the Maritime Research Institute Netherlands on behalf of the 
Disabled Tanker Towing Study Group. A brief discussion of the project 
background, methodology, and results is contained herein. 

Tug escort of laden tankers has been a feature of tanker operations in 
Prince William Sound since the opening of Alyeska's Valdez Marine 
Terminal in 1977. The distances and locations where escort is provided 
have varied over the years as have the requirements and outfit of the 
tugs providing the escort service. At the time of the study, laden 
tankers operated in accordance with rules promulgated by the U.S. 
Coast Guard. The Alyeska Pipeline Service Company, through its ship 
escort/response vessel system (SERVS), also established standard op-
erating procedures to ensure compliance with the Prince William 
Sound Tanker Oil Discharge Prevention and Contingency Plan as 
approved by the Alaska Department of Environmental Conservation 
(ADEC). 

The requirements for tug performance in tanker escort are relatively 
new and evolving. Recent studies and international conferences3-5 

have debated the definitions, demands, and requirements of an escort 
tug. New equipment and revised operating practices have been dis-
cussed and proposed as a means of providing enhanced safety in the 
event of a disabling event on a tanker. Also evolving are the regulatory 
requirements governing the transport of oil in ships. The Oil Pollution 
Act of 1990 (OPA 90) is one part of this changing set of rules. State and 
local laws are also affecting the tanker trade. 

In response to these debates and issues the Disabled Tanker Towing 
Study was undertaken for the Disabled Tanker Towing Study Group 
(DTTSG) of Anchorage, Alaska. The study evaluated the capability 
and deployments of the existing escort vessels in Prince William Sound 
in worst-case tanker failure scenarios and examined alternatives that 
might enhance the safe transit of laden tankers. The alternatives 
included both alternate tug types and a parametric study of operating 
practices. The parametric study evaluated variations in vessel transit 
speed, wind and wave conditions, response times for failure recogni-
tion and application of assisting forces, and engine and rudder angle 

failure modes. The alternatives examined were evaluated only on the 
basis of their mathematical ability to enhance safe escort and not with 
respect to the practicality of implementation. Event probabilities asso-
ciated with the worst case scenario or any of the alternate failure modes 
were not determined. 

Computer simulations were performed to evaluate emergency re-
sponse in five distinct Prince William Sound operational areas through 
which a laden tanker passes from the Valdez Marine Terminal to the 
open ocean. The areas modeled are Valdez Narrows, Valdez Arm, 
central Prince William Sound, Hinchinbrook Entrance, and the Gulf 
of Alaska near Seal Rocks and extending into the safety fairway. The 
region is shown in Figure 1. Areas of special interest, Valdez Narrows 
and Hinchinbrook Entrance are shown in Figures 2 and 3, respectively. 

Existing tanker speeds and escort procedures 

Within the 2.5 mile length of Valdez Narrows, traffic is one way and 
the speed of laden tankers is limited to 6 knots. Both of these restric-
tions are contained in U.S. Coast Guard regulations. Normal transit 
time for Valdez Narrows at 6 knots is approximately 30 minutes. 

The ADEC and the USCG captain of the port currently enforce the 
following policy with regard to the number of escorts required in the 
narrows. 

• In winds less than 30 knots, one escort tug and one ERV tug are 
required for laden tankers. 

• In winds greater than 30 knots and less than 40 knots, two escort 
tugs and one ERV tug are required for laden tankers up to 100,000 
dwt, and three escort tugs and one ERV tug are required for laden 
tankers over 100,000 dwt. 

• In winds exceeding 40 knots, the narrows is closed to tanker 
traffic. 

Prior to 1989, tug escort was provided through the narrows and 
tanker speed was not limited beyond that point. Shortly after the 
grounding of the Exxon Valdez, Alyeska's SERVS escort/response 
system was instituted throughout Prince William Sound to 
Hinchinbrook Entrance. Then tanker speed in the sound was limited 
to 10 knots to accommodate the escort vessels, but this speed limit is 
not incorporated into federal or state regulations. 

