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‘ During the winter ice season , November 1977 through March 1978, the U.S.

Coast Guard R&D Center, Ave ry Point , Connect icut , conducted an operationa l
test program to evaluate air cushion vehicles as icebreakers . The vehicles
used were the MACKACE ACV barge and the self-propelled LACV-30. Tests were
conducted on the Illinois and Mississippi Ri vers wi th operations centered
around Peoria , Illino is. The MACKACE ACV was used solely to facilitate river
commerce wh ile the LACV—30 was used in this role and also for flood contro l
purposes. Extensive operational tests were conducted which produced data
concerning Icebreaking techniques and the effects of icebreaking on ri ver
commerce. Tests also established info rmation on design criteria for ACV
icebreakers , their maneuverab ility and control , operating costs and impact
on Coast Guard personnel and facilities . As a result of the test program ,
significant advances were made in understanding ACV i cebreaking procedures.
The characteristi cs of Ice were studied , and the necessity for developing
ice classification and an icebreaking effectiveness methodology was i dentified.
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ADMIN I STRATIVE INFORMATION

In response to the Chief , Office of Operations , the Office of Researc h

and Development (G-D) was assigned the responsibility of conducting a Test

and Evaluation Program to determine the feasibility of using Air Cushion

Vehicl es (ACV ’s) as icebreakers in a river ice environment (Reference 1).

The Chief 0f Operations forwarded a task statement to the Chief , Off ice of

Research and Development (Reference 2), who assigned the responsibility for

developing the test plan , conducting the operational and engineering tests,

and preparing the final documentation to the Research and Development

Center (Reference 3).

To carry out the ACV icebreaking operational/engineering test and

evaluation program , two ACV craft, the MACKACE ACV barge and the sel f-pro-

pelled LACV-30, were obtained . The MA CKACE AC’! was obtained under a lease

contract (Reference 4) from Mackley Ace, Inc. (USA). for the period of

1 December 1977 to 28 February 1978. The LACV-30 was obtained throug h the

cooperation of the U.S. Army Corps of Engineers through a memorandum of

understanding for the approximate period of 15 November 1 977 to 15 March 1 978

(Reference 5).

Eng ineeri ng support services were obtained by the Research and Develop-

ment Center through a contract wi th the firm of Chi Associates, Inc.,

Arl ington , Virginia , who employed as part of their team a subcontractor ,

Glanno tti and Buck Associates , Inc ., Riverdale , Maryland (Reference 6).
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The ACV Icebreaking operational /engineeri ng test and evaluation program

was conducted on the Illinois and Mississ ippi Rivers with operations centered

around Peoria, Ill inoi s , In accordance wi th OPORDER CG 2—78. The operationa l

base was the Coast Guard ANFAC (Aid to Navigations Facility ) in East Peoria

within the Second Guard Distri ct.
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1.0 INTRODUCTION

This document is Volume 1 of a two—part report concerning ACV icebreak-

ing operations conducted by the U.S. Coast Guard on the Illinois and

Mississippi Rivers during the winter of 1977-1978. Volume 1 , The Executive

Summary, presents a comprehensive description of key elements of the test

program including an operational summary, results ,conclusions and recommen-

dations. Vol ume 2 of the report , Operational and Engineering Anal ys i s: ACV

Icebreaker Test and Evaluation Program, provides detailed operational and

engineering information , including complete data on testing procedures,

analysis and results (Reference 7).

2.0 BACKGROUND

The U.S. Coast Guard is charged with providing i cebreaking services in

the Great Lakes and on coastal and inland waterways in order to satisfy

reasonable demands of commerce and control the potential of flooding. The

severity of the 1976—1977 winter pointedly emphasized the consequences of

inadequate iceb reaking capabilities on inland waterways and their subsequent

impact on river commerce. Heavy river ice affects the ability of towboats

to transit rivers by reducing the number of barges pushed and increasing

transit times . In addition , fuel consumption is signifi cantly higher , and

the vessels are subject to ice damage. The net result to the towboat in-

dustry Is decreased revenues and increased costs.

Conventional icebreakers are restricted by draft so their effectiveness

is limi ted in shallow waters. The Coast Guard has had vessels operating on

1
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the Mississipp i River system for many years , but they are primarily engaged

in servicing aids to navigation and have proven ineffective for i cebreaking

purposes . In considering alternative methods of breaking ice , it was decided

that air cushion vehicles should be studied more carefully .

