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P A R T I . G E N E R A L 

1 A P P L I C A T I O N 

1.1 T h e r e q u i r e m e n t s o f these R u l e s f o r P l a n n i n g a n d E x e c u t i o n o f M a r i n e 
O p e r a t i o n s 1 a p p l y t o m a r i n e o p e r a t i o n s c a r r i e d o u t d u r i n g c o n s t r u c t i o n 
m o d e r n i z a t i o n a n d u t i l i z a t i o n o f o f f s h o r e o i l a n d gas f i e l d f a c i l i t i e s o r o t h e r 
s t ruc tu res a n d u n i t s c o v e r e d b y t h e t e c h n i c a l s u p e r v i s i o n o f t h e R u s s i a n 
M a r i t i m e R e g i s t e r o f S h i p p i n g 2 . 

1.2 T h e r e q u i r e m e n t s o f these R u l e s d o n o t a p p l y t o : 
w o r k s / o p e r a t i o n s w h i c h are t r a d i t i o n a l f o r s h i p p i n g ; 
l a y i n g o f subsea p i p e l i n e s a n d cables , i n s t a l l a t i o n o f subsea p r o d u c t i o n 

s y s t e m s ( S P S ) ; 
i n s t a l l a t i o n o f se l f -e leva t ing u n i t s a n d semi - submers ib le u n i t s a t a d r i l l i n g si te; 
t r a n s i t s o f sh ips o u t s i d e t h e p r e s c r i b e d areas o f n a v i g a t i o n ( s h a l l b e c a r r i e d 

o u t i n accordance w i t h t h e r e q u i r e m e n t s o f S e c t i o n 8, P a r t I I " C a r r y i n g o u t 
C l a s s i f i c a t i o n S u r v e y o f S h i p s " o f t h e G u i d e l i n e s o n T e c h n i c a l S u p e r v i s i o n o f 
S h i p s i n S e r v i c e w i t h A n n e x e s ) . 

1.3 O n a g r e e m e n t w i t h t h e R e g i s t e r , t h e r e q u i r e m e n t s o f these R u l e s c a n b e 
e x t e n d e d t o m a r i n e o p e r a t i o n s w i t h t h e ob jec t s n o t c o v e r e d b y t h e R e g i s t e r 
t e c h n i c a l s u p e r v i s i o n ( e .g . t o w i n g / t r a n s p o r t a t i o n o f a n y l a rge a n d h e a v y 
p r o d u c t s i f s t r e n g t h e n i n g o r a n y o t h e r a l t e r a t i o n t o t h e c ra f t h u l l s t r u c t u r e i s 
r e q u i r e d ) . 

1.4 T h e concepts o f p l a n n i n g a n d e x e c u t i o n o f o t h e r t y p e s o f m a r i n e 
o p e r a t i o n s n o t r e g u l a t e d b y these R u l e s s h a l l b e s u b m i t t e d t o t h e R e g i s t e r f o r 
r e v i e w a n d a g r e e m e n t i n e a c h p a r t i c u l a r case. I n t h i s case, t h e i n f o r m a t i o n a n d 
d o c u m e n t a t i o n w h i c h a l l o w t o a sce r t a in t h e e f f i c i e n c y a n d s a f e l y l e v e l o f 
e x e c u t i o n o f t h e o p e r a t i o n s i n q u e s t i o n s h a l l b e s u b m i t t e d t o t h e Reg i s t e r . 

1.5 T o g e t h e r w i t h t h e r e q u i r e m e n t s o f these R u l e s t h e r e q u i r e m e n t s o f t h e 
R u l e s f o r C l a s s i f i c a t i o n , C o n s t r u c t i o n a n d E q u i p m e n t o f M o b i l e O f f s h o r e 
D r i l l i n g U n i t s a n d F i x e d O f f s h o r e P l a t f o r m s 3 , t h e R u l e s f o r t h e C l a s s i f i c a t i o n , 
C o n s t r u c t i o n a n d E q u i p m e n t o f F l o a t i n g O f f s h o r e O i l - a n d - G a s P r o d u c t i o n 
U n i t s , t h e R u l e s f o r t h e C a r g o - H a n d l i n g G e a r o f S e a - G o i n g S h i p s m a y b e 
a p p l i e d . 

' H e r e i n a f t e r r e f e r r e d t o as " the R u l e s " , 
h e r e i n a f t e r r e f e r r e d t o as " the R e g i s t e r " , 
h e r e i n a f t e r r e f e r r e d t o as " the M O D U / F O P R u l e s " . 
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1.6 D e s i g n s o f m a r i n e o p e r a t i o n s d e v e l o p e d a c c o r d i n g t o t h e r u l e s o f 
a n o t h e r c l a s s i f i c a t i o n s o c i e t y ( h e r e i n a f t e r , A C S ) a n d o t h e r s tandards m a y b e 
a p p r o v e d b y t h e R e g i s t e r as a l t e r n a t i v e o r a d d i t i o n a l t o t h e r e q u i r e m e n t s o f these 
R u l e s . 

2 D E F I N I T I O N S A N D E X P L A N A T I O N S 

2.1 F o r the purpose o f these R u l e s t he f o l l o w i n g def in i t ions h a v e been adopted: 
M a r i n e o p e r a t i o n s are o p e r a t i o n s f o r a s s e m b l y , t r a n s p o r t a t i o n , 

m a t i n g a n d i n - s i t e i n s t a l l a t i o n o f a n ob j ec t f o r a n o i l a n d gas f i e l d o r i t s pa r t s o r 
i t s pa r t s ( b l o c k s , t i e r s , c o l u m n s , m o d u l e s , p o s i t i o n i n g s y s t e m s , e tc . ) c a r r i e d o u t 
w h e n t h e ob j ec t o r a n y o f i t s pa r t s a re a f l o a t o r w i t h t h e u se o f craf t , a n d 
i n c o r p o r a t i n g a t leas t t w o o f t h e stages l i s t e d . T w o t y p e s o f o p e r a t i o n s are 
d i s t i n g u i s h e d : 

S h i p y a r d o p e r a t i o n s a f l o a t a re space- res t r ic ted m a r i n e o p e r a ­
t i o n s c o n d u c t e d a t a n o u t f i t t i n g q u a y ( p i e r ) o r w i t h i n f u l l y p r o t e c t e d s h i p y a r d 
w a t e r area. 

U n r e s t r i c t e d m a r i n e o p e r a t i o n s are space -unres t r i c t ed o p e r a ­
t i o n s a f l o a t c o n d u c t e d w i t h i n a s e m i - p r o t e c t e d w a t e r a rea o r o n h i g h seas. 

