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I I .  INTRODUCTION 

The po ten t i  a1 economic bene f i t s  of  a  maintained and nioderni zed 

Ferry s e r v i  ce across  Lake Mi chi g a n  have been explored i n  previous work 

f r o 3  a  number of sou rce s ,  including f ede ra l  , r e ~ i o n a l  , and s t a t e  agencies  

(Refs .  1 -3 ) .  The underlying i s sues  involved i n  t h e  surv iva l  of the  

e x i s t i n g  s e r v i c e s ,  using the  p resen t  v e s s e l s ,  shore  f a c i l i t i e s ,  and 

ope ra t i  n q  methods, a r e  conipl e x ,  and riot p r inc ipa l  l y  wi t h i  n t h e  provi nce 

of t he  s h i p  de s igne r .  

By c o n t r a s t ,  t h e  economic f e a s i  bi 1  i  t y  of a  modernized f e r r y  s e r v i c e ,  

t ak ing  the  f u l l e s t  poss ib le  advantage of r e l a t i v e l y  r ecen t  developments 

i n  vessel  techiiol ogy , depends qui t e  heavi l y  on the  c h a r a c t e r i s t i c s  and 

performance of the  vesse l s  envisioned f o r  tile s e r v i c e .  The purpose of 

t h i s  work i s  t o  a s s e s s ,  wi th in  t he  con tex t  of conceptual d e s i g n s ,  the  

econoniic po t en t i a l  of var ious  systenls app l i c ab l e  t o  c ro s s - l ake  f e r r y  

s e r v i c e s ,  v~liether intended f o r  r a i l  o r  highway t r a f f i c .  
1 

In the  p repara t ion  of these  conceptual de s igns ,  a  simple but highly 

s i g n i f i c a n t  prei~iise has been adopted : highway and passenger t r a f f i c  has 

been separa ted  from r a i l  tonnage. The r a t i o n a l e  upon which t h i s  prernise 

i s  based runs along t he  fol  lowing 1  ines  : 

1 ,  Due t o  t he  inheren t  d i s s i m i l a r i t i e s  between these  two 
ca rgoes ,  ve s se l s  intended p r ima r i l y  f o r  one s e r v i c e  cannot 

be op t imal ly  configured f o r  t h e  o t h e r ,  i n  terms of speed ,  

hull form, and arrangements,  Sinii 1  a r l y  , ves se l s  designed 

as cornpromises betweeti the requirenients of  t he  two s e rv i ce s  

cannot d e l i v e r  idea l  performance f o r  e i t h e r .  In c e r t a i n  

c a se s ,  vesse l  concepts t h a t  o f f e r  extremely a t t r a c t i v e  

c h a r a c t e r i s t i c s  f o r  one s e r v i c e  cannot be app l i ed  t o  the  

other a t  a l l .  

2. Schedules and s e r v i c e  pa t t e rn s  t h a t  a r e  niost s u i t a b l e  f o r  

one s e r v i c e  niay be wholly i napp rop r i a t e  f o r  t h e  o t h e r .  



Delays a r i s ing  fro111 t h i s  d.i vergence o f  scheduling require-  

nlcnts often rcndcr both sel-vi ces 1  css a t t r a c t i  vc. 

3. Loading a n d  unloading operations associdted vi'i tli the two 
d ispara te  cargoes are  in d i r e c t  cornpetion f o r  b o t h  time and 

space,  fu r the r  i ticreasing turnaround tinles and vessel delays. 

4, The operating philosophies of ra i l road t r a f f i c  departnients 

cannot bc expected t o  match the requi reii~ents of highway 

users .  Inevi tably ,  conf l i c t s  a r i s e ,  t o  tlie detrinient of 

both services .  

The principal  argunient against  the separat ion of r a i  1 tonnage fronl 

highway t r a f f i c  i s  as fol lows:  seasonal a n d  da i ly  var ia t ions  in highway 

t r a f f i c  flow kdill not permit a  vessel t o  earti i t s  keep without the r a i l  

capab i l i ty  t o  take u p  the  slack periods in the passenger demand. This 

contention might v~e l l  be t r u e ,  i f  tlie highway t r a f f i c  were assunied t o  

cons is t  e n t i r e l y  of passenger vehicles.  A t  t h i s  po in t ,  however, there  

i s  i n s u f f i c i e n t  data t o  support any accurate predict ion of how passenyer- 

car  volume would respond t o  a strong inarketing program and a  convenient, 

high-speed t r a n s i t  s e rv ice .  Thus, the possi bi 1 i  t y  t h a t  a  scrvi  ce dedicated 

exclusively t o  passenger automobi 1 es coilld generate an econonii cal ly  

f eas ib le  demand on a year-round bas is  cannot be neglected. Nith the 

addition of truck t r a f f i c  a t  a  s u f f i c i e n t l y  high l e v e l ,  however, i t  i s  

reasonable t o  suggest t h a t  winter operat ions could be sustained a t  
prof i table  load fac to r s .  S imi lar ly ,  night-time operations could be 

s u f f i c i e n t l y  well supported by trucks t o  make u p  f o r  the da i ly  f luc tuat ion  

in passenger-automobi 1 e  t r a f f i c .  

Presumably, r a i l  opcrations could be scheduled on any cycle conlpatible 

wi tli the avai labi  1 i  t y  of tonnage a n d  yard operating personnel . 
Briefly s t a t e d ,  the ainis of t h i s  work are  as  fol lows:  

-- develop a  s e t  of conceptual designs f o r  vesse ls  

applicable t o  the cross-lake r a i l  and highway- 

vehicle services  ; 
- - provide rough est imates of building a n d  operating 

cos t s ,  together  with annual t ranspor t  capac i t i e s ;  and 



- - idcn t i  fy  a reas  of uncertdi  nty in  these  cst . i~:lates a s  

s t a r t i n g  po in t s  f o r  f u tu r e  rcfincnients. 

Th is  work i s  intended t o  provide information on the  po t en t i a l  

econornic perforniance of a rrlodcrn generation of vessel s  designed f o r  

renewed c ro s s - l ake  f e r r y  s e rv i ce s .  The r e s u l t s  of t h i s  s tudy a r e  

expressed i n  terms of t he  econoriiic pel-formznce of var ious  vessel  types a t  

hypothet ical  l e v e l s  of s e rv i ce  d?liiand, viliich w i  11 be s t a t e d  expl i c i  t l y .  

The po t en t i a l  demands f o r  nlodernized f e r r y  s e rv i ce s  ha-ve been estiniated in  

previous work (Ref.  2 )  , and these  es t i  inates were u t i  1 i  zed f o r  p ro j ec t i  n y  

the  load f a c t o r s  in  t h i s  s tudy.  More re f ined  p ro j ec t i ons  of these  f u t u r e  

demands n u s t  t ake  i n t o  account the  conipeti t ive p o s i t i ~ n  of t he  f e r r y  

s e r v i c e s ,  i n  view of the  economic perforiliance of the  conceptual de s igns ,  

and wil l  e i t h e r  confirm o r  r e f u t e  the  adequacy of the  es t imated demands 

used i n  t h e  conceptual design process .  It i s  in  the  syn the s i s  of the  

design and marketing problems t h a t  the  economic feas i i j i  1  i t y  of n~oderni zed 

c ross - lake  f e r r y  s e rv i ce s  wi l l  be found. 



11. VESSEL TYPES 

The vesse l  types  evaluated i n  t h i s  s tudy were: 

- - Conventional nionohull displacement ve s se l s  ; 

- -  Mu1 t i  hu l l  ( i  . e .  , catamaran) vesse l s  ; 
- - I n t eg ra t ed  tug-barge combinations (ITB) ; 
-- Ai r-cushion vehicles  ( A C V )  , and s u r f a c e - e f f e c t  s h i p s  (SES) ; and 
- - Hydrofoi 1  c r a f t .  

The fo l  lo\ving s e c t i o n s  give b r i e f  dc sc r i  p t ions  of t h e  conceptual d e s i g ~ l s  

generated w i th in  each ve s se l .  type ,  i  ncl udi ng spec i a l  c h a r a c t e r i  s  t i  cs 

\vhich n e c e s s i t a t e d  the  r e s t r i c t i o n  of c e r t a i n  types  t o  s p e c i a l i z e d  

s e r v i c e s ,  whether r a i  1 , unlimited highway (automobiles and t r u c k s ) ,  o r  

passenger autorriohi l e s  only.  More de t a i  1  ed d e s c r i p t i o n s  of t h e  vessel  

designs w i l l  be found i n  the  s ec t i ons  dea l i ng  with each s e r v i c e .  

A .  Conventional monohull disnlacement ve s se l s  

The convent ional  d i sp l  acenent vessel  i s  app l i c ab l e  t o  a1 1  s e r v i c e s ,  

fro11 the po in t  of  view of t echn ica l  f e a s i b i l i t y .  A t o t a l  of f i v e  conventional 

vessel  designs  were prepared : 

- - 28.5-knot au to / t ruck  f e r r y ,  designed f o r  a  s i n g l e - s h i p  s e r v i c e  

a t  the  assunied demand leve l  ; 
- - 26-knot au to / t ruck  f e r r y ,  designed f o r  a  two-ship s e r v i c e  a t  t he  

assumed demand 1 eve1 ; 
- - 21-knot au to / t ruck  f e r r y ,  on a  two-ship s e r v i c e ;  

-- 21-knot f e r r y ,  adapted f o r  t ruck  s e r v i c e  on ly ;  and 
- - 16-knot r a i l  f e r r y .  

13, f i lu l t ihul l  v e s s e l s .  

 concur^-ently with t he  design o f  t he  26-knot convent ional  f e r r y ,  a  

catamarali vessel  of sir:li l a r  s i z e  a n d  speed was p ro j ec t ed .  A s i g n i f i c a n t  



saving i n  horsel~ower arid fuel  c o s t  was l a r g e l y  o f f s e t  by increases  i n  

cons t ruc t i on  c o s t .  At 1  o\,ier spceds , thc horsepower advantage decreases .  

At the  p r e sen t  l eve l  of accuracy,  t he  nc t  d i f f e r ence  in econ0:n.i~ performance 

hetween t h e  26-knot nlonohull and the co~~;pei;i t i v e  mu1 t i  hul l  i s  so s l  i g h t  

t h a t  no re1 i a b l e  conclusion on e c o ~ ~ o m i c  s u p e r i o r i t y  can be claimed. 

t io~iever , t h e  i  ce-breaki ng capabi 1  i  .ty of cataillaran forills i s  open t o  

ques t ion .  Since win te r  opera t ions  in  r e l a t i v e l y  d i f f i c u l t  l oca l i z ed  i c e  

for~riatioris a r e  a major concern of Lake Michigan f e r r y  o p e r a t o r s ,  no 

f u r t h e r  development of  catamaran types  \$/as conducted i  11 t h i s  s t udy ,  in 

view of t h e  lack of a  colnpell ing econo~iric supel-i0r.i t y .  

C .  _I_% I n t eq ra t ed  tug-barge cornhi na t i ons .  

The i n t eg r a t ed  tug-barge concept o f f e r s  severa l  key advantages 

i n  a p p l i c a t i o n s  where no passengers a r e  c a r r i e d .  Among t he se  a r e :  

- - lower c a p i t a l  co s t s  on t he  u n i t ,  due t o  c e r t a i n  re laxed 

s tandards  f o r  unmanned barges ; 
- - f u r t h e r  reduc t ions  i n  c a p i t a l  c o s t  due t o  barge 

s t a n d a r d i z a t i o n ;  
- - reduced crew s i z e  due t o  t he  d i f f e r e n c e s  i n  manning 

requirenlents between tugs  and conventional s h i p s ;  and 

-- more e f f i c i e n t  u t i l i z a t i o n  of c a p i t a l  and labor  by 

employing a barge-swapping ope ra t i  on .  

The barge-swapping scheme involves  t he  a c q u i s i t i o n  of t h r e e  barges f o r  

each t u g ,  with the  tug  dropping o f f  t he  inconling barge and picking u p  a  

loaded one f o r  the  return t r i p ,  r e s u l t i n g  i n  a  g r e a t l y  reduced turnaround 

time f o r  the  tug and i t s  crew. 

None o f  the  above advantages would be a p p l i c a b l e  i n  the  case  of 

barges ca r ry ing  passengers .  Accordingly,  t h e  ITB concept was r e s t r i  c ted  

t o  the  r a i l  s e r v i c e ,  with the  add i t i ona l  c a p a b i l i t y  of t r a n s p o r t i n g  

t r a i l e r s .  A 16-knot r a i l l t r a i l e r  ITB system was des igned ,  with an 

emphasis on the  p o t e n t i a l  b e n e f i t s  t o  be der ived  from t h e  barge-swapping 

opt ion.  



D.  -- Ai r-cirshion v c h . i c l e s  - ( P i C ! , )  and surfdce-ef.fcct siii ns (ZCS) . 

These advanced vehicle concepts o f f e r  the poten t ia l  of a  60-knot 

autoniobi 1 e  and p a s s e n y r  s e r v i c e ,  sub,ject t o  ce r t a in  operabi 1 i ty  r e s t r i c t i o n s  

due t o  weather a n d  soas t a t e  condit ions.  Of tile tvio concepts,  the ACV 

o f fe rs  the  advanlaaes of known i  ce- t rans i  t t i  ng capabi 1 i  ty  , and amphibious 

operation t h a t  would lead t o  sicipler and more e f f i c i e n t  loading a n d  

unloading opera t ions .  

The extremely wcight -c r i t ica l  nature of the A C V  precludes the 

possibi 1 i  t y  of econolnical ly t ransport ing e i t h e r  r a i  1 cars  or  t rucks .  Thus, 

the A C V  concept i s  r e s t r i c t e d  t o  autolnobi 1 e  and passenqer s e rv i ce  exc lus ive ly .  

Three ACV f e r r y  designs were considered: two a1 t e r n a t i  ve designs 

aimed a t  providirlg a s ingle-vessel  s e r v i c e ,  a n d  a  snlal l e r  vehicle  designed 

f o r  a two-vessel s e rv i ce .  The 1 a t t e r  design corresponds roughly eii t h  

the SRN-4 (blodified) vehicles  cur ren t ly  in  s e rv i ce  on the English Channel. 

The two l a r g e r  vehicles  represent  s i g n i f i c a n t  advances in  the  s i z e  of 

operat i  otlal , commercial air-cushion vehicles .  A 1  1 were designed f o r  a 

52-knot s e rv i  ce. 

A t  t h i s  s  taae of refinement,  no s i g n i f i c a n t  economic d i f f e r ence  

between the A C V  and SES conceots can be claimed. Thus, as a r e s u l t  of 

the advantages inherent  in  the A C V  concept,  as 1 i s t e d  above, no f u r t h e r  , 
development of SES designs was conducted 5 n  t h i s  s tudy.  

Hydrofoi 1 c r a f t .  

The weight-cri t i c a l  nature of hydrofoil  vesse ls  i s  a t  l e a s t  as 

severe as t h a t  of cus l~ i  on-borne vehicles  , and beco1;ies even illore r e s t r i c t i v e  

\vi t h  increasing s i z e .  In add i t i on ,  the i ce - t r ans i  t t i n g  perforriiance of 

hydrofoi ls  i s  essentially n i l .  For these reasons,  and in  s p i t e  of some 

other\.iisc excel l e n t  charac te l - i s t ics  of t h i s  type ,  no  devel op~lient of  

hydrofoi 1 conceptual des i  gns was undertaken, 

Approxilnate p r o f i l e  sketclles of the vesse ls  designed f o r  t h i s  study 

a r e  presented in  Fig. 1 .  
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I 1  J .  l I IGI{ \ IAY VEI-IICLE AND PASSCNGER SCiiVICES 

A .  Economical l y  s i g n i f i c a n t  - vessel c h a r a c t e r i s t i c s .  - 

The po ten t ia l  market f o r  any hypothetical  f e r r y  s e r v i c e  cannot be 

estilliated r a t i o n a l l y  without reference t o  the  c h a r a c t e r i s t i c s  of the  

s e rv i ce  i t s e l f ,  c h a r a c t e r i s t i c s  which depend most heavi ly  o n  vessel  

des ign ,  To f u r t h e r  compl i c a t e  the probl ein, however, many of the  performance 

and econoriiic c h a r a c t e r i s t i c s  a r e  d i r e c t l y  influenced by vessel  s i z e ,  an 

a r t i f a c t  of the assir~iied s e rv i ce  demand t o  which the  vessel  i s  designed. 

