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E X E C U T IV E  S U M M A R Y
A p p o in t e d  in  2 0 0 9 ,  t h e  A l a s k a  C r u i s e  S h ip  W a s t e w a t e r  S c i e n c e  A d v is o r y  P a n e l  

h a s  m e t  fo r  f iv e  f a c e - t o - f a c e  m e e t in g s  in J u n e a u  a n d  p a r t ic ip a t e d  in  te n  t e le c o n f e r e n c e s  
s i n c e  F e b r u a r y  2 0 1 0 .  A l l  m e e t in g s  a n d  t e le c o n f e r e n c e s  w e r e  o p e n  to  t h e  p u b lic .

T h e  P a n e l  r e v ie w e d  t h e  le g a l  f r a m e w o r k  o f  t h e  C r u i s e  S h i p  P r o g r a m ,  H o u s e  B ill 
( H B )  1 3 4 ; th e  e x is t in g  w a t e r  q u a lit y  s t a n d a r d s ,  A la s k a  D e p a r t m e n t  o f  E n v ir o n m e n t a l  
C o n s e r v a t io n  ( D E C )  c r u is e  s h ip  p e rm its ,  a n d  m u n ic ip a l w a s t e w a t e r  p e rm its .

T h e  P a n e l  c o m p a r e d  th e  e f f e c t iv e n e s s  o f  e x is t in g  o n - b o a r d  t re a tm e n t  s y s t e m s  
a n d  r e v ie w e d  t h e  e f fo r ts  t h a t  d if fe r e n t  c r u is e  s h ip  l in e s  h a v e  t a k e n  to  im p r o v e  th e  q u a lity  
o f  th e ir  w a s t e w a t e r  d is c h a r g e .  T h e  P a n e l  r e s e a r c h e d  a v a i la b le  t e c h n o lo g ie s  u s e d  in 
s h o r e - b a s e d  f a c i l it ie s  to  d e c r e a s e  c o n c e n t r a t io n s  o f  a m m o n ia  a n d  d is s o lv e d  c o p p e r ,  
d is s o lv e d  n ic k e l,  a n d  d is s o lv e d  z in c  f o r  w a s t e w a t e r  e ff lu e n t.

T h e  P a n e l  w o r k e d  w ith  D E C  to  p r e p a r e  d a t a  q u e s t io n n a ir e s  a b o u t  e x is t in g  
t r e a tm e n t  s y s t e m s ,  n e w  t e c h n o lo g ie s ,  a n d  c o s t  o f  in s ta lla t io n  a n d  o p e r a t io n  o f  c u r r e n t  
s y s t e m s .  C r u i s e  o p e r a t o r s  r e s p o n d e d  to t h e s e  q u e s t io n n a ir e s ,  p r o v id in g  v a lu a b le  d a t a  
th a t  a llo w e d  th e  P a n e l  to  e v a lu a t e  t h e  c o s t  o f im p le m e n t in g  c u r r e n t ly  u s e d  s y s t e m s .

T h e  P a n e l  c o lla b o r a t e d  o n  t h is  p r e lim in a r y  re p o rt  th a t  d i s c u s s e s :  th e  s o u r c e s  o f  
c o n s t it u e n t s  o f  c o n c e r n  (a m m o n ia ,  d is s o lv e d  c o p p e r ,  d is s o lv e d  n ic k e l,  a n d  d is s o lv e d  
z in c ) ;  c u r r e n t  le v e ls  o f  e f f lu e n t  q u a lit y  a c h ie v e d ;  c u r r e n t  a n d  a d d it io n a l m e t h o d s  o f  
p o llu t io n  p re v e n t io n , c o n tr o l,  a n d  t re a tm e n t ; th e  e n v ir o n m e n t a l  b e n e f it s  o f  im p le m e n t in g  
a d d it io n a l  m e t h o d s ,  a n d  th e  e c o n o m ic  fe a s ib ility  to  d o  s o .

T h e  p r e lim in a r y  f in d in g s  o f th e  P a n e l  a r e  o u t lin e d  b e lo w .

A d v a n c e d  W a s t e w a t e r  T r e a t m e n t  S y s t e m s  ( A W T S )  w e r e  d e s ig n e d  to  m e e t  
r e q u ir e d  c r ite r ia  fo r  c o n v e n t io n a l  p o llu t a n t s  a n d  a r e  th e  m o s t  a d v a n c e d ,  e f fe c t iv e ,  a n d  
p r o v e n  t r e a tm e n t  s y s t e m s  a v a i la b le .  T h i s  is  e s p e c ia l ly  t r u e  w h e n  A W T S  a r e  c o m p a r e d  
to  m u n ic ip a l  t re a tm e n t  p la n t s  d is c h a r g in g  to  m a r in e  w a t e r s .

A q u a t ic  o r g a n is m s ,  in c lu d in g  f is h  a n d  m a r in e  m a m m a ls ,  a r e  p r o t e c t e d  t h r o u g h  
t h e  c r u i s e  s h ip  G e n e r a l  P e rm it .

A f t e r  e v a lu a t in g  a ll A W T S  c u r r e n t ly  in s ta lle d  o n  c r u i s e  s h i p s  o p e r a t in g  in A la s k a n  
w a t e r s ,  th e  P a n e l  fo u n d  th a t  n o n e  o f  t h o s e  t r e a t in g  m ix e d  b la c k w a t e r  a n d  g r a y w a t e r  
c o n s is t e n t ly  m e e t  A l a s k a 's  m a r in e  W a t e r  Q u a lity  C r it e r ia  a t th e  p o in t  o f  d is c h a r g e  fo r  th e  
c o n s t it u e n t s  o f  c o n c e r n  ( a m m o n ia  a n d  d is s o lv e d  c o p p e r ,  d is s o lv e d  n ic k e l,  a n d  d is s o lv e d  
z in c ) .

A  d ilu t io n  m o d e l d e v e lo p e d  b y  th e  f ir s t  A l a s k a  C r u i s e  S h i p  W a s t e w a t e r  S c i e n c e  
A d v is o r y  P a n e l  a n d  d y e  s t u d ie s  c o n d u c t e d  b y  E P A  d e m o n s t r a t e  th a t  c o n c e n t r a t io n s  
lo w e r  t h a n  th e  W a t e r  Q u a lity  C r it e r ia  a r e  a tta in e d  w ith in  s e c o n d s  fo llo w in g  A W T S  
d is c h a r g e  a n d  th a t  a c u t e  a n d  c h r o n ic  e x p o s u r e s  w o u ld  n o t  o c c u r .  D ilu t io n  m o d e lin g  is  
u s e d  fo r p e rm itt in g  o th e r  w a s t e w a t e r  d is c h a r g e s .

T h e  P a n e l  w a s  u n a b le  to  id e n t ify  t e c h n o lo g ic a l ly  e f f e c t iv e  a n d  e c o n o m ic a lly  
f e a s ib le  t r e a tm e n t  m e t h o d s  c a p a b le  o f  c o n s is t e n t ly  m e e t in g  t h e  n u m e r ic  W a t e r  Q u a lity
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C r it e r ia  a t  t h e  p o in t  o f  d is c h a r g e  a n d  t h a t  h a v e  b e e n  p r o v e n  o n  c r u is e  s h ip s .  A p p l ic a t io n  
o f  e x is t in g  t e c h n o lo g ie s  in a d d it io n  to A W T S ,  s u c h  a s  n itr if ic a t io n , io n  e x c h a n g e  ( I X )  a n d  
r e v e r s e  o s m o s i s  ( R O ) ,  is  e x p e c t e d  to  fu rth e r  r e d u c e  a m m o n ia  a n d  d is s o lv e d  m e ta l  
c o n c e n t r a t io n s .  H o w e v e r ,  t h e r e  is  n o  e v id e n c e  to  p ro v e  a d d in g  a d d it io n a l t e c h n o lo g y  w ill 
b e  t e c h n o lo g ic a l ly  e f f e c t iv e  a t m e e t in g  W a t e r  Q u a lit y  C r it e r ia ,  b e  e c o n o m ic a l ly  f e a s ib le ,  
o r  p r o v id e  s ig n if ic a n t  e n v ir o n m e n t a l  b e n e fit . M o d ify in g  o p e r a t io n a l p r o c e d u r e s  a n d  
a d d it io n a l s t a f f  t r a in in g  m a y  h e lp  im p r o v e  t r e a tm e n t  p e r f o r m a n c e .  T h e  p a n e l  
r e c o m m e n d s  c o n t in u e d  s a m p lin g  a n d  m o n ito r in g  o f  c r u is e  s h ip  e ff lu e n t.

A d a p t a t io n  o f e m e r g in g  t e c h n o lo g ie s  f r o m  o th e r  in d u s t r ie s  to  c r u is e  s h ip s  
p r e s e n t s  s ig n if ic a n t  fe a s ib ilit y  c h a l le n g e s .

T h e  P a n e l  id e n t if ie d  little  a d d it io n a l e n v ir o n m e n t a l  b e n e fit  to  b e  g a in e d  b y  
lo w e r in g  t h e  c u r r e n t  p e rm itte d  e ff lu e n t  lim its  to W a t e r  Q u a lit y  C r it e r ia  a t  t h e  p o in t  o f  
d is c h a r g e .
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1. IN TRO D U CTIO N
C o m m e r c ia l  p a s s e n g e r  v e s s e l 1 ( “c r u is e  s h ip ”) w a s t e w a t e r  e f f lu e n t  q u a lit y  a n d  its  

m a n a g e m e n t  h a s  b e e n  a n  i s s u e  o f  p u b lic  c o n c e r n  in A l a s k a  s i n c e  t h e  1 9 9 0 s .  A s  a  r e s u lt  
o f  e f f lu e n t  s a m p lin g  th a t  in d ic a t e d  c r u i s e  s h ip  m a r in e  s a n ita t io n  d e v i c e s  ( M S D )  w e r e  n o t  
w o r k in g  w e ll, n e w  f e d e r a l  a n d  s t a t e  la w s  w e r e  p a s s e d  in  2 0 0 0  a n d  2 0 0 1 .  T h e s e  la w s  
r e g u la t e d  a n d  s e t  e f f lu e n t  lim its  fo r  t re a te d  s e w a g e  (b la c k w a t e r )  a n d  g r a y w a t e r  
( a c c o m m o d a t io n s ,  g a l le y ,  a n d  la u n d r y  w a s t e w a t e r ) .  T o  m e e t  t h e s e  m o re  s t r in g e n t  
e f f lu e n t  lim its , c r u is e  s h ip s  th a t  d is c h a r g e  w a s t e w a t e r  in A l a s k a  in s t a lle d  n e w  a n d  
im p r o v e d  w a s t e w a t e r  t r e a tm e n t  s y s t e m s  d e s c r ib e d  in S e c t io n  4 .4 .  T h e s e  a d v a n c e d  
w a s t e w a t e r  t r e a tm e n t  s y s t e m s  ( A W T S )  h a v e  b e e n  a b o a r d  a ll c r u is e  s h i p s  d is c h a r g in g  in  
A l a s k a n  w a t e r s  s in c e  2 0 0 3 .  H o w e v e r ,  c o m p a n ie s  m a y  a d o p t  d if fe re n t  p r a c t ic e s  
r e g a r d in g  th e  m a n a g e m e n t  o f  w a s t e w a t e r ,  s u c h  a s  n o t d is c h a r g in g  in to  A l a s k a  w a t e r  
e it h e r  u n d e r w a y  o r  in  p ort.

In A u g u s t  2 0 0 6 ,  A l a s k a  v o t e r s  a p p r o v e d  B a llo t  M e a s u r e  2 2 (“C r u i s e  S h ip  
T a x a t io n ,  R e g u la t io n  a n d  D i s c lo s u r e ”), w h ic h  p r o m u lg a t e d  n e w  r e g u la t o r y  r e q u ir e m e n t s  
fo r  la r g e  c r u i s e  s h ip s  o p e r a t in g  in A la s k a n  w a t e r s .  A m o n g  o th e r  r e q u ir e m e n t s  r e la t in g  to  
ta x a t io n , g a m b lin g ,  a n d  m o n ito r in g , t h e  m e a s u r e  r e q u ir e d  th a t  la r g e  p a s s e n g e r  v e s s e ls  
m a y  n o t  d is c h a r g e  u n t r e a te d  s e w a g e ,  t re a te d  s e w a g e ,  g r a y w a t e r ,  o r  o th e r  w a s t e w a t e r s  
in a  m a n n e r  th a t  v io la t e s  a n y  a p p lic a b le  e f f lu e n t  lim its  o r  s t a n d a r d s  u n d e r  s ta t e  o r  
f e d e r a l  law , including Alaska Water Quality Standards (WQS) governing pollution at the 
point of discharge [ e m p h a s is  a d d e d ] .  T h i s  r e q u ir e m e n t  w a s  in t e r p r e te d  b y  t h e  A l a s k a  
D e p a r t m e n t  o f  E n v ir o n m e n t a l  C o n s e r v a t io n  ( D E C ) ,  w ith  g u i d a n c e  fro m  th e  D e p a r tm e n t  
o f  L a w ,  a s  r e q u ir in g  c r u is e  s h ip  d is c h a r g e s  to  m e e t  t h e  W Q S  a t t h e  e n d - o f - p ip e  w ith o u t  
a llo w a n c e  fo r  d ilu t io n  o f  d i s c h a r g e s  th r o u g h  m ix in g  w ith  r e c e iv in g  w a t e r s  in a  m ix in g  
z o n e . 3 (A  m ix in g  z o n e  m e a n s  a  v o lu m e  o f  w a t e r  a d ja c e n t  to a  d is c h a r g e ,  in w h ic h  
w a s t e s  d is c h a r g e d  m ix  w ith  t h e  r e c e iv in g  w a t e r .4 S e e  S e c t io n  7 .3 .1 .1  fo r  in fo rm a tio n  
a b o u t  m ix in g  z o n e s  a n d  h o w  t h e y  a r e  t y p ic a lly  u s e d . )

1 A.S. 46.03.490(2). "commercial passenger vessel” means a vessel that carries passengers for hire except 
that "commercial passenger vessel" does not include a vessel:

(A) authorized to carry fewer than 50 passengers;

(B) that does not provide overnight accommodations for at least 50 passengers for hire, 
determined with reference to the number of lower berths; or

(C) operated by the United States or a foreign government;

2 See http://www.dec.state.ak.us/water/cruise ships/Law and Rees/index.htm

3 See page 15 in, DEC 2010. 2010 Large Commercial Passenger Vessel Wastewater Discharge General
Permit information Sheet.

418 AAC 70.990(42)

1 12/18/2012

http://www.dec.state.ak.us/water/cruise


Cruise Ship Wastewater Science Advisory Panel
Preliminary Report November 2012________ Alaska Department of Environmental Conservation

T h e  A l a s k a  W Q S  a r e  fo u n d  in t h e  s t a t e ’s  r e g u la t io n s  a t  1 8  A A C  7 0  a n d  in c lu d e  
a s s ig n m e n t s  o f  d e s ig n a t e d  u s e s  to  w a t e r  b o d ie s ,  n u m e r ic  w a t e r  q u a lity  c r ite r ia  ( W Q C )  
p r o t e c t iv e  o f  t h o s e  d e s ig n a t e d  u s e s ,  a n d  a n t i- d e g r a d a t io n  p r o v is io n s .  In  a d d it io n  to  
lis t in g  s o m e  W Q C ,  1 8  A A C  7 0  a d o p t s  th e  fo llo w in g  d o c u m e n t  b y  r e f e r e n c e  w h ic h  
c o n t a in s  a  m o r e  c o m p le t e  lis t in g  o f W Q C :  The Alaska Water Quality Criteria Manual for 
Toxic and Other Deleterious Organic and Inorganic Substances. T h e  w a t e r  q u a lity  
s t a n d a r d s  in c lu d e  im p le m e n t a t io n  t o o ls  in c lu d in g  m ix in g  z o n e s ,  s i t e - s p e c i f ic  c r ite r ia  a n d  
a l lo w a n c e s  fo r  c o m p lia n c e  s c h e d u le s .  T h e  n u m e r ic  W Q C  fo r  p a r a m e t e r s  s u c h  a s  c o p p e r  
o r  a m m o n ia  a r e  a  p a rt  o f  t h e  W Q S .  R e g u la t io n s  r e g a r d in g  t h e  a u t h o r iz a t io n  o f  m ix in g  
z o n e s  a r e  fo u n d  in  1 8  A A C  7 0 .2 4 0 .

D E C  i s s u e d  th e  L a r g e  C o m m e r c ia l  P a s s e n g e r  V e s s e l  W a s t e w a t e r  D is c h a r g e  
G e n e r a l  P e r m it  N u m b e r  2 0 0 7 D B 0 0 0 0 2  in M a rc h  2 0 0 8  ( 2 0 0 8  G e n e r a l  P e r m it )  to m e e t  
th e  r e q u ir e m e n t  o f  H B  1 3 4 .  D E C  d e te r m in e d  th a t  t h e  c r u is e  s h ip  A W T S  m e t  tra d it io n a l  
w a s t e w a t e r  q u a lit y  p a r a m e t e r s  b u t d id  n o t m e e t  W Q C  fo r  a m m o n ia ,  d is s o lv e d  c o p p e r ,  
d is s o lv e d  n ic k e l,  a n d  d is s o lv e d  z in c .  T h e  2 0 0 8  G e n e r a l  P e r m it  e s t a b l is h e d  in te r im  lim its  
fo r t h e s e  p a r a m e t e r s  d u r in g  2 0 0 8  a n d  2 0 0 9  th a t  w e r e  l e s s  s t r ic t  th a n  th e  W Q C .  T h e  
a v e r a g e  c o n c e n t r a t io n s  in e f f lu e n t  o v e r  t im e  o f t r a d it io n a l w a s t e w a t e r  q u a lity  p a r a m e t e r s  
a n d  a m m o n ia ,  d is s o lv e d  c o p p e r ,  d is s o lv e d  n ic k e l,  a n d  d is s o lv e d  z in c  a r e  s h o w n  in  
F ig u r e  1 th r o u g h  F ig u r e  7 .

In  2 0 0 8 ,  t h e  U n ite d  S t a t e s  E n v ir o n m e n t a l  P r o t e c t io n  A g e n c y  ( E P A )  i s s u e d  a  
v e s s e l  g e n e r a l  d is c h a r g e  p e r m it  ( V G P ) .  T h e  V G P  c o v e r s  a  r a n g e  o f d is c h a r g e  t y p e s  
(e .g .  g r a y w a t e r ,  d e c k  w a s h d o w n , b a lla s t ,  b o ile r  b lo w d o w n , a n d  o t h e r s )  a n d  m a n a g e m e n t  
p r a c t ic e s  fo r  a  v a r ie t y  o f  v e s s e ls .  F o r  c r u is e  s h ip s ,  t h e  V G P  e s s e n t ia l ly  r e q u ir e d  th a t  th e  
m u n ic ip a l s e c o n d a r y  t r e a tm e n t  s t a n d a r d s  a lo n g  w ith  s p e c i f i c  lim its  fo r  b a c t e r ia  a n d  
r e s id u a l  c h lo r in e  b e  m e t  fo r  g r a y w a t e r  d is c h a r g e s  a n d  fo r  d is c h a r g e s  o f m ix t u r e s  o f  
g r a y w a t e r  a n d  b la c k w a te r .  A  c r u is e  s h ip  th a t m e t  t h e  e ff lu e n t  lim its  e s t a b l is h e d  in  th e  
2 0 0 8  G e n e r a l  P e r m it  w o u ld  g e n e r a l ly  a ls o  b e  in c o m p l ia n c e  w ith  t h e  g r a y w a t e r  (w h ic h  
in c lu d e s  g r a y w a t e r  p lu s  b la c k w a t e r )  e ff lu e n t  lim its  in  t h e  E P A  V G P .  T h e  V G P  d id  n o t  s e t  
e ff lu e n t  lim its  fo r  b la c k w a t e r  o n ly  d is c h a r g e s .  N o  c r u i s e  s h i p s  in  A l a s k a  d is c h a r g e  
s t r a ig h t  b la c k w a t e r  b u t in s t e a d  t re a t  a n d  d is c h a r g e  a  m ix  o f g r a y  a n d  b la c k w a t e r  w h ic h  
h a s  to  m e e t  th e  V G P  o r a v w a t e r  e ff lu e n t  lim its . T h e  V G P  will b e  r e is s u e d ,  w ith  
m o d if ic a t io n s ,  e f fe c t iv e  D e c e m b e r  2 0 1 3 ,  a n d  h a s  a lr e a d y  g o n e  th r o u g h  t h e  p u b lic  r e v ie w  
a n d  c o m m e n t  p r o c e s s .

O n  F e b r u a r y  1 6  2 0 0 9 ,  D E C  s p o n s o r e d  a  C r u i s e  S h i p  T e c h n o lo g y  W o r k s h o p  in  
J u n e a u 5. A  n u m b e r  o f  v e n d o r s  w e r e  b ro u g h t  in, b u t  n o n e  w e r e  a b le  to  d e m o n s t r a t e  th a t  
th e y  h a d  a  s y s t e m  th a t  c o u ld  c o n s is t e n t ly  m e e t  W Q C  fo r  b o th  g r a y w a t e r  a n d  b la c k w a t e r  
e ff lu e n t  a t th e  p o in t  o f  d is c h a r g e .  V a r io u s  t e c h n o lo g ie s  w e r e  id e n t if ie d  th a t a p p e a r e d  to

5 http://dec.alaska.gov/water/cruise_ships/pdfs/6_08_10_Feasibility_Report_Final.pdf
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h a v e  p o te n tia l to  m e e t  W Q C  w h e n  u s e d  w ith  la n d  b a s e d  a p p lic a t io n s ,  b ut t h e r e  a r e  
c o n s t r a in t s  to  th e ir  a p p lic a t io n  o n b o a r d  c r u is e  s h ip s .

1.1. House Bill 134

In  2 0 0 9 ,  H o u s e  B ill ( H B )  1 3 4  w a s  p a s s e d  b y  th e  A la s k a  L e g is la t u r e .  W ith o u t  H B  
1 3 4 , th e  A l a s k a  W Q S  w o u ld  h a v e  a p p lie d  to la r g e  c r u is e  s h ip  w a s t e w a t e r  a t  t h e  p o in t o f  
d is c h a r g e  in 2 0 1 0 .  H B  1 3 4  n o w  a llo w e d  D E C ,  u n d e r  p r e s c r ib e d  c o n d it io n s ,  to  i s s u e  a  
n e w  w a s t e w a t e r  g e n e r a l  p e r m it  to la r g e  c r u is e  s h ip s  c o n t a in in g  e f f lu e n t  lim its  a t  t h e  p o in t  
o f  d is c h a r g e  th a t  w e r e  l e s s  s t r in g e n t  t h a n  t h e  W Q S  if t h e  p e r m itte e  is  u n a b le  to  a c h ie v e  
c o m p l ia n c e  w ith  n u m e r ic  W Q C  at t h e  p o in t  o f  d is c h a r g e .  H B  1 3 4  a llo w e d  D E C  to  is s u e  
t h is  g e n e r a l  p e rm it  fo r a  p e r io d  o f  th r e e  y e a r s  o n ly  if D E C  f o u n d  th a t  t h e  p e rm itte e  is
u s in g  e c o n o m ic a lly  f e a s ib le  m e t h o d s  o f  p o llu t io n  p re v e n t io n , c o n tro l,  a n d  t r e a tm e n t  th a t
D E C  c o n s id e r e d  to  b e  t h e  m o s t  t e c h n o lo g ic a l ly  e f fe c t iv e  in c o n t r o ll in g  w a s t e w a t e r  
e ff lu e n t  a t  t h e  p o in t  o f  d is c h a r g e .  D E C  i s s u e d  th e  2 0 1 0  L a r g e  C o m m e r c ia l  P a s s e n g e r  
V e s s e l  W a s t e w a t e r  D i s c h a r g e  G e n e r a l  P e r m it  o n  A p r il  2 2 , 2 0 1 0 s , w h ic h  is  v a lid  until 
A p r il 2 0 1 3 .  T h i s  p e r m it  e s t a b l is h e d  e ff lu e n t  lim its  fo r  a m m o n ia ,  d is s o lv e d  c o p p e r ,  
d is s o lv e d  n ic k e l,  a n d  d is s o lv e d  z i n c  th a t  w e r e  h ig h e r  t h a n  W Q C  a t th e  p o in t of 
d is c h a r g e .

1.2. Cruise Ship Wastewater Science Advisory Panel

H B  1 3 4  a ls o  m a n d a t e d  th a t  th e  D E C  e s t a b l is h  a n d  c o n s u lt  w ith  a  S c i e n c e  
A d v is o r y  P a n e l  ( P a n e l )  to a s s i s t  a n d  a d v is e  t h e  c o m m is s io n e r  to  c o n d u c t  a n a l y s e s  a n d  
p r o v id e  p r e lim in a r y  a n d  f in a l r e p o r t s  to th e  le g is la t u r e  th a t  s u m m a r iz e  th e  fo llo w in g  
in fo r m a t io n 7:

(1) methods of pollution prevention, control, and treatment in use and 
the level of effluent quality achieved by commercial passenger vessels;

(2) additional economically feasible methods of pollution prevention, 
control, and treatment that could be employed to provide the most 
technologically effective measures to control all wastes and other 
substances in the discharge; and

(3) the environmental benefit and cost of implementing additional 
methods of pollution prevention, control, and treatment.

H B  1 3 4  a ls o  m a n d a t e d  th e  s t r u c t u r e  a n d  r o le s  o f  th e  P a n e l.  P a n e l  m e m b e r s ,  
a f f i l ia t io n s  a n d  s ta tu to r y  r o le s  a r e  lis te d  b e lo w . B a c k g r o u n d  in fo rm a tio n  a b o u t  th e  P a n e l,  
in c lu d in g  b io g r a p h ic a l  in fo rm a tio n  a b o u t  e a c h  P a n e lis t ,  c a n  b e  fo u n d  o n  th e  2 0 0 9  
S c i e n c e  A d v is o r y  P a n e l  w e b p a g e 8.

6 http://www.dec.state.ak.us/water/cruise ships/gp/10gp.html

7 AS 46.03.464

8 http://dec.alaska.gov/water/cruise ships/SciencePanel/index.htm
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T h e  P a n e l  m e t  fo r  t h e  f ir s t  t im e  in F e b r u a r y  2 0 1 0  a n d  s i n c e  th e n  h a s  b e e n  
w o r k in g  o n  t h is  re p o rt  in c o lla b o r a t io n  w ith  D E C  C r u i s e  S h ip  P r o g r a m  s t a f f  a n d  a  
c o n t r a c t o r  fa c ilita to r . T h e y  h a v e  a t t e n d e d  f iv e  f a c e - t o - f a c e  m e e t in g s  in J u n e a u ,  
c o n d u c t e d  te n  t e le c o n f e r e n c e s ,  a n d  s p o n s o r e d  a  t e c h n o lo g y  w o r k s h o p .

T h i s  p r e lim in a r y  re p o rt  c o n t a in s  a  d e s c r ip t io n  o f  t h e  m e t h o d s  o f  p o llu t io n  
p r e v e n t io n , c o n tro l, a n d  t r e a tm e n t  c u r r e n t ly  in u s e  a n d  th e  e ff lu e n t  q u a lit y  c u r r e n t ly  
a tt a in e d  b y  p e r m itte d  la r g e  p a s s e n g e r  v e s s e ls .  T h e  P a n e l  u s e d  a ll a v a i la b le  in fo rm a tio n  
to  id e n t ify  a d d it io n a l m e t h o d s  o f  p o llu t io n  p r e v e n t io n , c o n tro l a n d  tre a tm e n t. P o te n t ia l  
a d d it io n a l m e t h o d s  a r e  d e s c r ib e d  in t h is  re p o rt  a n d  d is c u s s io n  o f  t h e  t e c h n ic a l  fe a s ib ilit y  
o f  t h e s e  m e t h o d s  is  p ro v id e d . T h e  P a n e l  a d o p t e d  a  B e s t  A v a ila b le  T e c h n o lo g y  
f r a m e w o r k  to  s y s t e m a t ic a l ly  e v a lu a t e  c u r r e n t  a n d  p o te n tia l m e t h o d s  o f  p o llu t io n  
p r e v e n t io n  c o n t r o l a n d  t re a tm e n t. T h i s  re p o rt  a ls o  p r o v id e s  a  d is c u s s i o n  o f  w h e t h e r  
t h o s e  m e t h o d s  c a n  a c h ie v e  W Q S  a t  t h e  p o in t  o f  d i s c h a r g e  a n d  t h e  e n v ir o n m e n t a l  
b e n e f it s  a n d  c o s t s  o f  im p le m e n t in g  a d d it io n a l m e t h o d s .
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2. BACKGROUND

2.1. Overview of Alaskan Waters

A l a s k a  c o n t a in s  o v e r  5 0 %  o f  t h e  to ta l U . S .  c o a s t lin e ,  w ith  a p p r o x im a t e ly  4 5 ,0 0 0  
m ile s  o f  m a r in e  w a t e r  s h o r e l in e .9 T h e  m a r in e  w a t e r s  o f  th e  s t a t e  in c lu d e  a ll  w a t e r s  w ith in  
th e  b o u n d a r ie s  o f  th e  s ta t e  ( t h r e e  n a u t ic a l  m ile s  fro m  th e  M e a n  H ig h  W a t e r  L in e ) .  It a ls o  
in c lu d e s  a ll  o f  th e  w a t e r s  o f  th e  A le x a n d e r  A r c h ip e la g o ,  e v e n  if n o t w ith in  th e  b o u n d a r ie s  
o f t h e  s ta te . W a t e r s  o f  t h e  A le x a n d e r  A r c h ip e la g o  in c lu d e s  a ll w a t e r s  u n d e r  th e  
s o v e r e ig n t y  o f  th e  U n ite d  S t a t e s  w ith in  o r  n e a r  S o u t h e a s t  A l a s k a . 10

A l a s k a ’s  c o m m e r c ia l  f i s h e r ie s  a r e  t h e  m o s t  p r o d u c t iv e  a n d  v a lu a b le  in t h e  n a tio n , 
w ith  a  w h o le s a le  v a lu e  o f  $ 3 .6  b il l io n .11 R e c e n t  s t u d ie s  p u t th e  c o m b in e d  e c o n o m ic  
im p a c t  o f  c o m m e r c ia l  a n d  s p o r t  f is h in g  a t  $ 7 .4  b illio n  a n d  8 9 ,9 1 5  fu ll - t im e -e q u iv a le n t  
j o b s . 12 T h e  a n n u a l  h a r v e s t  fro m  A la s k a n  w a t e r s  is  o v e r  5  b illio n  p o u n d s  o f  f ish .

A l a s k a  w a t e r s  s u p p o r t  ro b u s t  f is h e r ie s .  T e n s  o f  t h o u s a n d s  o f  p e o p le  h a r v e s t  
s a lm o n ,  h a lib u t, c r a b ,  trou t, a n d  o th e r  v a r ie t ie s  o f  f in f is h  a n d  s h e llf is h  in s u b s is t e n c e ,  
p e r s o n a l  u s e ,  a n d  s p o r t  f is h e r ie s .  S u b s i s t e n c e  a n d  p e r s o n a l  u s e  f is h in g  s u p p o r t  a  
tra d it io n a l w a y  o f  life  fo r  m a n y  A la s k a n s .  T h e r e  a r e  m a n y  s u b s is t e n c e  f i s h e r ie s  fo r  
s a lm o n ,  h a lib u t, h e r r in g  s p a w n -o n - k e lp ,  s h e l l f is h  a n d  g r o u n d f is h  t h r o u g h o u t  S o u t h e a s t  
A l a s k a  o u t s id e  o f  t h e  J u n e a u  a n d  K e t c h ik a n  n o n - s u b s is t e n c e  u s e  a r e a s . 13 S u b s i s t e n c e  
f is h in g  in A l a s k a  a ls o  p r o v id e s  v a lu a b le  w ild  h a r v e s t s .  G u id e s ,  lo d g e s  a n d  c h a r t e r  
o p e r a t o r s  p r o v id e  r e s id e n t s  a n d  v is it o r s  w ith  f is h in g  e x p e r ie n c e s  a n d  c o n t r ib u t e  
s ig n if ic a n t ly  to  t h e  t o u r is m  in d u s try  a n d  e c o n o m y .

T h e  s o u t h e a s t  A la s k a n  c o a s t ,  w h e r e  c r u is e  s h ip  t r a f f ic  is  c o n c e n t r a t e d ,  is  v e r y  
c o n v o lu t e d .  It c o n t a in s  t h o u s a n d s  o f  b a y s ,  e s t u a r ie s ,  c o v e s ,  f jo r d s , a n d  o t h e r  w a t e r  
b o d ie s .  S o u t h e a s t  A l a s k a  h a s  a  p o p u la t io n  o f  7 5 ,5 2 6  p e o p le .14 Its  w a t e r w a y s  a r e  u s e d  
e x t e n s iv e ly  b y  t h e  c r u is e  s h ip  in d u s try . A  to ta l o f  9 2 2 ,3 3 1  c r u is e  s h ip  p a s s e n g e r s  p lu s

9 "2004 Southeast Alaska Coastal Survey Environmental Status," DEC, 2011. 
http://dec.alaska.gov/water/wasar/monitorine/documents/SE Final Report May 2011.pdf

10 Alaska Statute 46.03.490

11 Alaska Department of Fish & Game -  Commercial Fisheries Website: 
http://www.adfe.alaska.eov/index.cfm ?adfe=fishingCommercial. main

12 Alaska Department of Fish & Game (http://www.adfe.alaska.eov/index.cfm?adfg=fishine.main)

13 Alaska Department of Fish and Game:
http://www.adfg.a laska.gov/index.cfm?adfg=ByAreaSubsistenceSE.fishinglnfo

14 Alaska Department of Labor (http://labor.alaska.gov/research/pop/popest.htm)
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a d d it io n a l c r e w  w e r e  e x p e c t e d  to v is it  A l a s k a  in  2 0 1 2 . 15 D u r in g  t h e  s u m m e r ,  t h e  
p o p u la t io n  o f  c r e w  a n d  p a s s e n g e r s  a t  a n y  g iv e n  t im e  is  a b o u t  6 0 ,0 0 0  ( a s s u m in g  2 0  
v e s s e l s  w ith  a v e r a g e  o f  3 , 0 0 0  p e o p le  e a c h ) .

2.2. Alaska Water Quality Standards

A c c o r d in g  to  t h e  E P A ,  w a t e r  q u a lit y  s t a n d a r d s  ( W Q S )  a r e  t h e  fo u n d a t io n  o f  t h e  
w a t e r  q u a lit y - b a s e d  c o n t r o l p r o g r a m  m a n d a t e d  b y  th e  C le a n  W a t e r  A c t 16. W Q S  d e f in e  
th e  g o a ls  fo r  a  w a t e r b o d y  b y  d e s ig n a t in g  its  u s e s ,  s e t t in g  c r ite r ia  to p r o t e c t  t h o s e  u s e s ,  
a n d  e s t a b l is h in g  p r o v is io n s  to p ro te c t  w a t e r  q u a lit y  f r o m  p o llu t a n t s . A  w a t e r  q u a lit y  
s t a n d a r d  c o n s i s t s  o f  f o u r  b a s i c  e le m e n t s :

1) D e s ig n a t e d  u s e s  o f th e  w a t e r  b o d y  (e .g . ,  r e c r e a t io n ,  w a t e r  s u p p ly ,  a q u a t ic  life, 
a g r ic u lt u r e ) ,

2 ) W a t e r  q u a lity  c r it e r ia  ( W Q C )  to  p r o t e c t  d e s ig n a t e d  u s e s  ( n u m e r ic  p o llu ta n t  
c o n c e n t r a t io n s  a n d  n a r r a t iv e  r e q u ir e m e n t s ) ,

3 ) A n  a n t id e g r a d a t io n  p o lic y  to  m a in ta in  a n d  p r o t e c t  e x is t in g  u s e s  a n d  h ig h  q u a lit y  
w a t e r s ,  a n d

4 ) G e n e r a l  p o l ic ie s  a d d r e s s in g  im p le m e n t a t io n  i s s u e s  ( e .g . ,  lo w  f lo w s , v a r ia n c e s ,  
m ix in g  z o n e s ) .

N u m e r ic  W Q C  a r e  d e v e lo p e d  to p r o t e c t  d e s ig n a t e d  u s e s .  In d iv id u a l n u m e r ic  
c r ite r ia  a r e  b a s e d  o n  s p e c if ic  d a t a  a n d  s c ie n t if ic  a s s e s s m e n t  o f  a d v e r s e  e f f e c t s .  T h e  
n u m e r ic  c r ite r ia  a r e  n u m b e r s  th a t  s p e c if y  lim its  a n d / o r  r a n g e s  o f  c h e m ic a l  
c o n c e n t r a t io n s ,  l ik e  o x y g e n ,  o r  p h y s ic a l  c o n d it io n s ,  lik e  w a te r  te m p e r a tu r e . N u m e r ic  
c r ite r ia  fo r  a q u a t ic  life  p ro te c t io n  u s u a lly  c o n t a in  a  c o n c e n t r a t io n  ( e .g .  5  m g / L )  a n d  
a v e r a g in g  p e r io d . F o r  to x ic  e x p o s u r e  e f f e c t s ,  a  o n e - h o u r  a v e r a g in g  p e r io d  a p p l ie s  fo r  a n  
a c u t e  (s h o r t -te r m )  c o n c e n t r a t io n ,  w h ile  a  f o u r - d a y  a v e r a g e  a p p lie s  fo r  a  c h r o n ic  
c o n c e n t r a t io n  ( lo n g -te r m  t o x ic  e x p o s u r e  e f f e c t s ) .

A l a s k a ’s  m a r in e  w a t e r  q u a lity  c r it e r ia  ( W Q C )  a r e  d e s c r ib e d  in  The Alaska Water 
Quality Criteria Manual for Toxic and Other Deleterious Organic and Inorganic 
Substances.17 T h e  c r ite r ia  a r e  d e r iv e d  fro m  E P A ’s  N a t io n a l R e c o m m e n d e d  W a t e r  
Q u a lit y  C r i t e r ia .18 T h e  c r ite r ia  in c lu d e  v a lu e s  in t e n d e d  to  b e  p r o t e c t iv e  o f  b o th  a c u t e

15 Alaska Department of Environmental Conservation
(http://dec.alaska.gov/water/cruise ships/pdfs/2012 Large Wastewater Table.pdf)

16 http://water.epa.gov/scitech/swguidance/standards/about_index.cfm

17 DEC 2008. Alaska Water Quality Criteria Manual for Toxic and Other Deleterious Organic and Inorganic 
Substances.
http://dec.alaska.gov/water/wqsar/wqs/pdfs/Alaska%20Water%20Quality%20Criteria%20Manual%20for
%20Toxic%20and%200ther%20Deleterious%200rganic%20and%20lnorganic%20Substances.pdf

18 http://water.epa.gov/scitech/swguidance/standards/current/upload/nrwqc-2009.pdf

6 12/18/2012

http://dec.alaska.gov/water/cruise
http://water.epa.gov/scitech/swguidance/standards/about_index.cfm
http://dec.alaska.gov/water/wqsar/wqs/pdfs/Alaska%20Water%20Quality%20Criteria%20Manual%20for
http://water.epa.gov/scitech/swguidance/standards/current/upload/nrwqc-2009.pdf


Cruise Ship Wastewater Science Advisory Panel
Preliminary Report November 2012________ Alaska Department of Environmental Conservation

( s h o r t  t e rm ) a n d  c h r o n ic  ( lo n g  te r m ) e x p o s u r e  b y  a q u a t ic  life  in m a r in e  w a t e r  a n d  in c lu d e  
d u r a t io n  o f  e x p o s u r e  c o m p o n e n t s :  4 - d a y  e x p o s u r e  fo r  c h r o n ic  c r ite r ia  a n d  1 to  2 4 - h o u r  
e x p o s u r e s  fo r  a c u t e  c r ite r ia .

S i n c e  t h e  w a s t e w a t e r  d is c h a r g e d  fr o m  A W T S  g e n e r a l ly  m e e t s  m o s t  
r e q u ir e m e n t s ,  w ith  o n ly  t h e  W Q C  fo r  a m m o n ia ,  c o p p e r ,  n ic k e l  a n d  z in c  c o m m o n ly  b e in g  
e x c e e d e d ,  t h e  S c i e n c e  A d v is o r y  P a n e l  f o c u s e d  o n  th e  fo u r  c o n t a m in a n t s  w h ic h  a r e  
c o n s id e r e d  “c o n s t it u e n t s  o f  c o n c e r n ” fo r  t h e  p u r p o s e  o f  t h is  re p o rt.

T h e  W Q C  fo r  t h e  c o n s t it u e n t s  o f  c o n c e r n  a r e  d e s c r ib e d  in th e  fo llo w in g  s e c t io n s .

2 .2 .1 .  A m m o n i a

T h e r e  a r e  b o th  a c u t e  a n d  c h r o n ic  a q u a t ic  life  c r ite r ia  a n d  in m a r in e  w a t e r  th e y  
v a r y  w ith  t e m p e r a t u r e ,  s a lin it y  a n d  p H . A l a s k a  D E C  h a s  d e te r m in e d  th a t  t h e  a p p lic a b le  
t e m p e r a tu r e ,  s a lin it y ,  a n d  p H  to  u s e  a r e  1 0  to  1 5 ° C ,  2 0  p a r t s  p e r  t h o u s a n d  s a lin ity ,  a n d  
8 .2  p H  u n it s ,19 r e s p e c t iv e ly ,  a n d  t h e  a c u t e  a n d  c h r o n ic  a m m o n ia  c r ite r ia  fo r  t h e s e  
c o n d it io n s  a re :

• A c u t e  T o t a l  A m m o n ia  c r ite r io n  =  6 . 5  m g - N / L  a p p lie d  a s  a n  a v e r a g e  d u r in g  a  o n e  
h o u r  p e r io d  o f  e x p o s u r e .

• C h r o n ic  T o t a l  A m m o n ia  c r ite r io n  =  1 m g - N / L  a p p lie d  a s  a n  a v e r a g e  d u r in g  a  4 -  
d a y  e x p o s u r e .

2 .2 .2 .  C o p p e r

T h e  s t a t e ’s  a c u t e  a n d  c h r o n ic  w a te r  q u a lit y  c r ite r ia  fo r c o p p e r  in  m a r in e  w a t e r s
a re :

• A c u t e  a q u a t ic  life  =  4 . 8  p g / L  d is s o lv e d  c o p p e r  a s  a  2 4 - h o u r  a v e r a g e  e x p o s u r e .

• C h r o n i c  a q u a t ic  life  =  3 .1  p g / L  d is s o lv e d  c o p p e r  a s  a  4 - d a y  a v e r a g e  e x p o s u r e .

T h e  c r ite r ia  a ls o  n o te  th a t  " w h e n  t h e  c o n c e n t r a t io n  o f  d is s o lv e d  o r g a n ic  c a r b o n  is 
e le v a t e d ,  c o p p e r  is  s u b s t a n t ia lly  le s s  t o x ic  a n d  u s e  o f  s it e  s p e c if ic  c r ite r ia  m ig h t  b e  
a p p r o p r ia t e .” 20

2 .2 .3 .  N i c k e l

T h e  s t a t e ’s  a c u t e  a n d  c h r o n ic  w a t e r  q u a lit y  c r ite r ia  fo r  n ic k e l in m a r in e  w a t e r s
a re :

• A c u t e  a q u a t ic  life  =  7 4  p g / L  d is s o lv e d  n ic k e l  a s  a  1 -h o u r  a v e r a g e  e x p o s u r e .

19 See footnote a in table 8 in, DEC 2010, 2010 Large Commercial Passenger Vessel Wastewater Discharge 
General Permit Information Sheet.
http://dec.alaska.gov/water/cruise_ships/pdfs/2010_Cruise_Ship_lnfo_Sheet_FINAL.pdf

20 EPA 2008 reported average total organic carbon (TOC) concentrations in cruise ship AWT effluents of 19.0 

mg/L(±1.20). Given the high degree of filtration, most all of the TOC will be dissolved (DOC). Consequently the DOC 
would be expected to substantially reduce the availability and toxicity of the copper in the treated wastewater.
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• C h r o n ic  a q u a t ic  life  =  8 .2  | jg /L  d is s o lv e d  n ic k e l  a s  a  4 - d a y  a v e r a g e  e x p o s u r e .

2 . 2 . 4 .  Z i n c

T h e  s t a t e ’s  a c u t e  a n d  c h r o n ic  w a t e r  q u a lit y  c r ite r ia  fo r  z in c  in m a r in e  w a t e r s  a re :

• A c u t e  a q u a t ic  life  =  9 0  p g / L  d is s o lv e d  z in c  a s  a  1 -h o u r  a v e r a g e  e x p o s u r e .

• C h r o n ic  a q u a t ic  life  =  81  p g / L  d is s o lv e d  z in c  a s  a  4 - d a y  a v e r a g e  e x p o s u r e .

T a b l e  1 l is t s  t h e  W Q C  v a lu e s  fo r  t h e  c o n s t it u e n t s  o f  c o n c e r n  u n d e r  b o th  c h r o n ic
a n d  a c u t e  e x p o s u r e  s c e n a r io s .

Table 1 Water Quality Criteria for Constituents of Concern

C O C U n i t s A W Q C  C h r o n i c A W Q C  A c u t e

A m m o n ia m g / L
1

( 4 - d a y  e x p o s u r e )

6 .5

( 1 - h o u r  e x p o s u r e )

D is s o lv e d  C o p p e r u g / L
3.1

( 4 - d a y  e x p o s u r e )

4 . 8

( 2 4 - h o u r  e x p o s u r e )

D is s o lv e d  N ic k e l M9/L
8 .2

( 4 - d a y  e x p o s u r e )

7 4

( 1 - h o u r  e x p o s u r e )

D is s o lv e d  Z i n c M g/L
81

( 4 - d a y  e x p o s u r e )

9 0

( 1 - h o u r  e x p o s u r e )

2.3. Overview of Cruise Ships Discharging in Alaskan Waters

T a b l e  2  i l lu s t r a t e s  t h e  n u m b e r  a n d  t y p e s  o f  c r u i s e  s h ip s  r e g is t e r e d  a n d  
d is c h a r g in g  w a s t e w a t e r  in A la s k a .

Table 2 Large Cruise Ship Statistics by Year

Year #
Registered

Voyage
Count

Passenger
Capacity

Number
with
AWTS

Permitted/ 
Authorized to 
Discharge3

Discharging 
In Alaska

%
Registered
Ships
Discharging

2012 29 452 922,331 22 17 16 55%

2011 27 446 865,541 21 16 15 56%

20102 28 449 859,512 21 16 15 54%

2009 32 514 988,154 25 19 18 56%

20081 31 516 1,038,590 25 25 21 68%

2007 30 509 1,002,439 23 18 17 57%

2006 29 496 909,312 24 25 23 79%
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Year #
Registered

Voyage
Count

Passenger
Capacity

Number
with
AWTS

Permitted/ 
Authorized to 
Discharge3

Discharging 
In Alaska

%
Registered
Ships
Discharging

2005 29 490 918,751 21 20 20 69%

2004 29 475 905,819 20 Unknown 20 69%

2003 32 458 854,000 20 Unknown 16 50%

2002 25 423 805,791 9 Unknown 15 60%

2001 24 249 500,741 7 Unknown 10 42%

2000 21 Unknown Unknown 2 Unknown Unknown NA

1the 2008 General Permit added interim limits for ammonia, copper, nickel, and zinc.
2 The 2010 Permit had new limits that were based on the type of wastewater technology that 
was used.
3DEC authorization to discharge. Prior to 2008 US Coast Guard authorization is listed.
For a listing of which ships had Advanced Wastewater Treatment systems please see the 
annual Wastewater Discharge tables at: 
http://www.dec.state.ak.us/water/cruise ships/reports.htm

T a b l e  3  s h o w s  t h e  d is t r ib u t io n  o f c r u is e  s h ip  v is it s  t h r o u g h o u t  w e s t  c o a s t  p o rts  
a n d  s o m e  s ig n if ic a n t  lo c a t io n s  th a t  c r u is e  s h i p s  v is it  w h ile  n o t  d is e m b a r k in g  p a s s e n g e r s  
(e .g .  H u b b a r d  G la c ie r )  in 2 0 1 0 .  In  A la s k a ,  c r u is e  s h ip  tra ff ic  is  c o n c e n t r a t e d  in th e  
S o u t h e a s t  t o w n s  o f J u n e a u ,  K e t c h ik a n ,  a n d  S k a g w a y .  M in o r  p o rts  o f  c a ll  in c lu d e  S itk a ,  
H a in e s ,  H o m e r ,  W h ittie r, S e w a r d ,  A n c h o r a g e ,  a n d  K o d ia k .  C r u i s e  s h ip s  m a y  b u n k e r  
p o t a b le  w a t e r  a t  m o s t  d o c k s .  T h e  v o lu m e  o f  t r e a te d  w a s t e w a t e r  d is c h a r g e  v a r i e s  from  
v e s s e l  to  v e s s e l .  It r a n g e s  fro m  9 1 ,7 1 1  g a l lo n s  p e r  d a y  (a p p r o x im a t e ly  3 6 6  c u b ic  
m e t e r s / d a y )  to  3 3 0 , 0 0 0  g a l lo n s  p e r  d a y  ( a p p r o x im a t e ly  1 ,2 5 0  c u b ic  m e t e r s  p e r  d a y ) . 21

Table 3 2010 Port Visits and Passenger Counts

Port Total
Visits

Passenger
Count

Type of Port

Anchorage 9 12,420 Dock

Astoria, OR 4 5,137 Dock

College Fjord 64 105,866 Glacier

Dutch Harbor 2 922 Dock & anchorage
Endicott Arm 1 1,432 Glacier
Glacier Bay 220 398,194 Glacier

21 2010 Large Commercial Passenger Vessel Wastewater Discharge General Permit Information Sheet 
(http://dec.alaska.eov/water/cruise ships/pdfs/2010 Cruise Ship Info Sheet FINAL.pdf)
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Port Total
Visits

Passenger
Count

Type of Port

Haines 24 29,874 Dock

Homer 9 12,420 Dock & anchorage

Hubbard Glacier 135 240,792 Glacier

Juneau 447 848,355 Dock & anchorage

Ketchikan 428 804,936 Dock & anchorage

Kodiak 19 19,022 Dock

Los Angeles, CA 9 14,848 Dock

Misty Fjords 2 1,552 Fjord

Nanaimo, Canada 2 4,950 Dock (new in 2011)

Point Sophia (Hoonah) 63 130,978 Anchorage

Prince Rupert, Canada 22 49,690 Dock

San Diego, CA 8 15,884 Dock

San Francisco, CA 28 52,630 Dock

Seattle, WA 222 458,465 Dock

Seward 55 76,887 Dock

Sitka 105 136,683 Anchorage

Skagway 339 684,137 Dock

Tracy Arm 186 354,447 Glacier

Valdez 1 540 Dock

Vancouver. Canada 169 287,028 Dock

Victoria, Canada 223 440,537 Dock

Whittier 28 62,312 Dock

Wrangell 1 540 Dock

Water availability depends on docks used and requirements of the vessel.

F ig u r e  8  a n d  9  s h o w  th e  r e g u la t o r y  o ff  s h o r e  b o u n d a r ie s  in S o u t h e a s t  A la s k a ,  
F e d e r a l  w a t e r s ,  v e s s e l  r o u te s , a n d  p o rts . D i s c h a r g e  r e g u la t io n s  a r e  b a s e d  u p o n  th e  
lo c a t io n  o f  t h e  d is c h a r g e .  S h i p s  d is c h a r g in g  w ith in  3  n a u t ic a l m ile s  o f  s h o r e  a r e  s u b je c t  
to b o th  S t a t e  a n d  F e d e r a l  r e g u la t io n s .  S h i p s  d is c h a r g in g  b e tw e e n  3  a n d  1 2  n a u t ic a l  
m ile s  a r e  s u b je c t  to  F e d e r a l  r e g u la t io n s .  S h i p s  o u t s id e  1 2  n a u t ic a l m ile s  a r e  n o t  r e q u ir e d  
to tre a t  w a s t e w a t e r .  H o w e v e r ,  a ll m a jo r  c r u is e  l in e s  o p e r a t in g  in A l a s k a  ( A la s k a  C r u i s e  
A s s o c ia t io n  [ A C A ]  m e m b e r s )  h a v e  a d o p t e d  a n  in te rn a l p o lic y  to  n o t d is c h a r g e  u n tre a te d  
b la c k w a te r ,  e v e n  o u t s id e  o f 1 2  n a u t ic a l m ile s .  S e e  T a b l e  4 .

D i s c h a r g e  p r a c t ic e s  v a r y  a m o n g  t h e  s h ip s  a n d  a r e  im p a c t e d  b y  h o ld in g  c a p a c it y ,  
ty p e  o f  in s t a lle d  t r e a tm e n t  s y s t e m ,  p la n n e d  it in e r a r ie s ,  a s  w e ll a s  o t h e r  f a c t o r s .  T h e r e  
a r e  b a s ic a l ly  t h r e e  g e n e r a l  p r a c t ic e s ;  1) c o n t in u o u s  d is c h a r g e s ,  2 )  d i s c h a r g e s  w h e n  
m o v in g  a t 6  k n o t s  o r  fa s t e r ,  a n d  3 )  h o ld in g  w ith in  s t a t e  w a t e r s ,  t re a t in g  a n d  d is c h a r g in g  
o u t s id e  o f  3  n a u t ic a l  m ile s . O n e  c r u is e  lin e  h a s  a n  a r r a n g e m e n t  a n d  d o c k in g  c o n n e c t io n
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to  d is c h a r g e  g r a y w a t e r  to t h e  J u n e a u  D o u g la s  W a s t e w a t e r  T r e a t m e n t  p la n t  a n d  o n e  s h ip  
fro m  th a t  lin e  d is c h a r g e d  o c c a s io n a l ly  in 2 0 1 1 .

S t o r a g e  c a p a c it y  v a r i e s  b y  v e s s e l  a n d  r a n g e s  fro m  tw o  to  f iv e  d a y s .  W h ile  
s t o r a g e  c a p a c i t y  c a n  b e  in c r e a s e d  o n  s o m e  v e s s e ls ,  in  g e n e r a l,  m o s t  v e s s e l s  h a v e  to  
d is c h a r g e  a t  le a s t  o n e  o r  tw o  t im e s  d u r in g  a  s e v e n  d a y  c r u is e .  T h e  e ff lu e n t  lim its  fo r  
a m m o n ia ,  c o p p e r ,  n ic k e l,  a n d  z in c  a r e  o fte n  h ig h e r  (i.e . le s s  s tr in g e n t )  fo r  u n d e r w a y  
v e r s u s  c o n t in u o u s  d is c h a r g e . )  T h e  n u m b e r  o f  v e s s e l s  th a t  d is c h a r g e d  a n d  t h e  t y p e  o f  
d is c h a r g e  d u r in g  t h e  y e a r s  2 0 0 8  th r o u g h  2 0 1 0  a r e  s h o w n  in T a b l e  5 .

Table 4 Discharge Boundaries

What? Within 3 nm 3 nm to 12 nm Outside 12 nm
Treated Wastewater AK GP Yes Yes

Untreated Wastewater
No

MSD treated, not 
AWTS Yes

Sludge/Biosolids No No Yes

Table 5 Number of Vessel Discharge Permits for 2008-2012 Seasons

20081 20091 2010 2011 2012

Continuous Discharge - - 6 5 5

Underway Discharge - - 8 8 10

Both2 25 21 2 2 2

None 6 11 12 11 12

Total Registered Vessels 31 32 28 27 29
In 2008 and 2009, permitting was not done separately for continuous and underway discharge.

2For vessels that do both, continuous discharge = graywater only; underway discharge = mixed blackwater/greywater.

2.4. W astewater M anagement on C ru ise  S h ip s

O n  c r u is e  v e s s e ls ,  w a t e r  is  o b t a in e d  fro m  s h o r e  a n d  a ls o  p r o d u c e d  th r o u g h  
d is t illa t io n . O n  c r u i s e  v e s s e l s  t r a v e lin g  to A la s k a ,  s e w a g e  a n d  v a r io u s  g r a y w a t e r  s t r e a m s  
a r e  t r e a t e d  u s in g  a d v a n c e d  w a s t e w a t e r  t re a tm e n t  s y s t e m s  ( A W T S ) .  A W T S  g e n e r a l ly  
p r o v id e  im p r o v e d  s c r e e n in g ,  b io lo g ic a l  t re a tm e n t , s o l id s  s e p a r a t io n  (u s in g  m e m b r a n e  
filtra tio n  o r  d is s o lv e d  a ir  f lo ta tio n ), a n d  d is in fe c t io n  ( u s in g  u ltra v io le t  ligh t) c o m p a r e d  to  
tr a d it io n a l T y p e  II M a r in e  S a n it a t io n  D e v i c e s  ( M S D s ) .  H o w e v e r ,  c r u is e  s h i p s  h a v e  h ig h ly  
v a r ia b le  w a s t e w a t e r  t re a tm e n t  s t r a t e g ie s ,  d e p e n d in g  o n  n u m e r o u s  v a r ia b le s  in  a d d it io n  
to  t h e  t y p e  o f A W T S  in s t a lle d  s u c h  a s :  c r u is e  c o m p a n y  e n v ir o n m e n t a l p o lic ie s ,  
w a s t e w a t e r  c o lle c t io n  a n d  t r e a tm e n t  s y s t e m s ,  e q u a l iz in g ,  h o ld in g  a n d  m ix in g  c a p a c it ie s ,  
a s  w e ll a s  t h e  a g e  o f t h e  s h ip , o p e r a t io n a l p ro file , c u s t o m e r  s e r v ic e s  p r o v id e d , a n d  
c r u is e  s h ip - s p e c i f i c  r e a s o n s .
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O n e  o f  t h e  m a jo r  c h a l l e n g e s  o f  p r o d u c in g  a  s t a b le ,  g o o d -q u a lit y  e f f lu e n t  fro m  
c r u is e  s h ip  w a s t e w a t e r  t r e a tm e n t  s y s t e m s  is  t h e  h ig h ly  f lu c t u a t in g  n a t u r e  o f  w a s t e w a t e r  
in f lu e n t  th a t  is  c o m m o n ly  p r o d u c e d  o n  c r u is e  s h ip s .  W a s t e w a t e r  c o n c e n t r a t io n  a n d  
p r o d u c t io n  p e a k s  m u s t  b e  h a n d le d  w ith  g o o d  e q u a l iz in g  a n d  m ix in g  s y s t e m s  to try to  
in s u r e  a  re la t iv e ly  c o n s t a n t  q u a lit y  o f  in f lu e n t  to  t h e  t r e a tm e n t  s y s t e m .  E v e n  w ith  
e q u a liz a t io n  a n d  m ix in g , t h e  in f lu e n t  w ill still b e  m u c h  m o r e  v a r ia b le  th a n  fo r  la n d - b a s e d  
m u n ic ip a l t r e a tm e n t  s y s t e m s .

O p e r a t io n a l  a n d  w a s t e w a t e r  m a n a g e m e n t  p r a c t ic e s  h a v e  p e r h a p s  t h e  h ig h e s t  
im p a c t  o n  th e  w a s t e w a t e r  t r e a t m e n t  s y s t e m  d e s ig n .  G r a y w a t e r  c o n s t it u t e s  a p p r o x im a t e ly  
8 0 - 9 5 %  o f th e  p r o d u c e d  w a s t e w a t e r .  T h e  p e r c e n t a g e  d e p e n d s  o n  w h a t  t y p e  o f  
g r a y w a t e r  is  m e a s u r e d  (to ta l g r a y w a t e r ,  o r  o n ly  a c c o m m o d a t io n  g r a y w a t e r ) .  If  a  c r u is e  
c o m p a n y  s e le c t s  to  tre a t o n ly  s e w a g e 22, th e  t r e a tm e n t  s y s t e m  is  s m a ll  a n d  c o m p a c t .  
G r a y w a t e r  i s  in th is  c a s e  n o r m a lly  d is c h a r g e d  d ir e c t ly  to  s e a  in a r e a s  w h e r e  t h is  is  
a llo w e d  o r  h e ld  in d e d ic a t e d  h o ld in g  t a n k s  fo r  la t e r  d is c h a r g e  to  s e a  o r to  a  s h o r e - b a s e d  
t r e a tm e n t  s y s t e m .  If a  c r u is e  c o m p a n y  s e le c t s  to  h o ld  s o m e  o f  t h e  w a s t e w a t e r  to 
d is c h a r g e  it to th e  o c e a n  a t la te r  s t a g e ,  h o ld in g  t a n k  c a p a c it ie s  h a v e  to  m e e t  th a t  
o p e r a t io n a l p ro file .

O t h e r  w a s t e w a t e r  m a n a g e m e n t  o p t io n s  in c lu d e  m ix in g  a c c o m m o d a t io n  
g r a y w a t e r  (fro m  s h o w e r s  a n d  s in k s )  w ith  s e w a g e  p r io r  to  t r e a tm e n t  o r  t r e a tm e n t  o f  all 
w a s t e w a t e r  s t r e a m s  (a ll g r a y w a t e r  a n d  b la c k w a t e r ) .  T h e  r e a s o n  fo r  m ix in g  
a c c o m m o d a t io n  g r a y w a t e r  w ith  s e w a g e  is  th a t  t h is  p r o v id e s  t h e  r a n g e  o f  in flu e n t  
c o n c e n t r a t io n s  th a t  th e  t r e a tm e n t  s y s t e m s  a r e  d e s ig n e d  to  tre a t  a n d  to  p r o v id e  th e  
p r o p e r  h y d r a u lic  lo a d in g .

O n  o ld e r  s h ip s ,  w h e r e  t h e  A W T S  is  re tro fitte d , w a s t e w a t e r  m a n a g e m e n t  
p r a c t ic e s  m a y  a ls o  b e  d ic t a t e d  b y  t h e  s e le c t e d  t r e a tm e n t  t e c h n o lo g y .  T h i s  is  d u e  to  th e  
f a c t  th a t  t h e  a v a i la b le  s p a c e  o n b o a r d  is  e x t r e m e ly  lim ite d .

T h e  s e w a g e  in flu e n t  p r o c e s s e d  t h r o u g h  A W T S  is  m u c h  m o re  c o n c e n t r a t e d  th a n  
t h e  s e w a g e  in f lu e n t  r e c e iv e d  b y  m u n ic ip a lit ie s .  C r u i s e  s h ip  to ile t  s y s t e m s  g e n e r a l ly  u s e  
f r e s h  w a t e r  v a c u u m  f lu s h in g  a n d  c o n v e y a n c e  to  r e d u c e  w a t e r  u s e  p e r  f lu s h .  T h e  q u a n t ity  
o f  b la c k w a t e r  c a n  b e  e s t im a t e d  to  7 -8  to ile t  f lu s h e s  p e r  p e r s o n  p e r  d a y ,  e a c h  at 
a p p r o x im a t e ly  2  lite rs  p e r  f lu s h . T h i s  c r e a t e s  a p p r o x im a t e ly  1 5  lite rs  o f  b la c k w a t e r  p e r  
p e r s o n  p e r  d a y . T h e  a v e r a g e  h o m e  to ile t  u s e s  6  l it e r s  p e r  f lu s h  ( 4 5  lite rs  o f  b la c k w a t e r  
p e r  p e r s o n / p e r  d a y ) .  T h e  a m o u n t  o f  o r g a n ic  w a s t e  lo a d in g  p e r  p e r s o n  i s  p r o b a b ly  s l ig h t ly  
h ig h e r  o n b o a r d  a  c r u i s e  s h ip  d u e  to  a  h ig h  n u m b e r  o f  m e a ls  a v a i la b le .  A lm o s t  a ll A W T S  
in c lu d e  a  b io lo g ic a l  s t e p  to  b r e a k  d o w n  th e  o r g a n ic  w a s t e .  T h e  s i z e  o f  th e  b io r e a c t o r  is

22 Also known as "black water," generally meaning human body wastewater from toilets, bidets and 
urinals. On ships, medical sink and medical floor drain wastewater is combined with sewage for 
treatment.
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b a s e d  o n  t h e  a m o u n t  o f o r g a n ic  lo a d in g . If  t h e r e  is  n o  s p a c e  fo r  a  b ig g e r  b io r e a c to r ,  
s o m e  w a s t e w a t e r  s t r e a m s  m a y  h a v e  to  b e  e x c lu d e d  fro m  tre a tm e n t.

G r a y w a t e r  c o n s i s t s  o f  n o n - s e w a g e  w a s t e w a t e r ,  in c lu d in g  d r a in a g e  fro m  
d is h w a s h e r s ,  s h o w e r s ,  la u n d r y , b a t h s ,  g a l le y s ,  a n d  w a s h b a s in s .  S o m e t im e s  w h ir lp o o l  
w a t e r s  a r e  a ls o  p lu m b e d  in to  th e  g r a y w a t e r  c o lle c t in g  s y s t e m .  G r a y w a t e r  r e p r e s e n t s  th e  
la r g e s t  a m o u n t  o f  f lu id  w a s t e  g e n e r a t e d  b y  c r u is e  s h ip s .  T h e  a m o u n t  o f  w a s t e w a t e r  
d e p e n d s  o n  t h e  s h ip  ty p e .

T h e  a v e r a g e  w a s t e w a t e r  a m o u n t s  a n d  o r g a n ic  c o n c e n t r a t io n s  in B O D 5 w h ic h  a r e  
c o m m o n ly  u s e d  fo r  s i z in g  c r u is e  s h ip  w a s t e w a t e r  t r e a tm e n t  s y s t e m s  a r e  lis te d  b e lo w :

-  B la c k w a t e r

-  A c c o m m o d a t io n  g r a y w a t e r

-  G a l le y  g r a y w a t e r

-  L a u n d r y  g r a y w a t e r

-  F o o d  w a s t e  r e je c t  w a te r

1 5  l ite rs / p e rs o n / d a y  

1 5 0  l ite rs / p e rs o n / d a y  

5 0  lite r s / p e r s o n / d a y  

2 5  lite r s / p e r s o n / d a y  

3  l ite rs / p e rs o n / d a y

4 5 g  B O D 5/ p e r s o n / d a y  

2 0 g  B O D 5/ p e r s o n / d a y  

1 2 5 g  B O D 5/ p e r s o n / d a y  

5 g  B O D s / p e r s o n / d a y  

9 0 g  B O D s / p e r s o n / d a y

A n  A W T S  n o r m a lly  in c lu d e s  t h e  fo llo w in g  s t a g e s :

C o l le c t in g ,  e q u a l iz in g  a n d  m ix in g ;

P r e t r e a tm e n t ;

B io lo g ic a l  t re a tm e n t ;

C la r if ic a t io n  a n d / o r  filtra tio n ;

D is in f e c t io n  a n d  c le a n  e ff lu e n t  d is c h a r g e  o r  h o ld in g ; a n d  

S l u d g e  m a n a g e m e n t .

W a s t e w a t e r  p r e tr e a t m e n t  ( m e c h a n ic a l  s o lid  s e p a r a t io n  a n d  s c r e e n in g )  p r o t e c t s  
th e  o t h e r  p h a s e s  o f  t h e  t r e a t m e n t  p r o c e s s .  S e w a g e  c o n t a in s  a  lot o f  s o lid  w a s t e  a n d  
g r e a s e  th a t  m a y  c a u s e  p r o b le m s  in th e  la te r  s t a g e s  o f  t h e  p r o c e s s .  T h e  p r e tr e a tm e n t  
p r o c e s s  r e d u c e s  t h e  a m o u n t  o f s o l id s  in t h e  w a s t e w a t e r .  E f fe c t iv e  p r e tr e a t m e n t  a ls o  
r e d u c e s  t h e  n e e d  fo r  o x id a t io n . T h e  s o l id s  s e p a r a t io n  a n d  s c r e e n in g  r e s u lt s  in a n  
a p p r o x im a t e  5 0 %  r e d u c t io n  in  o r g a n ic  lo a d . T h e  r e m a in in g  o r g a n ic  c o m p o u n d s  h a v e  to  
b e  o x id iz e d .

D u r in g  b io lo g ic a l  t r e a tm e n t , m ic r o - o r g a n is m s  u s e  t h e  o r g a n ic  w a s t e  c o m p o u n d s  
in t h e  s e w a g e  a s  n o u r is h m e n t .  T h e r e  a r e  s e v e r a l  t y p e s  o f  b io p r o c e s s e s  a n d  th e  m o s t  
c o m m o n  b io lo g ic a l  p r o c e s s  is  th e  a c t iv a t e d  s lu d g e  t r e a tm e n t  p la n t, w h e r e  th e  s e w a g e  is  
m ix e d  in a  c o n t in u o u s - a c t io n  a e r a t io n  t a n k  a n d  a c t iv e  b io m a s s  is  r e c y c le d  t h r o u g h  th e  
p r o c e s s .  O n  c r u i s e  s h ip s ,  m e m b r a n e  b io r e a c t o r s  a r e  t h e  m o s t  c o m m o n  b io lo g ic a l  
t r e a tm e n t  p r o c e s s .  B io r e a c t o r s  w ith  d if fe r e n t  t y p e  o f  c a r r ie r  m a t e r ia ls  a r e  a ls o  u s e d  a s  
b io lo g ic a l  t r e a tm e n t  p la n t s .  In  t h e s e  d e v ic e s ,  t h e  b a c t e r ia  th a t  d e s tr o y  th e  im p u r it ie s  
a tt a c h  to  t h e  c a r r ie r  m a te r ia l. A  b io lo g ic a l  t r e a tm e n t  c o m p o n e n t  is  th e  m o s t  e c o n o m ic a l  
w a y  o f  r e d u c in g  t h e  b io c h e m ic a l  o x y g e n  d e m a n d  ( B O D ) .  T h e  e f f e c t iv e n e s s  o f  th e
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b io p r o c e s s  d e p e n d s  o n  th e  a m o u n t  o f  a c t iv e  b io m a s s  a n d  t h e  b a c t e r ia  liv in g  c o n d it io n s .  
T h e  d is a d v a n t a g e s  o f b io lo g ic a l  t r e a tm e n t  a r e  th e  lo n g  s t a r t u p  p e r io d  a n d  its  s e n s it iv it y  
to  e x t e r n a l d is t u r b a n c e s .

In  t h e  a c t iv a t e d  s lu d g e  p r o c e s s ,  a f te r  o x id a t io n , t h e  b io m a s s  fro m  t h e  b io r e a c t o r  
is  s e p a r a t e d  a s  s lu d g e  a n d  a  p o rt io n  r e tu rn e d  b a c k  to  t h e  a e r a t io n  t a n k  o r  p u m p e d  to  a  
s e p a r a t e  s lu d g e  t a n k . S e p a r a t in g  t h e  a c t iv e  b io m a s s ,  s e d im e n t  p a r t ic le s  a n d  b a c t e r ia  
fro m  t h e  w a t e r  is  a  c r it ic a l  p h a s e  in th e  w a s t e w a t e r  p u r if ic a t io n  p r o c e s s .  T h e  c la r if ic a t io n  
a n d  filtra tio n  p r o c e s s e s  u s e d  in t h e  s h ip s  a r e  m e m b r a n e  filtra tio n , d is s o lv e d  a ir  f lo ta t io n  
( D A F ) ,  a n d  s e tt lin g .

T h e  D A F  s y s t e m  r e l ie s  o n  t h e  in je c t io n  o f  p r e s s u r i z e d  a ir  in to  t h e  in c o m in g  
w a s t e w a t e r  s t r e a m . W h e n  r e le a s e d  to  a t m o s p h e r ic  c o n d it io n s ,  m ic r o s c o p ic  a ir  b u b b le s  
a r e  fo r m e d  a n d  a t t a c h e d  to t h e  p a r t ic le s  c a u s i n g  t h e m  to  f lo a t  to th e  s u r f a c e  o f  t h e  ta n k .  
T h e  f lo a te d  p a r t ic le s  o r  f lo a t a r e  c o n t in u o u s ly  s k im m e d  o ff  a n d  r e m o v e d  fro m  th e  s y s t e m  
fo r d is p o s a l .  A n y  s e t t le d  p a r t ic le s  a r e  c o n t in u o u s ly  r e m o v e d  fr o m  th e  b o tto m  o f  t h e  t a n k  
fo r d is p o s a l.  It is  u s e fu l w h e n  t r e a t in g  w a t e r s  th a t  a r e  h ig h  in total s u s p e n d e d  s o l id s  
( T S S )  o r  fa t, o il a n d  g r e a s e  ( F O G ) ,  o r  h a v e  h ig h ly  v a r ia b le  s u s p e n d e d  s o l id s  c o n t e n t.

T h e  la s t  p h a s e  o f a  w a s t e w a t e r  t r e a tm e n t  p r o c e s s  is  d is in fe c t io n ,  w h ic h  o n  
A W T S s  is  n o r m a lly  p e r fo r m e d  w ith  u ltra v io le t  ( U V )  lig h t.

D u r in g  th e  d e s ig n  p h a s e  o f a  c r u is e  s h ip  w a s t e w a t e r  t r e a tm e n t  s y s t e m  it is  v ita l  
to  u n d e r s ta n d :

S i z in g  w a s t e w a t e r  in flu e n t  / e ff lu e n t  p a r a m e t e r s :

• F lo w  p a r a m e t e r s  a n d  p a t te r n s  ( m a n a g e m e n t  o f  h y d r a u lic  p e a k s )

• V a r ia t io n  o f  w a s t e w a t e r  c o n c e n t r a t io n s  ( m a n a g e m e n t  o f  o r g a n ic  p e a k s )

• P r o c e s s  r is k s  (e .g .  c a u s e d  b y  t o x ic  s u b s t a n c e s )

• P e r m it te d  e ff lu e n t  lim its  

H y d r a u lic  d e s ig n  o f  t h e  p r o c e s s :

• H y d r a u lic  R e t e n t io n  T im e  ( H R T )  o f  t h e  p r o c e s s

• E q u a liz in g / h o ld in g / r e d u n d a n c y  e x p e c t a t io n s

• D e s ig n  f lu x  fo r  v a r io u s  p r o c e s s  s t e p s  s u c h  a s  m e m b r a n e s / D A F / U V  e tc .  

O r g a n ic  d e s ig n  o f  th e  p r o c e s s :

• P re -f ilt ra t io n  ra te

• M ix e d  L iq u o r  S u s p e n d e d  S o l id s  ( M L S S ) ,  O r g a n i c  L o a d in g  R a t e  (F / M )

• S l u d g e  a g e  a n d  o th e r  s iz in g  p a r a m e t e r s  a c c o r d in g  s e le c t e d  p r o c e s s

S u p p o r t in g  p r o c e s s e s

• S l u d g e  m a n a g e m e n t  (H o ld in g ,  d e w a t e r in g ,  d r y in g  a n d / o r  in c in e r a t in g )

• E f f lu e n t  h o ld in g  a n d  d is c h a r g e

• D i s c h a r g e  t im e  a n d  U V  d is in f e c t io n  d e m a n d
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D u r in g  t h e  s h ip b o a r d  in s ta lla t io n  o f  w a s t e w a t e r  t r e a tm e n t  s y s t e m s  t h e r e  a r e  a ls o  m a n y  
l im it in g  f a c t o r s  c o m p a r e d  to  la n d  b a s e d  in s t a l la t io n s  s u c h  a s :

• L im it e d  s p a c e

It i s  d if f ic u lt  to w o r k  e f f ic ie n t ly  a s  t h e r e  is  n o  s p a c e  a r o u n d  th e  
c o m p o n e n t s

T im e  c o n s u m in g ,  i.e . e x p e n s iv e

• L o w  d e c k  h e ig h t  c a u s i n g  i s s u e s  s u c h  a s :

O x y g e n  t r a n s fe r  h e ig h t  m a y  b e  lo w  

R e m o v a l  o f  la r g e  e le m e n t s  d iff icu lt  

V e n t ila t io n  a b o v e  th e  b io p r o c e s s  is  lo w

’’F o a m in g  s p a c e "  is  lo w  s o  e f f e c t iv e  fo a m  k illin g  e q u ip m e n t  is  n e e d e d

• T r a n s p o r t  r o u t e s

L a r g e  c o m p o n e n t s  m u s t  s o m e t im e s  b e  c u t  in to  p ie c e s  to  b e  a b le  to  
t r a n s p o r t  th e m  to th e ir  in s t a lla t io n  lo c a t io n s

• In  a d d it io n  to  a b o v e :

S l u d g e  h a s  to  b e  m a n a g e d

S h i p  is  a  c lo s e d  s t r u c t u r e  a n d  v e n t in g  d if f ic u lt  s o  p r o p e r  o d o r  c o n tro l is  
im p o r ta n t

T h e  s y s t e m s  a n d  r o u t in g  o f  v e n t  p ip e s  a r e  v e r y  c o m p lic a t e d  a n d  
c r e a t io n  o f  w a te r  p o c k e t s  in t h e  v e n t in g  s y s t e m s  m u s t  b e  a v o id e d

B e c a u s e  o f  t h e  c o n c e n t r a t e d  n a t u r e  o f  t h e  w a s t e ,  b io lo g ic a l  s y s t e m s  
c a n  b e  m o r e  p r o n e  to  c h e m ic a l  u p s e t

A f t e r  t h e  s y s t e m  in s ta lla t io n  a n d  s ta rtu p , it c a n  t a k e  u p  to a  c o u p le  o f  m o n t h s  until 
t h e  p r o c e s s  a n d  b io m a s s  is  s t a b il iz e d  a n d  c o r r e c t  b a c t e r ia  p o p u la t io n s  fo r  t h e  tre a tm e n t  
p r o c e s s  a r e  c r e a t e d .  D u r in g  s ta rtu p , a  r e p r e s e n t a t iv e  o f  t h e  t r e a tm e n t  s y s t e m  s u p p l ie r  is  
n o r m a lly  p r e s e n t  o n b o a r d  b e c a u s e  A W T S  a n d  th e ir  c o n t r o l p r o c e s s e s  a r e  c o m p le x  a n d  
r e q u ir e  c o n t in u o u s  a tte n tio n  f r o m  q u a lif ie d  s ta ff .  A f t e r  th e  s ta rt -u p , it c a n  t a k e  s ig n if ic a n t  
t im e  fo r  t h e  c r e w  to  le a r n  h o w  to  b a la n c e  w a t e r  s t r e a m s ,  f e e d  c h e m ic a ls ,  u s e  h o ld in g  
c a p a c it ie s ,  a n d  u n d e r s t a n d  s im ila r  i s s u e s  b e f o r e  th e  A W T S  m e e t s  t h e  e x p e c t e d  
t r e a tm e n t  p e r f o r m a n c e .  D u e  to  th e  c o m p le x it y  o f  t h e  t r e a tm e n t  p r o c e s s ,  c r u is e  o p e r a t o r s  
n o r m a lly  d e d ic a t e  a n  e n v ir o n m e n t a l  e n g i n e e r  to  o p e r a t e  th e  A W T S .  T h e  e n g in e e r  
o n b o a r d  m u s t  b e  w e ll- t r a in e d  b y  th e  s y s t e m  s u p p l ie r  a n d  h a v e  b a s ic  k n o w le d g e  o f  
b io lo g ic a l  t r e a tm e n t  p r o c e s s e s .  Id e a lly , t h e y  a r e  c h e m ic a l  o r  p r o c e s s  e n g in e e r s .  U n lik e  
o p e r a t o r s  o f  la n d - b a s e d  m u n ic ip a l  s y s t e m s ,  e n g in e e r s  o n b o a r d  s h ip s  m a y  c h a n g e  e v e r y  
m o n th  o r  tw o. C o n t in u o u s  w a t c h  o f t h e  s y s t e m  b y  q u a lif ie d  t r a in e d  e n g in e e r s  is  
m a n d a t o r y  fo r  s y s t e m s  to  w o r k  p ro p e r ly . O p e r a t io n a l  p a r a m e t e r s  a n d  m a in t e n a n c e  
s e r v ic in g  m u s t  a ll b e  d o c u m e n t e d .  G o o d  d o c u m e n t a t io n  a n d  r e c o r d  k e e p in g  im p r o v e s  
p e r f o r m a n c e  d e s p it e  c h a n g e s  in sta ff.
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3. S O U R C E S  O F C O N S T IT U E N T S  O F C O N C E R N

3.1. Am m onia

3 .1 .1 .  B l a c k w a t e r

T h e  p r im a r y  s o u r c e  o f  a m m o n ia  in w a s t e w a t e r  e f f lu e n t  is  in s e w a g e ,  e .g .  b la c k w a te r .  
R a w  s e w a g e  c o n t a in s  u r e a  a n d  f e c a l  m a tte r. D u r in g  t h e  t r a n s p o r t  a n d  s t o r a g e  o f  s e w a g e ,  
o r g a n ic  n it r o g e n  is  h y d r o ly z e d  to  a m m o n iu m / a m m o n ia  in a  p r o c e s s  c a l le d  a m m o n if ic a t io n .  
A m m o n iu m  a n d  a m m o n ia  s p e c ie s  a r e  in e q u il ib r iu m  w ith  e a c h  o th e r  a n d  th e  a c t u a l  a m o u n t  o f  
e a c h  s p e c i e s  p r e s e n t  a t  a n y  t im e  is  a  fu n c t io n  p r im a r ily  o f  p H 23, a s  s h o w n  b e lo w :

N H 3 (aq) +  H+(aq) —  ►  N H 4+(a q )

T h e  a c t u a l  a m m o n ia  lo a d in g  p e r  p e r s o n  p e r  d a y  o n  c r u is e  s h ip s  is  s l ig h t ly  h ig h e r  th a n  
th e  lo a d in g s  to  la n d  b a s e d  m u n ic ip a l s y s t e m s .  In  a d d it io n , s e w a g e  a m m o n ia  c o n c e n t r a t io n s  o n  
c r u is e  s h ip s  a r e  h ig h e r  th a n  m u n ic ip a l s o u r c e s  d u e  to  t h e  u s e  o f  lo w  v o lu m e - p e r - f lu s h  to ile ts  
th a t  a r e  e m p lo y e d  a s  a  w a t e r  c o n s e r v a t io n  m e a s u r e .  T h i s  p r e s e n t s  a  s ig n if ic a n t  t re a tm e n t  
c h a l le n g e  fo r  r e d u c in g  th e  a m m o n ia  c o n c e n t r a t io n s  to  th e  W Q C .

3 .1 .2 .  G r a y w a t e r

G r a y w a t e r  h a s  a  h ig h e r  v o lu m e , b u t lo w e r  a m m o n ia  c o n c e n t r a t io n s  th a n  b la c k w a te r .  
G r a y w a t e r  t r e a te d  w ith  A W T S  th a t  m a y  b e  d is c h a r g e d  in A l a s k a  is  p r o d u c e d  fr o m  th e  fo llo w in g  
s o u r c e s :

• A c c o m m o d a t io n s

• L a u n d r y

• G a l le y  in c lu d in g  c le a n in g  s t r e a m

• W h ir lp o o l

• F o o d  w a s t e  r e je c t  w a t e r

T h e  D E C  d o e s  n o t c o lle c t  d a t a  o n  t h e  c o n c e n t r a t io n  o f  p a r a m e t e r s  in  in flu e n t;  
in fo rm a tio n  to  a s s e s s  c o m p l ia n c e  w ith  p e r m it s  is  b a s e d  o n  c o n c e n t r a t io n s  o f p a r a m e t e r s  in  
e fflu e n t. E P A  c o l le c t e d  in f lu e n t  c o n c e n t r a t io n  d a t a  a s  p a rt  o f  th e ir  2 0 0 8  Cruise Ship Discharge 
Assessment Report. T a b l e  6  s u m m a r iz e s  t h e  r e s u lt s  o f  a m m o n ia  c o n c e n t r a t io n s  fro m  m o s t  o f  
th e  a b o v e  g r a y w a t e r  s o u r c e s  b a s e d  o n  s a m p le s  c o lle c t e d  b y  E P A  in 2 0 0 4 .  N o te  th a t  h ig h  
a m m o n ia  c o n c e n t r a t io n s  w e r e  d e t e c t e d  in fo o d  w a s t e  re je c t . C u r r e n t ly ,  t h is  w a s t e  s t r e a m  is  
u s u a lly  n o t in c lu d e d  in th e  g r a y w a t e r .

23 pH  m e a s u r e s  h y d r o g e n  i o n  (H 'J  c o n c e n t r a t i o n
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Table 6 Summary of EPA ’s  2008 Cruise Ship Discharge Assessm ent Report for 
Average Ammonia Concentrations in Untreated Graywater

Analyte Ammonia -Nitrogen

Unit mg-N IL

Alaska Water Quality Criteria Acute = 6.5 
Chronic = 1.0

Accommodations Wastewater' (not including 
blackwater) 0.383* (6 detects/12 samples)

Laundry Wastewater1 0.439* (6 detects/12 samples)

Galley Wastewater1 2.93* (8 detects/12 samples)

Food Waste Reject Wastewater1 17.5* (3 detects/ 4 samples)

Average of Graywater2 2.13* (23 detects/40 samples)
Based on data collected by EPA in 2004.

2 EPA used flow rates for the Individual graywater sources to calculate a flow-weighted average to represent a mixed 
stream of untreated effluent

* Average includes at least one non-detect value; this calculation uses detection limits for non-detected results.

S e p a r a t e  t r e a tm e n t  o f  g r a y w a t e r  a n d  b la c k w a t e r  h a s  b e e n  id e n t if ie d  a s  a  p o te n tia l 
m e th o d  to  r e d u c e  e ff lu e n t  n u tr ie n t  c o n c e n t r a t io n s  in t h e  B a lt ic  S e a 24. In  A la s k a ,  s e p a r a t e ly  
t re a te d  g r a y w a t e r  w ill lik e ly  m e e t  a m m o n ia  W Q C ;  h o w e v e r ,  th e  b la c k w a t e r  e f f lu e n t  
c o n c e n t r a t io n s  w ill b e  h ig h e r  th a n  W Q C  a n d  w ill n e e d  to  b e  re t a in e d  o n  b o a r d  o r  d is c h a r g e d  to  
s h o r e  if c r u is e  s h ip s  a r e  u lt im a te ly  r e q u ir e d  to  m e e t  W Q C  a t  t h e  p o in t o f  d is c h a r g e .  In t h e  2 0 1 1  
c r u is e  s e a s o n ,  tw o  s h i p s  b e g a n  o p e r a t in g  w h a t  D E C  r e f e r s  to  a s  “sp lit  s y s t e m s . ” In  th is  
c o n f ig u r a t io n ,  o n e  u n it o f  t h e  A W T S  is  u s e d  to  t re a t  g r a y w a t e r  o n ly  w h ile  t h e  o th e r  u n it  is  u s e d  
to  t re a t  m ix e d  b la c k w a t e r  a n d  g r a y w a t e r .  T h i s  a r r a n g e m e n t  a llo w s  th e  s h ip  to  d is c h a r g e  t r e a te d  
g r a y w a t e r  c o n t in u o u s ly .  H o w e v e r ,  m o s t  s y s t e m s  a r e  c u r r e n t ly  d e s ig n e d  fo r  th e  c o m m o n  
t r e a tm e n t  o f  b la c k  a n d  g r a y w a t e r .