At 10 knots the trip from the south end of Valdez Narrows to Seal 
Rocks takes approximately 6.5 hours. 
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146Γ 40' 146* 30* 

Figure 1. Prince William Sound, Alaska 

Climatology 

The wind and wave environments in the study area vary from the 
protected waters of Port Valdez to the extremes of the North Pacific in 
the Gulf of Alaska near Hinchinbrook Entrance. In each of the identi-
fied geographic study areas the weather is highly variable from ex-
tended periods of calm to severe gales. There is also a significant 
seasonal dependence. The worst-case wind and wave conditions used 
in the computer modeling are summarized in Table 1. 

Tankers 

Tankers calling in Prince William Sound range in size from 60,000 to 
265,000 dwt. Three representative sizes were chosen for computer 
simulation. They are: 

• 90,000 dwt, represented by the Overseas Ohio, 

• 170,000 dwt, represented by the S/R Benicia, and 
• 265,000 dwt, represented by the ARCO Independence. 

A number of sister ships to each of these vessels have similar maneu-
vering characteristics. 

Table 1. Summary of worst-case wind and wave conditions 

Region 
Valdez Narrows 
Valdez Arm 
Prince William Sound 
Hinchinbrook Entrance 
Gulf of Alaska 

Criteria 
Just above closure 
Closure of Narrows 
25 year storm 
Just above closure 
Closure of entrance 

Wind 
speed 

(knots) 
45 
45 
60 
65 
70 

Wave 
height 
(feet) 

5.8 
8.9 

14.4 
20 
25 
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Figure 2. Valdez Narrows, Prince William Sound, Alaska 

Tfcgs 

At the time of this study 11 tugs provided escort and spill response 
capabilities in Prince William Sound. The tugs are provided by charter 
to Alyeska by Crowley Marine Services, Inc., and Tidewater Marine. 
Five of the vessels are designated as escort response vessels (ERVs). 
They were originally designed as anchor-handling supply tugs. The 
ERVs are fitted to provide emergency pushing and towing assistance 
and are equipped with first response oil containment and recovery 
equipment. The other six vessels provide either docking services at the 
terminal and are assigned to escort through the narrows and Prince 
WilUam Sound as described previously. All of the tugs are numerically 
modeled for computer simulations of tanker assist maneuvers. Four 
other tug types were also analyzed as possible alternatives to the 
current charter fleet for either close quarters escort or emergency 
towing. The alternative vessel types are: 

• 4,000 Bhp vertical axis propeller tractor tug (VSP tractor tug), 
• 7,600 Bhp vertical axis propeller tractor tug (VSP tractor tug), 
• 7,110 Bhp azimuthing propeller (Z-drive) pusher tug (reverse 

tractor), and 

• 168 ton bollard pull deep sea salvage tug. 
The list of tugs modeled is presented in Table 2. 

Table 2. Summary of modeled tugs 

Tug 
Sea Swift class 
Stalwart 
Sea Voyager (twin screw nozzle tug) 
Heritage Service (ERV tug) 
Dr. Jack 
Midsize VSP tractor 
Enhanced VSP tractor 
Z-propeller pusher type tug 
Deep sea salvage tug 

Power 
(Bhp) 
5,750 
7,200 
7,200 
5,750 
7,280 
4,000 
7,600 
7,110 

22,000 

Predicted 
ahead bollard 

(lbs) 
105,000 
148,000 
217,000 
176,000 
132,000 
98,000 

170,000 
110,000 
370,000 
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147* 10' 147 146· 50' 148· 40" 

Figure 3. Hinchinbrook Entrance, Prince William Sound, Alaska 

Disabled tanker scenario 

The study group wanted to investigate a worst-case tanker failure 
scenario, where "worst-case" means placing the highest demand on 
the capabilities of the tug or tugs to prevent a grounding incident. It 
was accepted by the DTTSG that the failure scenario to investigate 
would be a 35° locked rudder failure and simultaneous shutdown or loss 
of the propulsion system upon rudder failure recognition. Thus, once 
rudder failure is identified and the propulsion is stopped, the tanker 
master has no further control of the vessel. The probability of this 
event occurring was not evaluated; however, it is expected to be very 
low. As part of the computer modeling of a disabling scenario, time 
delays for failure recognition, tug notification, and positioning to apply 
force are incorporated. 

failure of the escort system) occurs at the 10 fathom contour. The 
advantage is that the contour is a reasonable choice with respect to 
typical tanker drafts and is easily identifiable on the charts. However, 
in Prince William Sound the 10 fathom contour is generally coincident 
with the shoreline, thus leaving no safety margin for uncertainties in 
the analysis. Thus, an alternative of delineating a red zone into which 
the disabled vessel must not enter, was chosen by DTTSG to define an 
escort system failure. 