B a l l a s t i n g i s f i l l i n g o f b a l l a s t t a n k s o r c o m p a r t m e n t s . 
B l o c k i s a n i n d e p e n d e n t s p e c i a l l y f a b r i c a t e d c o m p o n e n t o f a n ob jec t . 
T o w i n g m e a n s t r a n s p o r t a t i o n o f a s e l f - f l o a t i n g o b j e c t ( i t s p a r t s ) . 
S h o r t t e r m ( W e a t h e r r o u t e d ) t o w i n g m e a n s t h e t o w i n g 

r e s t r i c t e d b y w e a t h e r w i t h i n t h e l i m i t s o f a f a v o u r a b l e w e a t h e r fo recas t - g o o d 
w e a t h e r " w i n d o w " ( w i t h i n 3 d a y s ) . 

U n r e s t r i c t e d t o w i n g m e a n s t h e t o w i n g u n r e s t r i c t e d b y w e a t h e r o r 
t i m e . 

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

S k i d d i n g / r o l l i n g m e a n s t h e h o r i z o n t a l m o v e m e n t o f a n ob j ec t o n 
gu ide s / r a i l s b y s l i d i n g / r o l l i n g . 

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

P o s i t i o n i n g is a m a r i n e opera t ion necessary t o m a n e u v e r a n d keep the 
object p r o p e r l y or ien ted a n d prec ise ly located o v e r a p rede te rmined p o i n t o f seabed. 

R e c o g n i z e d s t a n d a r d s , r e f e r e n c e d o c u m e n t s , c a l c u ­
l a t i o n a n d d e s i g n m e t h o d s are e x i s t i n g n a t i o n a l , i n d u s t r i a l , depar t ­
m e n t a l s tandards , r e f e r ence d o c u m e n t s a n d a l s o c a l c u l a t i o n m e t h o d s d e v e l o p e d 
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b y separa te o r g a n i z a t i o n s a n d a u t h o r s , i n c l u d i n g f o r e i g n ones a p p r o v e d f o r 
a p p l i c a t i o n b y a u t h o r i z e d b o d i e s o r t h e R e g i s t e r . 

E n g i n e e r i n g o f a m a r i n e o p e r a t i o n m e a n s s u b s t a n t i a t i o n o f a l l 
p rocess p r o c e d u r e s a n d s u p p o r t m e a n s ( a r r a n g e m e n t s , app l i ances , i n s t r u m e n t s , 
m a c h i n e r y , t u g s , e tc . ) necessa ry f o r e x e c u t i o n t h e r e o f , w h i c h p e r m i t t o s a f e l y 
a c h i e v e t h e set o b j e c t i v e e f f e c t i v e l y , a n d a t t h e m i n i m u m cost . 

A s s e m b l y m e a n s a n y c o m b i n a t i o n o f c o m p o n e n t s o f t h e u n f i n i s h e d 
ob jec t . 

L a u n c h i n g i s t h e d y n a m i c o p e r a t i o n o f t h e f l o a t i n g u p o f a n a s s e m b l y , 
b l o c k o r m o d u l e i n a d r y d o c k , i m m e r s i o n o f a f l o a t i n g d o c k o r a f l o - f l o t y p e 
h e a v y - l i f t ca r r ie r , o r a f t e r s l i d i n g f r o m t h e s l i p o r d o w n t h e s k i d b e a m s o n a 
ba rge . 

M a t i n g b y f l o a t - o n m e t h o d i s t h e t i m e - r e s t r i c t e d o r w e a t h e r -
r e s t r i c t e d v e r t i c a l m a t i n g o f ob jec ts ( t i e r s , b l o c k s ) t o e a c h o t h e r o r a s u b s t r u c t u r e 
( f l o a t i n g o r s ecu red o n t h e seabed) w i t h a t o p s i d e u s i n g a c ra f t ( b a r g e / p o n t o o n ) 
t h r o u g h b a l l a s t i n g a n d m a n e u v e r i n g . 

B u o y a n c y p o n t o o n ( t o w e r ) i s a w a t e r t i g h t t a n k b e i n g t e m p o r a r y 
a t t ached t o t h e s t r u c t u r e t o ensu re i t s b u o y a n c y a n d s t a b i l i t y d u r i n g a m a r i n e 
o p e r a t i o n . 

P o i n t o f n o r e t u r n ( P N R ) i s a p o i n t d u r i n g a n o p e r a t i o n t h a t 
represen ts t h e final o p p o r t u n i t y t o r e v e r s e , d e l a y o r a b a n d o n t h e o p e r a t i o n . 

T r a n s p o r t a t i o n i s a m a r i n e o p e r a t i o n i n v o l v i n g m o v e m e n t o f a n 
o b j e c t o r i t s s epa ra t e c o m p o n e n t s f r o m a c o n s t r u c t i o n s i t e ( p l a c e o f 
m a n u f a c t u r e ) t o t h e l o c a t i o n o f t h e n e x t m a r i n e o p e r a t i o n . 

I n s t a l l a t i o n i s a m a r i n e o p e r a t i o n w h i c h i n c l u d e s t h e p rocedu re s f o r 
s u b m e r s i o n ( i f neces sa ry ) , p o s i t i o n i n g a n d fixing t h e ob j ec t i n accordance w i t h 
t h e d e s i g n ( e x c e p t f o r p o s i t i o n i n g o f s e l f - e l e v a t i n g M O D U a n d s e m i - s u b m e r g e d 
M O D U at a d r i l l i n g l o c a t i o n ) . 

T i e r i s a n aggrega te o f h o r i z o n t a l l y j o i n e d b l o c k s . 