T r e a t in g  w a s t e w a t e r  o n b o a r d  is  a  b a la n c in g  a c t. G r a y w a t e r  w ith  lo w e r  c o n c e n t r a t io n s  o f  
a m m o n ia  is  n e e d e d  to  b a la n c e  h ig h ly  c o n c e n t r a t e d  b la c k w a t e r  to  m e e t  th e  d is c h a r g e  c r it e r ia  fo r  
B O D  a fte r  t re a tm e n t . B e c a u s e  u n tre a te d  g r a y w a t e r  d o e s  n o t m e e t  t h e  d is c h a r g e  c r ite r ia ,  h o ld in g  
t a n k s  o r  s o m e  s o r t  o f  g r a y w a t e r  t r e a tm e n t  is  n e e d e d .  G r a y w a t e r  t r e a tm e n t  d ir e c t ly  b y  
m e m b r a n e  f iltra tio n  w ith o u t  s o m e  s o r t  o f  p r e -t r e a tm e n t  (b io lo g ic a l  o r  c h e m ic a l )  is  g e n e r a l ly  n o t  
c a p a b le  o f m e e t in g  d is c h a r g e  c r ite r ia .

24 Hanninen, Saara and Sassi, Jukka. 2009. Estimated nutrient load from waste waters originating from ships in the 
Baltic Sea area. VTT-R-07396-08.
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C r u i s e  s h i p s  th a t  m ix  b la c k  a n d  v a r io u s  g r a y w a t e r  s o u r c e s  h a v e  lo w e r  in f lu e n t  a m m o n ia  
c o n c e n t r a t io n s  to  t r e a tm e n t  s y s t e m s  th a n  t h o s e  th a t  t re a t  ju s t  b la c k w a te r .  A m m o n ia  
c o n c e n t r a t io n s  in  m ix e d  b la c k  a n d  g r a y w a t e r  in f lu e n t  a r e  h ig h ly  d e p e n d e n t  o n  t h e  m ix t u r e  ratio , 
a s  s h o w n  in T a b le  7 25. T h e r e  is  n o  s t a n d a r d iz a t io n  o f  t h e  m ix tu r e  fro m  s h ip  to  s h ip ,  c r e a t in g  
s ig n if ic a n t  v a r ia b il it y  in t h e  e f f lu e n t  c o n c e n t r a t io n s  o f  b la c k w a t e r  a n d  g r a y w a t e r  fo r  o b s e r v e d  
a m m o n ia .  T h e  v a r ia b il it y  in t h e  a m m o n ia  e f f lu e n t  c o n c e n t r a t io n s  b e tw e e n  t h e  t r e a tm e n t  s y s t e m s  
d o e s  n o t n e c e s s a r i l y  r e p r e s e n t  a  v a r ia b il it y  in th e  t r e a tm e n t  e f f e c t iv e n e s s .

Table 7 Ammonia Concentrations in Mixed Black and Graywater System Influent

Analyte Ammonia -Nitrogen

Unit mg-N /L

Blackwater + 50 % of 
accommodation graywater 150

Blackwater + all accommodation 
graywater 82

Blackwater + accommodation gray 
+ laundry water 68

Blackwater + accommodation gray 
+ laundry + galley graywater 50

3 . 1 .3 .  O t h e r  S o u r c e s  o f  A m m o n i a

N e it h e r  la n d - b a s e d  b u n k e r  w a te r, n o r  p o t a b le  w a t e r  p r o d u c e d  o n  b o a r d  w ill c o n t r ib u t e  to  
a m m o n ia  in c r u i s e  s h ip  w a t e r  o r  w a s t e w a t e r  s y s t e m s .  A m m o n ia  is  g e n e r a l ly  n o t e x p e c t e d  a t  
s ig n if ic a n t  c o n c e n t r a t io n s  in  c r u is e  s h ip  d r in k in g  w a te r . A  s in g le  p o t a b le  w a t e r  s a m p le  c o l le c t e d  
in  a n  E P A  s t u d y  fr o m  a  d r in k in g  w a t e r  fo u n ta in  ( Sampling Episode Report -  Princess Cruise 
Lines - Island Princess -  Sampling Episode 6505 ( M a r c h  2 0 0 6 )  for Ammonia and Metals 
Concentrations in Source Water) r e v e a le d  a n  a m m o n ia  c o n c e n t r a t io n  o f  0 . 0 3 5  m g / L  A m m o n ia  
( a s  N ).

3.2. Metals

3 .2 .1 .  P o t a b l e  a n d  N o n - p o t a b l e  P i p i n g

T h e  c o m b in a t io n  o f w a t e r  p r o p e r t ie s  a n d  p ip in g  m a t e r ia ls  c a n  a f fe c t  t h e  in tro d u c t io n  o f  
d is s o lv e d  m e t a ls  in to  t h e  w a te r . A  v a r ie t y  o f  p ip in g  m a t e r ia ls  a r e  u s e d  o n  v e s s e ls .  T h e  m o s t

25 W. Chen, Hamworthy Memo June 2010).
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c o m m o n  m a t e r ia ls  in c lu d e  c o p p e r ,  n ic k e l,  p la s t ic ,  g a lv a n iz e d  s t e e l  ( s t e e l  c o a t e d  w ith  z in c ) ,  c a s t  
iro n  a n d  o t h e r s .  C o p p e r  is  c o m m o n ly  u s e d  in s h ip b o a r d  p o t a b le  w a t e r  p ip in g . O n  o n e  c r u is e  
s h ip ,  t h e  p o t a b le  w a t e r  p ip in g  s y s t e m  is  m a d e  o f  g a lv a n iz e d  s t e e l  f o r  th e  b ig g e r  d ia m e t e r s  in th e
m a c h in e r y  s p a c e s  a n d  c o p p e r  p ip in g  fo r  d e c k  d is tr ib u t io n .

E v a p o r a t o r  d is t il la t e  o r  w a t e r  d e m in e r a l iz e d  t h r o u g h  io n  e x c h a n g e  o r  r e v e r s e  o s m o s i s  is  
s o m e w h a t  c o r r o s iv e .  D e m in e r a l iz e d / d is t i lle d  w a te r  c a n  le a c h  c o p p e r  a n d  n ic k e l  fro m  p ip in g ,  
p u m p  im p e lle r s  a n d  f itt in g s . T h e  s m a ll  q u a n t it ie s  o f c o p p e r ,  n ic k e l a n d  z in c  le a c h e d  fro m  p ip in g  
c o n t r ib u t e  to  t h e  m e t a ls  d is c h a r g e d  in t re a te d  w a s t e w a t e r .

3 .2 .2 .  E v a p o r a t o r  C l e a n i n g  / D e s c a l i n g  C h e m i c a l s

C h e m i c a ls  u s e d  to  c le a n  a n d  d e - s c a le  e v a p o r a t o r s  a n d  a s s o c ia t e d  p ip in g  m a y  a ls o  
d is s o lv e  c o p p e r  a n d  n ic k e l  b y  lo w e r in g  th e  p H  in t h e  e v a p o r a t o r  w a te r. I n c r e a s e d  a c id it y  w ill 
e n c o u r a g e  le a c h in g  o f  m e t a ls  f r o m  p ip in g .

3 .2 .3 .  C o n t r i b u t i o n  F r o m  D i f f e r e n t  G r a y w a t e r  S o u r c e s

T a b l e  8  s u m m a r iz e s  c o p p e r ,  n ic k e l  a n d  z in c  c o n c e n t r a t io n s  in g r a y w a t e r  s o u r c e s  b a s e d  
o n  s a m p le s  c o l le c t e d  in 2 0 0 4 .  M o re  r e c e n t  d a t a  a r e  n e e d e d  to  e v a lu a t e  t h e  e f f e c t s  o f  th e
S o u r c e  R e d u c t io n  E f fo r t s  im p le m e n t e d  b y  th e  c r u is e  s h ip s  in  2 0 0 8  to  p r e s e n t .

Table 8 Summary of EPA’s  2008 Cruise Ship Discharge Assessm ent Report for 
Average Dissolved Metals Concentrations in Untreated Graywater

Analyte Copper Nickel Zinc

Units pg/L pg/L mq/l
Alaska Water Quality Criteria (chronic) 3.1 8.1 88

Alaska Water Quality Criteria (acute) 4.8 74 90

Accommodations Wastewater1,3 (not 
including blackwater) 167 17.2 792

Laundry Wastewater1,3 253 4.85 266

Galley Wastewater1,3 232 26.4 1,070

Food Waste Reject Wastewater1,4 15.3 31.1 47,800

Average of Graywater2 195 18.2 1,610
Based on data collected by EPA in 2004.

2 EPA used flow rates for the individual graywater sources to calculate a flow-weighted average to represent 
untreated
3 12 detects/12 samples 
4 3 detects/3 samples

F r o m  T a b l e  8 , t h e  h ig h e s t  c o n c e n t r a t io n  o f  c o p p e r  is  s h o w n  in la u n d r y  w a s t e w a t e r .  
C o p p e r  m a y  b e  r e la te d  to t h e  u s e  o f  s o m e  t y p e s  o f  s o a p s  in la u n d r y  w h ic h  m a y  c h a n g e  t h e  p H  
o f  th e  w a t e r  p r o m o t in g  p ip e  c o r r o s io n .  In a d d it io n , s o m e  c r u is e  v e s s e l s  u s e  t h e  c o n d e n s a t e  f r o m  
th e  a ir  c o n d it io n in g  s y s t e m  fo r  t h e  la u n d ry . T h i s  w a te r  i s  c r e a t e d  b y  h u m id ity  c o n d e n s in g  o n  th e  
c o p p e r  c o o lin g  c o ils .
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A n  e x t r e m e ly  h ig h  z in c  c o n c e n t r a t io n  w a s  o b s e r v e d  in  F o o d  W a s t e  R e je c t  W a s t e w a t e r .  
N o  e x p la n a t io n  w a s  p r o v id e d  in t h e  re p o rt  to  e x p la in  t h is  v a lu e .  Z i n c  is  a  c o m m o n  in g r e d ie n t  in 
f lo o r w a x e s  a n d  m a y  e n d  u p  in t h e  w a s t e w a t e r  fro m  m o p  b u c k e t s  a n d  in  s t r ip p e r  w a s t e w a t e r .  
H o w e v e r ,  th e  z in c  c o n t r ib u t io n  fro m  c h e m ic a l  u s e  is  p r e s u m e d  in c o n s e q u e n t ia l  f r o m  p r e lim in a r y  
t e s t in g . Z i n c  m a y  b e  le a c h e d  fro m  g a lv a n iz e d  p ip e  a n d  t h e  u s e  o f  c h e m ic a ls ,  s u c h  a s  a n t i­
s c a l in g  c h e m ic a ls .

3 .2 .4 .  B u n k e r  W a t e r

P o t a b le  w a t e r  th a t  is  b u n k e r e d  in p o rt  fro m  m u n ic ip a lit ie s  w a s  e v a lu a t e d  a s  a  p o te n tia l  
s o u r c e  o f  m e t a ls  in  w a s t e w a t e r .  B u n k e r  w a t e r  i s  a  s ig n if ic a n t  s o u r c e  o f p o t a b le  w a t e r  u s e d  o n  
c r u is e  s h ip s .  C r u i s e  s h i p s  o p e r a t in g  in A l a s k a  o b ta in  b u n k e r  w a t e r  fro m  c o a s t a l  c it ie s  in A la s k a ,  
th e  lo w e r  4 8  a n d  C a n a d a .  E x p lo r a t o r y  s a m p le  d a t a  c o lle c t e d  b y  A d m ir a lt y  E n v ir o n m e n t a l  fu n d e d  
b y  th e  A l a s k a  C r u i s e  A s s o c ia t io n  re p o rte d  th a t  s o m e  m e t a ls  w e r e  o c c a s io n a l ly  d e t e c t e d  a b o v e  
W Q C  in b u n k e r  w a te r . C o p p e r  c o n c e n t r a t io n s  in b u n k e r  w a t e r  s a m p le s  r a n g e d  fro m  b e lo w  
d e te c t io n  lim its  to 2 8 0  p g / L .  Z i n c  c o n c e n t r a t io n s  r a n g e d  fro m  b e lo w  d e t e c t io n  lim its  to  1 5 0 0  
p g / L . N ic k e l  c o n c e n t r a t io n s  r a n g e d  b e tw e e n  b e lo w  d e te c t io n  lim its  to  4 7 0  p g / L .

H o w e v e r ,  th e  c o n c e n t r a t io n s  o f m e t a ls  fo u n d  in b u n k e r  w a te r , w h ile  in  s o m e  in s t a n c e s  
s ig n if ic a n t ,  a r e  lik e ly  a  m in o r  s o u r c e  o f  d is s o lv e d  m e t a ls .  W h e n  E P A  m e a s u r e d  th e  m e ta l  
c o n c e n t r a t io n s  in w a s t e w a t e r  o n b o a r d  s h i p s  in  2 0 0 4 ,  t h e  d a t a  s h o w e d  th a t  d if fe re n t  w a s t e  w a t e r  
s t r e a m s  ( la u n d r y ,  a c c o m m o d a t io n ,  fo o d  w a s t e  r e je c t  w a te r , a n d  g a l le y )  h a v e  s ig n if ic a n t ly  
d iffe re n t  m e ta l c o n c e n t r a t io n s  o n  b o a rd  t h e  s a m e  s h ip  o n  th e  s a m e  d a t e s .  S i n c e  s o u r c e  w a t e r  in 
e a c h  o f t h e s e  in s t a n c e s  c o m e s  fro m  t h e  s a m e  p o t a b le  w a t e r  h o ld in g  ta n k , t h is  d a t a  in d ic a t e s  
th a t a d d it io n a l m e ta l lo a d s  in t h e  w a s t e w a t e r  s t r e a m  a r e  c o m in g  fro m  e ls e w h e r e  o n  th e  s h ip  
(p ip in g , v a lv e s ,  h u m a n  b e h a v io r ,  m a c h in e s ,  o r  c h e m ic a ls  e t c .) ,  a n d  t h e  a m o u n t  o f m e ta l  
o r ig in a t in g  in  b u n k e r  w a t e r  is  r e la t iv e ly  in s ig n if ic a n t .

F o r  e x a m p le  to ta l c o p p e r  c o n c e n t r a t io n s  m e a s u r e d  o n  H o lla n d  A m e r ic a  L in e s  ( H A L )  
V e e n d a m  w e r e :

• L a u n d r y :  2 5 8  p g / L

•  A c c o m m o d a t io n  9 7 5  p g / L

• P u lp e r :  4 0 0  p g / L

• G a l le y :  8 8  p g / L

A  p o te n tia l r e a s o n  fo r  t h e  h ig h  a c c o m m o d a t io n  c o p p e r  c o n c e n t r a t io n  is  d u e  to  lo n g  
p o ta b le  w a t e r  c o p p e r  p ip e lin e s  w ith  p e r h a p s  h ig h  c h lo r in e  d is in f e c t io n  o f w a t e r  a n d  lo w e r  flo w  
o n  e a c h  b r a n c h  p ip e .
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4. C U R R E N T  M ETH O D S O F P O LLU T IO N  P R EV EN TIO N , C O N T R O L AND  
TR EA TM EN T

4.1. Effluent Quality Currently Achieved by Com m ercial P asse n ge r  
V e sse ls

D o m e s t ic  e f f lu e n t  q u a lit y  is  t y p ic a l ly  e v a lu a t e d  b a s e d  o n  c o n c e n t r a t io n s  o f  f e c a l  c o lifo rm  
b a c t e r ia ,  T S S ,  B O D ,  a n d  c h lo r in e . P r io r  to  2 0 0 0 ,  c r u is e  s h ip s  o n ly  u s e d  m a r in e  s a n ita t io n  
d e v ic e s  ( M S D s )  w h ic h  p r o v e d  to  b e  in e ffe c t iv e  a t r e m o v in g  f e c a l  c o lifo r m  b a c t e r ia .

T h e  q u a lity  o f  w a s t e w a t e r  e ff lu e n t  s ig n if ic a n t ly  im p r o v e d  fro m  2 0 0 0  to  2 0 0 3 .  In  2 0 0 0 ,  
w a s t e w a t e r  t r e a tm e n t  p ilo t s y s t e m s  w e r e  in s t a lle d  o n  s e le c t e d  s h ip s .  B y  2 0 0 3 ,  a ll la r g e  c r u is e  
s h ip s  d is c h a r g in g  in s t a t e  w a t e r s  h a d  a d v a n c e d  w a s t e w a t e r  t r e a tm e n t  s y s t e m s  ( A W T S ) .  A W T S  
c u r r e n t ly  in s t a l le d  o n  c r u is e  s h i p s  m e e t  m o s t  r e q u ir e m e n t s  fo r  c o n v e n t io n a l  c o n s t it u e n t s  a t  th e  
p o in t  o f  d is c h a r g e .  C r u i s e  s h i p s  g e n e r a l ly  h a v e  fo llo w e d  th e  In te r n a t io n a l M a rit im e  O r g a n iz a t io n  
( IM O )  In te r n a t io n a l C o n v e n t io n  fo r  th e  P r e v e n t io n  o f P o llu t io n  o n  S h i p s  ( M A R P O L )  r e q u ir e m e n t  
a n d  in s t a lle d  a p p r o v e d  s e w a g e  t r e a tm e n t  s y s t e m s  in  a c c o r d a n c e  w ith  r e s o lu t io n  M E P C . 2 ( V I )  
a n d  its  s u b s e q u e n t  r e v is io n s .  O p e r a t in g  in  A la s k a ,  c r u is e  s h i p s  h a v e  b e e n  r e q u ir e d  to  in s ta ll  
A W T S s  th a t  c o m p ly  w ith  3 3  C F R  1 5 9 , S u b p a r t  E  (" M u r k o w s k i”) s t a n d a r d  th a t  w a s  im p le m e n t e d  
in 2 0 0 1 .  M o s t  A W T S  p r o v id e  s c r e e n in g  fo r  s o lid s ,  b io r e a c t o r s  fo r  B O D  r e m o v a l,  fo llo w e d  b y  
s o lid s  s e p a r a t io n  (flo ta tio n  o r  filtra tio n ), a n d  s o m e  m e a n s  o f  d is in fe c t io n .

A W T S - e q u i p p e d  c r u is e  s h ip s  th a t  h a v e  d is c h a r g e  p e r m its  h a v e  b e e n  g e n e r a l ly  in  
c o m p l ia n c e  w ith  t h e  e ff lu e n t  lim its  fo r c o n v e n t io n a l  p o llu t a n t s  th a t  in c lu d e  T S S  B O D ,  F e c a l  
c o lifo rm  ( F C )  b a c t e r ia ,  a n d  r e s id u a l  c h lo r in e  ( R C ) .  T h e  e ff lu e n t  lim its  in  th e  2 0 1 0  G e n e r a l  P e r m it  
a r e  p r o v id e d  b e lo w :

• F C  b a c t e r ia  1 4  F C / 1 0 0  m l (m o n th ly  a r it h m e t ic  a v e r a g e )

4 3  F C / 1 0 0  m l (d a ily  m a x im u m )

• R e s id u a l  c h lo r in e  1 0  p g / L

• T S S  1 5 0  m g / L

• B O D  3 0  m g / L  (m o n t h ly  a r it h m e t ic  a v e r a g e )

6 0  m g / L  ( d a ily  m a x im u m )

H is t o r ic a l ly ,  th e  r e d u c t io n s  o f  c o n v e n t io n a l p o llu t a n t s  c o r r e la t e  w ith  t h e  in s t a lla t io n  o f  th e  
A W T S s ,  a s  s h o w n  in F i g u r e s  1 -3  fo r  F C  b a c t e r ia ,  T S S  a n d  B O D  r e s p e c t iv e ly .  C r u i s e  s h ip s  a ls o  
h a v e  to  c o m p ly  w ith  E P A ’s  V e s s e l  G e n e r a l  P e r m it  w h ic h  fo r  g r a y w a t e r  a n d  g r a y w a t e r -  
b la c k w a t e r  m ix e s  m u s t  m e e t  fe d e r a l  s e c o n d a r y  t re a tm e n t  s t a n d a r d s .
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T h e  2 0 1 0  G e n e r a l  P e r m it  in c lu d e s  a  r a n g e  o f  lim its  a s  s h o w n  in T a b l e  9  fo r  a m m o n ia ,  
c o p p e r ,  n ic k e l a n d  z in c .  T h e  e ff lu e n t  lim its  a r e  r a n g e s  b e c a u s e  th e y  v a r y  d e p e n d in g  o n  t h e  m ix  
o f  b la c k w a t e r  a n d  g r a y w a t e r  t r e a te d  a n d  t h e  t y p e  o f  A W T S  u s e d .  S e e  t h e  2 0 1 0  G e n e r a l  P e r m it  
F a c t  S h e e t 26 fo r  m o r e  in fo rm a tio n . T a b l e  1 0  s h o w s  th a t  g e n e r a l ly  t h e  c r u is e  s h i p s  a r e  m e e t in g  
t h e  2 0 1 0  G e n e r a l  P e r m it  L im its ,  b u t t h e y  d o  n o t  m e e t  t h e  A l a s k a  W Q C .  D a t a  f r o m  t h e  C a r n iv a l  
S p ir it  G W ,  w h ic h  g e n e r a l ly  a t t a in e d  A l a s k a  W Q C ,  is  a n  e x c e p t io n .  F ig u r e s  4  t h r o u g h  7  s h o w  
th e  r e d u c t io n s  o f  t h e s e  p o llu t a n t s  o v e r  t im e  a s  a  r e s u lt  o f  in s t a lla t io n  o f A W T S .

Table 9 Cruise Ship General Permit Effluent Limits

Ammonia (mg/L) Copper (pg/L) Nickel (pg/L) Zinc (pg/L)
Stationary 12 to 28 10 to 87 10 to 63 112 to 395
Underway 12 to 143 10 to 157 10 to 63 112 to 395

Daily limits vary based on the type of wastewater treatment system used on the ship and the influent streams treated.
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T a b l e  1 0  2 0 1 1  E x c e e d a n c e s  i n  P e r m i t  L i m i t s  a n d  W a t e r  Q u a l i t y  S t a n d a r d s

Ship

N um ber Exceedances of General Permit /N um ber of Samples 
Analyzed in 2011

N um ber of Exceedances of AK W Q C  /N um ber of Samples Analyzed
in 2011

Amm onia Copper Nickel Zinc Amm onia Copper Nickel Zinc
Disney W onder 0 /9 0/9 0 /9 0 /9 9 /9 4/9 8 /9 8/9

Princess Coral 0 /10 0 /10 0/10 0/10 10/10 10/10 3/10 6/10
Princess Diamond 1/9 0 /10 0/10 0/10 9 /9 10/10 10/10 9/10
Princess Golden 0 /10 0 /10 0/10 0/10 3/10 8/10 10/10 5/10

Princess Island 0 /10 0 /10 0/10 0/10 9 /9 10/10 1/10 6/10
Princess Sapphire 1/10 1/10 1/10 0 /10 9/10 10/10 10/10 9 /10
Princess Sea 0/10 0 /10 0/10 0 /10 10/10 10/10 1/10 2/10
Holland America 
Statendam

0/10 0 /10 0/10 0 /10 10/10 5/10 10/10 1/10

Holland America 
Volendam

0/10 0 /10 0/10 1/10 8 /9 9/10 8/10 7 /10

Holland America 
Zaandam

2/11 0/11 0/11 0/11 11/11 7/11 9/11 0 /10

Norwegian CL Pearl 0 /10 0 /10 0 /10 0/10 10/10 8/10 1/10 4 /10
Norwegian CL Star 0 /10 0 /10 0/10 0 /10 10/10 7/10 0 /10 5/10
Seven Seas Navigator 0 /9 0 /9 0 /9 0 /9 9 /9 2 /9 2/9 1/9
Oceania Regatta 
(P+S systems)

4 /16 0 /16 0 /16 0 /16 13/16 16/16 9/16 9 /16

Carnival Spirit GW 0/10 0 /10 0 /10 0 /10 1/10 2/10 0 /10 0 /10
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A W T S  a r e  v e r y  s u c c e s s f u l  in m e e t in g  t r e a tm e n t  o b je c t iv e s  fo r  c o n v e n t io n a l  
p o llu ta n ts  s u c h  a s  B O D ,  F C  b a c t e r ia ,  T S S  a n d  p H . T h e  e x is t in g  A W T S s  r e m o v e  a  
s ig n if ic a n t  p o rt io n  o f  t h e  a m m o n ia  a n d  m e t a ls ;  h o w e v e r ,  t h e y  h a v e  n o t  c o n s is t e n t ly  
s u c c e e d e d  in p r o d u c in g  e f f lu e n t  c o n c e n t r a t io n s  o f  a m m o n ia  a n d  t h e  d is s o lv e d  m e t a ls  
(c o p p e r ,  n ic k e l,  a n d  z in c )  th a t  a r e  e q u a l  to  o r  b e lo w  t h e  W Q C  b e c a u s e  t h e y  a r e  n ot  
d e s ig n e d  to  d o  s o .  F o r  c o n t e x t ,  t h e  m u n ic ip a l d i s c h a r g e s  in  A l a s k a  d o  n o t m e e t  W Q C  fo r  
t h e s e  c o n s t it u e n t s  e ith e r.

In f lu e n t  d a t a  fro m  2 0 1 2  a n d  2 0 1 1  e ff lu e n t  w a s t e w a t e r  q u a lit y  d a ta  fo r  a m m o n ia  
a n d  m e t a ls  f o r  D E C  p e rm itte d  s h ip s  a r e  s h o w n  in T a b le  1 1 . N o t e  th a t  th e  e f f lu e n t  d a t a  
a n d  in f lu e n t  d a t a  a r e  d if fe r e n t  s e t s  o f  d a t a  b e c a u s e  in f lu e n t  d a t a  a r e  in fre q u e n t ly  c o lle c t e d  
a n d  r e p r e s e n t  a  s in g le  s n a p s h o t  in t im e , w h ile  e f f lu e n t  d a t a  a r e  c o lle c t e d  a s  p a rt  o f  
r e g u la r  m o n it o r in g  a n d  t h e r e  a r e  m o r e  e ff lu e n t  s a m p l e s  th a t  c a n  b e  a v e r a g e d  t h a n  
in flu e n t s a m p le s .  M o n ito r in g  in flu e n t  d a t a  a r e  n o t r e q u ir e d  b y  s ta tu te .

It is  im p o rta n t  to  n o te  th a t  t h e r e  is  in h e r e n t  s a m p le  v a r ia t io n  a n d  p r o b a b ilit y  o f  
e rro r  in la b o r a t o r y  a n a ly s e s .  T h i s  is  o f  p a r t ic u la r  c o n c e r n  w h e n  th e  t h r e s h o ld  lim its  a r e  
v e r y  lo w . T h e r e  c a n  b e  in s t a n c e s  w h e n  t h e  n o r m a l v a r ia b il it y  o r  m a r g in  o f  e r r o r  o f  a  
s a m p le  r e s u lt  m a y  in d ic a t e  a  v a lu e  a b o v e  a  lo w  c r ite r io n .

T h e  d a t a  i l lu s t r a t e s  a  w id e  v a r ia b il it y  in th e  A W T S  in f lu e n t  a n d  e ff lu e n t  p e r c e n t  
r e m o v a ls  o f  a m m o n ia  a n d  m e t a ls .  In d iv id u a l a m m o n ia  in f lu e n t  v a lu e s  a s  h ig h  a s  5 3 9  m g/i 
w e re  r e p o r te d  w ith  r e m o v a ls  a s  h ig h  a s  9 6  p e r c e n t ; h o w e v e r , n o n e  o f th e  s h ip s  th a t  tre a t  
c o m b in e d  b la c k  a n d  g r a y w a t e r  a r e  m e e t in g  th e  a m m o n ia  W Q C .  O n e  s h ip , t h e  C a r n iv a l  
S p ir it , w h ic h  t r e a t s  o n ly  g r a y w a t e r ,  h a s  a  t r e a te d  e ff lu e n t  w h o s e  a v e r a g e  s a m p le  r e s u lt s  
m e e t t h e  W Q C  fo r  a m m o n ia  a n d  m e t a ls ;  h o w e v e r , t h e  a m m o n ia  d a t a  is  d u e  to  lo w  
a m m o n ia  le v e ls  in th e  in flu e n t, n o t r e m o v a l o f  a m m o n ia  b y  tre a tm e n t.

N o n e  o f  t h e  s h i p s  th a t  t re a t  c o m b in e d  g r a y  a n d  b la c k w a t e r  h a v e  b e e n  a b le  to  
m e e t t h e  c o p p e r  W Q C .  S o m e  s h ip s  h a v e  b e e n  a b le  to  m e e t  th e  n ic k e l a n d  z in c  W Q C .  
H o w e v e r ,  t h e  r e s u lt s  a r e  s h ip - s p e c i f i c  a n d  t h e r e  is  n o  c o r r e la t io n  b e tw e e n  t h e  t y p e  o f  
A W T S  u s e d  a n d  e ff lu e n t  c o n c e n t r a t io n .  T h e  v a r ia b ility  in t h e  e f f lu e n t  v a lu e s  o f  a m m o n ia  
a n d  m e t a ls  fo r  s h ip s  w ith  s im ila r  t y p e s  o f A W T S  m a y  b e  a  r e s u lt  o f  v a r ia n c e  in th e  in f lu e n t  
v a lu e s  a s  o p p o s e d  to  t r e a tm e n t  e f f ic ie n c y .  A d d it io n a lly ,  o p e r a t o r s  c a n n o t  id e n tify  
c o n c lu s iv e ly  if  t h e  W Q C  w e r e  m e t  a s  a  re s u lt  o f  t re a tm e n t, p re v e n t io n  o r  c o n tro l  
t e c h n iq u e s ,  o p e r a t io n s  a n d  m a in t e n a n c e ,  o r o p e r a t o r  e x p e r ie n c e  a n d  s k ill.

E x is t in g  d a t a  in d ic a t e  th a t t h e r e  a r e  n o  c u r r e n t ly  in s t a l le d  w a s t e w a t e r  t r e a tm e n t  
s y s t e m s  o n  b o a r d  c r u is e  v e s s e l s  th a t  c o n s is t e n t ly  m e e t  th e  A la s k a  W a t e r  Q u a lity  
S t a n d a r d s  fo r  a m m o n ia ,  c o p p e r ,  n ic k e l,  a n d  z in c  a t  t h e  p o in t  o f  d is c h a r g e .  F o r  c o n t e x t  
p u r p o s e s ,  t h e  s a m e  is  tru e  fo r  a ll m a r in e  d is c h a r g in g  p e rm itte d  m u n ic ip a l s e w a g e  
t re a tm e n t  p la n t s  in  A la s k a .

A n  a d d it io n a l c o n c e r n  is  th a t  t h e  e ff lu e n t  d a t a  in T a b le  11 a r e  a r it h m e t ic  a v e r a g e s .  
T h e r e  a r e  v a lu e s  h ig h e r  th a n  W Q C  in  th e  e ff lu e n t  fo r  a ll t h e  d a t a  s e t s .  T h e  v o t e r  in it ia t iv e  
th a t im p o s e s  th e  r e q u ir e m e n t  to  m e e t  W Q C  a t th e  p o in t  o f  d is c h a r g e  a ls o  in c lu d e s  
p o te n tia l f in e s  o f $ 1 0 , 0 0 0  p e r  d a y  f o r  e a c h  v io la t io n , a s  w e ll a s  a  p r o v is io n  th a t  c i t i z e n s
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c a n  b r in g  e n f o r c e m e n t  a c t io n s  a g a in s t  p e r m it t e e s  a n d  c o lle c t  2 5  to  5 0 %  o f  t h e  f in e s  fo r  
t h e m s e lv e s .  H e n c e ,  fo r  v e s s e l s  to  b e  a b le  to  d is c h a r g e  t r e a te d  w a s t e w a t e r  to  A la s k a n  
w a t e r s ,  t h e  t r e a tm e n t  s y s t e m s  w o u ld  h a v e  to  c o n s is t e n t ly  t re a t  to  b e lo w  t h e  s u m  o f  th e  
W Q C  a n d  th e  m a r g in  fo r  a n a ly t ic a l  v a r ia b il it y  fo r  a m m o n ia ,  c o p p e r ,  n ic k e l  a n d  z in c .  A  
s y s t e m  th a t  c a n  o n ly  a c h ie v e  le v e ls  b e lo w  t h e  W Q C  s o m e  o f  t h e  t im e , o r  a s  a n  a v e r a g e ,  
is  n o t s u f f ic ie n t  to  p ro te c t  a g a in s t  s u c h  lia b ility .
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T a b l e  1 1  D E C  2 0 1 2  S u r v e y  I n f l u e n t  d a t a  c o m p a r e d  t o  D E C  2 0 1 1  E f f l u e n t  M o n i t o r i n g  D a t a

Item Disney
W onder
n=9

Coral
Princess
n=10

Diamond
Princess
n=10

Golden
Princess
n=10

Island
Princess
n=10

Sapphire
Princess
n=10

Sea
Princess
n=10

HAL
Stdam
n=10

HAL
Voldm
n=10

HAL
Zndm
n = l l

NCL
Pearl
n=10

NCL
Star
n=10

Seven
Seas
Navig.
n=9

Oceania 
Regatta 
n=16 (2 
systems)

CCL
Spirit
G W

n=10

Influent 
Ammonia, 
Average, mg/L

(BW)
207-
539

165 221 240 165 238 156 75 75 75 No
Data

140* No
Data

5.0 No
Data

Effluent
Ammonia,
mg/L
2011 average

20.34 31.4 79.9 3.6 50.4 59.6 51.1 33.1 4.1 21.2 15.0 24.3 19.51 19.15 0.63

Influent 
Copper, pg/L

Wide
Range

68 71 73 68 72 68 76 76 76 No
Data

59* No
Data

130 No
Data

Effluent 
Copper 2011 
average, pg/L

3.01 9.2 6.0 5.1 19.2 18.4 23.3 3.7 20.1 4.2 6.9 4.4 3.76 10.55 2.32

Influent
Nickel,
average, pg/L

Wide
Range

12.5 12.5 12.5 12.5 12.5 12.5 40.2 40.2 40.2 No
Data

19* No
Data

60 No
Data

Effluent 
Nickel, 2011 
average, pg/L

10.76 8.0 14.6 11.6 7.4 18.4 7.9 21.1 11.6 13.0 5.6 5.4 6.9 9.1 Non
d e te c t

Influent Zinc, 
Hg/L

Wide
Range

317 305 324 316 322 316 205.9 205.9 205.9 No
Data

95* No
Data

22 No
Data

Effluent Zinc, 
2011 average, 
Hg/L

158.8 105.4 133.8 88.4 93 122 55 45.6 116.4 52.5 69.5 71.3 29.1 77.1 6.41

n = # of effluent samples taken; * Influent data based on one grab sample ** Did not operate in AK in 2011; Bold/Green shading = effluents are < or equal to W Q C
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4.2. Pollution Prevention Methods

V a r io u s  p o llu t io n  p r e v e n t io n  a c t iv it ie s  w e r e  p r o p o s e d  b y  s o m e  o f  t h e  p e rm itte d  
c r u i s e  s h ip s  in  t h e ir  2 0 0 8 - 2 0 1 0  S o u r c e  R e d u c t io n  E v a lu a t io n  ( S R E )  r e p o r t s  a n d  u p d a t e s  
a n d  v e r if ie d  in  t h e  2012 DEC Data Collection Survey for Pollution Prevention, Control, 
and Treatment for Large Cruise Ships Operating in Alaska Waters ( 2 0 1 2  S u r v e y ) .  
P o llu t io n  p r e v e n t io n s  r e f e r s  to  th e  u s e  o f  m a t e r ia ls ,  p r o c e s s e s ,  o r  p r a c t ic e s  th a t  r e d u c e  
o r  s t o p  t h e  c r e a t io n  o f  p o llu t a n t s  o r  w a s t e  a t  th e  s o u r c e .  It in c lu d e s  im p r o v e d  o p e r a t in g  
p r a c t ic e s  lik e  m a te r ia l  s u b s t itu t io n , p r o c e s s  a n d  e q u ip m e n t  m o d if ic a t io n s ,  a n d  e n e r g y  
a n d  w a s t e w a t e r  c o n s e r v a t io n .  T h e  D a t a  C o l le c t io n  S u r v e y  d id  n o t v e r ify  w h a t  p o llu tio n  
p r e v e n t io n  m e t h o d s  w e r e  im p le m e n t e d  o r  a n y  r e s u lt in g  r e d u c t io n s  in e ff lu e n t  
c o n c e n t r a t io n s  a s  a  r e s u lt  o f  t h e  m e t h o d s . T h e  p r o p o s e d  m e t h o d s  d e s c r ib e d  in th e  S R E  
r e p o r t s  a r e  d e t a i le d  in S e c t io n  5 .1 , A d d it io n a l P o llu t io n  P r e v e n t io n  M e th o d s .

4.3. Control Methods

C o n t r o l  m e t h o d s  a r e  d e f in e d  a s  a n y  c o n t e x t  in w h ic h  a  s h ip  t r a n s f e r s  e ff lu e n t  o ff  
t h e  s h ip  p r io r  to  t r e a tm e n t  o r  d is c h a r g e s  o u t s id e  o f  S t a t e  r e g u la t o r y  b o u n d a r ie s .  C o n t r o l  
m e t h o d s  a r e  t h o s e  t e c h n o lo g ie s  o r  m e t h o d s  that c a u s e  c r u is e  s h ip  w a s t e w a t e r  e f f lu e n t  
to  n o t e x c e e d  W Q C  in Alaska waters. T h e  D a t a  C o l le c t io n  S u r v e y  d id  n ot p r o v id e  a n y  
e v id e n c e  th a t  s h i p s  w ith  A W T S s  im p le m e n t e d  c o n tro l m e t h o d s  a s  a  p r im a r y  m e a n s  o f  
re d u c t io n  in e f f lu e n t  c o n c e n t r a t io n s  o f  t h e  c o n s t it u e n t s  o f  c o n c e r n .

4.4. Treatm ent Methods

A  w a s t e w a t e r  t r e a tm e n t  p r o c e s s  g e n e r a l ly  c o n s i s t s  o f  u p  to  fo u r  m a jo r  p h a s e s  
w h e t h e r  p e r f o r m e d  a s  a  la n d - b a s e d  p r o c e s s  o r  a s  a  s h ip b o a r d  p r o c e s s :  1 ) p r im a r y  
t r e a tm e n t  o r  s o l id s  s e p a r a t io n ,  2 )  s e c o n d a r y  t r e a tm e n t  o r  b io lo g ic a l  o x id a t io n  o f  
o r g a n ic s ,  3 )  c la r if ic a t io n ,  a n d  4 )  d is in f e c t io n .  T h e s e  p r o c e s s e s  a r e  n o t n e c e s s a r i ly  
d is t in c t ly  s e p a r a t e .  F o r  e x a m p le  th e  p r im a r y  t r e a tm e n t  m e c h a n is m  m a y  in c lu d e  s o m e  
f o r m s  o f  f iltra tio n , o x id a t io n ,  a n d  c la r if ic a t io n  p r o c e s s e s .

It is  im p o r t a n t  to  n o te  th a t  la n d - b a s e d  w a s t e w a t e r  t re a tm e n t  p la n t s  a r e  g e n e r a l ly  
le s s  lim ite d  b y  s p a c e  a n d  h a v e  th e  a b ility  to  u s e  la r g e  t a n k s  to  c o m p le t e  th e  v a r io u s  
p r o c e s s  p h a s e s .  T h e s e  la r g e  t a n k s  a llo w  la n d - b a s e d  t r e a tm e n t  s y s t e m s  to  u s e  g r a v ity  
s e p a r a t io n  a n d  lo n g e r  re te n tio n  t im e s  to  a c h ie v e  t h e  t r e a tm e n t  o b je c t iv e s .  C o n v e r s e ly ,  
s h ip b o a r d  w a s t e w a t e r  t r e a tm e n t  s y s t e m s  h a v e  m o r e  lim ite d  s p a c e  a n d  t im e  to  c o m p le t e  
t h e s e  w a t e r  t r e a tm e n t  p h a s e s .  T h e r e f o r e ,  s h ip b o a r d  s y s t e m s  t y p ic a lly  e m p lo y  a lt e r n a t iv e  
c o m p a c t  p r o c e s s e s  to  a c h ie v e  t h e  o b je c t iv e s  o f  e a c h  t r e a tm e n t  p h a s e .
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M a n y  o f  th e  a d v a n c e d  w a s t e w a t e r  t r e a tm e n t  s y s t e m s  ( A W T S )  o n  b o a r d  c r u is e  
s h ip s  c e r t if ie d 26 fo r  d is c h a r g e  in A l a s k a  a r e  s o m e  o f  t h e  m o s t  e f f e c t iv e  a n d  m o s t  
e x p e n s iv e  a v a i la b le  fo r  m a r in e  w a s t e w a t e r  t r e a t m e n t 27. T h e s e  A W T S  t r e a t  b o th  s e w a g e  
a n d  g r a y w a t e r .  T h e  la r g e  c o m m e r c ia l  p a s s e n g e r  v e s s e l s  c u r r e n t ly  a u t h o r iz e d  to  
d is c h a r g e  u n d e r  t h e  D E C  2 0 1 0  g e n e r a l  p e r m it  u s e  o n e  o f  t h e  t e c h n o lo g ie s  l is t e d  in  
T a b l e  1 2  to  c o m p le t e  tre a tm e n t.

4 .4 .1 .  A d v a n c e d  W a s t e w a t e r  T r e a t m e n t  S y s t e m s  in  u s e  o n  P e r m it t e d  S h i p s  in  
A l a s k a

S p e c i f i c  t re a tm e n t  s y s t e m s  c u r r e n t ly  u s e d  o n  p e rm itte d  s h ip s  in A l a s k a  a r e  
d e s c r ib e d  in t h is  s e c t io n :

H a m w o r t h y ’s  M e m b r a n e  B io r e a c t o r  ( M B R )  s y s t e m  u s e s  a e r o b ic  b io lo g ic a l  
t r e a tm e n t  fo llo w e d  b y  u ltra filtra tio n  a n d  u lt ra v io le t  ( U V )  d is in fe c t io n , in  o n e  e x a m p le ,  th e  
H a m w o r t h y  M B R  s y s t e m  t r e a t s  c o m b in e d  a c c o m m o d a t io n  g r a y  a n d  b la c k w a te r .  
W a s t e w a t e r  is  f irst  t re a te d  in s c r e e n  p r e s s e s  to  r e m o v e  p a p e r  a n d  o th e r  c o a r s e  s o lid s .  
B a c t e r ia  d ig e s t  th e  o r g a n ic  m a tte r  ( B O D )  p r e s e n t  in t h e  w a s t e  in a  t w o - s t a g e  b io r e a c to r .  
W a s t e w a t e r  i s  th e n  f ilte re d  t h r o u g h  t u b u la r  u ltra filtra t io n  m e m b r a n e s  to  r e m o v e  
p a r t ic u la t e  m a tte r  a n d  b io lo g ic a l  m a s s .  B i o m a s s  fro m  th e  m e m b r a n e s  is  r e t u r n e d  to  th e  
b io r e a c to r .  In  t h e  f in a l s te p , th e  t r e a te d  w a s t e w a t e r  u n d e r g o e s  U V  d is in f e c t io n  to  r e d u c e  
p a t h o g e n s .

T h e  S c a n s h i p  t r e a tm e n t  s y s t e m  u s e s  a e r o b ic  b io lo g ic a l  o x id a t io n  fo llo w e d  b y  
d is s o lv e d  a ir  f lo ta tio n  a n d  U V  d is in fe c t io n .  T y p ic a l ly ,  b la c k w a t e r  a n d  g r a y w a t e r  fro m  th e  
g a lle y ,  a c c o m m o d a t io n s ,  a n d  la u n d r y  a r e  c o m b in e d  in a  h o ld in g  ta n k . T h e  c o m b in e d  
w a s t e w a t e r  is  p u m p e d  t h r o u g h  a  c o a r s e  d r u m  filte r  a n d  t h e n  t h r o u g h  tw o  s e p a r a t e  
a e r a t e d  b io r e a c t o r s .  F r e e - f lo a t in g  p la s t ic  b e a d s  a r e  u s e d  in t h e  b io r e a c t o r s  to  s u p p o r t  
b io lo g ic a l  g ro w th . S o l id s  s e p a r a t io n  is  d o n e  u s in g  d is s o lv e d  a ir  f lo ta tio n  ( D A F )  u n its  
fo llo w e d  b y  a d d it io n a l s o l id s  r e m o v a l t h r o u g h  p o lis h in g  s c r e e n  f ilte rs . P a t h o g e n s  a r e  
r e d u c e d  in th e  f in a l s t a g e  o f  t r e a tm e n t  t h r o u g h  U V  d is in fe c t io n .

T h e  Z e n o n  Z e e W e e d ®  M B R  s y s t e m  u s e s  a e r o b ic  b io lo g ic a l  o x id a t io n  fo llo w e d  
b y  u ltra filtra t io n  a n d  U V  d is in fe c t io n . T y p ic a l ly ,  la u n d ry , g a l le y  a n d  a c c o m m o d a t io n  
g r a y w a t e r  is  c o m b in e d  w ith  b la c k w a t e r .  T h e  c o m b in e d  w a s t e w a t e r  f lo w s  t h r o u g h  tw o  
c o a r s e  s c r e e n s  in to  a  c o lle c t io n  t a n k . F r o m  t h e  c o lle c t io n  ta n k , t h e  w a s t e w a t e r  is  
p u m p e d  to  a n  a e r a t e d  b io r e a c to r .  A ft e r  th e  b io r e a c to r ,  th e  w a s t e w a t e r  f lo w s  t h r o u g h  th e  
p r o p r ie ta r y  Z e e W e e d ®  h o llo w -f ib e r  u ltra filtra t io n  m e m b r a n e  s y s t e m  u n d e r  a  v a c u u m .  
T h e  f in a l s t e p  is  U V  d is in f e c t io n  to  r e d u c e  p a t h o g e n s .

26 Certified means approved by the  US Coast Guard and Alaska D epartm ent o f Environmental 

Conservation fo r continuous discharge under 33 CFR 159 Subpart E and the  2008 General Permit, 

respectively.

27 EPA, 2008. Cruise Ship Discharge Assessment Report. EPA842-R-07-005

30 12/18/2012



Cruise Ship Wastewater Science Advisory Panel
Preliminary Report November 2012________ Alaska Department of Environmental Conservation

T h e  H y d r o x y l  C l e a n S e a ®  s y s t e m  c o n s i s t s  o f a e r o b ic  b io lo g ic a l  o x id a t io n  fo llo w e d  
b y  d is s o lv e d  a ir  f lo ta t io n  a n d  U V  d is in fe c t io n .  In  a  ty p ic a l a p p lic a t io n ,  b la c k  a n d  
g r a y w a t e r  a r e  c o m b in e d  a n d  p u m p e d  t o  a  f in e  w e d g e w ir e  s c r e e n  fo r  c o a r s e  s o l id s  
r e m o v a l.  N e x t ,  th e  w a s t e w a t e r  e n t e r s  t h e  A C T I V E C E L L ™  b io lo g ic a l  r e a c t o r s .  F r e e -  
f lo a t in g  p la s t ic  b e a d s  s u p p o r t  b io lo g ic a l  g ro w th . T h e  w a s t e w a t e r  th e n  e n t e r s  th e  
A C T I V E F L O A T ™  d is s o lv e d  a ir  f lo ta tio n  u n its  fo r s o l id s  s e p a r a t io n .  F in a l  t r e a tm e n t  s t e p s  
in c lu d e  p o l is h in g  f ilte rs  a n d  U V  d is in f e c t io n  to r e d u c e  p a t h o g e n s .

T h e  R O C H E M  B i o - F i l t ®  s y s t e m  u s e s  v ib r a t o r y  s c r e e n s  to  r e m o v e  c o a r s e  s o lid s ,  
b io r e a c t o r s  to  b io lo g ic a l ly  o x id iz e  t h e  w a s t e , u ltra filtra tio n  m e m b r a n e s  to  r e m o v e  
p a r t ic u la t e  m a tte r  a n d  b io lo g ic a l  m a s s  (w h ic h  a r e  r e t u r n e d  to  t h e  b io r e a c t o r s ) ,  a n d  U V  
d is in f e c t io n  to  r e d u c e  p a t h o g e n s .  T h e  R O C H E M  L P R O  ( L o w  P r e s s u r e  R e v e r s e  
O s m o s i s )  u t i l iz e s  r e v e r s e  o s m o s i s  m e m b r a n e s  to r e m o v e  p a r t ic u la t e s  a n d  d is s o lv e d  
s o lid s ,  a n d  U V  d is in f e c t io n  to  r e d u c e  p a t h o g e n s .  In  a p p lic a t io n ,  R O C H E M  L P R O  a n d  
R O C H E M  B i o - F i l t ®  s y s t e m  a r e  in s t a l le d  to tre a t s e p a r a t e  a n d  c o m b in e d  b la c k  a n d  
g r a y w a t e r .  T h e  R O C H E M  L P R O  p a rt  o f  t h e  s y s t e m  t r e a t s  w a s t e w a t e r  fro m  la u n d r y  a n d  
a c c o m m o d a t io n s  w h ile  th e  R O C H E M  B i o - F i l t ®  t r e a ts  g r a y w a t e r  f r o m  t h e  g a l le y  a n d  
b la c k w a t e r ,  a s  w e ll a s  t h e  r e je c t  s t r e a m  fro m  t h e  R O C H E M  L P R O  s y s t e m .

T h e  M a r iS a n 2 5 0  c a n  b e  u s e d  fo r  c o m b in e d  b la c k  a n d  g r a y w a t e r .  P r im a r y  
t r e a tm e n t  c o n s i s t s  o f  g r o s s  s c r e e n in g ,  but c a n  a ls o  in c lu d e  p H  a d ju s t m e n t  a n d / o r  
c h e m ic a l  c o a g u la t io n ,  fo llo w e d  b y  s o l id s  s e p a r a t io n  t h r o u g h  d is s o lv e d  a ir  f lo ta tio n  ( D A F ) .  
A d d it io n a l s o l id s  s e p a r a t io n  is  a c c o m p l is h e d  th r o u g h  m ic ro f iltra t io n  a n d  U V  o r  o z o n e  
d is in fe c t io n .

In  t h e  T r ito n  W a t e r  M e m b r a n e  R e a c t o r  p r o c e s s ,  th e  m e m b r a n e s  a r e  s u b m e r g e d  
in to  a n  a c t iv a t e d  s lu d g e  r e a c t o r .  T r e a t e d  w a t e r  is  e x t r a c t e d  t h r o u g h  th e  m e m b r a n e s  w ith  
a  v a c u u m  p u m p . C o n t in u o u s  f lo w  p a s s e s  o v e r  th e  m e m b r a n e  p la t e s .  A ir  is  u s e d  to  k e e p  
t h e  m e m b r a n e  s u r f a c e s  f r e e  o f  fo u lin g , r e s u lt in g  in h ig h  f lu x  ra te s . Io n  e x c h a n g e  r e s in s  
c a n  b e  a d d e d  a s  a  p o s t  t r e a tm e n t  to  r e m o v e  d is s o lv e d  m e t a ls .

F o r  a ll A W T S ,  th e  r e m a in in g  s o l id s  s e p a r a t e d  a r e  t y p ic a l ly  d e w a t e r e d  a n d  
in c in e r a t e d  o n  b o a rd . S c r e e n e d  s o l id s  a r e  r e m o v e d  b e f o r e  t h e  b io r e a c t o r s  a r e  
in c in e r a t e d ,  b u t n o t b io m a s s  s o lid s .
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T a b l e  1 2  A W T S  T e c h n o l o g i e s  U s e d  o n  V e s s e l s  i n  2 0 0 8  t o  2 0 1 2  D i s c h a r g i n g  i n  A l a s k a  f o r  S h i p b o a r d  W a s t e w a t e r  
T  r e a t m e n t

A W T S

T re a tm e n t
Vessels

in
2008

Vessels
in

2009

Vessels
in

2010

Vessels
in

2011

Vessels
in

2012

P rim a ry

Solids

Separation

S e c o n d a ry

Microbial Oxidation

T e rtia ry

Clarification
D is in fe c tio n

Hamworthy
Bioreactor

Screen
Press

Aerobic Biological 
Oxidation (Membrane 

Bioreactor)

Ultrafiltration
Membranes UV 9 9 7 7 9

Scanship Wedgewire
Screen

Aerobic Biological 
Oxidation (Moving Bed 

Bioreactor)

Dissolved Air Flotation 
(DAF) / Polishing Filter u v 3 4 3 3 3

Zenon Coarse
Screen

Aerobic Biological 
Oxidation (Membrane 

Bioreactor)

Ultrafiltration
Membranes

UV 5 3 4 3 3

Rochem Vibratory
Screens

Low Pressure Reverse 
Osmosis (LPRO)

Reverse Osmosis 
Membranes u v 1 1 1 1 1

Marisan 250 Coarse
Screen

Chemical Coagulation Dissolved Air Flotation 
(DAF) / Microfiltration Ozone 1 1 *1 *1 1*

Hydroxyl
Cleansea

Coarse 
Drum Filter

Aerobic Biological 
Oxidation (Moving Bed 

Bioreactor)

Dissolved Air Flotation 
(DAF) / Polishing Filter UV 1 0 0 0 0

Rochem Bio- 
Filt

Vibratory
Screens

Aerobic Biological 
Oxidation (Membrane 

Bioreactor)

Ultrafiltration
Membranes UV 1 0 0 0 0

T riton Screening
Aerobic Biological 

Oxidation (Membrane 
Bioreactor)

Ultrafiltration Ion
Exchange

UV 0 0 0 1 0

* Permitted to discharge but did not discharge.
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5. A D D ITIO N A L P O LLU TIO N  P R EV EN T IO N , C O N T R O L, AND TR EA TM EN T  
M ETH O D S

T h e  P a n e l ’s  f o c u s  h a s  b e e n  o n  p r e v e n t io n ,  c o n t r o l a n d  t r e a tm e n t  t e c h n o lo g ie s  c a p a b le  
o f m e e t in g  t h e  W Q C  fo r  a m m o n ia ,  a n d  d is s o lv e d  c o p p e r ,  n ic k e l a n d  z in c .

A s  a  c o n d it io n  to  th e  2 0 1 0  G e n e r a l  P e r m it ,  c r u is e  l in e s  a r e  r e q u ir e d  to  p r o v id e  D E C  w ith  
in fo rm a tio n  r e la t in g  to  w a s t e w a t e r  t re a tm e n t , p o llu t io n  a v o id a n c e ,  a n d  p o llu t io n  r e d u c t io n  
m e a s u r e s  u s e d  o n  th e  v e s s e l ,  in c lu d in g  t e s t in g  a n d  e v a lu a t io n  p r o c e d u r e s  a n d  e c o n o m ic  a n d  
t e c h n ic a l  f e a s ib ilit y  a n a ly s e s .  D E C  r e q u e s t e d  in fo rm a tio n  in  a  2 0 1 2  D a t a  C o l le c t io n  S u r v e y  
( A p p e n d ix  A ) . O p e r a t o r s  th a t  r e s p o n d e d  to th e  2 0 1 2  S u r v e y  in c lu d e d :

• H o lla n d  A m e r ic a  L in e  ( F o u r  s h i p s ) 28

• P r in c e s s  C r u i s e  L in e  ( S ix  s h ip s )

• C a r n iv a l  S p ir it

• N o r w e g ia n  C r u i s e  L in e s  ( N C L )  ( T w o  s h ip s )

• P r e s t ig e  C r u i s e  L in e s  (T w o  s h ip s )

• S i lv e r  S h a d o w  ( S i l v e r s e a  C r u i s e s )

• D is n e y

In fo r m a tio n  fro m  th e  s u r v e y  r e s p o n s e s  w a s  u s e d  to  e v a lu a t e  b o th  c u r r e n t  a n d  p o te n tia l  
a d d it io n a l m e t h o d s  o f  p o llu t io n  p r e v e n t io n , c o n tro l,  a n d  tre a tm e n t.

5.1. Additional Pollution Prevention Methods

T h e  m a in  s o u r c e  o f  in fo rm a tio n  fo r  p r e v e n t io n  m e t h o d s  c a m e  fro m  th e  c r u is e  s h ip  
S o u r c e  R e d u c t io n  E v a lu a t io n s  ( S R E ) ,  t h e  2 0 1 2  S u r v e y  a n d  p a n e l in p u t. In  th e  S R E ’s ,  
in fo rm a tio n  w a s  p r o v id e d  a b o u t  p o te n tia l p r e v e n t io n  m e t h o d s ; h o w e v e r , t h e r e  w a s  n o  
c o r r e la t io n  o r  v e r if ic a t io n  d a t a  o f  th e  im p le m e n t a t io n  o f  a n y  p a r t ic u la r  s o u r c e  r e d u c t io n  
t e c h n o lo g y  a n d  t h e  r e s u lt in g  c o n c e n t r a t io n  r e d u c t io n  in th e  e ff lu e n t  a t  th e  p o in t  o f  d is c h a r g e .  
P r e v e n t io n  m e t h o d s  a n d  s o u r c e  r e d u c t io n  a lo n e  a r e  n o t e x p e c t e d  to b e  a d e q u a t e  to  r e d u c e  
e ff lu e n t  q u a lit y  to  b e lo w  W Q C .

5 .1 .1 .  A m m o n i a

5.1.1.1. Ammonia Source Reduction

B la c k w a t e r  is  t h e  p r im a r y  s o u r c e  o f  a m m o n ia .  T h e r e  is  n o  m e t h o d  to  r e d u c e  t h e  a m o u n t  
o f a m m o n ia  g e n e r a t e d  in  r a w  s e w a g e .  T h e  r e s p o n s e s  to  th e  2 0 1 2  S u r v e y  a g r e e d  w ith  t h is  
s ta t e m e n t .  N o n e  o f  t h e  r e s p o n d e n t s  h a d  k n o w le d g e  o f  a n y  v ia b le  p o llu t io n  p r e v e n t io n  a c t iv ity  
th a t  w a s  p r o v e n  to  b e  e f f e c t iv e  in r e d u c in g  a m m o n ia  in t h e  in flu e n t. A m m o n ia - b a s e d  c le a n e r s  
o n ly  c o n t r ib u t e  a  n e g l ig ib le  a m o u n t  o f a m m o n ia  c o m p a r e d  to  t h e  c o n c e n t r a t io n  o f a m m o n ia  in  
s e w a g e ,  s o  p r o d u c t  e v a lu a t io n  a n d  r e p la c e m e n t  w o u ld  n o t b e  e f f e c t iv e  in  t h is  c a s e .

28 O n e  s h i p ,  t h e  W e s t e r d a m ,  d o e s  n o t  d i s c h a r g e ,  i n f o r m a t i o n  w a s  s u p p l i e d  v o l u n t a r i l y .
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5 .1 .2 .  M e t a ls

5.1.2.1. Piping
F r o m  t h e  S o u r c e  R e d u c t io n  E v a lu a t io n s ,  t h e  c r u is e  in d u s t r y  p r o p o s e d  t h e  fo llo w in g  

o p t io n s :

• R e p l a c e  c o p p e r - n ic k e l  p o t a b le  w a t e r  p ip in g  w ith  U n ite d  S t a t e s  P u b l ic  H e a lt h  s e r v ic e  
a p p r o v e d  p la s t ic ,

• R e p l a c e  g a lv a n iz e d  p ip in g ,

• E v a lu a t e  p u m p  m a t e r ia ls  o f  c o n s t r u c t io n ,  f itt in g s , c o u p l in g s  a n d  o th e r  p ip e  s y s t e m  
a p p u r t e n a n c e s ,

• R e p la c e  p lu m b in g  s y s t e m s  w ith  n o n - c o p p e r ,  n o n -n ic k e l,  a n d  n o n - z in c  a lt e r n a t iv e s ,

• M in im iz e  c o r r o s io n  p o te n tia l o f  d e m in e r a liz e d / d is t i l le d  w a te r ,

• C o n t in u o u s  m o n ito r in g  o f  th e  c o r r o s io n  s t a t u s  o f  o n  b o a r d  p ip in g , a n d

• C o n t in u o u s  d o s in g  o f  d e m in e r a liz e d / d is t i l le d  w a t e r  d is t r ib u t io n  p ip in g  w ith  a  p o t a b le  w a t e r
s t a b il iz e r .

R e s p o n d e n t s  in d ic a t e d  th a t  t h e r e  w a s  n o  c o n c lu s iv e  p r o o f  th a t  a n y  o f  t h e  lis t e d  p o llu t io n
p re v e n t io n  a c t iv it ie s  w o u ld  h a v e  a n y  im p a c t  o n  e f f lu e n t  c o n c e n t r a t io n s ,  a n d  o n e  r e s p o n d e n t
s ta t e d  th a t  t h e  s h ip ’s  p ip in g  w a s  p o ly p r o p y le n e .

It is  im p o r ta n t  to  n o t e  th a t  w id e s p r e a d  r e p la c e m e n t  o f  p ip e s  is  n ot f e a s ib le  fo r  e x is t in g  
s h ip s .  M o s t  n e w  s h i p s  u t iliz e  p o t a b le  w a t e r  d is t r ib u t io n  p la s t ic  p ip e s  in  a c c o m m o d a t io n  w a te r  
s y s t e m s ;  m e ta l p ip in g  m u s t  b e  u s e d  in in d u s t r ia l  p o r t io n s  o f  t h e  s h ip  d u e  to fire  r e g u la t io n s .

It is  a ls o  im p o r t a n t  to  n o te  th a t  in e s t a b l is h in g  d r in k in g  w a t e r  s t a n d a r d s  f o r  c o p p e r ,  th e  
U .S .  E n v ir o n m e n t a l  P r o t e c t io n  a g e n c y  d id  n o t  e s t a b l is h  a  M a x im u m  C o n t a m in a n t  L e v e l ,  in s t e a d  
it e s t a b l is h e d  a  T r e a t m e n t  T e c h n iq u e  s t a n d a r d  th a t  r e q u ir e s  s y s t e m s  to  c o n t r o l th e  
c o r r o s iv e n e s s  o f t h e ir  w a te r .

5.1.2.2. Product Substitution

F r o m  t h e  S o u r c e  R e d u c t io n  E v a lu a t io n s ,  t h e  fo llo w in g  o p t io n s  w e r e  p r o p o s e d :

• C h e m ic a l  e v a lu a t io n  o f  a ll p r o d u c t s  c u r r e n t ly  u s e d  fo r  c o p p e r ,  n ic k e l a n d  z in c ,

• R e p l a c e  w ith  n o n - m e t a ls  c o n t a in in g  p r o d u c t  w h e r e  f e a s ib le ,  a n d

• Im p le m e n t  fu tu re  p r o g r a m  to  e v a lu a t e  m e t a ls  c o n t e n t  o f  a ll  n e w  p r o d u c t s .

N o  o t h e r  m e t h o d s  fo r  p o llu t io n  p r e v e n t io n  w e r e  id e n t if ie d  in t h e  2 0 1 2  S u r v e y .

5.2. Additional Control Methods

C o n t r o l  m e t h o d s  a r e  d e f in e d  a s  a n y  c o n t e x t  in w h ic h  a  s h ip  t r a n s f e r s  e ff lu e n t  o f f  t h e  s h ip  
p r io r  to  t r e a tm e n t  o r  d is c h a r g e s  o u t s id e  S t a t e  r e g u la t o r y  b o u n d a r ie s .  In  th e  c o n t e x t  o f  t h e  B A T  
e v a lu a t io n ,  c o n tro l m e t h o d s  a r e  t h o s e  t e c h n o lo g ie s  o r  m e t h o d s  th a t  c a u s e  c r u is e  s h ip  
w a s t e w a t e r  e ff lu e n t  to  n o t  e x c e e d  W Q C  in Alaska waters.

T h e  S R E s  a n d  t h e  2 0 1 2  S u r v e y  w e r e  u s e d  to  id e n t ify  a d d it io n a l m e t h o d s  f o r  c o n tro l.  
M o s t  m e t h o d s  id e n t if ie d  a r e  a lr e a d y  in lim ite d  u s e .  T h e s e  m e t h o d s  a r e  l is t e d  b e lo w .
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• H o ld  a ll  e ff lu e n t  fo r  d is c h a r g e  o u t s id e  A l a s k a  w a t e r s

• T r e a t  a n d  d is c h a r g e  s e le c t e d  w a s t e  s t r e a m s  w ith in  A l a s k a  w a t e r s  a n d  h o ld  o t h e r s  fo r
d is c h a r g e  o u t s id e  S t a t e  w a t e r s

• D i s c h a r g e  to  P u b lic ly  O w n e d  T r e a t m e n t  W o r k s  ( P O T W )

• D i s c h a r g e  to  d e d ic a t e d  c r u is e  s h ip  w a s t e w a t e r  e f f lu e n t  t r e a tm e n t  fa c il ity  o n  la n d

D i s c h a r g e  to  a  c r u i s e  s h ip - s p e c i f i c  w a s t e w a t e r  t r e a tm e n t  fa c ility  th a t  t r e a te d  e ff lu e n t  to  
W Q C  a t  t h e  p o in t  o f  d is c h a r g e  w a s  e v a lu a t e d  a s  a n  a d d it io n a l c o n tro l m e th o d .

S e v e r a l  r e s p o n d e n t s  to  th e  D E C  2 0 1 2  S u r v e y  in d ic a t e d  th a t  th e y  w o u ld  c o n s id e r  t re a tin g  
a n d  h o ld in g  f o r  o f f - s h o r e  d is c h a r g e  a s  t h e ir  f ir s t  c h o ic e  fo r  c o n tro l m e th o d . H o w e v e r ,  th e y  w o u ld  
n e e d  to  p e r fo r m  a  c o s t / b e n e f it  a n a ly s i s  to  d e t e r m in e  o v e r a ll  e f fe c t  o f  c h a n g e s  to  it in e r a r ie s  
w h ic h  w o u ld  r e s u lt  fro m  im p le m e n t in g  t h is  o p tio n . H o lla n d  A m e r ic a  s ta t e d  th a t  in 2 0 0 9 ,  d u e  to  
o p e r a t in g  p r o b le m s  w ith  m e m b r a n e s ,  t h e  V o le n d a m  n e e d e d  to  h o ld  w a s t e w a t e r  fo r  o f f - s h o r e  
d is c h a r g e s .  T h e  e s t im a t e d  c o s t s  a d d e d  $ 1 0 , 0 0 0  p e r  w e e k  in fu e l c o s t s  d u e  to  b o th  e x t r a  s a il in g  
o n  o f fs h o r e  e x c u r s io n s  fo r  d is c h a r g e ,  a s  w e ll a s  s a i l in g  a t  h ig h e r  s p e e d s  in  A l a s k a  w a t e r s  to  
m a k e  it in e r a ry  w h ile  a c c o m m o d a t in g  t h e s e  e x c u r s io n s .  S i n c e  fu e l c o s t s  a r e  h ig h e r  n o w  th a n  in 
2 0 0 9 ,  t h e  c o s t  o f  t h is  o p tio n  w o u ld  b e  e v e n  h ig h e r .

In  th e  2 0 1 2  S u r v e y ,  P r in c e s s  C r u i s e  L in e s  in d ic a t e d  th e ir  s e c o n d  c o n t r o l c h o ic e  w o u ld  
b e  to  d is c h a r g e  to  o n - s h o r e  fa c il it ie s ,  h o w e v e r ,  th e y  w o u ld  n e e d  to  “ 1 ) D e t e r m in e  c a p a c it y  o f  
e a c h  lo c a l  w a s t e w a t e r  t r e a tm e n t  fa c ility  to  m a n a g e  e x p e c t e d  w a s t e  w a t e r  lo a d  fro m  c r u is e  
v e s s e ls ,  a n d  c o s t  to  u p g r a d e  c a p a c it y  a s  n e c e s s a r y ,  2 )  D e t e r m in e  in f r a s t r u c t u r e  im p r o v e m e n t s  
n e c e s s a r y  to  t r a n s p o r t  w a s t e w a t e r  fro m  s h ip  to t r e a tm e n t  p la n t, a n d  3 )  In s t a ll  u p g r a d e s  a s  
n e c e s s a r y  to  s h o r e - b a s e d  w a s t e w a t e r  t r e a tm e n t  p la n t s  a n d  a s s o c ia t e d  in f r a s t r u c t u r e .”

5 .2 .1 .  H o l d i n g  f o r  d i s c h a r g e  o u t s i d e  A l a s k a  w a t e r s

T h i s  c o n t r o l  m e t h o d  in v o lv e s  h o ld in g  a ll o r  s o m e  e ff lu e n t  fo r  d is c h a r g e  o u t s id e  A la s k a  
w a t e r s .  T h e  e f f lu e n t  c o u ld  b e  t r e a te d  o r  u n tr e a te d . V e s s e l s  th a t  e le c t  t h is  c o n t r o l s t r a t e g y  m a y  
s p e n d  l e s s  t im e  in A l a s k a  m a r in e  w a t e r s .  T h e  a m o u n t  o f  e f f lu e n t  th a t  c a n  b e  h e ld  d e p e n d s  o n  
t h e  h o ld in g  c a p a c i t y  o f  t h e  v e s s e l .  V e s s e l s  th a t  d is c h a r g e  o u t s id e  A la s k a  w a t e r s  m ig h t  a ls o  tre a t  
a n d  d is c h a r g e  s o m e  o f th e ir  e f f lu e n t  in s id e  A l a s k a  w a t e r s ,  w h ic h  e x t e n d s  th e  a m o u n t  o f  t im e  th e  
v e s s e l  c a n  r e m a in  in A l a s k a  w a t e r s .  If e x c u r s io n s  to  o u t s id e  A l a s k a  w a t e r s  a r e  n e c e s s a r y  ju s t  to  
d is c h a r g e ,  t h e  v e s s e l  in c u r s  a d d it io n a l fu e l c o s t s ,  a n d  m a y  a ls o  r e d u c e  t h e  a m o u n t  o f  t im e  th at  
p a s s e n g e r s  e x p e r ie n c e  in  port.

5 . 2 .1.1. Hold all effluent for discharge outside Alaska waters

T h i s  o p t io n  r e q u ir e s  e n o u g h  h o ld in g  c a p a c it y ,  a n d  v e s s e l  it in e r a r ie s  m u s t  b e  s e t  to  
a c c o m m o d a t e  t h e  d is c h a r g e  n e e d s .  T a b l e s  2  a n d  5  i llu s t r a te  th a t  a b o u t  4 0 %  o f th e  v e s s e l s  in 
th e  A l a s k a  o p e r a t io n s  c u r r e n t ly  e m p lo y  t h is  o p t io n . B a s e d  o n  r e s p o n s e s  to  t h e  D a t a  C o lle c t io n  
S u r v e y ,  t h e  c u r r e n t  h o ld in g  c a p a c i t ie s  o f  s h ip s  c u r r e n t ly  p e rm itte d  to  d is c h a r g e  r a n g e  b e tw e e n  
5 6  a n d  91 h o u r s .
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5.2.1.2. Treat and discharge selected waste streams within Alaska waters and hold others for 
discharge outside State waters

G r a y w a t e r  m a k e s  u p  t h e  m a jo r ity  o f  v o lu m e  o f  w a s t e w a t e r .  T h e r e  is  b e n e fit  to  t r e a t in g  
a n d  d is c h a r g in g  ju s t  g r a y w a t e r  a n d  it m a y  b e  p o s s ib le  to  m e e t  W Q C  w ith  t h is  p r a c t ic e .  T h e  
g r a y w a t e r -o n ly  w a s t e  s t r e a m  h a s  le s s  a m m o n ia .  A n  a d v a n t a g e  w ith  th is  c o n t r o l m e th o d  is  th a t  
le s s  h o ld in g  c a p a c it y  i s  r e q u ir e d  s o  t h e r e  is  l e s s  n e g a t iv e  im p a c t  o n  it in e r a r ie s  a n d  r o u te s . O n e  
v e s s e l  in  th e  A l a s k a  t r a d e  c u r r e n t ly  e m p lo y s  t h is  a p p r o a c h .

T h e  c u r r e n t  lim its  in  t h e  p e r m its  v a r y  b e tw e e n  t h e  in p o rt  a n d  u n d e r w a y  s itu a t io n . T h e  in 
p o rt lim its  a r e  b a s e d  o n  a  d ilu t io n  f a c t o r  o f  2 8 . w h ile  th e  u n d e r w a y  lim its  a r e  b a s e d  o n  th e  
d e m o n s t r a t e d  p e r f o r m a n c e s  o f  th e  in d iv id u a l s y s t e m s .  A  v e s s e l  c o u ld ,  u n d e r  t h e  lim its , tre a t  a  
g r a y w a t e r  o n ly  w a s t e  s t r e a m  a n d  d is c h a r g e  c o n t in u o u s ly  ( e v e n  in p o rt) a n d  a ls o  t re a t  a  g r a y -  
b la c k w a t e r  m ix e d  w a s t e  s t r e a m  c o n t in u o u s ly ,  b u t d is c h a r g e  t h e  t re a te d  e ff lu e n t  o n ly  w h e n  
u n d e r w a y . T h e r e  a r e  s e v e r a l  v e s s e l s  in A la s k a  d o in g  t h is  n o w .

5 .2 .2 .  D i s c h a r g e  t o  P u b l i c l y - O w n e d  W a s t e w a t e r  T r e a t m e n t  P l a n t s

O n e  c r u is e  s h ip  o p e r a t o r  c u r r e n t ly  d is c h a r g e s  s o m e  o f  t h e ir  w a s t e w a t e r  to  t h e  J u n e a u  
D o u g la s  W a s t e w a t e r  T r e a t m e n t  P la n t . T h e  w a s t e w a t e r  d is c h a r g e d  is  g a l le y  w a s t e w a t e r  w h ic h  
h a s  h ig h  B O D  lo a d in g .  T h e y  in d ic a t e d  $ 7 0 / m 3 to b e  t h e  m a x im u m  a c c e p t a b le  f e e  fo r  t h is  
d is c h a r g e .  F o u r  o p e r a t o r s  in d ic a t e d  th e y  w o u ld  u s e  t h is  o p t io n  if it w e r e  a f fo r d a b le .  O n e  
r e s p o n d e n t  in d ic a t e d  $ 1 5 / m 3 a s  t h e  m a x im u m  c o s t  fo r  s h o r e - s id e  t r e a tm e n t  th a t  w o u ld  b e  
fe a s ib le .  T h r e e  o p e r a t o r s  s a id  th e y  w o u ld  n o t c o n s id e r  u s in g  s h o r e - s id e  fa c il it ie s .  If t h is  o p tio n  
w a s  w id e ly  a d o p t e d  b y  c r u is e  s h ip s ,  a d d it io n a l f a c i l it ie s  w o u ld  h a v e  to b e  in s t a lle d  in o th e r  p o rts  
a n d / o r  e x is t in g  f a c i l it ie s  e x p a n d e d .

T h e  F e d e r a l  C l e a n  W a t e r  A c t  r e q u ir e s  th a t  a ll m u n ic ip a l  w a s t e w a t e r  t r e a tm e n t  p la n t s  u s e  
p r im a ry  t r e a tm e n t  ( u s in g  g r a v it y  to  s e p a r a t e  s o l id s  fro m  liq u id s )  a n d  s e c o n d a r y  t r e a tm e n t  ( u s in g  
a e r o b ic  b a c t e r ia  [ b a c t e r ia  th a t  n e e d  o x y g e n  to  g ro w ] to  b r e a k  d o w n  th e  o r g a n ic  w a s t e  le ft a fte r  
p r im a ry  t re a tm e n t)  b e fo r e  d is c h a r g in g  th e ir  w a te r.

In  1 9 7 2 ,  C o n g r e s s  p a s s e d  th e  F e d e r a l  W a t e r  P o llu t io n  C o n t r o l  A c t  A m e n d m e n t ,  w h ic h  
r e q u ir e d  w a s t e w a t e r  t r e a tm e n t  p la n t s  to  a c h ie v e  s e c o n d a r y  t r e a tm e n t  c a p a b il it y  b y  1 9 7 7 .  S o m e  
m u n ic ip a lit ie s  th a t  d is c h a r g e d  in to  m a r in e  w a t e r s  r a is e d  t h e  i s s u e  th a t th a t  t h is  r e q u ir e m e n t  
m ig h t  b e  u n n e c e s s a r y  o n  t h e  g r o u n d s  th a t  m a r in e  d is c h a r g in g  t r e a tm e n t  p la n t s  t e n d  to  
d is c h a r g e  in to  d e e p e r  w a t e r s  w ith  la r g e  t id e s  a n d  s u b s t a n t ia l  c u r r e n t s ,  w h ic h  a llo w  fo r g r e a t e r  
d ilu tio n  a n d  d is p e r s io n  th a n  t h e ir  f r e s h w a t e r  c o u n t e r p a r t s .  A s  a  re s u lt , C o n g r e s s  a d d e d  S e c t io n  
3 0 1 ( h )  to  t h e  C le a n  W a t e r  A c t  in  1 9 7 7 ,  a llo w in g  fo r  a  c a s e - b y - c a s e  r e v ie w  o f  t r e a tm e n t  
r e q u ir e m e n t s  fo r  m a r in e  d is c h a r g e r s .  E l ig ib le  a p p lic a n t s  th a t  m e t  th e  s e t  o f  e n v ir o n m e n t a l ly  
s t r in g e n t  c r ite r ia  in S e c t io n  3 0 1 ( h )  w o u ld  r e c e iv e  a  N a t io n a l P o llu ta n t  D i s c h a r g e  E lim in a t io n  
S y s t e m  ( N P D E S )  p e rm it  w ith  lim its  fo r  B O D  a n d  T S S  l e s s  s t r in g e n t  t h a n  t h e  s e c o n d a r y  
t r e a tm e n t  r e q u ir e m e n t s .

A ll t r e a tm e n t  p la n t s  u n d e r  th e  p r o g r a m  h a v e  m in im u m  r e q u ir e m e n t s  to  c o n d u c t  p r im a ry  
t re a tm e n t  o f  th e ir  w a s t e w a t e r  e fflu e n t. T h e  a d d it io n  o f  s e c o n d a r y  tre a tm e n t, h o w e v e r , p r o v id e s  
fo r  t h e  r e m o v a l o f  m o r e  T S S  a n d  B O D  th a n  p r im a r y  t r e a tm e n t  a lo n e .
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In  A la s k a ,  n e it h e r  in d u s t r ie s  n o r  m u n ic ip a lit ie s  d is c h a r g in g  to  m a r in e  w a t e r s  a r e  re q u ire d  
to  m e e t  t h e  s t r in g e n t  W Q C  a t  t h e  p o in t  o f  d is c h a r g e .  M a n y  A l a s k a n  m u n ic ip a lit ie s ,  in c lu d in g  
A n c h o r a g e ,  A l a s k a ’s  la r g e s t  p o p u la t io n  c e n t e r ,  p r o v id e  o n ly  p r im a r y  t r e a tm e n t 29 a n d  a r e  
p e rm itte d  b y  E P A  to  d o  s o  u n d e r  S e c t io n  3 0 1 ( h )  o f  t h e  C l e a n  W a t e r  A c t .  N e it h e r  t h e  p r im a ry  
t r e a tm e n t  n o r  t h e  s e c o n d a r y  t r e a tm e n t  f a c i l i t ie s 30 m e e t  A l a s k a ’s  W Q C  a t  t h e  p o in t  o f  d is c h a r g e , 
e s p e c ia l ly  fo r  a m m o n ia  a n d  d is s o lv e d  c o p p e r . 31 T h e y  d o  m e e t  w a t e r  q u a lit y - b a s e d  e ff lu e n t  lim its  
a t t h e  p o in t  o f  d is c h a r g e ,  w h e n  s u c h  lim its  a r e  a p p lie d  b e c a u s e  w a t e r  q u a lit y - b a s e d  e fflu e n t  
l im its  a r e  e s t a b l is h e d  a fte r  a  t h o r o u g h  c o n s id e r a t io n  o f  m ix in g  z o n e  r e g u la t io n s  to  a s s u r e  w a te r  
q u a lity  s t a n d a r d s  a r e  m e t  in th e  r e c e iv in g  w a te r . W h e n  p e rm itt in g  d e t e r m in e s  w a t e r  q u a lity -  
b a s e d  e ff lu e n t  lim its  a r e  n e e d e d ,  th e y  a r e  e s t a b l is h e d  a f te r  c o n s id e r a t io n  o f  d ilu tio n . T h e r e  a re  
s o m e  p e r m it s  in A l a s k a  fo r  m u n ic ip a l  d i s c h a r g e s  to  m a r in e  w a t e r s  w ith  lim its  fo r  c o p p e r ,  but 
n o n e  r e q u ir e  lim its  fo r  a m m o n ia ,  n ic k e l  o r  z i n c 32.

T h e  M e n d e n h a ll  w a s t e w a t e r  t r e a tm e n t  p la n t  ( W W T P )  ( J u n e a u ,  A K ) ,  w h ic h  d is c h a r g e s  to 
f r e s h  w a te r ,  is  a llo w e d  to  d is c h a r g e  a  m o n t h ly  a v e r a g e  o f  2 8 .5  m ill ig r a m s  p e r  lite r o f  a m m o n ia  
(R e f .  N P D E S  P e r m it  #  A K - 0 0 2 2 9 5 - 1 ) .  T h e  J u n e a u  D o u g la s  W W T P ,  w h ic h  d is c h a r g e s  to m a r in e  
w a te r, d o e s  n o t  h a v e  d is c h a r g e  lim its  fo r  a m m o n ia .  J u n e a u ’s  c h a r g e s  d e p e n d  o n  t h e  B O D  
lo a d in g . T h e  p e r m it  o n ly  r e q u ir e s  r e p o r t in g  a m m o n ia  c o n c e n t r a t io n s  tw ic e  p e r  y e a r  ( N P D E S  
P e r m it  #  A K - 0 0 2 3 2 1 - 3 ) .  T h e  m a x im u m  a m m o n ia  c o n c e n t r a t io n  r e p o rte d  b e t w e e n  2 0 0 5  a n d  
2 0 0 9  w a s  1 2  m g / L .

T a b l e  1 3  p r e s e n t s  in fo rm a tio n  o n  a m m o n ia  a n d  m e t a ls  d a t a  a n d  l im it s 33 ( if  a n y )  fo r  
A la s k a n  m u n ic ip a l  m a r in e  d is c h a r g e s .  T h e  lim its  lis te d  fo r  m u n ic ip a l  d i s c h a r g e s  a r e  fo r th e  
e ff lu e n t  a t  t h e  p o in t  o f  d is c h a r g e .  T a b l e  9  p r e s e n t s  in fo rm a tio n  o n  t h e  lim its  fo r  t h e s e  
p a r a m e t e r s  in c r u i s e  s h ip  e f f lu e n t s  fro m  t h e  2 0 1 0  G e n e r a l  P e rm it .

29 Anchorage, Haines, Ketchikan, Petersburg, Sitka, Skagway, Unalaska and W rangell

30 Cordova, Homer, Juneau, Kenai, Kodiak, Seward and Valdez

31 M axim um  copper values fo r the  m unicipalities range from  23 to  167 pg/L. M axim um  ammonia values fo r the 

municipalities range fro m  4 to  64 mg/L. (Values determ ined from  review  o f perm it fac t sheets and discharge 

m onitoring reports.)

32 http://dec.alaska.gov/Applications/W ater/W aterPerm itSearch/Search.aspx

33 Some m unicipal e fflu en t lim its are fo r to ta l recoverable metals. Cruise ship e fflu en t lim its  are fo r  dissolved 

metals. Total recoverable m etal concentrations can be converted in to  dissolved metal concentrations by a default 

or site specific conversion factor.
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T a b l e  1 3  M u n i c i p a l  W a s t e w a t e r  T r e a t m e n t  P l a n t s  w i t h  M a r i n e  O u t f a l l s

City

Am m onia

Lim it
Max Result 
mg/L

Homer Report 64

Cordova Report 17

W rangell Report 25

Skagway None 21*

Sitka Report 22

Petersburg Report 34

Haines None no data

Seward Report 24

Juneau/Douglas Report 11

Kodiak Report 15.7*

Craig None no data

Anchorage None 26

Kenai None 3.8*

Unalaska None 34

Barrow None no data

Copper

Lim it
Max Result 
Pg/L

None no data

None no data

None 114*

M on th ly  Avg. 150 
pg/L, Daily Max. 210 

Pg/L
73

M on th ly  Avg. 243 
pg/L, Daily Max. 354 

Pg/L
109

None 50*

M on th ly  Avg. 78 
pg/L, Daily Max. 156 

Pg/L 60

None no data

Report 44*

None no data

None no data

None 45*

None 23*

None 167

None no data

Nickel

Lim it
Max Result 

Pg/L

None no data

None no data

None no data

None no data

None no data

None no data

None no data

None no data

None 5.95

None no data

None no data

None no data

None no data

None no data

None no data

Zinc lim its

Lim it
Max Result 

Pg/L

None no data

None no data

None no data

None no data

None no data

None no data

None no data

None no data

None 82.7

None no data

None no data

None no data

None no data

None no data

None no data

Discharge Monitoring Reports (DMRs) period evaluated January 2008 through June 2010 If value marked b y "* ", then no current DMR monitoring requirement and maximum comes from the permit fact 
sheet. Some municipal effluent limits are for total recoverable metals. Cruise ship effluent limits are for dissolved metals. Total recoverable metal concentrations can be converted into dissolved metal 

concentrations by a conversion factor.
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5 .2 .3 .  D i s c h a r g e  t o  a n  O n - S h o r e  F a c i l i t y  f o r  P o l i s h i n g  T r e a t m e n t

A n  a lt e r n a t e  to  o n b o a r d  t r e a tm e n t  i s  to d is c h a r g e  th e  c r u is e  s h ip  t re a te d  e ff lu e n t  to  an  
o n - s h o r e  fa c il ity  d e d ic a t e d  to  c r u is e  s h i p s  o n ly . T h e  c o n c e p t  is  to p r o v id e  a d d it io n a l t r e a tm e n t  o r  
a  p o l is h in g  s t e p  to  th e  c u r r e n t ly  t r e a te d  w a s t e w a t e r  fro m  t h e  c r u i s e  s h ip s  in  o r d e r  to  m e e t  
r e g u la t io n s .  T r e a t m e n t  a t  a n  o n - s h o r e  f a c il it y  d o e s  n o t n e c e s s a r i ly  m e a n  th a t  e x is t in g  m u n ic ip a l  
w a s t e w a t e r  t r e a tm e n t  p la n t s  w ill b e  u s e d  to t r e a t  t h e  c r u is e  s h ip  w a s t e w a t e r .  T h a t  c o u ld  b e  th e  
c a s e  o n ly  if t h e y  a r e  a t  t h e  r ig h t  lo c a t io n s  a n d  a r e  a p p r o p r ia t e  fo r  in s t a lla t io n  o f  th e  p o lis h in g  
tre a tm e n t. O n - s h o r e  fa c i l it ie s  w o u ld  n e e d  to b e  in s t a lle d  a t s t r a t e g ic  lo c a t io n s  w ith in  th e  
e s t a b l is h e d  c r u i s e  s h ip  r o u t e s  a n d  a t  d is t a n c e s  th a t  a llo w  t h e  c r u is e  s h ip s  to  s to p  fo r  e ff lu e n t  
d is c h a r g e  w ith o u t  a d d it io n a l s t o r a g e  c a p a c it y  w ith in  th e  s h ip .