Thus, tile design and market-research problems a r e  i nex t r i c ab ly  bound 

t oge the r ;  the  demand f o r  the s e rv i ce  i s  highly dependent on tile competitive 

posi tioti afforded by vessel  c h a r a c t e r i s t i c s ,  while these  c h a r a c t e r i s t i c s  

depend on s e rv i ce  deiliand, through the intervening va r i ab l e  of vessel  

s i z e .  

Among the  sys tern c h a r a c t e r i s t i c s  t h a t  must be \$lei ghed most iieavily 

i n  determining the competit ive pos i t ion  of the  c ross - lake  f e r r y  s e r v i c e  

~ i i  t h  r e spec t  t o  i t s  a1 t e r n a t i  ve,  i  . e .  , hi ghvay t r ave l  ciround Lake Mi cliigan, 

a r e  the folloiding: 

-- vehic le  t r a n s i t  titlie through the  e n t i r e  systern, including 
4 

shore f a c i l i t i e s ;  t h i s  i s  determined by vessel  speed,  loading 

and unloading arrangements, and vessel  maneuvering 

c a p a b i l i t i e s  i n so fa r  as they a f f e c t  turnaround t ime; 
--  schedule convenience, and wai t ing time between consecut ive  

s a i l i n g s  fronl a  given po r t ;  t h i s  i s  the  product o f  vessel  

round-t r ip  t ime,  number of vesse l s  i n  the  s e r v i c e ,  and 

scheduling preferences of the  owner with regard t o  t he  

length of the  operat ing day; 

-- r e l i a b i l i t y  of s e r v i c e ;  and 
-- passengel* comfort;  these  items depend tiiost heav i ly  on the  sea 

keeping qua? i  t i e s  of the  vessel  , with p a r t i c u l a r  emphasis on 

those vessel  responses t h a t  a r e  most l i k e l y  t o  produce 

passenger discolnfort;  vessel  speed,  and the  abi 1 i  t y  t o  

maintain t h i s  speed under adverse cond i t i ons ,  must a l s o  be 

considered in  the  ana ly s i s  of these  s e r v i c e  c h a r a c t e r i s t i c s .  



- - a t t rzc t ivcness  find corivcniilrice o  F passcn~ct-  spaccs; t h i s  - -- 
f a c t o r ,  wi t l~ in  the linii t a t i o r ~ s  of ~ ~ e i g h t  a n d  s l a b i l  i t y ,  

i s  de terniined by the owner's will ingness t o  pay fo r  more 

refined passengel* comforts ; c l ea r l y ,  t h i s  decision wi 11 

depend o n  the owner's assessmelit of the iinportance of 

t h i s  fac to r  in generating passenger dcmand; and 
- -  p r i c e ;  the required f a r e  r e f l e c t s  n e ~ r l y  every aspect of 

the  vessel desi cjn , through cap i ta l  and operat i  n g  co s t s ,  as 

we1 1 as the f inancial  environment, tli~ougli cap i ta l  

a v a i l a b i l i t y ,  i n t e r e s t  r a t e s ,  taxes and possibly subs id ies ;  

furtherniore, the pr ic ing decision must a l so  r e f l e c t  the 

actual  u t i l i z a t i o n  of the  system, t h a t  i s ,  i t s  annual 

t ranspor t  capacity and 1  oad f ac to r .  

In addi t ion to  these f ac to r s ,  the in tangible  c h a r a c t e r i s t i c  of 

novelty may play a  s i gn i f i c an t  r o l e  in s e t t i n g  passenger denland, a t  l e a s t  

i n i t i a l l y .  This in tangible  value,  pa r t i cu l a r l y  in the  case of air-cushion 

vehicles ,  i s  seen as a  potent ia l  a s s e t ,  with the vessel i t s e l f  serving as 

an a t t r a c t i o n  to  the  se rv ice .  

B .  Conceptual design assuniptions. 

To i n i t i a t e  the design process,  a nuniber of assumptions were 

necessary. In  c e r t a i n  cases ,  due t o  the  lack of more refined da ta ,  these  

assunlptions were based on prel iniinary estiniates , rcsul t i  n g  in a  much 

simplified p i c t u ~ e  of the hypothetical se rv ice .  

The types of assuinptions required in  the  design process inay be 

outl ined as follows : 

-- t r a f f i c  volunle estimates (annual ) , f o r  passenger,  
automobiles and t rucks;  

-- t r a f f i c  seasonal  it^, r e f l e c t i n g  var ia t ion  i n  the 

demand over the year ;  



I 
- - t ra f .F ic  t l ircctiorisl  i ty, ~ ~ c f l c c t i n g  any incqual i  t i c s  between 

eastbound 2nd  wes t l~ol~i~d  t r a f f i c  flows, which rimy a l so  vary 

with the season; 
- - vehic le  diincnsions 2nd weights,  including passenger space -- 

and weight requirements ; 
- - rou te s ,  i n so fa r  as they a f f e c t  vessel c h a r a c t e r i s t i c s  

through roundtr ip  d i s t ance ,  ava i l ab l e  depth of water ,  port  

maneuver.i n g  d2lays , a n d  shoreside f ac i  1 i t i e s ;  

-- d a i l y  operat ing p r o f i l e  and schedule; 

- - annual n p e r a t i n q ~ o f i  l e y  including weather and i ce - r e l a t ed  

de lays ;  and 
- - f inanci 'a l  assumptions, including i n t e r e s t  r a t e  ( spec i f i ed  

y i e l d )  and corporate income tax  cot is iderat ions.  

In the  following sec t ions ,  each of tlie above assunlptions wi l l  be 

discussed in  more d e t a i l .  

1 .  Annual t r a f f i c  vol unie est i lxaies .  

An assullied annual t r a f f i c  volume has been c i t e d  in  the r epo r t  of the 

Wisconsin-Richigan Bi-State Car Ferry Task Force (Ref,  2 )  : 

. . .New, f a s t e r  and a t t r a c t i v e  vesse ls  could serve a  passenger 
market conservat ively estimated a t  1 mi l l ion  per year  and a  
t o u r i s t  auto nlarket of 300,000 vehic les  peryear.  . . 

These f igu res  were used as a  s t a r t i n g  poin t  in  s i z ing  tlic conceptual 

vessel designs.  I n  add i t i on ,  however, a n d  pr imari ly  because of concerns 

regarding the seasonal i  t y  of the passenger. niarket, t he re  was appended 

t o  t h i s  assumed t r a f f i c  volume a t ruck se rv i ce  volunie of 30,000 per year .  

(This f i gu re  i s  an est imate of the roughest s o r t ,  b u t  i t  i s  believed t o  

be well ivitllin the  l i m i t s  of the t o t a l  a v a i l a b l e  niarket f o r  east-west  

truck iiiovenients t h a t  might be expected t o  bene f i t  f r o m  a cross- lake 

s e r v i c e . )  To meet the requirements of a seasonal ly  varying demand, several 

of the vessel designs a r e  envisioned as incorpora t ing  "convcrt i  bl e 



c o l ~ f i g u r a t i o n s "  adaptat11 e  t o  var ious   nixes of passenger auto~iiob.i 1 cs  and 

t r ucks .  

Thus,  t h e  spcc i  f i e d  annual t r a f f i c  vol un~e f o r  t he  "conver t i  bl e "  

ve s se l s  niay be s t a t e d  a s :  

Passernyers 1,000,000 

Autoiiiobi 1  e s  300,000 

'Trucks 30,000 

2. T r a f f i c  s e a s o n a l i t y .  

Given a  s p e c i f i e d  annual t r a f f i c  volume, t he r e  ren:ains the  probleln 

of  non-unifomli ty  i n  the  demand over tlie course  of t he  ope ra t i ng  y e a r .  

In terms o f  design c h a r a c t e r i s  t i c s ,  t he  p r i nc ipa l  d i f f i c u l t y  presented 

by a  h igh ly  seasonal  t r a f f i c  i s  sinlply s t a t e d :  i n  o rde r  t o  c a r ry  t h e  

peak  t r a f f i c  l oad ,  t h e  system niust be designed a t  a  l a r g e r  c apac i t y  , per  

t r i p .  The v e s s e l ,  i n  o the r  words, nlust be l a r g e r  (and nlore expens ive)  

while t h e  t o t a l  annual t r a f f i c  voluii~e rerilains e s s e n t i a l l y  unchanged. During 

t he  o f f - s ea son ,  oil t he  o t h e r  hand, t he  vesse l  must opera te  a t  a  small 

f r a c t i o n  of i t s  t r i p  c a p a c i t y ,  C l e a r l y ,  tlie p r i c e  of t he  s e r v i c e  

must be inc reased  t o  cover  the  c o s t  of  t he  overdes ign ,  un less  a l t e r n a t i v e  

s e r v i c e s  can be provided by t he  vesse l  dur ing  t he  s l a ck  per iod .  

The ac tua l  perfortilance o f  the e x i s t i n g  cross-1 ake passenger  s e r v i  ces  

i n d i c a t e s  a  highly seasonal  t r a f f i c ,  r e f l e c t i n g  a 111-inlal-y dependence on  

the  sulnnier t o u r i s t  market (between iileriiori a1 Day and Labor Day, app rox ima te ly ) ,  

t oge the r  w i  t h  nli nor peaks on c e r t a i n  key weekerids dur ing tlie relnai nder  

of t h e  y e a r .  Of cou r se ,  the  e x i s t i n g  v e s s e l s  provide ra i l -ca r -  s e r v i c e  

year-round,  enab l ing  then1 t o  gene ra t e  o t h e r  revenue ac ro s s  t h e  s l a c k  

months i n  t he  passenger/auto~iiobi l e  t r a f f i c  f low, 

The s e a s o n a l i t y  of t he  t r a f f i c  i n  passengers  t h a t  might be 

experienced by new and niore a t t r a c t i v e  s e r v i c e s ,  with v e s s e l s  s p e c i f i c s 1  l y  

designed f o r  a l l - y e a r  s e r v i c e ,  i s  open t o  q u e s t i o n .  For example, i t  

might be argued t h a t  t h e  c ro s s - l ake  passenger  s e r v i c e  w i l l  reluain a lmos t  

e n t i r e l y  s e a s o n a l ,  r e g a r d l e s s  of changes i n  t h e  a t t r a c t i v e n e ! ; ~  o f  t h e  

s e r v i c e  o f f e r ed .  On t h e  o t h e r  hand, i t  i s  e n t i r e l y  pos s ib l e  t h a t  a 



niodcrni z e d  ycar-round s c rv i  cc wo~rl d a t t r a c t  inorc off-season passenger 

t r a f f i c  t h a n  t h e  e x i  s t i  ng s e rv i  ccs  , thus  red~rc i  t.ig t he  sys tem's  dcpeildctice 

on suliirlicr tourisin.  Re1 i a b l e  f o r e c a s t s  of t i i i s  po t en t i a l  trend a r e  no t  

a v a i l a b l e ;  f o r  t h i s  rc2son i t  was decided not t o  make an e s t ima t e  of  

t he  s e a s o n a l i t y ,  but  r a t h e r  t o  eva lua t e  tlic c a p a b i l i t i e s  of  t he  v e s s e l s  

f o r  hand1 i ng  seasonal t r a f f i c .  This vessel  c a p a b i l i t y  was expressed a s  

f o l l  ows : 

- - t h e  average d a i l y  t r a f f i c  voluriie was deternli tied by d iv id ing  

t h e  assurlied annual voluiiie by t he  number of ope ra t i ng  days 

per  y e a r ;  
- - t h e  max-irrium d a i l y  t r a f f i c  volume v!as s t a t e d  as  a  futict ion 

o f  vessel  c apac i t y  and scheduled t r i p s  per day ;  (depending 

on schedule  assulnptions,  t he  number of t r i p s  pcr  day may 

be i  rlciaeased dur ing peak t r a f f i c  seasons ; )  

-- t h e  degree of seasonal capac i ty  inc rease  was represen ted  

simply a s  t h e  r a t i o  of maxiniuni d a i l y  c apac i t y  t o  assumed 

averagt. dai  1 y vol umz. 

For ve s se l s  incorpora t ing  " conve r t i b l e  c o n f i g u r a t i o n s " ,  a  s i g n i f i c a n t  

expansion i n  passenger/automobile c apac i t y  can be r e a l i z e d  dur ing t o u r i s t  

season ,  with a corresponding i nc r ea se  in  t r uck  capac i t y  dur ing t he  

w in t e r  months. This  f e a t u r e  may be of s i g n i f i c a n t  value in overconling t he  

problems of seasonal  t r a f f i c .  

3. T r a f f i c  d i r e c t i o n a l  i  t y .  

The probleiii of di r e c t i o n a l l y  imbalanced t r a f f i c  i s  sirni l a r  t o  t h a t  

o f  s e a s o n a l i t y :  a  l a r g e r ,  more expensive vessel  i s  requ i red  t o  handle a  

l a r g e l y  one-way flow. Again, in  the absence of  r e l i a b l e  f o r e c a s t s ,  i t  

was necessary t o  tilakc t he  s i i~ ip l i f y ing  assurliption t h a t  flopis would be 

equal in  each d i r e c t i o n .  

By changing t he  nuriiber o f  r ound - t r i p s  per  day,  and by nlaking use 

o f  ves se l s  with " conve r t i b l e  con f igu ra t i ons  ," some degree of  imbalance can 



bc a ~ ~ ~ i i l ~ t l a t c d  wi t i l o u t  cnl arging ttlc systei~i.  1ii:pl i c i  t l y  , t l ~ c  assuiiipti on 

of di  r c c t i  ot1al balance car1 be r~iade without sacr i ' f ic ing the  general tlature 

of the  r e s u l t s ,  provided t h a t  the d i r c c t i o n a l i t y  tha t  a c t u a l l y  a r i s e s  can 

be handled by the above riieans. 

4 .  Vehicle dinicnsions 2 n d  weiahts.  

The following weights and space requirements were assumed : 

Automobiles : Weight 3500 l b  (avg)  

Lane bjidth Req ' t  10 f t  (lilax) 

Lane Leny th Req ' t 18 f t  (avg)  

Overhead Clearance 8 f t  (max) 

Truclts : Wei 911 t 55090 l b  (avg)  

Lane Width Req ' t 12 f t  (inax) 

Lane Length Req't  I 55 f t  (max) 

Overhead Clearance '15 f t  (~nax)  

Passengers : Weight ( i  ncl . 1 uggage) 248 l b  

Enclosed Deck Area Reqi t 25 f t 2  

Exte r io r  Deck Area Req ' t  25 f t2 

Clear Height 7 . 5  f t  

A1 1 of the above weight and space a1 1 onances a r e  generous by 

veh ic le - fe r ry  s tandards .  The veh ic le  spaces a r e  sized and arranged t o  

per~ni t loading and unloading of vcliicles by t h e i r  owners, r a t h e r  than by 

s h i p ' s  crew or  shore-faci  1 i ty  pei~sontiel . Passenger deck spaces a r e  
s ized to  provide the  above requi rcriients f o r  tlic maximunl passenger capaci ty  , 
which can be expected to  occur priiiiarily dur ing the t o u r i s t  season ,  when 

ex t e r i o r  spaces can be u t i l i z e d  t o  g r e a t e s t  advantage. During the  winter  
nionths, the enclosed spaces wi 11 be a t  a premiuiii, b u t  the  number of 

passengers w i  11,  in  a1 1 probabi 1 i  t;y , be f a r  1 e ss  than the niaxirnu~~i 

capaci ty .  



The pr inc i  pal route  considered i  ti the  design a n d  econonlic ana ly s i s  

had the  f o l  lc;vin!l c h a r a c t e r i s  t i c s  : 

One-way d i s t ance  ( en t r ance  t o  en t r ance )  60 s t a t  mi 

Harbor t r a n s i t  arid nlaneuvering de l ay ,  per c a l l  20 illin 

F4aximuin vessel  length 450 f t  

Maxiniuill d r a f t  18 f t  

111 broad ternis,  t h i s  r ou t e  corresponds t o  e i  t h e r  Ludi ngton-i~lani tcwoc 

or  Frankfort-Kewaunee, H second rou te  p r o f i l e  d i f f e r s  on ly  i n  one-way 

d i s t a t . ~ce ,  \vhich i s  increased t o  81 s t a t u t e  m i l e s ,  correspondiny .Lo 

Mi 1  waukee-14us kerjon. 