Air cushion vehicles of various configurations had previously been tested

as icebreakers in Canada and were considered to have potential for use on

shallow or otherwise restricted waterways, such as the U.S. inland waterway

system (Reference 8). The two basic ACV configurations successfully employed

In the Canadian tests were nonseif-prope lled barges and self-propelled vehicles.

While it was apparent that ACV icebreaking technology had potential for

application in the Coast Guard ’s icebreaking programs , it was not clear what

Its capabilities or l imitations were nor what impact it would have in the areas

of personnel , facilities and support services. To gain experience in some of

these areas , the Coast Guard decided to conduct an Air Cushion Vehicles Icebreaker

Test and Evaluat ion Program during the 1 977-1978 ice season . Action was , there-

fore , initiated to obtain an existing nonself-propel l ed ACV which could be

made available within the established time frame. This resulted in leasing

a barge-type vehicle from Mackley Ace , Inc. (USA). The MACKACE AC’! required

a pusher tow boat, and the CGC SUMAC (WLR-3ll) was assigned to perform this

task. Later, the U.S. Army made available , in a joint Army/Coast Guard venture ,

a LACV-30 (Lighter Air Cushion Veh icle with a 30-ton payload) self-propell ed

craft and crew.

Since the purpose of the study was to demonstrate and evaluate ACV ice-

breaking capabilities , it was necessary to emphasize operational testing

rather than engineering and technological development. Hard engineering data

were obtained by incorporating engineeri ng measurements into as many 

- 

2 

_ _  _



r - - ~~~~~ 
-
~~~~

‘- -..- - • - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~

tests as possible. As a resul t, a significant amount of engi-

i was obtained.

tonal tests commenced on 1 December 1977 and terminated on

78. Over 450 hours of AC’! icebreakirig tests were conducted by

craft during that time. The craft were used primarily to facili-

towboat commerce. In add ition , the LACV-30 successfully demon-

versatility by breakiflg ice for flood control .

E DESCRIPTION

lly an air cushion vehicle is a craft whose weight is supported

n of air supplied by lift fans. The air cushion is maintained

raft by a flexible rubber-coated fabric skirt system. An ACV

be a nonself-propelled lift platfo rm, i.e., barge-type , or it

active propulsion system and thus be self-propelled. 
• 

—

CKACE AC’! is a nonself-propelled steel barge , simp ly des i gned and

din g to conventional boat construction techniques. Lift is ob—

- two standard—type diesel engines wh i ch dri ve two centri fugal

speed of the barge-type AC’! is limi ted to that of its p ’cher

gure 3-1 gives the general characteristics of this craft.

CV— 30 Is a hardened version of the standard comercial Bell

extron ‘Voyageur ” air cushion vehicle. it is a fully amphib ious

craft designed to transport military cargo payloads up to 30 short

port of the logistics over-the-shore (LOTS) mission . The LACV-30

by two Pratt & Whitney ST6T-76 engines which have a norma l shaft

rating of 1 ,400 and a max imum horse power ra ti ng of 1 ,800. The craft ’

s3
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air management system is powered by a 140—horsepower auxiliary power unit (APU)

manufactured by Alturdyne Corporation . The air management system prov ides

fi ltered, positive pressure air for the engines . The system includes an

ax ial fan , moisture separators , and filters . Figure 3-2 gives the genera l

characteristics of the craft.

4
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The U.S. Coast Guard Cutter SUMAC (WLR- 31l) is the largest Coast Guard

buoy tender in the Second District. For pushing the MACKACE ACV , SUMAC

was modi fied by the addition of ice deflectors to protect its keel coolers,

rudders , and propellers. Figure 3—3 gives the general characteristics of

the SUMAC.

4.0 TEST OBJECTIVES

The test and evaluation program for both the nonself-propelled MACKACE

ACV and the self-propelled LACV-30 was structured to meet specific opera-

tional objectives. As specified in the Test Plan (Reference 8), the ACV ’s

were to be operationally tested to collect data ’which were necessary both

to satisfy the objectives and to evaluate the craft’s~ sui tability for ice-

breaking operations on the Illinois and/or Mississippi Ri vers.

The major objectives to be met during the testing of the ACV ’s

were as follows :

• Demonstrate the use of ACV ’s to facilitate marine
transportation on the Illinois and/or Mississippi Ri ver.

• Develop operational procedures for ACV ’s on Western Ri vers.

• Evaluate the cost effectiveness of icebreaking ACV ’s for
facilitation of river commerce.

• Determine personnel training and support needs of AC’!
Icebreaki ng operations.

• Determine design criteria for future AC’! icebreaking
operations.

• Demonstrate the potential of self—propelled ACV in Ice jam
control and flood control.

7
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The test plan scenarios were constructed to collect operational and

technical data which could be used to satisfy these objectives . However ,

It became apparent very early in the program that complete quantitative

information could not be obtained for some of the obj ectives because of

probl ems with equipment , weather , ice environment , barge traffic , schedul ing

and operational l imi tations. Accordingly , little information was actually

acqu i red on the cost effectiveness objectives. Al so, whereas tra ini ng and

support needs and design criteria were not addressed in depth , sufficient data

were collected and subjective observations were made by experienced investi-

gators to produce valid conclusions and recolTDnendations .

A Steering Committee was formed which met periodicall y in Peor ia to

redirect the priorities of the individual tests within the overall objectives

of the Test Plan.

5.0 OPERATIONAL SUMMARY

As part of the Test Plan , a set of 14 specific tests was identified .

Initially, the individual test descriptions were developed for the MACKACE

AC’! and subsequently adapted to the LACV—30 . In all , 57 different tests

were conducted and documented for both craft. On the MACK.ACE alone , 35

individual tests were conducted with multiple runs for a total of 105 data

Items. Details of eng i neering data Items recorded are contained in Volume 2

of this report.

A sunhilation of activities of each craft is presented in Table 5- 1 

.9
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SUNAC/~1ACKI~CE CRAFT 
_________  _________

I MAINTENANCE
OPERATIONS I AND REPA IRS ~THE~

____________ 
(DAYS) 