O n - s h o r e  fa c i l it ie s  w o u ld  e l im in a t e  t h e  n e e d  fo r re tro fittin g  e x is t in g  v e s s e ls  to 
a c c o m m o d a t e  p o te n tia l p o l is h in g  tre a tm e n t. R e tro f it t in g  a n  e x is t in g  v e s s e l  to a c c o m m o d a t e  n e w  
e q u ip m e n t  c a n  b e  v e r y  c o s t ly  a n d  t im e  c o n s u m in g ,  e s p e c ia l ly  b e c a u s e  o f s p a c e  c o n s t r a in t s  
w ith in  t h e  v e s s e l  a n d  t h e  n e e d  fo r  c o m p l ia n c e  w ith  s t r in g e n t  m a r in e  c o d e s  a n d  re g u la t io n s ,  
p e rm itt in g , a n d  p e r h a p s  t h e  w o r k  m a y  n e e d  to  b e  d o n e  w h ile  t h e  s h ip  is  in o p e ra t io n .

T h e  fo llo w in g  is  a  lis t  o f  p o te n tia l i s s u e s / c o n c e r n s  to b e  a d d r e s s e d  w h e n  c o n s id e r in g  
d is c h a r g e  to  o n - s h o r e  fa c ility :

• L o c a t io n :  W h e r e  a n d  h o w  m a n y ?  It in e r a r y  a n d  c r u i s e  s h ip  ro u t in g  s h o u ld  b e  
c o n s id e r e d  in s e le c t in g  t h e  lo c a t io n s .

• O w n e r s h ip :  W h o  w ill o w n  a n d  o p e r a t e  t h e s e  fa c i l it ie s ?  O p t io n s  a r e : c o m m u n it ie s ,  
p r iv a t e  p a r t ie s ,  N a t iv e  A m e r ic a n  c o r p o r a t io n s ,  c r u is e  s h ip  o p e r a t o r s  in d iv id u a lly  
o r  in p a r t n e r s h ip .

• R e g u la t o r y :  T h e  C r u i s e  S h i p  P r o g r a m ’s  s t a t u t e s  a p p ly  o n ly  to  w a s t e w a t e r  
d is c h a r g e d  in to  t h e  w a t e r s  o f  th e  s ta te . S o  f r o m  t h e  p e r s p e c t iv e  o f  t h e  p ro g ra m ,  
a n d  p r o b a b ly  f ro m  D E C ,  if  a  s h ip  d is c h a r g e s  to  a  s h o r e  fa c il ity  th e y  a r e  b e y o n d  
t h e  s ta tu to r y  a u th o r ity  o f  t h e  s t a t u t e s  th a t  r e la t e s  to  m a r in e  d is c h a r g e .  W h a t  f in a l 
e ff lu e n t  d is c h a r g e  r e g u la t io n s  w ill a p p ly  to  t h e  o n - s h o r e  f a c i l i t ie s ?  H o w  to e n s u r e  
th a t  e a c h  c r u is e  s h ip  is  in c o m p l ia n c e  w ith  t h e  d is c h a r g e  r e g u la t io n s ?

• D i s c h a r g e s  a n d  S a m p lin g :  W h a t  w o u ld  t h e  s a m p l in g  r e q u ir e m e n t s  b e ?

• O f f - S e a s o n  O p e r a t io n s :  D e p e n d in g  o n  th e  t y p e  o f  t r e a tm e n t  a t th e  la n d  b a s e d
fa c il it ie s ,  o p e r a t io n a l  i s s u e s  d u r in g  o f f - s e a s o n  m a y  b e  a n  is s u e .  R e s t a r t  o f th e
s y s t e m  a t t h e  b e g in n in g  o f  t h e  c r u is e  s e a s o n  w o u ld  a ls o  b e  a  c o n c e r n .

O n  t h e  o t h e r  h a n d , t re a tm e n t  at o n - s h o r e  f a c il it ie s  c a n  o ffe r  s o m e  o p e r a t io n a l  
a d v a n t a g e s  s u c h  a s :

• O p e r a t io n a l  f le x ib ility  a n d  re lia b ility

• F lo w  a n d  c o m p o s it io n  e q u a liz a t io n  b y  p r o v id in g  e q u a l iz a t io n  t a n k s

• T r e a t e d  e ff lu e n t  h o ld in g  t a n k s  to e n s u r e  th a t  th e  q u a lity  o f  t h e  t r e a te d  w a s t e w a t e r  
is  in  c o m p l ia n c e  w ith  th e  d is c h a r g e  r e g u la t io n s .  In  c a s e  t h e  e ff lu e n t  is  n o t in
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c o m p l ia n c e ,  it c a n  b e  s e n t  b a c k  to  th e  h e a d  o f  t h e  t r e a tm e n t  p la n t  fo r  fu rth e r  
t re a tm e n t.

• S p a c e  r e q u ir e m e n t s  s h o u ld  b e  l e s s  o f  a n  i s s u e

5 .2 .4 .  A d d i t io n a l  C o n t r o l  M e t h o d s  E v a l u a t i o n
D is c h a r g in g  l e s s  t r e a te d  e f f lu e n t  o f fs h o r e  d o e s  n o t m e a n  s h i p s  a r e  m e e t in g  W Q C .  T h e y  

a r e  m o v in g  w a s t e  to  a  d if fe r e n t  lo c a t io n  n o t s u b je c t  to  t h e  s t a t e ’s  p e rm it. E v e n  in  t h is  s itu a t io n ,  
b e c a u s e  o f  t h e  v e r y  h ig h  ra te  o f d ilu t io n  w h e n  d is c h a r g in g ,  W Q C  a r e  a c h ie v e d  v e r y  ra p id ly  in 
t h e  r e c e iv in g  w a t e r s .

D is c h a r g in g  to  a  P O T W  s u c h  a s  J u n e a u ’s  d o e s  n o t  r e q u ir e  t h e  s h ip  to m e e t  W Q C .  
R a t h e r ,  t h e  e f f lu e n t  is  t r a n s f e r r e d  to  a  s h o r e  fa c ility  th a t  d o e s  n o t  h a v e  th e  s a m e  s tr ic t  r e g u la t o r y  
lim its  o n  t h e  p o llu t a n t s  o f  c o n c e r n .  T h i s  i s  still p r o t e c t iv e  o f  A l a s k a ’s  m a r in e  w a t e r s  b e c a u s e  t h e  
lim its  fo r  P O T W s  a r e  a c c o r d in g  to  s t a t e  a n d  f e d e r a l  p r o c e d u r e s  th a t  a s s u r e  W Q C  a r e  a c h ie v e d  
in  t h e  r e c e iv in g  w a t e r s .  If  m a n y  s h ip s  w e r e  to  o ff lo a d  to  a  P O T W ,  t h e r e  c o u ld  b e  a  n e e d  to  
m o d ify  th e  P O T W ’s  p e rm it  to  a c c o u n t  fo r  t h e  c h a n g e .

D i s c h a r g e  to  a  p o lis h in g  t r e a tm e n t  fa c ility  is  t r a n s f e r r in g  a  t re a te d  e ff lu e n t  to  a  s h o r e  
fa c ility  fo r  fu rth e r  t r e a tm e n t  w ith  t h e  in te n t  th a t  th e  p o llu ta n t  c o n c e n t r a t io n s  w o u ld  n o t e x c e e d  
W Q C  a t  t h e  p o in t  o f  d is c h a r g e  to  t h e  e n v ir o n m e n t .  T h i s  m e t h o d  w o u ld  p r o t e c t  A l a s k a  w a t e r s .  
T h i s  c o n tro l m e th o d  is  n o t  c u r r e n t ly  a v a i la b le  a n d  f e a s ib i lit y  a n d  c o s t  a r e  u n k n o w n  a t t h is  t im e . 
T h e r e  m ig h t  n o t  b e  a n y  s ig n if ic a n t  e n v ir o n m e n t a l  b e n e fit  to  t h is  c o m p a r e d  w ith  d is c h a r g in g  t h e  
A W T S  t r e a te d  e ff lu e n t  w h e n  u n d e r w a y .

5.3. Additional Treatment Methods

T r e a t m e n t  t e c h n o lo g ie s  th a t  a r e  n o t a lr e a d y  c o m m o n ly  u s e d  in c r u is e  s h ip  A W T S  w e r e  
id e n tif ie d  a n d  c o n s id e r e d  fo r  t r e a tm e n t  o f  a m m o n ia  a n d  h e a v y  m e t a ls .  In fo r m a tio n  to e s t a b l is h  
a d d it io n a l t r e a tm e n t  t e c h n o lo g ie s  c a m e  fro m  m u lt ip le  s o u r c e s  in c lu d in g :

• F e a s ib i l it y  S t u d y 34

• L it e r a t u r e  r e v ie w

• C r u i s e  lin e  r e p o r t s  a n d  d a t a

• E P A  C r u i s e  S h ip  lite ra tu re  a n d  d a t a

• V e n d o r  in fo rm a tio n

• S h ip b u i ld e r  in p u t

• O t h e r  p a n e l m e m b e r  in p u t

34 Reducing Concentrations of Dissolved Metals and Ammonia in Large Passenger Vessel Wastewater Discharges, 
Final, June 1, 2010 (OASIS, 2010)
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5 .3 .1 .  A m m o n i a

5 .3.1.1. Nitrification for Ammonia Removal

Io n  e x c h a n g e ,  a ir  s t r ip p in g ,  a n d  b r e a k p o in t  c h lo r in a t io n  a r e  l e s s  c o m m o n  la n d - b a s e d  
m e t h o d s  fo r  r e d u c in g  a m m o n ia  in  w a s t e w a t e r .  T h e s e  t e c h n o lo g ie s  h a v e  p o te n tia l to  m e e t  1 
m g / L  W Q C  f o r  a m m o n ia .  Io n  e x c h a n g e  h a s  s e e n  lim ite d  u s e  o n  c r u is e  s h ip s  a n d  is  d e s c r ib e d  in 
S e c t io n  5 .3 .2 .4 .  N o  d a t a  a r e  a v a i la b le  to  d e t e r m in e  w h e t h e r  a ir  s t r ip p in g  a n d  b r e a k p o in t  
c h lo r in a t io n  c o u ld  b e  a d a p t e d  to c r u is e  s h ip  o p e r a t io n s .

A m m o n ia  o r ig in a t e s  fro m  h u m a n  a n d  a n im a l  w a s t e .  T h e  m a jo r ity  o f  t h e  la n d - b a s e d  
t r e a tm e n t  e x p e r ie n c e  c o m e s  fro m  th e  m u n ic ip a l  s e w a g e ,  a n im a l w a s t e  in d u s t r ie s ,  a n d  d iv e r s e  
t y p e s  o f  in d u s t r ia l  a p p lic a t io n s  in c lu d in g  fo o d  p r o c e s s in g  fa c ilit ie s .

T h e  t e c h n o lo g y  m o s t  c o m m o n ly  u s e d  a m m o n ia  r e d u c t io n  m e th o d  in m u n ic ip a l  
w a s t e w a t e r  t r e a tm e n t  is  n itr if ic a tio n . T h i s  p r o c e s s  a ls o  o c c u r s  to  s o m e  e x te n t  in th e  b io lo g ic a l  
c o m p o n e n t  p r e s e n t  in m o s t  A W T S  o n  c r u is e  s h ip s .  In  th e  n itr if ic a tio n  p r o c e s s ,  n itr ify in g  b a c t e r ia  
c o n v e r t  a m m o n ia  ( N H 3) to n itrite  ( N 0 2"), fo llo w e d  b y  th e  c o n v e r s io n  o f  n itrite  to  n itra te  ( N 0 3"). 
N itra te  h a s  le s s  o f  a n  im p a c t  o n  m a r in e  r e c e iv in g  w a t e r  t h a n  a m m o n ia .  W h e r e a s  t h e r e  a r e  
m a r in e  w a t e r  q u a lit y  s t a n d a r d s  fo r  a m m o n ia ,  t h e r e  a r e  n o  m a r in e  w a t e r  q u a lit y  s t a n d a r d s  fo r  
n itra te . T h i s  p r o c e s s  r e q u ir e s  a e r o b ic ,  o r  o x y g e n - r ic h ,  c o n d it io n s .  N itr if ic a tio n  c o n v e r t s  a m m o n ia  
to  n itra te , b u t d o e s  n o t r e m o v e  to ta l n it ro g e n .

O p t im a l c o n d it io n s  fo r  n itr if ica tio n  in c lu d e  a  h ig h ly  a e r o b ic  e n v ir o n m e n t  p r o v id e d  th r o u g h  
a e r a t io n  w ith in  t h e  r e a c t o r , s u f f ic ie n t  s u r f a c e  a r e a  o r  c o n t a c t  b e tw e e n  t h e  b a c t e r ia  a n d  th e  
c o m p o u n d s  to  b e  o x id iz e d ,  s u f f ic ie n t  r e s id e n c e  t im e  fo r m ic r o b io lo g ic a l  o x id a t io n , th e  r ig h t  p H  
a n d  t e m p e r a t u r e ,  a n d  s u f f ic ie n t  a lk a lin ity  fo r  t h e  r e a c t io n s .  N itr if ic a tio n  m a y  b e  c a r r ie d  o u t  in th e  
s a m e  t a n k  a s  B O D  r e m o v a l (a c t iv a t e d  s l u d g e  o r f ix e d  film ) o r  in  a  s e p a r a t e  s t a g e .  In  e ith e r  
c a s e ,  lo n g e r  to ta l r e s id e n c e  t im e s  a r e  r e q u ir e d  th a n  fo r B O D  t r e a tm e n t  a lo n e ,  b e c a u s e  
n itr if ic a t io n  is  a  s lo w e r  p r o c e s s .  T h i s  m e a n s  in  p r a c t ic e  th a t  la r g e r  a e r a t e d  b io r e a c t o r s  h a v e  to 
b e  in s t a lle d .  M o r e  r e c e n t ly ,  a n  u p -f lo w , f ix e d  film  b io lo g ic a l  s y s t e m  h a s  b e e n  d e v e lo p e d  a n d  
c la im s  to  b e  c a p a b le  o f  r e d u c in g  a m m o n ia  c o n c e n t r a t io n s  to  a s  lo w  a s  1 m g/l. T h a t  s y s t e m  is  
a v a i la b le  in a  r a n g e  o f  s i z e s  -  f r o m  s m a ll  m o d u la r  to c u s t o m - m a d e  c o n f ig u r a t io n s  fo r  la r g e  
p la n t s  ( S e v e r n  T r e n t  T E T R A ®  N itrify in g  S A F  ( N S A F ) )  a c c o r d in g  to  t h e  m a n u fa c t u r e r .

N it r if ic a t io n  is  t h e  m o s t  c o m m o n ly  u s e d  m e t h o d  to  r e d u c e  a m m o n ia  in m u n ic ip a l  
w a s t e w a t e r  t r e a tm e n t  a n d  s e v e r a l  in d u s tr ia l t y p e  fa c i l it ie s  a n d  is  c u r r e n t ly  u s e d  o n  c r u is e  s h ip s .  
H o w e v e r ,  in o r d e r  fo r  w a s t e w a t e r  e f f lu e n t  to  m e e t  t h e  1 m g / L  a m m o n ia  W Q C ,  la r g e  a d d -o n  o r  
e x t e n d e d  a e r a t io n  s y s t e m s ,  in c r e a s in g  v o lu m e  b y  a s  m u c h  a s  3 3 % ,  w o u ld  n e e d  to  b e  a d d e d  to 
c r u is e  s h ip s .

F u r t h e r m o r e ,  s h ip s  w o u ld  n e e d  to s ig n if ic a n t ly  im p r o v e  c o n d it io n s  in th e  b io lo g ic a l  
r e a c t o r  to  e n h a n c e  n itr if ic a tio n  s u c h  a s  a p p r o p r ia t e  a ir  s u p p ly ;  r ig h t  p H , t e m p e r a tu r e ,  a n d  
a lk a lin ity ; r e d u c t io n  o f  in h ib ito ry  c o m p o u n d s .  F o a m  c o n t r o l m u s t  b e  a d d e d .  C o n t r o l  o f  a m m o n ia  
r e m o v a l  o n b o a r d  c a n  b e  e x t r e m e ly  c h a l le n g in g  fo r  t h e  s y s t e m  o p e r a t o r s .
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5.3.1.2. Air/Steam Stripping
S t r ip p in g  o f  a m m o n ia  fro m  w a s t e w a t e r  u s in g  a ir  o r  s t e a m  is  n o t a  c o m m o n  p r a c t ic e  in 

m u n ic ip a l  w a s t e w a t e r  t r e a tm e n t . A ir  s tr ip p in g  is  c o n s id e r e d  a  c r o s s - m e d ia  t r a n s fe r ,  t h e  p o llu ta n t  
i s  r e m o v e d  fr o m  t h e  liq u id  p h a s e  a n d  d is c h a r g e d  in ta c t  in to  t h e  a ir . S t r ip p in g  a n d  c o lle c t io n  o f  
a m m o n ia  g a s  o n  c r u is e  s h ip s  i s  n o t  a  p r a c t ic a l o r  v ia b le  o p t io n  d u e  to  s a fe t y  i s s u e s .  V e n t in g  
a m m o n ia  g a s  is  p r o b le m a t ic  a s  w e ll. A m m o n ia  g a s  i s  a n  a ir  p o llu ta n t, a n  irrita n t in s m a ll  
c o n c e n t r a t io n s  a n d  h a s  a  lo w  o d o r  th r e s h o ld .

5.3.1.3. Breakpoint Chlorination
B r e a k p o in t  c h lo r in a t io n  in v o lv e s  t h e  a d d it io n  o f  c h lo r in e  g a s  to w a s t e w a t e r  to  r e a c t  w ith  

t h e  a m m o n ia / a m m o n iu m  o x id iz in g  it to  n itro g e n . T h e  a c t iv e  c h lo r in e  is  s im u lt a n e o u s ly  r e d u c e d  
to  c h lo r id e 35. T h e  e n d  p r o d u c t s  o f  t h e  b r e a k p o in t  r e a c t io n  a r e  p r im a r ily  n it r o g e n  g a s  ( N 2), 
s e c o n d a r i ly  n itra te  ( N 0 3“) a n d  c h lo r id e  ( C l - ) 36. B r e a k p o in t  c h lo r in a t io n  is  g e n e r a l ly  u s e d  fo r  
t r e a tm e n t  o f  d r in k in g  w a t e r  a n d  s w im m in g  p o o ls . It i s  n o t  c o m m o n ly  u s e d  in w a s t e w a t e r  
t r e a tm e n t  b e c a u s e  n itr if ic a tio n  is  g e n e r a l ly  e a s ie r  a n d  l e s s  e x p e n s iv e .  T h e r e  a r e  s ig n if ic a n t  a ir  
q u a lit y  a n d  s a fe t y  i s s u e s  a s s o c ia t e d  w ith  th e  u s e  o f  c h lo r in e  g a s .  A n y  r e s id u a l  c h lo r in e  n o t  
c o n s u m e d  in  th e  o x id a t io n  r e a c t io n  w o u ld  h a v e  t o  b e  r e m o v e d  b e f o r e  th e  w a s t e w a t e r  c o u ld  b e  
d is c h a r g e d .  B r e a k p o in t  c h lo r in a t io n  m ig h t  c a u s e  la r g e r  e c o lo g ic a l  im p a c t s  th a n  th e  a m m o n ia  
th a t  it w o u ld  r e m o v e .

5.3.1.4. Experimental Methods
T h e r m a lly  A c t iv a t e d  C h a r c o a l  -  R e s e a r c h  h a s  b e e n  c o n d u c t e d  in la b o r a t o r y  s t u d ie s  o f  

a m m o n ia  r e m o v a l fro m  w a s t e w a t e r  u s in g  a d s o r p t io n  b y  t h e r m a lly  a c t iv a t e d  c h a r c o a l .  A  n u m b e r  
o f  o p t im u m  r e m o v a l p a r a m e t e r s  w e r e  d e te r m in e d , in c lu d in g  t e m p e r a tu r e ,  re te n tio n  t im e , a n d  
a d s o r b a t e  c o n c e n t r a t io n 37.

A n a e r o b ic  A m m o n iu m  O x id a t io n  -  T h e  A g r ic u lt u r a l  R e s e a r c h  S e r v i c e ’s  C o a s t a l  P la in s  
S o il,  W a t e r  a n d  P la n t  R e s e a r c h  C e n t e r  h a s  f o u n d  a  w a y  to  u s e  a n a e r o b ic  b a c t e r ia  to  c o n v e r t  
n itr ite  a n d  a m m o n iu m  to  n it r o g e n  g a s .  T h e  a n a e r o b ic  b a c t e r ia  c a l le d  a n a m m o x  a r e  d e r iv e d  fro m  
s w in e  s lu d g e .  A m m o n iu m  ( N H 4+) a c t s  a s  th e  e le c t r o n  d o n o r  a n d  n itrite  ( N 0 2') a s  t h e  e le c t r o n

35 Lenntech (2009) This website presents an excellent discussion o f the  d is infection properties o f chlorine, 

including a description o f breakpoint chlorination, h ttp ://w w w .lenn tech .com /w ate r-d is in fection /d is in fec tan ts- 

chlorine.htm

36 Brooks, M. (1999) Breakpoint Chlorination as an A lternate Means o f Am m onia-N itrogen Removal a t a W ater 

Reclamation Plant. Master's Thesis. V irginia Polytechnic Institute and State University

37 Rashid, S. Islamabad, Pakistan (2008) Note: No cita tion  given. Located on technology blog site 

h ttp ://w w w .fin ish ing .com /336 /95 .sh tm l
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a c c e p t o r  to  c r e a t e  n it r o g e n  g a s  (N 2). P r im a r y  a d v a n t a g e s  a r e  e n e r g y  s a v i n g s  a n d  c o s t  
s a v i n g s 38.

A m m o n ia  R e c o v e r y  -  L i q u i - C e l ®  M e m b r a n e  C o n t a c t o r s  p r o v id e s  a  s y s t e m  th a t  h a s  a  
la r g e  r e a c t io n  s u r f a c e  a r e a  fo r  e x tr a c t io n  o f  a m m o n ia  a n d  d o e s  n o t p r o d u c e  a  s e c o n d a r y  w a s te .  
M e m b r a n e  C o n t a c t o r s  o ffe r  a  s u p e r io r  s o lu t io n  fo r  s tr ip p in g .  F o r  a m m o n ia  r e m o v a l,  w a s t e w a t e r  
f lo w s  t h r o u g h  t h e  o u t s id e  o f  m e m b r a n e , w h ile  a n  a c id  s o lu t io n  w ill f lo w  c o u n t e r c u r r e n t  th ro u g h  
th e  in s id e  o f  th e  m e m b r a n e .  If  s u lfu r ic  a c id  is  u s e d ,  it w ill c o n v e r t  a m m o n ia  in to  a m m o n iu m  
s u lfa te .  A m m o n iu m  s u lf a t e  is  w id e ly  u s e d  a s  a  fe r t il iz e r  a n d  it c o u ld  b e  s o ld  w ith  c o m m e r c ia l  
v a lu e .

R C A S T  P r o c e s s  fo r  a m m o n iu m  r e c o v e r y  -  T h e  R C A S T  P r o c e s s  c o m b in e s  f la s h  v a c u u m  
d is t illa t io n  w ith  io n  e x c h a n g e  to  r e m o v e  9 0 %  o f  th e  a m m o n ia  fro m  w a s t e w a t e r  a n d  r e c o v e r in g  a  
s a le a b le  p ro d u c t ,  a m m o n iu m  s u lfa te , a  c o m m o n  fe rt ilize r . P r e t r e a t m e n t  o f  th e  w a s t e w a t e r  is  
re q u ir e d  to r e m o v e  s u s p e n d e d  s o l id s  n o r  p r e c ip it a t e s .  F o r  h ig h  a m m o n ia  c o n c e n t r a t io n s  
v a c u u m  s t r ip p in g  u s in g  R C A S T  a m m o n ia  c a p t u r e s  th e  v o la t ile  a m m o n ia  (a b o u t  8 0 % ) .  T h e  
in f lu e n t  ( < 3 0 0  p p m  a m m o n ia - n it r o g e n )  p a s s e s  th r o u g h  a  s e le c t iv e  io n  e x c h a n g e  s y s t e m  w h ic h  
r e m o v e s  th e  r e m a in in g  a m m o n ia .  T o  p r o d u c e  a m m o n iu m  s u lfa te , s u lf u r ic  a c id  is  u s e d  to  
r e g e n e r a t e  t h e  e x c h a n g e  r e s in s .  T h e  s u lf u r ic  a c id  r e n e g e r a n t  is  u s e d  m u lt ip le  t im e s  a n d  th e  
s o lu t io n  i n c r e a s e s  to  a n  a m m o n ia  c o n c e n t r a t io n  o f  s e v e r a l  t h o u s a n d  p p m . T h i s  s o lu t io n  is  th e n  
s tr ip p e d , a n d  t h e  f in a l p r o d u c t  is  a  c o m m e r c ia l - g r a d e  (a b o u t  4 0 % )  s o lu t io n  o f  a m m o n iu m  
s u lfa te .

A d d it iv e s  to  in c r e a s e  A m m o n ia  N itr if ic a t io n  -  B I O - S Y S T E M S  In te r n a t io n a l C o r p o r a t io n  
m a r k e t s  a  B I O B U G ®  N B  b a c t e r ia l  p o w d e r e d  N itr if ic a t io n  p r o d u c t  to in c r e a s e  a m m o n ia  
n itr if ic a tio n . It c o n t a in s  a  s p e c ia l  b le n d  o f  m ic r o o r g a n is m s  i.e . n it r ify in g  b a c t e r ia  s u c h  a s  
Nitrosomonas s p p .  a n d  Nitrobacter s p p . T h e  Nitrosomonas s p p . c o n v e r t  a m m o n ia  to  n itrite  a n d  
th e  N it r o b a c t e r  s p p .  c o n v e r t  t h e  n itrite  to n itra te . T h e  m a in  p u r p o s e  o f  u s in g  t h is  p r o d u c t  is  to  
e n s u r e  that t h e  b a c t e r ia l  p o p u la t io n  r e m a in s  c o n s is t e n t  a n d  v ia b le .  B I O B U G ®  N B  b a c t e r ia l  
c u lt u r e s  c a n  fu n c t io n  o v e r  a  w id e r  r a n g e  o f  p H  v a lu e s  t h a n  t h o s e  n o r m a lly  e n c o u n t e r e d  in th e  
n a tu ra lly  p r e s e n t  n itr ify in g  p o p u la t io n .

5.3.1.5. Summary of more and less promising technologies

A  s u m m a r y  o f  t h e  t r e a tm e n t  m e t h o d s  e v a lu a t e d  fo r  a m m o n ia  is  p r o v id e d  in T a b le  1 4 . A ll  
o f th e  p o te n tia l t r e a tm e n t  o p t io n s  h a v e  o p e r a t io n a l  c h a r a c t e r is t ic s ,  s u c h  a s  u s e  o f  h a z a r d o u s  
c h e m ic a ls  o r  c r e a t io n  o f  h a z a r d o u s  w a s t e ,  th a t  m a k e  t h e m  c h a l le n g in g  fo r  a p p lic a t io n  o n  c r u is e  
s h ip s  a s  d e s c r ib e d  in T a b le  1 4 .

38 Szogi, A.A., M. B. Vanotti, M.C. Garcia Gonzalez, A. Kunz. Developm ent o f Anammox Process fo r  Anim al Waste. 

International Symposium on A ir Q ua lity and Waste M anagem ent fo r Agricu ltu re Proceedings. Broomfield, 

Colorado, Septem ber 16, 2007.
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Table 14 Key Features of Available Methods for Ammonia Removal
Technically 

Feasible for 

am m onia 

concentrations 

found in Cruise 

Ships

C om m only 

used in 

Land based 

treatm ent 

systems for 

this

application

Currently in 

use in Cruise 

Ships for 

this

application

Acids/Bases/

Hazardous 

Chemical usage 

required

Residual

W aste

produced

Energy

Required

Nitrification Yes Yes Partially

(no add-on 
or extended 
aeration 
systems)

No Yes (biosolids) High

Ion
Exchange

(zeolite)

Yes, as post 
treatment to 
biological

No No Yes

(for

regeneration)

Yes Medium

Air/Steam
Stripping

Yes No No Yes Yes (transfer 
to air)

High

Breakpoint
Chlorination

Yes No No Yes (chlorine 

gas)

Yes

(residual 
chlorine needs 
to be removed 
before 
discharge)

Low

5 .3 .2 .  M e t a ls
S i n c e  n o n e  o f  t h e  A W T S  c u r r e n t ly  in s t a lle d  o n  c r u is e  s h ip s  c o n s is t e n t ly  m e e t  t h e  W Q C  

a t th e  p o in t  o f  d is c h a r g e ,  th e  P a n e l  s o u g h t  to  id e n t ify  e x is t in g  s h o r e - b a s e d  t r e a tm e n t  p r o c e s s e s  
th a t  h a d  p o te n tia l a s  a d d - o n  t r e a tm e n t  t e c h n o lo g y .

T h e r e  a r e  tw o  E P A - d e f in e d  p o in t  c a t e g o r ie s  th a t  c o m m o n ly  r e q u ir e  t r e a tm e n t  s y s t e m s  
fo r  m e t a ls :  e le c t r o p la t in g  ( 4 0  C F R  4 1 3 )  a n d  m e ta l f in is h in g  ( 4 0  C F R  4 3 3 ) .  T h e  e le c t r o p la t in g  
c a t e g o r y  in c lu d e s  c o p p e r ,  n ic k e l a n d  z in c  p la t in g  a n d  th e  m e ta l f in is h in g  p o in t  s o u r c e  c a t e g o r y  
in c lu d e s  m a n u f a c t u r in g  p r o c e s s e s  in c lu d in g  e le c t r o  p la t in g  a n d  e le c t r o le s s  p la t in g , a n o d iz in g ,  
s u r f a c e  c o a t in g  s u c h  a s  c h r o m a t in g ,  c h e m ic a l  e t c h in g  a n d  m ill a n d  p r in te d  c ir c u it  b o a r d  
m a n u fa c t u r in g .

T h e  t y p ic a l m e ta l f in is h e r  d is c h a r g e s  to  a  P u b lic ly  O w n e d  T r e a t m e n t  W o r k s  ( P O T W )  
u n d e r  th e  c o n d it io n s  o f  a  p r e tr e a t m e n t  p e rm it. E f f lu e n t  l im ita t io n s  fo r  e x is t in g  p o in t  s o u r c e s  a r e  
s e t  b y  t h e  E P A ,  b u t  t h e  lo c a l  P O T W  c a n  im p o s e  m o r e  s t r in g e n t  l im ita t io n s  b a s e d  o n  th e  
l im ita t io n s  o f  t h e  P O T W ’s  d is c h a r g e  p e rm it. F o r  d is c h a r g e  to  th e  P O T W ,  fro m  t h e  M e ta l 
F in is h in g  P o in t  S o u r c e  C a t e g o r y ,  t h e  B e s t  A v a ila b le  T e c h n o lo g y  E c o n o m ic a l ly  A c h ie v a b le  
( B A T )  E f f lu e n t  L im it s  ( 4 0  C F R  4 3 3 . 1 4 )  fo r  c o p p e r  n ic k e l  a n d  z in c  a r e  lis te d  in  T a b l e  15.
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Table 15 Best Available Technology (BAT) Economically Achievable Effluent 
Limitations for the Existing Metal Finishing Point Source Category (40 C F R  433.13 
and 433.14)

Pollutant Unit BAT Effluent Limits
Maximum for 

any 1 day
Monthly Average, 
shall not exceed

Copper, total pg/L 3,380 2,070

Nickel, total pg/L 3,980 2,380

Zinc, total pg/L 2,610 1,480

T y p ic a l  in f lu e n t  le v e ls  in to  th e  p r e t r e a t m e n t  s y s t e m s  fo r c o p p e r  ( E P A ’s  D e s ig n  fo r  
E n v ir o n m e n t  S t u d y )  fo r  th e  P r in t e d  C ir c u it  B o a r d  m a n u f a c t u r in g  p o in t  s o u r c e  c a t e g o r y  r a n g e d  
fro m  0 .4  m g / L  to  g r e a t e r  th a n  1 0 0  m g / L . S im i la r  c o n c e n t r a t io n s  fo r  n ic k e l  a n d  z in c  fro m  
e le c t r o p la t in g  s o u r c e s  c o u ld  b e  e x p e c t e d .  B a s e d  o n  t h e s e  in f lu e n t  le v e ls ,  it is  m o s t  c o m m o n  fo r  
a n  e le c t r o p la t e r  o r  m e ta l f in is h e r  to  b e  lo c a t e d  w ith in  a  c o m m u n it y  w h e r e  p r e tr e a t m e n t  a n d  
d is c h a r g e  to a  P O T W  is a llo w e d . H is t o r ic a lly ,  th e  t e c h n o lo g ie s  c o m m o n ly  u s e d  f o r  m e t a ls  
t re a tm e n t  a r e  b a s e d  o n  p re tre a tm e n t , n o t d ir e c t  d is c h a r g e  to  a  r e c e iv in g  s t r e a m . T h e  W Q C  a r e  
m u c h  lo w e r  t h a n  t h e  B A T  lim its  fo r p r e tr e a t m e n t  o f  m e ta l f in is h in g  e fflu e n t.

W ith  t h is  c a v e a t ,  a  s u r v e y  o f  3 1 8  m e t a l f in is h in g  s h o p s 39 fo u n d  th e  fo llo w in g  m e ta l  
re m o v a l t e c h n o lo g ie s  in u s e  w ith  t h e  p e r c e n t a g e  o f  s h o p s  e m p lo y in g  th e  m e t h o d s  s h o w n  in  (% ) :  

C h e m ic a l  p r e c ip ita t io n  b y  p H  a d ju s t m e n t  ( 9 0 % )

A t m o s p h e r ic  e v a p o r a t io n  ( 2 2 % )

E le c t r o w in n in g  ( 1 9 % )

Io n  e x c h a n g e  ( 1 1 % )

R e v e r s e  o s m o s is  ( 2 % )

E le c t r o d ia ly s is  ( < 1 % )

T h e r e  a r e  s h o r e - s id e  fa c i l it ie s  c u r r e n t ly  o p e r a t in g  a r o u n d  th e  U n ite d  S t a t e s  a n d  t h e  
w o rld  th a t  a c h ie v e  v e r y  lo w  c o n t a m in a n t  c o n c e n t r a t io n s ,  in s o m e  c a s e s  r e a c h in g  t h e  W Q C .  F o r  
e x a m p le ,  a m m o n ia  c o n c e n t r a t io n s  o f  1 m g / L  o r  le s s  w e r e  a c h ie v e d  by n itr if ic a tio n  to  tre a t  
g r a y w a t e r  fo r  r e u s e  a s  w e ll a s  fo r r e f in e r y  a n d  b e e f  p r o c e s s in g  w a s t e w a t e r .  C o p p e r  
c o n c e n t r a t io n s  o f  3  p g / L  a n d  z in c  c o n c e n t r a t io n s  o f  2 0  p g / L  w e r e  a c h ie v e d  fo r t re a tm e n t  o f  
c o n t a m in a t e d  g r o u n d w a t e r  b y  io n  e x c h a n g e .  H o w e v e r ,  t h e r e  a r e  s ig n if ic a n t  d if f e r e n c e s  
b e tw e e n  t h e  w a s t e  s t r e a m s  o f  t h e s e  f a c i l it ie s  a n d  w a s t e w a t e r  fro m  th e  c r u is e  s h ip s .  T h e  
fa c i l it ie s  a r e  t r e a t in g  a  s m a lle r ,  m o re  c o n c e n t r a t e d  w a s t e  s t r e a m  th a t  d o e s  n o t c o n t a in  a

39 Cushnie, 1994
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s ig n if ic a n t  o r g a n ic  lo a d . T a b l e  1 6  l is t s  a  s a m p le  o f  k n o w n  s y s t e m s  d e s ig n e d  b y  o n e  c o n s u lt a n t ,  
B u r n s  a n d  M c D o n n e ll,  th a t  a r e  a c h ie v in g  th e  lim its . T h e  t a b le  a ls o  l is ts  w h e r e  t h e  w a s t e  s t r e a m  
o r ig in a t e s  a n d  t h e  lo c a t io n  o f  t h e  in s t a lla t io n s .  O t h e r  in s t a l la t io n s  lik e ly  e x is t  th a t  a r e  n o t lis te d  
h e re .
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Table 16 Systems Achieving Stringent Effluent Limits

W astewater Treatm ent Process
No. of 

Installations
Location

Ammonia

Municipal Nitrification (Activated 
Sludge) 15

Arkansas (4), Kansas (5), 
Missouri (2), Monterrey, 
Mexico (1), Wyoming (3)

Municipal/Commercial (combined) Nitrification (MBR) 4 New Hampshire (3)**, North 
Carolina (1)**

Graywater Reuse Nitrification (MBR) 3 Doha, Qatar**

Refinery Nitrification
(Kaldness/Activated Sludge) 1 Texas

Beef Processing Nitrification (Activated 
Sludge) 7 Illinois (1), Kansas (2), 

Nebraska (3), Washington (1)

Pork Processing Nitrification (Activated 
Sludge) 6 Illinois (2), Iowa (2), Nebraska 

(1), Oklahoma (1)

Metals

Plating and metal finishing 
containing low concentrations of 
multiple metals, oils, surfactants, 
acids, and alkaline cleaning agents

RO and Ion Exchange 1 Pennsylvania

Plating and metals finishing 
containing low concentrations of 
multiple metals, oils, surfactants, 
acids, and alkaline cleaning agents

Chemical Precipitation, 
Ultrafiltration, RO 1 Florida

Industrial Facility Carbon Adsorption and Ion 
Exchange 1 Arizona

Laboratory RO and Ion Exchange 1 Arizona

Metal Finishing RO and Ion Exchange 1 Arizona

Aerospace Facility RO and Ion Exchange 1 Kansas

Aerospace Facility Electrodialysis 1 Kansas

“ Designed for NH3-N concentration of less than 2.9 mg/L. Not operational yet.

5.3.2.1. Chemical Precipitation

C h e m ic a l  p r e c ip ita t io n  is  c o m m o n ly  u s e d  b y  in d u s t r ia l  s o u r c e s  fo r p r e tr e a t m e n t  o f m ix e d  
m e ta l s t r e a m s .  M u ltip le  m e t a ls  c a n  b e  r e m o v e d  in a  s in g le  p r o c e s s .  It is  n o t c o m m o n ly  fo u n d  in  
m u n ic ip a l w a s t e w a t e r  t r e a tm e n t  s y s t e m s  fo r  m e t a ls  r e m o v a l,  a s  m u n ic ip a l w a s t e w a t e r  t r e a tm e n t
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s y s t e m s  t y p ic a l ly  a c h ie v e  m e ta l d is c h a r g e  lim its  w ith o u t  a n y  p r o c e s s  d e s ig n e d  s p e c if ic a l ly  fo r  
m e ta l r e m o v a l.  In  p r a c t ic e ,  c h e m ic a l  p r e c ip ita t io n  w o r k s  b e s t  w ith  in f lu e n t  m e ta l c o n c e n t r a t io n s  
g r e a t e r  t h a n  2 0  m g / L . T h e r e  a  n u m b e r  o f  c o m m o n  a n d  p r o p r ie ta r y  c h e m i c a l s  u s e d  in  th e  
e le c t r o p la t in g  a n d  m e ta l f in is h in g  in d u s t r y  fo r  m e t a ls  p r e c ip ita t io n . T h e  c h o ic e  o f  t h e  c h e m ic a l  
p r e c ip ita n t  d e p e n d s  o n  t h e  s p e c ie s  o f  t h e  m e ta l, t h e  p r e s e n c e  o f  o th e r  c o n s t it u e n t s  a n d  th e  
e ff lu e n t  lim it t h e  p r o c e s s  is  t ry in g  to  a c h ie v e .  M e ta l c o m p le x e s  o r  m e t a ls  in t h e  p r e s e n c e  o f  
c h e la t in g  a g e n t s  a s  c o m m o n ly  fo u n d  in e le c t r o p la t in g  a n d  e le c t r o le s s  p la t in g  a r e  n o t  e a s i ly  
p r e c ip ita t e d . A m m o n ia  a c t s  a s  a  c o m p le x in g  a g e n t  fo r  c o p p e r  a n d  s ig n if ic a n t ly  im p a c t s  th e  
re d u c t io n  o f  c o p p e r  a c h ie v a b le  t h r o u g h  p r e c ip ita t io n .

T h e  m o s t  c o m m o n ly  u s e d  p r e c ip it a n t s  a r e  h y d r o x id e  b a s e d ,  in c lu d in g  lim e , h y d r a t e d  
lim e , o r  m a g n e s iu m  h y d r o x id e  a n d  s o d iu m  h y d r o x id e ,  a n d  s u l f id e - b a s e d  c h e m ic a ls .  M e ta l  
s u l f id e s  h a v e  m u c h  lo w e r  s o lu b il it ie s  t h a n  t h e  c o r r e s p o n d in g  m e ta l h y d r o x id e s  a n d  a r e  m o re  
e f f e c t iv e  in t h e  p r e s e n c e  o f  c o m p le x in g  o r  c h e la t in g  a g e n t s .  T h e r e f o r e  lo w e r  r e s id u a l  m e ta l  
c o n c e n t r a t io n s  in th e  t r e a te d  w a s t e w a t e r  c a n  b e  a c h ie v e d .  S o lu b le  m e ta l io n s  b o n d  to  h y d r o x id e  
o r  s u lf id e  io n s  a n d  p r e c ip ita t e  o u t a s  in s o lu b le  m e t a l s o l id s .  B a s e d  o n  m in im u m  s o lu b il it ie s ,  
th e o r e t ic a lly ,  r e d u c t io n s  o f  c o p p e r  a n d  n ic k e l h y d r o x id e  to  c o n c e n t r a t io n s  o f  1 p g / L , a n d  z in c  
h y d r o x id e  to  1 0 0  p g / L  a r e  p o s s ib le .  P r a c t ic a l ly ,  e a c h  m e ta l h a s  a  m in im u m  s o lu b ility  a t  a  
s p e c if ic  p H ; t h e  p H  i s  d if fe re n t  fo r  c o p p e r ,  n ic k e l a n d  z in c .  P r e c ip ita t io n  p r o c e s s e s  fo r  m u lt ip le  
m e t a ls  s e le c t  a  p H  v a lu e  th a t  w ill r e m o v e  t h e  m a x im u m  o f  e a c h  m e ta l.  A f t e r  p r e c ip ita t io n , m e ta l  
h y d r o x id e  s o l id s  p r e c ip it a t e s  e x is t  a s  s m a ll  s o lid  p a r t ic le s  a n d  m u s t  b e  r e m o v e d  f r o m  th e  
w a s t e w a t e r .  R e m o v a l  c o u ld  b e  a c h ie v e d  t h r o u g h  s e d im e n t a t io n  o r f iltra tio n . C a l c iu m  a n d  
m a g n e s iu m  h y d r o x id e  s l u d g e s  a r e  p a r t ic u la r ly  v o lu m in o u s  s i n c e  t h e  w e ig h t  o f  t h e  m e t a l a n d  th e  
p r e c ip ita n t  is  c o m b in e d .  M e ta l s o l id s  fro m  s e t t l in g  t a n k  a r e  t y p ic a l ly  d e w a t e r e d  o r  d e c a n t e d ,  a n d  
th e n  p a s s e d  t h r o u g h  a  f ilte r  p r e s s .  S l u d g e  d r y e r s  c a n  b e  u s e d  to  r e d u c e  t h e  v o lu m e  o f  s o lid s .  
A lt e r n a t iv e ly ,  t h e  s o l id s  c r e a t e d  fro m  p r e c ip ita t io n  h a v e  b e e n  r e m o v e d  b y  m e m b r a n e  filtra tio n . 
T h i s  r e d u c e s  t h e  n u m b e r  o f s t e p s ,  b u t still r e s u lt s  in a  r e s id u a l  s o lid  w a s t e  p r o d u c t  th a t  r e q u ir e s  
s t o r a g e  a n d  d is p o s a l .  A d d it io n a lly ,  fo r h y d r o x id e  p r e c ip ita t io n , t h e  t re a te d  w a t e r  w ill n e e d  th e  
a d d it io n  o f  a c id  to  r e d u c e  t h e  p H  p rio r  t o  d is c h a r g e .

In c o n c lu s io n ,  c h e m ic a l  p re c ip ita t io n  is  t h e  m o s t  c o m m o n ly  u s e d  m e t h o d  fo r  r e d u c in g  
m e t a ls  (a t  h ig h e r  c o n c e n t r a t io n s )  in  m e ta l f in is h in g  w a s t e w a t e r .  H o w e v e r ,  it i s  n o t t e c h n ic a l ly  
f e a s ib le  fo r  in f lu e n t  m e t a ls  c o n c e n t r a t io n s  l e s s  t h a n  2 0  m g / L , s u c h  a s  fo u n d  in c r u i s e  s h ip s .  
( S e e  T a b l e  1 1 )  T h e o r e t ic a l  m e ta l r e d u c t io n  le v e ls  a r e  n o t p o s s ib le  d u e  to  o t h e r  p o llu t a n t s  fro m  
th e  m ix tu re  o f  s a n it a r y  w a s t e w a t e r  ( s e w a g e ) .  T h e  s y s t e m s  r e q u ir e  s ig n if ic a n t  s p a c e  fo r  p r o c e s s  
e q u ip m e n t  a n d  c h e m ic a ls .  T h i s  t r e a tm e n t  r e q u ir e s  h a n d lin g  o f  l im e  o r  o t h e r  p r e c ip ita n t s .  A  
m e t a l- c o n t a m in a t e d  s lu d g e  is  p r o d u c e d  c r e a t in g  a n  a d d it io n a l w a s t e  s t r e a m  th a t  r e q u ir e s  
d is p o s a l.

5.3.2.2. Evaporation

E v a p o r a t o r s  h a v e  b e e n  u s e d  to  r e c o v e r  h ig h  q u a lity  w a t e r  fro m  in d u s t r ia l  w a s t e w a t e r  in 
z e r o  d is c h a r g e  s t r a t e g ie s  o r w h e r e  n o  P O T W  is  a v a i la b le  a n d  d is c h a r g e  to  a  r e c e iv in g  s t r e a m  is  
th e  o n ly  o th e r  o p tio n . T h e r e  a r e  n o  m u n ic ip a l w a s t e w a t e r  t r e a tm e n t  f a c i l it ie s  u s in g  e v a p o r a t o r s  
a s  a  p r im a ry  tre a tm e n t. C r u i s e  s h i p s  u s e  e v a p o r a t o r s  fo r  p r o d u c in g  p o t a b le  w a t e r  w h e n
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b u n k e r e d  w a t e r  i s  n o t  a v a i la b le .  A s  a  p r im a r y  w a s t e w a t e r  t r e a tm e n t  p r o c e s s ,  c a p it a l  a n d  e n e r g y  
c o s t s  a r e  p ro h ib it iv e .

T h e r e  a r e  a  n u m b e r  o f  th e r m a l o r  v a p o r  c o m p r e s s io n  e v a p o r a t o r s  o r  b r in e  c o n c e n t r a t o r s  
th a t  c o u ld  b e  u s e d  to  r e d u c e  t h e  v o lu m e  o f  w a s t e w a t e r  t r e a tm e n t  r e s id u a ls ,  s u c h  a s  R O  re je ct,  
o r io n  e x c h a n g e  r e g e n e r a t io n  w a s t e .  M a n y  o f  t h e s e  e v a p o r a t o r s  c a n  u t iliz e  w a s t e  h e a t  s o u r c e  to  
d e fr a y  t h e  c o s t  o f  o p e r a t io n . T h e s e  s y s t e m s  m a y  b e  u s e d  fo r  s m a l le r  f lo w  in d u s t r ia l  w a s t e w a t e r  
s o u r c e s  w h e r e  w a t e r  r e c o v e r y  is  t h e  g o a l .  T h e  s y s t e m s  p r o d u c e  h ig h  q u a lit y  w a t e r  th a t  c o u ld  b e  
r e c o v e r e d  fo r n o n -p o t a b le  w a t e r  u s e s  s u c h  a s  c o o lin g  t o w e r  o r  b o ile r  w a t e r  m a k e u p .  W a s t e  h e a t  
c o u ld  b e  u s e d  to r e d u c e  e n e r g y  c o s t s .

In c o n c lu s io n ,  t h e s e  s y s t e m s  a r e  n o t t e c h n ic a l ly  o r  e c o n o m ic a l ly  f e a s ib le  fo r  w a s t e w a t e r  
tre a tm e n t. N o  s y s t e m s  a r e  c u r r e n t ly  in  o p e r a t io n  o n  c r u is e  s h ip s .  T h e y  m a y  h a v e  p o te n tia l 
a p p lic a t io n  fo r  r e d u c in g  th e  v o lu m e  o f  w a s t e w a t e r ;  h o w e v e r , th e y  h a v e  s ig n if ic a n t  e n e r g y  a n d  
s p a c e  r e q u ir e m e n t s .

5.3.2.3. Electrowinning

E le c t r o w in n in g  is  u s e d  in m in in g  a n d  a ls o  m e ta l f in is h in g  in d u s t r ie s  to  r e c o v e r  m e t a ls  
fro m  c o n c e n t r a t e s  (m e t a l c o n c e n t r a t io n s  g r e a t e r  th a n  5 0 0  m g / L ) .  T h e r e  a r e  n o  m u n ic ip a l  
w a s t e w a t e r  t r e a tm e n t  s y s t e m s  u s in g  e le c t r o w in n in g  fo r  p r im a r y  tre a tm e n t . In  m e ta l f in is h in g  it is  
u s e d  to  r e d u c e  m e ta l c o n c e n t r a t io n s  o n  s p e n t  b a t h s  a n d  o t h e r  c o n c e n t r a t e d  m e t a ls  w a s t e w a t e r  
s u c h  a s  io n  e x c h a n g e  r e g e n e r a t io n  w a s t e w a t e r .  It is  o n ly  u s e d  if t h e r e  is  a  s ig n if ic a n t  c o s t -  
b e n e fit  fo r  th e  m e ta l r e c o v e r y .  E le c t r o w in n in g  is  t h e  p r o c e s s  o f  e le c t r o d e p o s it in g  m e t a ls  fro m  a  
s o lu t io n . T h e  s o lu t io n  is  c ir c u la t e d  p a s t  a n  a n o d e  ( + )  a n d  c a t h o d e  ( - )  w h e r e  a  lo w  v o lt a g e  d ir e c t  
c u r r e n t  is  a p p lie d  t h r o u g h  t h e  s o lu t io n  c a u s i n g  m e ta l io n s  to  b e  r e d u c e d  a t th e  c a t h o d e  a n d  
w a t e r  o r  a n o t h e r  io n  to  b e  o x id iz e d  a t  t h e  a n o d e .  A s  t h e  m e ta l c a t io n  is  a t t r a c te d  to  t h e  c a t h o d e  
it is  d e p o s it e d  o n  t h e  e le c t r o d e  p r o d u c in g  a  m e ta l p la te .

In c o n c lu s io n ,  e le c t r o w in n in g  is  c o m m o n ly  u s e d  in t h e  m in in g  in d u s t r y , a n d  s o m e t im e s  
u s e d  b y  m e ta l f in is h in g  in d u s t r y  f a c i l it ie s  if t h e r e  is  a  f a v o r a b le  c o s t/ b e n e fit .  It p r o d u c e s  a  p la te d  
m e ta l fo r  p o te n tia l r e s a le  a n d  a  h ig h ly  a c id ic  w a s t e w a t e r  th a t  r e q u ir e s  d is p o s a l.  T h i s  t re a tm e n t  is  
n o t t e c h n ic a l ly  o r  e c o n o m ic a l ly  f e a s ib le  fo r  p r im a r y  w a s t e w a t e r  t re a tm e n t. It is  n o t s u it a b le  fo r  
lo w  m e t a l c o n c e n t r a t io n s  s u c h  a s  c r u is e  s h ip  in flu e n t. T h e r e  a r e  n o  s y s t e m s  c u r r e n t ly  in 
o p e r a t io n  o n  c r u i s e  s h i p s  a n d  t h e r e  a r e  s ig n if ic a n t  s p a c e  r e q u ir e m e n t s .

5.3.2.4. Ion Exchange

Io n  e x c h a n g e  c a n  b e  u s e d  to  r e m o v e  e le c t r ic a l ly  c h a r g e d  m o le c u le s ,  in c lu d in g  m e t a ls  
a n d  a m m o n ia .  Io n  e x c h a n g e  is  a n  a p p r o p r ia t e  t e c h n o lo g y  fo r  c o p p e r ,  n ic k e l a n d  z in c  a t  
c o n c e n t r a t io n s  le s s  t h a n  2 0  m g / L . S im p lis t ic a l ly ,  t h e  'fre e ' c o p p e r  io n  in t h e  a q u e o u s  s o lu t io n  
(w a s t e w a t e r )  c a n  th e n  b e  a t t r a c te d  to  a  s o lid  b e a d  ( r e s in )  a n d  e x c h a n g e d  fo r  a  m o r e  w e a k ly  
b o u n d  p o s it iv e ly  c h a r g e d  io n  (e x . N a +) o n  th e  r e s in .  A  g e n e r ic  io n  e x c h a n g e  c h e m ic a l  
s e p a r a t io n  in a  r e s in  c o lu m n  c a n  b e  d e s c r ib e d  b y  t h e  fo llo w in g  e q u a t io n  w h e r e  R - C O O  r e fe r s  to  
th e  r e s in  c h e m is t r y  (in  t h is  c a s e  a  w e a k  a c id  c a t io n  e x c h a n g e r ) ,  w h ic h  w ill v a r y  b e tw e e n  io n  
e x c h a n g e  re s in  t y p e s :
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( R - C O O ) - N a 2 +  C u +2 =  ( R - C O O ) - C u  +  2  N a +

N o r m a lly  a  w e a k  a c id  c a t io n  e x c h a n g e  r e s in  in th e  s o d iu m  fo rm  is  u s e d  fo r  d iv a le n t  
( m e t a ls  w ith  a  c h a r g e  o f  +2) m e t a ls .  A  v a r ie t y  o f  r e s i n s  m a y  b e  u s e d  in d e p e n d e n t ly  o r  in  
c o n ju n c t io n  w ith  e a c h  o th e r  to  a c h ie v e  th e  u lt im a te  g o a ls .  F o r  th e  m e t a ls  to  b e  t r e a te d  in t h e  
u n c o m p le x e d ,  c a t io n ic  s ta te , a  w e a k  a c id  r e s in  m a y  b e  s e le c t e d  fo r  t re a tm e n t. T h e r e  a r e  a ls o  
io n - s e le c t iv e  o r  c h e la t in g  r e s in s  th a t  m a y  b e  e m p lo y e d  to s in g le  io n s  or in  c o n ju n c t io n  w ith  o th e r  
p r e fe r r e d  io n s .

N a t u r a lly  o c c u r r in g  z e o lit e s  ( a lu m in o s i l ic a t e  m in e r a ls ) ,  p a r t ic u la r ly  c lin o p t ilo lite  a n d  to  a  
l e s s e r  e x te n t ,  s y n t h e t ic  r e s in s ,  h a v e  p o te n tia l fo r r e m o v a l  o f  a m m o n ia .  D u e  to  th e ir  n e g a t iv e  
c h a r g e ,  t h e y  a ttra c t  p o s it iv e ly  c h a r g e d  io n s  ( c a t io n s ) .  Z e o l i t e s  r e m o v e  a m m o n iu m  io n s  fro m  
w a s t e w a t e r  b y  m e a n s  o f  io n - e x c h a n g e ,  a n d ,  a t  h ig h e r  c o n c e n t r a t io n s ,  t h r o u g h  a d s o r p t io n .  
Z e o l i t e s  c a n  a ls o  r e m o v e  c o p p e r ,  n ic k e l,  a n d  z in c .

In  a d d it io n  to z e o lit e s ,  C a r b t r o l40 o f fe r s  s e le c t iv e  io n  e x c h a n g e  r e s in s  fo r  a m m o n ia  
re m o v a l f r o m  w a s t e w a t e r .  T h e  m e d ia  r e m o v e s  o n ly  t h e  a m m o n ia  a n d  o p e r a t e s  lik e  a  s t a n d a r d  
io n  e x c h a n g e  s y s t e m .  W h e n  t h e  r e s in  b e c o m e s  s a t u r a t e d ,  it m a y  b e  r e g e n e r a t e d  o r  s e n t  o ffs ite  
fo r p r o c e s s in g .  C a r b t r o l c la im s  th a t a m m o n ia  c a n  b e  r e d u c e d  to  lo w  p p b  le v e ls .

Io n  e x c h a n g e  u s e d  to  tre a t  m u lt ip le  c a t io n s  a n d  a n io n s  in  w a s t e w a t e r  is  m o r e  
c o m p lic a t e d .  If t h e r e  a r e  a  n u m b e r  o f d if fe r e n t  c a t io n s  in  a d d it io n  to  a m m o n ia ,  c o p p e r ,  n ic k e l  
a n d  z in c  p r e s e n t  in th e  w a s t e w a t e r ,  th e  a d s o r p t io n  c a p a c i t y  p e r  io n  w ill b e  lo w e r  a s  a  
c o n s e q u e n c e  o f  c o m p e tit io n  b e tw e e n  t h e  d if fe r e n t  c a t io n s .  Io n  s e le c t iv e  r e s in s  m a y  b e  
e m p lo y e d  to  s e le c t iv e ly  r e m o v e  p a r t ic u la r  io n s  f ro m  t h e  w a s t e  s tr e a m . S e p a r a t e  c a t io n  a n d  
a n io n  b e d s  o r  m ix e d  b e d  e x c h a n g e r s  c a n  b e  u s e d .  Io n  e x c h a n g e  w ill te n d  to  r e m o v e  a ll c a t io n s  
a n d  a n io n s ,  r e m o v in g  m o r e  t h a n  ju s t  t h e  c o n t a m in a n t s  o f  c o n c e r n .  It will b e  n e c e s s a r y  to  h a v e  a  
full p ro f ile  o f  a ll io n s  a n d  c o m p o u n d s  w ith in  th e  w a s t e  s t r e a m  to d e t e r m in e  t h e  v ia b ility  a n d  
s e le c t io n  o f  a p p r o p r ia t e  r e s in s .

S t a n d a r d  io n  e x c h a n g e r s  c o u ld  b e  a d a p t e d  fo r  u s e  o n  c r u is e  s h ip s ,  h o w e v e r ,  e x t e n s iv e  
p r e tr e a t m e n t  in c lu d in g  filtra tio n  a n d  a c t iv a t e d  c a r b o n  a d s o r p t io n  a r e  n e e d e d .  S u s p e n d e d  s o lid s  
m u s t  b e  r e m o v e d  p r io r  to  io n  e x c h a n g e  t h r o u g h  a t  le a s t  5  m ic ro n  ( n o m in a l p a r t ic le  s i z e )  
filtra tio n . R e s id u a l  o r g a n ic  m a te r ia l  c a n  fo u l r e s in s  b e d s  b y  c o a t in g  a v a i la b le  io n  e x c h a n g e  s i t e s  
o n  t h e  r e s in s .  T h e r e f o r e ,  o r g a n ic  m a te r ia l m u s t  b e  r e m o v e d  u s in g  a c t iv a t e d  c a r b o n  p r io r  to  io n  
e x c h a n g e .  M u ltip le  c a t io n s  in c lu d in g  n a t u r a lly  o c c u r r in g  c a lc iu m ,  m a g n e s iu m  a n d  o t h e r s  p r e s e n t  
in th e  p r e tr e a t e d  w a s t e w a t e r  c o m p e t e  fo r  e x c h a n g e  s ite s .

W h e n  t h e  c o lu m n  r e a c h e s  s a t u r a t io n  b y  h a v in g  a ll  a c t iv e  re s in  s i t e s  h o ld in g  a  d is s o lv e d  
m e ta l io n , o r  o th e r  u n w a n te d  c a t io n , t h e  r e s in  c o lu m n  m u s t  b e  r e g e n e r a t e d  (i.e . b o n d in g  s it e s  
m a d e  a v a i la b le  a g a in ) .  W h ile  s o d iu m  e x c h a n g e r s  a r e  r e g e n e r a t e d  w ith  b r in e  ( s o d iu m  c h lo r id e )  
s o lu t io n s ,  a n io n ,  c a t io n  a n d  s e le c t iv e  io n  e x c h a n g e r s  a r e  r e g e n e r a t e d  w ith  a c id  (s u lf u r ic  a c id )
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a n d  b a s i c  ( s o d iu m  h y d r o x id e )  s o lu t io n s .  S t o r a g e  h a n d lin g ,  m ix in g  a n d  d is t r ib u t io n  o f  t h e s e  
h a z a r d o u s  c h e m i c a l s  u s e d  to  r e g e n e r a t e  t h e  r e s in  c o lu m n  p r e s e n t  s a fe t y  i s s u e s  a s  w e ll a s  
s p a c e  c o n s id e r a t io n  fo r  t h e  a d d it io n a l e q u ip m e n t  n e e d e d .

A n o t h e r  o p t io n  to  o n - s h ip  r e g e n e r a t io n  is  t h e  “lo a d  a n d  b u rn ” o p tio n , w h e r e  t h e  r e s in s  
a r e  ru n  to  e x h a u s t io n ,  t h e  c o lu m n  is  t a k e n  o u t  o f  s e r v ic e  a n d  th e  re s in  r e m o v e d  a n d  r e p la c e d .  
N o  r e g e n e r a t io n  e q u ip m e n t  o r  h a z a r d o u s  c h e m i c a l s  w o u ld  th e n  b e  n e e d e d  o n  t h e  s h ip .  A n  ion  
e x c h a n g e  v e n d o r  o r  t e c h n ic ia n  c o u ld  p e r io d ic a l ly  c o m e  a b o a r d ,  c h a n g e  o u t  th e  c o lu m n s ,  a n d  
t a k e  s a t u r a t e d  c o lu m n s  a s h o r e  fo r  r e g e n e r a t io n ,  o r  a  s u p p ly  o f  r e s in s  c o u ld  b e  s t o r e d  o n  th e  
s h ip  a n d  r e p la c e d  b y  a  s h ip  t e c h n ic ia n .

R e t r o f it t in g  o f  t h e  A W T S  w ith  io n  e x c h a n g e  c o lu m n s  c o u ld  b e  d iff ic u lt  in  a  c r u is e  s h ip  
m a in  e n g in e  r o o m  w h e r e  o th e r  w a s t e w a t e r  t r e a tm e n t  is  c u r r e n t ly  lo c a t e d ,  e v e n  t h o u g h  ion  
e x c h a n g e  c o lu m n s  a r e  re la t iv e ly  c o m p a c t .  C o lu m n s  a r e  u s u a lly  s iz e d  a s  a  ra tio  o f  w a t e r  v o lu m e  
to re s in  v o lu m e ,  t y p ic a l ly  2  to  4  g a l/ m in  p e r  c u b ic  fo o t  o f  re s in  ( 0 .2 6  to  0 .5 2  liter/m in  p e r  lite r o f  
r e s in ).  [ E P A ,  1 9 8 1 ]  F o r  a  m a x im u m  f lo w  ra te  o f  6 0  c u b ic  m e t e r s  o f  w a s t e w a t e r  p e r  h o u r  th e  
m a x im u m  r e s in  c o lu m n  v o lu m e  w o u ld  b e  c a lc u la t e d  u s in g  th e  E P A  ru le :

6 0  m 3/ h o u r  =  1 m 3/m in  =  1 0 0 0  L/m in ;

1 0 0 0  L / m in / 0 .2 6  L =  3 8 4 6  L  o f  r e s in  =  3 .8  m 3 re s in

T h e  t im e  to  b r e a k t h r o u g h  w o u ld  v a r y  fo r  e a c h  a p p lic a t io n  a n d  d e p e n d  o n  t h e  q u a lit y  o f  
th e  in flu e n t. F a s t e r  b r e a k t h r o u g h  w o u ld  o c c u r  w h e r e  t h e r e  is  a  h ig h  c o n c e n t r a t io n  o f  c a t io n s  
o th e r  t h a n  c o p p e r ,  n ic k e l  a n d  z in c .  C o lu m n  s i z e  c o u ld  b e  m o r e  p r e c is e ly  c a lc u la t e d  a s  v e n d o r s  
a n d  a p p lic a t io n  e n g in e e r s  in v e s t ig a t e  d e s ig n .

Io n  e x c h a n g e  c o u ld  p o te n tia lly  b e  u s e d  to  t re a t  s o u r c e  w a te r  (e v a p o r a t e d  w a t e r  o r  
b u n k e r  w a t e r )  if th a t  is  d e e m e d  to  b e  a  m a jo r  s o u r c e  o f  m e ta l c o n t a m in a t io n . H o w e v e r ,  a s  
d is c u s s e d  in S e c t io n  3 .2 .4 ,  b u n k e r  w a t e r  is  lik e ly  n o t  t h e  m a in  s o u r c e  o f  m e t a ls .

In  c o n c lu s io n ,  in s t a ll in g  a n  ion  e x c h a n g e  s y s t e m  a fte r  t h e  A W T S  a n d  p r e tr e a t m e n t  to  
r e m o v e  t h e  o r g a n ic  m a tr ix  c o u ld  a c h ie v e  W Q C .  H o w e v e r ,  m e d ia  v e s s e l s  ( i.e . ion  e x c h a n g e r  
c o lu m n s )  a r e  b u lk y  a n d  c h a n g e  o u t  w o u ld  b e  d iff icu lt. T h e  a lte rn a tiv e , r e g e n e r a t io n  o f  ion  
e x c h a n g e r  m e d ia  o n  b o a r d ,  w o u ld  r e q u ir e  a d d it io n a l s t o r a g e  o f  s a lt ,  a c id ,  a n d / o r  c a u s t ic  
s o lu t io n s ,  s t o r a g e  o f  w a s t e  r e g e n e r a t io n  s o lu t io n , c o n t a in m e n t  s y s t e m s ,  a n d  p u m p s .

O n e  s h ip  im p le m e n t e d  io n  e x c h a n g e  in a d d it io n  to  th e ir  A W T S  to  t re a t  b o th  g r a y  a n d  
b la c k w a te r .  T h e  O c e a n i a  R e g a t t a  r e p la c e d  t h e ir  w a s t e w a t e r  t re a tm e n t  s y s t e m s  w ith  a  n e w  
A W T S  in p a r t  to  m e e t  A l a s k a  w a s t e w a t e r  d is c h a r g e  p e r m it  r e q u ir e m e n t s  fo r  la r g e  c r u i s e  s h ip s .  
T r ito n  W a t e r  A G  d e s ig n e d  a  s y s t e m  th a t  in c lu d e d  a  M e m b r a n e  B io r e a c t o r  w ith  a  p o lis h in g  ion  
e x c h a n g e  s y s t e m  to  t re a t  a ll b la c k  a n d  g r a y w a t e r  a n d  to  m e e t  th e  W Q C  fo r  a m m o n ia  a n d  
m e ta ls .  T h e  n e w  A W T S  w a s  in s t a lle d  w h ile  th e  s h ip  w a s  in o p e r a t io n . T h e  r e s u lt s  o f  th e  
d is c h a r g e  m o n it o r in g  fo r  2 0 1 1  a r e  s h o w n  in T a b l e  1 1 . T h e r e  w e r e  m u lt ip le  e x c e e d a n c e s  o f  th e  
p e rm it  lim its  fo r  a m m o n ia  a n d  W Q C  fo r  a m m o n ia  a n d  m e t a ls .  T h e r e f o r e ,  t h is  s y s t e m  w a s  n o t  
s u c c e s s f u l  d u r in g  its  f ir s t  y e a r  in o p e r a t io n  in a c h ie v in g  th e  r e d u c t io n s  r e q u ir e d  to  m e e t  th e  
W Q C .  A v e r a g e  n ic k e l a n d  z i n c  w e r e  b e lo w  W Q C  in t h e  e ff lu e n t  a n d  c o p p e r  w a s  9 7 %  r e d u c e d .
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5.3.2.5. Re verse Osmosis

R e v e r s e  o s m o s i s  ( R O )  is  a  m e m b r a n e  f iltra tio n  s y s t e m  th a t  is  u s e d  w o r ld w id e  to  
p r o d u c e  f r e s h w a t e r  a n d  t r e a t  w a s t e w a t e r .  R O  is  m o r e  c o m m o n ly  u s e d  to  p u rify  a  r a w  w a t e r  
s o u r c e  o r  in s e a  w a t e r  r e c la m a t io n .  R O  m e m b r a n e s  w o r k  b y  a p p ly in g  p r e s s u r e  to o n e  s id e  o f  a  
s e le c t iv e  m e m b r a n e  w ith  p o r e s  o f  a  p a r t ic u la r  s iz e .  T h i s  a llo w s  th e  p u r if ie d  w a t e r  ( p e r m e a t e )  to  
r e m a in  o n  o n e  s id e  o f  t h e  m e m b r a n e  a n d  t h e  c o n t a m in a n t s  ( r e je c t )  to  c o n c e n t r a t e  o n  th e  o th e r  
s id e  o f t h e  m e m b r a n e .  If  th e  m e m b r a n e  w e r e  n o t p r e s s u r iz e d ,  t h e  liq u id  s o lv e n t  w o u ld  m o v e  
fro m  th e  l e s s  c o n c e n t r a t e d  ( c o n t a m in a t e d )  s id e  o f  t h e  m e m b r a n e  to th e  m o r e  c o n c e n t r a t e d  
( c o n t a m in a t e d )  s id e  o f  t h e  m e m b r a n e  in o r d e r  to  r e d u c e  t h e  d if f e r e n c e  in c o n c e n t r a t io n s .  
A c c o r d in g  to  a  m a n u fa c t u r e r ,  R O  s y s t e m s  w ill r e m o v e  9 0 - 9 9 %  o f  d is s o lv e d  in o r g a n ic s .  
H o w e v e r ,  t h e  s e p a r a t io n  e f f ic ie n c y  o f  R O  is  d e p e n d e n t  u p o n  th e  in f lu e n t  c o n c e n t r a t io n ,  
o p e r a t in g  p r e s s u r e ,  t h e  w a t e r  f lu x  ra te , a n d  s y s t e m  c o n f ig u r a t io n .41 A d d it io n a l w a t e r  r e c o v e r y  
c a n  b e  a c h ie v e d  b y  a d d in g  a  s e c o n d  s t a g e  R O  s y s t e m  o r  c o n f ig u r in g  th e  s y s t e m  w ith  a  
c ir c u la t io n  lo o p .

T h e  R O  s y s t e m s  o n  c r u is e  s h ip s  w ith  A W T S  w e r e  d e s ig n e d  to  r e m o v e  c o n v e n t io n a l  
p o llu ta n ts  in c lu d in g  f e c a l  c o lif o r m s  a n d  T S S  a s  w e ll a s  o r g a n ic  a n d  in o r g a n ic  c o m p o u n d s ,  a n d  
m e ta ls . R O  m a y  a ls o  b e  e m p lo y e d  o n  s o u r c e  w a t e r  to  p r o v id e  a d d it io n a l p u r if ic a t io n  p r io r  to  
u s e  to r e d u c e  c o n t a m in a n t s  fro m  e v a p o r a t e d  o r  b u n k e r e d  w a t e r  s y s t e m s .

R O  t e c h n o lo g y  h a s  b e e n  in s ta lle d  a n d  o p e r a t e d  a s  p a rt  o f  a n  A W T S  o n  c r u is e  s h ip s  th a t  
o p e r a t e  in A l a s k a  s i n c e  2 0 0 0 .  C e le b r it y  a n d  H o lla n d  A m e r ic a  h a v e  o p e r a t e d  v e s s e l s  in A l a s k a  
w ith  R O  s y s t e m s .  H o lla n d  A m e r ic a  r e p o r t s  th a t  th e  s y s t e m s  w e r e  n o t  a b le  to  t re a t  t h e  g r a y w a t e r  
in flu e n t th a t  is  t y p ic a l  o f  t h e ir  o p e r a t io n s  w ith o u t  r e p e a t e d  c lo g g in g  a n d  d im in is h e d  th r o u g h p u t.  
T h e  t h r o u g h p u t  o f  t h e s e  s y s t e m s  w a s  in s u ff ic ie n t  to  s e r v e  th e  n e e d s  o f th e  s h ip  w h ile  s a i l in g  o n  
A la s k a  it in e r a r ie s  a n d  t h e  R O  s y s t e m s  a r e  n o  lo n g e r  in u s e .  A lt h o u g h  t h e r e  is  d a t a  fro m  2 0 0 5  
th a t in d ic a t e s  th a t  t h e  R O  s y s t e m  in s t a lle d  o n  t h e  Celebrity Mercury m e e t s  th e  in te r im  a n d  
A la s k a  W a t e r  Q u a l it y  s t a n d a r d s ,  th e  s y s t e m  e x p e r ie n c e d  s im ila r  c lo g g in g  a n d  t h r o u g h p u t  i s s u e s  
re p o rte d  b y  H o lla n d  A m e r ic a .  T h e  C a r n iv a l  S p ir it ,  w h ic h  u s e s  th e  R O C H E M  R O  s y s t e m ,  
c o n s is t e n t ly  a c h i e v e s  in te r im  a n d  A la s k a  W a t e r  Q u a lit y  C r it e r ia  fo r  a m m o n ia ,  c o p p e r ,  n ic k e l,  
a n d  z in c .  H o w e v e r ,  th is  v e s s e l  o n ly  t r e a t s  a c c o m m o d a t io n  g r a y w a t e r ,  w h ic h  h a s  a  lo w  
c o n c e n t r a t io n  o f  m e t a ls  a n d  a m m o n ia ,  s o  its  r e s u lt s  c a n n o t  b e  u s e d  to  r e p r e s e n t  w h a t  R O  c a n  
d o  w ith  m ix e d  g r a y w a t e r  s t r e a m s .  In  a d d it io n , th e  u t iliz a t io n  r a te  fo r  t h e  Carnival Spirit i s  low . 
T h e r e f o r e ,  t h e  c lo g g in g  a n d  t h r o u g h p u t  c o n c e r n s  a r e  n o t a s  c r it ic a l a s  i s  t h e  c a s e  o n  m o s t  o th e r  
c r u is e  s h ip s .  T h e  s h ip s  th a t  u s e d  R O / u ltra -filtra t io n  to  t re a t  c o m b in e d  g r a y w a t e r  a n d  b la c k w a t e r  
(Celebrity Mercury and Celebrity Galaxy) were u n a b le  to  p r o d u c e  a n  a d e q u a t e  v o lu m e  o f  
tre a te d  e ff lu e n t  d u e  to  c lo g g in g  a n d  n o  lo n g e r  u s e  t h e s e  s y s t e m s  to d is c h a r g e  w a s t e w a t e r  in 
A la s k a .  T h e r e f o r e ,  D E C  d o e s  n o t h a v e  a s  la r g e  a  w a s t e w a t e r  e f f lu e n t  d a t a  s e t  fo r  R O  c o m p a r e d  
to  o th e r  w a s t e w a t e r  t r e a tm e n t  s y s t e m s .

41 Crittenden, John; Trussell, Rhodes; Hand, David; Howe, Kerry and Tchobanoglous, George. W ater T reatm ent 

Principles and Design, Edition 2. John W iley and Sons. New Jersey. 2005 ISBN 0-471-11018-3
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C u r r e n t  w a s t e w a t e r  t r e a tm e n t  s y s t e m s  in s t a lle d  o n  c r u is e  s h i p s  c o u ld  b e  m o d if ie d  o r  
e x p a n d e d  to  in c o r p o r a t e  R O  m e m b r a n e s .  C o n v e n t io n a l  s p ir a l  w o u n d  R O  m e m b r a n e s  a r e  n o t  
e x p e n s iv e  o n  a  p e r  u n it  b a s is .  H o w e v e r ,  t h e y  c a n  b e  q u ic k ly  c lo g g e d  b y  h ig h  le v e ls  o f  
s u s p e n d e d  s o l id s  a n d  p a r t ic le s  o r  b lo c k e d  b y  c a t io n ic  p o ly m e r s  s u c h  a s  s h a m p o o ,  p e r s o n a l  
c a r e  p r o d u c t s ,  o r  d e t e r g e n t s .  C r u i s e  s h i p s  u s e  c le a n in g  s o lu t io n s  w ith  c a t io n ic  p o ly m e r s  to  
r e d u c e  N o r w a lk  v ir u s .  W h ile  c r u is e  l in e s  h a v e  c o n t r o l o v e r  th e  s e le c t io n  a n d  u s e  o f c le a n in g  
a g e n t s  u s e d  o n  b o a r d , t h e y  d o  n o t h a v e  c o n t r o l o v e r  p r o d u c t s  in t r o d u c e d  b y  g u e s t s .  T h e r e f o r e ,  
th e  R O  m e m b r a n e s  m a y  n e e d  to  b e  r e p la c e d  a t h ig h e r  t h a n  e x p e c t e d  r a t e s  w h e n  u s e d  o n  
c r u is e  s h ip s .  If a  filte r c l o g s  q u ic k ly  o r  f r e q u e n t ly ,  th e  s y s t e m  w ill s h u t  d o w n . T h i s  c a n  b e  
c o m b a t t e d  b y  h a v in g  a  la r g e r  s y s t e m ,  b u t  th a t  w o u ld  in c u r  a d d it io n  c o s t s  fro m  m o re  
m e m b r a n e s ,  m o r e  s p a c e ,  h ig h e r  la b o r  c o s t s  f o r  o p e r a t io n ,  a n d  m o r e  fr e q u e n t  c le a n in g / r e c o v e r y  
c o s t s .

T h e s e  c o n s t it u e n t s  w o u ld  h a v e  to  b e  r e m o v e d  p r io r  to  t h e  R O  s y s t e m . N e w ly  e n g in e e r e d  
m e m b r a n e s  a r e  a v a i la b le  th a t  a r e  c a p a b le  o f  h a n d lin g  a  h ig h e r  c o n c e n t r a t io n  o f  s u s p e n d e d  
s o lid s  a n d  w o u ld  n e e d  to  b e  c h o s e n  o n  a  s h ip - b y - s h ip  b a s is .  F o r  t h o s e  v e s s e l s  u t iliz in g  M B R  
u n its , t h e  s u s p e n d e d  s o l id s  a n d  p a r t ic u la t e s  a r e  r e m o v e d  w ith in  t h e  M B R  u n it, t h u s  R O  c o u ld  b e  
r e c o m m e n d e d  a s  a  p o lis h in g  t r e a tm e n t  a fte r  t h e  M B R  t r e a tm e n t  p r o c e s s .  F o r  t h o s e  v e s s e ls  
u s in g  m o v in g  b e d  b io r e a c t o r  ( M B B R )  u n its , a n  a d d it io n a l f iltra tio n  s t e p  w ill n e e d  to  b e  a d d e d  
b e fo r e  t h e  R O  t r e a tm e n t  to h e lp  p r e v e n t  fo u lin g .

N o n - c h lo r in e  d is in f e c t io n  m e t h o d s  a r e  c o m m o n  o n  s h ip s ,  h o w e v e r , c h lo r in a t io n  m a y  b e  
still b e  u s e d  p e r io d ic a l ly  fo r p ip in g  d is in fe c t io n ,  in c id e n t a l d is in fe c t io n ,  a n d  p o o l a n d  s p a  w a te r .  
T h i s  c a n  b e  a  p r o b le m  fo r  s h i p s  th a t  d is c h a r g e  th e  p o o l a n d  s p a  w a t e r s  t h r o u g h  t h e  t r e a tm e n t  
s y s t e m . ( S u c h  a  p r a c t ic e  is  e f f e c t iv e ly  e n c o u r a g e d  b y  t h e  E P A  v e s s e l  g e n e r a l  p e rm it  is s u e d  in  
F e b r u a r y  2 0 0 9 ) .  N e w e r  t e c h n o lo g y  R O  m e m b r a n e s  c a n  t o le r a t e  lo w  c h lo r in e  c o n c e n t r a t io n s  b u t  
f r e e  c h lo r in e  is  c o n s id e r e d  d e tr im e n ta l to th e  m e m b r a n e .  F r e e  c h lo r in e  th a t  e n t e r s  t h e  
w a s t e w a t e r  s t r e a m  w ill l ik e ly  b e  c o n s u m e d  o r  e lim in a te d  w ith in  t h e  b io lo g ic a l  t r e a tm e n t  s y s t e m  
a s  th e  c h lo r in e  r e a c t s  w ith  b io m a s s .  T h e r e f o r e ,  t h e  c o n c e n t r a t io n  o f  f r e e  c h lo r in e  i s  n o t  
e x p e c t e d  to  p r e s e n t  a t  d e tr im e n t a l le v e ls  if t h e  R O  s y s t e m  is  in s t a lle d  d o w n s t r e a m  o f  a  M B R  
A W T S .  T h e  p r e tr e a t m e n t  p r o c e s s e s  n e e d e d  to  e f fe c t iv e ly  u s e  R O  c o u ld  a ls o  in c lu d e  t h e  
a d d it io n  o f  a  r e d u c in g  a g e n t  o r  a c t iv a t e d  c a r b o n  w h ic h  s h o u ld  r e m o v e  a n y  r e s id u a l  c h lo r in e .

F ilt ra t io n  s y s t e m s  th a t  a r e  a lr e a d y  p r e s e n t  in m a n y  A W T S  w o u ld  r e d u c e  t h e  c o s t  o f  t h e  
p re -f iltra tio n  p r o c e s s  a n d  R O  u n it s  c o u ld  b e  in s t a lle d  a s  a n  e n d - o f -p ip e  a d d -o n  t e c h n o lo g y .  
H o w e v e r ,  t h e r e  m a y  still b e  p r o b le m s  w ith  t h is  a p p lic a t io n  in c lu d in g  lo w  w a t e r  r e c o v e r y  a n d  
d o w n t im e  r e q u ir e d  fo r  c le a n in g .  S y s t e m s  w o u ld  n e e d  to  b e  d e s ig n e d  w ith  s u f f ic ie n t  c a p a c it y  to  
c o m p e n s a t e  fo r  t h e  d o w n t im e , r e q u ir in g  a d d it io n a l s h ip b o a r d  s p a c e .  D e p e n d in g  o n  t h e  in flu e n t  
q u a lity , 1 0 - 2 5 %  o f  w a s t e w a t e r  t re a te d  u s in g  R O  is  r e je c t  w a t e r  th a t  d o e s  n o t m e e t  h ig h  
s t a n d a r d s  fo r  d is c h a r g e  a n d  t h u s  m u s t  b e  s to r e d  a n d  d is p o s e d  o u t s id e  s ta te  w a t e r s .  O n e  
m a n u f a c t u r e r  s t a t e s  t h a t  h ig h e r  w a t e r  r e c o v e r y  r a t e s  ( 9 5 % )  c a n  b e  a c h ie v e d  b u t t h is  w o u ld  
re q u ir e  a  s e c o n d  s t a g e  R O  u n it  s im ila r  to  w h a t  is  s u p p lie d  fo r  la n d - b a s e d  t re a tm e n t. T h i s  w o u ld  
e f fe c t iv e ly  r e q u ir e  a  t h r e e  s t a g e  A W T S  s y s t e m  (e .g .  M B R  +  R O  +  R O ) ,  In a d d it io n , m e m b r a n e  
c le a n in g  p r o c e s s e s  g e n e r a t e  w a s t e w a t e r  th a t  r e q u ir e  d is p o s a l .  In  a d d it io n , a  re la t iv e ly  h ig h  
p r e s s u r e  is  r e q u ir e d  fo r  R O ,  w h ic h  m a y  h a v e  a s s o c ia t e d  h ig h  e n e r g y  a n d  m a in t e n a n c e  c o s t s .
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5.3.2.6. Electrodialysis and Electrocoagulation

E le c t r o d ia ly s is  ( E D )  i s  a n  e le c t r o c h e m ic a l  p r o c e s s  in w h ic h  io n s  m ig r a t e  t h r o u g h  io n -  
s e le c t iv e  s e m ip e r m e a b le  m e m b r a n e s  a s  a  r e s u lt  o f  t h e ir  a tt ra c t io n  to  tw o  e le c t r ic a l ly  c h a r g e d  
e le c t r o d e s .  A  D C  v o lt a g e  is  a p p lie d  to  t h e  e le c t r o d e s .  E D  is  a b le  to r e m o v e  m o s t  c h a r g e d  
d is s o lv e d  io n s ,  in c lu d in g  a m m o n iu m . E D s  u s e  a lt e r n a t in g  s e m i- p e r m e a b le  a n io n  a n d  c a t io n  io n -  
e x c h a n g e  m e m b r a n e s ,  t h e  s p a c e s  b e tw e e n  t h e  m e m b r a n e s  c r e a t e  c o m p a r t m e n t s  o f  
c o n c e n t r a t e  a n d  c le a n  w a te r . C l e a n  w a t e r  c a n  b e  d is c h a r g e d  or r e c o v e r e d .  T h e  c o n c e n t r a t e d  
c o p p e r ,  n ic k e l a n d  z in c  w a s t e w a t e r  r e q u ir e s  s t o r a g e  a n d  d is p o s a l.

E D ’s  p r im a r y  u s e  h a d  b e e n  fo r  t r e a t in g  r a w  w a t e r  fo r  p o t a b le  a n d  n o n - p o t a b le  u s e s .  
A p p lic a t io n s  in c lu d e  d e s a l in a t io n ,  d r in k in g  w a te r , la u n d r y  w a s t e w a t e r ,  a n d  a g r ic u lt u r a l  w a te r .  
H o w e v e r ,  it h a s  b e e n  u s e d  in t h e  m e ta l f in is h in g  in d u s t r y  fo r n ic k e l r e c o v e r y 42 . A n  E D  u n it  is  
c a p a b le  o f  r e m o v in g  5 0 %  to  9 4 %  o f d is s o lv e d  s o l id s  fro m  a  fe e d  w a te r , u p  to  1 2 ,0 0 0  m g / L  tota l 
d is s o lv e d  s o l id s  ( T D S ) 43 . T h e  r e c o v e r e d  c o n c e n t r a t e  c o n t a in in g  c o p p e r ,  n ic k e l,  z in c  a n d  a n y  
o th e r  d is s o lv e d  io n s  w o u ld  b e  r e m o v e d  fo r  s p e c ia l  w a s t e  h a n d lin g  w h ic h  c o u ld  in c lu d e  m e ta l  
r e c o v e r y  f o r  r e c y c l in g  or d is p o s a l.