Apart from the  f a c t o r s  1 i s t e d  above, no s p e c i f i c  poi-t  a t t r i b u t e s  

were incoi-porated i n  t h i s  s t udy .  Such f u r t h e r  i s sue s  a s  t h e  a v a i l a b i l i t y  

and p r i c e  of waterfinon t proper ty ,  hi ghisray arrangements and access t o  

tile f e r r y  f a c i l i t i e s ,  loca l  l abor  and n;sterial  s u p p l i e s ,  ar?d the  p r ec i s e  

nature  of po r t  f a c i  1  i  t i e s ,  have not  been explored.  

6 .  Daily opera t ing  prof i  l e  schedule .  

For nornial passenger opera t ions  (o the r  than in  peak t o u r i s t  p e r i o d s ) ,  

a no;i~itial opera t ing  day of approxiniately 1 2  liours was env is ioned .  For the  

convcnti onal vessel  t ypes ,  t h i s  corresponded t o  two round- t r?  ps per  day 

on the  s h o r t e r  ( G O  s t a t  mi ) r ou t e .  

During peak t o u r i s t  season ,  i t  \liould be pos s ib l e  t o  extend t h i s  

s ~ h c d u l e  t o  t h r ee  round- t r ips  per  day,  with t he  f i r s t  depa r tu r e  a n d  l a s t  

a r r i v a l  a t  r easona l~ l  e  liours . Typical schedules  f o r  conventional ve s se l s  

serving t i l e  s h o r t e r  r ou t e  iiiight be as fo l lows :  



Norriial schedule: 2 RT/DAY.  Single ship service ,  

Port A Port B -- 

2 1 - k t  vessel - 

Port A 

Both schedules assume one hour turnaround time per ca l l  , including 

approximately 20 minutes fo r  harbor t r a n s i t  a t  reduced speed,  maneuvering , 
dockicg and undocking. This f igure  i s  made u p  of a one niile t o t a l  harbor 

t ransi  t a t  f ive  tilph average r e s t r i c t e d  speed (1 2 minutes ) , three minutes 

t o  dock on a s t r a i g h t  approach, and f ive  minutes t o  undock and swing 

ship.  (Unlike the exis t ing  f e r r i e s ,  the proposed vessels  dock bow f i r s t ,  

for reasons t h a t  wi 11  be detai led subsequently.) 

Loading a n d  unloading operations wil l  a l s o  be described in 

connection wi t h  the vessels themselves. However, i t  i s  obvious t h a t  the 

requirement of a quick turnaround f o r  a la rge  number of vehicles ( f o r )  

example, 200 automobiles unloaded, and 200 loaded, in 40 minutes) ,  can 

only be met by simultaneous loading and unloading, with the passengers 

doing t h e i r  own driving.  I t  i s  believed t h a t  vessels can be designed t o  
provide t h i s  turnaround capabi 1 i t y ,  in combination with improved shore 

faci  1 i t i e s .  

The minimization of turnaround time becomes highly s i g n i f i c a n t  

durinq peak t r a f f i c  periods. For example, t o  r ea l i ze  a three round-trip 

per day oassenger schedule, on the 60-s t a t  route ,  without unduly ear ly  

s t a r t s  or l a t e  a r r i v a l s  the followinq schedules could be i n s t i t u t e d :  



2 1 - k t  vessel ----- 

Port  A -- Port  B Port  A Port  13 

7 a  ,111 . -----------p. 9 a  . ni . 6 a.m. o 8:30 a.m. 

12 no011 * 10 a.m. 12 noon 4- 9:30 p.m. 

1  p.m.  - 3 p , m .  1  p .m.  3:30 p . m .  

6 p . n ~ .  ai----------- 4 p . m .  7 p.m.+------ 4:30 p . m .  

1 p.nl .  -- -4- 9 p . m .  8 p .m.  ------+ 10:30 p.m. 

12 niidn.ight * 10 p . m .  2  a.m. 6 11:30 p . m .  

None of the  above schedules r e f l e c t  time-zone d i f f e r e n c e s ,  b u t  the  

a t t r a c t i v e n e s s  of high speed i s  c l e a r l y  shown, a t  l e a s t  i n  terms of 

inc reas ing  the  nuinbei- of conveniently timed s a i l i n g s  per day, For 

conventional v e s s e l s ,  and p a r t i c u l a r l y  f o r  vessels  r e s t r i c t e d  i n  1 ength 

by cons idera t ions  of por t  maneuvering, t h i s  add i t iona l  speed i s  dea r l y  

bought, as w i l l  be discussed l a t e r .  

The a i r -cushion vehicle  i s  not l imi ted  by the  r e l a t i o n s h i p  of speed 

and leng th .  With the  po ten t ia l  f o r  speeds o f  50-60 knots ,  under favorab le  

weather and sea condi t ions ,  schedules can be made very a t t r a c t i v e  indeed. 

Assuming a turnaround time of 40 minutes per c a l l ,  (20 minutes port 
t r a n s i t  and maneuvering, and 20 minutes 1  oadi ng and unloading) , the  

following normal schedule could be achieved on the  60 s t a t u t e  mile r ou t e .  

Normal schedule:  4 R T / D A Y .  S ingle  ACV s e r v i c e .  

52-kt Air  Cushion Vehicle 

Port  A Por t  B 



As a r u l e ,  frequency of s c r v i c c  i s  t,hc tnost i l ~ ipo r t an t  s i l i g l e  f a c t o r  

i n  s e r v i c e  a t t r a c t i ven i ? s s  f o r  passenq?iq au to~~lob i  l e s .  The advalltage of 

high-speed c r a f t  i s  appa ren t ,  provided t h a t  t he  s e r v i c e  i s  r e l i a b l e ,  and 

t h a t  t he  p r i c e  i s  reasonable .  

A f u r t h e r  iillalysis of schedul ing  l~i ight  reveal  t he  d e s i r a b i  1 i  t y  o f  

a1 ter . ing t he se  b a s i c a l l y  clock-1 i  ke ope ra t i ons  t o  correspond wi tli a c t u a l  

d iu rna l  v a r i a t i o n s  in  po t en t i a l  t r a f f i c  volu~iie. The e f f e c t  of t h i s  kind 

of schedule  rearrangelllent on the  design requirements of t h e  ve s se l s  

theniselves i s  n e g l i g i b l e .  

7 .  Annual opera t ing  p r o f i l e .  - 

For purposes of  t h i s  p re l iminary  econoiriic overview, t h e  v e s s e l s  

a r e  assuined t o  opera te  en t h e i r  -- nornial schedules  year - round ,  except  as  

s p e c i f i c a l l y  noted.  The e f f e c t s  of  a  given s e a s o n a l i t y  on ope ra t i ng  c o s t s  

cat1 be es t imated  by s t r a i g h t f o r w a r d  ~ilethods , a1 though, as  mentioned 

e a r l i e r ,  t h e r e  i s  n o  s p e c i f i c  e s t i m a t e  of t h e  ac tua l  d2gree of  s e a s o n a l i t y  

t h a t  w i l l  be exner ienced by the  s e r v i c e .  

For a l l  v e s s e l s ,  a  p re l iminary  es t i ina te  of 345 working dzys pe r  

yea r  has been ~nade. Of  the remainder ,  10 days a r e  s e t  as 'de  f o r  l ayup ,  

a n d  10 f o r  weatllei- and i c e .  I t  i s  f e l t  t h a t  wit11 the v e s s e l ' s  relatively 

l i g h t  d a i l y  duty c y c l e ,  a  10-day layup i s  conse rva t i ve .  S i m i l a r l y ,  based 

on exper ience with t he  e x i s t i n g  f e r r y  s e r v i c e s ,  10 !!eather days ,  i nc lud ing  

i c e ,  i s  probably conse rva t i ve .  No e x p l i c i t  c o n s i d e r a t i  on of a c tua l  

weather o r  i c e  delays  was made, o t h e r  than t o  i nc lude  a  margin on f ue l  

cotisun~ption t o  account f o r  the  p r i nc ipa l  c o s t s  of t he se  de l ays .  Apart  

froiii t h e  l o s t  weather and i c e  days mentioned above,  no l o s s  of round- 

t r i p s  was a t t r i b u t e d  t o  adverse  c o n d i t i o n s .  



8. Financial assumotions. 

a .  Capital recovery cos ts .  

The annual cos t  of capi ta l  recovery was based on the following 
s e t  of condit ions:  

- - a l l  capi ta l  investments were assumed to  be 100% equi ty ,  no loan;  
-- a corporate income tax of 48% was assunled with tax defer ra l  ; 
- - no tax credi t was appl i  ed : 
-- an a f t e r - t ax  y ie ld  on investment of 10% was spec i f i ed ;  and 
- - the  economic l i f e  was assumed t o  be 35 years f o r  conventional 

vesse l s ,  15 years f o r  air-cushion vehicles.  

I t  i s  f e l t  t h a t  these assumptions represent  very nearly a "worst case" 
portrayal of the f inancia l  s i t u a t i o n .  

The cap i t a l  recovery fac to r s  ( C R F )  r e su l t ing  from these assumptions 
a re  as follows: 

Conventional vessels  0.134 
Air-cushion vehicles 0.165 

(Canital Recovery Factor i s  the f r ac t ion  o f  the  investment t h a t  must 

be paid annually in order to  y i e l d  the speci f ied  10% return a f t e r  t a x . )  
No subsidy of any kind was incorporated in  the economic ana lys i s ,  

recognizing the conservatism of t h i s  assumption. 

b. Operating cos ts .  

O n l y  t he  usual i terns of vessel operat ing cos t  were included in the  

analysis .  S p e c i f l  c a l l y  excluded were the tli r e c t  cperat ing cos ts  ( a s  
well as  annual capi ta l  cos t s )  associated purely with shore f a c i l  i  t i e s .  
While t h i s  i s  recognized as a  weakness in the  approach, i t  was f e l t  t h a t  
a f u l l  study of shore - fac i l i ty  cos t s  was s t r i c t l y  in q u a l i t a t i v e  terms, 
reinembering tha t  some addit ion t o  the r e s u l t i n g  fa res  will  have t o  be 



made in t l ic f i n a l  atialysi 's t o  C O V C Y .  t h e  c o s t s  of t he se  f a c i l i t i e s .  

c .  Passenger c a t e r i n g  c o s t s .  

As p r e s e n t l y  env is ioned ,  a1 1 v c s sc l s  wi 11 provide c a t e r i n g  s e r v i c e s  , 
such a s  a  snack b a r ,  cof fee  sllop, r e s t a u r a n t ,  lounges ,  and o t h e r  pub l i c  

spaces .  S u f f i c i e n t  space and weight has been allowed f o r  t h e s e  c a t e r i n g  
s e r v i c e s ,  t oge the r  with s u f f i c i e n t  1  i f e - r a f t  c apac i t y  f o r  t h e i r  pe rsonne l .  

However, t h e s e  personnel a r e  not considered members of t he  s h i p  ' s  

compleme~it f o r  t he  purposes of crew c o s t  assessment ,  nor a r e  t h e  passenyer-  

c a t e r i n g  p rov i s i ons  ( s t o r e s  and suppl i e s )  illcl uded i n  t h e  s h i p ' s  budget.  
Spec i a l i z ed  c a t e r i n g  equipment, s i m i l a r l y ,  was excluded froin t h e  c o s t  of 

t he  s h i p .  ( I n  e f f e c t ,  c a t e r i n g  s e r v i c e s  a r e  t r e a t e d  as  a  concess ion ,  and 
i t  i s  assunled t h a t  t he  concess iona i re  w i l l  absorb t h e s e  c o s t s  i n  h i s  

p r i c i n g .  ) 

Maintenace of pub l i c  space s ,  a p a r t  from t h e  c o n c e s s i o n a i r e ' s  

donlains, was included as  a  s e p a r a t e  maintenance and r e p a i r  i t em ,  a s s e s sed  

t o  t h e  s h i p ,  This  itein w i l l  c o n s i s t  n ~ a i n l y  of t h e  c o s t s ,  f o r  l a b o r ,  
suppl i e s ,  and overhead, of  d a i l y  c l e an ing  and r o u t i n e  na in tenance  c f  pub1 i c  

space s ,  assumed t o  be performed by a  subcon t r ac to r  r a t h e r  than by t h e  

s h i p ' s  crew. 

C .  Measure of  me r i t .  

The s i l ~ i p l e s t  measure of ~ i l e r i t  has been s e l e c t e d  f o r  t h i s  a n a l y s i s ,  

bear ing ill mind that; the  u l t ima t e  p r i c e  t o  t h e  consumer, and hence t h e  
revenues ,  a r e  unknown. This  nieasure o f  merit. i s  t h e  r equ i r ed  f a r e  ( R F )  , 
which can be w r i t t e n  a s  fo l lows :  

R F  = ( A O C  + P.CRF)/ATV, 

pihere AOC i s  t he  annual ope ra t i ng  c o s t ,  P i s  t h e  c a p i t a l  inves tment ,  C R F  

i s  t h e  c a p i t a l  recovery f a c t o r  given p r e v i o u s l y ,  and ATV i s  t h e  assi~nied 
annual t r a f f i c  volu~ne. Thus the  r equ i r ed  f a r e  i s  t h e  f a r e  t h a t  n u s t  be 



charged, ~t a  given leve l  of t r a f f i c  volurrie, t o  cover a l l  opera t ing  c o s t s  

and r e t u r n  a  10% y i e l d  on the  investnlent,  a f t e r  t ax .  

For the  vehicl  c f e r r y  set-vi c e ,  annual t r a f f i c  vol utile rcpresei i ts  

a  nonhor~iocjeneous q u a n t i t y ,  incl  uding passengers,  autoiuabi l e s  , and t r ucks .  

Obviously,  each of these  u n i t s  must be assigned a  d i f f e r e n t  f a r e ,  and 

there  a r e  an i n f i n i t e  nuliiber of uays in vihich the  p r i c i ng  niay be s t r u c t u r e d .  

To s impl i fy  the  p r i c i ng  schenie, the  p r ic ing  was confined t o  

passengers ,  autoniobi l e s ,  atid t r ucks  ( t r a c t o r - t r a i  l e r  coiiibi na t i  o!is) only.  

S in i i l a r l y ,  no consider-ation ~ c l s  given t o  seasonal v a r i a t i o n s  iii p r i c i n g ,  

nor spec i a l  p r i c i ng  f o r  n igh t  t r i p s ,  nor discounts  f o r  ~ o u n d  t r i p  t i c k e t s .  

These a r e  d e t a i l s  which should be considered a t  a  niore advanced s t age  of 

the a n a l y s i s .  

To a r r i v e  a t  a  d e f i n i t i o n  of the  quan t i ty  ATV, t h e  fol lowing 

r e l a t i o n s h i p s  between the var ious  r a t e s  were a r b i t r a r i l y  s e t :  

- - The autoiilobile f a r e ,  exc lus ive  of passengers ,  kias s e t  a t  

3 times t he  passenger f a r e .  (Current  s e r v i c e s  use a 

f a c t o r  of approxitnately 1 . 8  f o r  t h i s  r e l a t i o n s i i i p ,  b u t  

i t  was cor~s idered  d e s i r a b l e  t o  encourage b e t t e r  

u t i l  i  za t ion  of autonlobi l e s  by decreasing t h e  passenger 

f a r e ,  ) 

--  The f a r e  f o r  a  s tandard  t r a c t o r - t r a i l e r  combination,  n o t  
exceeding 55 f t  i n  t h e  overa l l  l eng th ,  by 8 f t  width ,  was 

s e t  a t  4.. 5 tinies the  autoinobile r a t e ,  based on a  con~proi~lise 

between s ingle-deck lane  occupancy and two-deck lane  

occupancy. Thus, the  t ruck  f a r e  i s  13 .5  tinics t he  

passenger f a r e .  (As p r e sen t l y  env is ioned ,  t h i s  t ruck  

r a t e  would include # t h e  d r i v e r . )  

In accordance with these  r e l a t i o n s h i p s ,  the  value of ATV i s  

given by: 

ATV = Annual Passengers t 3 Annual Cars + 13.5 Annual Trucks. 