3 C A T E G O R I E S O F M A R I N E O P E R A T I O N S 

3.1 O p e r a t i o n s c o v e r e d b y these R u l e s i n c l u d e : 
l a u n c h i n g o f b l o c k s , m o d u l e s o r ob jec t s ; 
o u t f i t t i n g , a s s e m b l y a n d h o r i z o n t a l m a t i n g o f b l o c k s a f l o a t ; 
l i f t i n g o p e r a t i o n s ; 
r o l l i n g ( s k i d d i n g ) o p e r a t i o n s ; 
v e r t i c a l m a t i n g o f t i e r s b y f l o a t - o n m e t h o d ; 
v e r t i c a l m a t i n g o f s u b s t r u c t u r e a n d t o p s i d e b y f l o a t - o n m e t h o d ; 
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t r a n s p o r t a t i o n a n d t o w i n g ( u n r e s t r i c t e d o r s h o r t - t e r m ) o f t h e ob j ec t o r pa r t s 
t h e r e o f ; 

i n s t a l l a t i o n o f t h e ob j ec t o n s i te . 
3.2 D e p e n d i n g o n t h e r i s k l e v e l , m a r i n e o p e r a t i o n s are s u b d i v i d e d i n t o t h e 

f o l l o w i n g ca tegor ies ( r e f e r t o T a b l e 3 . 2 ) : 
T a b l e 3 . 2 

C a t e g o r y 
o f o p e r a t i o n 

R i s k 
d e s c r i p t i o n 

R e f e r e n c e 
c r i t e r i a 

S i m p l e o p e r a t i o n s 

W e l l c o n t r o l l e d o p e r a t i o n s o r 
less w e a t h e r - s e n s i t i v e ope ra ­
t i o n s 

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

O p e r a t i o n w i t h h i g h r i s k 
p o t e n t i a l 

L i f t i n g a n d m o u n t i n g o p e r a t i o n s w h e n t h e w e i g h t o f 
t h e ob j ec t b e i n g l i f t e d i s from 3 5 t o 3 0 0 t 
L i f t i n g and m o u n t i n g operat ions i n sheltered waters 
w h e n the w e i g h t o f t he object b e i n g l i f t e d exceeds 3 0 0 1 
L a u n c h i n g o f t h e ob j ec t i n she l t e r ed w a t e r s 
S h o r t - t e r m t o w i n g 
T r a n s p o r t a t i o n o f t h e ob j ec t o n a s p e c i a l i z e d c ra f t 
L i f t i n g a n d m o u n t i n g o p e r a t i o n s o n h i g h seas w h e n 
t h e w e i g h t o f t h e ob j ec t b e i n g l i f t e d exceeds 3 0 0 t 
M a t i n g o f b l o c k s a f l o a t 
R o l l i n g o f t h e ob j ec t o n fixed o r floating f o u n d a t i o n . 
U n r e s t r i c t e d t o w i n g 
L a u n c h i n g o f t h e ob j ec t o n h i g h seas 
I n s t a l l a t i o n o f subs t ruc tu r e o n t h e seabed 
L o n g - r a n g e o c e a n t o w i n g 
E r e c t i o n o f t h e t o p s i d e as a s s e m b l e d 

3.3 D e p e n d i n g o n t h e r e f e rence p e r i o d , m a r i n e o p e r a t i o n s a re s u b d i v i d e d 
i n t o : 

w e a t h e r - u n r e s t r i c t e d o p e r a t i o n s w i t h a r e fe rence p e r i o d e x c e e d i n g 7 2 h ; 
w e a t h e r - r e s t r i c t e d o p e r a t i o n s w i t h a r e f e rence p e r i o d less t h a n 7 2 h . 
M a r i n e o p e r a t i o n s w i t h a r e fe rence p e r i o d e x c e e d i n g 7 2 h m a y b e d e f i n e d 

as w e a t h e r - r e s t r i c t e d i f t h e o p e r a t i o n c a n b e i n t e r r u p t e d d u r i n g i t s e x e c u t i o n a n d 
t h e ob j ec t m a y b e m o v e d i n t o a s h e l t e r e d p o s i t i o n w h e n t h e m e t o c e a n 
p a r a m e t e r s a re exceeded . 

M a r i n e o p e r a t i o n s w i t h r e f e rence p e r i o d s less t h a n 1 2 h are c o n s i d e r e d 
separa te ly . 

3.4 O p e r a t i o n r e f e rence p e r i o d TR, h, i s d e t e r m i n e d b y t h e f o r m u l a 

TR = TPOP+Tc ( 3 . 4 ) 

w h e r e TPOP - p l a n n e d ( d e s i g n ) o p e r a t i o n p e r i o d , h; 
Tc = e s t i m a t e d c o n t i n g e n c y t i m e , h. 
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I f t h e e s t i m a t e d c o n t i n g e n c y t i m e Tc d u e t o casua l f ac to r s i s n o t assessed, i t 
m a y b e t a k e n e q u a l t o t h e p l a n n e d o p e r a t i o n p e r i o d TPOP b u t n o t less t h a n 6 h . 

3.5 F o r w e a t h e r - r e s t r i c t e d m a r i n e o p e r a t i o n s , t h e d e s i g n e n v i r o n m e n t a l 
c o n d i t i o n s m a y b e e s t ab l i shed i n e a c h p a r t i c u l a r case i n t h e t e c h n i c a l d e s i g n 
a s s i g n m e n t , p r o c e e d i n g f r o m t h e s t r u c t u r a l p a r t i c u l a r s o f t h e ob jec t , t e c h n i c a l 
c apab i l i t i e s o f s u p p l y vesse l s a v a i l a b l e , etc. T h e s ta r t o f s u c h o p e r a t i o n s i s 
c o n d i t i o n a l u p o n e x i s t i n g acceptable w e a t h e r c o n d i t i o n s a n d t h e i r f a v o u r a b l e 
forecas t . 

3.6 C o n s i d e r i n g i n s t a b i l i t y i n m e t o c e a n c o n d i t i o n s a n d i n a c c u r a c y i n 
w e a t h e r forecas ts , t h e acceptable p a r a m e t e r s o f w e a t h e r c o n d i t i o n s ( o p e r a t i o n 
c r i t e r i a ) f o r a c t u a l b e g i n n i n g a n d p e r f o r m a n c e o f a m a r i n e o p e r a t i o n s h a l l b e 
a s s u m e d less t h a n t h e d e s i g n c r i t e r i a adop ted . T h e m e t o c e a n p a r a m e t e r s Ca f o r 
m a r i n e o p e r a t i o n p e r f o r m a n c e a re d e t e r m i n e d b y t h e f o r m u l a 

C0^aCD ( 3 . 6 ) 

w h e r e C D = d e s i g n m e t o c e a n p a r a m e t e r s ; 
<x = r e d u c t i o n & c t o r t a k e n e q u a l t o 0 ,8 f o r a n a v e r a g e d ( a n e m o m e t r i c ) w i n d v e l o c i t y ; 

f o r w a v e h e i g h t s , r e f e r t o T a b l e 3 .6 . 