E D  c o u ld  l ik e ly  b e  in c o r p o r a te d  in to  a n  e x is t in g  A W T S  a f te r  b io lo g ic a l t re a tm e n t. T h e  E D  
p r o c e s s ,  u n l ik e  R O ,  i s  c h lo r in e  t o le r a n t  a n d  c o u ld  b e  u s e d  a fte r  d is in fe c t io n  e v e n  if c h lo r in a t io n  
i s  u s e d  a s  p a rt  o f th e  A W T S .  E D ,  w h e n  u s e d  fo r  r a w  w a t e r  t re a tm e n t, is  a  v e r y  r e lia b le  p r o c e s s  
w ith  m in im a l m a in t e n a n c e  a n d  a tt e n d e d  c o n tro l o f  t h e  e q u ip m e n t .  S c a l in g  a n d  o t h e r  i s s u e s  
a s s o c ia t e d  w ith  its  a p p lic a t io n  fo r  w a s t e w a t e r  is  u n k n o w n .

E le c t r o c o a g u la t io n  w a s  d e v e lo p e d  a s  a  p r o c e s s  to  tre a t  b ilg e  a n d  b a l la s t  w a t e r 44. T h e  
e le c t r o c o a g u la t io n  p r o c e s s  d e s c r ib e d  b y  G lo b a l  A d v a n t e c h  is  a  c o n t in u o u s  f lo w  s y s t e m  t h a t  a ls o  
r e m o v e s  s u s p e n d e d  s o lid s ,  e m u ls if ie d  h y d r o c a r b o n s  a n d  m a n y  d is s o lv e d  o r g a n ic  c o m p o u n d s ,  
h e a v y  m e t a ls ,  b a c t e r ia ,  a lg a e ,  la r v a e  a n d  o th e r  p o llu ta n ts . It c o n s i s t s  o f p a i r s  o f  c lo s e ly  s p a c e d  
p a r a lle l m e ta l p la t e  e le c t r o d e s  w ith  a  lo w  v o lt a g e  a p p lie d  a t  h ig h  c u r r e n t  d e n s it ie s .  T h e  c u r r e n t  
f lo w in g  b e tw e e n  t h e  e le c t r o d e s  n e u t r a liz e s  e le c t r ic a l  c h a r g e s  o n  s o lid  a n d  l iq u id  (o il)  p a r t ic le s ,  
c a u s i n g  t h e  p a r t ic le s  to  c o a g u la t e  a n d / o r  c o a le s c e .  O il a g g lo m e r a t e s  a n d  p a r t ic le  f lo e s  a r e  
f lo a te d  to th e  to p  fo r  c o lle c t io n  a s s i s t e d  b y  t h e  h y d r o g e n  a n d  o x y g e n  g a s  b u b b le s  p r o d u c e d  in  
th e  e le c t r o d e  r e a c t io n s .  G lo b a l  A d v a n t e c h  c la im s  h e a v y  m e ta l r e m o v a ls  g r e a t e r  t h a n  9 9  p e r c e n t  
in a  tw o  p a s s  s y s t e m .  T h e  r e c o v e r e d  s o l id s  c o n t a in in g  c o p p e r ,  n ic k e l,  z i n c  a n d  a n y  o th e r  
d is s o lv e d  io n s  w o u ld  b e  r e m o v e d  fo r  d is p o s a l.

E le c t r o d ia ly s is  u s e d  in th e  m e ta l f in is h in g  in d u s t r y  fo r w a te r  t r e a tm e n t  a n d  m e ta l  
r e c o v e r y .  E le c t r o c o a g u la t io n  h a s  b e e n  u s e d  to  t re a t  b i lg e  w a t e r  in m a r in e  a p p lic a t io n s .  W h ile

42 Cushnie, G. National Center fo r M anufacturing Sciences Pollution Prevention and Control Technology fo r  Plating 

Operations (1994) h ttp ://w w w .nm frc .o rg /b luebook/tocm a in .h tm  (Note: Some graphics are missing.)

43 U.S. Bureau o f Reclamation, 2010

44 Global Advantech Technology Data Sheet TDS801
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t h e r e  a r e  n o  s y s t e m s  c u r r e n t l y  i n  o p e r a t i o n  o n  c r u i s e  s h i p s  f o r  t h i s  a p p l i c a t i o n ;  m e m b r a n e  

s y s t e m s  a r e  c o m m o n l y  u s e d  i n  c r u i s e  s h i p s .

I n  c o n c l u s i o n ,  E D  a n d  E C  r e q u i r e  p r e t r e a t m e n t  t o  r e m o v e  r e s i d u a l  o r g a n i c  m a t r i x  a n d  

s u s p e n d e d  s o l i d s  i s  r e q u i r e d .  E D / E C  c o n c e n t r a t e  c o n t a i n s  t h e  r e m o v e d  p o l l u t a n t s  i n  a  h i g h e r  

c o n c e n t r a t i o n  a n d  r e q u i r e s  s t o r a g e  a n d  d i s p o s a l .  C h e m i c a l  m e m b r a n e  c l e a n i n g  r e q u i r e s  d o w n  

t i m e  a n d  p r o d u c e s  a n o t h e r  w a s t e w a t e r  s t r e a m  t h a t  r e q u i r e s  s t o r a g e  a n d  d i s p o s a l .  T h e r e  a r e  

s i g n i f i c a n t  p o w e r  a n d  e n e r g y  r e q u i r e m e n t s ;  a s  w e l l  a s  n e e d  f o r  s p a c e  f o r  e q u i p m e n t  a n d  

c h e m i c a l s .

5 . 3 . 2 . 7 .  E x p e r i m e n t a l  T e c h n o l o g i e s  f o r  M e t a l  R e m o v a l

S e v e r a l  e x p e r i m e n t a l  t e c h n o l o g i e s  a r e  d e s c r i b e d  h e r e  t o  g i v e  a  v e r y  b a s i c  

u n d e r s t a n d i n g  o f  a l t e r n a t i v e  a p p r o a c h e s  b e y o n d  t h o s e  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n s .  

T h e r e  w a s  l i m i t e d  i n f o r m a t i o n  a v a i l a b l e  i n  t h e  l i t e r a t u r e  o r  f r o m  t h e  m a n u f a c t u r e r  o n  t h e s e  

t e c h n o l o g i e s  s o  t h e  d i s c u s s i o n s  a r e  b r i e f ,  F u r t h e r  d e v e l o p m e n t  a n d  r e s e a r c h  m a y  s h o w  t h a t  

t h e s e  t e c h n i q u e s  h a v e  m a r i n e  a p p l i c a t i o n s ;  h o w e v e r ,  t h e s e  p r o c e s s e s  a r e  n o t  u s e d  i n  m a r i n e  

a p p l i c a t i o n s  o r  w i d e l y  u s e d  c o m m e r c i a l l y  i n  o t h e r  a p p l i c a t i o n s .  U s e  o f  t h e s e  e x p e r i m e n t a l  

t e c h n i q u e s  i s  l e s s  a d v i s a b l e  t h a n  u s i n g  p r o v e n  c o m m e r c i a l  t e c h n i q u e s  s u c h  a s  i o n  e x c h a n g e  o r  

r e v e r s e  o s m o s i s ,  e s p e c i a l l y  o n  c r u i s e  s h i p s ,  w h e r e  s p a c e ,  e f f i c i e n c y ,  a n d  r e l i a b i l i t y  a r e  

e x t r e m e l y  i m p o r t a n t .

O x y c e l l  P r o c e s s  -  T h e  O x y c e l l  i s  a n  e l e c t r o f l o t a t i o n  p r o c e s s  f o r  r e m o v i n g  h e a v y  m e t a l s  

i n  c o n t a m i n a t e d  w a s t e w a t e r  c o n t a i n i n g  m u l t i p l e  p o l l u t a n t s  i n c l u d i n g  o i l  a n d  s o l i d s .  T h e  p r o d u c t  

l i t e r a t u r e  c l a i m s  t h e  p r o c e s s  i s  l o w  c o s t  a n d  r e q u i r e s  n o  c h e m i c a l  a d d i t i o n .  H o w e v e r ,  t h e  f i r s t  

s t e p  i n  t h e  p r o d u c t  l i t e r a t u r e  s h o w s  p H  n e u t r a l i z a t i o n ,  w h i c h  w o u l d  r e q u i r e  c h e m i c a l s .  A f t e r  

n e u t r a l i z a t i o n ,  w a s t e w a t e r  i s  p u m p e d  i n t o  t h e  e l e c t r o f l o t a t i o n  r e a c t o r ,  w h e r e  i t  a p p e a r s  t h a t  

c o m p r e s s e d  a i r  i s  a d d e d .  I t  i s  n o t  c l e a r ,  b u t  a s s u m e d  t h a t  a  c u r r e n t  i s  a d d e d  t o  c a u s e  

f l o c c u l a t i o n  o f  m e t a l s .  F l o c c u l a t e d  p a r t i c l e s  a r e  s e p a r a t e d  d u r i n g  f l o t a t i o n .  T h e  n e x t  s t e p  

i n v o l v e s  s o l i d s  d e w a t e r i n g  w i t h  a  f i l t e r  p r e s s .  T h e  f i l t r a t e  i s  t h e  f i n a l  e f f l u e n t ,  h o w e v e r ,  

r e c i r c u l a t i o n  b a c k  i n t o  t h e  r e a c t o r  c a n  b e  d o n e  u n t i l  t h e  e f f l u e n t  m e e t s  t h e  d e s i r e d  l i m i t s .  I t  i s  n o t  

c l e a r  w h a t  t h e  r e m o v a l  e f f i c i e n c i e s  a r e  f o r  c o p p e r ,  n i c k e l  a n d  z i n c .

B i o s o r p t i o n  o f  h e a v y  m e t a l s  -  M i c r o o r g a n i s m s  s u c h  a s  f u n g i  o r  b a c t e r i a  a r e  k n o w n  t o  

h a v e  t h e  a b i l i t y  t o  r e m o v e  m e t a l  i o n s  f r o m  w a t e r  t h r o u g h  a d s o r p t i o n ,  m e t a b o l i s m ,  a n d / o r  

t r a n s p o r t .  B i o m a s s  o f  p l a n t s  a n d  a l g a e  c a n  a l s o  b e  e m p l o y e d  t o  c a p t u r e  h e a v y  m e t a l s .  

E x p e r i m e n t a l  w o r k  d e m o n s t r a t e s  t h a t  a  v a r i e t y  o f  h e a v y  m e t a l s  c a n  b e  b o u n d  b y  b i o s o r b e n t s ,  

a c h i e v i n g  v e r y  h i g h  e f f l u e n t  q u a l i t y .  F o r  e x a m p l e  C u  w a s  r e m o v e d  f r o m  a c t u a l  w a s t e  s t r e a m s  t o  

s u b - p a r t s - p e r - b i l l i o n  l e v e l s  u s i n g  b a c t e r i a l  c e l l s  i m m o b i l i z e d  i n  a  c a l c i u m  a l g i n a t e  m a t r i x 4 5 . 

L a r g e r  b i o s o r b e n t  p a r t i c l e s  f r o m  e . g .  a l g a l  o r  p l a n t  m a t e r i a l  m a y  n o t  n e e d  i m m o b i l i z a t i o n .  T h e  

m e t a l  l a d e n  b i o s o r b e n t  c a n  b e  r e m o v e d  f r o m  t h e  w a s t e  s t r e a m  u s i n g  e . g .  f i l t r a t i o n .  A n

45 Ogden, K. and Muscat, A. Investigating the use of biosorption to treat copper CMP wastewater. Intel. (2007) 

University of Arizona, http://www.micromagazine.com/archive/01/07/ereen.html
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a l t e r n a t i v e  i s  a p p l i c a t i o n  i n  p a c k e d  b e d  c o l u m n s  s i m i l a r  t o  t h o s e  u s e d  i n  i o n  e x c h a n g e ,  h o w e v e r  

f u r t h e r  w o r k  i s  n e e d e d  f o r  a p p l i c a t i o n  t o  c o n t i n u o u s - f l o w  w a s t e w a t e r  t r e a t m e n t 4 5 .

I n  c o n c l u s i o n ,  t h e  e x p e r i m e n t a l  t e c h n o l o g i e s  d i s c u s s e d  i n  t h i s  s e c t i o n  a r e  n o t  p r o v e n  i n  

t e r m s  o f  p o l l u t a n t  r e m o v a l  o r  w i d e l y  a v a i l a b l e .  E a c h  p r o c e s s  a l s o  n e e d s  t o  b e  e v a l u a t e d  i n  t h e  

c o n t e x t  o f  c r u i s e  s h i p  i n s t a l l a t i o n .  T h e r e  i s  n o t  e n o u g h  i n s t a l l a t i o n  h i s t o r y  w i t h  t h e s e  

t e c h n o l o g i e s  t h a t  d e s i g n ,  c a p i t a l ,  o r  o p e r a t i n g  c o s t s  c o u l d  b e  e v a l u a t e d .  T h e y  s h o w  p r o m i s e  b u t  

a r e  n o t  d e v e l o p e d  t o  t h e  p o i n t  t h a t  t h e y  c o u l d  b e  i m p l e m e n t e d  b y  c r u i s e  s h i p s  w i t h i n  t h e  n e x t  5 -  

1 0  y e a r s .

5 . 3 . 3 .  S u m m a r y

A  s u m m a r y  o f  t h e  t r e a t m e n t  m e t h o d s  e v a l u a t e d  f o r  m e t a l s  i s  p r o v i d e d  i n  T a b l e  1 7 .

Table 17 Key Features of Methods for Metals Removal

Technically 

Feasible for 

Metal

Concentrations 

found in Cruise 

Ships

Com m only

Used in

Land

based

Treatm ent

System s

Currently 

in Use in 

Cruise 

Ships for 

this

Applicatio

n

Acids/Bases/

Hazardous

Chem ical

usage

required

Residual

W aste

produced

Energy

Required

Precipitation No Yes No Yes Yes

(high)

Low

Evaporation No No No No Yes Highest

Electrowinning No No No Yes Yes High

Ion Exchange Yes Yes Yes Yes Yes Low

Reverse Osm osis Yes Yes No Yes

(descaling/

cleaning)

Yes

(high)

High

Electrodialysis/

Electrocoagulation

Yes Yes (raw 

water 

treatment)

No Yes

(descaling/

cleaning

Yes High

A s  s u m m a r i z e d  i n  t h e  T a b l e  1 4 ,  n i t r i f i c a t i o n  i s  t h e  m o s t  p r o m i s i n g  t e c h n i q u e  f o r  

a m m o n i a  r e m o v a l .  F r o m  T a b l e  1 7 ,  i o n  e x c h a n g e ,  r e v e r s e  o s m o s i s  a n d  e l e c t r o d i a l y s i s  a r e  m o s t  

p r o m i s i n g  f o r  m e t a l  r e m o v a l .  T h e r e f o r e  t h e s e  p r o c e s s e s  a r e  i n c l u d e d  i n  t h e  p o t e n t i a l  t r e a t m e n t  

s y s t e m  c o m b i n a t i o n s  d e s c r i b e d  i n  S e c t i o n  5 . 3 . 4 .
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5 . 3 . 4 .  O n  S h i p  T r e a t m e n t  S y s t e m  C o m b i n a t i o n s

T h e  t e c h n o l o g i e s  d e s c r i b e d  i n  S e c t i o n  5 . 3  c o u l d  t h e o r e t i c a l l y  b e  u s e d  f o r  t r e a t m e n t  o f  

t h e  c o n s t i t u e n t s  o f  c o n c e r n  a n d  m a y  h a v e  t h e  a b i l i t y  t o  t r e a t  e f f l u e n t  t o  W Q C .  H o w e v e r ,  t h e r e  

a r e  s i g n i f i c a n t ,  s p a c e ,  w a s t e ,  a n d  e n e r g y  c o n s i d e r a t i o n s  f o r  e a c h  t e c h n o l o g y .  A  c o m b i n a t i o n  o f  

t w o  o r  m o r e  o f  t h e  t e c h n o l o g i e s ,  A W T S  p l u s  a n  a d d - o n  p o l i s h i n g  s t e p ,  c o u l d  p o t e n t i a l l y  b e  

e f f e c t i v e .  P o t e n t i a l  c o m b i n a t i o n s  o f  t r e a t m e n t  m e t h o d s  a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n s  

w i t h  b l o c k  f l o w  d i a g r a m s  s h o w i n g  h o w  t h e  t e c h n o l o g y  w i l l  f i t  i n t o  a  c u r r e n t l y  o p e r a t i n g  s y s t e m .  

N o t e  t h a t  t h e r e  m a y  b e  a d d i t i o n a l  s t e p s  r e q u i r e d ,  s u c h  a s  u l t r a f i l t r a t i o n  p r i o r  t o  u s i n g  R O .

N o t e  t h e  c o m b i n a t i o n s  d e s c r i b e d  i n  t h i s  s e c t i o n  a r e  e n t i r e l y  t h e o r e t i c a l .  L i m i t e d  s p a c e ,  

w e i g h t  l i m i t a t i o n s ,  a n d  i n c r e a s e d  e n e r g y  c o n s u m p t i o n  a r e  e x t r e m e l y  c r i t i c a l  t o  c o n s i d e r  w h e n  

d e s i g n i n g  s y s t e m s  f o r  c r u i s e  s h i p s .  W i t h o u t  p e r f o r m i n g  a c t u a l  e n g i n e e r i n g  d e s i g n  w i t h  t h e s e  

c o n s i d e r a t i o n s ,  i t  i s  u n k n o w n  w h e t h e r  a n y  c o m b i n a t i o n s  a r e  f e a s i b l e .  S h i p - s p e c i f i c  e n g i n e e r i n g  

d e s i g n ,  p i l o t  t e s t i n g  a n d  t r e a t a b i l i t y  v e r i f i c a t i o n  w i l l  n e e d  t o  b e  c o m p l e t e d  t o  d e t e r m i n e  t h e  

a p p l i c a b i l i t y  t o  e a c h  i n d i v i d u a l  s h i p .  T h e  p r o c e s s  f l o w  d i a g r a m s  f o r  t r e a t m e n t  s y s t e m  

c o m b i n a t i o n s  a r e  c o n c e p t u a l .  N o n e  o f  t h e s e  c o m b i n a t i o n s  a r e  c u r r e n t l y  i n  o p e r a t i o n  i n  c r u i s e  

s h i p s .

A l l  t r e a t m e n t  s y s t e m  c o m b i n a t i o n s  d e s c r i b e d  i n  t h i s  s e c t i o n  i n c l u d e  a  m e m b r a n e  

b i o r e a c t o r  f o r  a m m o n i a  r e m o v a l  b y  n i t r i f i c a t i o n  ( i . e .  c o n v e r s i o n  t o  n i t r a t e ) ,  w h i c h  i s  t h e  s t a n d a r d  

p r a c t i c e  f o r  a m m o n i a  r e m o v a l  i n  l a n d - b a s e d  m u n i c i p a l  w a s t e w a t e r  t r e a t m e n t  s y s t e m .  T h i s  

p r o c e s s  i s  r e c o m m e n d e d  b e c a u s e  t h e  c r u i s e  s h i p  f l e e t  v i s i t i n g  A l a s k a n  w a t e r s  t y p i c a l l y  a l r e a d y  

h a s  a  m e m b r a n e  b i o r e a c t o r  ( o r  o t h e r  b i o r e a c t o r )  i n s t a l l e d  f o r  r e d u c i n g  o r g a n i c  m a t t e r  m e a s u r e d  

a s  B O D .  T h e  s a m e  r e a c t o r  ( w i t h  s l i g h t l y  l a r g e r  s i z i n g )  c a n  a l s o  r e m o v e  a m m o n i a ,  w h i c h  a l r e a d y  

o c c u r s  t o  s o m e  e x t e n t  i n  t h e  e x i s t i n g  c r u i s e  s h i p s  w a s t e w a t e r  t r e a t m e n t  s y s t e m s .  N e v e r t h e l e s s ,  

e l e v a t e d  a m m o n i a  l e v e l s  a r e  m e a s u r e d  f r e q u e n t l y ,  r e q u i r i n g  e i t h e r  o p t i m i z e d  u s e  o f  t h i s  r e a c t o r  

o r  f u r t h e r  t r e a t m e n t  s t e p s .  N i t r a t e s  p r o d u c e d  d u r i n g  n i t r i f i c a t i o n  a r e  a n  i s s u e  i n  d r i n k i n g  w a t e r  

s u p p l i e s ,  b u t  W Q C  h a v e  n o t  b e e n  e s t a b l i s h e d  f o r  n i t r a t e s .  H o w e v e r ,  b o t h  R O  a n d  i o n  e x c h a n g e  

c a n  r e m o v e  n i t r a t e s  i f  d e s i g n e d  f o r  t h a t  p u r p o s e .

A  f u r t h e r  c o m m o n a l i t y  b e t w e e n  t h e  s y s t e m s  p r e s e n t e d  h e r e  i s  t h a t  t h e y  r e l y  o n  R O  

a n d / o r  i o n  e x c h a n g e  a s  a  p o l i s h i n g  s t e p  t o  r e d u c e  m e t a l  ( a n d  a m m o n i a )  l e v e l s  t o  W Q C .  U n l i k e  

c h e m i c a l  p r e c i p i t a t i o n ,  e v a p o r a t i o n ,  e l e c t r o w i n n i n g ,  e l e c t r o d i a l y s i s  a n d  e l e c t r o c o a g u l a t i o n ,  t h e  

R O  a n d  i o n  e x c h a n g e  p r o c e s s e s  a r e  b a s e d  o n  a  m o d u l a r  s y s t e m  t h a t  m a k e s  i t  p o t e n t i a l l y  

f e a s i b l e  t o  f i t  i n t o  s p a c e s  o f  d i f f e r e n t  s i z e .  B o t h  c r e a t e  w a s t e  s t r e a m s  ( r e j e c t  o r  s p e n t  

r e g e n e r a n t )  t h a t  w o u l d  b e  a  f r a c t i o n  o f  t h e  t r e a t e d  w a s t e w a t e r  v o l u m e .

A d d i t i o n a l  p r e t r e a t m e n t  f o r  o r g a n i c s  i s  s t i l l  r e q u i r e d  a f t e r  b i o r e a c t o r s  b u t  b e f o r e  R O  o r  

i o n  e x c h a n g e .  O t h e r w i s e  t h e  r e s i d u a l  o r g a n i c  m a t t e r  w i l l  f o u l  R O  m e m b r a n e s  a n d / o r  i o n  

e x c h a n g e  r e s i n s .

5 . 3 . 4 . 1 .  A  W T S / T w o  S t a g e  R e v e r s e  O s m o s i s

I n  t h i s  o p t i o n ,  e f f l u e n t  f r o m  t h e  A W T S  w i l l  p a s s  t h r o u g h  a  t w o  s t a g e  R O  s y s t e m .  I n  

p r a c t i c e ,  t h i s  o p t i o n  p r o v i d e s  t h e  m a x i m u m  w a t e r  ( p e r m e a t e )  r e c o v e r y  a n d  t h e  l o w e s t  a m o u n t  o f  

r e s i d u a l  w a s t e .  T h e  c o n c e p t u a l  p r o c e s s  f l o w  d i a g r a m  i s  s h o w n  i n  F i g u r e  1 1 .  F u r t h e r  r e s e a r c h  i s  

n e e d e d  t o  e s t a b l i s h  i f  R O  a l o n e  c a n  m e e t  t h e  W Q C  a n d  t h e  a c t u a l  p e r m e a t e  r e c o v e r y  r a t e s .
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T h i s  w i l l  v a r y  b a s e d  o n  t h e  i n f l u e n t  w a t e r  q u a l i t y  a n d  w o u l d  b e  s p e c i f i c  t o  e a c h  c r u i s e  s h i p .  

W a s t e w a t e r  f r o m  t h e  b i o r e a c t o r  w o u l d  b e  f i r s t  d i s i n f e c t e d  t o  r e d u c e  b i o l o g i c a l  g r o w t h  o n  t h e  

d o w n s t r e a m  e q u i p m e n t ,  f o l l o w e d  b y  p r e t r e a t m e n t  t o  r e m o v e  a n y  f i n e  p a r t i c l e s  a n d  t h e  r e s i d u a l  

o r g a n i c  m a t r i x .  B o t h  o f  t h e s e  p r e t r e a t m e n t  s t e p s  g e n e r a t e  l i q u i d  a n d  s o l i d  w a s t e s .  T h e  s m a l l e r  

v o l u m e  r e j e c t  f r o m  t h e  f i r s t  s t a g e  R O  i s  t h e n  p a s s e d  t h r o u g h  a  s e c o n d  s t a g e  R O .  T h e  r e j e c t  

f r o m  t h e  s e c o n d  s t a g e  c o u l d  e i t h e r  b e  s t o r e d  f o r  o f f - s i t e  d i s p o s a l  o r  s e n t  t o  a  f l u i d  c o n c e n t r a t o r  

( e v a p o r a t o r )  a n d  c o n v e r t e d  t o  a  r e s i d u a l  s o l i d  w a s t e .

5 . 3 . 4 . 2 .  A W T S / S i n g l e  S t a g e  R e v e r s e  O s m o s i s  a n d  I o n  E x c h a n g e

M e t a l s  w i l l  b e  r e m o v e d  i n  a  t w o - s t e p  p r o c e s s :  r e v e r s e  o s m o s i s  f o l l o w e d  b y  i o n  e x c h a n g e  

s i m i l a r  t o  t h a t  d e s c r i b e d  i n  S e c t i o n  5 . 3 . 2 . 5  b u t  w i t h  a n  i o n  e x c h a n g e r  t a k i n g  t h e  p l a c e  o f  t h e  

s e c o n d  s t a g e  R O .  T h e  w a s t e w a t e r  w i l l  b e  i n i t i a l l y  p a s s e d  a c r o s s  a  s i n g l e - p a s s  m e m b r a n e  

s y s t e m  w i t h  a n  e s t i m a t e d  r e m o v a l  e f f i c i e n c y  9 0 + %  w h e r e b y  5 0 - 7 5 %  o f  t h e  i n f l u e n t  f l o w  a r e  

r e c o v e r e d  a s  p u r i f i e d  p e r m e a t e .  F u r t h e r  s t u d y  i s  n e e d e d  t o  d e t e r m i n e  t h e  a c t u a l  r e m o v a l  

p e r c e n t a g e  a n d  t h e  a m o u n t  o f  p e r m e a t e  a n d  r e j e c t  g e n e r a t e d .  T h e  R O  r e j e c t  w o u l d  b e  s t o r e d  i n  

a  h o l d i n g  t a n k  a n d  d i s c h a r g e d  t o  a n  a p p r o p r i a t e  w a s t e  h a n d l e r  o r  d i s c h a r g e d  o f f s h o r e  o u t s i d e  

1 2  n m .  T h e  R O  p e r m e a t e  w i l l  b e  p a s s e d  a c r o s s  a  s e r i e s  o f  i o n  e x c h a n g e  r e s i n s  ( s t r o n g  a c i d  

c a t i o n ,  w e a k  a c i d  c a t i o n ,  i o n  s e l e c t i v e ,  c h e l a t i n g  o r  c o m b i n a t i o n s  t h e r e o f )  f o r  f i n a l  m e t a l s  

r e m o v a l .  T h e  t r e a t e d  w a t e r  s h o u l d  b e  m o n i t o r e d  f o r  p H  a n d  a d j u s t e d  i f  n e c e s s a r y  p r i o r  t o  

d i s c h a r g e  f r o m  t h e  s y s t e m .  T h e  r e g e n e r a t i o n  w a s t e  o f  t h e  i o n  e x c h a n g e  r e s i n s  s h o u l d  b e  s t o r e d  

i n  h o l d i n g  t a n k s  a n d  d i s c h a r g e d  t o  a n  a p p r o p r i a t e  w a s t e  h a n d l e r .  A  b l o c k  f l o w  d i a g r a m  f o r  t h i s  

o p t i o n  i s  p r e s e n t e d  i n  F i g u r e  1 2 .

5 . 3 . 4 . 3 .  A  W T S / I o n  E x c h a n g e

T h e  e f f l u e n t  f r o m  t h e  b i o r e a c t o r  f o l l o w e d  b y  d i s i n f e c t i o n  w o u l d  b e  t r e a t e d  b y  i o n  

e x c h a n g e  a l o n e .  T h e  w a s t e w a t e r  w i l l  b e  p a s s e d  a c r o s s  a  s e r i e s  o f  i o n  e x c h a n g e  r e s i n s  s u c h  a s  

s t r o n g  a c i d  c a t i o n ,  w e a k  a c i d  c a t i o n ,  i o n  s e l e c t i v e ,  c h e l a t i n g  o r  c o m b i n a t i o n s  t h e r e o f .  T h e  

p r o c e s s  i s  s i m i l a r  t o  t h a t  d e s c r i b e d  i n  S e c t i o n  5 . 3 . 4 . 2  e x c e p t  t h a t  t h e  R O  t r e a t m e n t  i s  r e p l a c e d  

b y  a d d i t i o n a l  i o n  e x c h a n g e r s .  A  b l o c k  f l o w  d i a g r a m  f o r  t h i s  o p t i o n  i s  p r e s e n t e d  i n  F i g u r e  1 3 .

5 . 3 . 4 . 4 .  A W T S  / E l e c t r o d i a l y s i s  a n d  I o n  E x c h a n g e

I n  t h i s  o p t i o n ,  t h e  b i o r e a c t o r  i s  t h e  s a m e ,  b u t  t h e  m e t a l s  w i l l  b e  t r e a t e d  w i t h  a  t w o - s t e p  

p r o c e s s  i n v o l v i n g  e l e c t r o d i a l y s i s  o r  e l e c t r o c o a g u l a t i o n  ( i n s t e a d  o f  R O  a s  i n  S e c t i o n  5 . 3 . 4 . 2 )  

f o l l o w e d  b y  i o n  e x c h a n g e .  T h e  w a s t e w a t e r  w i l l  b e  i n i t i a l l y  p a s s e d  a c r o s s  a  s e r i e s  o f  s e m i -  

p e r m e a b l e  m e m b r a n e s  a n d  c h a r g e d  w i t h  a n  i m p o s e d  c u r r e n t  t o  c o n c e n t r a t e  t h e  m e t a l s .  T h e  

d i l u t e  w a s t e w a t e r  w i l l  b e  p a s s e d  a c r o s s  a  s e r i e s  o f  i o n  e x c h a n g e  r e s i n s .  A  b l o c k  f l o w  d i a g r a m  

f o r  t h i s  o p t i o n  i s  p r e s e n t e d  i n  F i g u r e  1 4 .

5.4. Additional Treatment Methods Evaluation

A m o n g  t h e  m e t h o d s  d i s c u s s e d  e a r l i e r  i n  t h i s  r e p o r t ,  c u r r e n t l y  u s e d  m e t h o d s  s u c h  a s  i o n  

e x c h a n g e ,  r e v e r s e  o s m o s i s  a n d  p o t e n t i a l  m e t h o d s  s u c h  a s  e l e c t r o d i a l y s i s / e l e c t r o c o a g u l a t i o n  

c a n  b e  u s e d  a s  p o l i s h i n g  s t e p s  a n d  m a y  h a v e  p o t e n t i a l  t o  m e e t  W Q C  i f  i n s t a l l e d  o n  c r u i s e  s h i p s  

a f t e r  a p p r o p r i a t e  p r e t r e a t m e n t  p r o c e s s e s .  H o w e v e r ,  i t  i s  q u e s t i o n a b l e  w h e t h e r  c r u i s e  c o m p a n i e s
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w o u l d  w a n t  t o  i n s t a l l  t r e a t m e n t  s y s t e m s  f o r  r e g e n e r a t e / r e j e c t  w a s t e  s t r e a m s ,  w h i c h  w o u l d  e n t a i l  

a d d i t i o n a l  c o s t  a n d  s p a c e  r e q u i r e m e n t s .

O t h e r  t e c h n i q u e s ,  s u c h  a s  p r e c i p i t a t i o n  o r  e l e c t r o w i n n i n g  a r e  m o r e  c o m m o n l y  u s e d  f o r  

h i g h e r  m e t a l  c o n c e n t r a t i o n s ,  a n d  t h e r e f o r e  c o u l d  f i n d  a p p l i c a t i o n  i n  t r e a t m e n t  o f  w a s t e  s t r e a m s  

w i t h  h i g h e r  m e t a l  c o n c e n t r a t i o n  ( e . g .  s p e n t  i o n  e x c h a n g e r  r e g e n e r a t e  o r  r e j e c t  f r o m  

e l e c t r o d i a l y s i s  ( E D )  a n d  R O ) .  N o  d a t a  c o u l d  b e  f o u n d  t h a t  i n d i c a t e s  t h a t  p r e c i p i t a t i o n  o r  

e l e c t r o w i n n i n g  h a v e  b e e n  d e v e l o p e d  f o r  u s e  o n  a  s h i p .  F u r t h e r m o r e ,  e a c h  o f  t h e  m e t h o d s  

a p p e a r  t o  h a v e  s i g n i f i c a n t  f e a s i b i l i t y  a n d  a d a p t a b i l i t y  l i m i t a t i o n s

A l l  a d d - o n  t r e a t m e n t  t e c h n o l o g i e s  h a v e  a d d i t i o n a l  s p a c e  r e q u i r e m e n t s  t h a t  c r e a t e  

d i f f i c u l t i e s  f o r  i m p l e m e n t a t i o n  o n  c r u i s e  s h i p s .  M a n y  p r o c e s s e s  r e q u i r e  t h e  u s e  o f  a c i d s ,  b a s e s  

o r  o t h e r  c h e m i c a l s  t h a t  c a n  a l s o  p o s e  s a f e t y  c o n c e r n s .  M o s t  p r o c e s s e s  c r e a t e  w a s t e  s t r e a m s  

t h a t  m u s t  b e  s t o r e d  f o r  l a n d  d i s p o s a l  o r  t r e a t e d  o n  b o a r d  w i t h  f u r t h e r  u n i t  p r o c e s s e s ,  r e q u i r i n g  

a d d i t i o n a l  s p a c e  a n d  i n v e s t m e n t  c o s t .

T h e  s u c c e s s f u l  o p e r a t i o n  o f  a n  A W T S  i n  c o m p l i a n c e  w i t h  e f f l u e n t  r e g u l a t i o n s  g r e a t l y  

d e p e n d s  o n  t h e  s y s t e m  o p e r a t o r s .

5 9 12/18/2012



Cruise Ship Wastewater Science Advisory Panel
Preliminary Report November 2012________________________________________Alaska Department of Environmental Conservation

{ T h i s  p a g e  d e l i b e r a t e l y  b l a n k . }
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6. A P P LIC A TIO N  O F B E S T  A V A ILA B LE  T E C H N O L O G Y  FR A M EW O R K
T h e  S c i e n c e  A d v i s o r y  P a n e l  w a s  a s k e d  t o  a d v i s e  D E C  r e g a r d i n g  t h e  m o s t  

t e c h n o l o g i c a l l y  e f f e c t i v e  a n d  e c o n o m i c a l l y  f e a s i b l e  o p t i o n s  f o r  p r e v e n t i o n ,  c o n t r o l ,  a n d  t r e a t m e n t  

o f  c r u i s e  s h i p  w a s t e w a t e r  s o  t h a t  c r u i s e  s h i p  w a s t e w a t e r  e f f l u e n t  c o u l d  m e e t  W Q C  a t  t h e  p o i n t  

o f  d i s c h a r g e .  E x i s t i n g  A W T S  a r e  v e r y  e f f e c t i v e  a t  r e d u c i n g  p o l l u t a n t s  i n  e f f l u e n t ,  b u t  n o n e  o f  t h e  

A W T S  o p e r a t i n g  o n  c r u i s e  s h i p s  i n  A l a s k a  h a v e  d e m o n s t r a t e d  t h e  a b i l i t y  t o  c o n s i s t e n t l y  m e e t  

W Q C  a t  t h e  p o i n t  o f  d i s c h a r g e  f o r  a m m o n i a  a n d  d i s s o l v e d  c o p p e r ,  n i c k e l  a n d  z i n c .  T h u s ,  t h e  

t e r m  " t e c h n o l o g i c a l l y  e f f e c t i v e ”  w a s  d e f i n e d  b y  t h e  P a n e l  a s  h a v i n g  p o t e n t i a l  f o r  m e e t i n g  W Q C  

a t  t h e  p o i n t  o f  d i s c h a r g e .

T h e  P a n e l  l o o k e d  f o r  a  s y s t e m a t i c  f r a m e w o r k  t o  c o m p a r e  v a r i o u s  a l t e r n a t i v e s  f o r  

p o l l u t i o n  p r e v e n t i o n ,  c o n t r o l ,  a n d  t r e a t m e n t  a n d  i d e n t i f i e d  t h e  f r a m e w o r k  u s e d  f o r  e v a l u a t i n g  

B e s t  A v a i l a b l e  T e c h n o l o g y  ( B A T )  E c o n o m i c a l l y  A c h i e v a b l e  a s  a  t o o l  t o  h e l p  t h e m  o r g a n i z e  a n d  

r a n k  p o t e n t i a l  a l t e r n a t i v e s .

U n d e r  t h e  C l e a n  W a t e r  A c t  ( 3 3  U S C  1 3 1 4 ( b ) ( 1 ) ( B ) ,  t h e  E P A  d e v e l o p e d  e f f l u e n t  l i m i t a t i o n  

g u i d e l i n e s  ( E L G s )  t h a t  w e r e  i n t e n d e d  t o  r e p r e s e n t  t h e  g r e a t e s t  p o l l u t a n t  r e d u c t i o n s  t h a t  a r e  

e c o n o m i c a l l y  a c h i e v a b l e  f o r  a n  i n d u s t r y .  F o r  t h e  p u r p o s e d  o f  d i s c h a r g e  p e r m i t s ,  E P A  d e f i n e s  

B e s t  A v a i l a b l e  T e c h n o l o g y  ( B A T )  E c o n o m i c a l l y  A c h i e v a b l e  a s  t h e  “ t e c h n o l o g y - b a s e d  s t a n d a r d  

e s t a b l i s h e d  b y  t h e  C l e a n  W a t e r  A c t  ( C W A )  a s  t h e  m o s t  a p p r o p r i a t e  m e a n s  a v a i l a b l e  o n  a  

n a t i o n a l  b a s i s  f o r  c o n t r o l l i n g  t h e  d i r e c t  d i s c h a r g e  o f  t o x i c  a n d  n o n c o n v e n t i o n a l  p o l l u t a n t s  t o  

n a v i g a b l e  w a t e r s .  B A T  e f f l u e n t  l i m i t a t i o n s  g u i d e l i n e s ,  i n  g e n e r a l ,  r e p r e s e n t  t h e  b e s t  e x i s t i n g  

p e r f o r m a n c e  o f  t r e a t m e n t  t e c h n o l o g i e s  t h a t  a r e  e c o n o m i c a l l y  a c h i e v a b l e  w i t h i n  a n  i n d u s t r i a l  

p o i n t  s o u r c e  c a t e g o r y  o r  s u b c a t e g o r y ”  ( E P A  N P D E S  G l o s s a r y  w e b s i t e ) .  A  B A T  a n a l y s i s ,  a s  

d e f i n e d  i n  t h e  C l e a n  W a t e r  A c t ,  e v a l u a t e s  t h e  “ . . . b e s t  e x i s t i n g  p e r f o r m a n c e  o f  t r e a t m e n t  

t e c h n o l o g i e s  t h a t  a r e  e c o n o m i c a l l y  a c h i e v a b l e  w i t h i n  a n  i n d u s t r i a l  p o i n t  s o u r c e  c a t e g o r y . . . ’’ I n  

t h e  e v a l u a t i o n  o f  t e c h n o l o g i e s  f o r  B A T ,  t h e  f o l l o w i n g  i t e m s  a r e  g e n e r a l l y  c o n s i d e r e d :

• T h e  t o t a l  c o s t  o f  a p p l i c a t i o n  o f  t e c h n o l o g y / m e t h o d  i n  r e l a t i o n  t o  t h e  e f f l u e n t  r e d u c t i o n

b e n e f i t s  t o  b e  a c h i e v e d  f r o m  s u c h  a p p l i c a t i o n ,

• T h e  a g e  o f  e q u i p m e n t  a n d  f a c i l i t i e s  i n v o l v e d ,

• T h e  p r o c e s s  e m p l o y e d ,

• T h e  e n g i n e e r i n g  a s p e c t s  o f  t h e  a p p l i c a t i o n  o f  v a r i o u s  t y p e s  o f  c o n t r o l  t e c h n i q u e s ,

• P r o c e s s  c h a n g e s ,  a n d

• N o n - w a t e r  q u a l i t y  e n v i r o n m e n t a l  i m p a c t s  ( i n c l u d i n g  e n e r g y  r e q u i r e m e n t s ) .

E P A  h a s  d e v e l o p e d  E L G s  f o r  m a n y  i n d u s t r i e s  b a s e d  o n  a v a i l a b l e  t e c h n o l o g i e s  b u t  t h e y  

h a v e  n o t  d e v e l o p e d  E L G s  f o r  c r u i s e  s h i p s  o r  o t h e r  v e s s e l s .

T h e  P a n e l  w a s  a s k e d  t o  e v a l u a t e  a d d i t i o n a l  t e c h n o l o g i c a l l y  e f f e c t i v e ,  e c o n o m i c a l l y  

a c h i e v a b l e  m e t h o d s  o f  t r e a t m e n t  b u t  q u i c k l y  r e a l i z e d  i t  w a s  n o t  f e a s i b l e  t o  u s e  t h e  w a s t e w a t e r  

t r e a t m e n t  E P A  B A T  p r o c e s s  o n  p o t e n t i a l  a l t e r n a t i v e s  b e c a u s e  t h e r e  a r e  s i g n i f i c a n t  d a t a  g a p s  f o r  

c o n s i d e r i n g  t h e  n e c e s s a r y  p a r a m e t e r s  f o r  e v a l u a t i o n .  N o n e  o f  t h e  d a t a  n e c e s s a r y  a r e  a v a i l a b l e  

t o  e v a l u a t e  B A T  f o r  t h e  a d d i t i o n a l  w a s t e w a t e r  t r e a t m e n t  t e c h n o l o g i e s  o n  a  v e s s e l .  T h e  d a t a
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a v a i l a b l e  t o  t h e  P a n e l  w e r e  t h e  S R E  r e p o r t s ,  D E C  m o n i t o r i n g  d a t a ,  a n d  a  s h o r t  s u r v e y  s e n t  b y  

t h e  P a n e l  t o  C r u i s e  c o m p a n i e s  i n  N o v e m b e r  2 0 1 0 .

I n  a n  e f f o r t  t o  f i l l  d a t a  g a p s  a n d  i d e n t i f y  t h e  B A T  f o r  n e w  a l t e r n a t i v e s  a n d  m e t h o d s ,  t h e  

P a n e l  f i r s t  d e v e l o p e d  a  s p e c i f i c a t i o n  q u e s t i o n n a i r e  t o  r e q u e s t  t h a t  v e n d o r s  s u p p l y  e s t i m a t e s  o f  

i n s t a l l a t i o n ,  p e r f o r m a n c e  a n d  c o s t  f o r  n e w  s y s t e m s  t h a t  w o u l d  m e e t  W Q C  i n  e f f l u e n t .  P a n e l i s t s  

w i t h  v e n d o r  r e l a t i o n s h i p s  i n f o r m a l l y  d i s c u s s e d  t h e s e  s p e c i f i c a t i o n  r e q u e s t s  t o  c r u i s e  s h i p  A W T S  

v e n d o r s .  H o w e v e r ,  n o  e s t i m a t e s  c o u l d  b e  s u p p l i e d  b y  v e n d o r s  b e c a u s e  n o  a p p l i c a t i o n s  o r  

t e c h n o l o g i e s  w e r e  u n d e r  d e v e l o p m e n t .  T h e  P a n e l  a l s o  d e t e r m i n e d  t h a t  i f  a  p r o c e s s  w e r e  i n  

d e v e l o p m e n t ,  t h e  v e n d o r s  s t o o d  t o  s u f f e r  f i n a n c i a l l y  a n d  c o m p e t i t i v e l y  b y  d i s c l o s i n g  t h e i r  d a t a  o r  

c o s t  e s t i m a t e s .  F u r t h e r m o r e ,  t h e y  a r e  u n d e r  n o  r e g u l a t o r y  o b l i g a t i o n  t o  d i s c l o s e  t h i s  t y p e  o f  

i n f o r m a t i o n  t o  D E C  o r  t h e  P a n e l .

I n  2 0 1 2 ,  t h e  P a n e l  a t t e m p t e d  t o  o b t a i n  a d d i t i o n a l  i n f o r m a t i o n  f r o m  t h e  C r u i s e  O p e r a t o r s .  

T h e y  w o r k e d  w i t h  D E C  t o  p r e p a r e  a  D a t a  C o l l e c t i o n  S u r v e y  b a s e d  o n  t h e  E P A  c r u i s e  s h i p  

d i s c h a r g e  a s s e s s m e n t 4 6 . T h e  q u e s t i o n n a i r e  w a s  s e n t  t o  t h e  s e v e n  c r u i s e  o p e r a t o r s  p e r m i t t e d  t o  

d i s c h a r g e  i n  2 0 1 2  a n d  i n f o r m a t i o n  r e g a r d i n g  1 7  s h i p s  w e r e  r e t u r n e d  ( o n e  s h i p  w a s  n o t  

d i s c h a r g i n g  i n  2 0 1 2 ,  b u t  r e t u r n e d  t h e  s u r v e y  b e c a u s e  t h e y  h a d  p e r f o r m e d  a n  A W T S  u p g r a d e  

t h i s  y e a r ) .

Q u e s t i o n s  a b o u t  t h e  f o l l o w i n g  w e r e  a s k e d  i n  t h e  s u r v e y  t o  c h a r a c t e r i z e  t h e  v a r i a b i l i t y  

b e t w e e n  s h i p s :

-  I n f l u e n t  c o n c e n t r a t i o n s ,

-  R e m o v a l  e f f i c i e n c i e s  w i t h  c u r r e n t  t r e a t m e n t  s y s t e m s ,

-  M a s s  l o a d i n g s ,

-  D i f f e r e n t  g r a y  a n d  b l a c k w a t e r  m i x i n g ,

-  D i f f e r e n t  t r e a t m e n t  s y s t e m s ,

-  T r e a t m e n t  f l o w  r a t e s ,

-  S t o r a g e  c a p a c i t y ,  h o l d  a n d  t r e a t  s c h e m e s ,

-  A m m o n i a  a n d  m e t a l s  r e m o v a l  e f f i c i e n c y  d a t a  f o r  c u r r e n t l y  u s e d  p r o c e s s e s ,  a n d

-  C a p i t a l  a n d  O p e r a t i o n s  a n d  M a i n t e n a n c e  ( O & M )  c o s t s .

T h e  2 0 1 2  S u r v e y s  w e r e  r e t u r n e d  i n  J u n e  2 0 1 2 .  A  b l a n k  s u r v e y  i s  p r o v i d e d  i n  A p p e n d i x  

A .  T h e  i n f o r m a t i o n  t h e  P a n e l  r e c e i v e d  i s  s u m m a r i z e d  i n  A p p e n d i x  B .  T h e  i n f o r m a t i o n  f r o m  t h e  

D a t a  C o l l e c t i o n  S u r v e y s  w a s  v a l u a b l e  t o  u n d e r s t a n d  c u r r e n t  w a s t e w a t e r  t r e a t m e n t  s y s t e m s  c o s t  

t o  i n s t a l l  a n d  o p e r a t e  a n d  t h i s  i n f o r m a t i o n  i s  s u m m a r i z e d  i n  S e c t i o n  8 . 0 .

I n  o r d e r  t o  d o  a  s y s t e m a t i c  c o m p a r i s o n  b e t w e e n  t h e  v a r i o u s  a l t e r n a t i v e s  f o r  p r e v e n t i o n ,  

c o n t r o l  a n d / o r  t r e a t m e n t ,  t h e  p a n e l  i d e n t i f i e d  a  q u a l i t a t i v e  s e t  o f  c r i t e r i a  f o r  a  t e c h n o l o g y  o r  

m e t h o d  t o  b e  i d e n t i f i e d  a s  “ b e s t  a v a i l a b l e ” . T h e  e i g h t  c r i t e r i a  a n d  d e f i n i t i o n s  a r e  l i s t e d  i n  T a b l e  

1 8 .

46 EPA, 2008. Cruise Ship Discharge Assessment Report. EPA842-R-07-005
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Table 18 BAT Criteria Definitions

Criteria fo r rating BAT
Definition

1st Effectiveness
W hether the technology/method will enable Cruise Ship Wastewater 
Effluent to meet W Q C in Alaska waters

2nd
Feasibility of operation

The practical feasibility of the technology/method in terms of 
engineering and operational aspects

3rd Feasibility of Installation
The practical feasibility of using technology/method on cruise ships 
(compatible weight, space and power requirements)

4th Availability
W hether technology or method is available for commercial purchase 
for installation on a ship

5th Transferability
W hether technology/method is transferable to shipboard application 
(ship motion, odor, health)

6th Compatibility
W hether technology/method of prevention is compatible with 
existing operations and technologies in use.

7th Cost
How much the alternative costs -  capital and operating expenses 
that are economically achievable

8th Environmental Benefit
W hat the benefit to the environment is from implementing the 
alternative.

E n v i r o n m e n t a l  b e n e f i t s / c o s t s  a n d  f i n a n c i a l  c o s t  w i l l  b e  d i s c u s s e d  s e p a r a t e l y  i n  S e c t i o n s  

7  a n d  8 ,  r e s p e c t i v e l y .

6.1. Prevention

N o  m e t h o d s  o f  p r e v e n t i o n  f o r  a m m o n i a  o r  m e t a l s  c o u l d  b e  i d e n t i f i e d  t h a t  a c h i e v e d  W Q C .  

T h e  p a n e l  c o n s i d e r s  p r e v e n t i o n  a l o n e  a s  i n s u f f i c i e n t  f o r  a c h i e v i n g  W Q C  f o r  m e t a l s .

6.2. Control

T h e  c o n t r o l  m e t h o d  m o s t  s u r v e y e d  o p e r a t o r s  p r e f e r  i s  t h e  T r e a t  S e l e c t e d  W a s t e  

S t r e a m s  a n d  H o l d  f o r  O f f - s h o r e  D i s c h a r g e  m e t h o d .  A n  e s t i m a t e  f o r  t h e  a d d i t i o n a l  f u e l  c o s t s  w a s  

p r o v i d e d  f o r  o n e  s h i p .  P a r t i a l l y  t r e a t i n g  a n d  h o l d i n g  f o r  o f f s h o r e  d i s c h a r g e  d o e s  m e e t  t h e  B A T  

e f f e c t i v e n e s s  c r i t e r i o n  o f  c r u i s e  s h i p  e f f l u e n t  m e e t i n g  W Q C  i n  A l a s k a  w a t e r s .

S o m e  o p e r a t o r s  w o u l d  c o n s i d e r  d i s c h a r g e  t o  o n - s h o r e  f a c i l i t i e s ;  h o w e v e r ,  m o s t  

r e s p o n d e d  t h a t  t h e  i n f r a s t r u c t u r e  i s  n o t  i n  p l a c e  t o  a l l o w  t h i s  t o  h a p p e n .  T h e r e  i s  c u r r e n t l y  o n l y  

o n e  o n - s h o r e  f a c i l i t y  t h a t  t r e a t s  w a s t e w a t e r  f r o m  s o m e  c r u i s e  s h i p s .  T h a t  w a t e r  i s  n o t  t r e a t e d  t o  

W Q C  s t a n d a r d s ,  b u t  i s  t r e a t e d  t o  t h e  f a c i l i t y ' s  N P D E S  p e r m i t  r e q u i r e m e n t s .
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6.3. Treatment

I n  S e c t i o n  5 ,  T a b l e  1 4  a n d  T a b l e  1 7  a s s e s s  t h e  p o t e n t i a l  t e c h n o l o g i e s  f o r  a m m o n i a  a n d  

m e t a l s  r e m o v a l ,  r e s p e c t i v e l y .  T h o s e  t a b l e s  i d e n t i f y  a n d  q u a l i t a t i v e l y  a s s e s s  e a c h  t r e a t m e n t  

a l t e r n a t i v e  o n  t h e  f o l l o w i n g  c r i t e r i a :

1 )  T e c h n i c a l l y  f e a s i b l e  f o r  r e m o v i n g  t h e  c o n s t i t u e n t  c o n c e n t r a t i o n s  f o u n d  o n  c r u i s e  

s h i p s

2 )  C o m m o n l y  u s e d  i n  l a n d - b a s e d  t r e a t m e n t  s y s t e m s

3 )  C u r r e n t l y  i n  u s e  i n  c r u i s e  s h i p s  f o r  t h i s  a p p l i c a t i o n

4 )  I f  t h e r e  a r e  h a z a r d o u s  c h e m i c a l s  r e q u i r e d  f o r  o p e r a t i o n s

5 )  I f  t h e r e  i s  r e s i d u a l  w a s t e  p r o d u c e d

6 )  T h e  e n e r g y  r e q u i r e d

T h e  P a n e l  i d e n t i f i e d  s e v e r a l  t r e a t m e n t  a l t e r n a t i v e s  a s  r e a s o n a b l e  t o  e v a l u a t e  f u r t h e r .  

T h e s e  a l t e r n a t i v e s  a r e  n i t r i f i c a t i o n  a n d  i o n  e x c h a n g e  f o r  t r e a t m e n t  o f  a m m o n i a ;  a n d  i o n  

e x c h a n g e ,  r e v e r s e  o s m o s i s ,  a n d  e l e c t r o d i a l y s i s  f o r  t r e a t m e n t  o f  m e t a l s .  I n  p a r t ,  t h e s e  

t e c h n o l o g i e s  a r e  a l r e a d y  i n  p l a c e  i n  t h e  e x i s t i n g  A W T S  a n d  a d d i n g  s o m e  o f  t h e s e  s y s t e m s  i n  

c o m b i n a t i o n  t o  e x i s t i n g  A W T S  m a y  r e d u c e  c o n c e n t r a t i o n s  o f  c o n s t i t u e n t s  o f  c o n c e r n .  H o w e v e r ,  

n o n e  o f  t h e s e  a l t e r n a t i v e s  h a v e  b e e n  d e m o n s t r a t e d  t o  m e e t  t h e  e f f e c t i v e n e s s  c r i t e r i o n  o f  

“ c o n c e n t r a t i o n s  o f  t h e  c o n s t i t u e n t s  o f  c o n c e r n  i n  w a s t e w a t e r  e f f l u e n t  t o  b e  b e l o w  W Q C ” a n d  i t  i s  

u n k n o w n  w h e t h e r  i n s t a l l a t i o n  o f  t h e s e  c o m b i n a t i o n s  i s  e c o n o m i c a l l y  a c h i e v a b l e .
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7. EN V IR O N M EN TA L B E N E FIT A N D  C O S T  O F IM PLEM ENTING 
A D D ITIO N A L M E TH O D S

7.1. Approach

T h i s  s e c t i o n  d e s c r i b e s  t h e  e n v i r o n m e n t a l  b e n e f i t  a n d  e n v i r o n m e n t a l  c o s t s  o f  

i m p l e m e n t i n g  a d d i t i o n a l  m e t h o d s  b y  f i r s t  d e s c r i b i n g  A l a s k a ’ s  m a r i n e  w a t e r s  w i t h  s p e c i a l  f o c u s  

o n  t h e  f o u r  p a r a m e t e r s  o f  c o n c e r n ,  a m m o n i a ,  c o p p e r ,  n i c k e l  a n d  z i n c .  B a c k g r o u n d  o r  a m b i e n t  

c o n c e n t r a t i o n s  f o r  t h e s e  p a r a m e t e r s  w i l l  b e  d e s c r i b e d ,  a s  w i l l  a p p l i c a t i o n  o f  A l a s k a ’ s  m a r i n e  

w a t e r  q u a l i t y  c r i t e r i a .

T h i s  s e c t i o n  a l s o  d i s c u s s e s  t h e  b a c k g r o u n d  o n  t h e  v o t e r ’ s  i n i t i a t i v e  t h a t  r e q u i r e s  c r u i s e  

s h i p  d i s c h a r g e s  t o  m e e t  A l a s k a ’s  w a t e r  q u a l i t y  c r i t e r i a  a t  t h e  p o i n t  o f  d i s c h a r g e  a n d  t h e  l a t e r  

l e g i s l a t i o n  t h a t  l e d  t o  t h e  t a s k i n g  o f  t h i s  S c i e n c e  A d v i s o r y  P a n e l  t o  c o n s i d e r  t h e  e n v i r o n m e n t a l  

b e n e f i t  a n d  c o s t  o f  d o i n g  s o .

T o  u n d e r s t a n d  i m p a c t s  o n  r e c e i v i n g  w a t e r s ,  t h e r e  w i l l  b e  a  d i s c u s s i o n  o f  e f f l u e n t  

c o n c e n t r a t i o n s  c o m p a r e d  t o  t h e  n u m e r i c  w a t e r  q u a l i t y  c r i t e r i a  a n d  a  d i s c u s s i o n  o f  m i x i n g  z o n e s ,  

d i l u t i o n  f a c t o r s ,  a n d  m a s s  l o a d i n g  c o m p a r e d  t o  n a t u r a l  s o u r c e s .  T h e  r a t e  o f  d i l u t i o n  i s  w e l l  

u n d e r s t o o d  f r o m  b o t h  m o v i n g  a n d  s t a t i o n a r y  c r u i s e  s h i p s .  A l t h o u g h  t h e  i n i t i a t i v e  m a n d a t e s  

m e e t i n g  W Q C  a t  t h e  p o i n t  o f  d i s c h a r g e ,  d i l u t i o n  w i l l  s t i l l  b e  c o n s i d e r e d  h e r e  a s  i t  i s  s i g n i f i c a n t  t o  

u n d e r s t a n d i n g  t h e  p o t e n t i a l  f o r  e n v i r o n m e n t a l  e f f e c t s  t o  A l a s k a ’s  r e c e i v i n g  w a t e r s  a n d  p o t e n t i a l  

e n v i r o n m e n t a l  b e n e f i t s  f r o m  a d d i t i o n a l  t r e a t m e n t .

T h i s  s c e n a r i o s  a n d  c a l c u l a t i o n s  i n  t h i s  s e c t i o n  a r e  b a s e d  o n  t h e  w o r s t  c a s e  s c e n a r i o ,  

i . e . ,  t h e  h i g h e s t  e f f l u e n t  c o n c e n t r a t i o n s  f o r  a m m o n i a ,  d i s s o l v e d  c o p p e r ,  d i s s o l v e d  n i c k e l  a n d  

d i s s o l v e d  z i n c  o b s e r v e d  i n  A l a s k a  c r u i s e  s h i p  d i s c h a r g e s  f r o m  a d v a n c e d  w a s t e w a t e r  t r e a t m e n t  

s y s t e m s  i n  t h e  2 0 0 8 - 2 0 0 9  s e a s o n s ,  a n d  e v a l u a t e s  t h e  r e s u l t i n g  c o n c e n t r a t i o n s  o f  d i r e c t  

u n d i l u t e d  d i s c h a r g e ,  t h e  m i x  o f  t h e  e f f l u e n t s  a n d  r e c e i v i n g  w a t e r s  i f  d i s c h a r g e d  f r o m  a  s t a t i o n a r y  

c r u i s e  s h i p  i n - p o r t ,  a n d  i f  d i s c h a r g e d  i n t o  t h e  w a k e s  o f  m o v i n g  c r u i s e  s h i p s .  T h e  c a l c u l a t i o n s  

a l s o  c o n s i d e r  t h e  t i m e  r a t e  o f  d i l u t i o n ,  h o w  f a s t  t h e  d i s c h a r g e s  d i l u t e  a n d  h o w  t h a t  r e l a t e s  t o  

d u r a t i o n  o f  e x p o s u r e  c o m p o n e n t s  o f  t h e  s t a t e ’ s  W Q C .

T h e  a n a l y s i s  a l l o w s  a n  u n d e r s t a n d i n g  o f  t h e  i n c r e m e n t a l  c h a n g e s  i n  c o n c e n t r a t i o n  o f  

t h e s e  p a r a m e t e r s  r e s u l t i n g  f r o m  t h e  e x i s t i n g  d i s c h a r g e s ,  w h i c h  c a n  b e  c o m p a r e d  t o  t h e  

i n c r e m e n t a l  c h a n g e s  w e r e  t h e  d i s c h a r g e s  t o  m e e t  t h e  W Q C  a t  t h e  p o i n t  o f  d i s c h a r g e .  T h e  

a n a l y s i s  a l l o w s  a n  u n d e r s t a n d i n g  o f  t h e  i n c r e m e n t a l  e x p o s u r e  t i m e  d i f f e r e n c e  t o  l e v e l s  a b o v e  

t h e  c r i t e r i a  f r o m  t h e  c u r r e n t  d i s c h a r g e s  c o m p a r e d  t o  m e e t i n g  t h e  n u m e r i c  c r i t e r i a  a t  t h e  p o i n t  o f  

d i s c h a r g e .

I n  a d d i t i o n  t o  l o o k i n g  a t  e n v i r o n m e n t a l  i m p a c t s  a t  t h e  p o i n t s  o f  d i s c h a r g e ,  t h e  a n a l y s i s  

a l s o  e s t i m a t e s  t h e  m a s s  l o a d i n g  o f  c o p p e r  f r o m  a l l  t h e  c r u i s e  s h i p s  i n  a  y e a r  a n d  c o m p a r e s  i t  t o  

t h e  m a s s  l o a d i n g  o f  c o p p e r  f r o m  j u s t  t h e  M e n d e n h a l l  R i v e r  ( n e a r  J u n e a u ,  a  c e n t e r  o f  c r u i s e  s h i p  

a c t i v i t y )  p r i o r  t o  a n y  a d d i t i o n a l  c o p p e r  f r o m  t h e  d o m e s t i c  w a s t e w a t e r  p l a n t  t h a t  d i s c h a r g e s  t o  

t h i s  r i v e r .  T h e  c o m p a r i s o n  i s  n o t  t o  s a y  t h a t  e i t h e r  i s  a  p r o b l e m ,  b u t  t o  h e l p  p r o v i d e  s o m e  

c o n t e x t .

6 5 12/18/2012



Cruise Ship Wastewater Science Advisory Panel
Preliminary Report November 2012___________ Alaska Department o f Environmental Conservation

I n  t h i s  r e p o r t ,  i t  i s  t h e  b e n e f i t s  t o  t h e  r e c e i v i n g  w a t e r s  t h a t  a r e  m o s t  p e r t i n e n t .  H o w e v e r ,  

t h e r e  a r e  a l s o  o t h e r  e n v i r o n m e n t a l  i m p a c t s  a s s o c i a t e d  w i t h  r e q u i r i n g  c r u i s e  s h i p s  t o  m e e t  w a t e r  

q u a l i t y  s t a n d a r d s  a t  t h e  p o i n t  o f  d i s c h a r g e .  C r u i s e  s h i p s  u n a b l e  t o  c o m p l y  m a y  e l e c t  t o  h o l d  t h e i r  

w a s t e w a t e r  a n d  d i s c h a r g e  a t  s e a ,  r e q u i r i n g  e x t r a  f u e l  c o n s u m p t i o n  a n d  a s s o c i a t e d  c a r b o n  

d i o x i d e  e m i s s i o n s .  T h e s e  i m p a c t s  c o u l d  b e  r e d u c e d  b y  a  c h a n g e  o f  p o l i c y  t h a t  s t i l l  p r o t e c t s  

a q u a t i c  l i f e  y e t  a l l o w s  f o r  a  m i x i n g  z o n e  p r i o r  t o  a p p l i c a t i o n  o f  W Q C ,  a s  i s  a l l o w e d  f o r  n u m e r o u s  

o t h e r  i n d u s t r i a l  a n d  d o m e s t i c  w a s t e w a t e r  d i s c h a r g e s  i n  A l a s k a  a n d  e l s e w h e r e  i n  t h e  c o u n t r y .

7.2. Constituent Levels in Alaska Marine Waters

V e r y  l i t t l e  d a t a  a r e  a v a i l a b l e  f o r  a m m o n i a  i n  A l a s k a n  m a r i n e  w a t e r s ,  b u t  a m m o n i a  i s  

e x p e c t e d  t o  b e  v e r y  l o w  i n  c o n c e n t r a t i o n .  M e t a l s  d a t a  a r e  a v a i l a b l e  f o r  H a w k  I n l e t ,  C h a t h a m  

S t r a i t ,  G a s t i n e a u  C h a n n e l  a n d  S k a g w a y  H a r b o r .  T h e s e  d a t a  w e r e  c o m p a r e d  t o  o t h e r  m a r i n e  

m e t a l s  d a t a  f r o m  P o s s e s s i o n  S o u n d  i n  W a s h i n g t o n  S t a t e .

M a r i n e  w a t e r s  a r e  w e l l  m i x e d  a n d  m e t a l s  c o n c e n t r a t i o n s  a r e  e x p e c t e d  t o  v a r y  w i t h i n  a  

v e r y  s m a l l  r a n g e .  I n  m u c h  o f  A l a s k a ,  s u r f a c e  e s t u a r i n e  w a t e r s  a r e  s i g n i f i c a n t l y  d i l u t e d  w i t h  l a r g e  

v o l u m e s  o f  g l a c i a l  m e l t  a n d  g l a c i a l  f e d  r i v e r s ,  s u c h  t h a t  m e t a l s  c o n c e n t r a t i o n s  w i l l  r e f l e c t  a  b l e n d  

o f  t h e s e  t w o  s o u r c e s .  F o r  s o m e  m e t a l s ,  s u c h  a s  a r s e n i c  o r  c a d m i u m ,  t h e  f r e s h w a t e r  m a y  d i l u t e  

t h e  m a r i n e  c o n c e n t r a t i o n s ,  w h i l e  f o r  s o m e  o t h e r  m e t a l s  t h e  f r e s h w a t e r  m a y  i n c r e a s e  t h e  m a r i n e  

c o n c e n t r a t i o n s ,  t h o u g h  n o t  t o  l e v e l s  t h a t  a p p r o a c h  o r  e x c e e d  W Q C .

7 . 2 . 1 .  A m m o n i a

A m m o n i a  i s  t a k e n  u p  b y  p h y t o p l a n k t o n  a s  a  p r e f e r r e d  n u t r i e n t .  A m m o n i a  i s  a l s o  

c o m b i n e d  i n  r e c e i v i n g  w a t e r s  w i t h  o x y g e n  t o  f o r m  t h e  n u t r i e n t s  n i t r i t e  a n d  n i t r a t e .  H e n c e ,  

a m m o n i a  i s  n o t  a  c o n s e r v a t i v e  p a r a m e t e r .  A  t o t a l  o f  9 1  m e a s u r e m e n t s  o f  a m m o n i a  a s  N  ( m g / L )  

w e r e  t a k e n  i n  G a s t i n e a u  C h a n n e l  f r o m  1 9 8 9  t o  1 9 9 1  ( E c h o  B a y  A l a s k a ,  I n c . ,  1 9 9 1 . )  T h e  o v e r a l l  

a v e r a g e  w a s  0 . 0 2 1  m g / L .  B e c a u s e  a m m o n i a  i s  n o t  c o n s e r v a t i v e ,  a n d  b e c a u s e  G a s t i n e a u  

C h a n n e l  h a s  s e v e r a l  a m m o n i a  s o u r c e s  ( t w o  m u n i c i p a l  w a s t e w a t e r  p l a n t s  a n d  a t  l e a s t  o n e  f i s h  

p r o c e s s o r )  i t  i s  l i k e l y  t h a t  b a c k g r o u n d  a m m o n i a  c o n c e n t r a t i o n  i n  m o s t  A l a s k a n  m a r i n e  w a t e r s  

w i l l  b e  e v e n  l o w e r .  T h i s  v a l u e  ( 0 . 0 2 1  m g / L )  i s  w e l l  b e l o w  t h e  a p p l i c a b l e  c h r o n i c  W Q C  o f  1 m g / L .

7 . 2 . 2 .  C o p p e r

D i s s o l v e d  c o p p e r  c o n c e n t r a t i o n s  i n  H a w k  I n l e t  a n d  C h a t h a m  S t r a i t  w e r e  m e a s u r e d  i n  

2 0 0 6 - 2 0 1 0 .  T h e  a v e r a g e  o f  6 0  s a m p l e s  w a s  0 . 4 1  p g / L  d i s s o l v e d  c o p p e r .  T h e r e  w e r e  8 6  

m e a s u r e m e n t s  o f  t o t a l  r e c o v e r a b l e  c o p p e r  o b t a i n e d  f r o m  n i n e  l o c a t i o n s  i n  G a s t i n e a u  C h a n n e l  i n  

1 9 8 9 - 1 9 9 1 .  T h e  a v e r a g e  w a s  0 . 7 3  p g / L  a s  t o t a l  r e c o v e r a b l e  c o p p e r .  E P A ’s  m a r i n e  c o p p e r  

c r i t e r i a  u s e  a  f a c t o r  o f  0 . 8 3  t o  c o n v e r t  t o t a l  r e c o v e r a b l e  c o p p e r  t o  d i s s o l v e d  c o p p e r ,  s o  i t  i s  

r e a s o n a b l e  t o  a s s i g n  a n  a v e r a g e  c o n c e n t r a t i o n  o f  0 . 6 1  p g / L  t o  G a s t i n e a u  C h a n n e l .  T h e r e  w e r e  

3 9  o b s e r v a t i o n s  o f  d i s s o l v e d  c o p p e r  b e t w e e n  1 9 9 9  a n d  2 0 0 0  i n  P o s s e s s i o n  S o u n d  ( p a r t  o f  

P u g e t  S o u n d )  i n  W a s h i n g t o n  S t a t e  a n d  t h e  a v e r a g e  d i s s o l v e d  c o p p e r  c o n c e n t r a t i o n  w a s  0 . 3 4  

p g / L .  B a s e d  o n  t h e s e  o b s e r v a t i o n s ,  i t  i s  r e a s o n a b l e  t o  u s e  0 . 5  p g / L  a s  a  b a c k g r o u n d  d i s s o l v e d  

c o p p e r  c o n c e n t r a t i o n  f o r  A l a s k a n  m a r i n e  w a t e r s .  T h i s  i s  w e l l  b e l o w  t h e  c h r o n i c  w a t e r  q u a l i t y  

c r i t e r i o n  o f  3 . 1  p g / L  d i s s o l v e d  c o p p e r .
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7 . 2 . 3 .  N i c k e l .

T h e r e  w e r e  8 6  m e a s u r e m e n t s  o f  t o t a l  r e c o v e r a b l e  n i c k e l  o b t a i n e d  f r o m  n i n e  l o c a t i o n s  i n  

G a s t i n e a u  C h a n n e l  i n  1 9 8 9 - 1 9 9 1 .  T h e  a v e r a g e  w a s  0 . 9 7  [ j g / L  a s  t o t a l  r e c o v e r a b l e  n i c k e l .  E P A ’ s  

m a r i n e  n i c k e l  c r i t e r i a  u s e  a  f a c t o r  o f  0 . 9 9  t o  c o n v e r t  t o t a l  r e c o v e r a b l e  n i c k e l  t o  d i s s o l v e d  n i c k e l ,  

s o  h e r e  w e  w i l l  j u s t  a s s u m e  d i s s o l v e d  n i c k e l  i s  a b o u t  t h e  s a m e  a s  t o t a l  r e c o v e r a b l e  n i c k e l .  

T h e r e  w e r e  4 2  o b s e r v a t i o n s  o f  d i s s o l v e d  n i c k e l  b e t w e e n  1 9 9 9  a n d  2 0 0 0  i n  P o s s e s s i o n  S o u n d  i n  

W a s h i n g t o n  S t a t e  a n d  t h e  a v e r a g e  d i s s o l v e d  n i c k e l  c o n c e n t r a t i o n  w a s  0 . 4 4  | j g / L .  F o r  t h i s  

a n a l y s i s  w e  w i l l  c o n s e r v a t i v e l y  u s e  1 p g / L  a s  t h e  b a c k g r o u n d  d i s s o l v e d  n i c k e l  c o n c e n t r a t i o n  i n  

A l a s k a n  m a r i n e  w a t e r s .  T h i s  i s  w e l l  b e l o w  t h e  a p p l i c a b l e  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i o n  o f  8 . 2  

p g / L .

7 . 2 . 4 .  Z i n c .

D i s s o l v e d  z i n c  c o n c e n t r a t i o n s  i n  H a w k  I n l e t  a n d  C h a t h a m  S t r a i t  w e r e  m e a s u r e d  i n  2 0 0 6 -  

2 0 1 0 .  T h e  a v e r a g e  o f  6 0  s a m p l e s  w a s  1 . 1 7  p g / L  d i s s o l v e d  z i n c .  T h e r e  w e r e  8 5  m e a s u r e m e n t s  

o f  t o t a l  r e c o v e r a b l e  z i n c  o b t a i n e d  f r o m  n i n e  l o c a t i o n s  i n  G a s t i n e a u  C h a n n e l  i n  1 9 8 9 - 1 9 9 1 .  T h e  

a v e r a g e  w a s  1 . 6  p g / L  a s  t o t a l  r e c o v e r a b l e  z i n c .  E P A ' s  m a r i n e  z i n c  c r i t e r i a  u s e  a  f a c t o r  o f  0 . 9 4 6  

t o  c o n v e r t  t o t a l  r e c o v e r a b l e  z i n c  t o  d i s s o l v e d  z i n c ,  s o  i t  i s  r e a s o n a b l e  t o  a s s i g n  a n  a v e r a g e  

c o n c e n t r a t i o n  o f  1 . 5  p g / L  t o  G a s t i n e a u  C h a n n e l  f o r  d i s s o l v e d  z i n c .  T h e r e  w e r e  4 2  o b s e r v a t i o n s  

o f  d i s s o l v e d  z i n c  b e t w e e n  1 9 9 9  a n d  2 0 0 0  i n  P o s s e s s i o n  S o u n d  i n  W a s h i n g t o n  S t a t e  a n d  t h e  

a v e r a g e  d i s s o l v e d  z i n c  c o n c e n t r a t i o n  w a s  0 . 6 3  p g / L .  F o r  t h i s  a n a l y s i s  w e  w i l l  u s e  1 . 2  p g / L  a s  

t h e  b a c k g r o u n d  d i s s o l v e d  z i n c  c o n c e n t r a t i o n  i n  A l a s k a n  m a r i n e  w a t e r s .  T h i s  i s  w e l l  b e l o w  t h e  

a p p l i c a b l e  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i o n  o f  8 1  p g / L .

7 . 2 . 5 .  I m p a i r e d  w a t e r s

T h e  S t a t e ’s  l i s t  o f  i m p a i r e d  w a t e r s  i n d i c a t e s  m e t a l s  i m p a i r m e n t  i n  m a r i n e  w a t e r s  a t  o n l y  

t h r e e  p l a c e s ,  S k a g w a y ,  K l a g  B a y  o n  W e s t  C h i c h a g o f  I s l a n d ,  a n d  S a l t  C h u c k  B a y  o n  P r i n c e  o f  

W a l e s  I s l a n d .  T h e  S t a t e  d o e s  n o t  l i s t  a n y  m a r i n e  w a t e r s  a s  i m p a i r e d  f o r  a m m o n i a . 4 7  A l l  t h e  

m e t a l s  i n  t h e  l i s t  a r e  a s s o c i a t e d  w i t h  m i n i n g  a n d  m e t a l s  i n  t h e  s e d i m e n t .  T h e  S u p e r f u n d  l i s t i n g  

i n f o r m a t i o n  f o r  S a l t  C h u c k  B a y  e m p h a s i z e s  t h e  t a i l i n g s  a n d  t h e  s e d i m e n t s  b u t  a l s o  n o t e s  t h a t  

m e t a l s  w e r e  e l e v a t e d  i n  t h e  w a t e r .  I t  i s  n o t  s t a t e d  w h e t h e r  W Q C  f o r  m e t a l s  w e r e  e x c e e d e d .

7.3. Environmental Effects of Cruise Ship Wastewater Discharges.

7 . 3 . 1 .  D e v e l o p m e n t  o f  W a t e r  Q u a l i t y  S t a n d a r d s  a n d  C r i t e r i a

A s  d e s c r i b e d  i n  S e c t i o n  2 . 2 ,  a  w a t e r  q u a l i t y  s t a n d a r d  c o n s i s t s  o f  f o u r  b a s i c  e l e m e n t s :

1 )  D e s i g n a t e d  u s e s  o f  t h e  w a t e r  b o d y  ( e . g . ,  r e c r e a t i o n ,  w a t e r  s u p p l y ,  a q u a t i c  l i f e ,  

a g r i c u l t u r e ) ,

2 )  W Q C  t o  p r o t e c t  d e s i g n a t e d  u s e s  ( n u m e r i c  p o l l u t a n t  c o n c e n t r a t i o n s  a n d  n a r r a t i v e  

r e q u i r e m e n t s ) ,

47 See, http://dec.alaska.gov/water/wasar/Docs/2010impairedwaters.pdf
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3 )  A n  a n t i d e g r a d a t i o n  p o l i c y  t o  m a i n t a i n  a n d  p r o t e c t  e x i s t i n g  u s e s  a n d  h i g h  q u a l i t y  w a t e r s ,  

a n d

4 )  G e n e r a l  p o l i c i e s  a d d r e s s i n g  i m p l e m e n t a t i o n  i s s u e s  ( e . g . ,  l o w  f l o w s ,  v a r i a n c e s ,  m i x i n g  

z o n e s ) .

I n d i v i d u a l  n u m e r i c  c r i t e r i a  a r e  b a s e d  o n  s p e c i f i c  d a t a  a n d  s c i e n t i f i c  a s s e s s m e n t  o f  

a d v e r s e  e f f e c t s .  N u m e r i c  c r i t e r i a  f o r  a q u a t i c  l i f e  p r o t e c t i o n  c o n t a i n  a  c o n c e n t r a t i o n  ( e . g .  5  m g / L )  

a n d  a n  a v e r a g i n g  p e r i o d .  F o r  t o x i c  e x p o s u r e  e f f e c t s ,  a  o n e - h o u r  a v e r a g i n g  p e r i o d  a p p l i e s  f o r  a n  

a c u t e  ( s h o r t - t e r m )  c o n c e n t r a t i o n ,  w h i l e  a  f o u r - d a y  a v e r a g e  a p p l i e s  f o r  a  c h r o n i c  c o n c e n t r a t i o n  

( l o n g - t e r m  t o x i c  e x p o s u r e  e f f e c t s ) .  A n  e x c e p t i o n  i s  t h a t  t h e  m a r i n e  c o p p e r  a c u t e  c r i t e r i o n  i s  

b a s e d  o n  a  2 4 - h o u r  a v e r a g e .  S e e  S e c t i o n  2 . 2 .  f o r  m o r e  d e t a i l s  a b o u t  A l a s k a ’ s  W Q C  f o r  

a m m o n i a ,  c o p p e r ,  n i c k e l  a n d  z i n c .

7 . 3 . 1 . 1 .  U n d e r s t a n d i n g  M i x i n g  Z o n e s

B e f o r e  o n e  c a n  e v a l u a t e  t h e  e n v i r o n m e n t a l  e f f e c t s  o f  a n  e f f l u e n t ,  o r  t h e  e n v i r o n m e n t a l  

b e n e f i t s  o f  i m p r o v e m e n t s  o f  e f f l u e n t  q u a l i t y ,  i t  i s  i m p o r t a n t  t o  c o n s i d e r  h o w  E P A ,  A l a s k a ,  a n d  

o t h e r  s t a t e s  u s e  m i x i n g  z o n e s  w h e n  i m p l e m e n t i n g  w a t e r  q u a l i t y  c r i t e r i a  d u r i n g  p e r m i t t i n g  o f  

t r e a t e d  w a s t e  d i s c h a r g e s .  N u m e r i c  W Q C  a r e  a p p l i c a b l e  t o  i n  s i t u  c o n c e n t r a t i o n s  i n  s u r f a c e  

w a t e r s ,  a n d  w e r e  n o t  i n t e n d e d  t o  b e  e f f l u e n t  l i m i t s .

A l a s k a ’s  W a t e r  Q u a l i t y  S t a n d a r d s  a n d  A l a s k a ’ s  P o l l u t a n t  D i s c h a r g e  E l i m i n a t i o n  S y s t e m  

( A P D E S )  p e r m i t t i n g  r e g u l a t i o n s  i n c l u d e  m i x i n g  z o n e  p r o v i s i o n s . 4 8  W a s t e w a t e r  d i s c h a r g e  p e r m i t s  

i s s u e d  i n  A l a s k a  b y  E P A  a n d  b y  D E C  r o u t i n e l y  i n c l u d e  m i x i n g  z o n e s .  A l a s k a n  m u n i c i p a l  

d i s c h a r g e r s  t o  m a r i n e  w a t e r s  h a v e  m i x i n g  z o n e  a l l o w a n c e s  a n d  d o  n o t  h a v e  e f f l u e n t  l i m i t s  

r e q u i r i n g  t h e m  t o  m e e t  A l a s k a ’ s  w a t e r  q u a l i t y  s t a n d a r d s  a t  t h e  p o i n t  o f  d i s c h a r g e 4 9 . E P A  

a p p r o v e s  o f  t h e  u s e  o f  m i x i n g  z o n e s  a n d  n o t e s  t h a t :

" M i x i n g  z o n e s  p r o v i d e  a  u s e f u l  l i n k  b e t w e e n  w a t e r  q u a l i t y  s t a n d a r d s  a n d  N a t i o n a l  

P o l l u t a n t  D i s c h a r g e  E l i m i n a t i o n  S y s t e m  ( N P D E S )  p e r m i t s .  W a t e r  Q u a l i t y - B a s e d  E f f l u e n t  

L i m i t s  a r e  d e r i v e d  f r o m  a n d  c o m p l y  w i t h  w a t e r  q u a l i t y  s t a n d a r d s  a n d  m a y  i n c o r p o r a t e  

d i l u t i o n  b a s e d  o n  m i x i n g  z o n e  p o l i c i e s  w h e r e  a p p r o p r i a t e .  ”  ( E P A  2 0 0 6 so)

48 18 AAC 70.240 and 18 AAC 83.435(c)

49 See NPDES permits and fact sheets for Anchorage, Cordova, Haines, Homer, Juneau, Kenai, Ketchikan, 
Petersburg, Sitka, Skagway, Unalaska and Valdez. Also see Alaska's proposed general perm it for small 
POTWs and other small treatment works providing secondary treatment o f domestic wastewater and 

discharging to surface water which includes mixing zones for 50 small communities.

50 See, Memo from Benjamin Grumbles, Assistant Administrator at EPA dated July 13, 2006 announcing 
the Compilation of Mixing Zone Documents.
http://water.epa.gov/scitech/sweuidance/standards/upload/2006 07 19 standards mixingzone cover 

memo.pdf
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E P A  v i e w s  m i x i n g  z o n e s  a s  p r o v i d i n g  t h e  l i n k  b e t w e e n  w a t e r  q u a l i t y  s t a n d a r d s  

a p p l i c a b l e  t o  r e c e i v i n g  w a t e r s  a n d  p e r m i t t e d  d i s c h a r g e s .  E P A  e v a l u a t e d  t h e  e f f e c t i v e n e s s  o f  

a d v a n c e d  w a s t e w a t e r  t r e a t m e n t  s y s t e m s  o n  c r u i s e  s h i p s  o p e r a t i n g  i n  A l a s k a  a n d  c o m p a r e d  t h e  

e f f l u e n t  q u a l i t y  d i r e c t l y  t o  E P A ’ s  N a t i o n a l  R e c o m m e n d e d  W a t e r  Q u a l i t y  C r i t e r i a  ( N R W Q C ) ,  b u t  

p r o v i d e d  t h e  f o l l o w i n g  q u a l i f i e r  t o  p u t  t h e  c o m p a r i s o n  i n  c o n t e x t .

" E P A ’s  N R W Q C  a r e  r e c o m m e n d e d  c o n c e n t r a t i o n s  o f  a n a l y t e s  i n  a  

w a t e r b o d y  t h a t  a r e  i n t e n d e d  t o  p r o t e c t  h u m a n  h e a l t h  a n d  a q u a t i c  o r g a n i s m s  

a n d  t h e i r  u s e s  f r o m  u n a c c e p t a b l e  e f f e c t s  f r o m  e x p o s u r e s  t o  t h e s e  p o l l u t a n t s .

T h e  N R W Q C  a r e  n o t  d i r e c t l y  c o m p a r a b l e  t o  a n a l y t e  c o n c e n t r a t i o n s  i n  a  

d i s c h a r g e  f o r  a  n u m b e r  o f  r e a s o n s .  F i r s t ,  N R W Q C  n o t  o n l y  h a v e  a  

c o n c e n t r a t i o n  c o m p o n e n t ,  b u t  a l s o  a  d u r a t i o n  a n d  f r e q u e n c y  c o m p o n e n t .

S e c o n d ,  i t  i s  n o t  a l w a y s  n e c e s s a r y  t o  m e e t  a l l  w a t e r  q u a l i t y  c r i t e r i a  w i t h i n  t h e  

d i s c h a r g e  p i p e  t o  p r o t e c t  t h e  i n t e g r i t y  o f  a  w a t e r b o d y  ( E P A ,  1 9 9 1 ) .  S o m e t i m e s  

i t  i s  a p p r o p r i a t e  t o  a l l o w  f o r  a m b i e n t  c o n c e n t r a t i o n s  a b o v e  t h e  c r i t e r i a  i n  s m a l l  

a r e a s  n e a r  o u t f a l l s .  T h e s e  a r e  c a l l e d  m i x i n g  z o n e s .  T o  e n s u r e  m i x i n g  z o n e s  d o  

n o t  i m p a i r  t h e  i n t e g r i t y  o f  t h e  w a t e r b o d y ,  i t  s h o u l d  b e  d e t e r m i n e d  t h a t  t h e  

m i x i n g  z o n e  w i l l  n o t  c a u s e  l e t h a l i t y  t o  p a s s i n g  o r g a n i s m s  a n d ,  c o n s i d e r i n g  l i k e l y  

p a t h w a y s  o f  e x p o s u r e ,  t h a t  t h e r e  a r e  n o t  s i g n i f i c a n t  h u m a n  h e a l t h  r i s k s .  T h i r d ,  

u n d e r  E P A ’s  w a t e r  q u a l i t y  p e r m i t t i n g  r e g u l a t i o n s  ( 4 0  C F R  1 2 2 . 4 4 ( d ) ( 1 ) ( H ) ) ,  

w h e n  d e t e r m i n i n g  w h e t h e r  a  d i s c h a r g e  c a u s e s ,  h a s  t h e  r e a s o n a b l e  p o t e n t i a l  t o  

c a u s e ,  o r  c o n t r i b u t e s  t o  a n  i n - s t r e a m  e x c u r s i o n  a b o v e  a  n a r r a t i v e  o r  n u m e r i c  

c r i t e r i a  w i t h i n  a  s t a t e  w a t e r  q u a l i t y  s t a n d a r d ,  t h e  p e r m i t t i n g  a u t h o r i t y  i s  d i r e c t e d  

t o  u s e  p r o c e d u r e s  w h i c h  a c c o u n t  f o r ,  a m o n g  o t h e r  t h i n g s ,  t h e  d i l u t i o n  o f  t h e  

e f f l u e n t  i n  t h e  r e c e i v i n g  w a t e r ,  w h e r e  a p p r o p r i a t e . "  ( E P A  2 0 0 8 5 1 )  ( e m p h a s i s  

a d d e d )

T h e  r e f e r e n c e  t o  E P A ,  1 9 9 1  i n  t h e  a b o v e  q u o t e  i s  t o  E P A ’ s  T e c h n i c a l  S u p p o r t  D o c u m e n t  

f o r  W a t e r  Q u a l i t y - b a s e d  T o x i c s  C o n t r o l 5 2 , w h i c h  i s  t h e  b a s i c  g u i d a n c e  u s e d  b y  E P A  a n d  m a n y  

s t a t e s  i n c l u d i n g  A l a s k a  w h e n  e v a l u a t i n g  t h e  n e e d  f o r  w a t e r  q u a l i t y - b a s e d  e f f l u e n t  l i m i t s  i n  

p e r m i t s ,  a n d  t h e  d e v e l o p m e n t  o f  l i m i t s  w h e n  n e e d e d .  T h e  g u i d a n c e  i n c o r p o r a t e s  m i x i n g  z o n e s .