The red zones are specifically defined for each of the differing 
geographic areas. They are based on the available maneuvering room 
and the proposed emergency response action (pushing or towing). The 
red zone is always defined as coincident or further offshore than the 10 
fathom contour. Thus, in addition to simplifying the analysis of the 
results, the red zone provides a margin of safety in judging the accep-
tability of alternative deployment scenarios and response maneuvers. 

Red zones Methodology 

To judge the success or failure of an emergency response maneuver, 
the depth at which grounding occurs requires definition. Two ap-
proaches were considered. First, ignoring the variations in tanker 
draft, it was proposed that the onset of grounding (and therefore 

This project uses a time domain computer simulation of the horizon-
tal plane motions of a disabled tanker subject to the environmental 
loads and assist tug forces. The horizontal motions include forward 
displacement, speed, and acceleration (surge motions); transverse 
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displacement, speed, and accelerations (sway motions); and heading, 
turning rate and angular accelerations (yaw motions). The environ-
mental loads include wind forces, wave forces, and current forces. 
Maneuvering coefficients for each of the representative tankers are 
determined for the horizontal plane equations of motion. The force 
capabilities of all the escort and alternative tugs are defined as vectors, 
with magnitude and direction varying with operating mode, speed 
through the water, and sea state. Delays in applying tug forces are 
modeled. 

A matrix of simulation cases was defined so that a comparison of 
safety enhancement could be made. The matrix of cases includes as 
many combinations as possible of tug types, deployments and associ-
ated time delays, geographic locations, and tanker sizes and speeds. 

To account for variations in the time required for failure recognition, 
calling for assistance, and for tug maneuvering and makeup, a Monte 
Carlo type investigation was used. In this way the variability in human 
response to the demands of the emergency are in part evaluated. With 
the Monte Carlo technique, it is possible to define the conditional 
probability of red zone entrance, given the emergency response sce-
nario, the climatology, and the defined disabling event. 

Evaluation of assist tug performance capabilities. Tug effectiveness 
in emergency maneuvers has numerous components, including: 

• force producing capability of the propulsion system, 
• hydrodynamically induced forces on the hull and appendages, 
• stability of the tugs, 
• seakeeping qualities, 
• maneuvering characteristics, 
• point of application of the tug forces on the tanker, 
• time delays associated with standby deployments, 
• time delays for positioning and line handling, 
• time delays associated with escort positions, and 
• deterioration in capability with increasing severity of weather. 
Accurate simulation of tanker tracks with pushing and pulling tugs 

requires a model of tug forces that accurately duplicates the full-scale 
actions of the assisting vessels. Three means of tug force application are 
relevant in this analysis: direct pushing on the tanker hull, either 
alongside or on the transom; towing on a line from the tanker bow; and 
pulling on a line from the tanker stern. 

Although there are many variations in how tugs can be deployed in 
an emergency maneuver, the ones examined were those most likely to 
be used in a time-critical situation where the objective is to prevent a 
grounding given a rudder/engine failure on the tanker. The choice of 
deployment depends on the type of emergency maneuver required, the 
amount of sea room available and the sea state. Untethered and 
tethered tugs were investigated. 

Conventional tug model in pushing assist maneuver. Each of the 
conventional tug types in the escort fleet was modeled to determine the 
maximum steering force (the force perpendicular to the tanker cen-
terline) that each tug can achieve as a function of tanker speed and sea 
state. Simultaneous with maximum steering forces is an associated 
accelerating or braking force that is parallel to the tanker centerline. 
The forces are a result of the achievable angle between the tug and 
tanker. The value of the angle is used in verifying the tug model but is 
not used in the computer model of tanker maneuvering. 