T a b l e 3 . 6 
R e d u c t i o n f a c t o r a f o r t h e s e a s 

O p e r a t i o n r e fe rence 
p e r i o d TR, 

D e s i g n w a v e he igh t w i t h 3 per cent p robab i l i t y o f exceeding l e v e l , i n m O p e r a t i o n r e fe rence 
p e r i o d TR, 

i n h 1,3 < Аз % < 2 , 6 2 , 6 < й з % < 5 ,2 h3% > 5 , 2 

< 1 2 0 ,68 0 , 7 6 0 , 8 0 
1 2 ^ Г Д < 2 4 0,63 0 , 7 1 0 , 7 5 
2 4 ^ Г Д < 4 8 0 , 5 6 0 , 6 4 0 , 6 7 
4 8 ^ Г Д < 7 2 0 , 5 1 0 , 5 9 0 ,63 

3.7 F o r m a r i n e o p e r a t i o n s w i t h t h e o p e r a t i o n r e f e rence p e r i o d e x c e e d i n g 
7 2 h , b u t w h i c h m a y b e d e f i n e d as w e a t h e r - r e s t r i c t e d , i n e s t a b l i s h i n g o p e r a t i o n 
c r i t e r i a t h e t o t a l d u r a t i o n o f a l l separate stages s h a l l b e t a k e n i n t o accoun t . 

T h e m e t o c e a n p a r a m e t e r s Ca f o r s u c h o p e r a t i o n s s h a l l b e sepa ra t e ly set i n 
each p a r t i c u l a r case. 

3.8 E n v i r o n m e n t a l c r i t e r i a f o r w e a t h e r - u n r e s t r i c t e d o p e r a t i o n s a f l o a t 
( e x c e e d i n g 7 2 h ) s h a l l b e based o n e x t r e m e v a l u e s ta t i s t ics f o r a p a r t i c u l a r 
o p e r a t i o n area. T h e m e t o c e a n p a r a m e t e r s CQ f o r o p e r a t i o n p e r f o r m a n c e m a y b e 
t a k e n e q u a l t o t h e d e s i g n c r i t e r i a . 
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4 T E C H N I C A L D O C U M E N T A T I O N 

4.1 P r i o r t o t h e p e r f o r m a n c e o f a n ope ra t ion , t echn ica l d o c u m e n t a t i o n w h i c h 
inc ludes t h e o p e r a t i o n p l a n a n d o p e r a t i o n des ign s h a l l b e s u b m i t t e d t o t h e R e g i s t e r 
f o r r e v i e w a n d app rova l . F o r ca tegory 1 opera t ions t he o p e r a t i o n p l a n s h a l l b e 
submi t t ed , f o r o t h e r categories - t he o p e r a t i o n p l a n a n d o p e r a t i o n des ign. 

4.2 T h e o p e r a t i o n p l a n s h a l l desc r ibe o r g a n i z a t i o n o f t h e o p e r a t i o n 
p e r f o r m a n c e . T h e o p e r a t i o n p l a n s h a l l g e n e r a l l y i n c l u d e t h e f o l l o w i n g sec t ions : 

t e c h n i c a l b a c k g r o u n d ; 
o r g a n i z a t i o n char t ; 
o p e r a t i o n a l s chedu le . 
4.2.1 T e c h n i c a l b a c k g r o u n d s h a l l i n c l u d e : 
d e s i g n bas i s f o r d e v e l o p m e n t o f m a r i n e o p e r a t i o n ; 
l i s t o f r e f e rence d o c u m e n t s ; 
m a r i n e o p e r a t i o n stages; 
d e s c r i p t i o n o f r i s k f ac to r s , r i s k m a n a g e m e n t m e a s u r e s . 
4.3 T h e o p e r a t i o n d e s i g n s h a l l desc r ibe de ta i l s a n d p r o c e d u r e o f t h e 

o p e r a t i o n p e r f o r m a n c e , c ra f t , s t ruc tu res , a r r a n g e m e n t s a n d e q u i p m e n t i n v o l v e d . 
A l l e s s en t i a l aspects o f t h e o p e r a t i o n b o t h f o r n o r m a l c o n d i t i o n s o f i t s 
p e r f o r m a n c e a n d f o r p o t e n t i a l c r i t i c a l s i t u a t i o n s s h a l l b e c o n s i d e r e d i n t h e 
d e s i g n . 

T h e o p e r a t i o n d e s i g n s h a l l g e n e r a l l y i n c l u d e t h e f o l l o w i n g sec t ions : 
m a r i n e o p e r a t i o n m a n u a l (he re ina f t e r , t h e M a n u a l ) / t e c h n i c a l b a c k g r o u n d ; 
d e s c r i p t i o n o f e x t e r n a l c o n d i t i o n s a n d effects ; 
r e s t r i c t i o n s d u e t o e x t e r n a l c o n d i t i o n s ; 
r e s t r i c t i o n s d u e t o s t r e n g t h a n d s t a b i l i t y o f t h e ob j ec t a n d t h e m e a n s a n d 

s t ruc tu res i n use ; 
n a v i g a t i o n a l s u p p o r t a n d c o m m u n i c a t i o n s ; 
c a l c u l a t i o n s ; 
g e n e r a l a r r a n g e m e n t p l a n s , g e n e r a l v i e w d r a w i n g s a n d s p e c i f i c a t i o n s o f 

s t ruc tu res , a s sembl i e s a n d c o m p o n e n t s ; 
r i s k assessment ; 
e n v i r o n m e n t a l p r o t e c t i o n . 
4.4 T h e M a n u a l / t e c h n i c a l b a c k g r o u n d s h a l l g e n e r a l l y i n c l u d e : 
d i s t r i b u t i o n o f r e s p o n s i b i l i t i e s a m o n g t h e p a r t i c i p a n t s o f t h e o p e r a t i o n ; 
g e n e r a l d e s c r i p t i o n a n d m a i n p a r t i c u l a r s o f t h e h a n d l e d objec ts ( d i m e n s i o n s , 

w e i g h t cha rac te r i s t i c s , cen t r e o f g r a v i t y ( C o G ) p o s i t i o n , e tc . ) , g e n e r a l v i e w 
d r a w i n g s ; 

g e n e r a l a r r a n g e m e n t p l a n s ; 
o p e r a t i o n a l sequence/process a n d o p e r a t i o n p e r f o r m a n c e p l a n ; 
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c o n t i n g e n c y p l a n s f o r e m e r g e n c y ( w h e n t h e s t a n d a r d p r o c e d u r e f o r m a r i n e 
o p e r a t i o n i s i n t e r r u p t e d ) a n d acc iden t ( w h e n a n acc iden t i s l i k e l y t o o c c u r ) 
s i t u a t i o n s ; 