7 . 3 . 2 .  P o t e n t i a l  E f f e c t s  o f  U n d i l u t e d  C r u i s e  S h i p  E f f l u e n t

A s  d i s c u s s e d  i n  S e c t i o n  2 . 2 ,  m a r i n e  W Q C  i d e n t i f y  t h r e s h o l d  c o n c e n t r a t i o n s  a n d  

e x p o s u r e s  o f  t o x i c  c o n s t i t u e n t s  o f  c o n c e r n .  R e c e n t  e f f l u e n t  d a t a  a r e  c o m p a r e d  t o  t h e  

c o n c e n t r a t i o n  c o m p o n e n t s  o f  t h e  W Q C  i n  T a b l e  1 9 .

51 See 2-225, 2-26, and 3-20 in, EPA 2008, Cruise Ship Discharge Assessment Report. EPA842-R-07-005. 

http://www.epa.gov/owow/oceans/cruise ships/pdf/0812cruiseshipdischargeassess.pdf

52 http://www.epa.gov/npdes/pubs/owm0264.pdf
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Table 19 Analysis of Ammonia, Copper, Nickel and Zinc Discharges of Undiluted 
Effluent

P a r a m e t e r A m b i e n t

L e v e l

A W Q C  C h r o n i c A W Q C  A c u t e 2 0 0 8 - 2 0 0 9

m a x

2 0 1 1

A v e r a g e

A m m o n i a

m g / L

0 . 0 2 1 1

( 4 - d a y  e x p o s u r e )

6 . 5

( 1 - h o u r  e x p o s u r e )

1 6 0 2 3 . 8 7

C o p p e r

p g / L

0 . 5 3 . 1

( 4 - d a y  e x p o s u r e )

4 . 8

( 2 4  h o u r  e x p o s u r e )

1 4 0 2 3 . 8 7

N i c k e l

p g / L

1 8 . 2

( 4 - d a y  e x p o s u r e )

7 4

( 1 - h o u r  e x p o s u r e )

4 2 0 1 2 . 8

Z i n c

p g / L

1 . 2 8 1

( 4 - d a y  e x p o s u r e )

9 0

( 1 - h o u r  e x p o s u r e )

5 0 1 9 1 . 6 5

B a s e d  u p o n  t h e s e  d a t a ,  a v e r a g e  u n d i l u t e d  d i s c h a r g e  c o n c e n t r a t i o n s  i n  c r u i s e  s h i p  

e f f l u e n t s  i n  2 0 1 1  e x c e e d  a m b i e n t  s e a w a t e r  l e v e l s  f o r  t h e s e  c o n s t i t u e n t s .  A v e r a g e  a m m o n i a ,  

c o p p e r ,  a n d  z i n c  c o n c e n t r a t i o n s  i n  t h e  e f f l u e n t s  w e r e  a b o v e  t h e  a c u t e  a n d  c h r o n i c  w a t e r  q u a l i t y  

c r i t e r i a  ( i g n o r i n g  t h e  e l e m e n t  o f  d u r a t i o n  o f  e x p o s u r e  i n h e r e n t  i n  t h e  c r i t e r i a ) .  H o w e v e r ,  a s  

n o t e d  b y  E P A  i n  S e c t i o n  7 . 3 . 2 . 1 ,  t h e  W Q C  a r e  n o t  d i r e c t l y  c o m p a r a b l e  t o  a n a l y t e  c o n c e n t r a t i o n s  

i n  a  d i s c h a r g e  f o r  a  n u m b e r  o f  r e a s o n s .  J u s t  k n o w i n g  t h e  c o n c e n t r a t i o n  i n  a  d i s c h a r g e  t e l l s  u s  

n o t h i n g  a b o u t  t h e  d u r a t i o n  o f  e x p o s u r e .  T h e s e  c o n c e n t r a t i o n s  w o u l d  o n l y  b e  t o x i c  t o  o r g a n i s m s  

i n  t h e  r e c e i v i n g  w a t e r  i f  t h e r e  w e r e  e x p o s u r e s  t o  l e v e l s  a b o v e  t h e  n u m e r i c  c r i t e r i a  a n d  e x p o s u r e  

d u r a t i o n .

7 . 3 . 3 .  P o t e n t i a l  E f f e c t s  o f  I n - P o r t  S t a t i o n a r y  D i s c h a r g e s

D i l u t i o n  f r o m  a  s t a t i o n a r y  d i s c h a r g i n g  v e s s e l  c a n  b e  u s e d  t o  e v a l u a t e  e f f l u e n t  d a t a .  D E C  

h a s  d e t e r m i n e d  a  d i l u t i o n  f a c t o r  o f  2 8  i s  a t t a i n e d  w i t h i n  1 5  m e t e r s  d i s t a n c e  f r o m  a  s t a t i o n a r y  

c r u i s e  s h i p  d i s c h a r g e  a n d  w o u l d  a p p l y  t o  a n  i n - p o r t  v e s s e l  d i s c h a r g i n g  a t  r e s t .  N o t  s u r p r i s i n g l y ,  

t h e  d i l u t i o n  b e n e f i t  f r o m  a  m o v i n g  v e s s e l  i s  m u c h  g r e a t e r  t h a n  t h e  d i l u t i o n  b e n e f i t  f r o m  a  

s t a t i o n a r y  o n e .  T h e  d i l u t i o n  f r o m  a  s t a t i o n a r y  v e s s e l  i s  c o m p a r a b l e  t o  t h e  d i l u t i o n  b e n e f i t  f r o m  a  

m u n i c i p a l  d i s c h a r g e r ,  a l t h o u g h  d i l u t i o n  f a c t o r s  f o r  m u n i c i p a l  d i s c h a r g e s  i n  A l a s k a n  m a r i n e  

w a t e r s  a r e  t y p i c a l l y  d e v e l o p e d  f o r  d i s t a n c e s  g r e a t e r  t h a n  1 5  m e t e r s .  E P A  2 0 0 8  a c k n o w l e d g e d  

t h e  d i l u t i o n  f r o m  c r u i s e  s h i p s  d i s c h a r g i n g  w h e n  i n - p o r t 53

T a b l e  2 0  p r e s e n t s  t h e  m a x i m u m  d e t e c t e d  c o n c e n t r a t i o n s  o f  a m m o n i a  a n d  t h e  t h r e e  

m e t a l s  f r o m  t h e  2 0 0 8 - 2 0 0 9  A l a s k a  c r u i s e  s e a s o n  a l o n g  w i t h  a n  a n a l y s i s  c o n s i d e r i n g  d i l u t i o n .  

T h e  a n a l y s i s  c o n s i d e r s  t h e  b a c k g r o u n d  c o n c e n t r a t i o n s  a n d  t h e  c o n c e n t r a t i o n  o f  t h e  m i x  a f t e r  a n

53 EPA 2008 at 2-32, 2-36, 2-37, 3-26, 3-27, 3-29, 3-30
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i n - p o r t  d i l u t i o n  f a c t o r  o f  2 8  f r o m  a  s t a t i o n a r y  c r u i s e  s h i p  a n d  a l l o w s  a  c o m p a r i s o n  t o  t h e  c h r o n i c  

w a t e r  q u a l i t y  c r i t e r i a .  T h e  d i l u t i o n  f a c t o r  o f  2 8  w a s  a c h i e v e d  w i t h i n  a  f e w  m i n u t e s  a f t e r  t h e  

e f f l u e n t  l e f t  t h e  s i d e  o f  t h e  v e s s e l  w i t h  a n  i n i t i a l  j e t  v e l o c i t y ,  w h e n  t h e  f a s t e s t  m i x i n g  o c c u r s .  T h e  

a n a l y s i s  a l s o  i d e n t i f i e s  h o w  m u c h  d i l u t i o n  i s  n e e d e d  t o  m e e t  t h e  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i a  

a n d  p r o v i d e s  a n  e s t i m a t e  o f  h o w  l o n g  i t  t a k e s  t o  a t t a i n  t h a t  d i l u t i o n .

Table 20 Analysis of ammonia, Copper, Nickel and Zinc Discharges From 
Stationary Cruise Ships

Analysis of worst 
case for in-port 

discharge

Ammonia

(mg/L)

Copper

(W>/L)

Nickel

(Mg/L)

Zinc

(Mg/L)

Maximum value 
2008-2009

160 140 420 501

Chronic water 
quality criterion 
(exposure 
duration)

1

(4-day exposure)

3.1

(4-day exposure)

8.2

(4-day exposure)

81

(4-day exposure)

Acute water 
quality criterion 
(exposure 
duration)

6.5

(1-hour exposure)

4.8

(24-hour exposure)

74

(1-hour exposure)

90

( 1-hour exposure)

Background
concentration

0.021 0.5 1 1.2

Concentration of 
mix after dilution 
factor of 28

5.735 5.482 15.964 19.050

Incremental
increase

5.714 4.982 14.982 17.857

Dilution factor 
needed for 
effluent to meet 
chronic WQC

164 54 59 6.3

Estimated time 
before effluent 
meets chronic 
WQC

1-4 hours tens of minutes tens of minutes < minute
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T h e  t a b l e  i l l u s t r a t e s  t h a t  f o l l o w i n g  t h e  i n i t i a l  d i l u t i o n :

•  T h e  i n c r e a s e d  a m m o n i a  o f  5 . 7 3 5  m g / L  e x c e e d s  t h e  c h r o n i c  W Q C  o f  1 m g / L  b u t  

m e e t s  t h e  a c u t e  W Q C  o f  6 . 1  m g / L .  I f  t h e  d i l u t i o n  f a c t o r  c o u l d  b e  i n c r e a s e d  t o  1 6 4  

t h e n  t h e  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i o n  f o r  a m m o n i a  w o u l d  b e  a t t a i n e d .  T i m e  t o  a t t a i n  

t h i s  d i l u t i o n  i s  e s t i m a t e d  t o  b e  1 t o  4  h o u r s .

• T h e  i n c r e a s e d  c o p p e r  o f  5 . 4 8 2  p g / L  e x c e e d s  t h e  c h r o n i c  W Q C  o f  3 . 1  p g / L ,  b u t  i f  t h e  

d i l u t i o n  f a c t o r  c o u l d  b e  i n c r e a s e d  t o  5 4  t h e n  t h e  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i o n  f o r  

c o p p e r  w o u l d  b e  a t t a i n e d .  T i m e  t o  a t t a i n  t h i s  d i l u t i o n  i s  e s t i m a t e d  t o  b e  t e n  m i n u t e s  

t o  l e s s  t h a n  1 h o u r .

• T h e  i n c r e a s e d  n i c k e l  o f  1 5 . 9 6 4  p g / L  e x c e e d s  t h e  c h r o n i c  W Q C  o f  8 . 2  p g / l ,  b u t  i f  t h e  

d i l u t i o n  f a c t o r  c o u l d  b e  i n c r e a s e d  t o  5 9  t h e n  t h e  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i o n  f o r  

n i c k e l  w o u l d  b e  a t t a i n e d .  T i m e  t o  a t t a i n  t h i s  d i l u t i o n  i s  e s t i m a t e d  t o  b e  t e n  m i n u t e s  t o  

l e s s  t h a n  1 h o u r .

• T h e  i n c r e a s e d  z i n c  o f  1 9 . 0 5 0  p g / L  i s  w e l l  b e l o w  t h e  c h r o n i c  W Q C  o f  8 1  p g / L  a n d  a  

d i l u t i o n  f a c t o r  o f  o n l y  6 . 3  i s  s u f f i c i e n t  t o  m e e t  t h e  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i o n .  T i m e  

t o  a t t a i n  t h i s  d i l u t i o n  i s  e s t i m a t e d  t o  b e  l e s s  t h a n  1 m i n u t e .

A l a s k a  a n d  E P A ’ s  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i a  a r e  b a s e d  o n  a  f o u r - d a y  d u r a t i o n  o f  

e x p o s u r e .  T a b l e  2 0  i l l u s t r a t e s  t h a t  t h e  p o s s i b l e  d u r a t i o n  o f  e x p o s u r e  f o r  o r g a n i s m s  t o  

c o n c e n t r a t i o n s  e x c e e d i n g  t h e  c h r o n i c  c r i t e r i a  w i l l  b e  l e s s  t h a n  1 t o  4  h o u r s  w h e n  a  v e s s e l  i s  

d i s c h a r g i n g  i n  p o r t .  E v e n  i f  s e v e r a l  c r u i s e  s h i p s  d i s c h a r g e d  d u r i n g  t h e i r  s t a y  i n - p o r t  d u r i n g  t h e  

s a m e  v i s i t a t i o n  p e r i o d  t h e r e  w o u l d  b e  m o r e  t h a n  a n  a d e q u a t e  m o v e m e n t  o f  w a t e r  i n t o  a n d  o u t  o f  

t h e  p o r t  s u c h  t h a t  a q u a t i c  l i f e  w o u l d  n e v e r  e x p e r i e n c e  t h e  4 - d a y  c h r o n i c  e x p o s u r e  p e r i o d .  T h e  

t a b l e  s u g g e s t s  t h a t  i f  s o m e t h i n g  c a n  b e  d o n e  t o  i n c r e a s e  t h e  a l l o w e d  i n  p o r t  d i l u t i o n  f a c t o r  t o  

1 6 0  o r  g r e a t e r ,  t h e n  i n  p o r t  d i s c h a r g e  o f  e v e n  t h e  h i g h e s t  e f f l u e n t  c o n c e n t r a t i o n s  w o u l d  s t i l l  b e  

p r o t e c t i v e  o f  w a t e r  q u a l i t y .  T h i s  c o u l d  b e  d o n e  b y  a l l o w i n g  a  l a r g e r  s i z e  m i x i n g  z o n e  s u c h  a s  i s  

o f t e n  t h e  c a s e  f o r  A l a s k a n  m u n i c i p a l  w a s t e w a t e r  d i s c h a r g e r s .

T o  s u m m a r i z e  t h i s  s e c t i o n ,  i n  t h e  c a s e  o f  d i s c h a r g e s  f r o m  s t a t i o n a r y  c r u i s e  s h i p s  w i t h  

t h e  c u r r e n t  a d v a n c e d  w a s t e w a t e r  t r e a t m e n t  s y s t e m s ,  t h e  m a x i m u m  o b s e r v e d  c o n c e n t r a t i o n s  o f  

a m m o n i a ,  c o p p e r ,  n i c k e l  a n d  z i n c  a r e  d i l u t e d  t o  b e l o w  t h e  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i a  i n  a  f e w  

h o u r s  o r  l e s s ,  w h i c h  i s  p r o t e c t i v e  t o  a q u a t i c  l i f e  g i v e n  t h e  4  d a y  d u r a t i o n  o f  e x p o s u r e  c o m p o n e n t  

o f  t h e  c h r o n i c  W Q C .  S h i p s  d i s c h a r g i n g  i n - p o r t  d o  s o  o n l y  i f  t h e y  c a n  m e e t  m o r e  s t r i n g e n t  l i m i t s  

b a s e d  o n  a  d i l u t i o n  f a c t o r  o f  2 8 ,  a n d  t h a t  d i l u t i o n  w i l l  o c c u r  i n  l e s s  t h a n  1 0  m i n u t e s  a n d  i s  

p r o t e c t i v e .  U n d e r  t y p i c a l  A P D E S 64 p e r m i t t i n g ,  a  l a r g e r  m i x i n g  z o n e  c o u l d  b e  a l l o w e d  f o r  c h r o n i c  

W Q C .

S4 APDES stands for the Alaska Pollutant Discharge Elimination System and is the state's means of implementing 
the federal National Pollutant Discharge Elimination System (NPDES). These are the regulatory tools used in 
permitting and regulating discharges to surface waters.
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7 . 3 . 4 .  P o t e n t i a l  E f f e c t s  o f  U n d e r w a y  D i s c h a r g e s

T h e r e  a r e  s e v e r a l  s t u d i e s  t h a t  h a v e  l o o k e d  a t  t h e  f a t e  a n d  t r a n s p o r t  o f  c r u i s e  s h i p  

e f f l u e n t  d i s c h a r g e s .  T h e  E P A  2 0 0 8  s t u d y  c o m p a r e d  e f f l u e n t  q u a l i t y  f r o m  c r u i s e  s h i p s  d i r e c t l y  t o  

t h e  N R W Q C .  E P A  a l s o  e v a l u a t e d  t h e  e f f l u e n t  q u a l i t y  i n  t h e  c o n t e x t  o f  d i l u t i o n  f r o m  a n  u n d e r w a y  

v e s s e l  a n d  d i l u t i o n  f r o m  a  v e s s e l  a t  r e s t .  T h e r e  w a s  a n  e a r l i e r  S c i e n c e  A d v i s o r y  P a n e l  i n  A l a s k a  

t h a t  e v a l u a t e d  c r u i s e  s h i p  w a s t e w a t e r  d i s c h a r g e s 55 a n d  t h a t  P a n e l  d e v e l o p e d  a  s i m p l e  f o r m u l a  

f o r  c a l c u l a t i n g  a  c o n s e r v a t i v e  d i l u t i o n  f a c t o r  f o r  d i s c h a r g e s  f r o m  l a r g e  m o v i n g  c r u i s e  s h i p s .  T h e  

f o r m u l a  w a s  b a s e d  i n  p a r t  o n  d y e  d i l u t i o n  s t u d i e s  c o n d u c t e d  b y  E P A  2 0 0 2 .  T h e  f o r m u l a  f o l l o w s :

I n i t i a l  D i l u t i o n  F a c t o r  =  4  *  ( S h i p  W i d t h  f m l  *  S h i p  D r a f t  [ m l  *  S h i p  S p e e d  f m / s e c D

f o r  S h i p s  U n d e r w a y  V o l u m e  D i s c h a r g e  R a t e  [ m 3/ s e c ]

T h e  E P A  2 0 0 2  d y e  d i l u t i o n  s t u d i e s  f o u n d  d i l u t i o n  f a c t o r s  v a r i e d  f r o m  2 0 0 , 0 0 0  t o  9 0 0 , 0 0 0  

u n d e r  v a r i o u s  r a t e s  o f  d i s c h a r g e  a n d  s h i p  s p e e d 5 8 . T h e  f i r s t  A l a s k a  C r u i s e  S h i p  S c i e n c e  

A d v i s o r y  P a n e l ,  e s t a b l i s h e d  i n  2 0 0 1  w h e n  t h e  A l a s k a  C r u i s e  S h i p  I n i t i a t i v e  b e g a n ,  c a l c u l a t e d  

t h a t  f o r  a  l a r g e  c r u i s e  s h i p  t r a v e l i n g  a t  6  k n o t s  a n d  d i s c h a r g i n g  a t  a  h i g h  d i s c h a r g e  r a t e  o f  2 0 0  

c u b i c  m e t e r s  p e r  h o u r ,  t h e  d i l u t i o n  f a c t o r  w o u l d  b e  > 5 0 , 0 0 0 .  T h e  f i r s t  A l a s k a  C r u i s e  S h i p  

S c i e n c e  A d v i s o r y  P a n e l  t h e n  u s e d  t h a t  d i l u t i o n  f a c t o r  i n  e v a l u a t i n g  c r u i s e  s h i p  d i s c h a r g e s  

s a m p l e d  b e t w e e n  2 0 0 0  a n d  2 0 0 1  a n d  d e m o n s t r a t e d  t h a t  w a t e r  q u a l i t y  c r i t e r i a  w e r e  e a s i l y  a n d  

r a p i d l y  a t t a i n e d .  T h i s  i s  p a r t i c u l a r l y  n o t e w o r t h y  b e c a u s e  m u c h  o f  t h e  d a t a  w e r e  f r o m  b e f o r e  

a d v a n c e d  w a s t e w a t e r  t r e a t m e n t  s y s t e m s  w e r e  i n  p l a c e .  T h e  f i r s t  S c i e n c e  A d v i s o r y  P a n e l ’ s  w o r k  

w a s  p u b l i s h e d  i n  a  p e e r  r e v i e w e d  j o u r n a l 5 7 . P a p e r s  c o n c e r n i n g  t h e  f i r s t  S c i e n c e  A d v i s o r y  

P a n e l ’ s  w o r k  a n d  c o n c e r n i n g  E P A ’ s  d y e  s t u d i e s  w e r e  p r e s e n t e d  a t  t h e  I n t e r n a t i o n a l  O c e a n s  

2 0 0 3  c o n f e r e n c e  i n  S a n  D i e g o  i n  S e p t e m b e r  2 0 0 3 5 8 ' 5 9 ' 6 0 ' 6 1 , 6 2 '6 3 , 6 4 . I n  S e p t e m b e r  2 0 1 1 ,  D r .  A l a n

55 Science Advisory Panel and Alaska Department of Environmental Conservation Commercial Passenger Vessel 
Environmental Compliance Program, 2002. The Impact o f Cruise Ship Wastewater Discharge on Alaska Waters. 

http://dec.alaska.gov/water/cruise ships/SciencePanel/documents/impactofcruiseship.pdf

56 EPA 2002. Cruise Ship Plume Tracking Survey Report. Pp 17-18.
http://water.epa.gov/polwaste/vwd/upload/2002 09 25 oceans cruise ships plumerpt2002 plumereport.pdf

57 Loehr, L.C., C-J Beegle-Krause, K. George, C.D. McGee, A.J. Mearns, and M.J. Atkinson, 2006. The significance of 
dilution in evaluating possible impacts of wastewater discharges from large cruise ships. Marine Pollution Bulletin. 

52(2006) 681-688.

58 Morehouse. C. and D. Koch. 2003. Alaska's Cruise Ship Initiative and the Commercial Passenger Vessel 

Environmental Compliance Program, pp 372-375 in Proceedings, IEE/MTS Oceans '03.

59 Morehouse. C. 2003. Wastewater sampling and analysis for commercial passenger vessels, pp 376-385 in 
Proceedings, IEE/MTS Oceans '03.

60 Loehr, L.C., M. Atkinson, K. George and G  Beegle-Krause. 2003. Using a simple dilution model to estimate 

wastewater contaminant concentrations behind moving passenger vessels, pp 390-393 in Proceedings, IEE/MTS 
Oceans'03.
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M e a r n s ,  a  m e m b e r  o f  t h e  f i r s t  S c i e n c e  A d v i s o r y  P a n e l  g a v e  a  p r e s e n t a t i o n  t o  t h e  c u r r e n t  

S c i e n c e  A d v i s o r y  P a n e l .  H e  p r e s e n t e d  t h e  r e s u l t s  o f  t h e  f i r s t  p a n e l ,  a n d  n o t e d  t h e  i m p o r t a n c e  o f  

d i l u t i o n 6 5 . I n  e v a l u a t i n g  A l a s k a  c r u i s e  s h i p  d i s c h a r g e s ,  E P A  2 0 0 8  c i t e d  t h e  2 0 0 2  d y e  d i l u t i o n  

s t u d i e s  a n d  t h e  f i r s t  S c i e n c e  A d v i s o r y  P a n e l ’ s  u n d e r w a y  d i l u t i o n  f o r m u l a ,  a n d  E P A  p r o v i d e d  a n  

e x a m p l e  c a l c u l a t i o n  f o r  a  l a r g e  s h i p  d i s c h a r g i n g  a t  2 5  m 3 / h r  w h i l e  t r a v e l i n g  a t  6  k n o t s ,  w h i c h  

r e s u l t e d  i n  a  d i l u t i o n  f a c t o r  o f  4 2 0 , 0 0 0 6 6 .

T h e  F i r s t  S c i e n c e  A d v i s o r y  P a n e l  h a d  r e v i e w e d  a n  e a r l i e r  m o d e l i n g  s t u d y  p r e p a r e d  f o r  

t h e  A l a s k a  S e a L i f e  C e n t e r 8 7  t h a t  e v a l u a t e d  d i l u t i o n  f r o m  m o v i n g  c r u i s e  s h i p s .  T h e  A l a s k a  

S e a L i f e  C e n t e r  s t u d y  e v a l u a t e d  t h e  d i l u t i o n  f o r  e f f l u e n t s  f r o m  t h e  d i s c h a r g e  p o i n t  t o  t h e  s t e r n .  I n  

t h i s  s t r e t c h ,  t h e  e f f l u e n t  w o u l d  b e  e n t r a i n e d  i n ,  a n d  m i x e d  w i t h  a  b o u n d a r y  l a y e r  o f  w a t e r  

a d j a c e n t  t o  t h e  h u l l .  T h e  A l a s k a  S e a L i f e  C e n t e r  s t u d y  c o n c l u d e d  t h a t  b e c a u s e  t h e  b o u n d a r y  

l a y e r  w o u l d  e m e r g e  f r o m  t h e  s t e r n  a b o v e  t h e  p r o p e l l e r s ,  t h e n  t h e  p r o p e l l e r s  w o u l d  n o t  p r o v i d e  

a n y  f u r t h e r  m i x i n g  b e n e f i t 6 8 . T h e  F i r s t  S c i e n c e  A d v i s o r y  P a n e l  c o n c l u d e d  t h a t  t h e  m a s s  o f  

d i s p l a c e d  w a t e r  c o l l a p s i n g  b e h i n d  a  m o v i n g  c r u i s e  s h i p ,  a n d  t h e  m i x i n g  a c t i o n  o f  t h e  t w o  

c o u n t e r  r o t a t i n g  p r o p e l l e r s  w o u l d  a c t u a l l y  p r o v i d e  a  v e r y  s u b s t a n t i a l  m i x i n g  b e n e f i t  a n d  t h e r e f o r e  

r e j e c t e d  t h e  c o n c l u s i o n  i n  t h e  A l a s k a  S e a L i f e  C e n t e r  s t u d y .  S u b s e q u e n t  d y e  s t u d i e s  b y  E P A  

a n d  d i r e c t  o b s e r v a t i o n s  o f  t u r b u l e n t  m i x i n g  i n  c r u i s e  s h i p  w a k e s  b y  t h e  F i r s t  S c i e n c e  A d v i s o r y  

P a n e l  s u p p o r t e d  t h e  d i l u t i o n  f o r m u l a  d e v e l o p e d  b y  t h e  F i r s t  S c i e n c e  A d v i s o r y  P a n e l .

T h e  A l a s k a  S e a L i f e  C e n t e r  s t u d y  i s  s t i l l  u s e f u l  t o  h e l p  a n s w e r  t h e  q u e s t i o n  o f  h o w  r a p i d  

i n i t i a l  d i l u t i o n  o c c u r s  b e f o r e  t h e  e f f l u e n t  r e a c h e s  t h e  s t e r n ,  a n d  i t  p r o v i d e s  a  m e a n s  o f  e s t i m a t i n g  

w h e n  s u f f i c i e n t  d i l u t i o n  o c c u r s  f o r  t h e  h i g h e s t  e f f l u e n t  c o n c e n t r a t i o n s  f r o m  2 0 0 8  a n d  2 0 0 9  f o r  

a m m o n i a ,  c o p p e r ,  n i c k e l  a n d  z i n c  t o  m e e t  w a t e r  q u a l i t y  c r i t e r i a .  T h e  A l a s k a  S e a L i f e  C e n t e r  

s t u d y  m o d e l i n g  i n d i c a t e d  t h a t  t h e  d i l u t i o n  f a c t o r s  u p  t o  t h e  s t e r n  f o r  a  l a r g e  c r u i s e  s h i p ,

61 Heinen, E., K. Potts, L. Snow, W. Trulli and D. Redford. 2003. Dilution of wastewater discharges from  moving 

cruise ships, pp 386-389 in Proceedings, IEE/MTS Oceans '03.

62 McGee, C.D. and l.C. Loehr. 2003. An assessment of fecal coliform bacteria in cruise ship wastewater discharge. 

pp. 733-736 in Proceedings, IEE/MTS Oceans '03.

63 Mearns, A.J., M. Stekoll, K. Hall, CJ Beegle-Krause, M. Watson and M. Atkinson. 2003. Biological and ecological 

effects o f wastewater discharges from  cruise ships. Pp. 737-747 in Proceedings, IEE/MTS Oceans'03.

64 Eley, W.D. and C.H. Morehouse. 2003. Evaluation o f new technology fo r shipboard wastewater treatment, pp. 
748-753 in Proceedings, IEE/MTS Oceans '03.

65 htto://dec.alaska.gov/water/cruise ships/SciencePanel/documents/Binder/Mearns-presentation-to- 

SAP2AJM.ppt.pdf

66 EPA 2008 at 2-37, 2-38 and 3-30

67 Colonell, J.M., S. V. Smith and R. B Spies. November 12, 2000. Cruise Ship Wastewater Discharge into Alaskan 
Coastal Waters. Prepared for The Alaska SeaLife Center and The North West Cruiseship Association.

68 See page 12 in Colonell et al.
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d i s c h a r g i n g  a t  2 0 0  c u b i c  m e t e r s  p e r  h o u r  ( a  h i g h  r a t e )  v a r i e d  w i t h  s p e e d ,  a s s o c i a t e d  w i t h  

d i f f e r e n t  b e h a v i o r  o f  b o u n d a r y  w a t e r 6 9 . D i l u t i o n  f a c t o r s  v a r i e d  f r o m  6 0 0  t o  2 , 5 0 0  f o r  d i f f e r e n t  

s p e e d s .  A s s u m i n g  d i s c h a r g e s  o c c u r  a b o u t  3 0 0  f e e t  f o r w a r d  o f  t h e  s t e r n ,  t r a v e l  t i m e s  t o  r e a c h  

t h e  s t e r n  v a r y  w i t h  s p e e d .  A t  6  k n o t s ,  t h e  t r a v e l  t i m e  i s  3 0  s e c o n d s ,  w h i l e  a t  1 0  k n o t s  t h e  t r a v e l  

t i m e  i s  o n l y  1 8  s e c o n d s .  T a b l e  2 1  u s e s  t h e  d i l u t i o n  c a l c u l a t i o n s  f r o m  t h e  A l a s k a  S e a L i f e  C e n t e r  

s t u d y  f o r  d i f f e r e n t  s p e e d s ,  d e r i v e s  t h e  t i m e  f o r  t h e  d i s c h a r g e  t o  r e a c h  t h e  s t e r n ,  a n d  

p r o p o r t i o n a t e l y  a l l o c a t e s  t h e  d i l u t i o n  f a c t o r  o v e r  t i m e ,  a s s u m i n g  a  u n i f o r m  r a t e  o f  d i l u t i o n .  ( I n  

a c t u a l i t y ,  t h e  d i l u t i o n  i n  t h e  f i r s t  s e c o n d s  w o u l d  b e  e x p e c t e d  t o  b e  g r e a t e r  t h a n  u s i n g  a n  a v e r a g e  

i n c r e m e n t a l  d i l u t i o n  r a t e  b e c a u s e  o f  t h e  j e t  a c t i o n  a n d  t u r b u l e n c e  a t  t h e  p o i n t  o f  d i s c h a r g e . )  A n  

e s t i m a t e d  t i m e  t o  a c h i e v e  d i l u t i o n  f a c t o r s  o f  6 ,  6 0  a n d  1 6 4  i s  a l s o  p r e s e n t e d . 70 I t ’ s  e v i d e n t  t h a t  

f o r  d i s c h a r g e s  f r o m  c r u i s e  s h i p s  w h i l e  u n d e r w a y ,  t h e  d i l u t i o n  f a c t o r  o f  1 6 4  i s  a t t a i n e d  w i t h i n  a  

m a t t e r  o f  s e c o n d s ,  a n d  h e n c e  w a t e r  q u a l i t y  c r i t e r i a  a r e  a l s o  a t t a i n e d  w i t h i n  a  m a t t e r  o f  s e c o n d s .  

T h e  d u r a t i o n  o f  e x p o s u r e  t o  o r g a n i s m s  t o  c o n c e n t r a t i o n s  g r e a t e r  t h a n  t h e  n u m e r i c  c r i t e r i a  i s  

m u c h  s h o r t e r  t h a n  t h e  e x p o s u r e  d u r a t i o n  c o m p o n e n t s  o f  t h e  W Q C .

Table 21 Underway Cruise Ship Dilution Factors From Point of Discharge to the 
Stern and Estimated Dilution-Time-Distance Relationships for Key Dilution 
Factors.

Speed

Dilution 

Factor at 

stern

Travel 

tim e to 

stern

Dilution Factor 

increase each 

second

Time and distance 

to achieve 

Dilution Factor of 

164

Time and 

distance to 

achieve Dilution 

Factor of 60

Time and 

distance to  

achieve Dilution 

Factor of 6

6 kts 710 30
seconds

24 7 seconds (70 
feet)

< 3 seconds (<30 
feet)

< 1 second (<10 
feet)

8 kts 2,500 22.5
seconds

111 < 2 seconds (<20 
feet)

< 1 second (<10 
feet)

< 1 second (<10 
feet)

10 kts 600 18
seconds

33 5 seconds (<85 
feet)

< 2 seconds (<30 
feet)

<1 second (about 
3 feet)

*Note: data are based on one cruise ship modeled. Time to travel to stern will vary depending on how close the 
discharge port is to the stern and the ship speed. This discharge ports for large cruise ships are typically about 300 
feet from the stern. This model is not linear.

69 From page 11 in Colonell, et al., the "boundary layer" is the region of the flow where the surrounding fluid 
accommodates the velocity difference between the moving body and the stationary fluid. The thickness of the 
boundary is arbitrarily defined as that distance from the solid boundary at which the fluid velocity is 99% of the 
surrounding fluid.

70 As shown in Table 21, these factors are relevant to the dilution needed for the highest effluent concentrations of 
ammonia, and the metals to meet chronic water quality criteria.
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T a b l e  2 2  p r e s e n t s  t h e  h i g h e s t  e f f l u e n t  c o n c e n t r a t i o n s  o f  a m m o n i a ,  c o p p e r ,  n i c k e l  a n d  

z i n c  f r o m  t h e  2 0 0 8 - 2 0 0 9  A l a s k a  c r u i s e  s e a s o n  a l o n g  w i t h  a n  a n a l y s i s  c o n s i d e r i n g  d i l u t i o n .  T h e  

a n a l y s i s  c o n s i d e r s  t h e  b a c k g r o u n d  c o n c e n t r a t i o n s  a n d  t h e  c o n c e n t r a t i o n  o f  t h e  m i x  a f t e r  a  

c o n s e r v a t i v e  d i l u t i o n  f a c t o r  o f  5 0 , 0 0 0 71 a n d  a l l o w s  a  c o m p a r i s o n  t o  t h e  c h r o n i c  w a t e r  q u a l i t y  

c r i t e r i a .  T h e  a n a l y s i s  a l s o  i d e n t i f i e s  h o w  m u c h  d i l u t i o n  i s  n e e d e d  t o  m e e t  t h e  ( m o r e  s t r i n g e n t ,  

i . e .  l o w e r )  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i a  a n d  p r o v i d e s  a n  e s t i m a t e  o f  h o w  l o n g  i t  t a k e s  t o  a t t a i n  

t h a t  d i l u t i o n .

T h e  d i s c h a r g e  p o r t  i s  a b o u t  3 0 0  f e e t  f r o m  t h e  s t e r n ,  s o  d i l u t i o n  f a c t o r s  s u f f i c i e n t  t o  m e e t  

t h e  W Q C  a r e  a t t a i n e d  b e f o r e  t h e  t r e a t e d  e f f l u e n t  e v e n  r e a c h e s  t h e  s t e r n .

Table 22 Analysis of Ammonia, Copper, Nickel and Zinc Discharges from 
Underway Cruise Ships

A n a l y s i s  o f  

w o r s t  c a s e  f o r  

u n d e r w a y  

d i s c h a r g e

A m m o n i a

( m g / L )

C o p p e r

( p g / L )

N i c k e l

( p g / L )

Z i n c

( p g / L )

M a x i m u m  v a l u e  

2 0 0 8 - 2 0 0 9

160 140 420 501

C h r o n i c  w a t e r  

q u a l i t y  c r i t e r i o n  

( e x p o s u r e  

d u r a t i o n )

1 (4-day 
exposure)

3.1 (4-day 
exposure)

8.2 (4-day 
exposure)

81 (4-day 
exposure)

A c u t e  w a t e r  

q u a l i t y  c r i t e r i o n  

( e x p o s u r e  

d u r a t i o n )

6.5 (1-hour 
exposure)

4.8 (24-hour 
exposure)

74 (1-hour 
exposure)

90 (1-hour 
exposure)

B a c k g r o u n d

c o n c e n t r a t i o n

0.021 0.5 1 1.2

C o n c e n t r a t i o n  o f  

m i x  a f t e r  d i l u t i o n  

f a c t o r  o f  5 0 , 0 0 0

0.024 0.503 1.008 1.210

I n c r e m e n t a l

i n c r e a s e

0.003 0.003 0.008 0.010

7 1 A dilution factor of 50,000 is conservative because it assumes a high discharge rate of 200 cubic meters per 
hour and a speed of only 6 knots. Actual discharge rates from AWTS equipped vessels are typically 2 to 5 times 
lower, and vessel speeds are 2 to 3 times higher.
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A n a l y s i s  o f A m m o n i a C o p p e r N i c k e l Z i n c

w o r s t  c a s e  f o r

u n d e r w a y

d i s c h a r g e

( m g / L ) ( p g / L ) ( p g / L ) ( p g / L )

D i l u t i o n  f a c t o r  

n e e d e d  f o r  

e f f l u e n t  t o  m e e t  

c h r o n i c  W Q C

164 54 59 6.3

E s t i m a t e d  t i m e  

b e f o r e  e f f l u e n t  

m e e t s  c h r o n i c  

W Q C

less than 
10 seconds

less than 
5 seconds

less than 
5 seconds

less than 
1 second

T h e  t a b l e  i l l u s t r a t e s  t h a t  f o l l o w i n g  t h e  i n i t i a l  d i l u t i o n ,

• T h e  i n c r e a s e d  a m m o n i a  c o n c e n t r a t i o n  o f  0 . 0 0 3  m g / L  i n  t h e  w a k e  i s  t r i v i a l  ( 1 / 3 3 3 r d )  

c o m p a r e d  t o  t h e  c h r o n i c  W Q C  o f  1 ,  a n d  t h e r e f o r e  n o t  t o x i c .  T h e  e s t i m a t e d  t i m e  t o  

d i l u t e  t h e  h i g h e s t  e f f l u e n t  a m m o n i a  c o n c e n t r a t i o n  t o  a  v a l u e  b e l o w  t h e  4  d a y  a v e r a g e  

c h r o n i c  a m m o n i a  c r i t e r i a  i s  l e s s  t h a n  1 0  s e c o n d s .

• T h e  i n c r e a s e d  c o p p e r  c o n c e n t r a t i o n  o f  0 . 0 0 3  p g / L  i n  t h e  w a k e  i s  t r i v i a l  ( 1 / 1 0 0 0 t h )  

c o m p a r e d  t o  t h e  c h r o n i c  W Q C  o f  3 . 1  p g / L  a n d  t h e r e f o r e  n o t  t o x i c .  T h e  e s t i m a t e d  

t i m e  t o  d i l u t e  t h e  h i g h e s t  e f f l u e n t  c o p p e r  c o n c e n t r a t i o n  t o  a  v a l u e  b e l o w  t h e  4  d a y  

a v e r a g e  c h r o n i c  c o p p e r  c r i t e r i a  i s  l e s s  t h a n  5  s e c o n d s .

• T h e  i n c r e a s e d  n i c k e l  c o n c e n t r a t i o n  o f  0 . 0 0 8  p g / L  i n  t h e  w a k e  i s  t r i v i a l  ( 1 / 1 0 0 0 t h )  

c o m p a r e d  t o  t h e  c h r o n i c  W Q C  o f  8 . 2  p g / L  a n d  t h e r e f o r e  n o t  t o x i c .  T h e  e s t i m a t e d  

t i m e  t o  d i l u t e  t h e  h i g h e s t  e f f l u e n t  n i c k e l  c o n c e n t r a t i o n  t o  b e l o w  t h e  4  d a y  a v e r a g e  

c h r o n i c  n i c k e l  c r i t e r i a  i s  l e s s  t h a n  5  s e c o n d s .

• T h e  i n c r e a s e d  z i n c  c o n c e n t r a t i o n  o f  0 . 0 1 0  p g / L  i n  t h e  w a k e  i s  t r i v i a l  ( 1 / 8 1 0 0 t h )  

c o m p a r e d  t o  t h e  c h r o n i c  W Q C  o f  8 1  p g / L  a n d  t h e r e f o r e  n o t  t o x i c .  T h e  e s t i m a t e d  t i m e  

t o  d i l u t e  t h e  h i g h e s t  e f f l u e n t  z i n c  c o n c e n t r a t i o n  t o  b e l o w  t h e  4  d a y  a v e r a g e  c h r o n i c  

z i n c  c r i t e r i a  i s  l e s s  t h a n  1 s e c o n d .

T h e  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i a  h a v e  a  f o u r - d a y  d u r a t i o n  o f  e x p o s u r e  c o m p o n e n t  ( s e e  

d i s c u s s i o n  i n  S e c t i o n  2 . 2 ) .  T h e  t a b l e  i l l u s t r a t e s  t h a t  t h e  p o s s i b l e  d u r a t i o n  o f  e x p o s u r e  t o  

c o n c e n t r a t i o n s  e x c e e d i n g  t h e  c r i t e r i a  w i l l  b e  l e s s  t h a n  1 0  s e c o n d s  f r o m  a n  u n d e r w a y  d i s c h a r g e .

T h e  a b o v e  t a b l e  c l e a r l y  d e m o n s t r a t e s  t h a t  n e i t h e r  a c u t e  ( 1  t o  2 4  h o u r  a v e r a g e s )  n o r  

c h r o n i c  ( 4 - d a y  a v e r a g e )  e x p o s u r e s  a b o v e  c r i t e r i a  a r e  e x p e c t e d  t o  o c c u r  f r o m  u n d e r w a y  v e s s e l  

d i s c h a r g e s .  T h e  t a b l e  a l s o  s h o w s  t h a t  t h e  c o n c e n t r a t i o n s  f o l l o w i n g  i n i t i a l  d i l u t i o n  a r e  i n  

c o m p l i a n c e  w i t h  W Q C  w h i c h  m a y  b e  a n  i n d i c a t i o n  t h a t  t h e  i m p l e m e n t a t i o n  o f  t h e  p e r m i t  l i m i t s  

m a y  n o t  h a v e  s i g n i f i c a n t  a d d i t i o n a l  e n v i r o n m e n t a l  b e n e f i t .  N o t e  t h a t  A l a s k a  D E C  m a k e s  a  

s i m i l a r  d e m o n s t r a t i o n  i n  t h e  I n f o r m a t i o n  S h e e t  f o r  t h e  2 0 1 0  G e n e r a l  P e r m i t :

“ F o r  e x a m p l e ,  a n  e x c e e d a n c e  e q u i v a l e n t  t o  t h e  h i g h e s t  m e a s u r e m e n t  f r o m  t h e  2 0 0 4 -  

2 0 0 9  d a t a  s e t  f o r  e a c h  p a r a m e t e r  w o u l d  y i e l d  t h e  f o l l o w i n g :  a m m o n i a  a t  1 6 0  m g / L  w i t h  a  d i l u t i o n
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f a c t o r  o f  1 : 5 0 , 0 0 0  w o u l d  b e  0 . 0 0 3 2  m g / L ,  w e l l  b e l o w  t h e  w a t e r  q u a l i t y  s t a n d a r d  o f  1 m g / L ;  

c o p p e r  a t  1 7 2  p g / L  w i t h  a  d i l u t i o n  f a c t o r  o f  1 : 5 0 , 0 0 0  w o u l d  b e  0 . 0 0 3 4 4  p g / L ,  w e l l  b e l o w  t h e  

w a t e r  q u a l i t y  s t a n d a r d  o f  3 . 1  p g / L ;  n i c k e l  a t  4 2 0  p g / L  w i t h  a  d i l u t i o n  f a c t o r  o f  1 : 5 0 , 0 0 0  w o u l d  b e  

0 . 0 0 8 4  p g / L ,  w e l l  b e l o w  t h e  w a t e r  q u a l i t y  s t a n d a r d  o f  8 . 2  p g / L ;  a n d  z i n c  a t  5 0 1  p g / L  w i t h  a  

d i l u t i o n  f a c t o r  o f  1 : 5 0 , 0 0 0  w o u l d  b e  0 . 0 1 0 0 2  p g / L ,  w e l l  b e l o w  t h e  w a t e r  q u a l i t y  s t a n d a r d  o f  8 1  

p g / L  I n  s u m m a r y ,  e v e n  i f  v e s s e l s  d i s c h a r g e  t h e s e  s u b s t a n c e s  a t  t h e  h i g h e s t  c o n c e n t r a t i o n s  

s e e n  t o  d a t e ,  c o n c e n t r a t i o n s  i n  r e c e i v i n g  w a t e r s  w o u l d  s t i l l  b e  l e s s  t h a n  o n e  p e r c e n t  o f  t h e  w a t e r  

q u a l i t y  s t a n d a r d s . "  ( D E C  2 0 1 0 7 2 )

T h e  s a m e  i n f o r m a t i o n  s h e e t  p r o v i d e d  a  t a b l e  p r e s e n t i n g  t h e  m a x i m u m  v a l u e  d e t e c t e d ,  

t h e  u n d e r w a y  d i l u t i o n  f a c t o r  o f  5 0 , 0 0 0 ,  t h e  e x p e c t e d  c o n c e n t r a t i o n  i n  t h e  r e c e i v i n g  w a t e r  a n d  

t h e  w a t e r  q u a l i t y  s t a n d a r d ,  s i m i l a r  t o  t h i s  S c i e n c e  A d v i s o r y  P a n e l ’ s  t a b l e  a b o v e .

T o  s u m m a r i z e  t h i s  s e c t i o n ,  i n  t h e  c a s e  o f  d i s c h a r g e s  f r o m  m o v i n g  c r u i s e  s h i p s  w i t h  t h e  

c u r r e n t  a d v a n c e d  w a s t e w a t e r  t r e a t m e n t  s y s t e m s ,  t h e  m a x i m u m  o b s e r v e d  c o n c e n t r a t i o n s  o f  

a m m o n i a ,  c o p p e r ,  n i c k e l  a n d  z i n c  a r e  d i l u t e d  t o  b e l o w  t h e  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i a  i n  l e s s  

t h a n  1 0  s e c o n d s .  T h i s  d i l u t i o n  h a p p e n s  w e l l  b e f o r e  t h e  d i s c h a r g e  e v e n  r e a c h e s  t h e  s t e r n  o f  t h e  

v e s s e l .  T h e r e  a r e  n o  a n t i c i p a t e d  m e a s u r e a b l e  e x c e e d a n c e s  o f  w a t e r  q u a l i t y  c r i t e r i a  i n  t h e  w a k e  

b e h i n d  t h e  s t e r n  o f  a  v e s s e l  d i s c h a r g i n g  f r o m  t h e  e x i s t i n g  a d v a n c e d  w a s t e w a t e r  t r e a t m e n t  

s y s t e m s .  A f t e r  t h e  d i l u t i o n  p e r i o d ,  n e i t h e r  a c u t e  n o r  c h r o n i c  e x p o s u r e  l e v e l s  o c c u r  i n  t h e  w a t e r  

c o l u m n .  A m m o n i a ,  c o p p e r ,  n i c k e l  a n d  z i n c  c o n c e n t r a t i o n s  i n  t h e  e x i s t i n g  u n d e r w a y  d i s c h a r g e s  

f r o m  a d v a n c e d  w a s t e w a t e r  t r e a t m e n t  s y s t e m s  c u r r e n t l y  i n  u s e  i n  t h e  A l a s k a n  c r u i s e  s h i p  f l e e t  

d o  n o t  n o w  r e s u l t  i n  a c u t e  o r  c h r o n i c  i m p a c t  t o  a q u a t i c  o r g a n i s m s  b e c a u s e  o f  t h e  r a p i d  d i l u t i o n  

t o  c o n c e n t r a t i o n s  b e l o w  s t a n d a r d s  a n d  i n d i s t i n g u i s h a b l e  f r o m  b a c k g r o u n d  c o n c e n t r a t i o n s .  

C o n s e q u e n t l y ,  m i n i m a l  e n v i r o n m e n t a l  b e n e f i t  i s  e x p e c t e d  f r o m  a t t a i n i n g  t h e  w a t e r  q u a l i t y  c r i t e r i a  

a  f e w  s e c o n d s  f a s t e r .

7 . 3 . 5 .  M a s s  L o a d i n g  C o n s i d e r a t i o n s

E v a l u a t i o n  o f  t h e  t o t a l  m a s s  l o a d i n g s  t o  A l a s k a n  w a t e r s  f r o m  t h e  a m m o n i a ,  c o p p e r ,  

n i c k e l  a n d  z i n c  d i s c h a r g e d  f r o m  a l l  t h e  c r u i s e  s h i p s  i n  a  y e a r  i s  p o s s i b l e .  H o w e v e r ,  m a s s  l o a d i n g  

i n f o r m a t i o n  c a n  b e  m i s s - l e a d i n g  a n d  i m p l y  s o m e t h i n g  t h a t  a p p e a r s  b o t h  l a r g e  a n d  i n  n e e d  o f  

b e i n g  r e d u c e d .  A  m a s s  l o a d i n g  c a l c u l a t i o n  b y  i t s e l f  i s  n o t  v e r y  u s e f u l ,  a s  m a s s  l o a d i n g  

c a l c u l a t i o n s  n e e d  t o  b e  p u t  i n  c o n t e x t .  T o  u n d e r s t a n d  e f f e c t s  o n  w a t e r  q u a l i t y ,  ( 1 )  

c o n c e n t r a t i o n s ,  ( 2 )  d u r a t i o n  o f  e x p o s u r e s  t o  c o n c e n t r a t i o n s  h i g h e r  t h a n  t h e  W Q C ,  a n d  ( 3 )  

c o n c e n t r a t i o n s  f o l l o w i n g  d i l u t i o n  a r e  w h a t  m a t t e r s ,  a n d  m a s s  l o a d i n g  c o n c e r n s  c a n  b e  a  

d i s t r a c t i o n .  A l s o ,  w h e n  c o n t e m p l a t i n g  t h e  t o t a l  m a s s  o f  a n y  p a r t i c u l a r  p o l l u t a n t  e n t e r i n g  t h e  

w a t e r  o f  s o u t h e a s t  A l a s k a ,  o n e  s h o u l d  a l s o  c o n s i d e r  t h e  f a c t  t h a t  t h e  w h o l e  o c e a n  w a t e r  b o d y  i s

72 See pages 14 and 15 in, DEC 2010. 2010 Large Commercial Passenger Vessel Wastewater Discharge 
General Permit Information Sheet.
http://dec.alaska.gov/water/cruise_ships/pdfs/2010_Cruise_Ship_lnfo_Sheet_FINAL.pdf
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m o v i n g  u p  t h e  c o a s t  a n d  t h e r e  i s  a  c o n s t a n t  i n f l u x  o f  “ n e w ”  w a t e r  i n t o  t h e  a r e a ,  w i t h  h i s t o r i c  

p o l l u t a n t s  b e i n g  c a r r i e d  o f f .

W i t h  t h e  a b o v e  c a v e a t  i n  m i n d ,  o n e  m e m b e r  o f  t h e  S c i e n c e  A d v i s o r y  P a n e l  m a d e  a  

c o n s e r v a t i v e  c a l c u l a t i o n  o f  t h e  t o t a l  a m o u n t  o f  c o p p e r  d i s c h a r g e d  i n  a  c r u i s e  s e a s o n  b y  a l l  t h e  

s h i p s  i n  A l a s k a  a n d  t h e n  f o r  c o n t e x t  m a d e  a  s i m i l a r  c a l c u l a t i o n  f o r  t h e  t o t a l  a m o u n t  o f  c o p p e r  

d i s c h a r g e d  f r o m  j u s t  o n e  r i v e r  ( t h e  M e n d e n h a l l  R i v e r  i n  s o u t h e a s t  A l a s k a ) .  T h e  P a n e l i s t  u s e d  1 4  

f j g / L  a v e r a g e  c o n c e n t r a t i o n  o f  c o p p e r  i n  c r u i s e  s h i p  e f f l u e n t s  u s i n g  A W T S s 7 3 , a n d  e s t i m a t e d  t h e  

t o t a l  v o l u m e  d i s c h a r g e d  f r o m  a l l  c r u i s e  s h i p s  i n  a  y e a r 74 t o  c a l c u l a t e  a n  a n n u a l  m a s s  l o a d i n g  o f  

8 8  p o u n d s  o f  c o p p e r .  T h i s  c a l c u l a t i o n  w a s  t h e n  c o m p a r e d  w i t h  t h e  M e n d e n h a l l  R i v e r  m a s s  

l o a d i n g  u s i n g  0 . 8 3  p g / L  a v e r a g e  c o n c e n t r a t i o n  o f  d i s s o l v e d  c o p p e r  i n  t h e  M e n d e n h a l l  R i v e r  

( u p s t r e a m  o f  t h e  C i t y ’ s  s e c o n d a r y  t r e a t m e n t  p l a n t ) 75 a n d  a  m e a n  a n n u a l  r i v e r  f l o w  o f  1 , 2 5 0  

c u b i c  f e e t  p e r  s e c o n d .  T h e  a n n u a l  l o a d i n g  o f  d i s s o l v e d  c o p p e r  f r o m  j u s t  t h e  M e n d e n h a l l  R i v e r  i s  

o v e r  2 , 0 0 0  p o u n d s  p e r  y e a r  w h i c h  i s  a b o u t  2 3  t i m e s  g r e a t e r  t h a n  t h e  t o t a l  a n n u a l  c o p p e r  l o a d i n g  

f r o m  a l l  t h e  c r u i s e  s h i p s  c o m b i n e d .  T h e  M e n d e n h a l l  R i v e r  i s  j u s t  o n e  o f  m a n y  r i v e r s  d i s c h a r g i n g  

t o  S o u t h e a s t  A l a s k a n  w a t e r s .

T h e  l o a d i n g  f r o m  t h e  M e n d e n h a l l  R i v e r  i s  n o t  a  w a t e r  q u a l i t y  c o n c e r n .  T h e  R i v e r  e a s i l y  

m e e t s  t h e  c o p p e r  w a t e r  q u a l i t y  c r i t e r i a .  S i m i l a r l y ,  t h e  m u c h  l o w e r  c o p p e r  l o a d i n g  f r o m  a l l  t h e  

c r u i s e  s h i p s  i s  v e r y  b r o a d l y  d i s p e r s e d  a n d  m e e t s  w a t e r  q u a l i t y  c r i t e r i a  b e f o r e  t h e  d i s c h a r g e s  

e v e n  r e a c h  t h e  s t e r n s  o f  t h e  v e s s e l s .  T h u s  t h e  c r u i s e  s h i p  d i s c h a r g e s  a r e  n o t  a  c o n c e r n  

b e c a u s e  t h e  c o p p e r  w a t e r  q u a l i t y  c r i t e r i a  a r e  m e t  v e r y  r a p i d l y  i n  t h e  r e c e i v i n g  w a t e r  a s  

d i s c u s s e d  a b o v e  a n d  t h e  t o t a l  m a s s  l o a d i n g  i s  n e g l i g i b l e  c o m p a r e d  t o  n a t u r a l  s o u r c e s .

7 . 3 . 6 .  P o t e n t i a l  E f f e c t s  o f  C o n s t i t u e n t s  O f  C o n c e r n  O n  M a r i n e  O r g a n i s m s

O n e  p a n e l i s t  e x p r e s s e d  c o n c e r n  t h a t  t h e  l o c a l i z e d  e f f e c t s  o f  r e p e a t e d  e f f l u e n t  d i s c h a r g e  

b y  m u l t i p l e  s h i p s  a l o n g  t r a n s i t  r o u t e s  a n d  i n  f r e q u e n t l y  u s e d  d i s c h a r g e  a r e a s  o n  m a r i n e  

p h y t o p l a n k t o n ,  z o o p l a n k t o n  a n d  o t h e r  s p e c i e s  m a y  i n c l u d e  i m p a c t s  o n  p r o d u c t i v i t y  a n d  

b i o l o g i c a l  d i v e r s i t y .  T h i s  p a n e l i s t  r e q u e s t e d  t h a t  l o n g - t e r m  e f f e c t s  o f  r e p e a t e d  d i s c h a r g e s  i n  

s p e c i f i c  a r e a s  b e  d e t e r m i n e d  t h r o u g h  e x a m i n i n g  f a t e  a n d  t r a n s p o r t  o f  c o n t a m i n a n t s  t h r o u g h  

o c e a n  c u r r e n t s ,  f o o d w e b  t r a n s f e r  a n d  b y  a s s e s s i n g  p o t e n t i a l  s y n e r g y s t i c  e f f e c t s  o f  t h e  

d i s c h a r g e d  c o n s t i t u e n t s  w i t h  p a r t i c l e s  a n d  c h e m i c a l  c o m p o s i t i o n  o f  t h e  w a t e r  c o l u m n .

T h e  P a n e l i s t  i s  c o n c e r n e d  t h a t  t h e  l o n g - t e r m  e f f e c t s  o f  e x c e s s i v e  a m m o n i a  

c o n c e n t r a t i o n s  o n  p h y t o p l a n k t o n  c o m m u n i t i e s  c a n n o t  b e  f u l l y  p r e d i c t e d .  I t  i s  p o s s i b l e  t h a t  

s p e c i e s  s h i f t s  d u e  t o  v a r y i n g  n u t r i e n t  u p t a k e  s t r a t e g i e s  c o u l d  o c c u r .  W h e r e  e x o t i c  p l a n k t o n  

s p e c i e s  a r e  p r e s e n t  t h a t  c a n  e x p l o i t  h i g h  a m m o n i a  l e v e l s  a n d  o u t c o m p e t e  i n d i g e n o u s  s p e c i e s ,

73 from Table 2-7 in EPA 2008 Cruise Ship Discharge Assessment Report

74 Used 800 cubic meters/day x 20 ships x 180 days. The 20 ships is a conservative estimate since it assumes all 
ships discharge in Alaska Waters, when some lines do not.

75 From ambient monitoring data collected by the City and Borough of Juneau
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i n v a s i v e  s p e c i e s  c a n  b l o o m ,  s o m e  o f  w h i c h  m a y  g e n e r a t e  h a r m f u l  a l g a l  b l o o m  e f f e c t s  s u c h  a s  

e u t r o p h i c a t i o n  a n d  t o x i c i t y  t o  o t h e r  o r g a n i s m s .

H e a v y  m e t a l s  a r e  b o t h  e s s e n t i a l  e l e m e n t s  f o r  m a n y  m a r i n e  o r g a n i s m s  y e t  c a n  b e  t o x i c  

t o  s o m e  s p e c i e s .  L o n g  t e r m  s t u d i e s  o n  t h e  c u m u l a t i v e  e f f e c t s  o f  a d d i n g  h e a v y  m e t a l s  t h e  

m a r i n e  e c o s y s t e m  h a v e  i d e n t i f i e d  m e a n s  b y  w h i c h  m e t a l s  a r e  c o n c e n t r a t e d  i n  f o o d w e b s  t o  t o x i c  

l e v e l s  e s p e c i a l l y  i n  h i g h e r  t r o p h i c  l e v e l  o r g a n i s m s .  B i o a c c u m u l a t i o n ,  b i o c o n c e n t r a t i o n ,  a n d  

b i o m a g n i f i c a t i o n  o f  m e t a l s  i n  t h e  m a r i n e  e n v i r o n m e n t  a r e  k n o w n  t o  h a v e  i m p a c t s  u p o n  s u r v i v a l  

a n d  r e p r o d u c t i v e  s u c c e s s  o f  v e r t e b r a t e s  a n d  i n v e r t e b r a t e s .  T h e  P a n e l i s t  b e l i e v e s  t h a t  t h e  

p o t e n t i a l  l o n g - t e r m  e f f e c t s  o f  c o p p e r ,  n i c k e l  a n d  z i n c  f r o m  c r u i s e  s h i p  e f f l u e n t  o n  t h e  A l a s k a n  

f o o d  w e b  a n d  s p e c i e s  i s  n o t  c u r r e n t l y  k n o w n .

7.4. Non-Water Quality Environmental Consequences of Meeting 
Alaska Water Quality Standards

I t  i s  a  c o m m o n  p e r c e p t i o n  t h a t  i n c r e a s i n g  r e g u l a t o r y  s t a n d a r d s  w i l l  b e n e f i t  t h e  

e n v i r o n m e n t .  T h i s  i s  n o t  a l w a y s  t h e  c a s e .  T h e r e  a r e  o f t e n  e n v i r o n m e n t a l  t r a d e - o f f s  a n d  i n  t h e  

c a s e  w h e r e  s t a n d a r d s  b e c o m e  s o  s t r i n g e n t ,  t h e r e  e v e n  c a n  b e  n e t  e n v i r o n m e n t a l  l o s s .  T h e  

t r a d e - o f f  i s s u e  w a s  r a i s e d  d u r i n g  a  p r e s e n t a t i o n  b y  D r .  M e a r n s ,  a  m e m b e r  o f  t h e  2 0 0 2  S c i e n c e  

A d v i s o r y  P a n e l .

N o n - w a t e r  q u a l i t y  e n v i r o n m e n t a l  c o n s e q u e n c e s  o f  t h e  r e q u i r e m e n t  t o  m e e t  A l a s k a  

W a t e r  Q u a l i t y  S t a n d a r d s  a t  t h e  p o i n t  o f  d i s c h a r g e  h a v e  s e v e r a l  n u a n c e s .  T h e r e  a r e  s o m e  

e n v i r o n m e n t a l  c o n s e q u e n c e s  a s s o c i a t e d  w i t h  a d d i t i o n a l  t r e a t m e n t .  T h e r e  a r e  a l s o  

e n v i r o n m e n t a l  c o n s e q u e n c e s  a s s o c i a t e d  w i t h  f u e l  c o n s u m p t i o n  f o r  v e s s e l s  t h a t  m e e t  A l a s k a ’s  

p e r m i t  r e q u i r e m e n t s  b y  h o l d i n g  w a s t e w a t e r  a n d  w a i t i n g  t o  d i s c h a r g e  w h e n  o u t s i d e  o f  s t a t e  

w a t e r s .  T h e  f u e l  c o n s u m p t i o n  c o n s e q u e n c e s  a r e  p r o b a b l y  t h e  m o s t  s i g n i f i c a n t ,  a n d  t h e  i s s u e  

c u t s  s e v e r a l  w a y s .

I t  i s  n o t  t h e  i n t e n t i o n  o f  t h i s  r e p o r t  t o  p r o v i d e  s p e c i f i c  c o n c l u s i o n s  r e g a r d i n g  n o n - w a t e r  

q u a l i t y  e n v i r o n m e n t a l  b e n e f i t s  o f  m e e t i n g  A l a s k a  W a t e r  Q u a l i t y  S t a n d a r d s  a t  t h e  p o i n t  o f  

d i s c h a r g e .  T o  b e  t h a t  s p e c i f i c  w o u l d  r e q u i r e  t h e  i d e n t i f i c a t i o n  o f  i n s t a l l e d  a n d  f u l l y  o p e r a t i o n a l  

t e c h n o l o g y  a s  w e l l  a s  e v a l u a t i o n  o f  m a n y  a s p e c t s  o f  a  v e s s e l  a n d  t h e  s u r r o u n d i n g  e n v i r o n m e n t .

T h i s  s e c t i o n  i s  i n t e n d e d  t o  h i g h l i g h t  s e v e r a l  i s s u e s ,  w h i c h  s h o u l d  b e  c o n s i d e r e d  w h e n  

d e t e r m i n i n g  w h e t h e r  m e e t i n g  A W Q C  g i v e n  t h e  c u r r e n t  p r o v e n  t e c h n o l o g y  w o u l d  r e s u l t  i n  a  n e t  

e n v i r o n m e n t a l  b e n e f i t .

I n s t a l l i n g  a d d i t i o n a l  t e c h n o l o g y  o n b o a r d  m a y  r e q u i r e  a d d i t i o n a l  s p a c e ,  a d d i t i o n a l  e n e r g y  

t o  o p e r a t e  a n d  a d d i t i o n a l  s t a f f ,  w h i c h  r e s u l t  i n  a d d i t i o n a l  f o o d ,  w a t e r ,  c l e a n i n g  a n d  o t h e r  b a s i c  

l i v i n g  r e q u i r e m e n t s .

C e r t a i n  t e c h n o l o g i e s  r e q u i r e  t h e  u s e  o f  a d d i t i o n a l  c h e m i c a l s .  S o m e  t e c h n o l o g i e s  m a y  

c h a n g e  t h e  w a t e r  c h a r a c t e r i s t i c s  s u c h  a s  p H ,  r e q u i r i n g  a d d i t i o n a l  c h e m i c a l s  a n d  t r e a t m e n t  t o  

r e s t o r e .  A d d i t i o n a l  m e c h a n i c a l  e q u i p m e n t  m a y  l e a d  t o  l e a c h i n g  m e t a l s  i n t o  t h e  w a s t e  s t r e a m  

a n d  m a y  r e q u i r e  i n c r e a s e d  f u e l  c o n s u m p t i o n  f o r  p o w e r  g e n e r a t i o n .
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A d d i t i o n a l  t r e a t m e n t s  a d d e d  o n  t o  t h e  e x i s t i n g  A W T S  m a y  r e s u l t  i n  c o n c e n t r a t e s  t h a t  

p r e s e n t  c h a l l e n g e s  f o r  d i s p o s a l .  C o n c e n t r a t e s  f r o m  i o n  e x c h a n g e  r e s i n  r e g e n e r a t i o n  w o u l d  

p r o b a b l y  n e e d  t o  b e  o f f l o a d e d  t o  s h o r e  f a c i l i t i e s  f o r  h a n d l i n g .  R e v e r s e  O s m o s i s  r e j e c t  w a t e r  

w o u l d  h a v e  e l e v a t e d  c o n c e n t r a t i o n s  t h a t  c o u l d  p r o b a b l y  b e  h e l d  a n d  d i s c h a r g e d  a t  s e a .

A d d i t i o n a l  t r e a t m e n t  o p t i o n s  i n c l u d e  i n c r e a s e d  a e r a t i o n  r e q u i r e m e n t s  f o r  t h e  b i o r e a c t o r s ,  

c a r r y i n g  a n  e n e r g y  d e m a n d  w i t h  a s s o c i a t e d  e n v i r o n m e n t a l  e f f e c t s  ( f u e l  c o n s u m p t i o n ,  a i r  

e m i s s i o n s  i n c l u d i n g  c a r b o n  d i o x i d e ) .

T h e  g r e a t e r  n o n - w a t e r  q u a l i t y  e n v i r o n m e n t a l  i s s u e  i s  t h e  v e r y  s u b s t a n t i a l  a d d i t i o n a l  f u e l  

c o n s u m p t i o n  a s s o c i a t e d  w i t h  v e s s e l s  a d j u s t i n g  t h e i r  i t i n e r a r y  i n  o r d e r  t o  d i s c h a r g e  t r e a t e d  o r  

u n t r e a t e d  e f f l u e n t  o u t s i d e  o f  s t a t e  w a t e r s .  V e s s e l s  a r e  a l r e a d y  d o i n g  t h i s .  A s  n o t e d  e a r l i e r  i n  

S e c t i o n  5 . 2 . 1  a n d  T a b l e s  2  a n d  5  it  i s  a p p a r e n t  t h a t  a b o u t  4 0 %  o f  t h e  v e s s e l s  i n  t h e  A l a s k a  

o p e r a t i o n s  c u r r e n t l y  d o  n o t  d i s c h a r g e  i n  s t a t e  w a t e r s .  F u t u r e  p e r m i t s  e s t a b l i s h i n g  l i m i t s  f o r  

a m m o n i a ,  c o p p e r ,  n i c k e l  a n d  z i n c  e q u a l  t o  A l a s k a ’s  W Q C  w i t h o u t  a n y  b e n e f i t  o f  d i l u t i o n  

i n c r e a s e  t h e  l i k e l i h o o d  t h a t  m o r e  v e s s e l s  ( p e r h a p s  a l l  v e s s e l s )  w i l l  f i n d  i t  n e c e s s a r y  t o  h o l d  t h e i r  

t r e a t e d  e f f l u e n t  t o  d i s c h a r g e  o u t s i d e  o f  s t a t e  w a t e r s  o r  e v e n  u n t r e a t e d  w a s t e w a t e r  o u t s i d e  

f e d e r a l  w a t e r s ,  a n d  t h i s  w i l l  h a v e  e n v i r o n m e n t a l  e f f e c t s  a s s o c i a t e d  w i t h  s u b s t a n t i a l  a d d i t i o n a l  

f u e l  c o n s u m p t i o n .

T h e  f o l l o w i n g  i s  a  c o m p u t a t i o n  o f  t h e  a d d e d  f u e l  c o n s u m p t i o n  f o r  a  h y p o t h e t i c a l  

s i t u a t i o n ,  b u t  h e l p s  t o  i l l u s t r a t e  t h a t  t h e  c o n s u m p t i o n  c a n  b e  q u i t e  s u b s t a n t i a l .  A s s u m i n g  a  

t y p i c a l  c r u i s e  s h i p  m a k i n g  o n e  e x t r a  t r i p  o f f s h o r e  p e r  w e e k  t o  d i s c h a r g e  w o u l d  c o n s u m e  

c o n s i d e r a b l e  e x t r a  f u e l ,  w i t h  s u b s t a n t i a l  c a r b o n  d i o x i d e  e m i s s i o n s ,  a s  w e l l  a s  o t h e r  a i r  

e m i s s i o n s .  ( I n  a d d i t i o n  t o  g l o b a l  w a r m i n g  c o n c e r n s ,  c a r b o n  d i o x i d e  e m i s s i o n s  n o w  a r e  a l s o  

v i e w e d  a s  c o n t r i b u t i n g  t o  o c e a n  a c i d i f i c a t i o n ,  s o  t h e y  h a v e  a n  i n d i r e c t  w a t e r  q u a l i t y  

e n v i r o n m e n t a l  c o n c e r n  t o o . )  F o r  a  r o u g h  a p p r o x i m a t i o n ,  a s s u m e  t h a t  a  t y p i c a l  l a r g e  c r u i s e  s h i p  

b u r n s  a b o u t  0 . 4  m e t r i c  t o n s  o f  f u e l  p e r  n a u t i c a l  m i l e ,  a n d  t h a t  o n e  e x t r a  t r i p  o f f s h o r e  t o  

d i s c h a r g e  a d d e d  1 0 0  n a u t i c a l  m i l e s  t o  t h e  w e e k .  T h e  e x t r a  t r i p  p e r  w e e k  w o u l d  u s e  4 0  m e t r i c  

t o n s  o f  f u e l  w h i c h  r e s u l t  i n  a b o u t  1 2 0  m e t r i c  t o n s  o f  c a r b o n  d i o x i d e  2  e m i s s i o n s  p e r  w e e k ,  o r  f o r  

a  2 0  w e e k  c r u i s e  s e a s o n ,  2 , 4 0 0  m e t r i c  t o n s  o f  c a r b o n  d i o x i d e .  T h e r e  a r e  a l s o  o t h e r  a i r  

e m i s s i o n s  t y p i c a l  o f  h y d r o c a r b o n  f u e l s .  F u e l  c o s t s  a r o u n d  $ 7 0 0 / m e t r i c  t o n ,  s o  t h e  f u e l  c o s t  

a l o n e  f o r  t h e  o n e  e x t r a  t r i p  o f f s h o r e  p e r  w e e k  w o u l d  b e  a b o u t  $ 2 8 , 0 0 0 ,  o r  f o r  a  2 0  w e e k  c r u i s e  

s e a s o n ,  $ 5 6 0 , 0 0 0  p e r  s h i p .  A n y t h i n g  t h a t  c a n  r e d u c e  t h e  n u m b e r  o f  e x t r a  o f f s h o r e  t r i p s  f o r  

c r u i s e  s h i p s  i n  A l a s k a  w i l l  r e d u c e  t h i s  f u e l  c o n s u m p t i o n  r a t e ,  a n d  a n y t h i n g  t h a t  w i l l  c a u s e  t h e  

n u m b e r  o f  e x t r a  o f f s h o r e  t r i p s  f o r  c r u i s e  s h i p s  i n  A l a s k a  t o  i n c r e a s e ,  w i l l  i n c r e a s e  t h i s  f u e l  

c o n s u m p t i o n  r a t e .

A l l  s h i p  i t i n e r a r i e s  w i l l  h a v e  s o m e  o r d i n a r y  t r a n s i t  t i m e  o u t s i d e  o f  s t a t e  w a t e r s .  T h e  n e e d  

f o r  s h i p s  t o  m a k e  a d d i t i o n a l  e x c u r s i o n s  o f f s h o r e  w i l l  d e p e n d  o n  t h e i r  h o l d i n g  c a p a c i t y ,  t h e i r  

a b i l i t y  t o  t r e a t  s o m e  o r  a l l  o f  t h e i r  w a s t e w a t e r  t o  l e v e l s  p e r m i t t e d  f o r  d i s c h a r g e  i n s i d e  s t a t e  

w a t e r s ,  h o w  t h o s e  p e r m i t  c o n d i t i o n s  m i g h t  c h a n g e ,  a n d  t h e i r  a b i l i t y  t o  o f f l o a d  s o m e  o f  t h e i r  

w a s t e w a t e r  t o  s h o r e  b a s e d  t r e a t m e n t  f a c i l i t i e s  s u c h  a s  t h e  J u n e a u  D o u g l a s  w a s t e w a t e r  

t r e a t m e n t  p l a n t .  T h e  f u e l  c o s t s  o f  a d d i t i o n a l  t r i p s  o f f s h o r e  a r e  f a c t o r s  t h a t  c r u i s e  l i n e s  w i l l  

b a l a n c e  a g a i n s t  a d d i t i o n a l  w a s t e w a t e r  t r e a t m e n t  c o s t s  a n d  c a p a b i l i t i e s ,  a n d  t h e  c o m p l e x i t y  o f  

p e r m i t  c o m p l i a n c e  f o r  d i s c h a r g i n g  i n  A l a s k a  w a t e r s .  C h a n g e s  i n  p e r m i t  c o n d i t i o n s  c o u l d  r e s u l t  i n
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s u b s t a n t i a l  i n c r e a s e s  i n  f u e l  c o n s u m p t i o n ,  o r  s u b s t a n t i a l  d e c r e a s e s  i n  f u e l  c o n s u m p t i o n ,  e a c h  

w i t h  a s s o c i a t e d  n o n - w a t e r  q u a l i t y  e n v i r o n m e n t a l  e f f e c t s .  C h a n g e s  i n  t r e a t m e n t  c a p a b i l i t y  c o u l d  

a l s o  a f f e c t  t h e  n e e d  f o r  e x c u r s i o n s  o f f s h o r e .

7 . 4 . 1 .  B a c k g r o u n d  o n  t h e  R e q u i r e m e n t  t o  M e e t  A l a s k a ’ s  W Q C

I n  A u g u s t  2 0 0 6 ,  A l a s k a  v o t e r s  a p p r o v e d  B a l l o t  M e a s u r e  2  76  ( “ C r u i s e  S h i p  T a x a t i o n ,  

R e g u l a t i o n  a n d  D i s c l o s u r e ” ) ,  w h i c h  p r o m u l g a t e d  n e w  r e g u l a t o r y  r e q u i r e m e n t s  f o r  l a r g e  c r u i s e  

s h i p s  o p e r a t i n g  i n  A l a s k a n  w a t e r s .  A m o n g  o t h e r  r e q u i r e m e n t s  r e l a t i n g  t o  t a x a t i o n ,  g a m b l i n g ,  

a n d  m o n i t o r i n g ,  t h e  m e a s u r e  r e q u i r e d  t h a t  l a r g e  p a s s e n g e r  v e s s e l s  m a y  n o t  d i s c h a r g e  

u n t r e a t e d  s e w a g e ,  t r e a t e d  s e w a g e ,  g r a y w a t e r ,  o r  o t h e r  w a s t e w a t e r s  i n  a  m a n n e r  t h a t  v i o l a t e  

a n y  a p p l i c a b l e  e f f l u e n t  l i m i t s  o r  s t a n d a r d s  u n d e r  s t a t e  o r  f e d e r a l  l a w ,  i n c l u d i n g  A l a s k a  W a t e r  

Q u a l i t y  S t a n d a r d s  g o v e r n i n g  p o l l u t i o n  a t  t h e  p o i n t  o f  d i s c h a r g e  [ e m p h a s i s  a d d e d ] .  T h i s  

r e q u i r e m e n t  w a s  i n t e r p r e t e d  b y  D E C  a s  r e q u i r i n g  c r u i s e  s h i p s ’ d i s c h a r g e s  t o  m e e t  t h e  w a t e r  

q u a l i t y  s t a n d a r d s  a t  t h e  e n d - o f - p i p e  w i t h o u t  a n y  r e c o g n i t i o n  o r  b e n e f i t  o f  a  m i x i n g  z o n e . 77

I n  p u b l i c  s t a t e m e n t s ,  t h e  i n i t i a t i v e  b a c k e r s  s t a t e d  t h a t  “ t h e  i n i t i a t i v e  w o u l d  m a k e  t h e  

c r u i s e  i n d u s t r y  a d h e r e  t o  t h e  s a m e  s t a n d a r d s  a s  t h e  f i s h i n g  i n d u s t r y ,  m u n i c i p a l i t i e s  a n d  g a s  a n d  

o i l  c o m p a n i e s , ’’ 7 8  a n d  “ c r u i s e  s h i p s  a r e  t h e  o n l y  m a j o r  p o l l u t e r s  n o t  r e q u i r e d  t o  h a v e  a  d i s c h a r g e  

p e r m i t  a n d  m e e t  A L L  A l a s k a  w a t e r  q u a l i t y  s t a n d a r d s . ” 79

I n  A l a s k a ,  n e i t h e r  i n d u s t r i e s  n o r  m u n i c i p a l i t i e s  d i s c h a r g i n g  t o  m a r i n e  w a t e r s  a r e  r e q u i r e d  

t o  m e e t  w a t e r  q u a l i t y  s t a n d a r d s  a t  t h e  p o i n t  o f  d i s c h a r g e .  M a n y  A l a s k a n  m u n i c i p a l i t i e s  p r o v i d e  

o n l y  p r i m a r y  t r e a t m e n t 8 0  a n d  a r e  p e r m i t t e d  b y  E P A  a n d  D E C  t o  d o  s o  u n d e r  S e c t i o n  3 0 1 ( h )  o f  

t h e  C l e a n  W a t e r  A c t .  N e i t h e r  t h e  p r i m a r y  t r e a t m e n t  n o r  t h e  s e c o n d a r y  t r e a t m e n t  f a c i l i t i e s 81 m e e t  

A l a s k a ’s  w a t e r  q u a l i t y  s t a n d a r d s  a t  t h e  p o i n t  o f  d i s c h a r g e , e s p e c i a l l y  f o r  a m m o n i a  o r  c o p p e r . 82  

T h e y  d o  m e e t  w a t e r  q u a l i t y - b a s e d  e f f l u e n t  l i m i t s  a t  t h e  p o i n t  o f  d i s c h a r g e ,  w h e n  s u c h  l i m i t s  a r e  

a p p l i e d  b e c a u s e  w a t e r  q u a l i t y - b a s e d  e f f l u e n t  l i m i t s  a r e  e s t a b l i s h e d  t o  a s s u r e  w a t e r  q u a l i t y

76 See http://www.dec.state.ak.us/water/cruise ships/Law and Reas/index.htm

77 See page 15 in, DEC 2010. 2010 Large Commercial Passenger Vessel Wastewater Discharge General Permit 

Information Sheet.

78 Article quoting Joe Geldhof about Ballot Measure 2 in the Skagway News, August 11, 2006, 

http://www.skagwavnews.com/081106stories.html.

79 Statement prepared by Gershon Cohen and Joe Geldhof in Support of Ballot Measure 2 in State of Alaska 

Primary Election Voter Pamphlet for Primary Election August 22, 2006. Page 19 in 

http://www.elections.alaska.gov/doc/bmp/2006/2006 bmp.pdf.

80 Anchorage, Haines, Ketchikan, Petersburg, Sitka, Skagway, Unalaska and Wrangell

81 Cordova, Homer, Juneau, Kenai, Kodiak, Seward and Valdez

82 Maximum copper values for the municipalities range from 23 to 167 pg/L. Maximum ammonia values for the 

municipalities range from 4 to 64 mg/L. (Values determined from review of permit fact sheets and discharge 

monitoring reports.)
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s t a n d a r d s  a r e  m e t  i n  t h e  r e c e i v i n g  w a t e r  a f t e r  a l l o w i n g  f o r  d i l u t i o n  i n  a  m i x i n g  z o n e .  A n a l y s e s  

t h a t  c o n s i d e r  d i l u t i o n  o f t e n  s h o w  t h a t  w a t e r  q u a l i t y - b a s e d  e f f l u e n t  l i m i t s  a r e  n o t  n e c e s s a r y ,  e v e n  

t h o u g h  t h e  e f f l u e n t s  t h e m s e l v e s  d o  n o t  m e e t  A l a s k a ’ s  n u m e r i c  w a t e r  q u a l i t y  s t a n d a r d s  a t  t h e  

p o i n t  o f  d i s c h a r g e .  W h e n  p e r m i t t i n g  d e t e r m i n e s  w a t e r  q u a l i t y - b a s e d  e f f l u e n t  l i m i t s  a r e  n e e d e d ,  

t h e y  a r e  e s t a b l i s h e d  a f t e r  c o n s i d e r a t i o n  o f  d i l u t i o n .

S t a t e m e n t s  t h a t  t h e  r e q u i r e m e n t  i m p o s e d  b y  t h e  c i t i z e n ’s  i n i t i a t i v e  w a s  a n  a p p l i c a t i o n  o f  

t h e  s t a t e ’ s  s t a n d a r d s  i n  a  m a n n e r  c o m p a r a b l e  t o  o t h e r  A l a s k a n  f a c i l i t i e s  a r e  n o t  a c c u r a t e .  

A l a s k a n  m u n i c i p a l  a n d  i n d u s t r i a l  d i s c h a r g e r s  t o  m a r i n e  w a t e r s ,  a s  w e l l  a s  A l a s k a n  f i s h  

p r o c e s s o r s ,  a r e  a l l  a l l o w e d  m i x i n g  z o n e s  a n d  t h e n ,  a f t e r  c o n s i d e r a t i o n  o f  t h i s  d i l u t i o n ,  m u s t  m e e t  

A l a s k a ’ s  W a t e r  Q u a l i t y  S t a n d a r d s  a t  t h e  m i x i n g  z o n e  b o u n d a r y .

T h e  o b j e c t i v e  o f  u l t i m a t e l y  m e e t i n g  A l a s k a  W a t e r  Q u a l i t y  S t a n d a r d s  a t  t h e  p o i n t  o f  

d i s c h a r g e  r e m a i n s  a s  t h e  d r i v e r  f o r  A S . 4 6 . 0 3 . 4 6 4 . c 2 ,  w h i l e  t h e  e n v i r o n m e n t a l  b e n e f i t  a n a l y s i s  i s  

s p e c i f i c  t o  t h e  b e n e f i t s  o f  g o i n g  b e y o n d  w h a t  i s  c u r r e n t l y  d o n e .  I n  o r d e r  t o  e v a l u a t e  t h e  b e n e f i t  t o  

A l a s k a ’ s  r e c e i v i n g  w a t e r s ,  t h e  c r i t i c a l  e n v i r o n m e n t a l  b e n e f i t  t o  b e  e v a l u a t e d  i s  b a s e d  o n  a  

c o m p a r i s o n  b e t w e e n  ( 1 )  w h e r e  t h e  w a t e r  q u a l i t y  s t a n d a r d s  a r e  m e t  w i t h  t h e  c u r r e n t  m e t h o d s  o f  

t r e a t m e n t ,  a n d  ( 2 )  i m p r o v i n g  c r u i s e  s h i p  w a s t e w a t e r  d i s c h a r g e s  t o  t h e  p o i n t  o f  m e e t i n g  A l a s k a  

w a t e r  q u a l i t y  s t a n d a r d s  a t  t h e  p o i n t  o f  d i s c h a r g e .  T o  u n d e r s t a n d  w h e r e  t h e  w a t e r  q u a l i t y  

s t a n d a r d s  a r e  c u r r e n t l y  m e t ,  i t  i s  n e c e s s a r y  t o  u n d e r s t a n d  m i x i n g  z o n e s  a s  d i s c u s s e d  i n  S e c t i o n

7 . 3 . 1 . 1 .

7.5. Conclusions

U n d i l u t e d  e f f l u e n t  c o n c e n t r a t i o n s  a t  2 0 1 1  a v e r a g e  l e v e l s  d o  e x c e e d  a c u t e  a n d  c h r o n i c  

W Q C  f o r  a m m o n i a ,  c o p p e r ,  n i c k e l  a n d  z i n c .  R e d u c i n g  e f f l u e n t  d i s c h a r g e  c o n c e n t r a t i o n s  w i l l  

r e d u c e  t h e  t o t a l  a m o u n t s  o f  t h e s e  c o n t a m i n a n t s  r e l e a s e d  t o  A l a s k a  m a r i n e  w a t e r s .

W Q C  f o r  a m m o n i a ,  c o p p e r ,  n i c k e l  a n d  z i n c  i n c l u d e  d u r a t i o n  o f  e x p o s u r e  c o m p o n e n t s .  

O r g a n i s m s  s h o u l d  n o t  b e  e x p o s e d  t o  l e v e l s  a b o v e  a c u t e  c r i t e r i a  f o r  m o r e  t h a n  a  1 h o u r  d u r a t i o n  

( 2 4  h o u r s  i n  t h e  c a s e  o f  c o p p e r ) ,  a n d  s h o u l d  n o t  b e  e x p o s e d  t o  c o n c e n t r a t i o n s  a b o v e  c h r o n i c  

c r i t e r i a  f o r  m o r e  t h a n  4  d a y s .  T h e  p a n e l  i s  n o t  a w a r e  o f  a n y  e v i d e n c e  t h a t  c o m m e r c i a l  

p a s s e n g e r  v e s s e l s  o p e r a t i n g  i n  A l a s k a  w a t e r s  w i t h  A W T S  c a u s e  a c u t e  o r  c h r o n i c  t o x i c  

e x p o s u r e  t o  m a r i n e  o r g a n i s m s .