~~~~ 
(DAYS) (nAvs

12-31 DEc 6 0 14

1-31 JAN 4 16 11
1-28 Fea 

_____________ 

18 2

1—3 MA R 3 1 4

TOTALS 21 35 31

LACV-30 
______________ ______________ ______________

MA I NTEN ANCE
OPERATIONS AND RE PA IRS OTHER

(DAYs ) (DAYS) (o*vs)

15—31 JAN 1 1~i 2
1—28 FEB - 14 

— —  - 
7

1—18 MAR - 12 6 0

TOTALS I 27 J 27 9 
-

TABLE 5-1. OPERATION TIME SUMMARY SUMAC-AC’! AND LACV-30

The significant characteristics of the growth of river ice are related

to the action of towboats in breaking the ice and churning the channel .

Barge traffic in the channel Is vi rtually an ice—making machine . As the ice

is broken , a region of very heavy brash and slush ice is created in the

channel by the towboats’ propellers . Measurements revealed slush ice as much

as 15 feet thick extending to the bottom of the channel . In addition , plates

of ice 10 to 15 inches thick , which had broken away from the edge of the

undisturbed ice field along the channel , would often become embedded in the

slush. Some of this sl ush ice woul d then refreeze and form modules of ice

five to eight feet across and three to six feet thick.

Figure 5—1 shows ice conditions on the Illinois River near Peoria ,

Illinois. Fioures 5—2 shows an Ice profile across the channel 1n Peoria LaKe .

10

_ _ _



—- ~~~~~~~~~~~~

In Peoria Lake.

— CI~ iSisC. ICisIOM~ Ulil

**AA* lâl ~tO ~CL ~~~J. P~ /
£0%

~ 

I-~isf~ £01ClU OCil~~ //_____ ,aiscu~ ,isou~u V-s / J  ~~isTW 5NC~ £0.11 / •  /

• I  
N

~~~~~ ~~
.J’C43Cl,% • • /

M

~~~

A ~Ml

~ •:, . , .  - - <, // 
~ //~~~~~~~

- ‘- - ‘ //

~dii;1 131’ _
FIGURE 5—1 : ICE CONDITIONS : ILLINOIS RIVER

~~~~~ 
isIlis U Cl

RAil U isCIAVU Cl £ ~ll ‘III ILls I~~~l~~~ ~ U •~~~li NAIl (I

sum is ma * s~t. ,l • sum 111)1* 111*5 WI
1ff AlE Fill SlEL AlE F~~ S**CI

S W  W ~l I S i s  S S 11 71 7,~l~~~~iP i s~~~~~~is i I  is is
———  __-.—_-..- -— 4— — •  S t I — — - I ~~~- J ~

~ 11~~IISUS C 
~ 

\ r_\ a
.1— ?IIW 4 ~~ \ ‘•

•
~. 

•
‘ 

S . C. 
~~~~~~~~~~~~~~~~~ P55 (11S I atm 111(111

I ~ * 1  1 is i5 l I S~~~~5 I S i S  I 1111 1..