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

s y s t e m s a n d e q u i p m e n t , o p e r a t i n g m a n u a l s ; 
l i s t o f sh ips a n d o t h e r c ra f t i n v o l v e d ; 
c o m m u n i c a t i o n m o d e a n d s y s t e m s ; 
m e t o c e a n suppo r t ; 
l i f e - s a v i n g app l iances ; 
r e p o r t i n g f o r m s ; 
l i s t o f v e r i f i c a t i o n s i n p r e p a r a t i o n a n d p e r f o r m a n c e o f t h e o p e r a t i o n ; 
t es t p l a n s ; 
l i s t s o f spare pa r t s , t o o l s , accessories a n d e m e r g e n c y o u t f i t . 
A d d i t i o n a l r e q u i r e m e n t s f o r t h e m a n u a l s ( t e c h n i c a l d o c u m e n t a t i o n ) o n 

p a r t i c u l a r t y p e s o f m a r i n e o p e r a t i o n s a re g i v e n i n 4 . 9 t o 4 . 1 3 . 
4.5 A s a p a r t o f t h e m a r i n e o p e r a t i o n d e s i g n , i n s p e c t i o n a n d tes t p r o g r a m s , 

i n c l u d i n g i n s t r u m e n t a t i o n c a l i b r a t i o n p r o c e d u r e s s h a l l b e d e v e l o p e d . T h e r e su l t s 
o f i n s p e c t i o n s a n d tests s h a l l b e d o c u m e n t e d . F o r o p e r a t i o n s w i t h h i g h r i s k 
l e v e l , i t i s r e c o m m e n d e d t o d e v e l o p a c o m m o n tes t p r o g r a m , w h i c h spec i f ies t h e 
c o m p o s i t i o n , sequence a n d p r o c e d u r e o f i n s p e c t i o n s a n d tests f o r separate 
s t ruc tu res , e q u i p m e n t a n d s y s t e m s . T h e p r o g r a m s h a l l i n d i c a t e c o n t r o l l e d 
p a r a m e t e r s , charac te r i s t i c s a n d t h e i r v a l u e s i n accordance w i t h t h e d e s i g n 
r e q u i r e m e n t s . 

4.6 L i m i t i n g c r i t e r i a f o r m a r i n e o p e r a t i o n o r pa r t s t h e r e o f s h a l l b e c l e a r l y 
s ta ted i n t h e M a n u a l ( t e c h n i c a l d o c u m e n t a t i o n ) . 

4 .7 T h e d o c u m e n t a t i o n d e v e l o p e d s h a l l i n c l u d e t h e f u l l d e s c r i p t i o n s o f a l l 
p rocedu re s , e q u i p m e n t i n use , etc. o r c o n t a i n re fe rences t o w e l l - k n o w n a v a i l a b l e 
m a t e r i a l s c o n t a i n i n g necessa ry d e s c r i p t i o n s . T h e a m o u n t a n d de ta i l s o f t h e 
d o c u m e n t a t i o n s h a l l en su re i n d e p e n d e n t s u b m i s s i o n a n d r e v i e w o f d r a w i n g s , 
p r o c e d u r e d e s c r i p t i o n s a n d c a l c u l a t i o n s f o r a l l o p e r a t i o n stages. 

4.8 I f a n y act ions i n t he course o f m a r i n e o p e r a t i o n are p e r f o r m e d i n 
accordance w i t h t he p e r f o r m e r ' s standards (s tandard procedures) , t h e above -
m e n t i o n e d documen t s s h a l l b e s u b m i t t e d t o t he R e g i s t e r f o r r e v i e w a n d a p p r o v a l . 

4.9 M a n u a l s ( t e c h n i c a l d o c u m e n t a t i o n ) f o r l i f t i n g o p e r a t i o n s , s k i d d i n g / 
r o l l i n g o p e r a t i o n s a n d o p e r a t i o n s o n ob j ec t s e c u r i n g d u r i n g t r a n s p o r t a t i o n s h a l l 
i n c l u d e : 

o p e r a t i o n p r o c e d u r e ; 
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g e n e r a l a r r a n g e m e n t p l a n s o f t h e h a n d l e d ob jec t s p r i o r t o l o a d i n g , 
d e s c r i p t i o n s w i t h i n d i c a t i o n o f p r i n c i p a l charac te r i s t i cs a n d s t r e n g t h c a l c u l a t i o n s 
o r c a l c u l a t i o n r e su l t s o f a u x i l i a r y m a c h i n e r y a n d e q u i p m e n t t o b e i n s t a l l e d o n l y 
t o p r o v i d e o p e r a t i o n s a n d / o r s e c u r i n g ; 

m o o r i n g a n d t e n d e r i n g s y s t e m s l a y o u t s ; 
g e n e r a l a r r a n g e m e n t p l a n o f t h e ob jec t s o n craf t ; 
g e n e r a l a r r a n g e m e n t p l a n s , s t r e n g t h c a l c u l a t i o n s o r c a l c u l a t i o n r e s u l t s , 

g e n e r a l v i e w d r a w i n g s o f g r i l l a g e a n d sea fas t en ing ; 
g l o b a l a n d l o c a l s t r e n g t h c a l c u l a t i o n s f o r t h e ob jec t ; 
g l o b a l a n d l o c a l s t r e n g t h c a l c u l a t i o n s f o r c ra f t , m e a s u r e s f o r l o a d 

d i s t r i b u t i o n ( i f r e q u i r e d ) a n d h u l l s t r e n g t h e n i n g ( i f r e q u i r e d ) ; 
c a l c u l a t i o n s o f t r i m , b a l l a s t ( i f r e q u i r e d ) , s t a b i l i t y , f r e e b o a r d a n d u n s i n k -

a b i l i t y a t a l l o p e r a t i o n stages, i n c l u d i n g acc iden t s i t u a t i o n s ; 
c o n t i n g e n c y p l a n s . 
4.9.1 L i f t i n g ( r i g g i n g ) m a n u a l ( t e c h n i c a l d o c u m e n t a t i o n ) s h a l l a d d i t i o n a l l y 

i n c l u d e : 
t e c h n i c a l b a c k g r o u n d f o r s e l e c t i n g t h e ca rgo h a n d l i n g gear, app l i ances 

( m e a n s ) a n d dev i ce s , t h e i r g e n e r a l a r r a n g e m e n t p l a n s w i t h i n d i c a t i o n o f 
p r i n c i p a l charac te r i s t i c s , g e n e r a l v i e w d r a w i n g s ; 

s l i n g i n g c a l c u l a t i o n . 
4.9.2 S k i d d i n g / r o l l i n g m a n u a l ( t e c h n i c a l d o c u m e n t a t i o n ) s h a l l a d d i t i o n a l l y 

i n c l u d e : 
t e c h n i c a l b a c k g r o u n d f o r s e l e c t i n g t h e e q u i p m e n t i n v o l v e d ; 
g e n e r a l a r r a n g e m e n t p l a n s w i t h i n d i c a t i o n o f p r i n c i p a l cha rac te r i s t i c s , 