The conventional tug pushing model evaluates a quasi-steady state 
condition where the horizontal plane forces and moments are in bal-
ance. This is an approximation to the real world conditions where some 
dynamic processes vary with time. In practice, the equilibrium can be 
difficult to achieve and maintain, in part because the angle to the 
tanker and the speed through the water are continually changing. 
However, the dynamic fluctuations in the forcing functions are as-
sumed to be second order with respect to the time rate of change of 
tanker momentum and small with respect to the average force capa-
bility of the tug. 

Towline pull in a sea. Another important aspect of tug performance 
prediction is defining the towing abilities in severe weather conditions. 
These predictions are used in the rescue towing scenarios in Valdez 
Arm, central Prince William Sound, Hinchinbrook Entrance, and the 
Gulf of Alaska. 

Seakeeping. The final component of tug performance prediction is 
seakeeping, the results of which are used in conjunction with the 
analysis of time delays. The predictions of motion-induced interrup-
tions and aft deck wetness form a qualitative basis for estimating the 
time delays in making up the rescue tow connection in severe sea states. 

The tugboats were evaluated for vertical accelerations, lateral accel-

erations, slamming and deck wetness, and incidence of motion-in-
duced interruptions (Mil). Tug speeds of 0, 6, and 10 knots were 
investigated. 

The analysis and prediction of the motion response of a tug gives 
neither a complete nor quantitative picture of the ability of the tug and 
its crew to do its job in severe weather conditions. Heroic efforts are 
not uncommon at sea. When a disabled tanker threatens to go 
aground, potentially resulting in significant environmental damage, 
and when lives are at stake, the seakeeping criteria and motion-in-
duced interruptions will mean little to a skilled and dedicated tugboat 
crew. Clearly they will respond and work in conditions that computer 
software cannot begin to describe. The best that can be expected from 
this analysis is some sense of whether the tug can provide a platform 
from which an attempt at towing can be made and a sense of how long it 
might take to get the job done. 

Time delays and equipment failures. The time delay analysis has two 
components. One is to determine the most probable time delay associ-
ated with each event in the failure recognition to rescue maneuver 
scenario. The second is to determine a distribution of delay times to be 
used in a Monte Carlo analysis. The response time distribution must 
consider both the normal deviations in the amount of time required to 
do a job and the possibility that external events, such as equipment 
failure and sudden deterioration in the weather, will intervene and 
delay the job significantly. The time delay chain of events postulated 
for a disabling failure aboard a laden tanker includes: 

• time delay for failure recognition aboard the tanker and stopping 
the engine; 

• time delay to consider options, cures, and notify tugs; 
• time required to maneuver tug from its escort position to desired 

location on the tanker; 
• time required to maneuver and pass messenger line if required; 
• time required to connect towline in rescue towing scenarios; 
• time required to stream lines, if required, position and apply 

power; and 
• time delay resulting from tug equipment failures. 

A Beta-type probability distribution was chosen to represent the time 
delays for the Monte Carlo analysis. 

Tanker maneuvering models. The mathematical modeling of the 
tankers is an essential part of the overall computer modeling to predict 
the effects of tug action on a disabled tanker in realistic physical 
conditions. The numerical model must take into account all hydro-
dynamic, inertial and external forces. The forces are categorized as 
follows. 

• External forces refers to forces whose magnitude is independent 
of tanker motion. These include the forces imparted on the tanker 
by the tug, and wind and wave forces. 

• Hydrodynamic forces include underwater reactions of tanker hull 
and appendages. 

• Inertial forces are motion and acceleration dependent, and are 
accounted for in the numerical algorithm to which the tanker and 
environment parameters are applied. 

The numerical model is designed to evaluate performance of tug 
escorts after the occurrence of an initial rudder failure on board the 
tanker. The stages in the trajectory of a disabled vessel are as follows. 

• The first stage is the initial turning of the tanker from original 
track, driven by a full rudder failure with the propeller turning 
until the failure is recognized. 

• This is followed by drifting of the tanker under influence of wind 
and waves. 

• The last stage is the bringing of the tanker under control and back 
to course by applying tug forces. 

The preparation of hydrodynamic models was started by selecting 
tankers from the MSCN database according to their similarity to the 
tankers under investigation. Having identified appropriate examples in 
the database, the hydrodynamic coefficients are scaled as appropriate 
using Froude techniques to fit the tankers under investigation. 