This value can be i n se r t ed  in  t he  express ion f o r  requ i red  f a r e ,  ob ta in ing  



.tile passenger  r d t e ,  \,!l~i cli can tllcrl he niul1;i p l  icd by ti)(! a b o v e  f a c t o r s  t o  

y i e l d  t h e  rcqui  red fares f o r  au to i~ lob i  l e s  z n d  t r u c k s .  

Apart froin the  required f a r e  ( a  n)essure o f  mor i t  r e l a t e d  t o  the 

ul t in la te  p r i c e  o f  t he  s e rv i ce  t o  the  consun?er) cons i t l c ra t ion  was given t o  

those v a r i a b l e s  i n  t h e  vesse l  designs  t h a t  contribute t o  t h e  o t h e r  

economically s i g n i f i c a n t  f a c t o r s  i n  the  s e r v i c e :  t r a n s i t  t ime ,  t o t a l  

system t ime,  frequency and schedules  o f  s e r v i c e ,  e t c .  



IV, IiIC;lIl,!i\Y V E I I I C I - E  Ai iD  I'ASSEI'IGEP, ! ' E S S E I S  

A .  Des i CJII Phi 1 osopily . 

Several  design f ea tu r e s  a r e  coli;mon t o  a1 1  the  vesse l s  described 

below. Broadly, t hc se  cornillon aspec t s  a r e  as  fo l lows :  

1 .  B Y - b o a t  arrangc~neni  ...- of pzssenr~er  ncco~lltllodatio~is. -- 
None of these  vesse l s  i s  f i t t e d  witti stateroom accon~odations.  O n  

the  s h o r t e r  (60-mile) rou te ,  t he  t r z n s i t  tinie i s  two houias f o r  the  26-knot 

v e s s e l ,  two and a  ha l f  hours a t  twenty-one knots.  The shor tness  of t h i s  

t r i p  w i l l  probably preclude a  s i g n i f i c a n t  use f o r  s ta te rooms ,  and t he  

added weight atid c o s t  \&/as not co~is idered  . j u s t i f i e d .  O n  a  longer r o u t e ,  

perhaps,  t h i s  design philosophy niight have t o  be reeva lua ted .  

2 .  Drive-througii arrangement of veh i c l e  spaces .  

A1 1 vessel  s a r e  arranged f o r  simultaneous 1  oadi ng and unloading , with 

the  veh ic les  handled by t h e i r  owners. In t he  case  of conventional vessel  

types ,  veh ic les  would d r i ve  aboard through a  q u a r t e r  p o r t ,  and e x i t  

through the  bow. For ACV's , the  aniphi bious capabi l  i  t y  would permit load i  r ~ g  

and unloading in  any f l a t  a r e a ,  s t r a i g h t  through t he  ve s se l .  

3. Sophis t i ca ted  automation systenis f o r  engi ne-roo8 opera t ions .  

A1 1 engine rooms would normally ope ra t e  unat tended,  with an engineer  

on watch in  the  control  room. Bridge con t ro l  of the  power p l an t  i s  

assunied in a l l  c a se s .  

4 .  Active f i n  s t a b i l i z a t i o n .  

All conventional vesse l s  a r e  assumed t o  be f i n  s t a b i l i z e d ,  with 

the  s t a b i l i z i n g  u n i t s  r e t r a c t a b l e  f o r  docking and i c e  t r a n s i t .  I t  i s  

f e l t  t h a t  s t a b i l i z a t i o n  wi l l  do niuch t o  irnpi-ove passenger comfort dur ing 

the  roirgher f a l l  and winter  nlonths. Air-cushion v e h i c l e s ,  whose ~liotion 

cha rac t c r i  s t i c s  a r e  conlpletely d i f f e r e n t  from those of conventional 

s h i p s ,  cannot be s t a b i l i z e d  i n  t h i s  manner. Recent innovat ions  in  r i d e -  

control  systems foi* ACV's a r e  rrlore di f f i c u l  t t o  a s s e s s ,  and t h e i r  incorpora t ion  

i n  our designs i s  n o t  e x p l i c i t l y  assunied. 



. . .  
---- .- . 

. . . 9.. . . - .  ,.! - L . , . , -  .,:,',,,.; v i \ s s c l ~ ,  by vi:.ttic! o f  tlitiir r e l a t i ve ly  l i i g h  power, 

narrow water1.i tie bealn, raked b o ~ ,  forlils, and f lared s i d e s ,  wi l l  ~ ~ o s s c s s  

super ior  icc- t ransi  t t i n g  capab i l i t i e s .  liulls are ilssuiiicd t o  be i c e  
strengthened to  ABS ice-class  B. Air-cushion vehicles ,  when operated 

ca r e fu l l y  in areas of rough i c e ,  have a  proven i c e - t r an s i t t i ng  capab i l i t y .  

( I ce  coverage on Lake Michigan, in normal winters ,  i s  usually confined t o  

a  few miles of r e l a t i ve ly  thick b u t  unconsolidated i c e  in the v i c i n i t y  of 

the shore,  [Ref. 41) 

6 .  Vessel maneuverabi 1 i  ty .  

A1 1 conventional vessels a re  equipped vii t h  bo\lr t h ru s t e r s .  In 

add i t ion ,  single-screw vessels a re  f i t t e d  with s te rn  t h ru s t e r s .  I t  i s  

f e l t  t h a t  these investnlents will  pay fo r  thenlselves in expediting por t  

maneuvering and docking operations,  essen t ia l  to  rapid turnaround of 

the vessels .  An  in tangible  saving in hull and port f a c i l i t y  repa i r s  should 

a1 so be real  ized. Maneuvering o f  the mucti snlal l e r  air-cushion vehicles 

was not considered t o  represent a problem area .  

B .  Conventional di splacenlent vessels .  

Four conventional vehi cl e - f e r r i e s  were considered in the conceptual 

design. They are iden t i f i ed  as follows: 

Design I :  To explore the p o s s i b i l i t y  of meeting tile e n t i r e  spec i f i ed  

t r a f f i c  volume with a  s ing le  conventional sh ip ,  a  28.5-knot automobile/ 

passenger/truck f e r ry  was considered. The required dinlensions exceeded the 

450-ft 1 imitation on length; however, i t s  cha r ac t e r i s t i c s  are included fo r  
the sake of comparison. No fu r ther  developnient of t h i s  vessel was pursued. 

Design 11: A 26-knot a l t e r n a t i v e ,  designed fo r  a  two-ship s e rv i ce ,  

f e l l  within the prescribed di~liensional r e s t r i c t i o n s .  Alttiouyli the t o t a l  

annual costs  o f  the two-ship service  a re  s i gn i f i c an t l y  higher than those 
of Design I ,  corresponding advantages a r e  gained in frequency and f l e x i b i l i t y  
of service .  



s i n  I :  /'\ t l e r iva t ivc  of Desiqti 11, wi ti1 s e rv i  cr: sl~cccl reduced ------ 
fro ti^ 26 t o  21 knots .  S igr i i f i can t  lliriltling c o s t  ancl fue l  c o s t  reduc t ions  

were obtaineti  by incorporal:ing a  tnore~liodest speed,  a t  t he  expense of  

so~iic recluction i n  s e r v i c e  f requency,  and a  pos s ib l e  s a c r i f i c e  of the 

t h r ee  round - t r i p  per day capa l~ i  1  i  t y ,  

s i t  I :  A s imp l i f i ed  vers ion of Design I I S ,  abandoning t he  

"conver t i  h l ?  conf igura t ion"  i n  favor  of a  s  t r a i q l l t  s ingle-deck a r r a n g c ~ i ~ e n t .  

This design pias envis ioned as a  t ruck f e r r y ,  with 1  inii t ed  accomn~odations 

f o r  o t h e r  c l a s s e s  of veh i c l e s ,  Passenger acconimodati~tls were sca led  down 

t o  r e f l e c t  the  g r e a t e r  emphasis on corniiiercial t r a f f i c .  In s p i t e  of t he s e  

a t tempts  t o  reduce c o s t s ,  the  r e s u l t s  of  the  ana ly s i s  were no t  f avo rab l e  

t o  the  " a l l - t r u c k "  a l t e r n a t i v e ,  and no f u r t h e r  development of  Design I IT 

was undertaken. 

The pr inc ipa l  p a r t i c u l a r s  of t he se  designs  a r e  summarized i n  Table I .  

Estimated bu i ld ing  c o s t  breakdowns a r e  given i n  Table 11. Annual ope ra t i ng  

c o s t s  and average annual co s t s  ( i nc lud ing  capi t a l  recovery)  a r e  given i n  

Table 111. F i n a l l y ,  required f a r e s ,  based on t he  ex tens ive  assumptions 

given p r ev ious ly ,  a r e  l i s t e d  in  Table I V ,  along with o t h e r  measures of  

meri t .  
A t yp i ca l  l ayout  sketch of one of t he se  vesse l s  (Design 11) i s  shown 

it1 Fig. 2 ,  and a  midshi:, s e c t i on  of t h e  same vessel  i s  s h o w  in  ~ i g .  3.  The 

general  l ayout  of a l l  des igns  i s  broadly s i m i l a r  t o  Design 11, a p a r t  

from dimensions and sonie d e t a i  1 s .  Most no t ab ly ,  the  s ingle-deck vesse l  , 
Design I I T ,  i s  cha r ac t e r i z ed  by the olriission of the  niovable p la t fo rm 

decks ,  and the  niachinery casing i s  placed on t he  v e s s e l ' s  cen. te t - l ine ,  

supplant ing the  twin maclii tiery uptakes of  t he  o the r  des igns .  

Serv ice  Speeds 

As the  es t imated horsepowers r e v e a l ,  t h e  penal ty  f o r  inc reased  speed 

i s  rerliarkably severe  f o r  ve s se l s  1  inii terf t o  450- f t  l eng th .  In p a r t i c u l a r ,  

a t  t h i s  l eng th ,  a speed i nc r ea se  from 21 t o  26 knots r equ i r e s  a t r i p l i n g  

of the  i n s t a l  1 ed horsepower, (Refs .  5 , 6 )  , w i  t h  conco~ni t a n t  i nc r ea se s  i n  

i ~ e i g h t ,  f i r s t  c o s t ,  maintenance,  and i n  f ue l  c o s t .  The parameter most 



Tahlc 1. Dcsigl~ ! l a r t i c u l a r s  of con\icntional c l i  sl11 scctncrrt vcssel  s for 

c r o s s - l a k e  11-i c)i.iv~ny v e i i i  c'le ferry s c r v i c e s .  

Des 1 ~ I I  I I I I IS  I IT - 

Dimensions ( f t )  : 
Overa l l  length 
\Jateinl i nc  1 e ~ i g t h  
l i l ax i  l~ iun i  bearn 
Idateinl i ne b e m i  
Ful l -1  oad d r a f t  
Depth t o  main deck 
Depth t o  upper deck 
Depth t o  weather deck 

Capaci t i e s  : 
Normal Conf iqura t ion :  

Autoniobi 1 es  
Trucks 
Passengers 

T o u r i s t  Cot l f igurat ioi~ : 
Au tomobi 1 es  384 204 204 - - 
Trucks 0 0 0 - - 
Passengers 1536 21 6 81 6 - - 

Winter Configurat ion:  
A u  tonlo bi 1 e s  
Trucks 
Passengers 

Deadv~eigh t s  and Di splacenient ( L t o n )  : 
Normal carqo deadwei qh t 1039 552 552 59 2 
Maxinium cargo deadlt~ei q h t  1536 7 9 3 793 892 
Operating deadiveiqli t 198 144 88 73 
Light  s h i p  8003 4371 3853 3598 
Norli1a1 di  spl  ace~iient 3240 5067 4493 4563 
Ful l - load  d i s ;~ l acemen t  9737 5308 4734 4563 

Speed and Po~ie r i  ngs : 
Serv ice  speed ( k n o t s )  
Servi ce speed ( n ~ p h )  
blachi nery type 
Arrangement 
Total  s h a f t  horsepo+~er  
Al l  purpose s p e c i f i c  fue l  

corisut~~pti  on ( 1  b/hp. hr) 
Fuel type 
Fuel p r i c e  (S/Lton)  

28. ti 
32 .8  

S t  Tbn 
Tw Sc r  
30 000 

Bunker 

2 6 . 0  
2 9 . 9  

S t  Tbri 
TPI Sc r  
28 000 

Bunker 

21 .o  
24.2 

t4S-D 
S Scr  

8500 

Diesel  

115 

21 . o  
2 4 . 2  

11s-D 
S Scr  

8500 

0 .45  

Diesel  

115  

( c o n t i  nucd) 



Table I .  ( con t inued)  . 

Des i gn 

Compl emen t : 
Master 
Mates 
Idheel smen 
Ch ie f  Engineer 
Cer t .  E.R.  Crew 
P a t r o l  man 
Veh i c l e  Deck Crew 
Crew Stewards 
Passenger' s Stewards 
Purser  

To ta l  

Replacement Crew : 

Addi t i o n a l  Technica l  Data: 

Speed-1 ength r a t i o  

B lock c o e f f i c i e n t  ( f u l l  l oad )  

P r i sma t i c  c o e f f i c i e n t  

M idsh ip  c o e f f i c i e n t  

3 Volumet r i c  c o e f f i c i e n t  x10 



1 '  1 .  

Tab1 c. I I .  C s p i  t a l  c o s t  l)rec?kt!ov!n f o r  convcntionsl vessel  designs.  (1977 $/1000) 

Hull s t e e l  o ia te r ia l  @ $314/Lton 1742 

Hull s t e e l  l a b o r  750% 

Outf i  t m a t e r i a l  @ $2500/Lton 31 61 

O u t f i t  l a b o r  3373 

Hull eng inee r ing  m a t e r i a l  @ $4900/Lton 2708 

Hull e n q i n e e r i  ng l a b o r  3244 

Machinery ( i n s t a l l e d )  7873 

Vehicle-hand1 i n g  equipment 1566 

Bow t h r u s t e r  i n s t a l  1 ed 250 

S t e rn  t h r u s t e r  i n s t a l  l e d  - - 
S t a b i l i z e r s  750 

E l e c t r o n i c s  & autoniation 350 

Tota l  32525 22197 18752 16444 

P r o f i t  ( 5 % )  1626 1'110 938 822 

F i r s t  s h i p  p r i c e  341 51 23307 19630 17266 

Second s h i p  p r i c e  - - 224 70 18922 - - 



Taijlc I 1  I ,  i\niiual c o s t  hi*cskdoi.:n f o r  convent ionzl  vessel  des'i5jns. (1977 $ / l o  

Design 

Annual f u e l  c o s t :  
2 R/Tday , 60-ilii l e  t r a n s i t  1959 1829 728 7 
2 RTlday , 81-mi l e  t r a n s i t  2576 240 5 9 80 9 
3 RT/day, 6 0 - n ~ i l c  t r a n s i t  2802 261 5 1078 10 
3 RTIciay, 81 -mile t i-ansi  t 3734 3485 - - -. 

Luhri c a t i  ng o i  1 0 0 3 7 + 

Hull maintenance and r e p a i r  253 160 160 16  

Llachinery maintenance and r e p a i r s  
2 RTlday 104 99 60 6( 
3 RT/dav 127 121 90 9 C 

Passenger space 14 A R 104 69 69 3 5 

Layup c o s t s  45 30 3 0 30 

Crew wages and b e n e f i t s  
c. 