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

g e n e r a l v i e w d r a w i n g s o f t r a i l e r s ( m u l t i w h e e l b o g i e s ) a n d h y d r a u l i c s y s t e m ; 
g e n e r a l a r r a n g e m e n t p l a n w i t h i n d i c a t i o n o f p r i n c i p a l cha rac te r i s t i c s , 

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

o f t r a c t i o n e q u i p m e n t ; s t r e n g t h c a l c u l a t i o n o f c a rgo t r a c k ; 
c a l c u l a t i o n o f t h e ob j ec t w e i g h t t r a n s f e r p rocess from s u p p o r t t o suppo r t ; 

seabed h o l d i n g p o w e r c a l c u l a t i o n ( i f a p p l i c a b l e ) . 
4.10 L a u n c h i n g m a n u a l ( t e c h n i c a l d o c u m e n t a t i o n ) s h a l l i n c l u d e : 
d e s c r i p t i o n o f l a u n c h i n g m e t h o d ; 
t e c h n i c a l b a c k g r o u n d f o r s e l e c t i n g t h e l a u n c h i n g app l i ances ; 
genera l a r r angement p l a n w i t h i n d i c a t i o n o f p r i n c i p a l characterist ics, genera l 

v i e w d r a w i n g s o f a u x i l i a r y e q u i p m e n t f o r p o s i t i o n - k e e p i n g after l a u n c h i n g ; 
m e t h o d s a n d c a l c u l a t i o n o f b a l l a s t i n g b y m e a n s o f s o l i d a n d / o r w a t e r 

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

4.11 T o w i n g / t r a n s p o r t a t i o n m a n u a l ( t e c h n i c a l d o c u m e n t a t i o n ) s h a l l i n c l u d e : 
t e c h n i c a l b a c k g r o u n d f o r c r a f t s e l e c t i o n , c r a f t s p e c i f i c a t i o n s / g e n e r a l 

d e s c r i p t i o n a n d m a i n p a r t i c u l a r s , g e n e r a l a r r a n g e m e n t p l a n s w i t h i n d i c a t i o n o f 
p r i n c i p a l cha rac te r i s t i c s , g e n e r a l v i e w d r a w i n g o f a v a i l a b l e s t a n d a r d s y s t e m s , 
e q u i p m e n t a n d m a c h i n e r y a n d t h o s e t o b e i n s t a l l e d a d d i t i o n a l l y f o r m a r i n e 
o p e r a t i o n , c a l i b r a t i o n t ab les o f b a l l a s t t a n k s a n d p i p i n g a n d v a l v e d r a w i n g s ; 
c a l c u l a t i o n o f t o w i n g res i s t ance a n d r e q u i r e d t o w i n g p u l l ; 

t e c h n i c a l b a c k g r o u n d f o r s e l e c t i n g t h e t o w o r d e r s h i p s a n d t u g s , 
s p e c i f i c a t i o n s / g e n e r a l d e s c r i p t i o n a n d m a i n p a r t i c u l a r s o f t h e t o w e d ob j ec t o r 
t r a n s p o r t s h i p (ba rge , p o n t o o n ) w i t h t h e t r a n s p o r t e d ob jec t , s p e c i f i c a t i o n s / 
g e n e r a l d e s c r i p t i o n a n d m a i n p a r t i c u l a r s o f t ugs , a r r a n g e m e n t i n t h e t o w o r d e r 
( c o n f i g u r a t i o n i n w h i c h t h e t u g s a re a r r anged ) ; 

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

t e c h n i c a l b a c k g r o u n d f o r s e l e c t i n g t h e t o w l i n e s ; 
s p e c i f i c a t i o n s a n d g e n e r a l a r r a n g e m e n t p l a n s o f l i f e - s a v i n g app l i ances o f 

t h e tugs ; 
c a l c u l a t i o n o f necessa ry f u e l , l u b r i c a t i n g o i l a n d f r e s h w a t e r r e se rves f o r 

m a r i n e o p e r a t i o n e x e c u t i o n , i n c l u d i n g e m e r g e n c y r e se rve ; 
s t u d y o f t h e p l a n n e d r o u t e ( d e s c r i p t i o n , e x t e n t , p l o t o r c h a r t ) ; 
i d e n t i f i c a t i o n o f p laces o f r e f u g e a n d d i s t ance b e t w e e n t h e m ( c o o r d i n a t e s o f 

P N R a n d b u n k e r p o r t s ( i f a n y ) ) ; 
m e t o c e a n a n a l y s i s ; 
t e c h n i c a l b a c k g r o u n d f o r s e l e c t i n g t h e t i m e f o r m a r i n e o p e r a t i o n e x e c u t i o n ; 
h a z a r d i d e n t i f i c a t i o n s t u d y ; 
s c h e d u l e o f t r a n s i t ; 
m e t o c e a n supp o r t ; 
c o m m u n i c a t i o n s ; 
i n s t r u c t i o n s t o t h e t o w m a s t e r ( r e f e r t o 4 . 1 1 . 1 ) ; 
i n s t r u c t i o n s t o t h e t u g m a s t e r ( r e f e r t o 4 . 1 1 . 2 ) ; 
c o n t i n g e n c y p l a n s ( r e f e r t o 4 . 1 1 . 3 ) . 
4.11.1 I n s t r u c t i o n s t o t h e t o w m a s t e r ( t h e m a n a g e r r e s p o n s i b l e f o r t o w i n g / 

t r a n s p o r t a t i o n o p e r a t i o n ) s h a l l i n c l u d e , as a m i n i m u m , t h e f o l l o w i n g S e c t i o n s : 
1 . T o w / t r a n s p o r t a t i o n r o u t e 
2. D e s c r i p t i o n o f t o w o r d e r 
3. Sa fe t o w i n g c o n d i t i o n s 
4. P r e p a r a t i o n f o r t o w i n g 
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5. O r g a n i z a t i o n c h a r t s h o w i n g d i s t r i b u t i o n o f d u t i e s a n d r e s p o n s i b i l i t i e s 
a m o n g t h e p e r s o n n e l i n v o l v e d , a n d r e p o r t i n g l i n e i n t o t h e p r o j e c t 