F o r  t h e  i n  p o r t  d i s c h a r g e s ,  t h e  d i l u t i o n  r a t e  i s  s i m i l a r  t o  m u n i c i p a l  p o i n t  s o u r c e s .  D E C  

d e t e r m i n e d  t h a t  a  d i l u t i o n  f a c t o r  o f  2 8  i s  a t t a i n e d  i n  1 5  m e t e r s .  I n - p o r t  c r u i s e  s h i p s  a u t h o r i z e d  t o  

d i s c h a r g e  a s  s t a t i o n a r y  d i s c h a r g e r s  h a v e  l i m i t s  i n  t h e  c u r r e n t  p e r m i t  d r i v e n  b y  t h a t  d i l u t i o n  

f a c t o r .  A s s u m i n g  t h e y  m e e t  t h o s e  l i m i t s ,  t h e  t i m e  t o  a c h i e v e  d i l u t i o n  t o  b e l o w  t h e  c h r o n i c  c r i t e r i a  

i s  a b o u t  1 0  m i n u t e s  f o l l o w i n g  t e r m i n a t i o n  o f  t h e  d i s c h a r g e  e v e n t ,  s i g n i f i c a n t l y  l e s s  t i m e  t h a n  t h e  

4  d a y  d u r a t i o n  o f  e x p o s u r e  c o m p o n e n t  o f  t h e  c h r o n i c  w a t e r  q u a l i t y  c r i t e r i a  a n d  o r g a n i s m s  i n  t h e  

r e c e i v i n g  w a t e r  w i l l  n o t  r e c e i v e  a c u t e  o r  c h r o n i c  t o x i c  e x p o s u r e .

F o r  t h e  u n d e r w a y  d i s c h a r g e s  f r o m  t h e  e x i s t i n g  a d v a n c e d  w a s t e w a t e r  t r e a t m e n t  s y s t e m s ,  

u s i n g  t h e  h i g h e s t  o b s e r v e d  e f f l u e n t  c o n c e n t r a t i o n s  f o r  2 0 0 8 - 2 0 0 9 ,  t h e r e  w o u l d  b e  n o  w a t e r  

q u a l i t y  c r i t e r i a  e x c e e d a n c e s  i n  t h e  w a k e  b e h i n d  a  m o v i n g  c r u i s e  s h i p ,  a n d  d i l u t i o n  t o  l e v e l s  

l o w e r  t h a n  t h e  c h r o n i c  c r i t e r i a  w i l l  o c c u r  i n  l e s s  t h a n  1 0  s e c o n d s ,  l o n g  b e f o r e  t h e  d i s c h a r g e d
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e f f l u e n t  e v e n  r e a c h e s  t h e  s t e r n  o f  t h e  m o v i n g  v e s s e l .  T h e  P a n e l  s e e s  n o  m e a s u r a b l e  

e n v i r o n m e n t a l  b e n e f i t  t o  m e e t  c r i t e r i a  l e s s  t h a n  1 0  s e c o n d s  s o o n e r  t h a n  i s  c u r r e n t l y  m e t .

T h e  c o p p e r  m a s s  l o a d i n g  e x e r c i s e  d e m o n s t r a t e d  t h a t  t h e  M e n d e n h a l l  R i v e r  d i s c h a r g e s  

a b o u t  2 3  t i m e s  a s  m u c h  c o p p e r  i n  a  y e a r  t o  t h e  w a t e r s  o f  s o u t h e a s t  A l a s k a  t h a n  a l l  t h e  c r u i s e  

s h i p s  c o m b i n e d .  T h e  M e n d e n h a l l  R i v e r  i s  n o t  a  p r o b l e m .  I t  m e e t s  t h e  c o p p e r  w a t e r  q u a l i t y  

c r i t e r i a .  S i m i l a r l y ,  t h e  c r u i s e  s h i p s  a r e  n o t  a  p r o b l e m ,  a s  t h e r e  i s  n o  e v i d e n c e  o f  a c u t e  o r  c h r o n i c  

e x p o s u r e  t o  m a r i n e  o r g a n i s m s  i n  A l a s k a  W a t e r s  f r o m  c o m m e r c i a l  p a s s e n g e r  v e s s e l s  o p e r a t i n g  

i n  A l a s k a  W a t e r s  u s i n g  A W T S . .

M u n i c i p a l  t r e a t m e n t  p l a n t s  i n  A l a s k a  d o  n o t  m e e t  A l a s k a ’ s  w a t e r  q u a l i t y  c r i t e r i a  a t  t h e  

p o i n t  o f  d i s c h a r g e  f o r  a m m o n i a ,  c o p p e r ,  n i c k e l  o r  z i n c .  B o t h  A l a s k a  D E C ’S  a n d  E P A ’ s  d i s c h a r g e  

p e r m i t t i n g  d e c i s i o n s  r e c o g n i z e  t h a t  d i l u t i o n  i s  a n  a p p r o p r i a t e  c o n s i d e r a t i o n  f o r  t h e s e ,  a n d  

c o n s e q u e n t l y ,  m o s t  d o  n o t  h a v e  a n y  l i m i t s .  S o m e  m u n i c i p a l i t i e s  h a v e  l i m i t s  f o r  c o p p e r ,  w h i c h  

a r e  e s t a b l i s h e d  b a s e d  o n  d i l u t i o n  a n d  t h e  f a c i l i t i e s  h a v e  t o  m e e t  t h e  l i m i t s ,  b u t  n o t  t h e  W Q C  a t  

t h e  p o i n t  o f  d i s c h a r g e .

T h e r e  a r e  c o n s e q u e n c e s  t o  s e t t i n g  t h e  e f f l u e n t  d i s c h a r g e  l i m i t s  t o  W Q C  c o n c e n t r a t i o n s .  

I n  t h e  a b s e n c e  o f  a v a i l a b l e  t r e a t m e n t  s y s t e m s  t h a t  w i l l  b e  c a p a b l e  o f  c o n s i s t e n t l y  m e e t i n g  l i m i t s ,  

s h i p s  a r e  f o r c e d  t o  h o l d  w a s t e w a t e r  e f f l u e n t  a n d  d i s c h a r g e  o f f s h o r e  o u t s i d e  S t a t e  w a t e r s .  F u e l  

u s a g e  w i l l  i n c r e a s e  a n d  t h e  l e v e l s  o f  t r e a t m e n t  m a y  d e c r e a s e  s u b s t a n t i a l l y .

I t  i s  r e q u i r e d  b y  l a w ;  h o w e v e r ,  t h e r e  a p p e a r s  t o  b e  l i t t l e  e n v i r o n m e n t a l  b e n e f i t  o f  

t r e a t m e n t  a b o v e  a n d  b e y o n d  t h a t  w h i c h  c u r r e n t  a d v a n c e d  w a s t e w a t e r  t r e a t m e n t  p l a n t s  p r o v i d e .  

S i n c e  2 0 0 3 ,  e f f l u e n t  q u a l i t y  h a s  u n d e r g o n e  s i g n i f i c a n t  i m p r o v e m e n t  ( S e e  F i g u r e s  2 - 7 ) .  A W T S  

m e e t  W Q C  c o n c e n t r a t i o n s  o r  t e c h n o l o g y - b a s e d  l i m i t s  a t  t h e  p o i n t  o f  d i s c h a r g e  f o r  c o n v e n t i o n a l  

p o l l u t a n t s .  O r g a n i s m s  a r e  n o t  e x p o s e d  t o  c h r o n i c  o r  a c u t e  t o x i c  e x p o s u r e  f o r  a m m o n i a  o r  

d i s s o l v e d  m e t a l s  w h i l e  s h i p s  a r e  u n d e r w a y .  C o s t s  e x p e n d e d  t o  i m p l e m e n t  f u r t h e r  t r e a t m e n t  w i l l  

n o t  p r o d u c e  s u b s t a n t i a l  a d d i t i o n a l  e n v i r o n m e n t a l  b e n e f i t .
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8. EC O N O M IC  F E A S IB ILITY
T h e  S t a t u t e  m a n d a t e s  t h a t  t h e  P a n e l  i d e n t i f y  t h e  c o s t s  o f  c u r r e n t  a n d  a d d i t i o n a l  

m e t h o d s .  I t  i s  n o t  w r i t t e n  b r o a d l y  t o  i n c l u d e  a n  a s s e s s m e n t  o f  t h e  i m p a c t  o f  t h o s e  c o s t s  o n  t h e  

i n d u s t r y .  N e v e r t h e l e s s ,  e c o n o m i c  f e a s i b i l i t y  i s  a  t w o  p a r t  i s s u e .  W h a t  a r e  t h e  c o s t s  t o  i m p l e m e n t  

a d d i t i o n a l  m e t h o d s  o f  p r e v e n t i o n ,  c o n t r o l ,  a n d  t r e a t m e n t ?  A n d ,  w h a t  a r e  t h e  c o n s i d e r a t i o n s  o f  

t h e s e  c o s t s  t o  t h e  c r u i s e  s h i p  i n d u s t r y  a n d  t o  c o a s t a l  t o w n s  v i s i t e d  b y  c r u i s e  s h i p s .

T h e  P a n e l  w a s  a b l e  t o  o b t a i n  e s t i m a t e s  o f  c u r r e n t  c o s t s  f o r  w a s t e w a t e r  t r e a t m e n t  

m e t h o d s .  T h i s  i n f o r m a t i o n  i s  o u t l i n e d  i n  S e c t i o n  8 .

N o  c o m m e r c i a l l y  a v a i l a b l e  a d d i t i o n a l  t r e a t m e n t  s y s t e m s  t h a t  c o u l d  m e e t  W Q S  a t  t h e  

p o i n t  o f  d i s c h a r g e  w e r e  i d e n t i f i e d .  T h u s ,  c o s t s  t o  i n s t a l l  a n d  i m p l e m e n t  s y s t e m s  w e r e  n o t  

a v a i l a b l e .  W e r e  t r e a t m e n t  s y s t e m s  i d e n t i f i e d ,  t h e  m e t h o d o l o g y  t o  e v a l u a t e  c o s t s  i s  o u t l i n e d  i n  

S e c t i o n  8 . 2 .

C h a r a c t e r i s t i c s  o f  t h e  c r u i s e  s h i p  i n d u s t r y  a r e  o u t l i n e d  i n  S e c t i o n  8 . 3 .

T h e r e  a r e  s i g n i f i c a n t  d a t a  g a p s  a s s o c i a t e d  w i t h  e s t i m a t i n g  c o s t s  o f  a d d i t i o n a l  m e t h o d s  o f  

p r e v e n t i o n ,  c o n t r o l ,  a n d  t r e a t m e n t  a n d  t h e  P a n e l  w a s  n o t  a b l e  t o  o b t a i n  c o m p a r a b l e ,  v e r i f i a b l e  

c o s t s  f o r  f u t u r e  a l t e r n a t i v e s .
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T a b l e  2 3  F i n a n c i a l  a n d  Q u a n t i t a t i v e  A s p e c t s  o f  T r e a t m e n t  T e c h n o l o g i e s  C u r r e n t l y  i n  U s e

Ship/ Maximum 

Passengers + Crew 

DEC Notice of Intent 

(NOI)

Wastewater Generated (typical) Treatment System/Total Design 

capacity AW TS m 3/ 24 hours

Average 

Volume 

Treated per 

day in 2011, m 3

Capital Cost (including 

direct and indirect 

costs), $

Annual 08tM Cost 
(including labor, energy, 
chemical, training, etc.),

$*

1. Disney Wonder/ 
3754

(data for this ship 
from Oasis 2011 
survey, except where 
noted)

Mixed, 100% of wastewater 
treated in continuous operation, 
40 m3/day BW with 710 m3/day 
GW  (2012 survey)

2 Hamworthy MBR, designed to 
MEPC159(55) & 33 C.F.R.159/1200

750(2012 
Survey)

$6 mil (2009) $500,000

2. Princess Coral/3310 Mixed- continuous operation, 200 
m3/day BW with 910 m3/day 
GW ; #1 &2 MBRs treat GW+BW

2 Hamworthy Membrane Bioreactor 
MBRs, USCG Type II) including 1 x 
UV system at final output of the two 
MBRs/640

#1 200 

#2 150

$2,228,000 (2002-2003) $457,087 (2011)

3. Princess Diamond/ 
4278

Mixed- continuous operation, 220 
m3/day BW with 1010 m3/day 
G W ;; #1 MBR treats GW+BW, #2 
&#3 treat GW  only

3 Hamworthy MBR, USCG Type II, 
including 1 x UV system at final 
output of the three MBRs/960

#1 270 

#2 211 

#3 211

System capital costs not 
available, $226,012 
expense for UV system 
and spares (2004)

$641,813 (2011)

4 Princess Golden/ 
4216

Mixed- continuous operation, 240 
m3/day BW with 1125 m3/day 
GW ; #1 MBR treats GW+BW, #2 
&#3 treat GW  only

3 Hamworthy MBR, USCG Type II, 
including 1 x UV system at final 
output of the three MBRs/960

#1 98.5 

#2 175 

#3 180

$3,490,821 (2006-2007) $719,639 (2011)

(includes $70,391 for 
transfer to shore-side 
facility)

5. Princess Island/ 
3312

Mixed- continuous operation, 200 
m3/day BW with 910 m3/day 
GW ; #1 &2 MBRs treat GW+BW

2 Hamworthy Membrane Bioreactor 
MBRs, USCG Type II) including 1 x 
UV system at final output of the two 
MBRs/960

#1156 

#2 159

$2,228,000 (2002-2003) $566,433 (2011)

(includes $34,339.49 for 
transfer to shore-side 
facility)

6. Princess Sapphire/ 
4269

Mixed- continuous operation, 220 
m3/day BW with 1010 m3/day 
GW ; #1 & #2 MBRs treat GW  only, 
#3 treats GW+BW

3 Hamworthy MBR, USCG Type II, 
including 1 x UV system at final 
output of the three MBRs/960

#1 -172.9 

#2 -169.3 

#3 -1 6 1 .8

System capital costs not 
available, $226,307 
expense for UV system 
and spares (2004)

$765,774 (2011)
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Ship/ Maximum 

Passengers + Crew 

DEC Notice of Intent 

(NOI)

Wastewater Generated (typical) Treatment System/ Total Design 

capacity AW TS m 3/ 24 hours

Average 

Volume 

Treated per 

day in 2011, m 3

Capital Cost (including 

direct and indirect 

costs), $

Annual 08tM  Cost 
(including labor, energy, 
chemical, training, etc.), 

$*

7. Princess Sea/ 3180 Mixed- continuous operation, 80 
m3/day BW with 760 m3/day 
GW ; #1 &2 MBRs treat GW+BW

2-Hamworthy Membrane 
Bioreactor MBRs, USCG Type II) 
including 1 x UV system at final 
output of the two MBRs/452

#1 -211.9 

#2 -197.9

$2,678,000 (2008-2009) $435,932 (2011) 
(includes $711.45 for 
transfer to shore-side 
facility)

8. Holland America 
Statendam/ 2609

Mixed- continuous operation, 40 
m3/day BW with 470 m3/day GW

1-Zenon 1, Bio/UF designed to 
Murkowski/660

510 $2,230,000 (2000) $237,350 (2011)

9. Holland America 
Volendam/ 2887

Mixed- continuous operation, 30 
m3/day BW with 474 m3/day GW

1-Zenon II, Bio/UF designed to 
Murkowski/710

482 $2,730,000 (2001) $242,000 (2011)

10. Holland America 
Zaandam/ 2887

Mixed- continuous operation, 40 
m3/day BW with 465 m3/day GW

1-Zenon II, Bio/UF designed to 
Murkowski/710

249.4 $2,730,000 (2001) $242,400 (2011)

11. Norwegian CL 
Pearl/ 4130

Mixed- continuous operation, 160 
m3/day BW with 880 m3/day GW

1-Scanship AWTS, FA45 
Mussel/1780

1040 $3,000,000 (2006) $88,136(2011)

12. Norwegian CL 
Star/ 4000

Mixed- continuous operation, 150 
m3/day BW with 800 m3/day GW

1-Scanship AWTS, FA40 Mussel 
/1400

1023 $2,260,000 (2004) $292,903 (2011)

13. Seven Seas 
Navigator/ 870

Mixed, continuous operation, 20 
m3/day BW with 230 m3/day GW

Scanship WO-1062/1780 300 $1,000,000 (2009) $500,000 (2011)

14. Silver Shadow/ 
740

Mixed, continuous operation, 25 
m3/day BW with 255 m3/day GW

Marisan 250TPD/250 0 $400,000 (2004) $82,000 (2011)

15. Oceania Regatta / 
1150

Mixed, continuous operation, 15 
m3/day BW with 235 m3/day GW

2-Triton MBRs Model MSTP9- MF 
(Port and Starboard) 2011 
Retrofit/480

170 Not provided (2011) $91,700 (2011)

16. Carnival Spirit GW

(Note: will no longer 
operate in AK after 
2012)

GW  only in Rochem LPRO, 1020 
m3/day; BW treated in separate 
MSD

RoChem LPRO, BIP/50?? 250 $1,230,988 (2011) $26,965 (2011

* 0 & M  w as self-re p o rte d  by o perato rs in the  Data Surveys. T h e re  is no inform atio n  p ro vided regarding w h a t individual operators included as 
O & M , thus the re  are lim itations to  co m p a rin g  these values.
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8.1. Current T  reatment Costs

T h e  D a t a  C o l l e c t i o n  S u r v e y s  s u b m i t t e d  b y  c r u i s e  o p e r a t o r s  p r o v i d e d  c o s t s  a n d  d a t a  f o r  

p a s t  r e t r o f i t s  a n d  i m p l e m e n t a t i o n  o f  t r e a t m e n t  s y s t e m s .  C o s t  i n f o r m a t i o n  c o l l e c t e d  i n  t h e  

s u r v e y s  v a r i e d  b e t w e e n  o p e r a t o r s .  M o s t  o p e r a t o r s  w e r e  u n a b l e  t o  b r e a k  d o w n  b o t h  t h e  c a p i t a l  

a n d  o p e r a t i n g  c o s t s  o r  p r o v i d e  d e t a i l  o f  w h a t  w e n t  i n t o  t h e i r  e s t i m a t e s  ( i . e .  i n s t a l l a t i o n  c o s t s  f o r  

c a p i t a l ,  e n e r g y ,  l a b o r  o r  c h e m i c a l  c o s t s  i n  t h e  o p e r a t i n g  e s t i m a t e s ) .  T h e r e f o r e ,  s i d e - b y - s i d e  

c o m p a r i s o n  o f  c o s t s  b e t w e e n  s h i p s  a r e  i n a c c u r a t e  a n d  c a n n o t  b e  d o n e .  T h i s  i n f o r m a t i o n  i s  o n l y  

u s e f u l  t o  g e t  a  r o u g h  o r d e r  o f  m a g n i t u d e  o f  t h e  c a p i t a l  a n d  o p e r a t i n g  c o s t s .  W i t h  t h i s  

q u a l i f i c a t i o n ,  e s t i m a t e s  a r e  p r o v i d e d  i n  t w o  w a y s :  1 )  c o s t s  f o r  w a s t e w a t e r  t r e a t m e n t  p e r  c u b i c  

m e t e r  ( T a b l e  2 4 )  a n d  2 )  c o s t s  o f  w a s t e w a t e r  t r e a t m e n t  p e r  p a s s e n g e r  ( T a b l e  2 5 ) .  T h e  c u r r e n t  

c o s t  o f  w a s t e w a t e r  t r e a t m e n t  r a n g e s  b e t w e e n  $ 0 , 7 6  a n d  $ 4 . 9 5  p e r  c u b i c  m e t e r  t r e a t e d ,  a n d  

$ 0 . 4 1  a n d  $ 4 . 3 7  p e r  p a s s e n g e r .  T h e s e  w i d e  r a n g e s  o f  u n i t  c o s t s  r e f l e c t s  t h e  v a r i a b i l i t y  i n  t h e  

s u r v e y  r e s p o n s e s .

I t  s h o u l d  a l s o  b e  n o t e d  t h a t  t h e s e  s h i p s  h a v e  i n s t a l l e d  A W T S s  o n l y  b e c a u s e  o f  t h e  

A l a s k a  p e r m i t  r e q u i r e m e n t s .  O p e r a t i o n  o f  A W T S s  a r e  n o t  r e q u i r e d  o u t s i d e  o f  A l a s k a  w a t e r s .  

H o w e v e r ,  s i n c e  m a n y  o f  t h e  A W T S s  a r e  b i o l o g i c a l  i n  n a t u r e ,  t h e y  c a n n o t  e a s i l y  b e  s h u t  d o w n  

a n d  r e s t a r t e d .  T h e r e f o r e ,  A W T S s  a r e  f r e q u e n t l y  o p e r a t e d  c o n t i n u o u s l y .  F o r  t h i s  a n a l y s i s ,  a l l  o f  

t h e  c o s t s  o f  o p e r a t i n g  t h e s e  A W T S  i n  t h e  c o s t  a n a l y s i s  a r e  a t t r i b u t e d  t o  o p e r a t i o n  i n  A l a s k a .

T h e  O c e a n i a  R e g a t t a  i n s t a l l e d  a  n e w  A W T S  t h a t  i n c l u d e d  a  M e m b r a n e  R e a c t o r  a n d  I o n  

E x c h a n g e  s y s t e m  f o r  p o l i s h i n g  t h e  e f f l u e n t .  T h e  s y s t e m  w a s  i n t e n d e d  t o  m e e t  t h e  a m m o n i a ,  

c o p p e r ,  n i c k e l  a n d  z i n c  W Q S .  S a m p l e s  c o l l e c t e d  d u r i n g  t h e  2 0 1 1  c r u i s e  s e a s o n  s h o w e d  t h a t  t h e  

t r e a t m e n t  s y s t e m  w a s  u n a b l e  t o  c o n s i s t e n t l y  m e e t  a n y  o f  t h e  W Q S  ( T a b l e  1 0 ) 8 3 .

Table 24 Treatment Costs from DEC 2012 Survey

Item Average 

number 

of days 

AWTS 

operated 

in 2011

Average 

amount of 

wastewater 

treated in 

AW TS in 

2011, 

m3/day

Average

volume

treated

in

AW TS 

in 2011, 

m3

On-shore 

Treatment 

Costs, $

0 &  M Costs in 

2011$

(excluding on­

shore treatment 

costs)

Total 0& 

M Costs 

in 2011, 

$

Treatment

Cost,

excluding

on shore

treatment

$/m3

Total

Treatment

Cost,

$/m3

Disney

Wonder

355 750 266,250 0 $500,000 $500,000 $1.88 $1.88

Coral

Princess

365 350 127,750 $13,654 $443,433 $457,087 $3.47 $3.58

83 Reference: Alaska DEC Oceania Regatta 2011 Pilot Project A Glance at Wastewater Metal and Ammonia 
Reduction Technology, September 20 2011
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Item Average 

number 

of days 

AWTS 

operated 

in 2011

Average 

amount of 

wastewater 

treated in 

AWTS in 

2011, 

m3/day

Average

volume

treated

in

AWTS 

in 2011, 

m3

On-shore 

Treatment 

Costs, $

0&  M Costs in 

2011$

(excluding on­

shore treatment 

costs)

Total 0&  

M Costs 

in 2011,

$

Treatment

Cost,

excluding

on shore

treatment

$/m3

Total

Treatment

Cost,

$/m3

Diamond

Princess

365 692 252,580 $24,046 $617,767 $641,813 $2.45 $2.54

Golden

Princess

365 453.5 165,528 $70,391 $649,248 $719,639 $3.92 $4.35

Island

Princess

363 315 114,345 $34,339 $532,094 $566,433 $4.65 $4.95

Sapphire

Princess

364 504 183,565 0 $765,774 $765,774 $4.17 $4.17

Sea

Princess

363 409.8 148,757 $711 $435,220 $435,932 $2.93 $2.93

HAL

Stdam

365 510 186,150 0 $237,350 $237,350 $1.28 $1.28

HAL

Voldm

365 482 175,930 0 $242,000 $242,000 $1.38 $1.38

HAL

Zndm

365 249.4 91,031 0 $242,000 $242,000 $2.66 $2.66

NCL

Pearl

365 1040 379,600 0 $288,136 $288,136 $0.76 $0.76

NCL Star 365 1023 373,395 0 $292,903 $292,903 $0.78 $0.78

Seven

Seas

Navig.

365 0 0 $500,000 $500,000

Silver

Shadow

6 0 0 $82,000 $82,000

Oceania

Regatta

198 170 33,660 0 $91,700 $91,700 $2.72 $2.72

CCL

Spirit

GW

120 250 30,000 0 $26,965 $26,965 $0.90 $0.90

*0&M cost excludes $70,391 for shore treatment transfer

**0&M cost excludes $34,339.49 for shore treatment transfer 

cost excludes 711.45 for shore treatment transfer
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Table 25 Treatment Costs per Revenue Passenger from DEC 2012 Survey

Item Total No of 

Passengers 

in AK in 

2011

No of days 

AWTS 

operated in 

AK in 2011

No. of days 

AWTS 

operated in 

2011

% of

Operating 

days in AK 

in 2011

Total O&M 

Costs in 

2011$

Total O&M 

Costs in AK 

in 2011 $

Treatment 

Cost, per 

Passenger

Disney Wonder 51,012 90 355 25 $500,000 $126,761 $2.48

Coral Princess 35,532 99 365 27 $457,087 $123,977 $3.49

Diamond Princess 53,560 101 365 28 $641,813 $177,598 $3.32

Golden Princess 50,084 76 365 21 $719,639 $149,843 $2.99

Island Princess 35,532 99 363 27 $566,4337 $154,482 $4.35

Sapphire Princess 48,204 72 364 20 $765,774 $151,472 $3.14

Sea Princess 26,208 52 363 14 $435,932 $62,448 $2.38

HAL Stdam 22,680 99 365 27 $237,350 $64,377 $2.84

HAL Voldm 24,344 99 365 27 $242,000 $65,638 $2.70

HAL Zndm 27,208 103 365 28 $242,000 $68,290 $2.51

NCL Pearl 47,880 80 365 22 $288,136 $63,153 $1.32

NCL Star 46,960 78 365 21 $292,900 $62,593 $1.33

Seven Seas Navig. 8,640 365 $500,000 $0

Silver Shadow 6 $82,000 $0

Oceania Regatta 6,993 66 198 33 $91,700 $30,567 $4.37

CCL Spirit GW 38,700 70 120 58 $26,965 $15,730 $0.41

8.2. Life Cycle Cost Evaluation

I n  c o m p a r i n g  r e m e d i a l  a l t e r n a t i v e s ,  t h e  E P A  r e c o m m e n d s 8 4  t h a t  t h e  f o l l o w i n g  c o s t s  a r e  

a s s e s s e d :  ( 1 )  C a p i t a l  c o s t s ,  i n c l u d i n g  b o t h  d i r e c t  a n d  i n d i r e c t  c o s t s ;  ( 2 )  A n n u a l  o p e r a t i o n s  a n d

84 A Guide to Developing and Documenting a Cost Estimate during the Feasibility Study", (EPA 540-R-00-002, July 

2 0 0 0 )
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m a i n t e n a n c e  c o s t s ;  a n d  ( 3 )  N e t  p r e s e n t  v a l u e  o f  c a p i t a l  a n d  O & M  c o s t s .  P r e s e n t  v a l u e  a n a l y s i s  

r e f l e c t s  t h e  o n e - t i m e  c a p i t a l  a n d  o n g o i n g  o p e r a t i n g  c o s t s  o v e r  t h e  e q u i p m e n t  u s e f u l  l i f e  i n  o n e  

f i g u r e .  T h i s  m e t h o d  p r o v i d e s  a  w a y  t o  c o m p a r e  l i f e  c y c l e  c o s t s  f o r  d i f f e r e n t  t r e a t m e n t  

a l t e r n a t i v e s  i n  a  s i n g l e  c o s t  f i g u r e .  T h e  p r e s e n t  v a l u e  a s s u m e s  c e r t a i n  e c o n o m i c  c o n d i t i o n s  i n  a  

d i s c o u n t  r a t e ,  t y p i c a l l y  7  p e r c e n t  a n n u a l l y  t o  a c c o u n t  f o r  t h e  t i m e  v a l u e  o f  m o n e y .  S i n c e  t h e  

p r e s e n t  v a l u e  t a k e s  i n t o  a c c o u n t  t h e  u s e f u l  l i f e  o f  t h e  e q u i p m e n t ,  i t  i s  a n  a s s e s s m e n t  o f  t h e  l i f e  

c y c l e  c o s t .  T h e  p a n e l  w a s  u n a b l e  t o  p e r f o r m  t h e  l i f e  c y c l e  c o s t  a n a l y s i s  w i t h  t h e  i n f o r m a t i o n  

c o l l e c t e d  i n  t h e  s u r v e y s .  D e t a i l e d  i n f o r m a t i o n  a n d  a  b r e a k d o w n  o n  c a p i t a l  a n d  o p e r a t i n g  c o s t s  

a r e  n e e d e d ,  a s  w e l l  a s  a  c o n s i s t e n t  b a s i s  f o r  h o w  t h e  e s t i m a t e s  w e r e  c a l c u l a t e d .  T h e  s u r v e y  

i n f o r m a t i o n  d i d  n o t  p r o v i d e  t h i s  l e v e l  o f  d e t a i l .

8.3. Characteristics of the Cruise Ship Industry

T h e  c r u i s e  i n d u s t r y  i s  c o n s i d e r e d  a n  o l i g o p o l i s t i c  m a r k e t  ( i . e . ,  a  q u a s i - m o n o p o l y ,  

c o n t r o l l e d  b y  f o u r  l a r g e  c o r p o r a t i o n s ) .  T h i s  i s  t h e  r e s u l t  o f  y e a r s  o f  m e r g e r s  a n d  a c q u i s i t i o n s  i n  

t h e  i n d u s t r y  w e r e  n e c e s s a r y  t o  a c h i e v e  s o m e  e c o n o m i e s  o f  s c a l e  a s  w e l l  a s  o p p o r t u n i t i e s  i n  

m a r k e t  d o w n t u r n s  t h a t  b e t t e r  p o s i t i o n e d  p e r f o r m i n g  c o m p a n i e s  f o r  f u t u r e  m a r k e t  r e t u r n .  T h e

s h i p p i n g  i n d u s t r y  i n  g e n e r a l  i s  n o t o r i o u s  f o r  c y c l e s  i n  t h e  m a r k e t ,  a n d  t h e  c r u i s e  i n d u s t r y  i s  n o

e x c e p t i o n .

M u c h  l i k e  a i r l i n e  c o m p a n i e s ,  t h e  c r u i s e  o p e r a t o r s  a i m  f o r  g o o d  y i e l d  m a n a g e m e n t ,  

m a x i m i z i n g  t h e  n e t  r e v e n u e  p e r  s h i p .  H e n c e ,  a  s h i p  p e r f o r m i n g  p o o r l y  i n  a  m a r k e t  c o u l d  s e e  t h e  

f u t u r e  i t i n e r a r y  m o d i f i e d  i n  o r d e r  t o  b e t t e r  u t i l i z e  t h e  a s s e t .  F l u c t u a t i n g  c a p a c i t y  i n  a  g i v e n  m a r k e t  

w i l l  d i r e c t l y  a f f e c t  t h e  p r i c e  t h a t  i s  p a i d  b y  p a s s e n g e r s ,  a n d  t h e  y i e l d  a  s h i p  w i l l  b r i n g .  G i v e n  t h e  

c o s t  o f  l a r g e  c r u i s e  s h i p s  w h i c h  n o w  r a n g e s  a n y w h e r e  f r o m  $ 7 5 0 M  t o  $ 1 . 5 B ,  t h e  y i e l d  o f  t h e  

s h i p s  i s  o f  p r i m e  i m p o r t a n c e  t o  t h e  o p e r a t o r s .

U n l i k e  s h o r e - s i d e  h o t e l s ,  r e s o r t s ,  o r  e v e n  m a n u f a c t u r i n g  o p e r a t i o n s ,  t h e  a s s e t s  a r e  f u l l y  

m o v e a b l e .  H e n c e  s h i p s  a s s i g n e d  t o  A l a s k a  c a n  b e  r e - a s s i g n e d  t o  a  b e t t e r  y i e l d i n g  m a r k e t  o r  a  

g r o w t h  m a r k e t  ( e . g .  A s i a ,  A u s t r a l i a )  t h a t  w i l l  g e n e r a t e  a  b e t t e r  y i e l d .  A  c a v e a t  t o  t h i s  i s  f o r  

o p e r a t o r s  t h a t  h a v e  i n v e s t e d  h e a v i l y  i n  f i x e d  a s s e t s  s u c h  a s  l o c a l  h o t e l s  a n d  p r i v a t e  

d e s t i n a t i o n s .  N e v e r t h e l e s s ,  a  d e c r e a s e  i n  y i e l d  p e r  s h i p  f o r  a  d e s t i n a t i o n  w o u l d  t y p i c a l l y  b e  m e t  

w i t h  a  c a p a c i t y  r e d u c t i o n  t o  r e - e s t a b l i s h  a  n o r m a l  y i e l d .  W h i l e  o p e r a t o r s  w i t h  f i x e d  a s s e t s  c a n  b e  

s l o w e r  t o  r e - a s s i g n  s h i p s ,  o p e r a t o r s  w i t h  n o  a s s e t s  c a n  b e  a s  n i m b l e  a s  c a n c e l l i n g  t h e  n e x t  

s e a s o n  a n d  o f f e r i n g  a l t e r n a t i v e s  t o  p a s s e n g e r s  a l r e a d y  b o o k e d  f o r  a  c r u i s e .

8.4. Destinations as Products

A  d e s t i n a t i o n  c o u l d  b e  c o m p a r e d  t o  a  p r o d u c t  o f f e r e d  w i t h i n  a  p r o d u c t  l i n e .  W h e n  

d e m a n d  f o r  a  p r o d u c t  d e c r e a s e s  p r o d u c t i o n  i s  a d j u s t e d .  L i k e w i s e  w h e n  p r o f i t a b i l i t y  i n  p r o d u c i n g  

a  p r o d u c t  d e c r e a s e s  i t  c a n  b e  a b a n d o n e d .  U n l e s s  o u t s i d e  m a r k e t i n g  s u p p o r t s  a  r e n e w e d  

d e m a n d  f o r  a  d e s t i n a t i o n ,  m a r k e t i n g  o f  t h e  c o m p a n y  f o r  a  d e s t i n a t i o n  w o u l d  s t i l l  c o n t r i b u t e  t o  

l o w e r  y i e l d  f o r  t h a t  p r o d u c t .

T h e  c r u i s e  i n d u s t r y  i s  m a r k e t - d r i v e n .  I n  m o s t  c a s e s ,  t h e y  a r e  p u b l i c l y  t r a d e d  c o m p a n i e s .  

T h e  p r e s s u r e  t o  c o m p e t e  a g a i n s t  o n e  a n o t h e r  i s  s t r o n g  a n d  s h a r e h o l d e r s  d e m a n d  g o o d  r e t u r n  

o n  t h e i r  i n v e s t m e n t s .  T h e  w i l d  f l u c t u a t i o n  o f  p r i c e s  o n e  c a n  o b s e r v e  i n  t h e  o f f e r i n g  i n  v a r i o u s
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m a r k e t s  i n d i c a t e s  t h e  p o s i t i o n  o f  p r i c e  t a k e r s .  T h e r e  i s  c u r r e n t l y  m o r e  c a p a c i t y  t h a n  d e m a n d  

a n d  t h i s  c a p a c i t y  e x c e s s  i s  d e a l t  w i t h  u s i n g  m a r k e t i n g  a n d  p r i c e  c u t t i n g  s t r a t e g i e s .

T h e  c u r r e n t  o v e r a l l  e c o n o m i c  s i t u a t i o n  i s  a f f e c t i n g  m a n y  s e c t o r s  o f  t h e  e c o n o m y  a n d  t h e  

c r u i s e  i n d u s t r y  i s  n o t  i m m u n e  t o  i t .  C u r r e n t  i s s u e s  i n  E u r o p e  a n d  t h e  U S A  r e d u c e d  o v e r a l l  

d e m a n d  f o r  t h e  c r u i s e  p r o d u c t  g i v e n  i t s  a d d e d  a s s o c i a t e d  c o s t s .  T h e  2 0 1 2  a c c i d e n t  i n  I t a l y 85 

f u r t h e r  d a m p e n s  d e m a n d .  L a t e s t  q u a r t e r  r e s u l t s  r e l e a s e d  b y  t h e  c r u i s e  c o m p a n i e s  i n d i c a t e  

m i x e d  s u c c e s s e s  b u t  o v e r a l l  r e d u c e d  r e v e n u e s  a n d  p e r f o r m a n c e .

8.5. Cruise Revenues

I t  i s  i m p o r t a n t  t o  u n d e r s t a n d  t h a t  c r u i s e  r e v e n u e s  a r e  c o m p o s e d  o f  t w o  i m p o r t a n t  

c o m p o n e n t s :  o n b o a r d  r e v e n u e s  a n d  t i c k e t  r e v e n u e s ,  t h e  f o r m e r  c o m p r o m i s i n g  s h o r e  e x c u r s i o n s  

a n d  e v e r y t h i n g  s o l d  o n b o a r d  a n d  t h e  l a t t e r  t h e  t r a n s a c t i o n  p r i c e  t o  b o o k  a  c a b i n .  W h i l e  t i c k e t  

r e v e n u e  i s  a  g e n e r a l  i n d i c a t i o n ,  i t  i s  n o t  n e c e s s a r i l y  a  p r o x y  f o r  o v e r a l l  p r o f i t s .  C u r r e n t l y ,  m o s t  

c r u i s e  s h i p s  s a i l  w i t h  a  g o o d  o c c u p a n c y  l e v e l  b u t  a t  a  d i s c o u n t e d  r a t e .  F u r t h e r  c o m p o u n d i n g  t h e  

i s s u e  i s  t h a t  p e o p l e  a r e  s p e n d i n g  m u c h  l e s s  o n b o a r d  t h a n  t h e y  u s e d  t o .  T h e y  s p l u r g e  t o  t a k e  

t h e  c r u i s e ,  b u t  b o o k  l e s s  e x c u r s i o n s  a n d  o v e r a l l  c o n s u m e  l e s s  w h i l e  o n b o a r d .  T r a d i t i o n a l l y ,  i t  

c a n  b e  s e e n  t h a t  o n b o a r d  r e v e n u e s  a c r o s s  c o m p a n i e s  a c c o u n t s  f o r  a p p r o x i m a t e l y  1 / 3  o f  t h e  

r e v e n u e s .  R e d u c t i o n  i n  t i c k e t  p r i c e s  c o u p l e d  w i t h  r e d u c e d  o n b o a r d  r e v e n u e s  h a d  t h e  e f f e c t  t h a t  

c o m p a n i e s  h a d  l o w e r  p r o f i t s  a n d  e v e n  l o s s e s  i n  t h e  s e c o n d  q u a r t e r  o f  2 0 1 2  a n d  r e v i s e d  

d o w n w a r d  p r o j e c t i o n  f o r  t h e  r e s t  o f  t h e  f i s c a l  y e a r .

T h e  n e w  l o w  s u l p h u r  f u e l  r e q u i r e m e n t  f o r  s h i p s  o p e r a t i n g  w i t h i n  t h e  E x c l u s i v e  E c o n o m i c  

Z o n e  ( E E Z )  o f  t h e  U n i t e d  S t a t e s  w i l l  c a u s e  a n  i n c r e a s e  o f  a p p r o x i m a t e l y  2 5 - 3 0 %  o f  t h e i r  f u e l  

c o s t .  F u e l  i s  a  s h i p ’ s  n u m b e r  o n e  e x p e n s e .  H e n c e  t h i s  n e w  f u e l  r e q u i r e m e n t  w i l l  f u r t h e r  

d e c r e a s e  t h e  y i e l d  o f  s h i p s  c u r r e n t l y  o p e r a t i n g  i n  U . S .  w a t e r s .

8.6. Destinations and Product Lifecycle

D e s t i n a t i o n s  c a n  b e  s e e n  a s  a  p r o d u c t .  A s  d i s c u s s e d  a b o v e  t h e s e  p r o d u c t s  g o  t h r o u g h  

s i m i l a r  l i f e c y c l e s  a s  o t h e r  c o n s u m a b l e  g o o d s .  T h e  n o r m a l  p r o d u c t  l i f e c y c l e  c o n s i s t s  o f  t h e  

i n t r o d u c t i o n  p h a s e  w i t h  a  s m a l l  d e m a n d  f o l l o w e d  b y  a  g r o w t h  p h a s e  w i t h  e x p o n e n t i a l  d e m a n d ,  

t o  t h e  m a t u r i t y  p h a s e ,  w h i c h  s h o w s  a  p l a t e a u  i n  d e m a n d  t o  f i n a l l y  a  d e c l i n e .  T h e  o n l y  t h i n g  t h a t  

k e e p s  p r o d u c t  l i n e  f r o m  d e c l i n i n g  i s  f o r  a  n e w  m o d e l  t o  b e  i n t r o d u c e d  o r  i n  t h e  c r u i s e  m a r k e t  f o r  

t h e  p r o d u c t  t o  b e  u p d a t e d  w i t h  n e w  s h i p s ,  o r  n e w  e x c u r s i o n s  a n d  f o r  t h e  m a r k e t i n g  t o  p r o m o t e  

t h i s .  T h e r e f o r e ,  n o t  o n l y  i s  t h e  c r u i s e  i n d u s t r y  b o u n d  t o  s o m e  m a r k e t  c y c l e  i n  l i n e  w i t h  t h e  

e c o n o m y  i t  i s  a l s o  s u b j e c t  t o  p r o d u c t  m a t u r a t i o n  a n d  f l u c t u a t i o n  i n  d e m a n d .

Q u a n t i f i a b l e  c o s t  o r  “ h a r d ”  c o s t s  a r e  n o t  t h e  o n l y  c o s t s  t h a t  m u s t  b e  t a k e n  i n t o  

c o n s i d e r a t i o n  w h e n  e v a l u a t i n g  a  p r o j e c t .  S o f t  c o s t s ,  w h i c h  r e p r e s e n t  g e n e r a l  c o s t s  t h a t  a r e  h a r d  

t o  a c c o u n t  f o r ,  s u c h  a s  m a n a g e r i a l  o v e r s i g h t  c o s t ,  l o s s  o f  f o c u s  o n  t h e  c o r e  m i s s i o n ,  a n d  b r a n d  

i m a g e  r i s k ,  a r e  a l s o  i m p o r t a n t  f a c t o r s  c o n s i d e r e d  b y  m a n a g e m e n t  w h e n  e v a l u a t i n g  a l t e r n a t i v e s .

85 Grounding of the Costa Concordia in January 2012.
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T h e s e  s o f t  c o s t s  a r e  h a r d  t o  e v a l u a t e  a n d  a r e  q u a l i t a t i v e l y  p a r t  o f  a  f i n a l  d e c i s i o n  t o  p u r c h a s e  

n e w  s y s t e m s  o r  c h a n g e  o p e r a t i o n a l  p r o c e d u r e s .

8.7. Potential Econom ic Impact of New System Requirements

I t  i s  h a r d  t o  p r o v i d e  a n  e x a c t  f i g u r e  o f  w h a t  w o u l d  b e  a  n e g a t i v e  i m p a c t  o n  t h e  

c o m p a n i e s  a n d  A l a s k a n  c o m m u n i t y .  I n  t e r m s  o f  h a r d  c o s t  f o r  t h e  c o m p a n y ,  t h e  P a n e l  o b t a i n e d  

g e n e r a l  f i g u r e s  f o r  c o s t s  t o  u p g r a d e  t e c h n o l o g y  b e f o r e  p l a n n e d  r e p l a c e m e n t .  H o w e v e r  i t  i s  

d i f f i c u l t  t o  q u a n t i t a t e  t h e  a d d i t i o n a l  s o f t  c o s t s .  N e v e r t h e l e s s ,  t h e  h a r d  c o s t  s h o u l d  b e  s e e n  a s  a  

m i n i m u m  a n d  s o m e  a p p r o x i m a t i o n  m u s t  b e  m a d e  f o r  s o f t  c o s t .

T h e  e c o n o m i c  i m p a c t  o f  a d d e d  c o s t  o f  o p e r a t i o n s  d e p e n d s  o n  o n e  t h i n g ;  t h e  e l a s t i c i t y  o f  

d e m a n d  f o r  t h e  A l a s k a n  c r u i s e  p r o d u c t .  T h i s  c o u l d  b e  f o u n d  b y  c o n d u c t i n g  a n  i n  d e p t h  s t u d y  o f  

c u r r e n t  p a s s e n g e r  m i x  a n d  h o w  s e n s i t i v e  t h e y  a r e  t o  p r i c e  c h a n g e .  I n  l i e u  o f  h a v i n g  t h i s  d a t a ,  

w e  c o u l d  a p p r o x i m a t e  t h i s  e l a s t i c i t y  o f  d e m a n d  b y  u s i n g  t h e  h e a d  t a x  i n f o r m a t i o n  d a t a .  W h i l e  

t h i s  m i g h t  n o t  b e  a n  e x a c t  r e f e r e n c e  p o i n t ,  i t  w o u l d  b e  a  g o o d  g e n e r a l  e s t i m a t e  o f  p a s s e n g e r  

t r a f f i c  r e d u c t i o n  b a s e d  o n  p r i c e  i n c r e a s e .  A n o t h e r  m e a s u r e  o f  e c o n o m i c  i m p a c t  m a y  b e  t h e  

r e d u c t i o n  i n  s h o r e  s i d e  s p e n d i n g  a n d  e x c u r s i o n s  a s  a  r e s u l t  o f  t i c k e t  p r i c e  i n c r e a s e .

H e n c e  u s i n g  t h e  o v e r a l l  p a s s e n g e r  t r a f f i c  b e f o r e  t h e  h e a d  t a x  a n d  c o r r e l a t i n g  i t  t o  t h e  

d e c r e a s e  i n  p a s s e n g e r  t r a f f i c  a f t e r  t h e  h e a d  t a x  a n d  a v e r a g i n g  t h i s  w i t h  t h e  i n c r e a s e  o f  

p a s s e n g e r s  a f t e r  t h e  r e d u c t i o n  i n  h e a d  t a x  w o u l d  p r o v i d e  a n  o v e r a l l  s e n s i t i v i t y  o f  p a s s e n g e r  t o  

d o l l a r  c h a n g e  i n  t h e  c o s t  o f  c r u i s i n g  t o  A l a s k a .

W h i l e  t h i s  m e a s u r e  i s  n o t  e x a c t  i t  w o u l d  b e  a  s t a r t i n g  p o i n t  i n  a p p r o x i m a t i n g  w h a t  w o u l d  

b e  t h e  p o t e n t i a l  i m p a c t  o f  i n c r e a s i n g  c o s t  o f  o p e r a t i o n s  i n  A l a s k a .  I n d e e d  o t h e r  f a c t o r s  ( e . g .  

o v e r a l l  e c o n o m y )  a l s o  p l a y  i n  t h i s  d y n a m i c  c h o i c e  o f  c r u i s e  v s .  o t h e r  t y p e  o f  v a c a t i o n :  h o w e v e r  i t  

i s  t h e  b e s t  m e t h o d  w e  w o u l d  h a v e  a t  t h i s  p o i n t  t o  m e a s u r e  e c o n o m i c  i m p a c t  o f  c r u i s e  p o l i c y  

d e c i s i o n  o n  A l a s k a n  c o m m u n i t y  w e l f a r e .
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9. FINDINGS
A W T S  w e r e  d e s i g n e d  t o  m e e t  r e q u i r e d  c r i t e r i a  f o r  c o n v e n t i o n a l  p o l l u t a n t s  a n d  a r e  t h e  

m o s t  a d v a n c e d ,  t e c h n o l o g i c a l l y  e f f e c t i v e ,  a n d  p r o v e n  t r e a t m e n t  s y s t e m s  a v a i l a b l e ,  e s p e c i a l l y  

c o m p a r e d  t o  m u n i c i p a l  t r e a t m e n t  p l a n t s  d i s c h a r g i n g  t o  m a r i n e  w a t e r s .  A q u a t i c  o r g a n i s m s ,  

i n c l u d i n g  f i s h  a n d  m a r i n e  m a m m a l s ,  a r e  p r o t e c t e d  t h r o u g h  t h e  c r u i s e  s h i p  G e n e r a l  P e r m i t .

A f t e r  e v a l u a t i n g  a l l  A W T S  c u r r e n t l y  i n s t a l l e d  o n  c r u i s e  s h i p s  o p e r a t i n g  i n  A l a s k a n  w a t e r s ,  

t h e  P a n e l  f o u n d  t h a t  n o n e  o f  t h o s e  t r e a t i n g  m i x e d  b l a c k w a t e r  a n d  g r a y w a t e r  c o n s i s t e n t l y  m e e t  

A l a s k a ’ s  W Q C  a t  t h e  p o i n t  o f  d i s c h a r g e  f o r  t h e  c o n s t i t u e n t s  o f  c o n c e r n  ( a m m o n i a  a n d  d i s s o l v e d  

c o p p e r ,  n i c k e l ,  a n d  z i n c ) .

T h e  P a n e l  w a s  u n a b l e  t o  i d e n t i f y  t e c h n o l o g i c a l l y  e f f e c t i v e  a n d  e c o n o m i c a l l y  f e a s i b l e  

t r e a t m e n t  m e t h o d s ,  e x p e c t e d  t o  c o n s i s t e n t l y  m e e t  t h e  n u m e r i c  w a t e r  q u a l i t y  c r i t e r i a  a t  t h e  p o i n t  

o f  d i s c h a r g e  t h a t  h a v e  b e e n  p r o v e n  o n  c r u i s e  s h i p s .  A p p l i c a t i o n  o f  e x i s t i n g  t e c h n o l o g i e s  i n  

a d d i t i o n  t o  A W T S ,  s u c h  a s  n i t r i f i c a t i o n ,  i o n  e x c h a n g e  ( I X )  a n d  r e v e r s e  o s m o s i s  ( R O ) ,  i s  

e x p e c t e d  t o  f u r t h e r  r e d u c e  a m m o n i a  a n d  d i s s o l v e d  m e t a l  c o n c e n t r a t i o n s ;  h o w e v e r ,  t h e r e  i s  n o  

e v i d e n c e  t o  p r o v e  a d d i n g  a d d i t i o n a l  t e c h n o l o g y  w i l l  b e  t e c h n o l o g i c a l l y  e f f e c t i v e  a t  m e e t i n g  

W Q C ,  b e  e c o n o m i c a l l y  f e a s i b l e ,  o r  p r o v i d e  m u c h  e n v i r o n m e n t a l  b e n e f i t .  M o d i f y i n g  o p e r a t i o n a l  

p r o c e d u r e s  a n d  a d d i t i o n a l  s t a f f  t r a i n i n g  m a y  h e l p  i m p r o v e  t r e a t m e n t  p e r f o r m a n c e .  T h i s  p a n e l  

r e c o m m e n d s  c o n t i n u e d  s a m p l i n g  a n d  m o n i t o r i n g  o f  c r u i s e  s h i p  e f f l u e n t .

A d a p t a t i o n  o f  e m e r g i n g  t e c h n o l o g i e s  f r o m  o t h e r  i n d u s t r i e s  t o  c r u i s e  s h i p s  p r e s e n t s  

s i g n i f i c a n t  f e a s i b i l i t y  c h a l l e n g e s .

A  d i l u t i o n  m o d e l  d e v e l o p e d  b y  t h e  f i r s t  A l a s k a  C r u i s e  S h i p  W a s t e w a t e r  S c i e n c e  A d v i s o r y  

P a n e l  a n d  d y e  s t u d i e s  c o n d u c t e d  b y  E P A  d e m o n s t r a t e  t h a t  c o n c e n t r a t i o n s  l o w e r  t h a n  W Q C  a r e  

a t t a i n e d  r a p i d l y  f o l l o w i n g  A W T S  d i s c h a r g e  f r o m  a  m o v i n g  v e s s e l  a n d  a c u t e  a n d  c h r o n i c  

e x p o s u r e s  w o u l d  n o t  o c c u r .  S i m i l a r l y ,  d i l u t i o n  m o d e l i n g  i s  u s e d  f o r  p e r m i t t i n g  o t h e r  w a s t e w a t e r  

d i s c h a r g e s .

T h e  P a n e l  i d e n t i f i e d  l i t t l e  a d d i t i o n a l  e n v i r o n m e n t a l  b e n e f i t  t o  b e  g a i n e d  b y  l o w e r i n g  t h e  

c u r r e n t  p e r m i t t e d  e f f l u e n t  l i m i t s  t o  W Q C  a t  t h e  p o i n t  o f  d i s c h a r g e .
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F i g u r e  3  B i o c h e m i c a l  O x y g e n  D e m a n d  A v e r a g e  V a l u e  2 0 0 0 - 2 0 1 1  in  D i s c h a r g e  f r o m  C r u i s e  S h i p s
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F i g u r e  4  A m m o n i a  A v e r a g e  C o n c e n t r a t i o n  2 0 0 0 - 2 0 1 1  in  D i s c h a r g e  f r o m  C r u i s e  S h i p s
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Figure 8 Cruise Ship Ports and Regulatory Zones
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Figure 9 Cruise Ship Routes
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Figure 10 Selected Ion Affinity for Cationic Ion Exchange Resin86
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86 Remco Engineering: W ater Systems and Controls. (2009) The Remco website has a 'frequency asked questions’ section on their website. 
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Figure 11 AW TS I Multi-Stage Reverse Osmosis
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F i g u r e  1 2  A W T S  /  S i n g l e  S t a g e  R e v e r s e  O s m o s i s  a n d  I o n  E x c h a n g e
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Figure 13 AW TS I Ion Exchange
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F i g u r e  1 4  A W T S  I  E l e c t r o l y s i s  o r  E l e c t r o c o a g u l a t i o n  a n d  I o n  E x c h a n g e
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Re: Cruise Ship Data Collection Survey 

Dear________ :

The Alaska Department of Environmental Conservation (ADEC) is requesting your company's 
cooperation in collecting the information described in the enclosed survey. The requested information 
will be used by ADEC to prepare the next Large Commercial Passenger Vessel Wastewater Discharge 
General Permit. The current permit expires in April 2013. The requested information will also be used 
by ADEC and the Cruise Ship Wastewater Science Advisory Panel (Panel) in developing a preliminary 
report on treatment and other waste reduction options due to the Alaska Legislature by January 1, 2013.

The Alaska Legislature passed legislation in 2009 modifying ADEC's authority relating to the issuance of 
permits to cruise ships for the discharge of treated wastewater into waters of the state. This new 
authority allows ADEC to  relax the statutory requirement that the discharge meet all state water quality 
standards at the point of discharge, but only if ADEC "finds that the permittee is using economically 
feasible methods of pollution prevention, control, and treatment the department considers to  be the 
most technologically effective in controlling all wastes and other substances in the discharge..." As ADEC 
prepares the draft of the new General Permit it is important we collect available data relevant to making 
this finding.

The legislation passed in 2009 also directs ADEC to work with an expert panel to provide a preliminary 
report to the Legislature on treatment options by January 1, 2013. Finally, the Legislature added a 
provision to Alaska law (AS 46.03.465(h)), requiring owners or operators of cruise ships needing permits 
to respond to requests for information from ADEC. This survey is being provided pursuant to that 
provision.

We appreciate that the time and other resources needed to complete this survey are not insubstantial, 
and this survey may come at a time when your company has important safety, security and other 
obligations it must also meet. We have worked hard to assure the survey focuses on that information 
needed by ADEC and the Panel, and that is not available from other sources.

There are instructions at the beginning of the survey form that explain how your company may request 
additional time to respond to specific questions, how you might qualify certain answers if you are 
uncertain about the response, and how you may ask that confidential information be protected from 
public disclosure. If you have any questions, please contact Rob Edwardson, Manager of the Division of 
Water's Cruise Ship Program, at (907) 465-5312.

I extend my appreciation for your cooperation in this important project and wish you a successful 2012 
cruise season.

Sincerely,

Michelle Bonnet 

Director

Enclosure



D A T A  C O L L E C T IO N  S U R V E Y  
F O R  P O L L U T IO N  P R E V E N T IO N , C O N T R O L , 

A N D  T R E A T M E N T  M E T H O D S  F O R  
L A R G E  C R U IS E  S H I P S  O P E R A T IN G  IN  

A L A S K A  W A T E R S

As authorized by AS 46.03.464, the Cruise Ship Wastewater Science Advisory Panel (Panel) was 
established and charged with assisting and advising the Commissioner of the Alaska Department of 
Environmental Conservation (ADEC) in preparing a report that summarizes:

(1) methods of pollution prevention, control, and treatment in use and the level of effluent quality 
achieved by commercial passenger vessels;

(2) additional economically feasible methods of pollution prevention, control, and treatment that 
could be employed to provide the most technologically effective measures to control all wastes and other 
substances in the discharge; and

(3) the environmental benefit and cost of implementing additional methods of pollution prevention, 
control, and treatment identified under subsection (2), above.

AS 46.03.464(c). In order for the Panel to prepare this report, and for the Commissioner to prepare a 
subsequent required report to the Alaska Legislature in accordance with AS 46.03.464(d), ADEC is, 
pursuant to AS 46.03.465(h), requesting that you provide information responsive to this survey.
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P U R P O S E  O F  T H E  S U R V E Y

A D E C , in  c o n ju n c t io n  w ith  th e  S c ie n c e  A d v is o ry  P a n e l (P a n e l,)  in te n d s  to  u s e  th e  in fo rm a t io n  c o lle c te d  in 
th is  s u rv e y  to  a s s e s s  th e  p o te n tia l fo r  th e  v e s s e l to  m e e t A la s k a  W a te r  Q u a lity  S ta n d a rd s  a t th e  p o in t o f  
d is c h a rg e  o r  to  a c h ie v e  in c re m e n ta l im p ro v e m e n ts  a b o v e  2 0 1 0  lim its  to w a rd s  th a t g o a l, a n d  e s t im a te  th e  
c o s ts  a n d  b e n e f its  a s s o c ia te d  w ith  im p le m e n tin g  p o llu tio n  p re v e n tio n , co n tro l, a n d  tre a tm e n t m e th o d s . T h is  
in fo rm a tio n  w ill:

1) A llo w  th e  P a n e l to  p ro v id e  a n  in fo rm e d  re p o r t  to  th e  A D E C  C o m m is s io n e r , w h o  w ill in  tu rn  re p o r t 
to  th e  L e g is la tu re  a s  m a n d a te d  in A S  4 6 .0 3 .4 6 4 ; a n d

2 ) In fo rm  th e  d e v e lo p m e n t o f  th e  n e x t L a rg e  C o m m e rc ia l P a s s e n g e r  V e s s e l G e n e ra l P e rm it  to  b e  
is s u e d  b y  A D E C  in  2 0 1 3 , a n d  a s s is t th e  D e p a r tm e n t in  p ro v id in g  s u p p o r t fo r  th e  e f f lu e n t l im its  
in c lu d e d  in  th a t  p e rm it.

Not All Questions Will Be Applicable to Every Vessel
A D E C  p re p a re d  th is  s u rv e y  to  b e  a p p lic a b le  to  a v a r ie ty  o f  v e s s e ls  a n d  tre a tm e n t s y s te m s ; th e re fo re ,  n o t 
a ll o f  th e  q u e s t io n s  w ill a p p ly  to  e v e ry  v e s s e l.  C o m p le te  e a c h  a p p lic a b le  ite m  in  th e  s u rv e y . I f  a  q u e s tio n  is 
n o t a p p lic a b le  to  y o u r  c o m p a n y  o r  v e s s e l, w r ite  “ N A .”

C O N F ID E N T IA L IT Y  O F  IN F O R M A T IO N

If  y o u  b e lie v e  th a t  a n y  in fo rm a tio n  th a t  y o u  a re  p ro v id in g  in  re s p o n s e  to  th is  s u rv e y  s h o u ld  b e  tre a te d  as  
c o n f id e n t ia l in fo rm a tio n  a n d  e x e m p t fro m  p u b lic  d is c lo s u re  u n d e r  A S  4 0 .2 5 .1 2 0  o r  o th e r  la w  o r  re g u la t io n , 
p le a s e  c le a r ly  m a rk  th a t  in fo rm a tio n  “ c o n f id e n t ia l” a n d  p ro v id e  a  fu ll e x p la n a tio n  o f  th e  s p e c if ic  re a s o n (s )  
th a t  th e  in fo rm a tio n  s h o u ld  b e  e x e m p t fro m  d is c lo s u re .  C la im in g  th e  in fo rm a tio n  is  c o n f id e n t ia l a n d  
e x e m p t f ro m  d is c lo s u re  d o e s  n o t m e a n  th e  in fo rm a tio n  is  a u to m a t ic a lly  e x e m p t, o r  e v e n  th a t A D E C  w ill 
c o n c lu d e  it is  e x e m p t. T h e  D e p a r tm e n t w ill c o n s id e r  th e  re a s o n s  y o u  p ro v id e  fo r  th e  c la im e d  e x e m p tio n , 
a n d  w ill n o t ify  y o u  a s  to  w h e th e r  th e  D e p a r tm e n t c o n c u rs .

W H E N  A N D  W H E R E  T O  R E T U R N  T H E  S U R V E Y

All cruise lines that receive this survey must respond to it  within 60 days o f  re c e iv in g  it. F a ilu re  to  
t im e ly  re s p o n d  in  a c c o rd a n c e  w ith  th e  s u rv e y ’s  in s tru c t io n s  m a y  re s u lt  in  f in e s  a n d  o th e r  s a n c t io n s , a s  
p ro v id e d  b y  la w .

I f  y o u  w is h  to  re q u e s t a n  e x te n s io n  o r  d is c u s s  a d e liv e ry  s c h e d u le  fo r  a  c o m p a n y  w ith  m u lt ip le  v e s s e ls , 
y o u  m u s t d o  s o  in  w r it in g  w ith in  21 d a y s  o f  re c e ip t  o f  th is  s u rv e y . B la n k e t re q u e s ts  fo r  e x te n s io n s  w ill n o t 
b e  c o n s id e re d . W r it te n  re q u e s ts  m a y  b e  e -m a ile d  to  M e lis s a  G o ld s te in  a t m e lis s a .a o ld s te in @ a la s k a .g o v  
o r  m a y  b e  m a ile d  to  h e r  a t th e  a d d re s s  b e lo w .

E x te n s io n  re q u e s ts  w ill b e  e v a lu a te d  o n  a c a s e -b y -c a s e  b a s is . S u b m itta l o f  a n  e x te n s io n  re q u e s t to  D E C  
d o e s  n o t  a lte r  th e  d u e  d a te  o f  y o u r  s u rv e y  u n le s s  a n d  u n til D E C  a g re e s  to  th e  e x te n s io n  a n d  e s ta b lis h e s  a 
n e w  d a te .

Please submit the signed original and an electronic version o f survey responses to:

D r. M e lis s a  G o ld s te in
A la s k a  D e p a r tm e n t o f  E n v iro n m e n ta l C o n s e rv a t io n
C o m m e rc ia l P a s s e n g e r  V e s s e l E n v iro n m e n ta l C o m p lia n c e  P ro g ra m
4 1 0  W illo u g h b y  A v e ., P .O . B o x  1 1 1 8 0 0
J u n e a u , A K  9 9 8 1 1 -1 8 0 0
m e lis s a .g o ld s te in @ a la s k a .g o v

mailto:melissa.aoldstein@alaska.gov
mailto:melissa.goldstein@alaska.gov
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G E N E R A L  IN S T R U C T IO N S

R e a d  a l l  q u e s t io n - s p e c i f ic  in s t r u c t io n s .  C a re fu lly  re a d  a n y  in s tru c t io n s  fo r  s p e c if ic  q u e s tio n s .

M a r k  r e s p o n s e s  f o r  e a c h  q u e s t io n .  F ill in th e  a p p ro p r ia te  re s p o n s e (s )  to  e a c h  q u e s tio n . P le a s e  u s e  
b la c k  in k  o r  t y p e  in  th e  s p a c e s  p ro v id e d . A n s w e r  th e  q u e s tio n s  in  s e q u e n c e  u n le s s  y o u  a re  d ire c te d  to  
S K IP . D o  n o t le a v e  an  e n try  b la n k  i f  th e  a n s w e r  is z e ro . I f  a  q u e s t io n  is  n o t  a p p l ic a b le ,  w r i t e  “ N A .”

In c lu d e  a n y  c la r i f y in g  a t ta c h m e n ts .  I f  a d d it io n a l a t ta c h m e n ts  a re  re q u ire d  to  c la r ify  a  re s p o n s e , p le a s e  
p la c e  th e  a s s o c ia te d  q u e s tio n  n u m b e r  a n d  y o u r  v e s s e l n a m e  in  th e  to p  r ig h t c o rn e r  o f  e a c h  p a g e  o f  th e  
a tta c h m e n ts . T h e  fo llo w in g  lis t  c o n ta in s  e x a m p le s  o f  ite m s  w h ic h  m a y  n e e d  to  be in c lu d e d  a s  a t ta c h m e n ts  
to  th is  s u rv e y :
-  C ru is e  lin e  b ro c h u re , p a m p h le t,  g e n e ra l d e s c r ip t io n ;
-  S a ilin g  ro u te  m a p ;
-  P ip in g  a n d  s e w a g e  a n d  g ra y w a te r  tre a tm e n t f lo w  d ia g ra m s ;
-  M a n u fa c tu re rs  s p e c if ic a t io n s ;
-  H a rd  c o p y  s u m m a r ie s  o f  a n a ly t ic a l d a ta  c o lle c te d  fro m  m o n ito r in g  lo c a t io n s ;
-  D is c h a rg e  lo g s ;
-  D is c h a rg e  p ra c t ic e s  o u t lin e ;
-  W a s te w a te r  t r e a tm e n t  o p e ra t io n  a n d  m a in te n a n c e  lo g s ;
-  E le c tro n ic  a n a ly t ic a l d a ta  c o lle c te d  fro m  m o n ito r in g  lo c a t io n s ; a n d
-  P o llu t io n  p re v e n t io n  o r  m a n a g e m e n t p ra c t ic e s .

P r o v id e  b e s t  e s t im a te s  w h e n  d a ta  a re  n o t  a v a i la b le .  A D E C  in te n d s  th a t  re s p o n s e s  to  a ll q u e s t io n s  b e  
b a s e d  u p o n  a v a ila b le  d a ta  a n d  in fo rm a tio n . P le a s e  p ro v id e  th e  b e s t e s t im a te s  possib le based o n  yo u r best 
professional ju d g m e n t w h e n  d a ta  a n d  in fo rm a tio n  a re  n o t a v a ila b le . If y o u  p ro v id e  a n  e s t im a te , n o te  th e  
m e th o d s  th a t w e re  u s e d  to  m a k e  th e  e s t im a te  o n  th e  “ C o m m e n ts ”  p a g e  (p a g e  3, A -2 )  a lo n g  w ith  th e  
q u e s tio n  n u m b e r  to  w h ic h  th e  e s t im a te  re fe rs . Y o u  a re  n o t re q u ire d  to  p e rfo rm  n e w  o r  n o n -ro u tin e  te s ts  o r  
m e a s u re m e n ts  s o le ly  fo r  th e  p u rp o s e  o f  re s p o n d in g  to  th is  s u rv e y .

Y o u  m a y  n e e d  t o  m a k e  c o p ie s  o f  s o m e  p a g e s  b e fo r e  r e s p o n d in g .  S o m e  p a g e s  in  th e  s u rv e y  w ill n e e d  
to  b e  p h o to c o p ie d  b e fo re  y o u  re s p o n d . In d ic a te  h o w  m a n y  c o p ie s  o f  th e  p a g e  y o u  a re  s u b m itt in g  by 
w r it in g  “ C o p y ________________ o f __________________ ” in  th e  to p  r ig h t c o rn e r .

P a y  c lo s e  a t t e n t io n  t o  th e  m e a s u r e m e n t  u n i t s  r e q u e s te d  (e .g . ,  c u b ic  m e te r s  [m 3] ,  k i lo g r a m s  [k g ] ) .
R e p o rt a n s w e rs  in  th e  u n its  th a t  a re  s p e c if ie d , u n le s s  th e  q u e s tio n  re q u ire s  y o u  to  s p e c ify  th e  u n its . 
A lte rn a tiv e ly ,  i f  y o u r  re c o rd s  a re  k e p t in d if fe re n t u n its  (e .g ., g a llo n s  in s te a d  o f  c u b ic  m e te rs ) , y o u  m a y  
re p o r t in  th o s e  u n its . In  th is  c a s e , B E  S U R E  T O  IN D IC A T E  W H A T  U N IT S  Y O U  A R E  U S IN G .

Q u e s t io n s ?  If y o u  h a v e  a n y  q u e s tio n s  re g a rd in g  th e  c o m p le t io n  o f  th is  s u rv e y , p le a s e  c o n ta c t  M e lis s a  
G o ld s te in  a t  m e lis s a .a o ld s te in @ a la s k a .a o v  o r  (9 0 7 )4 6 5 -5 2 7 8 .

B E  S U R E  T O  R E T A IN  A  C O P Y  O F  T H E  C O M P L E T E D  S U R V E Y  F O R  Y O U R  R E C O R D S .

mailto:melissa.aoldstein@alaska.aov
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C E R T IF IC A T IO N  S T A T E M E N T

T h e  in d iv id u a l re s p o n s ib le  fo r  d ire c t in g  o r  s u p e rv is in g  th e  p re p a ra tio n  o f  th e  s u rv e y  m u s t re a d  a n d  s ig n  th e  
C e r tif ic a t io n  S ta te m e n t lis te d  b e lo w . T h e  c e r t ify in g  o ff ic ia l m u s t b e  a  re s p o n s ib le  c o rp o ra te  o ff ic ia l o r  
h is /h e r  a u th o r iz e d  re p re s e n ta t iv e .

T h e  C e r tif ic a t io n  S ta te m e n t s h o u ld  b e  c o m p le te d  a n d  s ig n e d  i f  th is  c ru is e  v e s s e l o p e ra te d  in th e  n a v ig a b le  
w a te rs  o f  th e  U n ite d  S ta te s  w ith in  th e  S ta te  o f  A la s k a  d u r in g  c a le n d a r  y e a r  2 0 1 1 .

C e r t i f ic a t io n  S ta te m e n t

I certify that the attached survey, completed for the referenced vessel, w a s  prepared under my direction or 
supervision in accordance with a system designed to assure that qualified personnel properly gathered 
and evaluated the information submitted. The information submitted is, to the best of my knowledge and 
belief, accurate and complete and responsive to the survey instructions. In those cases where the 
requested information was not available, the information provided is based on best professional judgment 
and provides best estimates. I am aware that there are significant penalties for submitting a false 
statement or failing to comply with this survey, including the possibility of civil penalties (AS 46.03.760(f)) 
and/or criminal penalties (AS 46.03.790.)

S ig n a tu re  o f  C e r t ify in g  O ff ic ia l D a te

  1 )_________
P rin te d  N a m e  o f  C e r t ify in g  O ff ic ia l T e le p h o n e  N u m b e r

T itle  o f  C e r t ify in g  O ffic ia l

C ru is e  L in e  N a m e

C ru is e  V e s s e l N a m e

1
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SECTION A: GENERAL INFORMATION

A -1 . P ro v id e  th e  fo llo w in g  p r im a ry  c o n ta c t  in fo rm a tio n  fo r  th e  te c h n ic a l in fo rm a tio n  s u p p lie d  in  th is  

q u e s tio n n a ire :

P r im a ry  C o n ta c t  N a m e :

T itle :

T e le p h o n e  N u m b e r:

F a x  N u m b e r:

E -M a il A d d re s s :

C o n v e n ie n t t im e  to  ca ll:

S tre e t A d d re s s  or P o s t O ff ic e  B o x :

C ity , S ta te  Z ip  C o d e :

2
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A -2 . P le a s e  id e n t i f y  a n y  c o m m e n ts  f o r  t h is  s u r v e y .  C r o s s  r e fe r e n c e  b y  q u e s t io n  n u m b e r .  I f  y o u  
n e e d  a d d i t io n a l  s p a c e ,  p le a s e  p h o to c o p y  t h is  p a g e  b e fo r e  w r i t in g  o n  i t ,  a n d  n u m b e r  e a c h  
c o p y  in  t h e  t o p  r ig h t  c o rn e r .

Q u e s t io n
N u m b e r

C o m m e n ts

3



ADEC Data Collection Survey 04/13/12 

A -3 .  D u r in g  c a le n d a r  y e a r  2 0 1 1 , h o w  m a n y  d a y s  d id  th is  c ru is e  v e s s e l o p e ra te  in  A la s k a  w a te rs ?  

________________ D a y s .

A -4 .  W a s  th is  a m o u n t o f  t im e  in  A la s k a n  w a te rs :  (s p e c ify )

□  ty p ic a l o f  p re v io u s  y e a rs

□  h ig h e r  th a n  p re v io u s  y e a rs  

D  lo w e r  th a n  p re v io u s  y e a rs

□  2 011  w a s  f irs t  y e a r  o f  o p e ra t io n  in A la s k a n  w a te rs

A -5 .  D o  y o u  p la n  to  o p e ra te  th is  c ru is e  v e s s e l in w a te rs  in  a n d  n e a r  A la s k a  in c a le n d a r  y e a r  2 0 1 3 ?

□  Y e s  □  N o

If  y e s , d o  y o u  p la n  to  d is c h a rg e  tre a te d  w a s te w a te r  w ith in  A la s k a  w a te rs  d u r in g  2 0 1 3 ?

□  Y e s  □  N o

A -6 .  D o  y o u  p la n  to  m a k e  a n y  m o d if ic a t io n s  w ith in  th e  n e x t 4  y e a rs  (b e fo re  2 0 1 6 )  to  th e  c u rre n t 
a d v a n c e d  w a s te w a te r  t re a tm e n t s y s te m  (A W T S ) o p e ra te d  o n b o a rd  th is  c ru is e  v e s s e l?

□  Y e s  □  N o  

If  y e s , p le a s e  f ill in  th e  ta b le  b e lo w .

T y p e  o f  M o d i f ic a t io n C a le n d a r  Y e a r (s )  
M o d i f ic a t io n  t o  o c c u r

U p g ra d e  o f  e x is t in g  A W T S
□  Y e s  □  N o

A d d -o n  to  e x is t in g  A W T S □  Y e s  □  N o

R e p la c e m e n t o f  e x is t in g  A W T S □  Y e s  □  N o

4
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S e c tio n  B  re q u e s ts  in fo rm a tio n  o n  g ra y w a te r  a n d  s e w a g e  s o u rc e s , f lo w s , a n d  d e s t in a t io n s . T h is  
in fo rm a tio n  w ill b e  u s e d  to  o u t lin e  th e  v e s s e l’s  w a s te w a te r  g e n e ra t io n , c o lle c t io n , a n d  tre a tm e n t p ra c t ic e s  
a n d  to  e v a lu a te  p o s s ib le  p o llu t io n  p re v e n tio n , c o n tro l,  a n d  tre a tm e n t o p tio n s .

I f  y o u  p r o v id e  a n  e s t im a te ,  n o te  th e  m e th o d s  t h a t  w e r e  u s e d  to  m a k e  t h e  e s t im a te  o n  th e  
“ C o m m e n ts ”  p a g e  (p a g e  3 , A -2 )  a lo n g  w i t h  t h e  q u e s t io n  n u m b e r  to  w h ic h  t h e  e s t im a te  r e fe r s .

B -1 . In d ic a te  th e  d e s t in a t io n  fo r  e a c h  w a s te w a te r  s o u rc e .

SECTIO N B: W A STEW A TER  S O U R C E S

Wastewater Source Description To Graywater 
WWT System?

To Sewage 
WWT System? To Other? (Specify)

Example: Photo lab sinks □ Y e s  ERlNo □ Y e s  ^ N o
Drains to waste container 
for transfer onshore as 

hazardous waste
Galley (e.g., food preparation, food pulper, 
restaurants, and bars) I lYes I Ino □ Y e s  I I No

Dishwasher □ Y e s  D no □ Y e s  I I No

Bath (e.g., tub, shower, and sinks) □ Y e s  I I No I I Yes I I No

Laundry □ Y e s  |__lNo □ Y e s  F I No

Launderette □ Y e s  |__|No □ Y e s  I I No

Dry cleaning floor drains □ Y e s  I I No □ Y e s  | |No

Dry cleaning spent solvent □ Y e s  I lNo □ Y e s  I lNo

Dry cleaning wastewater (condensate separator 
water) □ Y e s  I lNo I I Yes I I No

Sewage from toilets, urinals, and other human 
waste receptacles □ Y e s  Q no I I Yes I I No

Bilge water □ Y e s  I lNo □ Y e s  I lNo

Ballast water □ Y e s  I lNo □ Y e s  Q no

Desalination brine □ Y e s  I I No □ Y e s  I I No

Pool and whirlpool water □ Y e s  I lNo I lYes H nq

Refrigeration and air conditioner condensate □ Y e s  Q no □ Y e s  I I No

Salon and day spa water r iY e s  i lNo I I Yes I I No

Photo lab sinks □ Y e s  I Ino □ Y e s  I I No

Photo lab floor drains □ Y e s  I Ino □ Y e s  I lNo

Engine room shop sinks □ Y e s  I lNo □ Y e s  I lNo

Engine room shop floor drains □ Y e s  I__| No I I Yes I I No

Non-engine room shop sinks (e.g.. upholstery, 
wood working, carpentry) □ Y e s  I lNo □ Y e s  I I No

Non-engine room shop floor drains (e.g,. 
upholstery, wood working, carpentry) □ Y e s  I Ino □ Y e s  I lNo
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Wastewater Source Description To Graywater 
WWT System?

To Sewage 
WWT System? ToOther? (Specify)

Medical facility sinks I I Yes i l N o f lY e s  1 INo

Medical facility floor drains L jY e s  I INo I__|Yes |__INo

Chemical storage area sinks □ Y e s  PI No □ Y e s  I INo

Chemical storage area floor drains □ Y e s  |__|No □ Y e s  D no

Other wastewater (specify source): □ Y e s  1 INo □ Y e s  1 INo

B -2 . P le a s e  id e n tify  th e  ty p ic a l f lo w  ra te s  fo r  e a c h  s e w a g e  a n d  g ra y w a te r  s o u rc e .

S e w a g e  a n d  G r a y w a te r  S o u r c e T y p ic a l T o ta l F lo w  R a te

G a lle y  (e .g ., fo o d  p re p a ra tio n , fo o d  p u lp e r, re s ta u ra n ts ,  a n d  
b a rs )

m 3/d a y

D is h w a s h e r m 3/d a y

B a th  (e .g ., tu b , s h o w e r, a n d  s in k s ) m 3/d a y

L a u n d ry m 3/d a y

S e w a g e  fro m  to ile ts , u r in a ls , a n d  o th e r  h u m a n  w a s te  
re c e p ta c le s

m 3/d a y

O th e r  - p le a s e  d e s c rib e :
m 3/d a y

O th e r  - p le a s e  d e s c rib e :
m 3/d a y

B -3 . P ro v id e  th e  v e s s e l’s  to ta l a v e ra g e  s e w a g e  a n d  g ra y w a te r  h o ld in g  c a p a c it ie s  in  h o u rs .

S e w a g e .____________________________________h rs

G ra y w a te r :  ________________________________ h rs

B -4 . D id  y o u  t ra n s fe r  u n t r e a te d  g ra y w a te r  o r  s e w a g e  to  s h o re  s id e  fa c il it ie s  in  A la s k a  in 2 011  ?

□  Y e s
□  No

If y e s , w h a t w a s  th e  a v e ra g e  u n it c o s t o f  u n t r e a te d  w a s te w a te r  t ra n s fe rs  in A la s k a  in  2 0 1 1 ?  

________________________________ ($  p e r  m 3)
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B -5 . P ro v id e  th e  to ta l v o lu m e  o f  u n t r e a te d  g ra y w a te r  o r  s e w a g e  tra n s fe r re d  to  s h o re  s id e  fa c il it ie s  in 
A la s k a  in  2 0 1 1 .

W a s te w a te r  D e s c r ip t io n
V o lu m e  T ra n s fe r r e d  

in  2 011  (m 3)

G a lle y  (e .g ., fo o d  p re p a ra tio n , fo o d  p u lp e r, re s ta u ra n ts , 
a n d  b a rs )

D is h w a s h e r

B a th  (e .g ., tu b , s h o w e r, an d  s in k s )

L a u n d ry

S e w a g e  fro m  to ile ts , u r in a ls , a n d  o th e r  h u m a n  w a s te  
re c e p ta c le s

O th e r  - p le a s e  d e s c r ib e :

O th e r  - p le a s e  d e s c r ib e :

B -6 . D id  y o u  tra n s fe r  t r e a te d  g ra y w a te r  o r s e w a g e  to  s h o re  s id e  fa c il it ie s  in  A la s k a  in 2 0 1 1  ?

□  Y e s  □  N o

If  y e s , w h a t  w a s  th e  a v e ra g e  u n it c o s t o f  t r e a te d  w a s te w a te r  t ra n s fe rs  in  A la s k a  in  2 0 1 1 ?  

________________________________ ($  p e r  m 3)

B -7 . P ro v id e  th e  v o lu m e  o f  t r e a te d  g ra y w a te r  o r  s e w a g e  tra n s fe r re d  to  s h o re  s id e  fa c il it ie s  in  A la s k a  in2011.

W a s te w a te r  D e s c r ip t io n
V o lu m e  T ra n s fe r r e d  

in  2 0 1 1  (m 3)

G a lle y  (e .g ., fo o d  p re p a ra tio n , fo o d  p u lp e r, re s ta u ra n ts , 
a n d  b a rs )

D is h w a s h e r

B a th  (e .g ., tu b , s h o w e r, a n d  s in k s )

L a u n d ry

S e w a g e  fro m  to ile ts , u r in a ls , a n d  o th e r  h u m a n  w a s te  
re c e p ta c le s

O th e r  - p le a s e  d e s c rib e :

O th e r  - p le a s e  d e s c rib e :
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SECTION C: EXISTING WASTEWATER TREATMENT SYSTEM 
DESIGN AND OPERATING PARAMETERS

S e c tio n  C  re q u e s ts  in fo rm a tio n  o n  g ra y w a te r  a n d  s e w a g e  t re a tm e n t te c h n o lo g ie s  u s e d  o n b o a rd  th is  c ru is e  
v e s s e l.  S p e c if ic a lly ,  th e  in fo rm a tio n  re q u e s te d  in th is  s e c tio n  in c lu d e s  d e s ig n  a n d  o p e ra t in g  s p e c if ic a t io n s ; 
s o u rc e s  o f  in f lu e n t; c h e m ic a l a d d it io n s ; o p e ra t in g  a n d  m a in te n a n c e  p ro c e d u re s ; a n d  d is c h a rg e  p ra c t ic e s . 
T h is  in fo rm a tio n  w ill be  used to  e v a lu a te  te c h n o lo g y  o p t io n s  a n d  d e v e lo p  c o s t  e s t im a te s .

I f  y o u  p r o v id e  a n  e s t im a te ,  n o te  t h e  m e th o d s  t h a t  w e r e  u s e d  t o  m a k e  th e  e s t im a te  o n  th e  
“ C o m m e n ts ”  p a g e  (p a g e  3 , A -2 )  a lo n g  w i t h  th e  q u e s t io n  n u m b e r  t o  w h ic h  th e  e s t im a te  r e fe r s .

N O T E : I f  th e  v e s s e l h a s  m o r e  th a n  o n e  w a s te w a te r  t r e a tm e n t  s y s te m ,  p h o to c o p y  Q u e s t io n s  C -1  
t h r o u g h  C -9  b e fo r e  w r i t in g  o n  th e m .  In  a d d i t io n ,  i f  a  t r e a tm e n t  s y s te m  is  a s p l i t  s y s te m  ( i.e .,  t h e  
s y s te m  is  m a d e  u p  o f  m o r e  th a n  o n e  t r e a tm e n t  u n i t )  p le a s e  a n s w e r  q u e s t io n s  C -1  th r o u g h  C -9  f o r  
e a c h  U N IT  o f  th e  s y s te m .  A n  e x a m p le  w o u ld  b e  a n  A W T S  t h a t  h a s  a  s t a r b o a r d  t r e a tm e n t  u n i t  a n d  
a  p o r t  t r e a tm e n t  u n it .

W A S T E W A T E R  T R E A T M E N T  S Y S T E M  #

C -1 . P ro v id e  th e  w a s te w a te r  t r e a tm e n t  s y s te m  n a m e  b e lo w .

C -2 . W a s te w a te r  t re a tm e n t s y s te m  m a n u fa c tu re r ________________________________________________________

C -3 . Is th is  w a s te w a te r  tre a tm e n t s y s te m  b a tc h  o r c o n t in u o u s ?

□  B a tc h

□  C o n tin u o u s  (Skip to Question C-6)

C -4 . O n  a v e ra g e  h o w  m a n y  b a tc h e s  p e r  d a y  d id  th is  w a s te w a te r  t re a tm e n t  s y s te m  t re a t in  2 0 1 1  ?

_________________ a v e ra g e  b a tc h e s  p e r  d a y

C -5 . W h a t w a s  th e  ty p ic a l b a tc h  v o lu m e  tre a te d  by  th is  w a s te w a te r  tre a tm e n t s y s te m  in 2 0 1 1  ? 

__________________ m 3/b a tc h

C -6 . W h a t w a s  th e  a v e ra g e  v o lu m e  tre a te d  p e r o p e ra t in g  d a y  by th is  w a s te w a te r  tre a tm e n t s y s te m  in 2011?
_________________ m 3/d a y
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A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

(cont.)

C -7 . In d ic a te  in  th e  f o l lo w in g  ta b le  w h e r e  y o u r  v e s s e l  o p e ra te d  t h is  w a s te w a te r  t r e a tm e n t  
s y s te m  in  2 0 1 1 . P le a s e  b e  s u re  y o u  h a v e  o n e  r e s p o n s e  p e r  c e l l  in  t h is  ta b le .

V e s s e l L o c a t io n
D o  y o u  o p e ra te  t h is  w a s te w a te r  t r e a tm e n t  

s y s te m  a t  a l l  t im e s  in  th e  f o l lo w in g  lo c a t io n s ?

W ith in  1 n m  fro m  s h o re  in  A la s k a  w a te rs □  Y e s □  N o □  O th e r

O u ts id e  1 n m  fro m  s h o re  In A la s k a  w a te rs □  Y e s □  N o □  O th e r

O u ts id e  A la s k a  w a te rs , b u t w ith in  1 2  n m  
o f  A la s k a  s h o re

□  Y e s □  N o □  O th e r

D u r in g  A la s k a  c ru is e s , b u t  o u ts id e  1 2  n m  
o f  A la s k a  s h o re

□  Y e s □  N o □  O th e r

W ith in  3  n m  o f  s h o re  o f  U .S . S ta te s  o th e r  
th a n  A la s k a

□  Y e s □  N o □  O th e r

O u ts id e  3 n m  o f  s h o re  o f  U .S . S ta te s  
o th e r  th a n  A la s k a

□  Y e s □  N o □  O th e r

E x p la in  a n y  re s p o n s e s  o f  “o th e r ” in  th e  ta b le  a b o v e .

C -8 . a . H o w  m u c h  t im e  ( i.e ., d a y s ) w a s  th is  w a s te w a te r  tre a tm e n t s y s te m  o p e ra te d  in  2 0 1 1 ?