The numerical model used for the modeling of the tankers in this 
study is basically an Abkowitz1 model consisting of a Taylor-series 
expansion. A selection is made from the Taylor-series, based on the 
physical relevance of the terms of the expansion, with an emphasis on 

1. Since rudder failure direction is unknown, these cases require 
alongside tugs tethered both port and starboard. 
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eliminating unnecessary high-order terms. Forces due to wind, waves, 
and tug action are calculated separately, and later combined with 
hydrodynamic forcing functions to determine the tanker's overall ma-
neuvering response. The numerical modeling process results in a set of 
maneuvering coefficients for each tanker. 

A single numerical model (set of coefficients) was adopted for each 
tanker at an early stage of the project. The range of applicability of 
the source data and the choice of the model composition supports using 
the same set of hydrodynamic coefficients, regardless of the speed of 
the tanker, for the range of speeds under investigation. The composi-
tion of the model, based on as much physical relevance of each of the 
terms as possible, allows the combined use of the model for low speed/ 
high drift maneuvering and standard maneuvering. 

The forces on the tanker due to wind and waves are derived from 
MARIN series scale model test data. 

Full-scale trials and simulation verification. As part of the documen-
tation of the simulation program, full-scale trials were conducted in 
Port Valdez by Maritime Research Institute Netherlands (MARIN). 
The full-scale trials were designed to verify the computer model using 
the three representative tankers and available tugs in various combina-
tions represented in the test matrix. 

The Maritime Simulation Centre the Netherlands (MSCN) numeri-
cal model predictions are in general agreement with results obtained in 
full-scale trials and scale-model testing. Overall, the results of the 
numerical model are within acceptable tolerances. 

The Glosten Associates were tasked to verify the MSCN numerical 
modeling of tankers, and to this end modeled the three tankers with a 
different ship simulation program. The Glosten simulation program, 
Shipman, and coefficient model uses a different database than the 
MSCN model, and the intent was to ensure that these different model-
ing approaches predicted the reality of tanker behavior. Some differ-
ences appear among the numerical values of the Glosten model, the 
MSCN model, and full-scale trials for each tanker. However, these 
differences were seen to be relatively small. 

Worst-case scenarios 

This study evaluated tug assist in a worst-case disabling failure on an 
outbound laden tanker in a worst-case climatology. The worst-case 
disabling failure was that of a 35° locked rudder and simultaneous 
shutdown or loss of the propulsion system after a time delay for rudder 
failure recognition. Following failure recognition, another time delay 
occurs before the tugs are notified and called to assist. 

The escort scenarios for Valdez Narrows in the worst-case condition 
included: 

• one ERV tug in close escort and one existing conventional tug in 
close escort; 

• one ERV tug in close escort and one 4,000 Bhp VSP tractor in 
close escort; 

• one ERV tug in close escort and one 7,600 Bhp VSP tractor in 
close escort; 

• one ERV tug in close escort and two existing conventional tugs in 
close escort; 

• one ERV tug in close escort and three existing conventional tugs in 
close escort; 

• one ERV tug in close escort and one 7,200 Bhp conventional 
nozzle-equipped tug tethered as rudder tug; 

• one ERV tug tethered alongside and one 7,200 Bhp conventional 
nozzle-equipped tug tethered as rudder tug h 

• one ERV and one conventional nozzle-equipped tug, tethered 
alongside, and one 7,200 Bhp conventional nozzle-equipped tug 
tethered as rudder tugh 

• one ERV tug, one conventional nozzle-equipped tug, and one 
7,600 Bhp VSP tractor, all in close escort; 

• one ERV tug in close escort and one 7,600 Bhp VSP tractor 
tethered astern; 

• one ERV tug tethered alongside and one 7,600 Bhp VSP tractor 
tethered astern h 

• one ERV and one conventional nozzle equipped tug tethered 
alongside, and one 7,600 Bhp VSP tractor tethered astern^ and 

• one ERV tug in close escort and one 7,110 Bhp Z-prop pusher 
tractor in close escort.! 

In each case the tugs were directed to restore the original heading of 
the vessel and limit off-track transfer distance of the disabled ship. 

The tug deployment alternatives for rescue towing response in Val-
dez Arm, central Prince William Sound, Hinchinbrook Entrance, and 
the Gulf of Alaska follow. 