6. C o n t i n g e n c y m e a s u r e s t o b e t a k e n i n e m e r g e n c y a n d acc iden t s i t u a t i o n s . 
4.11.2 I n s t r u c t i o n s t o t h e t u g m a s t e r s h a l l i n c l u d e , as a m i n i m u m , t h e 

f o l l o w i n g S e c t i o n s : 
1 . T o w / t r a n s p o r t a t i o n r o u t e 
2. P laces o f r e f u g e 
3. C o o r d i n a t e s o f P N R 
4. S p e c i f i c a t i o n s / g e n e r a l d e s c r i p t i o n a n d m a i n p a r t i c u l a r s o f t h e t o w e d 

ob j ec t 
5. Sa fe t o w i n g / t r a n s p o r t a t i o n c o n d i t i o n s 
6. O r g a n i z a t i o n c h a r t s h o w i n g d i s t r i b u t i o n o f d u t i e s a n d r e s p o n s i b i l i t i e s 

a m o n g t h e p e r s o n n e l i n v o l v e d , a n d r e p o r t i n g l i n e i n t o t h e p r o j e c t 
7. P r e p a r a t i o n a n d e x e c u t i o n o f t o w i n g . 
4.11.3 C o n t i n g e n c y p l a n s s h a l l i n c l u d e , as a m i n i m u m , t h e f o l l o w i n g 

S e c t i o n s : 
1 . G e n e r a l 
2. O r g a n i z a t i o n c h a r t s h o w i n g d i s t r i b u t i o n o f d u t i e s a n d r e s p o n s i b i l i t i e s 

a m o n g t h e p e r s o n n e l i n v o l v e d , a n d r e p o r t i n g l i n e i n t o t h e p r o j e c t 
3. D a m a g e c o n t r o l p l a n f o r t h e c ra f t a n d t o w e d ob j ec t 
4. P l a n n e d p r e c a u t i o n a r y a c t i o n s 
5. C o n t i n g e n c y m e a s u r e s t o b e t a k e n i n e m e r g e n c y a n d acc iden t s i t u a t i o n s 

( p r e v e n t i o n o f t h e ob j ec t s h i f t i n g ( d u r i n g t r a n s p o r t a t i o n ) o r d a m a g e t o i t s 
s t ruc tu r e s / a t t a chmen t , o c c u r r e n c e o f severe w e a t h e r c o n d i t i o n s a n d sea states, 
f a i l e d l e a d i n g t u g , t o w l i n e b r e a k a g e , e tc . ) 

6. M e a s u r e s t o b e t a k e n i n case o f a n y t h r e a t t o h u m a n l i f e ( m a n o v e r b o a r d ; 
e m e r g e n c y m e d i c a l r e sponse ) . 

4.12 M a n u a l ( t e c h n i c a l d o c u m e n t a t i o n ) o n o b j e c t i n s t a l l a t i o n a n d s e c u r i n g 
o n s i t e s h a l l i n c l u d e : 

p r e - p l a n seabed i n s p e c t i o n a n d s o i l a n a l y s i s ; 
d e s c r i p t i o n o f m e t h o d s u s e d f o r ob j ec t s e c u r i n g o n t h e seabed, s e l e c t i o n o f 

necessa ry m e a n s ; 
d e s c r i p t i o n o f t h e m e t h o d a n d m e a n s o f ob j ec t p o s i t i o n i n g ; 
b a l l a s t i n g c a l c u l a t i o n s f o r t h e ob j ec t s u b m e r g i n g a n d b a l l a s t i n g p l a n ; 
d e s c r i p t i o n o f t h e o b j e c t i n s t a l l a t i o n o n t h e seabed o r i n s t a l l a t i o n o f t h e 

p o s i t i o n - k e e p i n g s y s t e m ; 
p o s t - i n s t a l l a t i o n i n s p e c t i o n . 
4.13 E n v i r o n m e n t a l p o l l u t i o n p r e v e n t i o n m a n u a l ( t e c h n i c a l d o c u m e n t a t i o n ) 

f o r m a r i n e o p e r a t i o n e x e c u t i o n s h a l l i n c l u d e : 
m e a s u r e s t o p r e v e n t m a r i n e e n v i r o n m e n t p o l l u t i o n ; 

16 



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

m i c r o o r g a n i s m species c o m b i n e d b y a c o m m o n h a b i t a t ) w h e n t h e ob j ec t i s 
i n s t a l l e d o n t h e seabed. 

4.14 D e p e n d i n g o n m a r i n e o p e r a t i o n ca tegory , t h e scope o f d o c u m e n t a t i o n 
t o b e s u b m i t t e d m a y b e r e d u c e d . I n j u s t i f i e d cases, t h e R e g i s t e r m a y r e q u i r e t h e 
scope o f s u b m i t t e d d o c u m e n t a t i o n t o b e e n h a n c e d . 

4.15 I n cases w h e r e a m a r i n e opera t ion stage is carr ied o u t w i t h i n the R u s s i a n 
Fede ra t ion i n l a n d w a t e r w a y s , d o c u m e n t a t i o n re levant t o t he opera t ion stage safety 
sha l l b e submi t t ed t o t he R u s s i a n R i v e r Regis te r f o r r e v i e w and approva l at least 
3 0 days before t he p l anned en t ry i n t o R u s s i a n i n l a n d w a t e r w a y s . 

5 O R G A N I Z A T I O N O F T E C H N I C A L S U P E R V I S I O N 

5.1 T h e R e g i s t e r t e c h n i c a l s u p e r v i s i o n i s ca r r i ed o u t t o c o n f i r m t h e 
c o m p l i a n c e o f t h e des ign , c o n d i t i o n s a n d p rocedu re f o r m a r i n e o p e r a t i o n s 
e x e c u t i o n w i t h these R u l e s . T h e R e g i s t e r t e c h n i c a l s u p e r v i s i o n i n c l u d e s g e n e r a l l y : 

r e v i e w a n d a p p r o v a l o f t h e m a r i n e o p e r a t i o n d e s i g n ; 
c h e c k i n g o f r ead iness f o r t h e o p e r a t i o n p e r f o r m a n c e ; 
t e c h n i c a l s u p e r v i s i o n i n t h e c o u r s e o f o p e r a t i o n u n d e r c o n s i d e r a t i o n . 
T h e scope o f the technica l supe rv i s ion - refer t o Tab le 5 . 1 . T h e opera t ion is 

referred t o a par t icu la r category u p o n receipt o f the request f o r t echnica l superv i s ion . 
T h e R e g i s t e r t e c h n i c a l s u p e r v i s i o n does n o t s u b s t i t u t e t h e m o n i t o r i n g t h e 

p e r f o r m a n c e o f m a r i n e o p e r a t i o n s b y t h e des igner , p e r f o r m e r , w a r r a n t y s u r v e y o r 
a n d o w n e r o f t h e ob jec t . 