__________________ d a y s  in  2011

A N D

b. H o w  m u c h  tim e  (i.e ., d a y s )  w a s  th is  w a s te w a te r  tre a tm e n t s y s te m  o p e ra te d  in  A la s k a  w a te rs  in 2011?
__________________ d a y s  in  A la s k a  w a te rs  in  2011
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WASTEWATER TREATMENT SYSTEM # ___________ (cont.)

C -9 . In d ic a te  in  th e  f o l lo w in g  ta b le  w h e r e  y o u r  v e s s e l  d is c h a r g e d  f r o m  t h is  w a s te w a te r  
t r e a tm e n t  s y s te m  in  2 0 1 1 . P le a s e  b e  s u r e  v o u  h a v e  o n e  r e s p o n s e  p e r  c e l l  in  t h is  ta b le .

V e s s e l L o c a t io n
D id  t h is  w a s te w a te r  t r e a tm e n t  s y s te m  

d is c h a ig e  a t  a n y  t im e  in  t h e  f o l lo w in g  
lo c a t io n s ?

W ith in  1 n m  fro m  s h o re  in A la s k a  w a te rs □  Y e s □  N o □  O th e r

O u ts id e  1 n m  fro m  s h o re  In A la s k a  w a te rs □  Y e s □  N o □  O th e r

O u ts id e  A la s k a  w a te rs , b u t w ith in  12  n m  
o f  A la s k a  s h o re

□  Y e s □  N o □  O th e r

D u r in g  A la s k a  c ru is e s , b u t o u ts id e  12 n m  
o f  A la s k a  s h o re

□  Y e s □  N o □  O th e r

W ith in  3  n m  o f  s h o re  o f  U .S . S ta te s  o th e r  
th a n  A la s k a

□  Y e s □  N o □  O th e r

O u ts id e  3  n m  o f  s h o re  o f  U .S . S ta te s  
o th e r  th a n  A la s k a

□  Y e s □  N o □  O th e r

E x p la in  a n y  re s p o n s e s  o f  “ o th e r ” in  th e  ta b le  a b o v e .

C -1 0 . a. H o w  m u c h  t im e  (in  h o u rs )  d id  th is  w a s te w a te r  t re a tm e n t s y s te m  d is c h a rg e  o u ts id e  A la ska  
w a te rs , bu t w ith in  12 nm  o f  A la s k a  sho re  in  2 0 1 1 ?

__________________ h o u rs  in  2 011

A N D

b. H o w  m u c h  t im e  (in  h o u rs )  d id  th is  w a s te w a te r  tre a tm e n t  s y s te m  d is c h a r g e  in  A la s k a  w a te rs  in 2011?
_______________hours in Alaska waters in 2011
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SECTION D: WASTEWATER GENERATION, COLLECTION,AND TREATMENT 
COSTS

S e c tio n  D  re q u e s ts  in fo rm a tio n  o n  th e  c o s ts  fo r  e a c h  g ra y w a te r  a n d /o r  s e w a g e  tre a tm e n t s y s te m  
( in c lu d in g  h o ld in g  ta n k s )  o n b o a rd  th is  c ru is e  v e s s e l. S p e c if ic a lly ,  th e  in fo rm a tio n  re q u e s te d  in th is  s e c tio n  
in c lu d e s  c a p ita l c o s ts  a n d  o p e ra t in g  c o s ts  (in  U .S . D o lla rs )  fo r  th e  w a s te w a te r  t re a tm e n t  s y s te m , s p a c e  
a v a ila b il ity  o n  th e  c ru is e  v e s s e l,  a n d  p o w e r g e n e ra t io n .

N O T E : I f  y o u  h a v e  m o re  th a n  o n e  w a s te w a te r  t r e a tm e n t  s y s te m ,  p h o to c o p y  Q u e s t io n s  D -1 t h r o u g h  
13 b e fo r e  w r i t in g  o n  it ,  a n d  in d ic a te  th e  W a s te w a te r  T r e a tm e n t  S y s te m  # . In  a d d i t io n ,  i f  a  t r e a tm e n t  
s y s te m  is  a  s p l i t  s y s te m  ( i.e . ,  t h e  s y s te m  is  m a d e  u p  o f  m o r e  th a n  o n e  t r e a tm e n t  u n i t )  p le a s e  
a n s w e r  q u e s t io n s  D -1 th r o u g h  D -1 3 f o r  e a c h  U N IT  o f  th e  s y s te m .  A n  e x a m p le  w o u ld  b e  a n  A W T S  
th a t  h a s  a  s ta r b o a r d  t r e a tm e n t  u n i t  a n d  a  p o r t  t r e a tm e n t  u n it .

W A S T E W A T E R  T R E A T M E N T  S Y S T E M  #

D -1 . C o m p le te  th e  ta b le  b e lo w  fo r  th e  o r ig in a l c o s ts  a s s o c ia te d  w ith  e a c h  g ra y w a te r  a n d /o r  s e w a g e  
t re a tm e n t s y s te m s  id e n t if ie d  in  th is  s u rv e y , in c lu d in g  th e  c o lle c t io n  a n d  h o ld in g  ta n k s  ( in c lu d e  th e  
y e a r  e a c h  c o s t w a s  in c u rre d ) .  Only include costs for wastewater treatment systems that treat 
graywater and sewage. I f  y o u  h a v e  d a ta  fo r  c o s ts  ite m iz e d  d if fe re n t ly ,  c o m p le te  th e  ta b le  b e lo w  
u s in g  b e s t e n g in e e r in g  e s t im a te s  a n d  p ro v id e  th e  a d d it io n a l d a ta  a s  a n  a tta c h m e n t.

Type of 
Cost Project Cost

Year Cost 
Incurred

Direct Purchased equipment (includes all equipment for the installation or upgrade: 
mechanical equipment; electrical equipment; spare parts and noninstalled equipment 
spares; freight charges; taxes, insurance, and duties)

$

Purchased equipment installation (includes installation of all equipment: electrical 
equipment, mechanical equipment, structural supports, insulation, and paint)

$

Instrumentation and control (includes purchase, installation, and calibration) $

Piping (includes cost of pipe, pipe hangars, fittings, valves, insulation, and 
installation)

$

Indirect Engineering costs (includes process design and general engineering, drafting, cost 
engineering, consulting fees, supervision, inspection)

$

Construction expenses (includes construction tools and equipment; permits, taxes, 
insurance)

$

Contractor’s fees (includes contractor costs for procurement, handling, and 
oversight)

$

Contingency actually expended (to compensate for unpredictable events such as 
storms, floods, strikes, price changes, errors in estimates, design changes 
(unexpected retrofit costs), etc.)

$

Total capital cost for project $
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D -2 . In th e  ta b le  b e lo w , a p p o r t io n  th e  "p u rc h a s e d  e q u ip m e n t"  a n d  “ p u rc h a s e d  e q u ip m e n t  in s ta lla t io n ” 
c o s ts  p ro v id e d  in  Q u e s t io n  D -1 a m o n g  th e  w a s te w a te r  tre a tm e n t u n its  (e .g ., b io lo g ic a l t re a tm e n t, 
m e m b ra n e  f ilt ra t io n , u ltra v io le t d is in fe c t io n ) . I f  d a ta  a re  n o t  re a d ily  a v a ila b le  in  th is  fo rm a t, u s e  
b e s t e n g in e e r in g  e s t im a te s .

WASTEWATER TREATMENT SYSTEM # ___________ (cont.)

M a jo r P ie ce  o f  W a s te w a te r T re a tm e n t 
S ys te m

P u rch a se d  
E q u ip m e n t C o s t In s ta lla t io n  C o s t

Y e a r C o s t 
In c u rre d

$ $

$ $

$ $

$ $

$ $

$ $

$ $

$ $

TO TA L: $ $

D -3 . W h a t d a te  w a s  th e  w a s te w a te r  t re a tm e n t  s y s te m  in s ta l le d ? _____________________ /  (m m /y y )

W h a t d a te  d id  th e  w a s te w a te r  t re a tm e n t s y s te m  b e g in  o p e ra t io n s ?  /  (m m /y y )

D -4 . P ro v id e  a c tu a l o p e ra t in g  a n d  m a in te n a n c e  (O & M ) c o s ts  p a id  a n d  ra te s  fo r  th is  w a s te w a te r  
t re a tm e n t s y s te m  d u r in g  c a le n d a r  y e a r  2 0 1 1 . In c lu d e  o p e ra t in g  la b o r, m a in te n a n c e  la b o r, 
m a in te n a n c e  e q u ip m e n t a n d  c o n tra c te d  s e rv ic e s , s a m p lin g /m o n ito r in g  c o s ts , c h e m ic a l c o s ts , a n d  
s lu d g e , o il, o r  o th e r  re s id u a l tra n s fe r  fe e s .

O & M  C a te g o ry 2 0 1 1  C o s t R a te

S h ip ’s  la b o r  (o p e ra t in g  a n d  m a in te n a n c e ) $ $ o e r/h r  
(a v e ra g e  ra te  o f  la b o r)

T ra in in g  C o s ts  (s p e c if ic  to  o p e ra t io n s  o f  
w a s te w a te r  t re a tm e n t s y s te m )

$ $ o e r/h r  
(a v e ra g e  ra te  o f  la b o r)

C o n tra c to r  la b o r  (o p e ra t in g  a n d  
m a in te n a n c e )

$ $ D e r/h r 
(a v e ra g e  ra te  o f  la b o r)

M a in te n a n c e : e q u ip m e n t a n d  m a te r ia ls  
(e .g ., s p a re  p a rts , re p la c e m e n t 
e q u ip m e n t)

$

12



A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

O & M  C a te g o ry 2 0 1 1  C o s t R a te

M a in te n a n c e : c o n tra c te d  s e rv ic e s  (e .g ., 
c o n tra c to rs , v e n d o rs )

$

C o s ts  fo r  la b o ra to ry  a n a ly s is $

C h e m ic a l c o s ts $

W a s te w a te r  t r a n s fe r  ( i.e ., a t s h o re -s id e  
fa c ility )

$ $  o e r  m 3

S lu d g e  tra n s fe r $ $ p e r  m 3

O th e r  s lu d g e  tra n s fe r ,  i f  o th e r  
c la s s if ic a t io n s  a p p ly  to  y o u r  a re a  
(specify type):

$ $  o e r  m 3

O il t r a n s fe r  (s p e c ify  s o u rc e ) : $ $  o e r  m 3

O th e r  t re a tm e n t re s id u a l (specify): $ $  Der m 3

E n e rg y  C o s ts $ $  o e r
m W

$ Der
k W

O th e r  (specify): $ $  o e r m 3 
( if  a p p lic a b le )

O th e r  (specify): $ $  p e r  m 3 
( if  a p p lic a b le )

T o ta l $

D-5. The wastewater aeration process used for the AWTS is fundamental to ammonia reduction 
performance. Please provide information on how the aeration process is performed on this 
vessel, including the operations and maintenance of the aeration system.

13



A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

D-6. Is  th e  a e ra t io n  s y s te m  d e s ig n e d  a n d  o p e ra te d  a c c o rd in g  to  th e  A W T S  V e n d o r  re c o m m e n d a t io n s ?

□  Y e s  □  N o

D-7. H a v e  y o u  m a d e  a n y  re c e n t c h a n g e s  to  th e  a e ra t io n  s y s te m  o n  th is  v e s s e l in  a n  a t te m p t to  

im p ro v e  a m m o n ia  re d u c t io n  p e r fo rm a n c e  o f  th e  A W T S ?

□  Y e s  □  N o

D-8. A re  y o u  c u rre n t ly  re s e a rc h in g  a e ra t io n  s y s te m  m o d if ic a t io n s  th a t  c o u ld  im p ro v e  a m m o n ia  

re d u c t io n  p e r fo rm a n c e  o f  th e  A W T S  in s ta lle d  o n  th is  v e s s e l?

If  y e s , w h a t  e s t im a te d  c o s ts  w o u ld  b e  in c u rre d  to  im p le m e n t a n  im p ro v e d  a e ra t io n  o f  ta n k s  a s  s e t 

o u t  b y  th e  A W T S  V e n d o r?

In s ta lla tio n  C o s ts  $ ____________________________ (U S D )

O p e ra t io n a l C o s ts  $____________________________ p e r  y e a r  (U S D )

D-9. P ro v id e  in fo rm a tio n  o n  a n y  m o d if ic a t io n s  f r o m  th e  o r ig in a l a s -b u ilt  v e n d o r  s p e c if ic a t io n s  a n d /o r  
g re a te r than  2 4  h o u r s h u t d o w n s  w h ic h  h a v e  o c c u rre d  to  th is  w a s te w a te r  t re a tm e n t  s y s te m  s in c e  
2 0 0 4 . M o d if ic a t io n s  m a y  in c lu d e  th e  re p la c e m e n t, u p g ra d e , o r  a d d it io n  o f  o n e  o r  m o re  
w a s te w a te r  tre a tm e n t  sys tem  c o m p o n e n ts . E x p la in  w h y  t re a tm e n t sys tem  c o m p o n e n ts  h a v e  
b e e n  re p la c e d , u p g ra d e d , o r  a d d e d  (e.g., c o m p lia n c e  w ith  w a s te w a te r  p e rm it.)  I f  th e  t re a tm e n t 
s y s te m  w a s  s h u t d o w n , p le a se  e x p la in  w h y . In c lu d e  th e  c o s ts  fo r  th e s e  m o d if ic a t io n s  o r 
s h u td o w n s .

WASTEWATER TREATMENT SYSTEM i t ___________ (cont.)

S h u t D o w n  o r  
M o d if ic a t io n ?

D ate  R ange  
(m m /d d /y y  -  
m m /d d /y y )

T re a tm e n t
S ys te m

A ffe c te d
R eason C o s t (U SD )

□  Shut Down

□  Modification

$

□  Shut Down

□  Modification

$

□  Shut Down 

O  Modification

$

□  Shut Down 

0  Modification

$

14



A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

D-10. P ro v id e  in fo rm a tio n  o n  a n y  m o d if ic a t io n s  f r o m  th e  o r ig in a l a s -b u ilt  v e n d o r  s p e c if ic a t io n s  a n d /o r  
g re a te r than  2 4  h o u r s h u t d o w n s  p la n n e d  to  o c c u r  to  th is  w a s te w a te r tre a tm e n t sys te m  d u r in g  th e  
n e x t f iv e  y e a rs  (2 0 1 2  th ro u g h  2 0 1 6 ) . E x p la in  w h y  th e  tre a tm e n t s y s te m  w ill b e  re p la c e d , 
u p g ra d e d , o r  a d d e d . I f  th e  t re a tm e n t s y s te m  w il l  b e  s h u t d o w n , p le a se  e x p la in  w h y . In c lu d e  th e  
e s tim a te d  c o s ts  fo r  th e s e  m o d if ic a t io n s  o r  s h u td o w n s .

WASTEWATER TREATMENT SYSTEM # ___________ (cont.)

S h u t D o w n  o r 
M o d if ic a t io n ?

Y e a r
P la n n e d

T re a tm e n t
S y s te m
A ffe c te d

R eason C o s t (USD)

□  Shut Down 

0  Modification

$

0  Shut Down 

0  Modification

$

0  Shut Down 

0  Modification

$

0  Shut Down 

0  Modification

$

D-11. P ro v id e  in fo rm a tio n  o n  a n y  m o d if ic a t io n s  to  th e  s e w a g e  o r  g ra y w a te r  g e n e ra t io n , p ip in g , o r  
c o lle c t io n /h o ld in g  s y s te m s  (o th e r  th a n  t re a tm e n t)  s in c e  2 0 0 4 . M o d if ic a t io n s  m a y  in c lu d e  th e  
re p la c e m e n t, u p g ra d e , re ro u t in g , o r  a d d it io n  o f  s y s te m  c o m p o n e n ts . E x p la in  w h y  th e  c o m p o n e n ts  
h a v e  b e e n  re p la c e d , u p g ra d e d , re ro u te d , o r  a d d e d  (e .g ., re ro u te  g ra y w a te r  s o u rc e s  fro m  
o v e rb o a rd  d is c h a rg e  to  g ra y w a te r  c o lle c t io n  a n d  h o ld in g  ta n k s ).  In c lu d e  th e  c o s ts  fo r  th e s e  
m o d if ic a t io n s .

M o d i f ic a t io n D a te R e a s o n  f o r  M o d i f ic a t io n
C o s t

(U S D )

$

$

$

$
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A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

WASTEWATER TREATMENT SYSTEM # ___________ (cont.)

D-12. P ro v id e  in fo rm a tio n  o n  a n y  m o d if ic a t io n s  fo r  th e  s e w a g e  o r  g ra y w a te r  g e n e ra t io n , p ip in g , o r
c o lle c t io n /h o ld in g  s y s te m s  (o th e r  th a n  tre a tm e n t)  p la n n e d  to  o c c u r  d u r in g  th e  n e x t f iv e  y e a rs  (2 0 1 2  
th ro u g h  2 0 1 6 )  in  o rd e r  to  re d u c e  a m m o n ia  a n d /o r  d is s o lv e d  m e ta ls  in  e f f lu e n t . E x p la in  w h y  th e  
s y s te m s  w ill be  re p la c e d , u p g ra d e d , re ro u te d , o r  a d d e d . In c lu d e  th e  e s t im a te d  c o s ts  fo r  th e s e  
m o d if ic a t io n s .

P la n n e d
M o d if ic a t io n

Y e a r P la n n e d R eason C o s t (USD)

$

$

$

$

D-13. In  th e  ta b le  b e lo w , p ro v id e  th e  lo c a t io n  a n d  d im e n s io n s  o f  th e  s p a c e s  h o u s in g  th e  w a s te w a te r  
t re a tm e n t s y s te m (s )  (e x c lu d in g  a ll h o ld in g  ta n k s ).  In c lu d e  s p a c e  n e e d e d  to  s u p p o r t  th e  
w a s te w a te r  t re a tm e n t  s y s te m , s u c h  a s  o n -b o a rd  la b o ra to ry  s p a c e  a n d /o r  c h e m ic a l/e q u ip m e n t 
s to ra g e  s p a c e . In  a d d it io n , p ro v id e  th e  w a s te w a te r  t re a tm e n t s y s te m  c o m p o n e n ts  h o u s e d  in e a c h  
s p a c e . A ll w a s te w a te r  t re a tm e n t  sys tem  co m p o n e n ts  in d ic a te d  in S e c t io n  3  a n d /o r  a n c illa ry  
e q u ip m e n t s h o u ld  b e  in c lu d e d  in  th is  ta b le . A s s ig n  e a c h  s p a c e  a  n a m e  (e.g., S p a c e  # 1 ).

S p a c e  N am e
L o c a tio n  o n  

C ru is e  V e s s e l D im e n s io n s
T re a tm e n t S ys te m  C o m p o n e n ts  

H o u s e d  in  th is  S pace

Length (m)
Width (m)
Height (m)

Length (m)
Width (m)
Height (m)

Length (m)
Width (m)
Height (m)

Length (m)
Width (m)
Height (m)
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D -1 4 . Is  s p a c e  a v a ila b le  to  in s ta ll a d d -o n  w a s te w a te r  t re a tm e n t s y s te m  c o m p o n e n ts  in  o r  n e a r  th e  
s p a c e  h o u s in g  th e  w a s te w a te r  tre a tm e n t s y s te m ?

□  Y e s  □  N o  (Goto QuestionD-15)

A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

WASTEWATER TREATMENT SYSTEM # ___________ (cont.)

In  th e  ta b le  b e lo w , p ro v id e  th e  d im e n s io n s  o f  th e  a re a s  o f  th e  s p a c e s  h o u s in g  th e  w a s te w a te r  
t re a tm e n t s y s te m (s )  a v a ila b le  to  in s ta ll a d d it io n a l w a s te w a te r  tre a tm e n t u n its , i f  re q u ire d .

S p a ce  N am e
D im e n s io n s  o f  A re a  A v a ila b le  to  In s ta ll A d d it io n a l 

W a s te w a te r T re a tm e n t S y s te m  C o m p o n e n ts

Length (m)
W id th  (m)
H e igh t (m)

Length (m)
W id th  (m)
H e igh t (m)

Length (m)
W id th  (m)
H e igh t (m)

Length  (m)
W id th  (m)
H e igh t (m)

D -1 5. If  y o u  h a d  to  in s ta ll a d d -o n  w a s te w a te r  tre a tm e n t s y s te m  c o m p o n e n ts , in d ic a te  b e lo w  th e  lo c a tio n  
a n d  d im e n s io n s  o f  s p a c e s , in c lu d in g  s p a c e s  e ls e w h e re  on  th e  c ru is e  v e s s e l w h e re  w a s te w a te r  
t re a tm e n t  s y s te m  c o m p o n e n ts  m ig h t b e  in s ta lle d . T h is  s p a c e  c o u ld  in c lu d e  s p a c e  c u rre n tly  
o c c u p ie d  b y  o b s o le te  e q u ip m e n t.  In  a d d it io n , p ro v id e  w h e th e r  th e  s p a c e  h a s  a c c e s s  to  u t ilit ie s  a n d  
th e  d is ta n c e  o f  th e  s p a c e  fro m  th e  c u rre n t w a s te w a te r  t re a tm e n t  s y s te m .

Location on Cruise Vessel Dimensions of Space
Access to 
Utilities?

Distance from Current 
Wastewater Treatment 

System

Wastewater 
Treatment 

System No.

Length (m) [U  Yes 

□  No
mWidth (m)

Height (m)

Length (m) □  Yes

□  No
mWidth (m)

Height (m)

Length (m) D  Yes 

□  No
mWidth (m)

Height (m)

Length (m) □  Yes

□  No
mWidth (m)

Height (m)

Length (m) □  Yes

□  No
mWidth (m)

Height (m)

Length (m) 1 1 Yes 

□  No
mWidth (m)

Height (m)
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A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

D -1 6 . W o u ld  it b e  fe a s ib le  fo r  th is  s h ip  to  in s ta ll a d d it io n a l w a s te w a te r  t re a tm e n t sys tem  com ponen ts  
s p e c if ic  to  a m m o n ia  a n d /o r  d is s o lv e d  m e ta ls  re m o v a l, in  te rm s  o f  a v a ila b le  s p a c e ?

□  Y e s

□  N o

If y o u  a n s w e re d  no , p le a s e  e x p la in  th e  lim it in g  fa c to rs :

WASTEWATER TREATMENT SYSTEM # ___________ (cont.)

D -1 7 . If  a d d it io n a l A W T S  c o m p o n e n ts  w e re  to  b e  in s ta lle d  in  th e  fu tu re , h o w  m u c h  p o w e r  g e n e ra t io n  

c a p a c ity  is  a v a ila b le  o n  th e  s h ip  to  o p e ra te  th o s e  a d d it io n a l c o m p o n e n ts ?

__________________ k W /h o u r
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SECTION E: POLLUTION PREVENTION METHODS
S e c tio n  E  re q u e s ts  in fo rm a tio n  to  e v a lu a te  th e  s ta tu s  o f  c u rre n t p o llu t io n  p re v e n tio n  m e th o d s  u se d  
o n b o a rd  th is  c ru is e  v e s s e l,  id e n t ify  p o llu t io n  p re v e n t io n  te c h n o lo g ie s , a n d  q u a n tify  th e  p e r fo rm a n c e  
o f  th e  m e th o d s . T h e  in fo rm a tio n  w ill id e n t ify  s p e c if ic  m e th o d s  th a t m a y  b e  d e s c r ib e d  b y  th e  P a n e l.

I f  y o u  p r o v id e  a n  e s t im a te ,  n o te  th e  m e th o d s  t h a t  w e re  u s e d  t o  m a k e  th e  e s t im a te  o n  th e  
“ C o m m e n ts ”  p a g e  (p a g e  3, A -2 )  a lo n g  w i t h  t h e  q u e s t io n  n u m b e r  to  w h ic h  th e  e s t im a te  r e fe r s .

E -1 . P o llu t io n  P re v e n tio n  M e th o d s

P le a se  lis t  e n v iro n m e n ta l m a n a g e m e n t, p o llu t io n  p re v e n tio n , o r w a s te  re d u c t io n  m e th o d s  

im p le m e n te d  to  re d u c e  c o n c e n tra t io n s  o f  p o llu ta n ts  in e ff lu e n t d u r in g  th e  2 0 1 1  c ru is e  s e a s o n .

1.  
2. _______________________________________________
3. _____________________________________________________
4. ___________________________________________________

5. _____________________________________________________
6. _______________________________________________
7. ________________________________________________________

8. ________________________________________________
9. ______________________________________________________________________

10. _______________________________________________
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A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

E -2 . F o r  e a c h  p o l lu t io n  p r e v e n t io n  m e th o d  l is te d  a b o v e ,  p le a s e  a n s w e r  th e  f o l lo w in g  q u e s t io n s  
(m a k e  a  c o p y  o f  t h is  a n d  th e  f o l lo w in g  p a g e  f o r  e a c h  m e th o d . )

(a) Id e n tify  th e  lis t n u m b e r  fro m  E-1 a n d  d e s c r ib e  m e th o d :

(b ) W a s  th e  m e th o d  e m p lo y e d  y e a r- ro u n d  o r  o n ly  w h ile  th e  v e s s e l w a s  o p e ra t in g  in A la s k a  w a te rs ?

□  Y e a r - ro u n d  □  O n ly  in A la s k a  w a te rs

(c) L is t a ffe c te d  c ru is e  v e s s e l p ro c e s s (e s )  a n d  w a s te w a te r  s tre a m s :.

(d ) L is t ta rg e te d  p o llu ta n ts :

(e ) C o s t a n d /o r  s a v in g s  o f  im p le m e n tin g  m e th o d : $ __________________________________________________

C o s t o f  in s ta lla t io n /im p le m e n ta t io n  $ ______________________________________________________________

N e t c h a n g e  in  o p e ra t in g  c o s ts  a s  a re s u lt  o f  th e  m e th o d : $______________________

(f) W h a t w a s  th e  re d u c t io n  in  th e  q u a n tity  o f  w a s te w a te r  g e n e ra te d  a s  a  re s u lt  o f  th is  
m e th o d ?

__________________________ m 3/d a y

(g ) W h a t w a s  th e  re d u c t io n  in  th e  q u a n tity  o f  fre s h  (p o ta b le )  w a te r  re q u ire m e n ts  a s  a  re s u lt  o f  th is
m e th o d ?

_____________________ m3/day

20



E -2 . ( c o n t . )  M e th o d  n u m b e r  f r o m  E - l : _______________________

(h) D id  th e  m e th o d  re s u lt  in  a  c h a n g e  in c h e m ic a ls /p o llu ta n ts  d is c h a rg e d  in  w a s te w a te r?

□  Y e s  □  N o  (Go to Question E-3)

(i)
W h a t w a s  th e  c h a n g e  in  c h e m ic a ls /p o llu ta n ts  d is c h a rg e d  in  w a s te w a te r?

A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

C h e m ic a l /P o l lu ta n t
Increase o r  Decrease in  

Q u a n t i t y  D is c h a r g e d ?
C h a n g e  in  Q u a n t i t y ?

□  in c re a s e kg /d a y

□  d e c re a s e lite rs /d a y

□  in c re a s e kg /d a y

□  d e c re a s e lite rs /d a y

□  in c re a s e kg /d a y

□  d e c re a s e lite rs /d a y

(i) W h a t  w a s  th e  c h a n g e  in  th e  q u a n t ity  o f  s o lid s  g e n e ra te d ?

S o lid

Increase o r  Decrease in  

Q u a n t i t y  D is c h a r g e d ? C h a n g e  in  Q u a n t i t y ?

□  in c re a s e  o r  D  d e c re a s e kg /d a y

□  in c re a s e  o r  □  d e c re a s e k g /d a y

□  in c re a s e  o r  □  d e c re a s e k g /d a y

E -3 . Im p le m e n ta t io n  o f  F u tu r e  P o l lu t io n  P r e v e n t io n  P r a c t ic e s

D o  y o u  p la n  o n  im p le m e n t in g  a n y  p o llu t io n  p re v e n tio n , p o llu t io n  m a n a g e m e n t, o r  w a s te  
re d u c t io n  p ra c t ic e s  in th e  fu tu re ?  I f  so , p le a s e  lis t b e lo w .

P ra c tic e S c h e d u le d  Im p le m e n ta t io n  (d a te )
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SECTION F: POLLUTION DISCHARGE PRACTICES
S e c t io n  F re q u e s ts  in fo rm a tio n  to  e v a lu a te  th e  p a tte rn  o f  d is c h a rg e  p ra c t ic e s  fo r  th is  c ru is e  v e s s e l,  
id e n tify  p o llu t io n  c o n tro l m e th o d s , a n d  q u a n tify  th e  p e r fo rm a n c e  o f  th e  p ra c t ic e s . T h e  re s p o n s e s  w ill 
in fo rm  A D E C  a b o u t h o ld in g  a lte rn a t iv e s  u s e d  b y  th e  v e s s e l to  m e e t  p e rm itte d  s ta n d a rd s .

F -1 . D e s c r ib e  y o u r  t r e a te d  w a s te w a te r  d is c h a rg e  p ra c t ic e s  w h ile  o p e ra t in g  in w a te rs  in  a n d  n e a r
A la s k a . P le a s e  c h e c k  a ll th a t  a p p ly  a n d  in d ic a te  th e  re a s o n s  th is  c ru is e  v e s s e l u s e s  th is  m e th o d .

□  D is c h a rg e  w a s te w a te r  in  w a te rs  in a n d  n e a r  A la s k a  o n ly  w h e n  m o re  th a n  1 n a u tic a l m ile  
f ro m  s h o re  w h ile  t ra v e lin g  a t  m o re  th a n  6  k n o ts  ___________________________________________

C o n tin u o u s  d is c h a rg e  o f  w a s te w a te r  in  w a te rs  in  a n d  n e a r  A la s k a

□  H o ld  w a s te w a te r  fo r  d is c h a rg e  o u ts id e  A la s k a  w a te rs  (o u ts id e  3  n m )

□  O th e r

F -2 . Is  th e  t r e a te d  w a s te w a te r  re u s e d ?

□  Y e s

□  N o

I f  y e s , fo r  w h a t?

I f  no , s ta te  th e  re a s o n (s )  th e  tre a te d  w a s te w a te r  is n o t re u s e d .
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F -3 . If  s h o re -s id e  t re a tm e n t  fa c il it ie s  w e re  a v a ila b le , w o u ld  y o u  o ff- lo a d  w a s te w a te r  to  th e m  
in s te a d  o f  u s in g  th e  ve s s e l’s  w a s te w a te r  t re a tm e n t s y s te m ?

□  Y e s

□  N o

E x p la in  w h y  o r  w h y  no t.

F -4 . A t  a p p ro x im a te ly  w h a t  u n it c o s t  w o u ld  u s e  o f  s h o re -s id e  fa c il it ie s  b e c o m e  p ro h ib it iv e ?

$ ________________ p e r  m 3

F -5 . H o w  d o  y o u  v ie w  y o u r  v e s s e l’ s  w a s te w a te r  d is c h a rg e  p a tte rn s :

□  A  m a n a g e a b le  p a r t  o f  d o in g  b u s in e s s  in  A la s k a

□  A  b u rd e n  to  s e tt in g  a n  id e a l c ru is e  it in e ra ry

□  A  s ig n if ic a n t d is ru p t io n  to  b u s in e s s  o p e ra t io n s

□  A n  o p e ra t io n a l c o m p ro m is e  th a t  re d u c e s  o v e ra ll p ro fits

□  O th e r  - P le a s e  d e s c r ib e :_____________________________________

F -6 . D o e s  re c e iv in g  a c o n t in u o u s  d is c h a rg e  a p p ro v a l h e lp  e a s e  th e  b u rd e n  o f  m a n a g in g  w a s te w a te r  
d u r in g  A la s k a  c ru is e s ?  I f  so , h o w ?

F -7 . D o  e x is t in g  s ta te  o r  fe d e ra l w a s te w a te r  re g u la t io n s  a ffe c t th is  v e s s e l’s  i t in e ra r ie s ?  If so , p le a s e  
d e s c r ib e  h o w .
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F -8 . D o  e x is t in g  s ta te  o r  fe d e ra l w a s te w a te r  re g u la t io n s  a f fe c t  th is  v e s s e l’s  d is c h a rg e  p ra c t ic e s ?  I f  so , 
p le a s e  d e s c r ib e  how .

F -9 . D o y o u  fo re s e e  m a k in g  c h a n g e s  to  th is  v e s s e l’s it in e ra r ie s  b a s e d  on m e e tin g  A la s k a  w a s te w a te r  
p e rm it c o n d it io n s  in  th e  fu tu re ?  P le a s e  e x p la in  w h y  o r  w h y  n o t.

F -10 . D o  y o u  fo re s e e  m a k in g  c h a n g e s  to  th is  v e s s e l’s  d is c h a rg e  p ra c t ic e s  b a s e d  o n  m e e tin g  A la s k a  
w a s te w a te r  p e rm it c o n d it io n s  in th e  fu tu re ?  P le a s e  e x p la in  w h y  o r  w h y  n o t.

F -11 . P le a s e  p ro v id e  a n y  fu r th e r  c o m m e n ts  y o u  w is h  to  s h a re  w ith  A D E C  re g a rd in g  th is  v e s s e l's  
w a s te w a te r  d is c h a rg e  s tra te g ie s .
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SECTION G: BEST AVAILABLE CONTROL TECHNOLOGY EVALUATION
S e c tio n  G  re q u e s ts  in fo rm a tio n  needed to  e v a lu a te  m e th o d s  fo r  p o llu t io n  p re v e n tio n , c o n tro l, a nd  
t re a tm e n t u s in g  a  B e s t A v a ila b le  C o n tro l T e c h n o lo g ie s  (B A C T ) f ra m e w o rk . P le a s e  p ro v id e  y o u r  
b e s t e s t im a te s  o f  fe a s ib i l i ty  a n d  c o s t  fo r  p o llu t io n  p re v e n tio n , c o n tro l,  a n d  tre a tm e n t o p tio n s .

T re a tm e n t o p t io n s  c o n s is t  o f  a d d -o n  p o lis h in g  u n its  to  re d u c e  c o n c e n tra t io n s  o f  a m m o n ia , 
d is s o lv e d  c o p p e r , d is s o lv e d  n ic k e l, a n d  d is s o lv e d  z in c  to  A la s k a  W a te r  Q u a lity  S ta n d a rd s  (A W Q S ) 
a t th e  p o in t o f  d is c h a rg e . In a d d it io n , a w o rk s h e e t is  p ro v id e d  in  th e  e v e n t y o u r  p la n s  in c lu d e  
re p la c in g  th e  A W T S  fo r  a n  in d iv id u a l sh ip .

P le a s e  c o m p le te  th e  g ra y  a re a s  o f  e a c h  w o rk s h e e t w ith  th e  m o s t a c c u ra te  in fo rm a tio n  o r  e s t im a te s  
a v a ila b le .

G -1 :  I n f lu e n t /E f f lu e n t  I n fo r m a t io n  
G -2 :  A d d - o n  W a s te w a te r  T re a tm e n t  O p t io n s  
G -3 : P o l lu t io n  P r e v e n t io n  M e th o d s  
G -4 : P o l lu t io n  C o n t r o l  M e th o d s
G -5 : R e p la c e m e n t  W a s te w a te r  T re a tm e n t  S y s te m  O p t io n s

2 5
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I n s t r u c t io n s :

In th e  ta b le  b e lo w , A D E C ’s  C ru is e  S h ip  P ro g ra m  u s e d  in fo rm a t io n  p ro v id e d  w ith  th e  N o tic e  o f  In te n t  fo r  G e n e ra l P e rm it  2 0 0 9 D B 0 0 2 6  to  o u t lin e  e f f lu e n t 

c o n c e n tra t io n s  th a t  a re  ty p ic a lly  d is c h a rg e d  fro m  th e  s h ip . P le a s e  p ro v id e  in f lu e n t c o n c e n tra t io n s  a n d  re m o v a l p e rc e n ta g e s  fo r  p o llu ta n ts  lis te d  b e lo w ; th is  w ill 

a llo w  A D E C  to  b e t te r  u n d e rs ta n d  th e  p e r fo rm a n c e  o f  th e  A W T S  c u r re n t ly  in s ta lle d  o n  th e  s h ip . A S  4 6 .0 3 .3 6 2

B e st  A vailable T ech n o lo g y  Evaluation
G -1: Influent/Effluent Information

N a m e  o f  P e r m i t te d  O p e ra to r /V e s s e l :

M a x im u m  P a s s e n g e r  +  C r e w  C a p a c i t y :________

E x is t in g  W W T  S y s te m :

D e s ig n  C a p a c i ty :

M a x im u m  B W  G e n e r a t io n :____ M a x im u m  G W  G e n e r a t io n :

A v e r a g e  D is c h a r g e  F lo w  r a te :  M a x im u m  D is c h a r g e  F lo w  ra te :

P o l lu ta n t A W Q S

I n f lu e n t  M a s s  L o a d in g ,  

p o u n d s  p e r  d a y  

o p e r a te d  ( p r o v id e  r a n g e  

a n d  a v e ra g e )

I n f lu e n t  C o n c e n t r a t io n s  

( p r o v id e  r a n g e  a n d  

a v e ra g e  o f  p o te n t ia l  

i n f lu e n t  c o n c e n t r a t io n s )

A v e r a g e  2 0 1 1  

E f f lu e n t  C o n c e n t r a t io n s  

( n = X )

R e m o v a l

(P e rc e n t )

A m m o n ia 1 .0  m g / l

C o p p e r 3 .1  p g / l

N ic k e l 8 .2  p g / l

Z in c 8 1 .0  p g / l

B O D
6 0  m g / l  L im it ,  

M a x im u m

T S S
1 5 0  m g / l L im it ,  

M a x im u m

2 6
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P o l lu ta n t A W Q S

I n f lu e n t  M a s s  L o a d in g ,  

p o u n d s  p e r  d a y  

o p e r a te d  ( p r o v id e  r a n g e  

a n d  a v e ra g e )

I n f lu e n t  C o n c e n t r a t io n s  

( p r o v id e  r a n g e  a n d  

a v e ra g e  o f  p o te n t ia l  

in f lu e n t  c o n c e n t r a t io n s )

A v e r a g e  2 0 1 1  

E f f lu e n t  C o n c e n t r a t io n s  

(n = X )

R e m o v a l

(P e rc e n t )

F e c a l C o lifo rm
4 3  p e r  1 0 0  m i l l i l i t e r s  

L im i t ,  M a x im u m

R e s id u a l C h lo r in e
0 .0 0 7 5  m g / l  

L im i t ,  M a x im u m

GW = Gray Water 
BW = Black Water
AWQS = Alaska Water Quality Standards
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I n s t r u c t io n s :  P le a s e  p ro v id e  in fo rm a t io n  o n  a d d -o n  w a s te w a te r  t re a tm e n t  (W W T ) te c h n o lo g ie s  th a t  a re  in te n d e d  to  m e e t A la s k a  W a te r  Q u a lity  S ta n d a rd s  a t  th e  

p o in t o f  d is c h a rg e  o r  to  im p ro v e  e f f lu e n t  q u a lity  fo r  a m m o n ia  a n d  d is s o lv e d  m e ta ls . A d d -o n  W W T  te c h n o lo g ie s  a re  d e f in e d  h e re  a s  w a s te w a te r  t re a tm e n t  s y s te m s  

(o r  c o m p o n e n ts )  th a t  c a n  b e  a d d e d  o n  to  a n d  e n h a n c e  th e  re m o v a l p e r fo rm a n c e  o f  a n  e x is t in g  a d v a n c e d  w a s te w a te r  t re a tm e n t  s y s te m  (A W T S .)

B e st  A vailable T ech n o lo g y  Evaluation
G-2: A dd-on W astew ater T reatm ent (WWT) O ptions

N a m e  o f  P e r m i t te d  O p e r a to r /V e s s e l :  * * ln d iv id u a l C ru is e  S h ip * *

P o l lu ta n t A d d - O n  W W T  O p t io n s

P o te n t ia l  A d d - O n  

W W T  T e c h n o lo g y

E s t im a te d  

A d d i t io n a l  

R e m o v a l (% ) -  

T e c h n ic a l  

E f fe c t iv e n e s s

E s t im a te d

d e s ig n

c a p a c i t y

(m 3/d a y )

T e c h n ic a l

F e a s ib i l i t y

P le a s e  ra te  f r o m  o f  

0  ( lo w )  t o  1 0  ( h ig h ) .  

U s e  la s t  p a g e  t o  

e x p la in  r a t in g .

E s t .  C a p ita l  

C o s t  (U S D )

F ro m  N o te  1, 

b e lo w

E s t .  A n n u a l  O & M  

C o s t  (U S D /y r )

F ro m  N o te  2 , 

b e lo w

R a n k  O p t io n s  a s  

F ir s t ,  S e c o n d ,  e tc .  

b a s e d  o n  

f e a s ib i l i t y  a n d  

c o s t .

A m m o n ia 1. M e m b ra n e  

P ro c e s s

2. A d s o rp t io n

3. O th e r  (s p e c ify )

C o p p e r B a s e d  o n  th is  d a ta , 

n o  a d d -o n  t re a tm e n t 

n e e d e d  fo r  c o p p e r
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P o l lu ta n t A d d - O n  W W T  O p t io n s

P o te n t ia l  A d d - O n  

W W T  T e c h n o lo g y

E s t im a te d  

A d d i t io n a l  

R e m o v a l (% ) -  

T e c h n ic a l  

E f fe c t iv e n e s s

E s t im a te d

d e s ig n

c a p a c i t y

(m 3/d a y )

T e c h n ic a l

F e a s ib i l i t y

P le a s e  ra te  f r o m  o f  

0  ( lo w )  t o  1 0  ( h ig h ) .  

U s e  la s t  p a g e  t o  

e x p la in  r a t in g .

E s t .  C a p ita l  

C o s t  (U S D )

F ro m  N o te  1, 

b e lo w

E s t .  A n n u a l  O & M  

C o s t  (U S D /y r )

F ro m  N o te  2 , 

b e lo w

R a n k  O p t io n s  a s  

F ir s t ,  S e c o n d ,  e tc .  

b a s e d  o n  

f e a s ib i l i t y  a n d  

c o s t .

N ic k e l 1. M e m b ra n e  

P ro c e s s

2. Io n  E x c h a n g e  ( IX )

P o lis h in g -O n -s h ip

R e g e n e ra t io n

3. ( IX )  P o lis h in g -  

L o a d  &  D is p o s e  

o f  R e s in s

4 . O th e r  (s p e c ify )

Z in c 1. M e m b ra n e  

P ro c e s s

2. Io n  E x c h a n g e  (IX )

P o lis h in g -O n -s h ip

R e g e n e ra t io n

3. ( IX )  P o lis h in g -  

L o a d  &  D is p o s e  

o f  R e s in s

4 . O th e r  (s p e c ify )

2 9
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I n  t h e  s p a c e  b e lo w ,  p le a s e  p r o v i d e  y o u r  r e a s o n in g  f o r  t h e  t e c h n i c a l  f e a s i b i l i t y  r a t i n g s  y o u  h a v e  a s s ig n e d  t o  t h e  o p t i o n s  a b o v e .  

R e f e r e n c e  a  s p e c i f i c  a d d - o n  t r e a t m e n t  o p t i o n ,  w h e r e  a p p l i c a b le . ____________________________________________________________________________________

Feasibility is a subjective rating o f the practicality o f the technology in terms of engineering and other operational aspects. For example, is

there adequate space, capacity and power to operate add-on technologies?
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C o s t  C a lc u la t io n  T a b le s  ( p le a s e  p h o to c o p y  a n d  f i l l  o u t  N o te s  1 a n d  2  f o r  e a c h  A d d - o n  W W T  O p t io n  l is t e d  in  t h e  ta b le  a b o v e . )

Note 1

^ ♦ I n d i v i d u a l  C r u i s e  S h i p * *  A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

T y p e  o f  

C o s t C a p ita l  C o s ts C o s t  (U S D )

D ir e c t Purchased equipment ( in c lu d e s  a ll e q u ip m e n t  fo r  th e  in s ta lla t io n  o r  u p g ra d e : m e c h a n ic a l e q u ip m e n t; 
e le c tr ic a l e q u ip m e n t;  s p a re  p a r ts  a n d  n o n in s ta lle d  e q u ip m e n t  s p a re s ; f re ig h t c h a rg e s ;  ta x e s , in s u ra n c e , 
a n d  d u t ie s )

$

Purchased equipment installation ( in c lu d e s  in s ta lla t io n  o f  a ll e q u ip m e n t: e le c tr ic a l e q u ip m e n t, 

m e c h a n ic a l e q u ip m e n t,  s tru c tu ra l s u p p o r ts ,  in s u la t io n , a n d  p a in t)

$

Instrumentation and control ( in c lu d e s  p u rc h a s e , in s ta lla t io n ,  a n d  c a lib ra t io n ) $

Piping ( in c lu d e s  c o s t  o f  p ip e , p ip e  h a n g a rs , f it t in g s , v a lv e s , in s u la t io n , a n d  in s ta lla t io n ) $

In d i r e c t Engineering costs ( in c lu d e s  p ro c e s s  d e s ig n  a n d  g e n e ra l e n g in e e r in g ,  d ra ft in g , c o s t  e n g in e e r in g , 

c o n s u lt in g  fe e s , s u p e rv is io n ,  in s p e c t io n )

$

Construction expenses ( in c lu d e s  c o n s tru c t io n  to o ls  a n d  e q u ip m e n t; p e rm its , ta x e s , in s u ra n c e ) $

Contractor’s fees ( in c lu d e s  c o n tra c to r  c o s ts  fo r  p ro c u re m e n t,  h a n d lin g , a n d  o v e rs ig h t) $

Contingency actually expended (to c o m p e n s a te  fo r  u n p re d ic ta b le  e v e n ts  s u c h  a s  s to rm s , f lo o d s , 
s tr ik e s , p r ic e  c h a n g e s , e r ro rs  in  e s t im a te s ,  d e s ig n  c h a n g e s  (u n e x p e c te d  re tro f it  c o s ts ) ,  e tc .)

$

T o ta l  c a p i t a l  c o s t  f o r  o p t io r $
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N o te  2

O & M  C a te g o r y E s t im a te d  A n n u a l  C o s t  (U S D ) R a te  (U S D )

S h ip ’s  la b o r  (o p e ra t in g  a n d  m a in te n a n c e ) $ $  p e r /h r  (a v e ra a e  ra te  o f  la b o r)

T ra in in g  C o s ts  (s p e c if ic  to  o p e ra t io n s  o f  w a s te w a te r  t re a tm e n t  

s y s te m )

$ $  D e r/h r  (a v e ra a e  ra te  o f  la b o r)

C o n tra c to r  la b o r  (o p e ra t in g  a n d  m a in te n a n c e ) $ $  p e r /h r  (a v e ra q e  ra te  o f  la b o r)

M a in te n a n c e : e q u ip m e n t a n d  m a te r ia ls  (e .g ., s p a re  p a rts , 
r e p la c e m e n t e q u ip m e n t)

$

M a in te n a n c e : c o n tra c te d  s e rv ic e s  (e .g ., c o n tra c to rs ,  v e n d o rs ) $

C o s ts  fo r  la b o ra to ry  a n a ly s is $

C h e m ic a l c o s ts $

W a s te w a te r  t ra n s fe r  ( i.e ., a t  s h o re -s id e  fa c il ity ) $ $  D er m 3

S lu d g e  t ra n s fe r $ $  p e r  m 3

O th e r  s lu d g e  tra n s fe r ,  i f  o th e r  c la s s if ic a t io n s  a p p ly  to  y o u r  
a re a  (specify type):

$ $  p e r  m 3

O il t r a n s fe r  (s p e c ify  s o u rc e ) : $ $  p e r  m 3

O th e r  t re a tm e n t  re s id u a l (specify): $ $  p e r  m 3

E n e rg y  C o s ts $ $  p e r  m W  

$  p e r  k W

O th e r  (specify): $ $  p e r  m 3  

( if  a p p lic a b le )

O th e r  (specify): $ $  p e r  m 3 

( if  a p p lic a b le )

T o ta l  O & M  C o s ts $

3 2
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I n s t r u c t io n s :  P le a s e  p ro v id e  in fo rm a t io n  re g a rd in g  p o llu t io n  p re v e n tio n  m e th o d s  th a t  a re  c a p a b le  o f  re d u c in g  th e  a m o u n t o f  a m m o n ia  a n d  d is s o lv e d  m e ta ls  in 

c ru is e  s h ip  w a s te w a te r  a n d  h e lp  y o u r  v e s s e l a c h ie v e  c o m p lia n c e  w ith  A W Q S  a t th e  p o in t o f  d is c h a rg e . P re v e n tio n  m e th o d s  a re  d e f in e d  h e re  a s  th o s e  m e a s u re s  

th a t  re d u c e  th e  a m o u n t  o f  a  p o llu ta n t  th a t  e n te rs  w a s te w a te r  s tre a m s  th a t  a re  s u b s e q u e n t ly  d is c h a rg e d  fro m  th e  c ru is e  s h ip . E x a m p le s  in c lu d e  b a n n in g  a m m o n ia  

b a s e d  c le a n e rs  a n d  s u b s t itu t io n  o f  p ip in g  m a te r ia l.

B e s t  A vailab le T ech n o lo g y  Evaluation
G-3: P ollution  P revention  M ethods

N a m e  o f  P e r m i t te d  O p e r a to r /V e s s e l :  * * ln d iv id u a l C ru is e  S h ip * *

P o l lu ta n t P r e v e n t io n  M e th o d s

M e th o d  c a p a b le  o f  

r e d u c in g  a m o u n t  o f  

p o l lu t a n t  e n te r in g  

w a s te w a te r

M e th o d  

c u r r e n t ly  in  

u s e ?

(y e s /n o )

R e d u c t io n  w i t h  

P r e v e n t io n  M e th o d

( % ) -
T e c h n ic a l

E f fe c t iv e n e s s

T e c h n ic a l

F e a s ib i l i t y

P le a s e  r a te  f r o m  0 

( lo w )  t o  1 0  ( h ig h ) .  

U s e  n e x t  p a g e  t o  

e x p la in  r a t in g .

Im p le m e n ta t io n

F e a s ib i l i t y

P le a s e  ra te  

f r o m  0  ( lo w )  t o  

1 0  ( h ig h ) .  U s e  

n e x t  p a g e  t o  

e x p la in  r a t in g .

E s t im a te d  

A n n u a l  C o s t

(U S D )

R a n k  M e th o d s  

a s  F ir s t ,  

S e c o n d ,  e tc .

A m m o n ia 1. P ro d u c t S u b s t itu t io n

2 . O th e r  (s p e c ify )

3 . O th e r  (s p e c ify )

C o p p e r 1. P ro d u c t S u b s t itu t io n

2 . M a n a g e m e n t o f  w a te r  

h a rd n e s s
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P o l lu ta n t P r e v e n t io n  M e th o d s

M e th o d  c a p a b le  o f  

r e d u c in g  a m o u n t  o f  

p o l lu t a n t  e n te r in g  

w a s te w a te r

M e th o d  

c u r r e n t ly  in

u s e ?

( y e s /n o )

R e d u c t io n  w i t h  

P r e v e n t io n  M e th o d

< % ) -
T e c h n ic a l

E f fe c t iv e n e s s

T e c h n ic a l

F e a s ib i l i t y

P le a s e  r a te  f r o m  0 

( lo w )  t o  1 0  ( h ig h ) .  

U s e  n e x t  p a g e  t o  

e x p la in  r a t in g .

Im p le m e n ta t io n

F e a s ib i l i t y

P le a s e  ra te  

f r o m  0  ( lo w )  t o  

1 0  ( h ig h ) .  U s e  

n e x t  p a g e  t o  

e x p la in  r a t in g .

E s t im a te d  

A n n u a l  C o s t

(U S D )

R a n k  M e th o d s  

a s  F ir s t ,  

S e c o n d ,  e tc .

3. S u b s t itu te  p ip in g  m a te r ia l

4 . O th e r  (s p e c ify )

N ic k e l 1. P ro d u c t S u b s t itu t io n

2. M a n a g e m e n t o f  w a te r  

h a rd n e s s

3. S u b s t itu te  p ip in g  m a te r ia l

4 . O th e r  (s p e c ify )

5. O th e r  (s p e c ify )

Z in c 1. P ro d u c t S u b s t itu t io n

2 . M a n a g e m e n t o f  w a te r  

h a rd n e s s
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P o l lu ta n t P r e v e n t io n  M e th o d s

M e th o d  c a p a b le  o f  

r e d u c in g  a m o u n t  o f  

p o l lu t a n t  e n te r in g  

w a s te w a te r

M e th o d  

c u r r e n t ly  in  

u s e ?

(y e s /n o )

R e d u c t io n  w i t h  

P r e v e n t io n  M e th o d

( % ) -

T e c h n ic a l

E f f e c t iv e n e s s

T e c h n ic a l

F e a s ib i l i t y

P le a s e  r a te  f r o m  0  

( lo w )  t o  1 0  ( h ig h ) .  

U s e  n e x t  p a g e  to  

e x p la in  r a t in g .

Im p le m e n ta t io n

F e a s ib i l i t y

P le a s e  r a te  

f r o m  0  ( lo w )  t o  

1 0  ( h ig h ) .  U s e  

n e x t  p a g e  t o  

e x p la in  r a t in g .

E s t im a te d  

A n n u a l  C o s t

(U S D )

R a n k  M e th o d s  

a s  F ir s t ,  

S e c o n d ,  e tc .

3. S u b s t itu te  p ip in g  m a te r ia l

4 . O th e r  (s p e c ify )

5. O th e r  (s p e c ify )

3 5
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F e a s ib i l i t y  Q u e s t io n s  f o r  P r e v e n t io n — U s e  in  d e te r m in in g  te c h n ic a l  f e a s ib i l i t y  a n d  im p le m e n ta t io n  f e a s ib i l i t y  ( p le a s e  p h o to c o p y  t h is  p a g e  a n d  f i l l  o u t  f o r  

e a c h  p r e v e n t io n  m e th o d  l is t e d  in  t h e  t a b le  a b o v e . )

P re v e n tio n  M e th o d : S te p s /A c t io n  Ite m s C o s ts  (U S D )

P le a s e  in d ic a te  w h e th e r  it  is  a  o n e - t im e  c o s t  o r  

o n g o in g  (a n n u a l)

L is t o f  S te p s /A c t io n s  n e e d e d  to  

im p le m e n t  p re v e n t io n  m e th o d .

1.

2.

3.

4 .

5.

S te p s  th a t  a re  in  p la c e  o r  c o u ld  b e  

im p le m e n te d  a t  m in im a l c o s t.

1.

2.

3.

4 .

5.

S te p s  th a t  a re  in fe a s ib le  a n d  w h y . 1.

2.

3.

4 .

5.
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In the space below, please provide your reasoning for the technical and implementation feasibility ratings you have assigned to the 
methods above. Reference a specific pollution prevention method, where applicable.
Technical Feasibility:

Implementation Feasibility:
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I n s t r u c t io n s :  P le a s e  p ro v id e  in fo rm a t io n  o n  p o llu t io n  c o n tro l m e th o d s  fo r  a m m o n ia  a n d  d is s o lv e d  m e ta ls  in  c ru is e  s h ip  w a s te w a te r .  C o n tro l m e th o d s  a re  d e f in e d  

h e re  a s  th o s e  m e a s u re s  th a t  re d u c e  th e  a m o u n t  o f  p o llu ta n t  in  w a s te w a te r  d is c h a rg e d  b y  th is  v e s s e l in to  A la s k a  w a te rs . E x a m p le s  m a y  in c lu d e  tre a t in g  p a rt ia l 

w a s te  s tre a m s  a n d  h o ld in g  fo r  d is c h a rg e  o u ts id e  o f  p e rm it  lim its , a n d  d is c h a rg e  to  a n  o n -s h o re  t re a tm e n t  s y s te m .

B e st  A vailable T ech n o lo g y  Evaluation
G- 4: P ollution  Control M ethods

N a m e  o f  P e r m i t te d  O p e r a to r /V e s s e l :  “ In d iv id u a l C ru is e  S h ip * *

P o l lu ta n t C o n t r o l  M e th o d s

M e th o d  

c a p a b le  o f  

r e d u c in g  th e  

a m o u n t  o f  

p o l lu ta n t s  

d is c h a r g e d

M e th o d  

c u r r e n t ly  

in  u s e ?

y e s /n o

C u r r e n t ly / e x p e c te d  

t o  a p p ly  t o  w h a t  

P e r c e n ta g e  (% ) o f  

t r e a te d  s e w a q e ?

C u r r e n t ly /e x p e c te d  

t o  a p p ly  t o  w h a t  

P e r c e n ta g e  (% ) o f  

t r e a te d  a r a v w a te r ?

T e c h n ic a l

F e a s ib i l i t y

P le a s e  r a te  o n  f r o m  

0  ( lo w )  t o  1 0  ( h ig h ) .  

U s e  n e x t  p a g e  t o  

e x p la in  r a t in g .

Im p le m e n ta t io n

F e a s ib i l i t y

P le a s e  r a te  f r o m  0  

( lo w )  t o  1 0  ( h ig h ) .  

U s e  n e x t  p a g e  t o  

e x p la in  r a t in g .

E s t im a te d

A n n u a l

C o s t

(U S D )

R a n k  

M e th o d s  

a s  F ir s t ,  

S e c o n d ,  

e tc .

A m m o n ia 1. T re a t  a n d  

H o ld  fo r  O ff­

s h o re  

d is c h a rg e .

2. D is c h a rg e  

to  O n -s h o re  

tre a tm e n t  

s y s te m

3. O th e r  

(s p e c ify )

3 8



* * l n d i v i d u a l  C r u i s e  S h i p * * A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

P o l lu ta n t C o n t r o l  M e th o d s

M e th o d  

c a p a b le  o f  

r e d u c in g  th e  

a m o u n t  o f  

p o l lu ta n t s  

d is c h a r g e d

M e th o d  

c u r r e n t ly  

in  u s e ?

y e s /n o

C u r r e n t ly / e x p e c te d  

t o  a p p ly  t o  w h a t  

P e r c e n ta g e  (% ) o f  

t r e a te d  s e w a g e ?

C u r r e n t ly /e x p e c te d  

t o  a p p ly  t o  w h a t  

P e r c e n ta g e  (% ) o f  

t r e a te d  g r a y w a te r ?

T e c h n ic a l

F e a s ib i l i t y

P le a s e  r a te  o n  f r o m  

0  ( lo w )  t o  10  ( h ig h ) .  

U s e  n e x t  p a g e  t o  

e x p la in  r a t in g .

Im p le m e n ta t io n

F e a s ib i l i t y

P le a s e  ra te  f r o m  0  

( lo w )  t o  1 0  ( h ig h ) .  

U s e  n e x t  p a g e  t o  

e x p la in  r a t in g .

E s t im a te d

A n n u a l

C o s t

(U S D )

R a n k  

M e th o d s  

a s  F ir s t ,  

S e c o n d ,  

e tc .

N ic k e l 1. T re a t  a n d  

H o ld  fo r  O f f ­

s h o re  

d is c h a rg e .

2 . D is c h a rg e  
to  O n -s h o re  

tre a tm e n t  

s y s te m

3. O th e r

Z in c 1. T re a t  a n d  

H o ld  fo r  O ff­

s h o re  

d is c h a rg e .

2 . D is c h a rg e  

to  O n -s h o re  

t re a tm e n t  

s y s te m
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F e a s ib i l i t y  Q u e s t io n s  f o r  C o n t r o l— U s e  in  d e te r m in in g  t e c h n ic a l  f e a s ib i l i t y  a n d  im p le m e n ta t io n  f e a s ib i l i t y  ( p le a s e  p h o to c o p y  t h is  p a g e  a n d  f i l l  o u t  f o r  

e a c h  c o n t r o l  m e th o d  l is t e d  in  t h e  t a b le  a b o v e . )

C o n t r o l  M e th o d :

S t e p s /A c t io n  I te m s

C o s ts  (U S D )

P le a s e  in d ic a te  w h e t h e r  a  o n e ­

t im e  o r  o n g o in g  c o s t  ( a n n u a l. )

L is t o f  S te p s /A c t io n s  n e e d e d  to  

im p le m e n t c o n tro l m e th o d .

1.

2.

3.

4 .

5 .

S te p s  th a t  a re  in  p la c e  o r  c o u ld  b e  

im p le m e n te d  a t  m in im a l c o s t.

1.

2 .

3.

4 .

5.

S te p s  th a t  a re  in fe a s ib le  a n d  w h y . 1.

2.

3.

4 .

5.
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In the space below, please provide your reasoning for the technical and implementation feasibility ratings you have assigned to the 
methods above. Reference a specific pollution control method, where applicable.
Technical Feasibility:

Implementation Feasibility:

4 1



* * l n d i v i d u a l  C r u i s e  S h i p * * A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

I n s t r u c t io n s :  P le a s e  p ro v id e  in fo rm a t io n  o n  n e w  in s ta lla t io n s  o f  a d v a n c e d  w a s te w a te r  t re a tm e n t  s y s te m s  (A W T S )  th a t  a re  p o te n t ia lly  c a p a b le  o f  

p ro d u c in g  c ru is e  s h ip  e f f lu e n t  th a t  m e e ts  A W Q S  a t th e  p o in t o f  d is c h a rg e , in c lu d in g  th o s e  fo r  a m m o n ia  a n d  d is s o lv e d  m e ta ls .

N a m e  o f  P e r m i t te d  O p e r a to r /V e s s e l :  ^ In d iv id u a l  C ru is e  S h ip * *

1. W h a t  w a s  t h e  e x p e c te d  e c o n o m ic  l i f e  o f  y o u r  c u r r e n t  A W T S  w h e n  i t  w a s  o r ig in a l l y  in s t a l le d ?  ______________________ y e a rs

2 . W h a t  is  i t s  c u r r e n t  e x p e c te d  e c o n o m ic  l i fe ,  t a k in g  m o d i f ic a t io n s  a n d  u p g r a d e s  in t o  c o n s id e r a t io n ?

P le a s e  d e s c r ib e  in  d e ta i l :____________________________________________________________________________________________________________________________

B e st  A vailable T ech n o lo g y  Evaluation
G-5: R ep la cem en t W astew ater Treatm ent S y s te m s

3 . H a v e  y o u  c o n s id e r e d  o r  r e s e a r c h e d  a  r e p la c e m e n t  A W T S  t h a t  w o u ld  b e  c a p a b le  o f  p r o d u c in g  e f f lu e n t  t h a t  m e e ts  A W Q S  a t  th e  p o in t  

o f  d is c h a r g e  f o r  a l l  p o l lu t a n t s ,  in c lu d in g  a m m o n ia  a n d  d is s o lv e d  m e ta ls ?  □  Y e s  □  N o

I f  y e s ,  p le a s e  a n s w e r  t h e  f o l lo w in g  q u e s t io n s  r e g a r d in g  t h e  r e p la c e m e n t  A W T S  c o n s id e r e d / r e s e a r c h e d :

P le a s e  d e s c r ib e  th e  s y s te m  in  d e ta il:_______________________________________________________________________________________________________________

4 2
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M a k e  a n d  M o d e l

D e s ig n  C a p a c ity  (m 3/d a y )

P e rc e n ta g e s  o f  tre a te d : G r a y w a te r :____________________________ B la c k w a te r :

T o ta l p e rc e n ta g e  o f  a ll w a s te w a te r  tre a te d :

P le a s e  p r o v id e  th e  e s t im a te d  R e m o v a l E f f ic ie n c y  (% ) t h a t  th e  r e p la c e m e n t  A W T S  d e s c r ib e d  a b o v e  c a n  a c h ie v e  f o r  t h e  f o l lo w in g  

p o l lu ta n t s :

P o l lu t a n t R e m o v a l E f f ic ie n c y  (% ) P e r fo r m a n c e  G u a ra n te e ?  

Y e s /N o

C o n d i t io n s  o f  G u a ra n te e

A m m o n ia

D is s o lv e d  C o p p e r

D is s o lv e d  N ic k e l

4 3
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D is s o lv e d  Z in c

B O D

T S S

F e c a l c o l i f o r m

C h lo r in e

T e c h n ic a l  E f fe c t iv e n e s s

P le a s e  r a te  f r o m  0  ( lo w )  t o  10  

( h ig h ) .

U s e  n e x t  p a g e  t o  e x p la in  s c o r in g .

Im p le m e n ta t io n  F e a s ib i l i t y

P le a s e  ra te  f r o m  0  ( lo w )  t o  10  

( h ig h ) .

U s e  n e x t  p a g e  t o  e x p la in  s c o r in g .

E s t .  C a p i ta l  C o s t  o f  

R e p la c e m e n t  A W T S  (U S D )

( F r o m  N o te  1, b e lo w )

E s t .  A n n u a l  O & M  C o s t  f o r  

R e p la c e m e n t  A W T S  (U S D  p e r  

y e a r )

( F ro m  N o te  2 , b e lo w )

4 4



* * l n d i v i d u a l  C r u i s e  S h i p * * A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

In the space below, please provide your reasoning for the technical effectiveness and implementation feasibility ratings you 
have assigned to the replacement AWTS above.
Technical Effectiveness:

Implementation Feasibility:

4 5



C o s t  C a lc u la t io n  T a b le s  f o r  r e p la c e m e n t  A W T S  c o n s id e r e d .

* * l n d i v i d u a l  C r u i s e  S h i p * * A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

N o te  1

T y p e  o f  

C o s t C a p ita l  C o s ts C o s t  (U S D )

D ir e c t Purchased equipment ( in c lu d e s  a ll e q u ip m e n t fo r  th e  in s ta lla t io n  o r  u p g ra d e : m e c h a n ic a l 
e q u ip m e n t; e le c tr ic a l e q u ip m e n t;  s p a re  p a r ts  a n d  n o n - in s ta lle d  e q u ip m e n t  s p a re s ; f re ig h t 
c h a rg e s ; ta x e s , in s u ra n c e , a n d  d u t ie s )

$

Purchased equipment installation ( in c lu d e s  in s ta lla t io n  o f  a ll e q u ip m e n t:  e le c tr ic a l 

e q u ip m e n t, m e c h a n ic a l e q u ip m e n t,  s tru c tu ra l s u p p o r ts ,  in s u la t io n , a n d  p a in t)

$

Instrumentation and control ( in c lu d e s  p u rc h a s e , in s ta lla t io n , a n d  c a lib ra t io n ) $

Piping ( in c lu d e s  c o s t  o f  p ip e , p ip e  h a n g a rs , f it t in g s ,  v a lv e s , in s u la t io n , a n d  

in s ta lla t io n )

$

I n d i r e c t Engineering costs ( in c lu d e s  p ro c e s s  d e s ig n  a n d  g e n e ra l e n g in e e r in g ,  d ra ft in g , c o s t  

e n g in e e r in g ,  c o n s u lt in g  fe e s , s u p e rv is io n ,  in s p e c t io n )

$

Construction expenses ( in c lu d e s  c o n s tru c t io n  to o ls  a n d  e q u ip m e n t;  p e rm its , ta x e s , 

in s u ra n c e )

$

Contractor’s fees ( in c lu d e s  c o n tra c to r  c o s ts  fo r  p ro c u re m e n t,  h a n d lin g , a n d  

o v e rs ig h t)

$

Contingency actually expended ( to  c o m p e n s a te  fo r  u n p re d ic ta b le  e v e n ts  s u c h  a s  
s to rm s , f lo o d s , s tr ik e s , p r ic e  c h a n g e s , e r ro rs  in e s t im a te s ,  d e s ig n  c h a n g e s  (u n e x p e c te d  
re tro f it  c o s ts ) ,  e tc .)

$

T o ta l  c a p i t a l  c o s t  f o r  r e p la c e m e n t  A W T S $

4 6



^ I n d i v i d u a l  C r u i s e  S h i p * * A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

N o te  2

O & M  C a te g o r y E s t im a te d  A n n u a l  C o s t R a te  (U S D )

S h ip 's  la b o r  (o p e ra t in g  a n d  m a in te n a n c e ) $ $  D e r/h r  (a v e ra a e  ra te  o f  la b o r}

T ra in in g  C o s ts  ( s p e c if ic  to  o p e ra t io n s  o f  w a s te w a te r  

t re a tm e n t  s y s te m )
$ $  p e r /h r  (a v e ra a e  ra te  o f  la b o r}

C o n tra c to r  la b o r  (o p e ra t in g  a n d  m a in te n a n c e ) $ $  D e r/h r  (a v e ra a e  ra te  o f  la b o r}

M a in te n a n c e : e q u ip m e n t  a n d  m a te r ia ls  (e .g ., s p a re  
p a rts , r e p la c e m e n t e q u ip m e n t)

$

M a in te n a n c e : c o n tra c te d  s e rv ic e s  (e .g ., c o n tra c to rs , 
v e n d o rs )

$

C o s ts  fo r  la b o ra to ry  a n a ly s is $

C h e m ic a l c o s ts $

W a s te w a te r  t r a n s fe r  ( i.e ., a t  s h o re -s id e  fa c il ity ) $ $  D er m 3

S lu d g e  tra n s fe r $ $  D er m 3
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* * l n d i v i d u a l  C r u i s e  S h i p * * A D E C  D a t a  C o l l e c t i o n  S u r v e y  0 4 / 1 3 / 1 2

O & M  C a te g o r y E s t im a te d  A n n u a l  C o s t R a te  (U S D )

O th e r  s lu d g e  tra n s fe r ,  i f  o th e r  c la s s if ic a t io n s  a p p ly  

to  y o u r  a re a  (specify type):
$ $  p e r  m 3

O il t r a n s fe r  (s p e c ify  s o u rc e ) : $ $  p e r  m 3

O th e r  tre a tm e n t  re s id u a l (specify): $ $  p e r  m 3

E n e rg y  C o s ts $ $  p e r  m W  

$  p e r  k W

O th e r  (specify): $ $ p e r  m 3 

( i f  a p p lic a b le )

O th e r  (specify): $ $ p e r  m 3 

( i f  a p p lic a b le )

T o ta l  O & M  C o s ts $
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K ey:

S = a n s w e re d  

o  = n o t  a n s w e re d  a t  a ll 

\  = a n s w e re d  in  p a r t  

n /a  = m a rk e d  as n /a

C a rn iv a l

S p ir it

N o rw e g ia n

S ta r1

N o rw e g ia n

P ea rl
D is n e y  W o n d e r

S e ve n  Seas 

N a v ig a to r

O c e a n ia

R e g a tta

A-l C o n ta c t  In fo rm a t io n y y y y y y
A-2 C o m m e n ts 0 y y y o o

A-3 2 0 1 1  D ays in  A K  w a te r 2 0 7 8 7 8 90 64 66
A-4 T y p ic a l? T y p T y p T y p F irs t H ig h e r F irs t

A-5 P la n  t o  b e  in  A K  f o r  2 0 1 3 ? N o N o N o Yes Yes Yes

A-6 P la n n e d  M o d if ic a t io n s ? N o N o N o N o N o N oB-l W a s te  D e s t in a t io n y y y y y y
B-2 F lo w  R a tes y y y y y y
B-3 H o ld in g  C a p a c ity  (h o u rs ) O 6 1 /7 7 61/77 5 7 .7  c o m b in e d 7 2 /7 2 7 2 /7 2

B-4 U n tre a te d  w a s te  t o  S h o re ? N o N o N o N o N o N oB-5 V o lu m e  a n d  ty p e  t r a n s fe r re d y n /a n /a n /a n /a n /a

B-6 T re a te d  w a s te  t o  S h o re ? N o N o N o N o N o N oB-7 V o lu m e  a n d  ty p e  t r a n s fe r re d y n /a n /a n /a n /a n /a

C-l S y s te m  N a m e c h e m /G ra y w a S c a n s h ip S c a n s h ip H a m w o r th y S c a n s h ip  W O  on  W a te r  A G  fC-2 S y s te m  M a n u fa c tu re r y y y y y N o rd e rs te d t

C-3 B a tc h  o r  C o n t in u o u s C o n t C o n t C o n t C o n t C o n t C o n t

C-4 H o w  m a n y  b a tc h e s /d a y n /a n /a n /a n /a n /a n /a

C-5 B a tc h  V o lu m e n /a n /a n /a n /a n /a n /a

C-6 A v e ra g e  v o lu m e  m 3 /d a y 2 5 0 1 0 2 3 1 0 2 3 7 5 0 3 0 0 1 7 0

C-7 L o c a tio n  o f  W W T S  o p e ra t io n / y y y y y
C-8 D ays W W T S  o p e r a te d / in  AK 1 2 0 /7 0 3 6 5 /7 8 3 6 5 /7 8 3 5 5 /7 2 3 6 5 /6 4 1 9 8 /6 6C-9 W h e re  D is c h a rg e ? y y y y y y
C-10 T im e  d is c h a rg e  o u ts id e  a n d  in s id e  o f  A  0 /1 7 0 0 3 0 /8 5 0 3 0 /6 7 0 3 6 /9 2 4 .5 3 8 /1 4 1 6 1 4 .5 /1 2 3 6 .5



C a rn iv a l N o rw e g ia n N o rw e g ia n
D is n e y  W o n d e r

S e ve n  Seas O c e a n ia

S p ir it S ta r1 P ea rl N a v ig a to r R e g a tta

D-1 O r ig in a l C o s t o f  W W T S \ \ \ 0 y n /a

D-2 p u rc h a s e  vs  in s ta l la t io n  c o s t \ \ v ' 0 y n /a

D-3 D a te  o f  in s ta l la t io n  a n d  o p s y y y y y y
D-4 O & M  C osts \ y y \ y y

D-5 A e ra t io n  d e s c r ip t io n n /a y y y y y
D-6 A e ra t io n  s y s te m  u se d  t o  sp e c n /a y y y y y
D-7 C h a n g e s  t o  a e ra t io n  t o  im p ro v e ? n /a y y y y y
D-8 R e se a rch  f o r  m o d s  t o  a e ra t io n n /a y y y y y
D-9 In fo  o n  m o d s y y y \ y n /a

D-10 P la n n e d  m o d s ? n /a y y \ y n /a

D-ll M o d s  t o  p ip in g  a n d  h o ld in g n /a y y 0 y n /a

D-12 M o d s  p la n n e d  t o  re d u c e  m e ta ls  a n d  a r n /a y y o y n /a

D-13 S pace  d im e n s io n s y y y y y y
D-14 M o re  s p a c e  a v a ila b le N o N o N o N o N o N o

D-15 d e s c r ib e n /a y y y n /a

D-16 fe a s ib le  t o  a d d  c o m p o n e n ts n /a y y Yes

D-17 p o w e r  a v a ila b le ? n /a y y O n /a

E-l p o l lu t io n s  p re v e n t io n  m e th o d s y N o n e N o n e y ✓ y
E-2 d e s c r ip t io n  o f  m e th o d s y n /a n /a \ y y
E-3 f u t u r e  p la n s V y y y y y
F-l T re a te d  d is c h a rg e  p ra c t ic e s y y y y y y
F-2 T re a te d  w a te r  re u s e d ? N o N o N o N o N o N o

F-3 W o u ld  y o u  u se  s h o re  fa c i l i t ie s N o Yes Yes Yes Yes N o

F-4 C o s t a t  n o t  fe a s ib le  t o  use  $ /m 3 \ > $ 0 > $ 0 U n k n o w n o $ 1 0 -1 5

F-5 H o w  d o  y o u  v ie w  p a t te rn s M a n a g e a b le M a n a g e a b le M a n a g e a b le M a n a g e a b le M a n a g e a b le M a n a g e a b le

F-6 D o e s  c o n t in u o u s  d is c h a rg e  h e lp Yes Yes Yes Yes Yes Yes

F-7 D o re g s  a f fe c t  i t in e ra r ie s N o Yes Yes Yes N o N o

F-8 D o re g s  a f fe c t  d is c h a rg e N o Yes Yes Yes N o N o

F-9 W o u ld  y o u  c h a n g e  in t in e ra r ie s n /a P o s s ib ly P o s s ib ly N o N o N o

F-10 W o u ld  y o u  c h a n g e  d is c h a rg e  p ra c t ic e s n /a Yes Yes Yes N o N o



C a rn iv a l N o rw e g ia n

S p ir it  s t a r 1

F - l l  C o m m e n ts ______________________________________ o______________ o__

G - l  B A T  In f lu e n t /E f f lu e n t  In fo rm a t io n  o  \

G -2  BA T A d d -o n  O p t io n s  n /a  n /a

G -3  BA T PP M e th o d s  n /a  n /a

G -4  B A T C o n tro l n /a  n /a

G -5  B A T R e p la c e m e n t______________________________ n /a _____________ \

EPA S u rv e y  YES YES

1 NCL In c lu d e s  V e n d o r  P ro p o s a l f r o m  S c a n s h ip

2 N o te  d e ta i le d  p o l lu t io n  p re v e n t io n  t e x t

3 O p e ra te d  b u t  d id n 't  d is c h a rg e

4  M u c h  o f  re s p o n s e  n o t  le g ib le

5 A ll p r in c e s s  d o c s  h a v e  s a m e  in fo rm a t io n  f o r  S e c t io n  E

6  R e p la c in g  g ra y  w a te r  s y s te m

Norw egian , Seven Seas Oceania
D is n e y  W o n d e r  

P e a rl N a v ig a to r  R e g a tta

o  o  V S_ _ _ _
n /a  \  \  \

n /a  \  \  n /a

n /a  \  \  \

\___________£ ___________£_________ \ _
N o  N o  N o  N o



K ey:

S  = a n s w e re d  

o  = n o t  a n s w e re d  a t  a ll 

\  = a n s w e re d  in  p a r t  

n /a  = m a rk e d  as n /a

S ta te n d a m 2 V o le n d a m 2 W e s te rd a m 2 Z a a n d a m 2
S ilv e r

S h a d o w 34

C o ra l

P rin c e s s 5

D ia m o n d

P rin ce ss

A-l C o n ta c t  In fo rm a t io n / / / y /

A-2 C o m m e n ts 0 0 0 0 0 y /

A-3 2 0 1 1  D ays in  A K  w a te r 99 9 9 9 9 1 0 3 9 4 9 9 1 01

A-4 T y p ic a l? T y p T y p T y p T y p H ig h e r T yp T yp

A-5 P lan  t o  b e  in  A K  f o r  2 0 1 3 ? Yes Yes Yes Yes Y e s /N o Yes Yes

A-6 P la n n e d  M o d if ic a t io n s ? N o N o ; a n d  a d d o n  ex i N o N o N o N o

B-l W a s te  D e s t in a t io n y y y y y y
B-2 F lo w  R a tes y y y y V y y

B-3 H o ld in g  C a p a c ity  (h o u rs ) 7 2 /7 2 7 8 /7 8 5 4 3 .6 /5 6 .3 7 8 /7 8 8 7 /8 7 12/12 5 7 /5 7

B-4 U n tre a te d  w a s te  t o  S h o re ? N o N o N o N o N o N o ye s  6 .7 2  S /m 3

B-5 V o lu m e  a n d  ty p e  t r a n s fe r re d n /a n /a n /a n /a n /a n /a y

B-6 T re a te d  w a s te  t o  S h o re ? N o N o N o N o N o Yes N o

B-7 V o lu m e  a n d  ty p e  t r a n s fe r re d n /a n /a n /a n /a n /a y n /a

C-1 S y s te m  N a m e Z e n o n Z e n o n tO C H E M /O V IV C Z e n o n r is a n  2 5 0 /B io p a m w o r th y ) H a m w o r th y x 3

C-2 S y s te m  M a n u fa c tu re r ✓ y y v ' y y

C-3 B a tc h  o r  C o n t in u o u s C o n t C o n t C o n t C o n t C o n t C o n t C o n t

C-4 H o w  m a n y  b a tc h e s /d a y n /a n /a n /a n /a n /a n /a n /a

C-5 B a tc h  V o lu m e n /a n /a n /a n /a n /a n /a n /a

C-6 A v e ra g e  v o lu m e  m 3 /d a y 5 1 0 4 8 2 2 0 0 /3 4 2 2 4 9 .4 0 /2 5 2 0 0 /1 5 0 2 7 0 /2 1 1 /2 1 1

C-7 L o c a tio n  o f  W W T S  o p e ra t io n y y y y y y
C-8 D ays W W T S  o p e r a te d / in  AK 3 6 5 /9 9 3 6 5 /9 9 3 6 5 /8 2 3 6 5 /1 0 3 6 /0  : 3 6 5 /9 1 3 6 5 /9 9 3 6 5 /1 0 1

C-9 W h e re  D is c h a rg e ? y y y y y y y
C-10 T im e  d is c h a rg e  o u ts id e  a n d  in s id e  o f  A 2 9 4 /6 7 1 2 1 .4 6 /9 8 2 0 /0  : 1 3 / 0 1 8 /1 8 8 2 .5 0 / 0 : 0 / 0 4 8 /7 4 8 7 2 /7 5 0



S ta te n d a m 2 V o le n d a m 2

D-l O r ig in a l C o s t o f  W W T S y y
D-2 p u rc h a s e  vs  in s ta l la t io n  c o s t y
D-3 D a te  o f  in s ta l la t io n  a n d  o p s y
D-4 O & M  C osts y
D-5 A e ra t io n  d e s c r ip t io n y /

D-6 A e ra t io n  s y s te m  u s e d  t o  sp e c y y
D-7 C h a n g e s  t o  a e ra t io n  t o  im p ro v e ? ✓ y
D-8 R e se a rch  f o r  m o d s  t o  a e ra t io n y y
D-9 In fo  o n  m o d s y y
D-10 P la n n e d  m o d s ? y y
D-ll M o d s  t o  p ip in g  a n d  h o ld in g y y
D-12 M o d s  p la n n e d  t o  re d u c e  m e ta ls  a n d  a r y y
D-13 S pace  d im e n s io n s y y
D-14 M o re  s p a c e  a v a ila b le N o N o

D-15 d e s c r ib e \ \

D-16 fe a s ib le  t o  a d d  c o m p o n e n ts ✓ y
D-17 p o w e r  a v a ila b le ? y ■/
E-l p o l lu t io n s  p re v e n t io n  m e th o d s y y
E-2 d e s c r ip t io n  o f  m e th o d s y y
E-3 f u t u r e  p la n s \ \F-l T re a te d  d is c h a rg e  p ra c t ic e s y y
F-2 T re a te d  w a te r  re u s e d ? N o N o

F-3 W o u ld  y o u  use  s h o re  fa c i l i t ie s N o N o

F-4 C o s t a t  n o t  fe a s ib le  t o  use  $ /m 3 n /a n /a

F-5 H o w  d o  y o u  v ie w  p a t te rn s B u rd e n B u rd e n

F-6 D oes c o n t in u o u s  d is c h a rg e  h e lp Yes Yes

F-7 D o  re g s  a f fe c t  i t in e ra r ie s Yes Yes

F-8 D o re g s  a f fe c t  d is c h a rg e Yes Yes

F-9 W o u ld  y o u  c h a n g e  in t in e ra r ie s Yes Yes

F-10 W o u ld  y o u  c h a n g e  d is c h a rg e  p ra c t ic e s Yes Yes

e s te rd a m 2 Z a a n d a m 2
S ilv e r

S h a d o w 34

C o ra l

P r in c e s s 5

D ia m o n d

P rin ce ss

\ X \

W v / \ n /a \
y y \ y y
y y \ y y
y y \ y y
y y 0 y Yes
y y y y N o

y y y 0 N o
y y y n /a n /a
y y o n /a n /a
y y y n /a n /a
y y 0 n /a N o
y y y y
N o N o N o N o N o

\ \ \ n /a n /a

y / y N o

y y 0 y \
y y y y
y y \ y y
y \ 0 y y
y y y y y
N o N o N o N o N o

N o N o Y e s /N o Yes Yes

n /a n /a U n k n o w n

M a n a g b le

$ 7 0

B u rd e n /O

$ 7 0

b u t t h e r  see B u rd e n /O th e r

B u rd e n B u rd e n e x p e n s iv e n o te se e  n o te

Yes Yes Y e s /N o Yes Yes

Yes Yes o Yes Yes

Yes Yes o Yes Yes

Yes Yes o N o N o

Yes Yes 0 N o N o



F - l l C o m m e n ts

S ta te n d a m 2

✓

V o le n d a m 2 W e s te rd a m 2

y

Z a a n d a m 2

y

S ilv e r

S h a d o w 34

y

C o ra l

P rin c e s s 5

y

D ia m o n d

P rin ce ss

y
G - l BA T In f lu e n t /E f f lu e n t  In fo rm a t io n y ✓ y y n /a y y
G -2 BAT A d d -o n  O p t io n s y y y y y \ n /a

G -3 B A T  PP M e th o d s y y y y o \ \

G -4 BAT C o n tro l y y y y y \ 0

G -5 BA T R e p la c e m e n t y y y y \ y \

EPA S u rv e y YES YES N o YES N o Yes Yes

1 NCL In c lu d e s  V e n d o r  P ro p o s a l f r o m  Sea

2 N o te  d e ta i le d  p o l lu t io n  p re v e n t io n  te x l
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F I S C A L  N O T E  A N A L Y S I S  #1

Analysis

Analysis/Assumptions:
This bill amends current law to  allow  the  Departm ent o f Environmental Conservation to  pe rm it opera tion of 
wastewater discharges from  com m ercial passenger vessels, including discharges from  advanced w astewater 
trea tm e n t systems, consistent w ith  standards fo r  o ther perm itted  discharges th roughou t the state. The b ill also 
amends current law to  codify a schedule fo r  the approval of plans fo r discharge from  small com m ercial passenger 
vessels in state waters.

This bill has no fiscal im pact on the D epartm ent of Environmental Conservation, Division of W ater.

S T A T E  O F  A L A S K A  B I L L  N O .  SB 29___________________
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Anchorage, AK 99501
907-269-7450

G o v e rn o r  S e a n  Parnell 
STATE OF ALASKA

January 17,2013

The Honorable Charlie Huggins 
President of the Senate 
Alaska State Legislature 
State Capitol, Room 111 
Juneau, AK 99801-1182
Dear President Huggins,
Under the authority of Article III, Section 18 of the Alaska Constitution, I am transmitting a bill 
relating to the regulation of wastewater discharge from commercial passenger vessels in State waters 
in response to analysis and findings of the Cruise Ship Science Advisory Panel (Science Panel) 
convened as directed by the Legislature in Chapter 53 SLA 09.
This bill amends current law and allows the Department of Environmental Conservation (DEC) to 
permit operation of wastewater discharges from commercial passenger vessels, including discharges 
from advanced wastewater treatment systems, consistent with standards for other permitted 
discharges throughout the state. The bill also amends current law to codify a reasonable schedule for 
the approval of plans for discharge from small commercial passenger vessels in State waters. No 
commercial passenger vessels may discharge wastewater in a manner that violates any applicable 
State or federal law governing the disposal or discharge of solid or liquid waste material.
By way of background, the Science Panel was charged with examining (1) the methods of pollution, 
prevention, control, and treatment in use by commercial passenger vessels; (2) identifying additional 
economically feasible methods of pollution that could be employed to provide the most 
technologically effective measures to control all wastes; and (3) the environmental benefit and cost 
of implementing additional methods of pollution, prevention, control, and treatment identified.
The Science Panel completed its analysis in accordance with law and submitted its findings to DEC. 
The Science Panel found, and DEC concurred, that the advanced wastewater treatment systems 
(AWTS) installed on cruise ships operating and discharging in Alaskan waters could consistently 
meet Alaska’s marine water quality criteria at the point of discharge for all parameters except 
ammonia, copper, nickel, and zinc.
The panel did not identify any new or additional technologies that would consistently meet the 
criteria for these remaining four parameters. When comparing the wastewater quality from AWTS to 
discharges from municipal treatment plants, the AWTS in operation are significantly more effective

http://www.Gov.Alaska.Gov
mailto:Governor@Alaska.Gov
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and produce a higher quality discharge than most municipal systems. Even without incremental 
improvements to cruise ship wastewater quality, aquatic life and human health are protected through 
provisions in the current cruise ship General Permit that restrict the location of discharge and when 
ships must be underway before they discharge.
The Science Panel concluded that given the current level of wastewater treatment and quality of 
effluent along with very large dilution factors there would be litde, if any, demonstrable 
environmental benefit in requiring cruise ships to adopt, in the future, potential additional treatment 
methods.
Where Alaska’s small and mid-sized businesses create jobs and opportunities for Alaskans, and 
where Alaska’s wastewater standards can be implemented in a way that protects our marine and 
coastal environments, I urge your prompt and favorable action on this measure.