Crew s u b s i s t e n c e  

S to res  and supel i e s  11 4 2 1 

Hull & Maclii nery insurance  478 320 2 70 242 

Passenger 1 i abi 1 i t y  2 50 125 125 5 0 

Cargo insurance  80 4 0 40 50 

Overhead and mi s c e l l  aneous c o s t s  8 0 4 0 4 0 2 0 

Total  annual o p e r a t i n q  c o s t :  
2 RTlday, 60-mile t r a n s i t  4383 351 7 231 1 2049 
2 RTlday, 81-mile t r a n s i t  5006 4093 2563 2301 
3 RTlday , 60-nii 1 e t r a n s i  t 5255 4325 269 1 2429 
3 RT/day, 81-mi l e  t r a n s i t  6187 5195 - - - - 

Annual c a t ~ i  t a l  recovery 4576 306 7 2587 2314 

Averaqe annual c o s t  : 
2 RT/dav, 60-mi l e  t r a n s i t  8695 6584 4838 4363 
2 RT/day , 01 -nii 1 c t r a n s  i t 9502 71 60 51 50 461 5 
3 RT/dav , 60-mi 1 c t r a n s i  t 9831 7392 5278 4743 
3 RT/dav, 81-nli l e  t r a n s i t  10763 8262 - - - - 



-rsl)le 1V. I4easurcs of ~ ! ; e r i  t f o r  convcn t ional  vessel  d e s i ~ t i s  . 

Des i  c j n  

2 RT/da,y, 60-nlile t r a n s i t  

Averaqe annua 1 c o s t  ( $ / I  000) 8965 131 68 9796 

Rcqui red f a r e s  : 
Passenget- 
A u  to~ilobi 1 e 
Truck 

Servi ce frenuency : 
S a i l i n g s  pel- day (each wa,y) 2 4 4 

Time between s a i l i n g s  (hr )  6 . O  3  .O 3 . 5  

F i r s t  dai  l y  depar tu re  9 am 9  am 8 a111 

Last  d a i l y  a r r i v a l  8 pm 8 p111 9 pm 

b Vehicle t r a n s i t  time (hr )  3 . 6 7  3 .67 4 . 1 4  

Seasonal over1 oad capabi 1 i  tyC 2.32 2 .39 2 .39  

d 
Seasonal p r i c e  i nc r ea se  ( % )  9.66 1 2 . 2 7  7.76 

(con t i  nued) 

-30- 



Table I V .  (continued).  

Des i gn 

2 RT/day, 81-mile t r a n s i t  . 

Average annual cos t  ($/1000) 9582 

Requi red fares  : 
Passenger 
Au tomobi 1 e 
Truck 

Service frequency : 
Sail ings per day (each way) 2 

Time between sa i l ings  ( h r )  7 .5  

Fi r s  t dai l y  departure 8 am 

Last dai ly a r r iva l  9 Pm 
b Vehicle t r a n s i t  time (hr) 4.43 

Seasonal over1 oad capaci tyC 2.32 

d Seasonal price increase ( % )  12.32 

4 

4.5 

7 am 

Mi d n i  t e  

5.09 

1.59 

0 .oo 

Notes : 

a ~ r i c e s  and s ~ r v i  ce frequencies f o r  two-s hip se rv ice .  

b y e h i c k  t r a n s i t  time i s  ship  t r a n s i t  time (dock t o  dock), plus 40 
minute vehicle handling delay a t  each end. 

'seasonal overload fac to r  r e f l e c t s  increased passenger vehi c l e  capaci ty 
due to  convert ible configuration,  and. potenti a1 extra  round-trip per day. 

d~easona l  price increase r e f l e c t s  average da i ly  cos t  increase due t o  
expanded schedul e . 







relevant  t o  th i s  phenomenon i s  the "speed-length r a t i o , "  defined as v/C, 
the speed ( i n  knots) divided by the square root  of waterl ine length 

( i n  f e e t ) ,  At high values of speed-length r a t i o  ( typ ica l ly  greater  than 

' 1.0-1.1 ) , the required horsepower increases d r a s t i c a l l y  eli t h  r e l a t i ve ly  

small increases i n  speed. The values of speed-length r a t i o  f o r  these 
conceptual designs are included in Table I .  For purposes of comparison, 
a typical  cross-channel fe r ry  (of  s imi lar  function and form) operates a t  
a speed-length r a t i o  of 1,1-1.2,  although r a t i o s  as high as 1 , 4  have 
been a t t a i  ned i n exceptional ly  f a s t  examples . 

The conceptual designs have been based on a r e l a t i ve ly  high speed 
requirement , being qui te  1 ong f o r  t h e i r  di spl acements , and wi t h  extremely 

f i ne  hull forms. Nevertheless , i t  does not seem reasonable t o  expect 
material improvement in vessel merit by increasing the speed above 26 

knots, a t  the required length of 450 f t .  S imilar ly ,  speed reductions 
below 21 knots d o  not y ie ld  s u f f i c i en t  cos t  advantages t o  outweigh 
losses in service  frequency and a t t rac t iveness .  

2.  Power plants :  Steam versus d i e s e l ,  and s ing le  versus twin-screw. 

A t  the higher powers required by the f a s t  vessels (Designs I and T I ) ,  
steam turbine and medium-speed diesel  plants are  roughly cos t  competitive, 

with the diesel  deliverinq somewhat be t t e r  fuel consumption a t  the p r ice  

of s l i g h t l y  higher to ta l  weight and i n i t i a l  cos t .  I t  i s  possible t h a t  

the diesel  plant  would be more amenable t o  automated systems, and should 
require a smaller engineering s t a f f .  In addi t i c n ,  the diesel  propulsion 
engines can be completely shut  down when the vessel t i e s  u p  f o r  the n igh t ,  
while the steam plant  m i g h t  require some f i r i n g  a11 night  t o  avoid the 
problems of ra is ing steam from cold boi lers  every morning. Some saving 

of fuel would r e s u l t  from th i s  f a c t o r ,  in addit ion t o  the lower fuel  
consulnpti on whi l e  underway. Geared d iese l s  would provide be t t e r  maneuverabi 1 i  ty .  

However, in the higher horsepowers, the weight and cos t  advantages of 
the steam plant cannot be ne j l ec ted .  Several residual  advantages a1 so accrue 

t o  the steam turbine plant .  These include the ready a v a i l a b i l i t y  of steam 

f o r  accomodation heating,  and f o r  de-icing of c r i t i c a l  portions of the 



ves se l ' s  ex t e r i o r ,  especial ly loading ports and bow visors .  The overload 

characteri  s t i c s  of turbines might be of some advantage i n heavy i ce ,  a1 though 
reverse power would be less  available than fo r  geared d i e se l s ,  unless 

control lable  pitch pronellers were f i t t e d  t o  the turbine vessel ( as  they 
would be t o  the d i e s e l ) .  Finally,  and nerllaos most importantly f o r  energy 
considerat ions,  the steamer could be designed t o  burn coal o r ,  a t  some 
increase in cos t  and complexi tv, a mixture of coal and oi 1 .  

With horsepowers in the neighborhood of 30,000 shp, single-screw 
arrangements were not considered a t  the d r a f t  limi tatioti of 18 f t .  

On the other hand, fo r  the 1 ower-powered 21 -knot vessels  , tlie superi ori  t y  

of the geared medium-speed diesel , in terms of fuel r a t e ,  weight, and pri ce ,  
was manifest. 

S imilar ly ,  8500 shp was well within the l imi t s  of single-screw 
capabi 1 i  t y ,  with s ign i f i can t  improvements in propulsive eff ic iency as we1 1 
as weiqht and cost  reductions. The loss in rnaneuverabi 1 i  ty due t o  a s ingle-  
screw in s t a l l a t i on  i s  eas i ly  countered by the incorporation of a s t e rn  
th rus te r  in addition to  the bow thrus ter  f i t t e d  t o  a l l  vessels .  

Thus, the high-speed vessels are  conceived as twin-screw, steam- 
turbine powered, w h i  1 e the 1 ower-powered s hips a re  Gnvi  s i  oned as s ingle-  
screwgeared medi um-speed diesel  s .  None of these powering assumpti ons can 
be held sacred, however, and a l l  would be subject  t o  fu r the r  scrutiny i f  
the design process were continued t o  a more deta i led  l eve l .  Spec i f i ca l ly ,  
considerati on of gas-turbine power plants should not be neglected. 

3. Maneuveri n q ,  docking , and undocki n g  . 

As presently envisioned, the vessels would dock w i t h  the bow to  - 
a more-or-1 ess conventional fe r ry  stage , wi t h  a quar ter  ramp extending t o  
the quay a t  the vessel ' s  s t e rn .  Thus, access would have t o  be provided t o  
both ends of the ship ,  and t h i s  would require modification of the exis t ing 
shore f a c i l i t i e s .  In addi t ion,  the wider beam of the vessels  would require 
modification of the present fe r ry  s tages ,  apar t  from those geometric changes 
resul t ing from bow-first docking. The docking layout i s  shown in F i g .  4. 

The principal advantage of  th i s  docking arrangement, apar t  from 
permitting simul taneous loading and unloading without turning of vehicles 





on board, i s  a  rnatter of vessel n~aneuvering. Docking bow-first ,  the 

vessel can make a s t r a i g h t  approach to  the s tage ,  decelerat ing in an 

approxinia t e l  y s t r a i g h t  1 i  ne. S i  nce maneuveri rig of the vessel duri ng 

decelerat ion i s  made more d i f f i c u l t  by lack of propeller  wash over the 

rudder, a  s t r a i g h t  approach to  the dock i s  qui te  des i rable  from the 

operational standpoint .  After backing away from the s tage ,  the swinging 
maneuver can be made under accelera t ion,  when propeller  th rus t  adds to  

rudder e f fec t iveness ,  The net  e f f e c t  of th i s  a1 t e ra t ion  in operating pro- 

cedure should be several minutes saved in to ta l  maneuvering delay. 

4.  Loading and unloading operations.  

Clearly,  the loading and unloading of the vessel holds the key t o  
a quick turnaround. As mentioned previously, a l l  driving i s  performed by 

the vehicle owners, and simultaneous loading and unloading a r e  made 
possible by a "drive-through" arrangement of the vehicle spaces,  involving 

l 

a minimum of turning. 

As an i  1 l u s t r a t i on  of the vehicle handling process, consider the 
midshi p sect ion i  1 lus t r a ted  in Fig. 3 ,  together w i t h  the general arrangement 
of Fig. 2 .  In i t s  normal configuration,  the vessel might en te r  port  with 
the two center  lanes in a single-deck arrangement, occupied by trucks. 
The outboard spaces m i g h t  be in t h e i r  two-deck arrangement, thus giving 

a to ta l  o f  e igh t  lanes of automobiles. The ramps accessing the upper 
platform would be lowered, b o t h  forward and a f t ,  and the vehicles on the 
platform would drive off  through the outboard 1 anes of the bow visor  
ramp, while t h e i r  replacenients dr ive  on through the outboard lanes of the 
quarter  ramp. Meanwhi 1 e , the truck 1 anes wodl d be 1 oaded/unl oaded through 

the inboard lanes of the bow and quar ter  ramps. When the upper platforms 
a re  r e f i l l e d ,  the ramps would be ra i sed ,  giving access t o  the outboard 
lower lanes. These would then load/unload using a l l  four lanes of the 
bow and s te rn  ramps, Final ly ,  as the vessel undocks, the quar te r  ramp would 

be raised i n to  i t s  s a i l i n g  posi t ion,  the bow visor  would be lowered, and 
a l l  in ternal  ramps would be returned t o  t h e i r  lower pos i t ion ,  ready f o r  
the next sequence, 



Variations on t h i s  procedure would be required fo r  the a1 ternat ive  

"converti hle configurations ," b u t  the pr inciple  remains unchanged : each 
lane i s  a  t r a f f i c  flow through the ship.  The assignnient of each vessel 
lane to  a given shore lane ,  and vice versa,  i s  a  r e l a t i ve ly  simple t r a f f i c  

control problem. As presently. envisioned, t h i s  function would be control led 
from forward and a f t e r  s t a t ions  , using remote control 1 ed t r a f f i c  s ignals  
mounted alonq the vehicle lanes. 

During peak t o u r i s t  season, with about 200 vehicles ready f o r  

loading, the Drocess amounts to  moving four lanes of t r a f f i c  through about 

three ship lengths ,  or  approximately one-quarter mile. At an average 

speed of 1 mph, ce r ta in ly  conservative, the process would require 15 minutes , 
plus a minimum amount of time fo r  ramp ra i s ing  operations.  

However, the vehicle-hand1 i n g  operation i s  only a pa r t  of loading/ 

unloading. Since passengers a r e ,  i n  e f f e c t ,  pa r t  of the loading system, 
passenger access t o  and from the vehicle decks must be we1 1 planned and 
e f f i c i en t .  This wi l l  require a mul t ip l i c i ty  of access po in t s ,  so  t h a t  a  
minimum of walking about wil l  occur o n  the vehicle decks. Even with the 
assumption t h a t  a l l  passengers wil l  be required by law t o  remain on the 
passenger decks while the vessel i s  underway, t h i s  movement of passengers 
should be achievable within twenty minutes, ten minutes t o  a1 low disembarking 
passengers t o  reach t h e i r  ca r s ,  and another ten t o  c l e a r  the vehicle 
decks of embarking passengers. Passengers \vi l l  be required t o  leave t h e i r  
cars unlocked, keys in the iqni t i  on, so t h a t  any .laggard passengers can 
have t h e i r  vehicles moved by a crew member. (Perhaps a small penalty 
wi 11 have t o  be placed on t h i s  se rv ice ,  t o  prevent i  t s  abuse, ) In any 
event, the configuration of the vehicle decks i s  such t h a t  a  s t a l l e d  ca r  
need not stop the loading operation,  a1 though some delay wil l  r e su l t .  ( In  
t h i s  regard, the passenger loading system i s  no wotse than the presently 
used system of handling cars with s h i p ' s  crew, and i s  probably s i gn i f i c an t l y  
be t t e r ,  due t o  the more spacious vehicle decks and pa r t i a l  redundancy 
o f  t r a f f i c  l anes . )  

In shor t ,  the e n t i r e  loading and unloading operation should occupy 
l e s s  than for ty  minutes, perhaps much l e s s .  I t  i s  f e l t  t h a t  t h i s  design 
feature  i s  well worth the price of the ex t ra  space requirement and 
sophist icated access ramps involved. 



Currently,  passenger spaces a r e  envisioned on two decks, extending 
nearly over the eni i  re vessel ' s  beam, and occupying as much of the vessel ' s  

length as can be arranged. 

The lower of these two passenger decks wil l  be conipletely enclosed, 

with only narrow s ide  decks fo r  l i n e  handling and l i f e - r a f t  stowage. Access 
to  these s i de  decks will be closed except f o r  emergencies, b u t  there 
wil l  be many openings to  perrni t rapid access t o  the r a f t s ,  and f o r  crew 

movement. Numerous stairways,  perhaps four o r  f i ve  on each s i de ,  wi l l  give 

access t o  the vehicle spaces below. These stairways wi l l  be in l i ne  with 

the macliiner-y uptakes, and thus \vi 11 require no addit ional  s ac r i f i c e  of 
vehicle lane space. Each stairway wil l  have a landing a t  the level of 
the movable platform deck, in addit ion t o  i t s  foo t  on the main vehicle 
deck. The landings wil l  hav? e x i t s  t o  port  and s tarboard,  and when the 
platform deck on a pa r t i cu la r  s ide  i s  stowed ( i n  the single-deck lane 
confi quration) , the corresponding e x i t  wi 11  be permanently secured, t o  
prevent passengers from leaving the stairway in the di rect ion of a deck 
t ha t  i s n ' t  there.  

The upper passenger deck wil l  be almost e n t i r e l y  open, perhaps w i t h  

a pa r t i a l  canopy and a small enclosed lounge, or  concession area.  This 
open deck wi l l  be protected from d i r e c t  headwinds by the bridge s t r uc tu r e  
a t  i t s  forward end, and wi 11 be broken only by the two machinery cas ings ,  
port and s tarboard,  well a f t .  

A1 1 passenger spaces wi 11 be br ight ly  1 i t  , conveniently arranged, 
and unconfusing. On the enclosed lower deck, a central  promenade could 
extend f o r  the e n t i r e  length of the passenper space,  opening on e i t h e r  s i de  
in to  the various lounges, r es tauran t s ,  and other  shops o r  fac i  1 i  t i e s .  
Extensive use of br ight  colors ,  t rans lucent  p l a s t i c  panels , and i nd i r ec t  
l ight ing would cnntribute to  an open fee l ing  in the passenger spaces. 
The central  promenade could be 20-f t  wide without unduly cu t t ing  i n t o  the 
avai lable  w i d t h  f o r  the other spaces on e i t h e r  s i d e ,  and skylighting of 
t h i s  centra l  area would be an a t t r a c t i v e  pos s ib i l i t y .  