- — —  — ..Il4 .I. ———— . - -— — - . —

FIGURE 5—2 : ICE PROFILE , PEORIA LAKE

( Note : Figure 5-2 Ice Profile taken 75 yards north of Sand Point Light ,
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6.0 TEST RESULTS

The results of the test program provided information relative to the

requi rements of the Test Plan and also yielded additional information on AC’!

technology In i cebreaking . Major results are summarized below .

Facilitation of Marine Coninerce

The operational feasibility of facilitating marine commerce was evaluated

by conductin g tests in escorting towboat traffic. Specifically, ass istance

provided to commercial towboats passing through ice-clogged channels demon-

strated the utility of the icebreaking operations. When the SUMAC/MACKACE

craft cleared the channel directly ahead of towboats and barges the towboat

operators reported that less horsepower was required to operate their vessels

at a given speed and that greater speed could be achieved at constant horse-

power. Alt hough these results proved that an AC’! is capable of providing a

broken ice channel to move towboat traffic efficiently, it was also determined

that the broken Ice quickly reformed In the wake of the SUMAC and that the

river current was not strong enough to flush It downstream . Thus , it was

apparent that Ice removal constituted as serious a problem as icebreaking.

The LACV—30 was less effective because of the deep and heavil y packed

brash ice In the clogged channels. The craft was , however , very effective

In operating in the 3hallow water just outside of the clogged channel.

By operating In this area , and break ing ice , the L.ACV-30 did assist in ~reeing

barges or boats stuck or frozen in the ice. Breaking Ice in the shallow

areas rel ieved the Ice pressure on stranded vessels and allowed them to free

themselves. This was demonstrated during severa l operational tests .

12 
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Operational Procedures

One of the objectives of the test and evaulation effort was to determine

ACV Icebreaking operational procedures for both barge—type and self— propelled -

ACV ’s. The operational procedures are based on observations and measurements . 

-

taken during the test and evaulation effort and are to be used as a guide ,

not procedures to which either type of AC’! must rig idly adhere.

• Nonseif—propel led AC’! Icebreaking -— The recomended operational
- procedure for a nonseif-propelled ACV is broken down according

to required maneuver vs. the ice environment (Table 6.1).

• Self—propelled ACV Icebreaking -- Only those operational procedures -
with a self— propelled AC’! which are unique to a river ice environ—
ment are listed . Al though some icebreaking results from cushion
pressure, the most effective mechanism is by wave generation .
In order to operate effectively , the ACV pilot must be aware of the
status of the wave he is generating . This is presently obtained
by a crew member who relays the information to the pilot in the
cabin (Table 6.2).

Facilities/Personnel Requirements

The MACKSACE ACV is a simple , conventionally designed barge , wh i le the

LACV—30 is more representative of aerospace design. However , ne ither is

outside the technical capability of Coast Guard personnel because the sole

unique features of either ACV Is its specialized fabric skirt system. Some

on-the— job training for both operators and maintenance personnel will be

necessary , since the river ice environment is extremely harsh and constant

vig ilance is necessary to guard against serious malfunctions. It is clear

tha t, since the LACV-30 is a much more sophisticated craft, personnel

train ing and maintenance facilities requirements for this vessel would be
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MANEUV ER USE/ICE CONDITION

High Speed Low Ampl itude Good for relativel y thin ice , 6 to 8
Wave inc h wave propagates out bank to bank.

High Speed , Quick Slow Used on heavy fast ice (~18”) to
Down to Hump Speed maximize wave for short duration .

Hump Speed Carri es maximum wave. Good for normal 
S Iicebreaking rate up to 20 mph

where Ice pressure may be relieved by
open water. Also used to reduce size of
ice plates once broken out of large

- ice fiel d .

Hump Speed, Side Slip Used to carry maximum wave into thick
Ice and amplify wave at edge of ice
field for short distance—-from open
water.

Edge Work Using hump speed technique work edges
of river where surface runoff water
has weakened ice provided water depth
is adequate.

Figure “8” or Crescent Used on edge of ice from open water
Passes where maneuver inci room is available.

Criss-Cross Used for hole enlargement when start-
Ing from a sol id cover ice field
repeated criss-cross is necessary to
break up ice chunks as small as poss-
ibl e to reduce wave damping.