Sean Parnell 
Governor
Enclosure



Senate Bill 29 -  Cruise Ship Wastewater Discharge Permits 

Sectional Analysis 

January 22, 2013

Section 1 : provides a concise requirement that cruise ships discharge wastewater in a manner 
consistent with applicable state or federal law. This section removes the more stringent 
requirement that such discharges must meet Alaska water quality standards at the point of 
discharge.

Section 2: modifies statute to allow all small cruise ships to submit plans for alternative terms 
and conditions of vessel discharges in lieu of obtaining a permit. Existing statute limits such 
relief to vessels with keels laid before January 1, 2004. This section also extends the approval 
period for such plans from three years to five years.

Section 3: repeals the existing shortterm relief from the requirement that discharges meet 
Alaska water quality standards at the point of discharge and eliminates the three year permit 
renewal requirement. This section requires the authorization of a mixing zone for cruise ship 
wastewater discharges to be contingent on the treatment system either being an advanced 
wastewater treatment system that falls within the class of systems identified by the department 
in Section 4 of this bill, or the vessel employing methods that achieve a quality of effluent that is 
comparable to that of one or more vessels employing an advanced wastewater treatment 
system. In addition, Section 3 requires the department to find that a cruise ship employing an 
advanced wastewater treatment system meeting the requirements in this section and Section 4 
satisfies all state technology-based treatment requirements for authorization of a mixing zone.

Section 4: adds a new subsection to AS 46.03.462 for transition purposes that allows the 
department to administratively extend until December 15, 2015 the existing general permit 
issued in 2010. This section provides, at a minimum, a two-part test to determine which systems 
constitute the class of advanced wastewater treatment systems.

Section 5: repeals AS 46.03.462(d), 46.03.462(f), and 46.03.462(g).The repeal of AS 
46.03.462(d) removes the current sunset dates for small cruise ships to seek approval for 
alternative terms and conditions of vessel discharges in lieu of obtaining a permit. The repeal of 
AS 46.03.462(f) and (g) makes conforming changes related to cruise ship permitting. Section 5 
also repeals 46.03.464 providing for an advisory panel on wastewater treatment technologies 
and reports from the Department to the legislature as the Department of Environmental 
Conservation may already conduct review of existing and new technologies under existing law.

Section 6: repeals Sections 3 and 7, ch 53, SLA 2009 regarding the establishment of future 
permit terms and conditions that would otherwise take effect December 31, 2015.

Section 7: provides for an immediate effective date

1



TH E STATE' '» ALASKA
G O V E R N O R  S E A N  P A R N E L L

January 8, 2013
The Honorable Charlie Huggins 
President of the Senate 
Alaska State Capitol 
Juneau, AK 99801-1182

Department of Environmental
Conservation

OFFICE OF THE COMMISSIONER
Post Office Box 111800 . 410 Willoughby Avenue, Suite 303 Juneau, Alaska 99811-1800 Main: 907.465.5066 Fax: 907.465.5070

The Honorable Mike Chenault 
Speaker of the House 
Alaska State Capitol 
Juneau, AK 99801-1182

Re: Cruise Ship Wastewater Discharge, Preliminary Report to the Legislature 
Dear President Huggins and Speaker Chenault:
The legislature passed House Bill (HB) 134 (copy enclosed) in 2009 authorizing the Department of 
Environmental Conservation (DEC or Department) to grant cruise ships limited relief from a requirement 
that the vessels treat their wastewater effluent to meet all Alaska water quality standards “at the point of 
discharge.” This requirement, which is more stringent than requirements for other wastewater dischargers 
in the State, had come into effect as the result of a 2006 voters’ initiative, but as of 2009, the cruise ship 
companies were not meeting this rigorous standard, at least not for certain pollutants. There were questions 
whether cruise ships could meet the initiative’s requirements in the foreseeable future, either through 
enhancements to their existing treatment systems or by employing emerging technologies.
To examine this, HB 134 directed the Department to establish a Cruise Ship Science Advisory Panel (SAP 
or panel) and, in consultation with that panel, submit preliminary and final reports to the legislature about 
cruise ship wastewater treatment. The requirements of HB 134 were primarily codified in AS 46.03.462 and 
.464. This letter and enclosures serve as the “preliminary report” (enclosed) required by AS 46.03.464.
As required by AS 46.03.464(c), the preliminary report summarizes: (1) the methods of pollution prevention, 
control, and treatment in use and the level of effluent quality achieved by commercial passenger vessels; (2) 
additional economically feasible methods of pollution prevention, control, and treatment that could be 
employed to provide the most technologically effective measures to control all wastes and other substances 
in the discharge; and (3) the environmental benefit and cost of implementing additional methods of 
pollution prevention, control, and treatment identified.
Science Advisory Panel Process
The Department convened the eleven-member science panel in late 2009. As required by AS 46.03.464(a), 
the panel includes members from a coastal community (someone with experience in domestic wastewater 
management); the cruise ship industry; the commercial fishing industry; and a nongovernmental 
organization with an interest in water quality matters. The panel members come from different Alaska 
communities, with some members from other countries. Panel members have expertise in wastewater plant 
design and operation; wastewater engineering and science; ship engineering, design and construction; 
environmental science; shipping economy; fisheries; or environmental policy. The Department has been 
fortunate to have the research and advice of such a dedicated, strong and technically competent panel.
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The panel has met fifteen times and held one public workshop. All meetings were publicly noticed, open to 
the public, and included the opportunity for the public to comment. A contractor facilitated the meetings 
and the panel work. The Department provided financial and technical support to the panel. The 
Department’s support included providing reports and data from the Department’s vast body of historical 
information; summarizing large amounts of effluent and water quality data; and answering panel member 
questions about the data and state law. As required by AS 46.03.464(b)(2), the panel hosted a public 
technical workshop on September 20, 2012. Handouts and summaries from the panel meetings may be 
found at: http://dec.alaska.gov/water/cruise_ships/SciencePanel/index.htm.
Science Advisory Panel Assistance
The role of the panel has been to assist and advise the commissioner in the analyses and preparation of the 
preliminary and final reports. The statute does not require the panel to produce specific deliverables. The 
panel elected to provide consultation, assistance, and advice to DEC through their meetings and then 
summarize their analyses, conclusions and findings in a preliminary report to the commissioner. The panel’s 
report, dated November 1, 2012, is an attachment to the Department’s enclosed preliminary report to the 
legislature.
At its meetings, panel members listened to presentations delivered by state and federal government officials, 
ship builders, academic scientists, economists, and wastewater engineers, and engaged them in discussions. 
The Department and panel members went onboard a cruise ship and looked at wastewater systems. They 
talked direcdy with vessel managers and crew about installing, maintaining and operating advanced 
wastewater treatment systems. They also inquired about retrofitting vessels with new or add-on systems. 
They learned about and discussed the complexity of managing onboard wastewater treatment methods; state 
water quality criteria and how they apply to the cruise ship industry; detailed explanations about wastewater 
dilution studies; and the many varied sources of pollutants that can become a part of a vessel’s waste stream. 
During the statutorily required public technical workshop, Department staff, panel members, and the 
general public had the opportunity for one-on-one interaction with visiting vendors and manufacturers of 
Advanced Wastewater Treatment Systems (AWTS).
The presentations and meetings helped panel members develop a solid foundation of the regulatory 
requirements; the challenges of wastewater treatment onboard ships; capabilities of existing and emerging 
treatment systems; economic issues associated with retrofitting existing ships; the quality of current 
discharges; and the relationship of wastewater discharges to the marine environment.
Panel members benefitted from public statements and from the one-on-one discussions. Public input has 
been constructive and prompted further work by the panel and Department which has been incorporated 
into the panel’s and Department’s reports.
Preliminary Findings
Both the panel’s and the Department’s findings in this report are labeled as “preliminary.” As described 
below, it is very speculative that any new technologies will emerge by 2015 that will be able to produce 
treated wastewater that meets all of the Alaska water quality standards “at the point of discharge.” As is 
pointed out in the panel’s and Department’s reports, there is a significant question of how much net 
environmental benefit would be gained by switching from an existing ATWS on a vessel to a new treatment 
system, even if it was otherwise feasible to make the change.
With assistance and advice from the science advisory panel, the Department’s preliminary findings for each 
of the three tasks mandated by HB 134 (AS 46.03.464(c)) follow:

http://dec.alaska.gov/water/cruise_ships/SciencePanel/index.htm
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1. “the methods of pollution prevention, control, and treatment in use and the level of effluent 
quality achieved by commercial passenger vessels” (AS 46.03.464(c)(1))
AWTS were designed to meet required criteria for conventional pollutants (i.e. biochemical oxygen 
demand, fecal coliform bacteria, and total suspended solids) and are the most advanced, effective, 
and proven treatment systems available. When compared to municipal treatment plants discharging 
to marine waters in Alaska, the AWTSs in operation on discharging cruise ships are significantly 
more effective than most municipal systems.
There are a variety of advanced wastewater treatment systems (manufactured by Hamworthy, 
Scanship, Ovivo, Zenon, Hydroxyl, Hamman, Hammon/Lazarus, ROCHEM, Marisan, and Triton) 
on board now, or that have been used since 2003. After evaluating all brands of AWTS currently 
installed on cruise ships operating in Alaskan waters and a large volume of wastewater analytical 
data, the panel found that, of those treating mixed blackwater and graywater, the AWTS could 
consistently meet Alaska’s marine water quality criteria at the point of discharge for all pollutants 
other than ammonia and dissolved copper, dissolved nickel, and dissolved zinc. The Department 
concurs with this finding.

2. “additional economically feasible methods of pollution prevention, control, and treatment 
that could be employed to provide the most technologically effective measures to control all 
wastes and other substances in the discharge” (AS 46.03.464(c)(2))
The panel sought technical and cost information from vendors for potential treatment technologies. 
The panel looked at supplementing or replacing existing AWTS with other known treatment 
technologies which could be expected to further reduce ammonia and dissolved metal 
concentrations, such as nitrification, ion exchange (IX), and reverse osmosis (RO),. The panel was 
unable to identify technologically effective and economically feasible treatment methods capable 
of consistently meeting all numeric water quality criteria at the point of discharge and that have 
been proven effective on ships.
The panel identified life cycle costs -  direct and indirect capital costs; annual operations and 
maintenance; and net present value of these costs -  as the preferred method to evaluate the 
economic feasibility of installing and implementing additional treatment methods that could meet 
water quality criteria at the point of discharge. However, the panel was unable to perform a life cycle 
analysis since no commercially available additional treatment methods were identified, and no 
detailed cost estimates were provided in response to vendor information requests or surveys of 
cruise line operators conducted by the panel. While the panel concluded that there could, in the 
future be potential improvements to the quality of the effluent, they did not have sufficient financial 
data from the companies to determine if the companies could “afford” additional control or 
treatment technologies.
The panel also evaluated the economic characteristics of the cruise ship industry in order to gain an 
understanding of how costs could influence where in the world cruise ship operators deploy their 
ships; passenger traffic; or passenger purchases whether on board or in Alaskan communities.
There are no readily available new technologies or methods that will result in cruise ship’s 
consistently meeting water quality criteria at the point of discharge for ammonia, copper, nickel, and 
zinc. The Department concurs with this preliminary finding. The Department also recognizes that 
adapting emerging technologies from other industries to cruise ships presents significant feasibility 
challenges, and therefore additional methods will not be readily available to consistently use on 
cruise ships in the near future. The Department has substantial doubt whether any new system that
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could meet all water quality criteria at the point of discharge could become commercially available, 
much less installed on large commercial passenger vessels operating in Alaska, before the 2016 
cruise season.

3. “the environmental benefit and cost of implementing additional methods of pollution 
prevention, control, and treatment identified” (AS 46.03.464(c)(3))
The panel identified little additional environmental benefit to be gained by further work to bring 
cruise ships into compliance with the water quality criteria for ammonia, copper zinc and nickel at 
the point of discharge. Aquatic organisms, including fish and marine mammals, and human health 
are protected through provisions in the current cruise ship General Permit that restrict the location 
of discharge and when ships must be underway before they discharge.
A dilution model developed by the first Alaska Cruise Ship Wastewater Science Advisory Panel and 
dye studies conducted by EPA demonstrate that concentrations in the ocean lower than the water 
quality criteria are attained within seconds following AWTS discharge from a vessel traveling at 6 
knots or greater. Therefore acute and chronic exposures to aquatic life or humans would not occur. 
Similar dilution modeling is used for permitting other wastewater discharges.

The panel concluded that given the current quality of effluent and the very large dilution factors there would 
be little, if any, demonstrable environmental benefit in requiring cruise ships to adopt, in the future, 
potential additional treatment methods. The Department concurs.

Commissioner

cc: Kirsten Waid, Senate Secretary
Suzi Lowell, House Chief Clerk

Enclosures:
House Bill 134
Department of Environmental Conservation, Preliminary Report to the Legislature, Cruise Ship Wastewater 
Cruise Ship Wastewater 2009-2012 Science Advisory Panel Preliminary Report
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1 INTRODUCTION
During the 2009 legislative session the legislature passed House Bill (HB) 134, requiring the Department 
of Environmental Conservation (DEC or the Department) to  establish a Cruise Ship Science Advisory 
Panel (SAP or panel), and in consultation with that panel, submit preliminary and final reports to the 
legislature (Alaska Statute (AS) 46.03.464)1. O ther requirements o f the Departm ent related to  the  
Cruise Ship industry were also contained in HB 134; this document focuses solely on the reporting 
requirement o f AS 46.03.464.

As required by AS 46.03.464(c), this preliminary report, due on or before January 1, 2013, summarizes 
the Department's progress in evaluating the methods of pollution prevention, control, and treatm ent in 
use and the level o f effluent quality achieved by commercial passenger vessels; additional economically 
feasible methods o f pollution, prevention, control, and treatm ent that could be employed to provide the  
most technologically effective measures to control all wastes and other substances in the discharge; and 
the environmental benefit and cost of implementing these additional methods of pollution prevention, 
control, and treatm ent. The final report is due to  the legislature on or before January 1, 2015. This 
"Preliminary Report on Cruise Ship Wastewater" is submitted by the Department and is accompanied by 
the report produced by the SAP, "Cruise Ship W astew ater 2009-2012 Science Advisory Panel Preliminary 
Report to the Alaska Department o f Environmental Conservation Commissioner" (SAP Preliminary 
Report). The SAP Preliminary Report documents the panel's findings.

1.1 Background
Since the 1990's, there has been increasing international, national, and state environmental scrutiny of 
the operations of large commercial passenger vessels. In 2006, Alaskan voters approved Ballot Measure
2 requiring cruise ships to obtain a wastewater discharge permit from the Department before they could 
discharge in Alaskan waters. The ballot measure also requires cruise ship wastewater effluent to  meet 
w ater quality standards at the point of discharge.

The w ater quality standards are DEC regulations that describe how much of each type of pollutant can 
be present in a w ater body (such as marine waters) and still protect all of the designated uses for a 
water body. M arine waters are protected for many uses including recreation (swimming/wading); 
growth and propagation offish, shellfish, and other aquatic life; and harvesting for consumption of raw 
mollusks or other raw aquatic life. W ater quality criteria (levels) are one component o f w ater quality 
standards and are set for each pollutant to  protect each use.

Treating wastewater prior to discharge to  m eet w ater quality criteria is a goal for all industrial and 
municipal discharges, but that is rarely possible. Very few  wastewater discharges in Alaska and 
elsewhere m eet w ater quality criteria for all pollutants prior to discharge. These discharges have a small, 
permitted mixing zone that provides for rapid dilution of the wastewater in the receiving w ater (lake, 
river, or ocean). Mixing zones are only permitted when the w ater body as a whole will continue to meet 
w ater quality criteria. W ater quality standards include mixing zone and other policies; however, the 
Department has interpreted the intent of Ballot Measure 2 to require cruise ships to produce effluent 
that meets w ater quality criteria (WQC), with no consideration for wastewater dilution in the ocean and 
thus no mixing zones. The effluent, not just the receiving water, must m eet the w ater quality criteria.

1 HB 134 includ es o th e r  ch ange s to  s ta tu te  in 4 6 .4 6 .0 3 , A rtic le  7 (C o m m e rc ia l P assenger Vessel E n v iro n m e n ta l 

C o m p lia n c e  P ro g ra m ) such as th e  a d d itio n s  o f AS 4 6 .0 3 .4 6 2 (e ) th ro u g h  (h ) a n d  A S  4 6 .0 3 .4 6 5 (g ) a n d (h ).
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By 2008, cruise ships with properly operating Advanced W astewater Treatm ent Systems (AWTS) were 
meeting w ater quality criteria in their effluents for all parameters except four -- ammonia; and dissolved 
copper, nickel and zinc. The Departm ent issued the 2008 Large Commercial Passenger Vessel (Cruise 
Ship) W astewater Discharge General Permit w ith effluent limits set at the w ater quality criteria. 
However, during the 2008 and 2009 cruise seasons the General Permit included compliance schedules 
allowing permittees to use interim limits that were less stringent than the w ater quality criteria for 
ammonia, copper, nickel and zinc. This was done in order to  give companies time to  research and 
implement additional prevention, control and treatm ent methods. In 2010, after the compliance 
schedule authorizing less stringent limits expired, cruise ships were still unable to m eet w ater quality 
criteria in their effluent. This prompted the passage of HB 134.

HB 134 affirmed legislative intent to continue to require cruise ships to m eet the w ater quality 
standards at the point of discharge, but allowed the Departm ent to issue permits with less stringent 
effluent limits for a limited tim e and under certain conditions -- the Department must find that a 
permittee is "using economically feasible methods of pollution prevention, control, and treatm ent the 
Department considers to be the most technologically effective in controlling all wastes and other 
substances in the discharge but is unable to  achieve compliance with Alaska W ater Quality Standards at 
the point of discharge." Per HB 134, however, this allowance for less stringent limits will sunset. 
Beginning with the 2016 cruise ship season, all cruise ships planning to discharge wastewater in Alaska 
will be required to m eet all water quality criteria at the point of discharge.

1.2 Science Advisory Panel
In 2009, the Department established a diverse eleven-member science panel under AS 46.03.464(a). The 
panel included representatives from  multiple countries and with expertise in wastewater plant design 
and operation; wastewater engineering and science; ship engineering, design and construction- 
environmental science; shipping economy; fisheries; and environmental policy.

The panel has met fourteen times, beginning in February of 2010. All meetings have been public noticed 
and open to  the public, and have included tim e for public comment. As required by AS 46.03.464(b)(2), 
the panel also hosted a public technical workshop on September 20, 2012. The panel meetings have 
served as a focus fo r the work that the Department staff and panel members performed individually or 
in small self-directed groups. A contractor has facilitated the meetings and the panel work. In its support 
of panel deliberations, the Departm ent has provided reports and data from  the Department's historical 
information; summarized large amounts of effluent and w ater quality data; and discussed the  
relationship and context o f the connections between the data, State law, and the mission of the panel.

No deliverables from the panel are required by statute other than assistance and advice to the  
Department. The panel selected their preliminary report (copy attached) and final report as the mode 
they would use to assist and advise the Department.

1.3 How to Read This R eport
This report is organized into three sections that align with requirements of A S46.03.464(c)(l)-(3 ). The 

sections cover (1) the current methods of pollution prevention, control, and treatm ent in use and the 

level o f effluent quality; (2) additional economically feasible methods of pollution prevention, control, 

and treatm ent that could be employed to provide the most technologically effective measures to
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control all wastes and other substances in the discharge; and (3) the environmental benefit and cost of 

implementing additional methods of pollution prevention, control, and treatm ent identified in (2).

The Departm ent and the panel have followed the model described in this report both cooperatively and 

independently at times throughout the analysis that ultimately led to this and the panel's report. Each of 

the three sections below describes:

• The statutory mandate (the "question" being answered by the panel and/or the Department),

•  Background and contextual information to fram e the question,

•  The approach used for the analysis (how the panel and/or the Department went about 

answering the question),

•  The results of the analysis (the "answer"), and

• A discussion o f the im portant issues related to the section. This section may contain additional 

information from the Department that was not considered by the panel.

This report is provided to the legislature by the Departm ent and represents the Department's 

preliminary findings. These findings have been informed by the work and report of the panel. While the 

panel's report is a standalone, independent product, the work contained therein has significantly 

contributed to the Department's conclusions. Therefore, both this Department report and the panel's 

report are complementary.

2 ANALYSIS OF METHODS IN USE AND EFFLUENT QUALITY ACHIEVED 
2.1 M andate
Per AS 46.03.464(c)(1), this section provides a preliminary summary of the "methods of pollution 

prevention, control, and treatm ent in use and the level o f effluent quality achieved by commercial 

passenger vessels."

2.2 Background and Contextual Information

Cruise ships have been operating in Alaskan waters since the late 1800's. From 1976 to 2001, the cruise 

ships treated wastewater using marine sanitation devices (MSD) to treat sewage prior to  discharge to 

Alaskan waters. Since 2000 cruise ships have used more advanced and evolving MSDs, ultimately known 

as AWTS to  treat sewage and graywater prior to  discharge. Since 2001 cruise ships have been required 

by either federal or State law to use AWTS as a condition to discharge in Alaskan waters. Therefore, this 

analysis of treatm ent systems in use includes only AWTS.
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2.3 A pproach fo r Evaluating M ethods of Pollution Prevention , Control, and  
T rea tm en t in  Use

The methods o f pollution prevention, control, and treatm ent include all activities a vessel uses to  

improve the effluent quality. Equipment used to  treat wastewater is only one of several methods used. 

Below is a description o f the methods that the Departm ent and the panel analyzed.

2.3.1 Prevention
The analysis o f prevention methods centered upon the 2008 source reduction evaluations (SRE) and 

annual reports submitted by vessels to the Department. In the 2008 General Permit2, the Department 

required permittees who requested interim effluent limits to submit SREs. The Department provided 

detailed instructions for completing the SREs.

The SREs received by the Department indicated that a significant portion of the dissolved metals 

originated in the potable w ater process including onboard production and bunkered, or stored, water. 

The panel later determ ined that the amount of dissolved metals in bunker w ater was insignificant 

compared to the amount that was likely to be produced by onboard processes, finding, for example, 

that onboard processes to make potable w ater from sea w ater w ere likely a major contributor to  

dissolved metals in the effluent. Process components include evaporators, piping material, and 

collection locations; with corrosion of piping another possible contributor. Ammonia sources were 

predictably found to  originate from sewage generated by passengers and crew, with contributions from  

chemical products used onboard estimated as being minimal, to  none.

2.3.2 Control
There are few  control options that do not fall under the prevention or treatm ent categories. The two  

options that the Departm ent and the panel evaluated in most detail were discharge outside of Alaskan 

waters and discharge to  shore-based domestic wastewater treatm ent facilities. This analysis of control 

methods in use was based on information from vessel specific sampling plans (VSSP) and onsite 

inspections of vessels conducted by Department staff and Department-managed, on board Ocean 

Rangers; and the Department's extensive knowledge of shore-based facilities.

Commercial passenger vessels including permitted vessels always have the option o f not discharging to  

State waters. They may decide to  hold their wastewater in tanks on board the ships. In order for ships to  

hold their wastewater fo r discharges outside of the marine waters o f the State (generally beyond 3 miles 

from shore), they must have suitable tank capacity for storing wastew ater produced by passengers and 

crew while operating in State waters. In the Department-required VSSP for each vessel,3 the Department 

requires information about a discharging vessel's tank capacity, sampling port locations, potable water 

consumption, and wastewater flow  rates. Through comparison to  the vessel's Alaska transit schedule 

and daily average and maximum wastewater production, potable water consumption, and a vessel's

2 State o f A laska D e p a rtm e n t o f  E n v iro n m e n ta l C o n se rva tio n  Large C o m m e rc ia l P assenger Vessel W a s te w a te r 

D ischarge G e n e ra l P e rm it N o . 2 0 0 7 D B 0 0 0 2

3 Alaska R egulation 18 A A C  6 9 .0 3 0 , Vessel Specific S a m p lin g  Plan
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wastewater discharge log, the Department can estimate if a vessel has the tank capacity to  hold its 

wastewater until it departs Alaskan waters; in other words, if the vessel can use the control mechanism 

of discharging outside of state waters.

Both Departm ent staff and Department-contracted Ocean Rangers perform onsite inspections that 

verify the VSSP information by comparing the onboard VSSP to the Department approved VSSP; and by 

verifying the accuracy of the information contained in the VSSP including tank volumes, and assisting 

vessels in correcting any discrepancies found.

The control mechanism of discharging to shore-based facilities (i.e., municipal wastewater treatment 

plants) was analyzed by the Department and is discussed in Section 3.4.2.2 of this report.

2.3.3 Treatment
This analysis o f treatm ent methods centered upon the evaluation of individual AWTS information 

received from vendors and vessels4, vessel specific sampling plans, and on site visits conducted by panel 

members and Departm ent staff. Note that most panel members had been onboard and had observed 

w astewater processes on cruise ships prior to  their appointment to the panel.

AWTS w ere designed to meet required criteria fo r conventional pollutants and are the most advanced, 

effective, and proven treatm ent systems available. W hen compared with municipal treatm ent plants 

discharging to marine waters in Alaska, the AWTSs in operation on discharging cruise ships are 

significantly more effective than municipal systems. Department staff and panel members evaluated all 

manufacturers' AWTS currently installed on cruise ships operating in Alaskan waters.

There are a variety of advanced wastewater treatm ent systems (manufactured by Hamworthy, Scanship, 

Ovivo, Zenon, Hydroxyl, Hamman, Hamman/Lazarus, ROCHEM, Marisan, and Triton) that are in use on 

board now, or that have been used since 2001. These systems provide a higher degree of treatm ent 

than Alaskan shore-based wastewater treatm ent facilities and typically produce higher quality effluent.

2.3.4 Effluent Quality Achieved
The Departm ent has been collecting effluent data for discharges from the AWTS since 2001.The 

Departm ent and panel used effluent data collected since 2001, when cruise ships generally began using 

AWTS, to  evaluate the level o f wastewater quality currently achieved using existing pollution 

prevention, control, and treatm ent methods.

2.3.5 Review of Historical Reports
The Department and the panel conducted a review of existing reports to frame the history of the issues, 

the problems encountered by previous researchers, and the history and recommendations of those 

researchers. The summaries below describe the use of these reviews by the panel and the Department 

in preparation of this section of the preliminary report.

4 Fea sibility  S tu d y : R e d u cin g  C o n c e n tra tio n s  o f  Dissolved M e ta ls  an d  A m m o n ia  in Large C o m m e rcia l Passenger 

Vessel W a s te w a te r  D ischarge , DEC, Ju n e  1, 2010
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•  Alaska Cruise Ship Initiative (ACSI) Final Part 1 Final Report (Activities and Work Products up to 

June 1, 2000.) This report provided an overall summary of the environmental challenges facing 

the cruise industry in Alaska, and established a multi-organizational steering com m ittee to 

undertake fact finding on air emissions, wastewater discharge, waste disposal practices, oil spill 

prevention and response, and environmental leadership. This report describes plans to  

implement random unannounced sampling, report the results, and describes plans to develop a 

list of sensitive areas.

•  Alaska Cruise Ship Initiative (ACSI) Part 2 Report (June 1, 2000 to July 1, 2001). This report 

discussed the results of the sampling that vessels conducted in accordance with the sampling 

methods created in the Part 1 Report.

•  The Impact o f Cruise Ship Wastewater Discharge on Alaska Waters, November 2002. The first, 

2001 panel published this report. Using an assessment framework, the panel started with 

effluent characterization. The panel then determ ined the available dilution through dispersion 

modeling and concluded with exposure assessment and recommendations for risk management 

and additional research. This report was the result o f nearly 20 months of research, field work 

and discussion.

•  Cruise Ship Discharge Assessment Report, December 29, 2008. This report was published by the 

U. S. Environmental Protection Agency (EPA). The Assessment Report analyzed several waste 

streams including sewage and graywater. The report includes a discussion of the nature and 

volume of waste streams, applicable federal regulations, environmental management and 

treatm ent, and potential adverse environmental impacts of the waste stream.

•  Source Reduction Evaluations. In the 2008 General Permit, the Departm ent required permittees 

who requested interim effluent limits to submit a source reduction evaluation and annual 

reports. The Departm ent sent a letter to  the Alaska Cruise Association (ACA) and the Northwest 

Cruise Ship Association (NWCA) that contained detailed instructions for completing the SREs. 

Carnival Cruise Lines, Holland America Lines, Norwegian Cruise Lines, Princes Cruise Lines, Royal 

Caribbean Line, Regent Seven Seas Cruises, and Silversea Cruises submitted vessel-specific SREs. 

The panel reviewed the SREs and the annual reports.

•  Sampling Episode Report, Cruise Ship Plume Dilution Study, Skagway, Alaska, May 2009. This 

EPA report describes a plume dilution study conducted under the direction of EPA in 

collaboration with the Department. Dye studies w ere used to  characterize near-field cruise ship 

discharge plumes from six cruise vessels while docked.

•  Assessment of the Stationary Cruise Ship Plume Dilution Study, Skagway, Alaska, May 2009. This 

companion report by the Department used the results o f the dye studies to test and validate the 

wastewater dilution calculations described in the previous ACSI and panel reports.

•  Feasibility Study: Reducing the Concentrations of Dissolved Metals and Ammonia in Large 

Passenger Vessel Wastewater Discharges, June 1, 2010. The Department published this report 

using information from the 2009 Technology Conference. In addition to new technologies, the  

report discusses the nine technologies that w ere in use at that time. The information used in the 

study was solicited via broad industry-wide requests.
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2.3.6 Analysis of Existing Data and Data Reports
The Departm ent compiled all w astewater effluent monitoring data, reviewed it, and presented it to  the 

panel. The list o f data and data reports includes:

•  DEC effluent sampling and testing data from 2000 through 2012. This data provided the 

Departm ent and the panel information on the historical performance of each permitted vessel 

for the years each vessel operated and discharged in State waters. The Department developed 

summaries of effluent produced by individual systems and system categories as requested by 

the panel.

•  DEC Large Ship Wastewater Sample Result reports from 2008 through 2012. These reports 

provided comparisons of the effluent sampling results between vessels, treatm ent systems, and 

cruise lines; and provided a form at for comparing those results between successive years of 

operations.

•  DEC sampling exceedance reports from 2008 through 2012. These reports demonstrated a 

snapshot of only the sample results that exceeded w ater quality criteria from vessels permitted 

to  discharge, separate from the effluent results that were in compliance.

•  DEC Large Ship Wastewater Treatment and Discharge Status tables from 2003 through 2010. 

These reports provided compiled information on the total number of vessels operating in State 

waters for each year; which vessels w ere permitted to discharge and which were not; the types 

of AWTS installed on each vessel w hether the AWTS were permitted to discharge or not; 

w hether a permitted vessel was discharging sewage, graywater, or mixed sewage and 

graywater, and; w hether a vessel was permitted to discharge underway only, or continuously 

(both underway and stationary).

2.3.7 Science Advisory Panel Presentations from Guest Speakers
During the panel meetings presentations w ere delivered by State and federal government officials, ship 

builders, academic scientists, economists, and wastewater engineers. Department staff and panel 

members learned about the challenges of installing AWTS onboard vessels during construction and 

when retrofitting existing vessels with new or add-on systems. Presentations discussed the complexity 

of managing onboard w astewater treatm ent methods, State w ater quality criteria and their application 

to  the cruise industry, detailed explanations about wastewater dilution studies, and sources of 

pollutants that could become a part o f a vessel's waste stream. During the statutorily required public 

technical workshop, Department staff, panel members, and the public had the opportunity for one-on- 

one interaction with visiting vendors and manufacturers of AWTS.

2.3.8 2012 Data Collection Survey for Vessels Permitted to Discharge
The Departm ent worked with the panel to  issue a data questionnaire to operators o f cruise ships 

permitted to  discharge in 2011 covering technological and economic questions about existing systems, 

new technologies, and cost of installation and operation of existing systems. Cruise operators responded 

to  these questionnaires, providing valuable data that allowed the panel to evaluate the cost of 

implementing currently used systems. The survey also requested technical and cost information for
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additional methods capable o f meeting w ater quality criteria at the point o f discharge. As discussed in 

the next section, Analysis of Additional Methods, the survey provided limited technical and cost 

information on additional methods.

2.4 R esults and  Discussion of Analysis of M ethods in Use and  on Effluent 
Quality Achieved

Both the Departm ent and the panel concluded that existing methods of pollution prevention, control, 

and treatm ent produce effluent that can consistently meet the w ater quality criteria at the point of 

discharge for all parameters except ammonia, copper, nickel and zinc5. Existing systems treat these 

parameters to varying degrees and in some cases AWTS produced by the same manufacturer and 

installed on different vessels have varying degrees of success in treating these four parameters. This 

review of existing systems and effluent levels was conducted jointly between the Department and the  

SAP, and the Departm ent concurs with the analysis in the SAP's preliminary report.

3 ANALYSIS OF ADDITIONAL METHODS OF POLLUTION PREVENTION, 
CONTROL, AND TREATMENT THAT COULD BE USED

3.1 M andate
Per AS 46.03.464(c)(2) this section provides a preliminary summary of "additional economically feasible 

methods of pollution prevention, control, and treatm ent that could be employed to provide the most 

technologically effective measures to control all wastes and other substances in the discharge."

3.2 Background and  Contextual Inform ation
Because the ultimate effluent limits will be WQC at the point of discharge, and cruise ships are currently 

unable to m eet these limits for four parameters with existing methods, the Department and the panel 

sought information on methods used today in other applications and industries and methods that, while 

not currently available, may become available. These additional methods might have the potential to  be 

installed onboard cruise ships in order to improve effluent quality.

While considerable tim e has been spent evaluating potential new methods, the Department does not 

directly regulate the methods or types of wastewater treatm ent systems. Regulatory authority is limited 

to the quality o f effluent discharged to Alaskan waters.

The Department and panel explored tw o general areas for additional methods. First, an additional 

method should be able to improve effluent quality to  a level that meets WQC at the point of discharge.

5 Cruise Ship W astewater 2009-2012 Science Advisory Panel Preliminary Report to the Alaska 
Department of Environmental Conservation Commissioner (SAP Report), Section 4.1 Effluent Quality 
Currently Achieved by Commercial Passenger Vessels.
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Second, if an additional method cannot result in meeting WQC at the point of discharge, it should 

consistently improve a vessel's effluent quality over the methods that the vessel currently employs.

The Department's conclusions in this study are tim e sensitive. The Department must determine the 

practical potential of additional methods to m eet statutory deadlines. The panel's role in the search for 

additional methods is broad based. The panel searched fo r additional methods that may be of practical 

use at an undetermined future time.

Currently, the Department must m eet two milestones; (1) develop and issue a new General Permit for 

the upcoming 2013 cruise ship season, and (2) prepare for the 2015 expiration of the statutory provision 

allowing effluent limits less stringent than WQC at the point of discharge. Any changes to effluent limits 

that the Department would consider rely upon additional methods capable of consistently producing 

the desired effluent results and available for installation onboard vessels in tim e to meet those 

deadlines.

For example, a vessel installed an ion exchange treatm ent system that discharged wastewater and 

conducted effluent sampling in State waters in 2011. W hile the effluent results from that system did not 

yield results that w ere significantly or consistently superior to effluent sample results from current 

systems, the panel considered this a promising system. While the Department concurs that the system is 

promising from  an engineering perspective and it may be a practical alternative in the future, the data 

received is not sufficient fo r the Department to adjust permit effluent limits based on the results.

Im plementation o f new or significantly modified AWTS consists of design, research and development 

performed by the cruise ship ow ner or operator, followed by a design review by the classification 

society6. The classification process tim e is 8-12 weeks if there are no complications. Classification costs 

can be as low as a few  thousand dollars, which can equal about 1-2% o f the operational cost. Because 

the large cruise ships that operate in Alaska are foreign owned, owners and operators would be 

required to  obtain approval o f their home countries for their new o r significantly modified AWTS.

3.3 A pproach fo r Seeking A dditional M ethods
The Departm ent and the panel used multiple methods of researching additional methods of pollution 

prevention, control, and treatm ent. The research included direct contact with AWTS manufactures and 

vendors, literature searches, data collection surveys, and the professional experience o f Department 

staff and panel members.

The reports and information listed below served as starting points for analysis. Using these documents 

and the experience gained over their careers, panel members conducted individual, group, and panel- 

wide analysis and discussions on additional methods. These starting points allowed panel members to  

compare the analysis in these reports to  the actual and potential capabilities o f additional methods.

6 Science A d v is o ry  Panel m e e tin g  s u m m a ry , 1 0/21-22 , 2 0 1 0 ; pg. 7 -8 . T io  D e va n e y , L lo yds o f Lo n d o n  Classification 

society.
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3.3.1 Public Comments
Public comments7 served a valuable function in the panel work. Comments about the possibility of 

increasing vessel discharges to shore facilities and the  possible improvements o f existing systems led to 

panel discussion and additional Departm ent research. In addition to formal public comments, the public 

was welcomed to  interact with panel members during meeting breaks and with the Department staff at 

any tim e. M oreover, panel members were free to discuss panel work with their personal networks and 

constituencies. The ultimate results of the panel and Department work performed based on public 

comment and interactions is reflected in the conclusions of the panel's preliminary report, and in this 

report.

3.3.2 2009 Technology Conference
The Departm ent held a cruise ship wastewater treatm ent technology conference in February of 2009, 

before the approval of HB 134, the implementation of the current panel, and the requirements for the 

preliminary and final reports to the legislature. The culmination of information gained from the 

conference was recorded in the report. Feasibility Study: Reducing the Concentrations of Dissolved 

Metals and Ammonia in Large Passenger Vessel Wastewater Discharges, June 1, 2010.

3.3.3 Review of Historical Reports
The Departm ent and the Panel used the following documents in its analysis o f additional methods. 

Sections in several of these reports proved useful in separate sections of the Preliminary Report. The 

summaries below describe the use of these documents by the panel and the Department in preparation 

of this section o f the preliminary report.

•  Alaska Cruise Ship Initiative (ACSI) Part 2 Report (June 1, 2000 to July 1, 2001). Discussed in this 

report were "New Technologies;" many of which would become the AWTS that were later, and 

in some cases are still used on vessels operating in Alaska.

•  Cruise Ship Discharge Assessment Report, December 29, 2008. This report was published by the 

U. S. Environmental Protection Agency. In addition to  the topics previously summarized, this 

study discussed possible options and alternatives to address sewage and graywater effluent 

improvement. Alternatives discussed included potential prevention, control, and treatm ent 

options.

•  Feasibility Study: Reducing the Concentrations of Dissolved Metals and Ammonia in Large 

Passenger Vessel Wastewater Discharges, June 1,2010. The Department published this report 

using information for the 2009 Technology Conference. The report discusses five additional 

technologies. The information used in the study was solicited via broad industry-wide requests, 

and 60 direct requests to manufacturers, vendors, and researchers. O f those contacted, eleven 

responded and submitted white papers describing potential solutions for meeting the effluent 

limits of WQC at the point o f discharge.

7 Public c o m m e n ts  are re c o rd e d  in each Panel m e e tin g  s u m m a ry  at 

h ttp ://w w w .d e c .a la s k a .g o v/ w a te r/c ru is e _sh ip s /S c ie n c e P a n e l/ in d e x .h tm
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3.3.4 2011 Department Survey to AWTS Manufactures and Vendors
In 2011, the Department sent voluntary surveys to  eight AWTS manufacturers and vendors selected by 

the panel. The panel selected these eight as the most likely to be actively seeking improvements to  

current methods of ammonia and dissolved m etal (copper, nickel, and zinc) removal. The surveys were  

sufficiently detailed to  indicate if there were prospects fo r new treatm ent systems, improvements to 

existing systems, or development of additional treatm ent technologies that could be added on to 

existing systems. The results w ere mixed.

O f the eight surveys sent, the Department received four responses. One vendor provided information on 

an ion exchange metal removal system that is discussed in the section titled ion Exchange. However, no 

responses were returned fully completed. There are various reasons that surveys w ere returned 

incomplete, or not returned. Manufacturers and vendors are not required by State law to provide 

information, and any information submitted would become a public record under State law. Methods 

under development by one manufacturer, if revealed publicly, could provide an advantage to a 

competing manufacturer. Finally, caution about promising the success of a system not yet ready for 

distribution could impact business.

3.3.5 2012 Data Collection Survey for Vessels Permitted to Discharge
The Departm ent worked with the panel to  issue a data questionnaire to operators of cruise ships 

perm itted to discharge during the 2011 cruise ship season about existing systems, new technologies, 

and cost of installation and operations of current systems or additional methods. Cruise operators 

responded to these questionnaires, providing valuable data that allowed the panel to evaluate the cost 

of implementing currently used systems. However, no technical or cost information was obtained on 

additional methods.

3.3.6 September 2012 Technology Workshop
Because the panel was unable to find additional methods that could consistently produce effluent 

meeting WQC, the form at selected fo r the legislatively required public workshop was a detailed 

demonstration to the public o f the work that the panel and the Department had undertaken thus far. In 

addition the workshop provided ample opportunity for members of the public to interact with panel 

members, Department staff, and visiting vendors.

3.4 Additional M ethods Analyzed
3.4.1 Prevention
Neither the Department nor the panel identified additional prevention methods above those identified 

in the SREs, though both bodies are confident that that vessel dedication to  source reduction can reduce 

pollutants that enter the water.

Vessel source reduction efforts varied in the level of implementation between vessels. Results of source 

reduction efforts were not clearly identifiable since the efforts were implemented in conjunction with
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other methods, resulting in an inability to  attribute effluent improvement or degradation to  source 

reduction efforts. In those cases where source reduction was undertaken, then later abandoned, there 

was no identifiable im provem ent or degradation in effluent results.

3.4.2 Control
Pollution control includes all actions taken or avoided in order to  reduce pollution released into the 

environment. In a strict sense, pollution control includes prevention and treatm ent. However, AS 

46.03.464 calls-out prevention and treatm ent separately; therefore, the preliminary reports submitted 

by the panel and the Departm ent follow this approach. In the context o f this report, pollution control 

will include all other aspects o f control not included in the prevention and treatm ent sections. These 

methods broadly include vessels discharging outside of state waters, discharge to shore-based facilities, 

and actions vessels' crews and passengers could take or avoid to prevent the release of pollutants into 

the water.

In the pollution control category, none of the methods discussed are actually "new." Certain vessels 

hold w astewater in onboard tanks for discharge outside o f State waters; certain vessels discharge to  

shore-based facilities to  a limited extent; and all vessels currently train crews, maintain equipment, and 

operate the equipment in accordance with manufacturer expectations. The discussions below are in the 

context of refining methods, or introducing the methods fo r more widespread use.

3 . 4 . 2 . 1  H o l d i n g  i n  t a n k s

Several perm itted and non perm itted vessels currently hold w astewater in tanks for discharge outside of 

State waters. The VSSP information provided by permitted vessels also indicates that most if not all 

vessels have the capacity to  hold their wastewater until leaving State waters, though this would leave 

little margin for schedule delays or unanticipated increases in wastewater production. If  cruise line 

companies want their vessels to hold more wastewater than they currently do, they will have to  add or 

modify tanks and address vessel stability. Vessel stability is a function o f the total weight of stored liquid 

as well as the distribution o f that weight. The challenge with holding additional wastewater is that it 

increases weight, which makes distribution of that weight more critical, while at the same tim e reducing 

the ability to  distribute that weight since there is less unutilized space on the ship. This is further 

complicated by concurrent weight changes such as ballast w ater redistribution and fuel usage.

Because of the more stringent ballast w ater requirements proposed in the Draft 2013 EPA Vessel 

General Permit (VGP) w astew ater storage may compete with ballast w ater storage in the near future, 

affecting some vessels’ ability to  store wastewater.

Holding wastewater for discharge offshore may also compel vessels to a lter their routes, adding time  

and distance to their current routes. Additional transit time, travel distance, and displacement from  

increased weight causes increased fuel handling and consumption and air emissions, the extent of which 

is unknown. These altered travel routes may also result in vessels visiting few er ports while in Alaska.
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3 A . 2 . 2  D i s c h a r g e  t o  s h o r e .

The Departm ent does not believe that discharge to a shore-based domestic wastewater treatm ent 

facility is a promising alternative. The premise o f this method appears to rest on the assumptions that 

treatm ent at shore facilities is better (produces higher quality effluent) and that dilution of wastewater 

discharged to  the marine environment from shore facilities is in some way superior to  dilution from  

cruise ship discharges. If the cruise ships discharge into publicly owned w ater treatm ent plants, 

theoretically they would not be discharging into the waters o f the State. There are, however a number 

of considerations that must be addressed before this could be a viable, widely used alternative.

•  The discharged wastewater would eventually enter the marine waters of the State.

•  The effluent limits for shore facilities are significantly higher (less stringent) than those fo r cruise 

ships, so there is the potential for more pollutants reaching the marine environment than if the  

cruise ships treated their wastewater onboard ship.

•  The cruise ship discharges would likely be classified by the Department as wastewater from  

"significant industrial users" since it is not exclusively sanitary waste and potentially includes 

waste from galleys, pools, engine room shop sinks/drains, other shop sinks/drains, desalination 

brine, laundries and medical facilities. This would require the shore facility to address 

pretreatm ent:

o Publicly owned treatm ent works on shore would be required to design and im plement

pretreatm ent standards prior to accepting cruise ship discharges that exceed 25,000 

gallons per day.

o Pretreatm ent standards are needed to control pollutants from industrial users since

they are generally designed to treat domestic sewage only and the industrial pollutants 

may otherwise pass through or interfere with publicly owned treatm ent work treatm ent 

processes or may contaminate sewage sludge.

o Accepting industrial waste would change the permitting and monitoring requirements

of the shore facility.

o Accepting industrial waste as well as the increased volume of waste might require

modification to the shore facility.

•  Shore facilities are designed to  accept a specified range of conventional parameters (for 

example, total suspended solids and biological oxygen demand). They have a legal obligation to  

monitor the concentrations in the influent and remove a specified percentage of these 

parameters prior to discharge. If  cruise ships "pretreated' using AWTS, the treated cruise ship 

discharges would be adding very clean w ater that would dilute the influent with low 

concentrations of conventional parameters. This creates a problem since those facilities are 

regulated based on their efficiency in removing conventional parameters. W ith dilute influent, 

biological treatm ent processes are less efficient, and shore facilities would likely have problems 

with percent-removal requirements.

•  If cruise ships were required to  pre-treat wastewater, they would likely use AWTS since they are 

already onboard and are required for other markets. Cruise ships would bear costs that they 

currently pay for AWTS treatm ent and then have the additional cost of discharge ashore.
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•  The seasonal nature o f the cruise industry and its discharges will likely cause problems for the 

on shore treatm ent plant at least twice per year; at the start and at the end of cruise season. 

Sewage treatm ent plants can be very sensitive to  the quality of the waste treated. The balance 

of treatm ent (bacteria that degrade wastes versus waste) would require adjustments at least 

twice, and maybe more often during the cruise season and after. The Department already sees 

these challenges on the North Slope where seasonal populations fluctuate greatly.

•  Untreated wastewater from cruise ships is very concentrated. When mixed with municipal 

wastewater, it will affect the treatm ent system significantly.

•  The only current community that may be able to handle this is the Juneau-Douglas wastewater 

treatm ent plant.

•  Discharges from shore facilities are regulated and monitored under the Alaska Pollution 

Discharge Elimination System (APDES), a system governed by different regulations and with 

different requirements than the cruise ship discharges.

3 A . 2 . 3  G o o d  O p e r a t i o n a l  P r a c t i c e s ,  T r a i n ,  M a i n t a i n  a n d  O p e r a t e

While vessel owners currently have relatively good operational practices, train the crewmembers, 

conduct scheduled and unscheduled maintenance, and maintain and operate AWTS, the Department 

and the panel intend to explore the effectiveness of those processes to determ ine if there are any 

improvements that can be made. The Department will also explore the extent to which vessel owners 

train other non-AWTS operating crewmembers in how they could contribute to  a cleaner influent that is 

treated onboard.

3.4.3 Treatment
Adaptation of emerging technologies from other industries to cruise ships presents significant feasibility 

challenges, and will not be readily available to consistently use on cruise ships in the near future.

3 . 4 . 3 . 1  R e v e r s e  O s m o s i s

The Department concurs with the panel that reverse osmosis (RO) is a promising technology for treating  

effluent to  a higher quality than that achieved now8. The Departm ent and the panel reviewed historical 

reports4 and the  results o f the installation of RO onboard one vessel that discharged into State waters. 

RO is used worldwide to desalinate seawater into drinking w ater fo r vessel and shore-based 

applications. RO is also currently used to  treat sewage and graywater onboard maritime platforms 

including vessels and oil drilling platforms, though the Departm ent has no effluent data to compare with  

the results of these uses to  WQC.

Although RO has been used to treat sewage and graywater on vessels discharging in State waters, data 

made available to the Department and the panel was predominantly from one vessel. The Department 

has determ ined that the limited data set was not sufficiently representative o f the capabilities of the

8 SAP  R e p o rt, S e ctio n  6 .3  T r e a tm e n t .
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method to extrapolate the results and then project those results on other vessels that may have 

significantly different waste stream characteristics.

RO was used to treat mixed waste streams on one vessel that discharged from  2001 to  2006. Since that 

tim e vessels have stopped discharging, or only treat limited graywater and no sewage by RO. Because of 

this, there is no data for RO-treated mixed waste streams for the last six years. No ships discharged RO- 

treated wastewater under the 2008 or 2010 permit.

3 A . 3 . 2  I o n  E x c h a n g e

The professional judgment o f the panel and the Department staff aligns in the opinion that ion exchange 

(IX) is a promising additional future method9. The Department and panel reviewed previous reports10, 

one vendor survey response, and the results of the installation and use of an ion exchange system 

onboard one ship that discharged into the waters of the State for one year.

The vendor response provided a technical and cost estimate for an IX metal removal system. This 

proposal was based on laboratory removal of metals and not from an operational system that 

functioned as or was installed as an add-on to  an AWTS. The results from the single IX installation did 

not provide a sufficient foundation for the Department to include that system in the consideration of 

future effluent limits at this time. The installation indicated that, in some circumstances, entire systems 

could be replaced while a vessel was operating, and that the installation o f the entire system could 

deliver effluent results on par with the results from current systems. However, effluent results were not 

consistently or significantly better than effluent from existing systems. Regardless of the result, more 

sampling is required to establish a rigorous statistical trend.

3.5 Economic Feasibility  o f Additional M ethods
The panel heard a presentation from Northern Economics Inc. (NEI) on an approach to determine capital 

and operating costs for prevention, control, and treatm ent options that would meet WQC at the point of 

discharge. In addition, NEI sought to determine the  fiscal impacts of those costs to  cruise line operators 

and to the  Alaskan cruise ship market. Though the panel chose a different direction, the presentation 

promoted good discussion at panel meetings.

The panel identified life cycle costs -  direct and indirect capital costs; annual operations and 

maintenance; and net present value of these costs -  as the preferred method to evaluate the economic 

feasibility of installing and implementing additional treatm ent methods that could meet WQC at the  

point of discharge. However, the panel was unable to perform a life cycle analysis since no commercially 

available additional treatm ent methods were identified, and therefore there w ere no detailed cost 

estimates provided in responses to  the 2011 vendor and manufacturer information request and 2012 

survey o f cruise line operators conducted by the panel.

9 SAP  R e p o rt, Section 6 .3  T re a tm e n t .

10 C ruise S h ip  D ischarge  A sse ssm e n t R e p o rt, EPA (D e c  2 0 0 8 ). S ection  2 .4 .4  P oten tia l T re a tm e n t  Te c h n o lo g ie s  in 

A d d it io n  t o  A W T S ; Feasibility  S tu d y: R ed u cin g  C o n ce n tra tio n s  o f  Dissolved M e ta ls  and A m m o n ia  in Large P assenger 

V essel W a s te w a te r  D ischarges, D EC  (Ju n e  2 01 0). S e ctio n  4 .2  W a s te w a te r  T r e a tm e n t  A lte rn a tive s , Ion Exchange,
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The panel also evaluated the economic characteristics o f the cruise ship industry in order to gain an 

understanding of how costs could influence where in the world cruise ship operators deploy their ships, 

passenger traffic, and passenger purchases on board o r in Alaskan communities.

3.6 Results of Analysis on A dditional M ethods
Although methods such as reverse osmosis and ion exchange appear to be promising for future 

development, they are not yet ready for implementation onboard cruise ships as a reliable method of 

meeting w ater quality standards, or significantly improving effluent quality, at the point o f discharge.

Other methods, such as discharge to shore facilities and holding wastewater in onboard tanks for later 

discharge outside of State waters do not m eet the intent of having cruise ships discharge effluent that 

meets WQC at the point o f discharge in State waters. In addition, discharging to shore facilities would 

result in wastewater discharged from  cruise ships not being required m eet the cruise ship effluent limits.

The panel was unable to identify technologically effective and economically feasible treatm ent methods 

capable o f consistently meeting the numeric WQC at the point of discharge that have been proven 

effective on ships11. Application o f existing technologies in addition to AWTS, such as IX, and RO are 

expected to further reduce ammonia and dissolved metal concentrations. However, there is no evidence 

to prove that adding additional technology will be technologically effective at meeting water quality 

criteria, be economically feasible, or provide significant environmental benefit. Modifying operational 

procedures and additional staff training may help improve treatm ent performance. The panel 

recommends continued sampling and monitoring o f cruise ship effluent12.

3.7 Discussion on A dditional M ethods
The Departm ent believes that a thorough search for additional methods to improve wastewater quality 

has been conducted and concurs with the panel's opinion that there are no existing, new, or emerging 

prevention, control, o r treatm ent methods that could consistently meet WQC at the point of discharge.

4  ANALYSIS OF ENVIRONMENTAL BENEFIT AND COST OF 
IMPLEMENTING ADDITIONAL METHODS

4.1 M andate
Per AS 46.03.464(c)(3) this section provides a preliminary summary of "the environmental benefit and 

cost of implementing additional methods of pollution prevention, control, and treatm ent."

11 SAP R e p o rt, S e ctio n  6 .3  T r e a tm e n t.

12 SAP R e p o rt, S e c tio n  9 F indings.
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4.2 Background and  Contextual Inform ation
For the Department and the panel to have analyzed the environmental benefit and cost of implementing 

additional methods to improve effluent quality, it would have been necessary that they had found that a 

practical additional method is, or will soon be, available. As discussed in the previous section of this 

preliminary report, practical additional methods were not found to  be available at this tim e.

This section discusses the environmental benefits and costs of implementing methods that the 

Department and the science panel explored and discussed in the previous section o f this report. It also 

contains a discussion o f starting points for methods of analysis for environmental benefit and cost that 

could be used if methods become available that can meet the w ater quality criteria at the point of 

discharge.

4.3 A pproach fo r D eterm ining E nvironm ental Benefit and  Cost o f Additional 
M ethods

Since the science panel did not identify additional methods for improving effluent quality that could 

reliably meet WQC at the point of discharge, the panel's approach was to compare the environmental 

benefit and cost o f current methods to a hypothetical method that could m eet WQC at the point of 

discharge. To determ ine environmental benefit, the science panel considered the incremental w ater 

quality impacts of different wastewater discharge scenarios as well as non-water quality impacts that 

would occur if WQC could be m et at the point of discharge.

First, the panel considered three wastewater discharge scenarios fo r the four parameters o f concern: 1) 

direct undiluted cruise ship effluent concentrations; 2) the mix of effluent and receiving water resulting 

from stationary, in-port cruise ship discharge; and 3) the mix o f effluent and receiving w ater resulting 

from underway cruise ship discharge and its turbulent wake. W ater quality impacts were determ ined by 

comparing incremental concentration changes in the receiving w a te rto  those that would result if the  

wastewater effluent m et WQC at the point of discharge. To evaluate the environmental benefit and 

cost, the science panel compared the resulting concentrations to numeric w ater quality criteria. Second, 

for perspective only, the panel compared effluent mass loading to the receiving water from  one natural 

source near Juneau, the Mendenhall River.

4.3.1 Study of Additional Methods
4 . 3 . 1 . 1  W a t e r  Q u a l i t y  C o n s i d e r a t i o n s

The three w astewater discharge scenarios were considered a "worst case" evaluation o f current and 

additional methods since they used the maximum observed effluent concentrations from current 

methods during the 2008-2009 season for the four parameters of concern -  ammonia, dissolved copper, 

dissolved nickel, and dissolved zinc. Using the maximum effluent values from current treatm ent 

methods provides the largest measure of potential environmental benefit when compared with a 

hypothetical, additional method that could meet WQC at the point of discharge. Such an approach also 

provides a worst case look at the environmental cost o f current methods.
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To evaluate the mix of effluent and receiving water, the science panel worked with the Departm ent to 

identify background concentrations for each parameter o f concern in the receiving water. For all four 

parameters of concern, the background levels in Alaskan marine waters w ere low compared with w ater 

quality criteria. To evaluate mixing, the panel relied upon the Department's findings documented in the 

Information Sheet fo r the 2010 Large Commercial Passenger Vessel General Permit, the work of the first 

Alaska Cruise Ship W astew ater Science Advisory Panel, and EPA effluent dilution studies using dye. For 

stationary cruise ships o r those moving at less than 6 knots, the minimum available dilution factor o f 

28:1 is achieved in a m atter of minutes at 15 meters from the discharge port. Effluent limits are set to 

ensure that all w ater quality criteria are met at and beyond 15 meters from the vessel. For cruise ships 

moving at 6 knots o r greater with a high wastewater discharge rate of 200 cubic meters per hour (a 

conservative estimate), the minimum available dilution factor is 50,000:1 measured in the wake after 

turbulent mixing. The panel's preliminary report also evaluated an earlier study that determined a 

minimum dilution factor at the stern, 300 meters from the discharge port and before turbulent mixing in 

the wake, o f 600:1 for cruise ships moving at 6 knots or greater with a high wastewater discharge rate of 

200 cubic meters per hour. This means that all w ater quality criteria are met in the ocean within seconds 

after discharge from  an underway vessel.

The panel discussed concerns raised by one panel member about the total amount of metals being 

released by cruise ships into the Alaskan marine environment, or the "mass loading" (i.e., how many 

ounces or pounds o f a given metal are introduced into the environment via the wastewater discharge). 

The panel had concerns about evaluating mass loading, since loadings need proper context fo r the value 

to provide meaning. Concentrations in the receiving water, by contrast, can be compared with numeric 

water quality criteria to determine exceedances. Nonetheless, the science panel used the average 

effluent copper concentration and an estimate for total annual cruise ship discharge volumes to 

estimate a total annual copper mass loading (88 pounds) from all discharging cruise ships compared 

with the loading from a single river in Southeast Alaska, the Mendenhall River (over 2,000 pounds).

4 . 3 . 1 . 2  N o n - w a t e r  Q u a l i t y  C o n s i d e r a t i o n s

The panel highlighted several non-water quality issues that need to be considered when evaluating the 

net environmental benefit o f additional methods to  m eet WQC at the point of discharge. These issues 

include the potential for additional on board space and staff requirements that result in greater energy 

use, and an increase in waste production and the potential fo r disposal challenges with more highly 

concentrated wastes given greater removal efficiencies. The panel's preliminary report provides specific 

examples o f additional waste disposal challenges such as ion exchange resin regeneration waste and 

reverse osmosis reject w ater. In addition, the panel provided an estimation of fuel consumption, fuel 

costs, and carbon dioxide emissions to the air if it were necessary to travel outside state waters to  

discharge in federal waters as a control method.
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4.4 Environm ental Benefit and  Cost of A dditional M ethods
4.4.1 Environmental Benefit
As stated earlier, the panel did not identify additional methods of pollution prevention, control, or 

treatm ent that could be used to  achieve WQC at the point of discharge. The science panel found that 1) 

all four parameters of concern in cruise ship effluent currently exceed WQC at the point of discharge; 2) 

the maximum, historical effluent concentrations for ammonia, copper, and nickel would exceed water 

quality criteria at 15 meters from the discharge port when the cruise ships was stationary or moving at 

less than 6 knots if it were not for permit limits; and 3) no w ater quality criteria are exceeded at the 

stern of cruise ships moving at 6 knots or greater.

In summary, the panel found that "[a] dilution model developed by the first Alaska Cruise Ship 

W astew ater Science Advisory Panel and dye studies conducted by EPA demonstrate that concentrations 

lower than WQC are attained rapidly following AWTS discharge from a moving vessel and acute and 

chronic exposures would not occur. Similarly, [such] dilution modeling is used for permitting other 

wastewater discharges. The panel identified little additional environmental benefit to be gained by 

lowering the current perm itted effluent limits to WQC at the point of discharge13."

4.4.2 Environmental Cost
Given the small incremental change in concentrations in Alaska marine waters and little additional 

environmental benefit to be gained if cruise ships w ere to m eet WQC at the point o f discharge for the 

four parameters o f concern, the science advisory panel's evaluation identifies that current methods do 

not have adverse environmental costs14.

Through a comparison between estimated annual cruise ship copper loading from all vessels and loading 

from one river, the Mendenhall River, the panel found that natural sources of copper are a minimum of 

23 times larger than the copper loading from all cruise ships, and cruise ship copper loading does not 

represent an environmental cost. The science panel did identify concerns about unintended water 

quality and non-water quality impacts associated with some of the additional methods considered15.

Since the state only regulates discharges to  Alaskan marine waters, the panel did not consider whether 

there are environmental costs to discharging minimally treated wastewater outside of state waters.

4.5 Results and  Discussion on E nvironm ental Benefit and  Cost
The Department concurs with the analyses, findings and conclusions set out in sections 7.5 (pgs. 8 3 - 8 4 )  

and 9 (pg. 95) o f the SAP's report. The statements contained in those sections are consistent with 

previous analyses by others examining potential treatm ent methods and potential environmental 

impacts o f treated wastewater effluent from cruise ships. M ore specifically, DEC concurs with the

13 SAP  R e p o rt, S e ctio n  9 Findings.

14 SAP  R e p o rt, S e ctio n  7 .5  C on clu sio n s.

15 SAP  R e p o rt, S e ctio n  7 .5  C on clu sio n s.
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panel's statem ent regarding the lack of evidence that "commercial passenger vessels operating in Alaska 

waters with AWTS cause acute or chronic toxic exposure to  marine organisms," and the panel's 

conclusion that "[Tjhere appears to be little environmental benefit of treatm ent above and beyond that 

which current advanced wastewater treatm ent plants provide." Based on DEC's review of the panel's 

report and the reports and material cited therein, DEC concurs with the panel's conclusion that "costs 

expended to  im plement further treatm ent will not produce substantial additional environmental 

benefit."

The panel also considered the utility of implementing additional pollution prevention, control, and 

treatm ent methods that could incrementally improve existing effluent quality fo r some vessels, even if 

such methods would not achieve WQC at the point of discharge. Since the panel did not find an 

environmental benefit in additional methods that could meet WQC at the point of discharge, the panel 

also did not find an environmental benefit to  additional methods that could improve effluent quality but 

not m eet WQC at the point o f discharge. The Department concurs with these findings.

As discussed by the panel and EPA16, the large and rapid dilution of wastewater discharges when a cruise 

ship is underway results in concentrations o f pollutants that are well below Alaska w ater quality criteria. 

The Departm ent does not believe that regional studies on long term impacts from cruise ship 

w astewater discharges are needed or achievable given the low concentrations that would need to be 

tracked. If the number o f vessels discharging simultaneously in port increases significantly in the future 

in-port discharges would potentially be of more concern since there is less dilution with vessels in port.

DEC's permitting authorities and other regulatory powers can be used to assure good operation of the  

AWTS already on large cruise ships in Alaska. DEC may include requirements in vessel permits that they  

only discharge in certain locations o r when vessels are underway. DEC can also require the monitoring 

and reporting of the performance o f AWTS, effluent quality, and the location and amounts of any 

discharge to Alaska waters. Thus, the assumptions the panel made regarding the quality of effluent 

actually produced on vessels in Alaska and the benefits from rapid mixing from dilution can be assured 

through permit requirements and monitoring.

At some point, some of the emerging treatm ent technologies, including reverse osmosis and ion 

exchange, could become technically and economically feasible for use on large cruise ships. If the cost 

of installing these systems on new vessels o r retrofitting existing vessels with them does become 

feasible, and there are no other environmental issues with other waste streams generated from these 

systems, then DEC could adopt technology-based effluent standards that would mandate treatm ent to 

the level o f better systems. In the interim, it appears the effluent quality produced by the different 

types of AWTS should set the technology-based standards for wastewater treatm ent from large cruise 

ships.

16 C ruise Ship  D isch a rg e  A sse ssm e n t R eport, EPA (D e c e m b e r 2 0 0 8 ). S e ctio n  2 .4 .4  P ote n tia l T r e a tm e n t  Te c h n o lo g ie s  

in A d d it io n  to  A W T S
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January 23, 2013

ALASKA ACT
Alaska Alliance 
fo r  Cruise Travel

121W. Fireweed Lane, Suite 2 50 Anchorage, AK 99503
w w w .a la s k a a c t.c o m

B o a rd  M e m bers:

Ken Dole
Promech Air Waterfall Group

Bob Dindinger 
Alaska Travel Adventures

Vicky Moy 
White Pass & Yukon Route

Steve Hites 
Skagway Streetcar

Holly Johnson 
Wings Airways/Taku Glacier 

Lodge

Bob Berto 
TEMSCO Helicopters

Tim Cerny 
Fountainhead Development 

Corporation

Scott Habberstad 
Alaska Airlines

Carol Fraser 
Millennium Alaskan Hotel

Paul Landis 
CIRI Tourism

Fred Reeder 
Cruise Line Agencies of 

Alaska, S.E

Karen Hess 
River Adventures

Eleanor Davenport 
Icy Strait Development

Rick Rogers 
Resource Development 

Council

The Honorable Cathy Giessel 
Senate Resources Chair 
State Capitol Room #427  
Juneau AK, 99801

RE: SB 29 - An Act relating to the regulation of wastewater discharge from commercial 
passenger vessels in state waters.

Dear Senator Giessel,

On behalf of the Alaska Alliance for Cruise Travel (Alaska ACT), I would like to express our 
strong support for Senate Bill 29, regarding Commercial Passenger Vessel permits.

Alaska ACT was formed in 2010, following the significant decline within the tourism industry 
in Alaska. Our primary mission is to help promote a favorable business climate in Alaska so 
this industry can thrive. W e have 800 members across the state that own, operate, and work 
in businesses that depend upon visitor spending.

W e recognize the importance of having a strong regulatory environment, which protects our 
marine environment. This season, we will have approximately 1 million cruise passengers 
visit our state; all looking to experience the natural beauty of Alaska. Many of our members 
provide shore excursions to cruise passengers in order to provide them an even closer, more 
personal experience with Alaska’s remarkable scenery. There is no question, protecting the 
environment is critical for the long-term success of our businesses.

W e are thankful for the Legislature’s effort to create the science panel to look at the current 
water treatment technology, other available treatment technology and the impact upon the 
environment. W e certainly support the panel’s findings that cruise ships have very effective 
treatment systems, which today still are the most effective systems available. The panel also 
confirmed that the initiative standards are not only unachievable, they are not necessary 
given the performance of current systems and D EC ’S ability to protect the environment 
through the permitting process.

Given the panel’s findings, we applaud the Governor’s effort to amend the statutes and we  
request that the Legislature consider and pass SB 29 early enough to give DEC time to issue 
a permit for the rapidly approaching 2013 season. Having a reasonable permit in place is a 
critical component to the success of our businesses and the many jobs created across 
Alaska.

On behalf of our organization we thank you again for your support.

Sincerely,

Bob Berto, 
President 
Alaska ACT

http://www.alaskaact.com
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The Honorable Cathy Giessel 
Alaska State Capital Building 
Chair, Senate Resources Committee 
State Capitol Room #427 
Juneau AK, 99801

January 23, 2013

RE: SB 29 -  Wastewater Permitting of large cruise ships

Dear Senator Giessel,

W e would like to ask for your support for Senate Bill 29, regarding Cruise ship wastewater 
permits. As a company we rely on cruise ship visitors during the summer to get us through the 
winter.

Being in the aviation business, we understand the importance of regulation and government 
oversight. W e  also have a strong belief that the environment is essential to tourism. The natural 
beauty our guests experience is of prime importance to our company. W e  believe there is a 
balance between the two. Senate Bill 29 is right on track with that balance.

It makes sense now to review the data from the Science Advisory Panel and move forward with 
their recommendations. It is encouraging that the Department of Environmental Conservation is 
behind these recommendations as well. How often do you have two such organizations agree on 
anything?

W e feel that the Governor’s fix is a good one and doesn’t create an arbitrary regulation on the 
industry and it is based on good science. The cruise lines have done just about everything they 
can to accommodate the 2006 initiative and this just makes sense. W e kindly ask for your help 
and support.

N o r t h S t a r  T r e k k i n g  L L C  
PO Box 32540 ★ Juneau, Alaska 99803 

Phone (907) 790-4530 ★ Fax (907) 790-4419 
www.glaciertrekking.com 

trekking@ptialaska.net

Sincerely,

C ra j< f (J e n w 's o K

Craig Jennison 
General Manager

http://www.glaciertrekking.com
mailto:trekking@ptialaska.net
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Alaska State Senator Giessel 
Chair, Senate Resources Committee

January 23, 2013
Comments on Senate Bill 29 - "An Act relating to the regulation of wastewater discharge from commercial 
passenger vessels in state waters: and providing for an effective date."
Thank you for the opportunity to provide comments concerning SB 29 - "An Act relating to the regulation 
of wastewater discharge from commercial passenger vessels in state waters; and providing for an effective 
date." I am the owner and operator of Admiralty Environmental, an independent consulting firm that 
performs a large portion of the project management and wastewater sampling activities to monitor large 
cruise ships in Alaska waters, and I have direct experience with all of the individual vessels that operate 
under the ADEC General Permit and will be affected by the proposed changes that would result from this 
legislation. I have been involved with the cruise ship program since the original Alaska Cruise Ship 
Initiative in 1999, and have performed a large portion of the sampling of these ships from the inception of 
the program to the present time. My experience with this program and familiarity with the Alaska cruise 
fleet gives me a unique perspective in both the history of the cruise ship program in Alaska and the state of 
the current advanced wastewater treatment systems being utilized on vessels.
The cruise industry has placed a significant effort into applying new technology to upgrade ship treatment 
systems and comply with new regulations from both the USCG and the State of Alaska, and I have 
witnessed these changes over the past 12 years. The positive results of this technology are well 
documented by the vast improvement in sample results, and my interactions with the industry lead me to 
believe that the vessel owners are genuinely committed to meeting their regulatory requirements and 
protecting the environment. Based on my observations, I strongly agree with the conclusions of the ADEC 
appointed independent Science Panel that; the advanced wastewater treatment systems on cruise ships in 
Alaska are the most technologically advanced and effective systems available; aquatic organisms are 
currently protected through the ADEC general permit; there are no proven systems that can meet the 
standards set by the ballot initiative; and there is little environmental benefit to be gained by lowering the 
current permitted effluent limits to the standards of the 2006 initiative. The State of Alaska has the 
opportunity to solidify this program through the issuance of a new general wastewater permit that 
establishes reasonable and consistent effluent limits. I believe that the passage of SB 29 will allow ADEC to 
write a permit that accomplishes this. I encourage you to pass this legislation, which will maintain water 
quality in the State while encouraging large cruise vessels to continue to invest in and use their proven 
advanced wastewater technology.
Kindest Regards,

David Wetzel
President, Admiralty Environmental
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January 23, 2013

Senator Cathy Giessel
Chair, Senate Resources Committee
Alaska State Legislature
State Capitol, Room 427
Juneau AK, 99801

Dear Senator Giessel:

Thank you for scheduling SB 29, regarding Commercial Passenger Vessel permits. 
The Alaska Cruise Association supports the bill as a mechanism for the Administration 
to implement the findings of the science panel and allow DEC to issue permits in a 
consistent manner with other industries.

During the public debate over the 2006 ballot initiative, the initiative sponsors pub­
lished several articles indicating the initiative would require, “cruise ships to meet and 
verify compliance with all Alaska pollution rules like every other industrial and munici­
pal discharger.” In fact, the language did the exact opposite. It held one industry to a 
standard that was proven to be unobtainable even with the most advanced treatment 
systems.

In 2009, many Alaskans requested the Legislature correct the statute and give DEC 
the ability to issue permits to the cruise industry in a manner which was consistent with 
“every other discharger.” In fact, 45 statewide organizations, local organizations, and 
local governments across Alaska passed resolutions, requesting the Legislature act on 
this issue. Even though the Department of Environmental Conservation found that no 
technology could meet the initiative standards, the Legislature provided great defer­
ence to the ballot initiative process. They decided to create an independent science 
panel to study and draw their own conclusion.

During the last three years, we worked with the science panel, providing information 
about our current systems, work done to improve the performance on board, pilot pro­
jects and other efforts to look at new or modified technology, and the challenges with 
installing and operating equipment in a marine environment.

The panel findings confirmed that the industry still has the best available technology, 
which is far superior to municipal systems in Alaska. They also recognized that no 
system can meet the initiative standards and that there are significant challenges with 
adopting emerging land based technologies to ships. More importantly, they confirmed 
the treatment was at such a high level, the marine environment is currently protected

360 K  Street, Suite 300 ■ Anchorage, Alaska ■ 99501 ■ (907) 743-4529 ■ (907) 743-4553 fax



and there would be little, if any, additional environmental benefit in requiring the “point 
of discharge” standard.

There remains strong statewide support to amend the statutes and with the recent find­
ings of the state’s panel of experts, there is even more scientific justification for the 
change. We would appreciate your support and early passage of the legislation in or­
der to provide sufficient time for DEC to issue a permit for the 2013 season.

Sincerely,

John Binkley 
President
Alaska Cruise Association



From: Lawrence Gaffaney 
Sent: Monday, January 28, 2013 2:15 PM 
To: Sen. Cathy Giessel 
Subject: Senate Bill 29 (SB29)

Dear Senator Giessel,
I hope you will support SB 29 and pass it through committee today as is.
The Science Advisory Panel, a group of independent experts, spent three years on the subject and 
concluded that there is no further harm to aquatic life.
They also concluded that the advanced waste water treatment systems on board the cruise ships 
are the most effective treatment systems available.
DEC will still have control over where, when, and how discharges are completed.
It is time to move on.
DEC will still have control over where, when, and how discharges are completed.
Over 125 jobs in the community of Hoonah as well as the bulk of Huna Totem Corporation’s 
income from Icy Strait Point and in Glacier Bay depends on the visitors from the cruise ships.
The cruise lines need a stable, dependable business environment to plan for the future as do 
Alaskan businesses.
Thank you for your support and quick action on this.

Best,
Larry



January 25,2013

The Honorable Cathy Giessel 
Senate Resources Chair 
State Capitol Room #427 
Juneau, AK 99801

Re: SB 29 -  An Act relating to the regulation of wastewater discharge from commercial 
passenger vessels in state waters.

Dear Senator Giessel:

On behalf of Lindblad Expeditions, I would like to express our support for Senate Bill 29, 
regarding Commercial Passenger Vessel permits.

Lindblad Expeditions has been operating US-flag small commercial passenger vessels in 
Southeast Alaska since 1982. We currently own and operate the US-flag 62-passenger vessels 
National Geographic Sea Lion and National Geographic Sea Bird.

The emphasis of our voyages in Southeast Alaska is to take our passengers to the remote and 
pristine areas and give them an up-close and hands-on experience of hiking, kayaking, whale 
watching and wildlife viewing in the company of highly qualified naturalist guides. We also 
have onboard an Undersea Specialist who dives to take video of the ecosystem below the surface 
so that our passengers can get the fullest possible experience of the Southeast Alaska 
environment. Without a doubt the greatest asset of our program in Southeast Alaska is the wild 
and unspoiled environment above and below the surface, and protecting this environment is 
critical for the long-term success of our business.

We greatly appreciate the Legislature’s efforts in creating a science panel to evaluate current 
water treatment technology, other available water treatment technology, and the impact on the 
environment. As the owner and operator of small commercial passenger vessels, we are required 
to submit a Best Management Practices plan for alternative terms and conditions of vessel 
discharges. Currently that plan is approved for three years. Extending this to five years as is 
proposed would be a welcome change, as we are typically planning the deployment of our ships 
and capital improvements on a three to five year cycle. Also, in light of the panel’s substantial 
doubts that new technology will be available in the foreseeable future, the removal of the 2015 
sunsetting of the Best Management Practices alternative for small commercial passenger vessels 
makes sense, and would remove a large area of uncertainty that is now just a little more than two 
years away.

LINDBLAD EXPEDITIONS. 1415 WESTERN AVENUE, SUITE 700, SEATTLE. WA 98101 

1.866.819.5327; 206.403.1500; FAX: 206.403.1501 WWW.EXPEDITIONS.COM

MTM OP 100% rrnoommm Wwtt lMn< Win* Gtnartttd Electric ty

http://WWW.EXPEDITIONS.COM


Given the panel’s findings, we support the Governor’s effort to amend the statutes, and we urge 
the Legislature to consider and pass SB 29. Having a reasonable permitting process in place, 
with a reasonable planning horizon is critical to our being able to plan for the future of our 
business in Alaska and the jobs that it supports.
On behalf of Lindblad Expeditions we thank you for your support.

Chief Operating Officer 
Lindblad Expeditions, Inc.



Sent: Monday, January 28, 2013 11:09 AM
To: Sen. Cathy Giessel
Subject: Support for SB 29 Passage Today

January 28, 2013
Re: Senate Bill 29
Dear Senator Giessel,
I’m writing today for my wife and myself asking that you please support SB 29, and pass it 
through committee today as is.
The Science Advisory Panel, a group of independent experts, has spent the last three years 
working on the waste water issue, and they have concluded that there is no further harm to 
aquatic life.
They also concluded that the advanced waste water treatment systems on board the cruise ships 
are the most effective treatment systems available.
The Alaska DEC will still have control over where, when, and how discharges are completed. 
This oversight will protect Alaska’s waters.
My family’s income -  and the incomes for the 26 people who work in our 27-year old family- 
owned sightseeing company - depends on the visitors from the cruise ships. The economies of 
many Southeast Alaska communities now depend on cruise tourism. The cruise industry needs a 
stable, dependable business environment to be able to plan for the future, as do Alaskan 
businesses. Your firm decision today to finally move this matter ahead will help to do that.
Thank you for your support Senator, and for your quick action on this extremely important piece 
of legislation. Passing SB 29 will help our families, our employees, our communities, and the 
entire regional economy.

Most Sincerely,
Steve Hites 
270 Second Avenue 
P.O. Box 400 
Skagway, Alaska 99840 
(907) 983-2908
stevehites@skagwavstreetcar.com

mailto:stevehites@skagwavstreetcar.com
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555 Cordova street 
Anchorage, Alaska 99501

Main: 907.269.6285 
Fax: 907.269.3487January 25,2013

The Honorable Cathy Giessel 
Chair, Senate Resources Committee 
Alaska State Capitol, Room 3 
Juneau, AK 99801
Dear Senator Giessel:
Thank you for the opportunity to provide testimony to the Senate Resources Committee regarding 
SB 29. Committee members had several questions that required follow-up infonuation. This letter is 
in response to those questions.
Senator French asked for the definition of State waters as related to state wastewater discharge 
requirements. All waters within three miles of Alaskan coasts, and all waters within Southeast Alaska 
(Alexander Archipelago) are state waters. Below are the two definitions under AS 46.03.490:
46.03.490(8) "marine waters of the state" means all waters within the boundaries of the state 
together with all of the waters of the Alexander Archipelago even if not within the boundaries of the 
state.
46.03.490(18) gives the numerical latitude and longitude limits for the waters of the Alexander 
Archipelago. The map in the enclosure provides a visual approximation of the boundaries. All dark 
blue lines inside of the red borders are more than 3 miles from shore, yet are still Alaskan waters 
under AS 46.03. These areas within the blue borders in the channels, passages and sounds of the 
Alexander Archipelago were formerly considered “donut holes” and outside state waters, but for 
purposes of the cruise ship program and permit, these are state waters and are regulated by the state 
of Alaska.
Senator French asked what federal waters were nearest to Juneau. There are two answers to that 
question. For the purposes of cruise ship wastewater discharges in Alaska, the nearest federal waters 
ate at three miles outside of Cross Sound in the Gulf of Alaska. For other purposes, the nearest 
federal waters are at a “donut hole” at the intersection of Lynn Canal, Icy Strait, and Chatham Strait, 
about half way between Juneau and Glacier Bay.



T he I Ionotablc Cathy Giessel 2 January 25, 2013

Senator Fairclough asked how die Department will define advanced wastewater treatment systems 
(AWTS). In its determination of AWTS, at a minimum the Department will ensure diat die AWTSs 
will meet requirements for applicable parameters of Public Law 106-554 (die “Murkowski law”). 
These requirements include effluent standards for fecal coliform, suspended solids, and residual 
chlorine; and incorporate by reference secondary treatment limits similar to those that municipal 
domestic wastewater treatment systems arc required to meet. These secondary treatment 
requirements include biochemical oxygen demand 5-day average (BOD-5), and pH. All of these 
standards in the Murkowski law arc more stringent than what is required for Marine Sanitation 
Devices (MSDs).
In its determination, the Department will also consider data representing the effluent quality from 
the AWTS. The work of the Science Advisory Panel, which extensively studied AWTS, will also be 
used to inform the Department’s determination.
Senator Bishop asked how many cruise ships operate in Alaska compared to the number of cruise 
ships permitted to discharge. Below are the numbers of large cruise ships that operated in Alaskan 
waters during die three years of the 2010 General permit, compared to the number of those ships 
approved by the Department to operate under the 2010 General Permit. Note that not all ships 
permitted to discharge actually chose to discharge.

2010 General Permit - Percent of Permitted Vessels

2010 2011 2Q12
Total Ships 28 27 28
Permitted Ships 18 15 16
Percentage Pcnnitted 64% 56% 59%

Senator Fairclough asked if the state ferries are excluded from the wastewater treatment 
requirements. The State ferries are not excluded. Five Alaska Marine Highway System (AMHS) 
ferries are small commercial passenger vessels for the purpose of the Alaska cruise ship wastewater 
regulations. These ferries operate under Best Management Practices plans approved by the 
Department, and their discharge volumes are consistent with small commercial passenger vessels. 
No AMHS ferries arc large commercial passenger vessels.
Sincerely,

Michelle Bonnet Hale 
Director
Enclosure: CPVEC General Permit SI! Alaska Boundaries



Enclosure: CPVEC General Permit SE Alaska Boundaries
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C P V E C  G e n e ra l P e rm it  S E  A la s k a  B o u n d a r ie s

Not*! Tht* map ihowa approximate boundaries Accurate boundaries cm be found In the 2010 General Permit Do net eu this map for navigation or to toeato actual dlacltargo limit*.
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Note that vessels must be permitted to discharge inside the red boundaries, or for all waters in the 
Alexander Archipelago.
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A l a s k aT RAVEL I N D U S T R YO I O  N

February 5, 2013

T h e  Honorable Governor Sean Parnell 
P .O . Box 110001 
Juneau, A K  99811-0001

Dear G o vernor Parnell,

O n  behalf of the Alaska Travel Industry Association (A T IA ) Board of 
Directors, I wanted to forward you the attached resolution in support of 
Senate Bill 29 and House Bill 80. Th is  proposed legislation will allow the 
Departm ent of Environm ental Conservation (D E C ) to issue permits based 
upon the best science available as well as encourage Alaska’s cruise 
industry to continue to use the m ost updated technology to treat 
w astewater discharges.

A T IA  appreciates your support of Alaska’s visitor industry.

Respectfully,

tic
Kirk Hoessle
Chairm an of the Board of Directors 
Alaska Travel Industry Association
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A l a s k a
T R A V E L  I N D U S T R Yo I T I O N

Alaska Travel Industry Association 
January 30, 2013 
Resolution 13-2

A R ES O LU TIO N  OF THE ALASKA TRA VEL IN D U S TR Y  A SSO C IA TIO N  (ATIA) 
U R G IN G  T H E  ALASKA STATE LEG ISLATU RE TO  PASS SEN A TE BILL 29 OR  
H O U SE  BILL 80.

WHEREAS, A TIA  is a nonprofit organization representing over 700 travel-related 
businesses of Alaska; and

WHEREAS, the cruise industry is a major component of A laska’s travel related 
economy with approximately 60%  or one million of the anticipated 1.6 million out-of- 
state visitors to Alaska traveling by cruise ship in 2013; and

WHEREAS, the cruise industry visits coastal communities generating jobs and 
significant economic benefits; and

WHEREAS, many cruise passengers add an extended land tour to their vacations, 
spreading the economic benefits to many areas of our State; and

WHEREAS, the cruise industry has invested more than $200 million to install some of 
the most advanced wastewater treatment systems in the world; and

WHEREAS, a ballot initiative which was characterized as treating the cruise industry 
similar to all other dischargers actually imposed conditions only applicable to the 
cruise ships; and

WHEREAS, a state panel of independent experts created by the Legislature 
concluded that cruise ships have the best technology available and no proven system  
exists which can m eet the initiative standards; and

WHEREAS, Governor Parnell has introduced legislation to allow the Department of 
Environmental Conservation (D EC) to issue permits applying A laska’s tough W ater 
Quality Criteria in a manner similar to all dischargers; and

WHEREAS, the Governor’s legislation does not reduce any standards for cruise ships 
and will still require more advanced treatment than other dischargers in Alaska; and

NOW THEREFORE BE IT RESOLVED that the Alaska Travel Industry Association 
supports Senate Bill 29, and its companion, House Bill 80, which will give A DEC the 
authority to issue permits based upon the best science and available technology.

Signed this 31 day of January, 2013

Kirk Hoessle
Chairman of the Board of Directors 
Alaska Travel Industry Association

Alaska Travel Industry Association 
2600 Cordova Street, Suite 201 
Anchorage, Alaska 99503-2745 
www.AlaskaTIA.org | 
www.TravelAlaska.com

http://www.AlaskaTIA.org
http://www.TravelAlaska.com