On the truck-ferry a1 t e rna t i ve ,  the passenger accomodation wcdld 
follow the same general scheme, a1 though i t s  area  would be l e s s  extensive.  



6.  Desian oroblern areas fo r  future research. 

Apart from more detai led analysis  of weights and cos t s ,  optimization 

of service  speed, and riitional se lect ion of power a1 ternat ives  , the 

fol  lowing spec i f i c  areas deserve more a t t en t ion .  

a .  Seakeeping. The behavior of these vessels in waves must be 
ascer ta ined,  with pa r t i cu la r  regard t o  under-fl are  s l a m i n g  due to  pitch 
and r o l l .  The heavily f lared hull form i s  not novel, b u t  care i s  required - 
in i t s  appl ica t ion.  Similarly,  the high-speed, fine-formed hull may be 
susceptable t o  uncornfortabl e pi,tching motions in ce r ta in  seas t a t e s .  These 
responses a r e  of some importance in determining the operab i l i ty  of  the 
vessels a t  f u l l  or nearly f u l l  speed in waves. 

b .  Loading arrangements. Special vehicle access sys terns, such as 
movable decks, and ramps, wi 11 have t o  be designed in g rea te r  detai  1 , 
and a possible revision of vessel cauaci ty  may have t o  be made, consis t e n t  
w i t h  these detai  1 s . 

c .  Icinq of bow visor and quar ter  ramp. The degree t o  which these  
components wil l  co l l e c t  frozen spray i s  unknown, although i t  wil l  
c e r t a i ~ l y  be non-negligible. For t h i s  reason, systems t o  f r e e  these 
components of  i c e ,  a t  l e a s t  t o  the point of maintaining t h e i r  ope rab i l i t y ,  
wil l  have t o  be designed i f  winter operations a r e  t o  proceed with acceptable 
ef f ic iency.  

Mu1 t i  hull (catamaran) concepts.. 

Concurrently with the design of conventional monohull types,  a 
catamaran vessel of approximately the same s i z e  as Design I 1  was conceived. 
The principal charac te r i s t i c s  of t h i s  vessel a r e  given in Table V. 

A t  a speed of 26 knots, the catamaran yielded a fuel saving o f  14 percent. 
negl e c t i  ng  concerns regarding ice-  trans i t t i  ng capabi 1 i ty  , (Ref. 7 ) .  However, 

the mu1 t i hu l l  vessel was found to  cos t  17 percent more than the comparable 

Design 11, and t h i s  estimate i s  f e l t  t o  be op t imis t i c .  As a r e s u l t ,  



Table V .  Design par t iculars  of multihull vehicle ferry,  

Dimensions ( f t )  : 

Overall length 
Water1 ine length 
Maximum beam 
Wa t e r l  i ne beam 
Ful 1-1 oad d r a f t  
Depth t o  main deck 
Depth t o  upper deck 
Depth t o  weather deck 

Capacities : 
Normal configuration: 

Automobi l e s  
Trucks 
Passengers 

Tourist  configuration 
Automobi 1 es 
Trucks 
Passengers 

Winter configuration:  
Automobi l e s  
Trucks 
Passenqers 

Deadweights and  Di s ~ l  acernent (Lton) : 
Normal cargo deadweight 584 
Maximum cargo deadweight 89 2 
Onerating deadwei q h t  128 
Light ship  4908 
Normal di s ~ l  acement 5620 
Full -load displacement 5928 

Speed and  Powering: 
Service s ~ e e d  (knots)  
Service speed (rnuh) 
Machinery type 
Arrangement 
Total sha f t  horsepower 

Complement: See Design 11, Table I .  

26 .O 
29.9 
S t  Tbn 
Tw Scr 
24  000 

Estimated f i r s t  ship price (1977 $/1000) 26 034 



the overall  economic performance of the mu1 t i  tiull concept was found t o  

be s l i g h t l y  l e ss  a t t r a c t i v e  than i t s  nicnohul led conipeti t o r ,  a1 though the 

di f ference i  n average annual cos t  ( i  tic1 u d i  ng operating and capi t a l  i terns ) 

amounted t o  only about one percent. This cannot be ca l l ed  a s i gn i f i c an t  
difference a t  th i s  stage of the analys is .  Wi tti increasing fuel  p r i c e ,  o r  
on a longer route (with fuel renresenting a higher f rac t ion  of average 
annual c o s t ) ,  the catamaran might acquire a s l i g h t  edge, a1 though i t s  

actual  cap i ta l  cos t  t n i g h t  be a few percent higher than estimated here. 

At t h i s  point ,  however, the principal  operational concern at tached 

t o  the mult ihull  concept i s  i t s  unknown a b i l i t y  t o  t r a n s i t  i c e .  Ice 

accret ion an3 blockage between hu l l s  i s  not a c e r t a i n ty ,  b u t  i s  more 

than a s l l g h t  pos s ib i l i t y .  Technical evasions of t h i s  problem a r e  poss ib le ,  
f o r  example, by turning the f l a t  surfaces of the bows inboard,  and by a 
s l i g h t  toe-in of the hulls  t o  provide i ce  r e l i e f .  However, both of these 
methods a r e  coun terproduc t i  ve in terms of res i s t ance  and powering , and 
t h e i r  effectiveness in mi t i ga t i ng  the ice- t rans i  t problem would s t i  11 be 
questionable. Rather than wres t le  with th i s  design problem a t  such an 

ea r ly  s t aqe ,  we decided t o  l e t  the matter r e s t ,  u n t i  1 more data become. 

avai lable .  
A t  lower speeds, in the neighborhood of 21 knots,  the res i s t ance  

benef i ts  of the multihull concept vanish. For these reasons,  no f u r t he r  

development of the  catamaran concept was undertaken f o r  t h i s  study. 
In overall  appearance, the catamaran would present  a s im i l a r  p ro f i l e  

t o  t h a t  of Design 11, as represented i n  F i g .  2.  Other design and operational  
fea tures  of the catamaran fe r ry  would be c losely  s im i l a r  t o  those of 
the monohul led Design 11. A p rac t i ca l  advantage of the  mu1 t i  hull conf igurat ion,  

namely, increased deck space on given overall  dimensions , i s  a t t r a c t i v e  
f o r  vehicle f e r r i e s .  I t  was with some reluctance t h a t  t h i s  concept was 

abandoned, temporari 1 y yi el  d i  n g  t o  mi sgi  vi ngs i n  the area of i c e  

performance. 

C .  Ai r-Cushi on Vehicles 

Three conceptual air-cushion vehicles were considered f o r  this 

analys is .  Two of these conceptual designs represent  s i g n i f i c a n t  advances 



in tlie pract ica l  present s i z e  of com~iercial ACV's, and were designed with 

sinqle-vehicle service in mind. The th i rd  design i s  based on the proposed 

SRN-4 Mk. 4 ,  tlie leading par t i cu la r s  of which are  avai lable  in the 

l i t e r a t u r e  (Ref. 8 ) .  This, vessel was aimed a t  providing a two-vehicle 

service.  The part icul  a r s  of these  three conceptual desi gns a re  1 i s  ted 

in  Table VI. 

A t  a r e la t ive ly  ear ly  s t age ,  i t  was decided t o  confine fu r the r  analys is  
t o  two of these vehicles:  iden t i f i ed  as Designs B and C i n  Table VI. 

(Design A was found to  have an annual t r a f f i c  capaciy s l i g h t l y  below the 
assumed volume. ) Annual cos t  breakdowns f o r  Designs B and C a re  given 
in Table VII, (Ref, 9 ) .  

As mentioned previously, the weight 1 imitat ions on ACV's precluded 
the t ranspor t  of trucks a t  an economical r a te .  Roughly estimated, the 

required f a r e  per truck was placed a t  $335, one way. For t h i s  reason, 
fu r the r  study of the a i  r-cushi on vehicle concept was r e s t r i c t e d  t o  passengers 
and automobiles only. Measures of merit f o r  the two ACV designs a re  
l i s t e d  in Table VIII. 

1 O p e r a b i l i t , ~  and speed. 

A service  speed of 52 knots was based on SRN-4 Mk, 3 da t a ,  assuming 
an average sea s t a t e  of 3-5 f t  s i gn i f i c an t  wave height ,  corresponding t o  

approximately a 20- knot wi nd. Under calm condi t i  ons (5-knot wind , wi t h  

s ign i f i can t  wave height under 2 f t ) ,  the vehicles would be capable of 
cruising a t  speed in excess of 60 knots. With s i gn i f i c an t  wave height 
i n  the neighborhood of 8 f t ,  however, operating speeds would be reduced 
to  about 40 knots. Generally, Engl ish Channel operat ions ,  based on the 
smaller SRN-4 Mk. 1 ,  a re  subject  t o  cancellat ion under a mean wind speed 
af 30-35 knots, w i t h  an associated s i qn i f i c an t  wave height  of 8-10 f t ,  
(Ref. 8) .  I t  i s  believed t h a t  the SRN-4 Mk. 4 ,  not  t o  mention the s t i l l  
1 arger conceptual Design B, would possess super ior  operabi 1 i ty .  

For the purposes of t h i s  preliminary work, a 345-day operating season 
f o r  ACV's bras assumed. I t  i s  f e l t  t h a t  any addit ional  weather days would 
be compensated by supposed reductions in i ce  delay days. Speed reductions 



Table  V I  . Dc"Jgn p a r t i c u l a r s  of a i r - c u s h i o n  v e h i c l e s  

Design 

Dimensions ( f t )  : 
Length 202.5 255 .O 185 . O  
B r e a d t h  90.0 95.0 82 .O 
Cushion h e i g h t  14 .O 14.0 14.0 
H u l l  d e p t h  24.5 24.5 16 .O 
O v e r a l l  h e i s h t  on 1 and ing pads 48.5 50 .O 40 .O 

C a p a c i t i e s  : 
Automobi 1 es 
Passengers 

Es t ima ted  we iqh ts  ( L t o n )  : - 

Pay1 oad 21 5 247 108 
Fuel  ( 1  RT) p l u s  r e s e r v e  2 1 24 12 
Remainder o f  o n e r a t i n g  deadweight 2 2 1 
Es t ima ted  l i g h t  w e i g h t  369 42 4 168 
Maximum gross w e i g h t  607 697 289 

Speed and Powering : 
S e r v i c e  speed ( k n o t s )  3-5 f t  waves 
S e r v i c e  speed (mph) 
Machinery  t y o e  
Arrangement 

S h a f t  horsepower:  
L i f t  
Propu l  s i on 
T o t a l  r a t e d  shn 
A l l  purpose s p e c i f i c  f u e l  

consumpti on (1  b /hpa  h r )  
Fuel  t.ype 
Fuel  p r i c e   ton) 

Compl emen t : 
Mas te r  
Mate 
Wheel sman 
C h i e f  eng ineer  
Ass t .  eng ineer  
Stewards 
V e h i c l e  deck crew 

5 2  5 2 52 
59.9 59.9 59.9 
A i  r c r a f t - d e r i  ved gas t u r b i n e  
S h a f t - d r i  ven a i  rscrews 

#2 Gas T u r b i n e  D i s t i  1 l a t e  
1 68 168 168 

T o t a l  11 11 7 

Rep1 acement crew : 11  11 7 



Tab le  V I I .  Es t ima ted  i n i t i a l  and o p e r a t i n g  c o s t s  o f  a i r - c u s h i o n  v e h i c l e s  

(1  977 $/1000) 

Des i qn B C 

Es t ima ted  v e h i c l e  p r i c e  35000 20000 

Annual c o s t  i terns: 
Fue l  c o s t :  

4 RT/day , 60-mi 1 e t r a n s  i t 
4 RT/day, 81 -m i le  t r a n s i t  
6 RT/day , 60-mi 1 e t r a n s  i t 
6 RT/day , 81 - m i l e  t r a n s i t  

Maintenance and r e p a i r :  
H u l l  and s k i r t s  
Mach inery  
Passenger spaces 

Crew wages and benef  i t s  

Crew i ndemni ty  

H u l l  and Mach inery  i n s u r a n c e  

Passenger 1 i a b i l i  ty 

Cargo i n s u r a n c e  

Overhead and m i s c e l  1 aneous cos ts  

T o t a l  annual o p e r a t i n g  c o s t s :  
4 RT/dav, 60-mi l e  
4 Rt /day,  81 -m i le  
6 RTlday, 60-mi l e  
6 RT/day, 81 - m i l e  

Annual c a p i t a l  r e c o v e r y  

Average annual c o s t  
4 RT/day, 60 -m i le  
4 Rt /day ,  81 - m i l e  
6 Rt /day,  60-mi l e  
6 Rt /day,  81-mi l e  



Table VI 11. Measures o f  m e r i t  f o r  a i r - c u s h i o n  v e h i c l e  des igns .  

Des i gn 

4 RT/day , 60 m i  1 e t r a n s i  t 

Average annual  c o s t  ($ /1000)  11134 12496 

Requi r e d  f a r e s  : 
Passenger' 
Automobi le  

S e r v i c e  f requency  : 
S a i l i n g s  p e r  day (each way) 4 8 

Time between s a i l i n g s  ( h r )  3.33 1.67 

F i r s t  d a i l y  depa r t u re  8:30 am 8:30 am 

L a s t  d a i l y  a r r i v a l  10: lO pm 10: lO pm 

b V e h i c l e  t r a n s i t  t ime  ( h r )  2 .O 2 .O 

Seasonal ove r l oad  capabi 1 i tyC . 1.71 1.50 

d Seasonal p r i c e  i nc rease  (%)  15.20 14.18 

( con t i nued )  



Table V I I I .  (continued).  

Design 

4 RT/day, 81-mile t r a n s i t  . 

Average annual cost  ($/1000) 

Requi red fa res  : 
Passenger 
Automobile . 

Service frequency: 
Sai l ings  per day (each way) 

Time between sa i l ings  ( h r )  

F i r s t  dai ly  departure 

Last dai ly  a r r iva l  
b Vehicle t r a n s i t  time (hr) 

Seasonal overoad capaci tyc 

Seasonal pr ice  increase 

Notes : 

a ~ r i  ces and service frequencies f o r  two-ACV service  . 

b ~ e h i c l e  t r a n s i t  time i s  A C V  t r a n s i t  time (dock t o  dock),  plus 20 
minute car  handling delay a t  each end. 

'seasonal overload fac to r  r e f l e c t s  increased passenger vehicle capacity 
due t o  s l i g h t  capacity overdesiqn, and potential  ext ra  round t r i p s  per day. 

d~easona l  o r i  ce increase ref1 ec t s  average dai ly  cos t  increase due t o  expanded 
schedule . 



in i ce  would r e su l t ,  not fro111 increased res i s t ance ,  b u t  ra ther  from 

operational considerations : F i r s t ,  the necessi ty to  avoid s k i r t  damage 
due t o  impact with rough or  broken i c e ;  second, the requirement f o r  

increased nlargi ns f o r  slowing and maneuvering, 

2. General arranqements and Dassenger accommodations. 

W i t h  regard t o  vehicle spaces,  the smaller  ACV was able t o  carry i t s  

f u l l  capacity of automobiles on a s i ng l e  deck. The l a rge r  c r a f t ,  Design B y  

in  order t o  obtain s l i gh t l y  more than double t h i s  capacity while remaining 

wi thin credible  overall dimensions and weights , was conceived as a two-deck 
confiquration.  I n  both cases,  the major components in te r rup t ing  the 
vehicle spaces were the engine compartments and l i f t - f a n  ducts.  The 

placement of these components tends t o  divide the arrangement i n to  an 
inboard space fo r  vehicles , with passenger spaces outboard, Meverthel e ss  , 
i t  should be possible to  maintain straight-through vehicle lanes.  

Passenger accommodations a r e  r e s t r i c t ed  t o  f u l l y  enclosed spaces, 

port  and s tarboard,  with a s ingle  deck on the smaller vesse l ,  and two 
decks on the larger .  These spaces a r e  envisioned as fu l l - length  passenger 
lounges, f i t t e d  w i t h  a i rc ra f t - type  recl in ing s e a t s ,  A 1 imi ted amount of 

c l e a r  deck space i s  avai lable ,  b u t  in general ,  passengers would probably 
spend the majority of the t r a n s i t  time in t h e i r  s ea t s .  