• Existing System: ERV and tug(s) escort from Port Valdez to Seal 
Rocks. 

• ERV in Port Etches and standby tug at Naked Island. ERV and 
tug(s) escort to Bligh Reef and return to Valdez without waiting. 

• ERV in Port Etches and no standby tug at Naked Island. ERV and 
tug(s) escort to Bligh Reef. Tug(s) wait 2 hours before returning to 
Valdez. 

• ERV in Port Etches and no standby tug at Naked Island. ERV and 
tug(s) escort to Bligh Reef and return to Valdez without waiting. 

• Deep-sea salvage tug escorts through Hinchinbrook Entrance to 
Seal Rocks and returns to Port Etches. 

Parametric study scenarios 

Six alternative escort and emergency response maneuvers for Valdez 
Narrows were investigated in the parametric study. 

• Steering assist to restore disabled tanker heading with a tethered 
rudder tug or tethered tractor tug and with additional assist from 
an untethered ERV. Tanker does not reverse its engine. 

• Steering assist to restore disabled tanker heading with a tethered 
rudder tug with increased bollard pull capability or tethered trac-
tor tug also with increased capability and with additional assist 
from either a tethered or an untethered ERV. Tanker does not 
reverse its engine. 

• Steering assist to restore disabled tanker heading with European 
style short-line tethering on bow and stern, using a 7,200 Bhp 
conventional nozzle-equipped tug at the bow of the tanker and 
either a 7,200 Bhp conventional nozzle-equipped tug or a VSP 
tractor tug at the stern. Tanker does not reverse its engine. 

• Steering assist to restore disabled tanker heading with a tethered 
rudder tug or tethered tractor tug and with additional assist from 
an untethered ERV. Tanker reverses its engine. 

• Steering assist to reverse disabled tanker heading (executes a 
U-turn) with a tethered rudder tug or tethered tractor tug and with 
additional assist from an untethered ERV. Tanker does not re-
verse its engine. 

• Stopping without steering (braking maneuver) with a tethered 
conventional nozzle-equipped tug or tethered tractor tug and with 
optional additional assist from a second tethered conventional 
nozzle-equipped tug. Both reversing and stopping tanker engine 
are investigated. 

The parametric variables included tanker speed (6, 5, and 4 knots), 
wind speed (45, 30, and 15 knots), rudder angle at failure (35,20, and 
10 degrees), failure recognition times (60 and 30 seconds), and tug 
notification times (60 and 30 seconds). 

The parametric study of variables for Valdez Arm operations investi-
gated off-track distances as a function of wind speed, ship speed, and 
three options for escort. The escort options were: 

• 7,200 Bhp conventional nozzle-equipped tug in untethered close 
escort. 

• 7,200 Bhp conventional nozzle-equipped tug in tethered escort to 
tanker bow. 

• 7,600 Bhp tractor tug in tethered escort to tanker stern. 
The tethered and untethered configurations affect only the time delay 
before towing forces are applied. The wind speeds are 45, 30, and 15 
knots on the port beam. The transit speeds are 6 and 10 knots. All 
simulations evaluate a 35 degree right rudder failure (a turn toward the 
leeshore) followed by a 60 second failure recognition delay and an 
additional 60 second delay before the tug is notified. 

The parametric study of variables for central Prince William Sound 
were chosen to investigate off-track distances as a function of wind 
speed with two options for escort deployments: 

• continuous escort with a 7,200 Bhp conventional nozzle-equipped 
tug, and 

• standby deployment of a 7,200 Bhp conventional nozzle-equipped 
tug at Naked Island. 

The wind speeds evaluated are 60, 40, and 20 knots from the east. All 
simulations evaluated a 35 degree right rudder failure (a turn toward 
Naked Island) followed by a 60 second failure recognition delay, and an 
additional 60 second delay before the tug is called. 

The results can be used to evaluate two issues. Are there advantages 
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with respect to the rescue towing scenarios of removing the dogleg in 
the vessel traffic lanes? Is standby deployment of a tug at Naked Island 
a viable option in reduced wind conditions, eliminating the need for 
continuous escort? 