Table 6-2: Sumary of Self-Propelled AC’! Icebreaking Operations Procedure

more stringent and extensive . In addition to personnel training , specific

facilities and support equipment for ACV ’s must be provided to facilitate

field repairs .
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Desi gn Cri teria

Of the many design cri teria developed through the test and evaluation

program , one of the most important was the determination of the type of

skirt fabric that can best withstand the impact of river ice. The 60 oz.

per sq. yard singl e weave, nylon fabric bonded with natural rubber that was

used on the MACKACE ACV was unable to survive the ice envi ronment. The

LACV-30 used a two—ply material of several different weights , includ ing

60 oz. per sq. yd., which was considerabl y more durable than the single-

weave fabric.

The MACKACE craft design incorporated an anti-spray ski rt, which

contributed significantly to minimizing the amount of spray generated by

the cushion. A spray suppression system would be desirable on self-propelled

ACV ’s.

Characterization of Ice Conditions .
~~~~~~~ - .. —

During the test and evaluation program , there was a need to compare

results from the various locations and time frames of test runs. In addition ,

It was necessary to compare ice environments in order to assess the effective-

ness of icebreak ing under varying craft configurations. A methodology for

characterizing ice conditions was developed with the purpose of standardizing

river ice environments . It is apparent that further work must be undertaken

in this area if a full understanding of an operational ice environment is to

be attained.

16

— — - — 5 — - - — . ~~~~~~~~~~~~~~~~~~~~~ ~~~~~—.-



—S 
~~~~~~~~ 

~~~~~~~~~ 
_,_.-.,__

~g Mechan i sms

~chno1ogy of ACV icebreaking is relatively new , and some new ideas -

~king mechanisms are presented in Volume 2 of this report . Based

ition , these ideas represent an initial attempt to explain the

responses of the two ACV ’ s and the ice during icebreaking. From

tudy of the icebreaking phenomenon under more controlled conditions ,

be possible to acquire knowledge which would be fundamenta l in

mo”e effective icebreaking vehicles . —

ig Effectiveness -

~sure lcebreaking effectiveness , it i s necessar y to correla te the

Dnmen t, the type of vehicle used and the effect the broken ice has

~r tows following behind. It would appear that the most straight-

~y of defining icebreaking is to compare the area of ice broken per

r the same conditions of ice thickness , strength , snow cover , etc.

ice , the SUMAC/MACKACE craft broke ice on an average of 20 acres

rnd the LACV-30 recorded 17 acres per hour. However , these

give no indication of the degree of resistance of the ice to the

,rocess nor do they relate to how well the ice was broken . What is

that effective Icebreaking requires breaking the ice and clearing

possible channel . Using data from the Test and Evaluation Program ,

attempt has been made to develop a method for describing more

icebreaking effectiveness. Further development of this methodology

id.
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Icebreaking for Flood Control

The LACV—30 was deployed for a flood control operation on the Kankakee

Ri ver (Illinois) for 18 days. The LACV-30 effort was highly successful and ,

according to the U.S. Army Corps of Engineers , Chicago District , it was re-

sponsible for averting possible serious flooding in the lower Kankakee River

a rea .

7.0 CONCLUSIONS AND RECOMMENDATIONS

Based upon the analysis and results previously presented , and observa-

tions made during the operationa l tests, the following concl usions and recom-

mendations are suggested .

Concl us ions

• Air cushion vehicles did break ice in a ri ver ice
env i ronme nt.

• The major problem on the Illinois Ri ver was ice
clearance rather than icebreaking.

• There is a potential environmental problem associ-
ated with the high sound l evels and wakes of gas
turbine propelled ACV ’s.

• The Coast Guard can operate and mainta~n aircushion vehicles wi th selected additional training
and additional support facilities .

• The design of the skirt material used on the
barge—type ACV was inadequate for the river ice
envi ronment. Adequate materials are , however ,
available.

• The sel f-propelled ACV was effecti ve in breaking
ice to reduce potential river flooding.

18
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Recommendations

• Perform a complete study of the Coast Guard ice-
breaking requirements in the Western Ri vers .

• Consider evaluating self-propelled ACV ’s in a
long—term multi -mission role.

• Investigate new techniques for better defining the
river ice environment and develop better icebreaking
effecti veness measures.

• Consider the development and operation of barge-type
ACV ’s which are compatible wi th Coast Guard WYTL or
WYTM icebreakers.

• Keep the towing industry informed , through a formal
Technology Transfer Communication System, of the capa-
bilities of nonsei f-propelled ACV ’s.

• Continue evaluati on of sel f-propelled ACV potential
in Ice jam and flood control .
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