P rof i l e  and general arrangement sketches of the two A C V ' s ,  designs 

B and C ,  a r e  shown in Figure 5. 

3 .  Docking and ~ o r t  arrangements. 

Due t o  i t s  amphibious capab i l i ty ,  the air-cushion vehicle requires 
nothing more than a smooth, probably paved, ramp and a su i t ab ly  s ized level  
area fo r  loading and unloading. Maneuvering of the vessel ashore might 
be material ly aided by the provision of w i n d  breaks around the unloading 
s i t e .  I n  t h i s  aspect ,  the ACV concept o f f e r s  some potent ia l  economies in  

shore f a c i l i t y  cos t s ,  by coniparison w i t h  conventional c r a f t .  As a s ide-  
e f f e c t ,  the ACV might be more f l ex ib ly  routed,  due t o  the  smaller cos ts  of 
shore f a c i l i t i e s .  





4 .  Surface-effect  shins (SES) versus air-cushi on vehic les .  

The r i q i d  -side-wal led SES cannot, a t  t h i s  point ,  be economically 

d i f f e r en t i a t ed  from the f u l l y  sk i r t ed  ACV, in terms of c ap i t a l  o r  operating 

cos t s ,  (Ref. 10) .  However', the SES i s  subject  t o  the same misgivings 
as the catamaran in terms of i t s  ice- t rans i  t t i n g  capabi 1 i  t i e s .  Moreover, 
the SES re1 i nquishes the amphibious capabi l i ty  of the A C V .  For these  
reasons, no e x p l i c i t  treatment of the SES concept was undertaken in t h i s  

study . 
Further analys is  of the ACV concept should center  on refinement of 

the cost  es t imates ,  and on seakeeping and r ide  control  systems. 

D. Comparison of Highway Vehicle and Passenaer Vessels. 

An overal l  comparison of measures of meri t  f o r  the  vehicle/passenger 

f e r ry  designs described in the foregoing sect ions  i s  given in  Table IX. 

, The tangible advantages and disadvantages of '  conventional vessels  and 
ACV's may be l i s t e d  as follows: 

i 

Charac te r i s t i c  

Vehicle t r a n s i t  time 
Schedule convenience and 

frequency of se rv ice  
Re1 i abi 1 i  ty of service  

Superi o r i  t y  

ACV 

AC V 

Probably conventional 

Passenger comfort Probably conventional 
Attractiveness and convenience 

of passenger spaces Conventional 

Price of se rv ice  (Required f a r e )  Conventional 

Fl exi b i  7 i t y  of cargoes Conventi ona l  

Fl  exi bi 1 i  ty  of routing ACV 

Costs of shore f a c i l i t i e s  ACV 

Fuel economies Low-speed conventi onal 
Novelty and in tangible  appeal ACV 

Clearly,  the above 1 i s  t of charac te r i s  t i c s  should not be in te rpre ted  
as a basis f o r  se lec t ing  the super ior  concept, nor can the  r e s u l t s  shown 

-50- 



Tab1 e IX. Coniparati ve economic performance of hi ghway-vehi cl e and passenger 

fe r ry  concepts. Transit  distance:69 s t a t u tp  miles . Nominal operating 

day 1imi t a t ions  : 12 hours. A1 1 services :  two-ships. 

Vessel type High 
Speed 
Conv. 

Low 
Speed 
Conv. 

Ai r 
Cushion 
Vehi cl  e 

Des i gn 

Service speed (knots)  
Service speed ( m p h )  

Operating days per year 

Annual t r anspor t  volume: 
A u  tomobi 1 es 
Trucks 
Passengers 

Required fa res  : 
Passenger 
Au tomo b i  1 e 
Truck 

Service frequency: 
Sail ings per day (each way) 

Time between s a i l i ngs  ( h r )  

F i r s t  dai l y  departure 

Last da i ly  a r r i va l  

Vehicle t r a n s i t  time ( h r )  



i n  T a b l e  I X  be so  cons t rued .  The f a c t  i s  t h a t  a i r - c u s h i o n  v e h i c l e s  - and 

c o n v e n t i o n a l  types can be a p p l i e d  w i t h  advantages depend ing on t h e  n a t u r e  

o f  t h e  marke t .  Any a t t e m p t  t o  d i s c r i n ~ i n a t e  between t h e  two concepts ,  

i n  t he  hopes o f  d e t e r m i n i n g  t h e  o v e r a l l  s u p e r i o r  type,  ~ o u l d  be p rematu re  

a t  t h i s  s t a g e .  .' 
I t  i s  f e l t  t h a t  f u r t h e r  market  a n a l y s i s  i s  e s s e n t i a l .  I n  t h e  i n t e r i m ,  

i t  can be conc luded t h a t  v a r i o u s  t e c h n o l o g i e s  e x i s t ,  each o f  wh ich  o f f e r s  

some p r o m i s i n g  s o l u t i o n s  t o  t h e  prob lem o f  e s t a b l i s h i n g  and m a i n t a i n i n g  

an a t t r a c t i v e  and c o m p e t i t i v e  c r o s s - l a k e  passenger and v e h i c l e  f e r r y  

s e r v i  ce. 



V .  R A I L  S E R V I C E  

P Economical l v  s iqn i f i can t  vessel charac te r i s t i c s .  

Important system charac te r i s t i c s  f o r  a  hypothetical ra i  1  fe r ry  

service a r e  somewhat simpler t h a n  those attached to  a  passenger service .  
Briefly,  these character is  t i c s  a re  as  follows : 

1.  Rai 1  -car t r a n s i t  time, including yard delays a t  each end of the  
f e r ry .  

2 .  Rel iab i l i ty  o f  service .  
3. Sys tern capaci t v .  . 

4. Price.  

B .  Conceptual design assumptions. 

The assumptions required in the design process a r e  out1 ined below. 

Tra f f i c  volume : 63,000 car movements per yea r ,  including 
loads and empties, both di rect ions . 
Traf f ic  seasonal i tv :  F l a t :  
Tra f f i c  d i rect ional  i  tc Balanced* 

nd weic&s Rai 1  -car dimensions a : Coupled length 60 f t  (avg) 

Req'd width 12 f t  (ma>;) 
Overhead 20 f t  (max) 
Gross weight 224,000 1  b (max) 

Route: 60 s t a t u t e  miles one-way dis tance .  Draft  l i m i t :  18 f t .  - 
Over-all length l im i t :  450 f t .  
Daily operati  nq prof i l e :  24-hour operation,  maximum round-tri ps/day. 
Annual operating p ro f i l e :  330 operating days per year.  
Fi nanci a1 assumptions : Yield on equi ty 10% 

Corporate tax r a t e  48%, deferred 
Subsidies and tax c r e d i t  0  
Economic 1  i  f e  35 years 



Several of these assumptions require some explanation. Most important, 
perhaps, the assumed t r a f f i c  volume i s  contingent on a number of fac tors  

lying outs ide  the scope of th i s  repor t .  Substantial  increases i n  u t i  1 i zation 
of the f e r ry  l ink wil l  only occur i f  improved service  i s  avai lable  t o  

and from the fe r ry  terminals .. Similarly , consol idat ion of the exis t ing 
f r e igh t  pat tern  in to  a smaller number of essen t ia l  routes would improve 

the ut i  1 i zat ion of the vessel sys teni, a1 though a t  the expense of addi t ional  

ra i  1 mi 1 eage. 
In turn, these trends wil l  only be real ized i f  i n s t i t u t i ona l  f ac to rs  

a re  res t ructured.  The primary bar r i e r s  t o  new and more e f f i c i e n t  r a i l  
f e r r i e s  a r e  ins t i  tut ional  , ra ther  than technological , and a r e  manifested 
in an insufficiency of capi ta l  t o  undertake new system const ruct ion,  and 
an insuff ic iency of i n t e r e s t  in maintaining and improving the ex i s t ing  sys tem. 

I t  i s  not the purpose of t h i s  r epor t  t o  explore the problems 
peculiar  t o  the ra i l road industry,  b u t  r a the r  t o  d e ~ i c t  the economic 
potential  of vessels  designed to  serve as a l ink in an e f f i c i e n t  regional 
r a i l  network. Primarily as a r e s u l t  of energy considera t ions ,  we see  
an expanding ro le  f o r  ra i  1 t ranspor ta t ion in the intermediate and long- 
term fu tu r e ,  r a the r  than the reverse. Given t h i s  t rend,  and the i n s t i t u t i ona l  
environment t h a t  wi 11 make the trend r e a l i s t i c ,  an annual ra i  1-car 
t r a f f i c  of 60,000 cars per year i s  well within the ava i l ab le  potential  
demand. 

The assumptions of f l a t  seasonal i ty  and d i rec t iona l  balance o f  

the t o t a l  t r a f f i c  a re  probably accurate enough f o r  preliminary r e su l t s .  

Car dimensions represent an increase in ca r  weights and lengths ,  a 
trend which we feel  wil l  continue i n to  the  fu tu r e ,  given an expanding 
ro le  f o r  the r a i l  mode. 

The assumption of a 60-mile t r a n s i t  i s  not c r i t i c a l .  As a rough 
est imate,  marine costs-percar-mile  would remain v i r t u a l l y  constant f o r  
the longer route of 81 -miles. 

The da i ly  operating p ro f i l e ,  however, assumes a 24-hour a v a i l a b i l i t y  
of car-hand1 i n g  personnel and equipment. Clear ly ,  t h i s  favorable s i t ua t i on  

does not now e x i s t ,  nor wil l  i t ,  unless i n s t i t u t i o n a l  ba r r i e r s  a r e  lowered. 
The present ava i l ab i l i t y  of yard and swi tch-engine crew is  on a s h i f t  
bas is ,  while economical unloading and loading of a conventional vessel 



i n v o l v e s  perhaps two hours o u t  o f  each s h i f t .  Indeed,  one o f  t he  p r i ~ n a r y  

advantases o f  an i n t e g r a t e d  tug /barge combinat ion  would l i e  i n  t he  a b i l i t y  

t o  make niore e f f i c i e n t  use o f  y a r d  l a b o r  s i n c e  t h e  vesse l  would n o t  

be t i e d  up b y  de lays  i n  ca r -hand l i ng ,  g i v e n  t h e  a b i l i t y  t o  swap an 

i ncomi nq 1 oaded barge f o r  an ou tgoi 'ny 1  oaded barge,  rega rd1  ess o f  t i r i le 

of da,y. 

The 330-day o p e r a t i n g  season was a p p l i e d  u n i f o r m l y  t o  t h e  con- 

v e n t i o n a l  vesse l  and t h e  i n t e g r a t e d  tug /barge concepts.  W i th  some advances 

in barge-1 i nkage techno logy ,  t h i s  assumpt i  on s h o u l d  n o t  p rove  o v e r l y  
I 

o p t i m i s t i c .  



V I .  RAIL VESSELS 

Two o p e r a t i n g  systems were designed t o  serve t he  c ross - l ake  r a i  1 

l i n k :  one based on a s i n g l e  conven t iona l  vesse l ,  the  o t h e r  based on a 

barge-swappi ng arrangement i n c l u d i n g  t h ree  barges and a s i n g l e  tug.  

P r i n c i p a l  p a r t i c u l a r s  o f  these systems a re  l i s t e d  i n  Tab le  X ,  es t imated  

c a p i t a l  cos t s  i n  Table  X I ,  and annual cos ts  i n  Table X I I .  

Note t h a t  t he  f a s t e r  turnaround o f  t he  tug-barge system permi ts  

a s i g n i f i c a n t  i nc rease  i n  t r a n s i  t s  per  day, t h e r e f o r e  a1 l ow ing  a s m a l l e r  

vesse l  t o  se rve  t he  same s p e c i f i e d  t r a f f i c  volume. I n  a d d i t i o n ,  t h e  

swap-barge c a p a b i l i t y  pe rmi ts  a s i n g l e  yard-crew s h i f t  t o  un load and 

l o a d  a w a i t i n g  barge. The tug, on i t s  n e x t  r e t u r n ,  c o u l d  then couple  up 

t h i s  loaded barge, and leave a loaded barge t o  awa i t  t h e  n e x t  morn ing 's  

y a r d  s h i f t .  By comparison, the  conven t iona l  s h i p  must have a y a r d  crew 

i n  a t tendance i f  i t  i s  t o  t u r n  around a t  a l l ,  a t  l e a s t  under t h e  p resen t  

7 abor setup. 

General arrangements and p r o f i  1 es o f  t h e  conven t iona l  r a i  1 f e r r i e s  

a re  shown i n  F i gu re  6. As p r e s e n t l y  conceived, t he  vesse l  would be 

f u l l y  covered, 6 - r a i  1 arrangement, and would un load and l o a d  through t he  

bows. (The ITB ,  obv i ous l y ,  must un load through the  bow, i f  t h e  t u g  i s  

t o  uncoupl e eas i  l y  . ) 
The conven t iona l  vessel  i s  barge-1 i ke i n  form, w i t h  engines a f t  and 

b r i d g e  forward. S ing le-screw d i e s e l  power was se lec ted  w i t h o u t  a d e t a i l e d  

comparison w i t h  steam. Bow and s t e r n  t h r u s t e r s  were f i t t e d ,  i n  an e f f o r t  

t o  reduce p o r t  and maneuvering de lays t o  a minimum. 

The ITB system was based on a qu i ck - re l ease  c o u p l i n g  system, which 

cou ld  take any o f  a number o f  pa ten ted  forms, (Ref. 11 ). Rather  than 

specu la te  on t he  r e l a t i v e  m e r i t s  o f  these systems, we have s imp l y  made t h e  

f o l  l ow ing  assumptions: 

1. The sys tern i n s t a l  l e d  wi  11 permi t push towing on 95% o f  a1 1 t r a n s i  t s .  

Delay t ime due t o  f o r c e d  hawser ope ra t i ons  was es t imated  on t he  bas i s  

of a 16-knot speed push-towing, and a 10-knot  speed w i re - t ow ing .  

2. The l i n k a g e  system i n i t i a l  cos t s  and maintenance cos t s  were n o t  

compared i n  d e t a i l ,  b u t  were assumed t o  be as shown i n  Tables X I  and X I I ,  



Table X .  Design par t i cu la r s  of r a i l  f e r r i e s  

Des i  gn type 

Dimensions ( f t ) :  
Overall length 
Water1 ine length 
Barge lenqth 
Tug length 
Barge beam or vessel beam 
Tug  beam 
Full-1 oad d r a f t  
Barge d r a f t  
Tug  d r a f t  
Depth t o  car  deck 
Depth t o  cover deck 

Capaci t i e s  : 
Rail ca r s  

Deadweights and displ  iicement ( L t o n )  : 
Cargo deadweight 
Operating deadweiqht (barge operating d w t )  
Light ship (barge l i g h t  weight) 
Displacement (barge displacement) 
Tug displacement 

Speed and  powering: 
Service speed (knots ) 
Service speed ( m p h )  
Machinery type 
Arrangement 
Total shaf t  horsepower 
A11 purpose spec i f i c  fuel 

consumpti on ( I  b / h p + h r )  
Fuel type 
Fuel pr ice  ($/Lton) 

Cornpl ernen t : 
Master 
Mates 
Wheel snien 
Chief Engineer 
Cert.  E . R .  Crew 
Car Deck Crew 
Stewards Dept . 