The parametric study of variables for Hinchinbrook Entrance evalu-
ated the ability of a 7,200 Bhp conventional nozzle-equipped tug or an 
oceangoing salvage tug to tow each of the three sizes of disabled tanker 
to windward as a function of wind speed. Wind speeds of 60,40, and 20 
knots were investigated. The results can be used to assess the value of 
changing the closure wind speed criteria, implementing a one-way 
zone through Hinchinbrook Entrance, and using a salvage tug for 
rescue towing. 

The parametric study of variables for the Gulf of Alaska evaluated 
the ability of a 7,200 Bhp conventional nozzle-equipped tug or an 
oceangoing salvage tug to tow each of the three sizes of disabled tanker 
to windward in different wind speeds. Wind speeds of 70, 50, and 30 
knots were investigated. The results can be used to assess the value of 
changing the closure wind speed criteria for Hinchinbrook Entrance, 
and using a salvage tug for rescue towing. 

Results 

The simulations of the worst-case scenario demonstrated the need to 
reconsider untethered escort through the Valdez Narrows if a disabled 
vessel were to be controlled without entering the red zone. The de-
mands resulting from the worst-case model; 6 knot transit speed, 45 
knots of wind, 6 foot seas, 35° rudder failure, one minute failure 
recognition time before engine is shutdown, and one additional minute 
before tugs are called, exceed the abilities of all existing and alternative 
tug types to control the disabled vessel in the required distance assum-
ing the tugs are initially untethered. However, if transit speed is re-
duced to 4 knots, and if one tractor is tethered astern and one ERV 
alongside, or if one conventional tug as rudder tug with two additional 
tugs alongside was implemented, then if worst-case failure were to 
occur, the simulations show that the disabled vessel of any of the three 
sizes studied could be kept out of the red zone of the narrows. 

In the worst-case scenarios for areas of Prince William Sound other 
than the narrows, the primary issues are distances to the lee shore and 
adequate pull capability in the worst-case environment. Outbound 
laden tankers in the southbound VTS lanes in Valdez Arm, central 
Prince William Sound, and Hinchinbrook Entrance will not have ade-
quate sea room in the worst-case scenario for the rescue tow to be 
rigged and to gain control before the disabled vessel enters the corre-
sponding red zone. To succeed in the worst-case scenario, the out-
bound vessel would need to be able to move to the east, away from the 
lee shore in each area. 

In addition, adequate towing power is required. In the worst-case 
conditions in Valdez Arm, any of the existing tugs would be capable of 

towing any of the three sizes of tanker to windward. In central Prince 
William Sound the smallest class of tug requires additional assist from 
an ERV tug to succeed in towing any of the three tankers to windward. 
The largest class tug is capable of towing any of the tankers in these 
conditions. In the Hinchinbrook Entrance conditions, a salvage tug of 
the size modeled or the 7,200 Bhp conventional nozzle-equipped tug in 
tandem with an ERV tug is required for a tow to windward. In the 
modeled worst-case conditions in the Gulf of Alaska, a tow to wind-
ward is possible only with the salvage tug and 90,000 dwt tanker 
combination. 

In some circumstances, depending on the location of the disabling 
event with respect to the local geography, the currents, and the wind 
and wave directions, changing the downwind drift heading of the 
disabled vessel can be adequate to bring the ship into the lee of an 
island or to keep it from grounding until the weather moderates. The 
success or failure of maneuvering a disabled vessel while drifting 
downwind is not easily evaluated with computer simulations; but strat-
egies that might be used in this circumstance have been discussed.2 

The results of the parametric study provide additional insight into 
operating conditions and assist responses that can potentially improve 
the safety of transit from Port Valdez to the Gulf of Alaska. 

The results clearly show the value with respect to off-track control 
distances of reduced transit speed, lower wind conditions, and faster 
response times for the application of corrective tug forces. Although 
these trends are not surprising, it is now possible with the results of the 
study to evaluate what combination of conditions provide for the best 
achievable level of safety for the transport of oil by ship through Prince 
William Sound. 

The matrix of simulation cases investigated in the parametric study 
may include combinations which for operational reasons cannot be 
successfully implemented. However, the practical issues associated 
with any proposed escort operation and emergency response maneu-
ver can be carefully studied by the appropriate authorities. 
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