Conventional 
Vessel 

16 
18.4 
MS-D 
S Scr 
6500 
0.42 

Diesel 
115 

Total . ,I8 

- Rep1 acemen t Crew: 

Integrated 
Tug/earge 

16 
18.4 
MS-D 
Tw Scr 
7000 
0,42 

Diesel 
115 



Table XI. C a ~ i  t a l  cos t  breakdown fo r  r a i l  f e r ry  designs. (1977 $/1000) 

Design type Conventi onal Integrated 
Vessel Tug/Barge 

Hull s t e e l  material 

Hull s t e e l  labor 

Outf i t  material 

Outf i t  labor 

Hull engineering material 

Hull engineering 1 abor 

Machinery ins ta l l ed  

Rail and RR equipment ins ta l l ed  

Bow th rus te r  ins ta l  1 ed 

Stern th rus te r  ins ta l  1 ed 

Electronics and automation 

Total 

P rof i t  ( 5%)  

F i r s t  uni t price 

Total barge acquisi t ion cost  

Tug acquisi t ion cost  (7000shp) 

Linkaqe acquis i t ion,  ins ta l  l a t i  on 

Total ITB system price 



Table XII. Annual cos t  breakdown for  r a i l  ferry designs. (1977 $/1000) 

Design type 

Annual fuel cos t  

Lubri ca t i  n q  oi 1 

Hull maintenance and repai r 

Machinery maintenance and repair  

Layu~ costs  

Crew wages and benefi ts  

Crew subs i s  tence 

Crew i ndemni ty  

Stores and supplies 

Hull and 'machinery insurance 

Overhead and mi sce l l  aneous costs 

Total annual operating costs  

Annual capi ta l  recovery 

Average annual cos t  

Conventional Integrated 
Vessel Tug/Barae 



COVER DECK 

I Car deck capacity: 38 60-ft cars,  20-ft overhead clear .  

CAR DECK 

Fig. 6. Profile and general arrangement, r a i l  ferry conventional vessel (scale: 1 i n  = 60 ft.) 



3. The 1inl:aoe sys tcm was assumed t o  p e r m i t  barge-swapping i n  a  

t o t a l  t ime  o f  10 minutes,  i n c l u d i n g  s h i f t i n g  t h e  tug.  

P o r t  maneuvering and dock ing t imes were cons idered  t o  be equal f o r  

bo th  a1 t e r n a t i v e s ,  es t imated .as  20 minutes pe r  c a l l .  (Each barge was 

f i t t e d  w i t h  a  bow t h r u s t e r ,  and i n  combinat ion k i i  t h  a  tw in-screw tug ,  

i t  was f e l t  t h a t  the  ITB combinat ion ' c o u l d  match t h e  m a n e u v e r a b i l i t y  o f  

t h e  conven t i ona l  vesse l .  An a d d i t i o n a l  60 minutes o f  p o r t  de lay  per  c a l l  

was exacted f o r  w i r e  opera t ions  on l y .  ) 

Car -secur i  ng o p e r a t i  ons were assumed t o  be per formed by  s h i p ' s  crew,  

i n  t h e  case o f  t he  conven t iona l  vesse l  , and by y a r d  crew i n  t he  case o f  

t he  ITB sys tem. Loading and un load ing  de lays  were es t ima ted  a t  90 m inu tes  

f o r  t he  conven t iona l  vesse l ,  perhaps u n j u s t l y  long ,  b u t  assuming a  s i n g l e  

s w i t c h i n g  l ocomo t i ve  assigned. (The de lay  m igh t  be c u t  i n  h a l f  by 

ass i gn ing  t w i c e  t he  1  ocomoti ve and man-power, b u t  t he  ecomonics o f  t h i s  

d e c i s i o n  w i l l  n o t  be cons idered w i t h o u t  f u r t h e r  da ta . )  The ITB combina t ion  

was n o t  de layed by ca rgo-hand l ing  ope ra t i ons ,  a p a r t  f r om  t h e  barge- 

swapping t i m e  ment i  oned p r e v i o u s l y .  

The economic comparison o f  t h e  two systems i s  shown i n  Table  X I I I .  

The v i r t u e  of t h e  tug-barge system i s  dependent on a c h i e v i n g  an i d e n t i c a l  

t r a n s p o r t  c a p a c i t y  w i t h  a smal l  e r  c a p i t a l  o u t l a y  , o r  sma l l  e r  o p e r a t i n g  

cos t ,  o r  bo th .  The i n t e g r a t e d  tug/barge system has obv ious  advantages i n  

t h i s  regard ,  combined w i t h  a  more f l e x i b l e  and e f f i c i e n t  use o f  shore 

f a c i  1  i t y  personnel .  I n  addi  ti on, shou ld  t he  t r a f f i c  v o l  ume r e q u i  r e  i t, 

system c a p a c i t y  can be d ~ u b l e d  by add ing  one a d d i t i o n a l  barge and one 

a d d i t i o n a l  tug .  Tile ab i  1  i ty t o  double  c a p a c i t y  a t  such a  low r e l a t i v e  c o s t  

i s  un ique t o  t h e  ITB concept,  once a  system i s  i n  o p e r a t i o n .  

The ma jo r  problems assoc ia ted  w i t h  t h e  ITB concept  i n v o l v e  o p e r a t i o n a l  

acceptance, and 1  i nkage operab i  1 i t y  and re1  i ab i  1  i t y .  These areas deserve 

f u r t h e r  s tudy .  The i ssues  o f  barge h a n d l i n g  i n  p o r t ,  i n  t h e  absence o f  

the  t ug ,  have n o t  been approached i n  d e t a i l .  Wi th  d u p l i c a t e d  f e r r y  s tages ,  

the  barge need n o t  be s h i f t e d  a t  a l l .  An a1 t e r n a t i v e ,  however, i s  t o  

p rov i de  quay space f o r  the  i d l e  barge, s h i f t i n g  i t  f rom t h e  s tage  t o  t h e  

quay e i t h e r  by s i m p l y  warp ing i t  a long  t h e  w a l l ,  o r  ~ r i t h  a  pony tug.  N e i t h e r  

o f  these opera t ions  has been i n c l u d e d  i n  t h e  cos t s  o f  t h e  ITB sys tem. . 



Tab1 e XI I I .  Econonii c Performance of  r a i  1 f e r r y  s y s  terns. 

Des i gn t ype  

Operat ion 

Conventional Vessel I n t e g r a t e d  Barge 

Cont in .  2 RT/d Swap 1 -barge 

T r a n s i t s  p e r  day 4.72 4 i  00 6 .00  4 . 5 8  

Annual c a r  movements (330 days )  59189 501 60 59400 45342 

In i  t i a l  c o s t  ($/1000) 16345 16345 18951 11 483 

Annual c a p i t a l  c o s t  ($/1000) 21 90 21 90 2539 1539 

Annual f u e l  c o s t  ($/1000) 770 671 1092 829 

Remainder of o p e r a t i n g  c o s t  ($/1000)  1121 1121 1054 820 

Averaqe annual c o s t  ($/1000) 4081 3982 4685 31 8 8  

Required f r e i g h t  pe r  c a r  $ 68.94 $73.39 $78.87 $70.31 



In conclusion, the technology ex i s t s  to  e x p a n d  the ro le  of the cross-  

lake r a i l  service in an economically a t t r a c t i ve  way. The remaining 

problems a r e  primarily ins ti t u t i  onal . 



V I  I. CONCLUSIONS AND RECOMMENDATIONS 

A. Conc lus ions.  

1. General 

Sub jec t  t o  t he  s p e c i f i e d  p r o j e c t i o n s  of passenger and h i  ghway-vehic le  

t r a f f i c  volumes, e a r l y  ana l ys i s  i n d i c a t e d  t h a t  a  sepa ra t i on  o f  r a i l  and 

highway f e r r y  se r v i ces  cou ld  be j u s t i f i e d  on an eco l~omic bas i s .  Wi th  t h i s  

sepa ra t i on  of s e r v i  ces , severa l  a1 t e r n a t i v e  vesse l  types would become 

a t t r a c t i v e  o p t i o n s ,  whereas under t h e  p resen t  combined s e r v i c e  t h e i r  use 

i s  n o t  t e c h n i c a l l y  f eas i b l e ,  

The economic performance o f  these a1 t e r n a t i v e  vesse l  designs i s  

s u f f i c i e n t l y  p romis ing  t h a t  t he  sepa ra t i on  o f  r a i l  tonnage f r om highway 

t r a f f i c ,  which was i n i t i a l  l y  s t a t e d  as a  premise, can be p resen ted  as a  

conc lus ion ,  s u b j e c t  t o  t he  v e r i f i c a t i o n  o f  t h e  p o t e n t i a l  t r a f f i c  volumes 

used i n  t h e  des ign  process. I t  i s  f e l t  t h a t  t h e  s e p a r a t i o n  o f  r a i l  and 

highway se rv i ces  o f f e r s  t h e  b e s t  o p p o r t u n i t y  t o  i nc rease  t h e  a t t r a c t i v e n e s s  

and convenience o f  the  passenger-or iented highway s e r v i  ce, whi  1  e  decreas ing  

t h e  u n i t  cos t s  of t h e  r a i l  s e r v i c e  by employing l e s s  c o s t l y  s p e c i a l i z e d  

r a i  1  vesse ls  . 

2. Hi qhway Veh i c l e  and Passenaer Serv ices  . 
1 

For  a  f e r r y  s e r v i c e  designed t o  t r a n s p o r t  passengers and passenger 

veh i c l es  o n l y ,  t he  a i r - c u s h i o n  v e h i c l e  o f f e r s  unusual  p o t e n t i a l  b e n e f i t s .  

The ACV i s  a high-speed system, capable o f  making a  Lake Mich igan  t r a n s i t  

i n  l e s s  than one hour .  A d d i t i o n a l l y ,  i t  needs o n l y  a  s imp le  c o n c r e t e  

ramp and l o a d i n g  area a t  i t s  p o r t  t e r m i n a l s ,  g r e a t l y  r e d u c i n g  t h e  c o s t  o f  

shores ide  f a c i l i t i e s .  Th i s  a t t r i b u t e  enables an ACV system t o  se rve  a  
I 

v a r i e t y  o f  c ross - l ake  passenger - t rans i  t needs, w i  t h  t h e  poss i  b i  1  i t y  o f  

seasonal v a r i a t i o n  i n  r ou tes  t o  f o l l o w  seasonal t r a f f i c  p a t t e r n s .  The 

es t imated  f a r e  requi rements  f o r  t h e  ACV system a r e  c o m p e t i t i v e  w i t h  

those p r e s e n t l y  charged on t h e  e x i s t i n g  f e r r y  se r v i ces .  F i n a l l y ,  t h e  va l ue  

of t he  ACV as a t r i p  a t t r a c t o r  has been demonstrated by t he  E n g l i s h  

Channel opera t i  ona l  exper ience.  



A hi yh-speed (26-knot) conventional fe r ry  could provide rapid 

cross-1 akc service  f o r  passenger vehicles and t rucks ,  with a "convert ible" 

in ternal  configuration a1 l o w i n g  f o r  seasonal var ia t ions  i n  t r a f f i c  mix. 

Estimated f a r e s  fo r  passengers, automobiles, and trucks a r e  in the same 

range as the  present se rv ice ,  under the more s t r ingen t  f inancia l  conditions 
of ten percent required return a f t e r  a for ty-e ight  percent corporate 
p rof i t s  tax.  A t.1~10-ship service  would provide f o r  departures every 

three hours, and the higher speed would pernli t a convenient summer schedule 
incorporating three round t r i p s  per day, f o r  each vessel .  

A moderate-speed (21 -knot) conventional f e r ry  se rv ice  wou1 d o f f e r  

subs tan t ia l ly  the same service  as the high-speed a1 t e rna t i  ve,  with some 

increase in  vehicle t r ans i  t time and time betvieen departures.  However, 
the estiliiated required fares  would be s i qn i f i c an t l y  below present l eve l s .  

A s ingl  e-deck version of the 21 -knot conventional f e r r y ,  intended 

primarily f o r  t rucks ,  showed unsat is factory  economic performance. Based 
on an a1 1-truck demand of 50,000 uni ts  per yea r ,  the required fa re  per 

truck was higher than t h a t  f o r  any of the other  concepts. 

3. Rail Service. 

A t  the present low levels  of r a i l  service  demand, no conceptual design 
was found to  offer  a s i gn i f i c an t  improvement in  economic performance over 
the ex i s t ing  f u l l y  depreciated vesse l s ,  when the  cos t  of cap i ta l  was 
considered in  addition t o  operating costs .  

For a moderately expanded ra i  1 se rv ice ,  the most a t t r a c t i v e  a1 t e rna t ive  
vessel type i s  the singl  e-barge in tegrated tug barge (ITB) . With i n i t i a l  
costs  s ign i f i can t ly  l e s s  than those of a conventional ve s se l ,  the ITB 
system appears to  o f f e r  economic advantage over the present  service  i f  
a service  level  of about 45,000 c a r  movements per year  can be maintained. 
The break-even point agains t  the ex i s t ing  se rv ice  would occur a t  a level 
of about 37,000 car  movements per year.  

For a great ly  expanded ra i  1 s e rv i ce ,  in  the neighborhood of 60,000 
car  movements per year ,  a special ized r a i l  sh ip  of barge1 i ke design appears 
t o  o f fe r  the most economical a l t e r n a t i v e ,  provided t h a t  yard personnel 
can be made avai lable  f o r  turnaround on the vessel Is schedule without 



imposing undue increases in shoreside labor costs. A swap-barge I T B  system 
offers the possi bi 1 i  ty of avoiding the problem of y a r d  personnel avai 1 abi 1 i ty ,  

while maintaining a level of service of about 60,000 car  movements per 

year. Iiowever, the cost of the three-barge ITB system i s  somewhat higher, 

and a trade-off o f .  shipboard versus shoreside costs would be involved in 

any f inal  decision. 
I n  any evaluation of rai 1 -car ferry economics, i t s hou1 d be remembered 

that  ins t i  tutional fac,tors are the major determinants of profi tabi 1 i ty.  

The voluine of car movements, for  example, i s  more d i rec t ly  related t o  
internal rai 1 road management and operating practices than t o  the actual 

costs of ferry operation. 

D, Recomlenda t i  ons . 

The study recommenda t i  ons are divided into three categories : 

( 1 )  development of more defini t ive ship design concepts and costs ,  ( 2 )  market 
demand analysis,  and ( 3 )  analysis of organizational concepts appropriate 

t o  expanded ferry services. 

1 .  Devel o~men t of shi n desi an concepts and costs.  

Four conceptual designs, especially , merit more detailed analysis fo r  
further refinement of costs and performance. They are :  

-- 26-knot  conventional vessel (Design 11) 

-- 21-knot conventional vessel (Design I I S )  
-- 60-knot ai r-cushion vehicle (Design C) 
- - single-barge and swap-barge ITB systems fo r  r a i l  

and t r a i  l e r  services. 
Further analysis of these sys terns should incl ude detai led evaluations o f  

port f a c i  1 i ty costs ,  construction, modification, and operating. 



2. M a r k e t  demand a n a l y s i s .  

A m a r k e t  a n a l y s i s  s h o u l d  be under taken t o  c o n f i r m  t h e  p o t e n t i a l  denland 

f o r  f e r r y  s e r v i c e s  across Lake Mich igan.  T h i s  a n a l y s i s  s h o u l d  i n d i c a t e  

m a r k e t  needs f o r  each o f  t h e  s e r v i c e s ,  passenger, t r u c k ,  and r a i  1  , and 

t h e  dernand/cost e l a s t i c i  t i e s ' f o r  each. I n  t h i s  a n a l y s i s ,  i t  would be 

b e n e f i c i  a1 t o  d i f f e r e n t i a t e  bet~ween t r u c k  s e r v i c e  ( i  . e.  , t r a c t o r - t r a i  l e r  

c o m b i n a t i o n )  and t r a i l e r  s e r v i c e  o n l y ,  i f  p o s s i b l e .  

3. A n a l y s i s  o f  o r g a n i z a t i o n a l  concepts.  

A s t u d y  s h o u l d  be under taken t o  e v a l u a t e  t h e  c o s t s  and b e n e f i t s  t o  

t h e  S t a t e  r e s u l t i n g  from v a r i o u s  o r g a n i z a t i o n a l  forms o f  an expanded 

f e r r y  s e r v i c e .  T h i s  a n a l y s i s  s h o u l d  i n c l u d e  q u e s t i o n s  o f  ownersh ip ,  

sources of c a p i t a l  , f i n a n c i a l  arrangements and i n c e n t i v e s ,  and management 

s t r u c t u r e s .  The a n a l y s i s  shou ld  be s u f f i c i e n t l y  d e t a i  1 ed t o  p r o v i d e  

gu idance f o r  t h e  s e l e c t i o n  o f  an o r g a n i z a t i o n a l  concept  f o r  t h e  expanded 

f e r r y  s e r v i  ce. 
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