5.2 D e s i g n s f o r c a t e g o r y 3 a n d 4 m a r i n e o p e r a t i o n s a re sub jec t t o r e v i e w 
a n d a p p r o v a l b y t h e R e g i s t e r H e a d O f f i c e ( R H O ) o r t h e R e g i s t e r B r a n c h O f f i c e s 
w h e n d u l y a u t h o r i z e d b y R H O . P l a ns /de s igns f o r c a t e g o r y 1 a n d 2 m a r i n e 
o p e r a t i o n s a re sub jec t t o r e v i e w a n d a p p r o v a l b y t h e R e g i s t e r B r a n c h O f f i c e s 
w i t h o u t R H O a u t h o r i z a t i o n . A p p l i c a t i o n s f o r r e v i e w o f a m a r i n e o p e r a t i o n 
d e s i g n s h a l l b e sen t t o a r e l e v a n t R e g i s t e r B r a n c h O f f i c e o r R H O L o c a t i o n , 
d e p e n d i n g o n t h e o p e r a t i o n ca tegory . 

T h e set o f m a r i n e o p e r a t i o n des igns t o g e t h e r w i t h a c o v e r i n g l e t t e r a n d t h e 
f u l l l i s t o f d o c u m e n t s p r e s e n t e d s h a l l b e s u b m i t t e d t o t h e R e g i s t e r f o r r e v i e w . O n 
a g r e e m e n t w i t h t h e R e g i s t e r , p r e s e n t a t i o n o f t h e d e s i g n b y separate pa r t s m a y b e 
a l l o w e d . I n so d o i n g , t h e t e c h n i c a l b a c k g r o u n d a n d o r g a n i z a t i o n c h a r t o f m a r i n e 
o p e r a t i o n e x e c u t i o n , as w e l l as t h e f u l l l i s t o f d o c u m e n t a t i o n t o b e d e v e l o p e d 
s h a l l b e p r e s e n t e d t o g e t h e r w i t h t h e f i r s t p o r t i o n o f d o c u m e n t s t a k i n g i n t o 
a c c o u n t t h e r e q u i r e m e n t s a n d p r o v i s i o n s o f these R u l e s . 
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T a b l e 5 . 1 
T e c h n i c a l s u p e r v i s i o n o f m a r i n e o p e r a t i o n s 

O p e r a t i o n 
c a t e g o r y 

O p e r a t i o n p l a n / 
d e s i g n r e v i e w 

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

e x e c u t i o n 

D o c u m e n t s 
t o be i s s u e d 

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

A v a i l a b i l i t y a n d c o m p l e t e ­
ness o f o p e r a t i o n p l a n a n d 
o p e r a t i o n d e s i g n a r e 
c h e c k e d . T o w i n g d e s i g n 
i s a p p r o v e d 
A v a i l a b i l i t y a n d c o m p l e t e ­
ness o f opera t ion p l a n and 
opera t ion des ign are check­
e d T h e M a n u a l and towing 
design are checked 

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

A p p o i n t m e n t o f the opera­
t i o n a l manager h a v i n g neces­
sary qualifications i s checked 
A v a i l a b i l i t y o f d o c u m e n t s 
o n read iness t o p e r f o r m t h e 
o p e r a t i o n i s c h e c k e d 

R e a d i n e s s t o p e r f o r m t h e 
o p e r a t i o n i s checked . 
O p e r a t i o n p e r f o r m a n c e 
( e x c e p t f o r t o w i n g / t r a n s ­
p o r t a t i o n s tage) i s m o n i ­
t o r e d 
Preparat ion and performance 
o f the operat ion at a l l stages 
(except f o r towing/transpor­
t a t i o n stage) are mon i to r ed . 

R e p o r t ( F o r m 6 . 3 . 2 9 ) 
( read iness t o p e r f o r m t h e 
o p e r a t i o n ) 
C o n c l u s i o n l e t t e r ; R e p o r t 
( F o r m 6 . 3 . 2 9 ) 
( read iness t o p e r f o r m t h e 
o p e r a t i o n ) 

C o n c l u s i o n l e t t e r ; R e p o r t s 
( F o r m 6 . 3 . 2 9 ) 
( read iness t o p e r f o r m t h e 
o p e r a t i o n ; o p e r a t i o n 
e x e c u t i o n ) 

D i t t o 

T h e d o c u m e n t a t i o n m a y b e r e c e i v e d from t h e d e v e l o p e r i n files a n d as h a r d 
cop ies , i n c o m p l i a n c e w i t h 3 . 3 . 1 , 3 . 3 . 2 P a r t I I " T e c h n i c a l D o c u m e n t a t i o n " o f t h e 
R u l e s f o r T e c h n i c a l S u p e r v i s i o n D u r i n g C o n s t r u c t i o n o f S h i p s a n d M a n u f a c t u r ­
i n g o f M a t e r i a l s a n d P r o d u c t s f o r S h i p s ( h e r e i n a f t e r r e f e r r e d t o as R T S C S ) . 
S u b m i s s i o n f o r c o n s i d e r a t i o n o f t h e d o c u m e n t s p a r t l y i n h a r d copes w h i l e t h e 
o t h e r o n e i n e l e c t r o n i c f o r m i s n o t a l l o w e d . T h e a p p r o v a l p r o c e d u r e f o r t h e 
d o c u m e n t a t i o n r e c e i v e d i n files i s d i c t a t ed b y t h e a p p r o p r i a t e i n s t r u c t i o n s o f t h e 
R H O a n d R e g i s t e r B r a n c h O f f i c e s . T h e h a r d c o p y d o c u m e n t a t i o n s h a l l b e 
s u b m i t t e d a t leas t i n t w o sets o n e o f w h i c h a f t e r a p p r o v a l s h a l l b e h a n d e d o v e r t o 
t h e R e g i s t e r B r a n c h O f f i c e w h i c h ca r r ies o u t t e c h n i c a l s u p e r v i s i o n o f t h e m a r i n e 
o p e r a t i o n w h i l e t h e s e c o n d p o r t i o n o f d o c u m e n t s s h a l l b e k e p t i n t h e R e g i s t e r 
a r c h i v e s as a c o n t r o l copy . 

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

5.3 I n t h e cou r se o f p r e p a r a t i o n f o r o p e r a t i o n e x e c u t i o n , t h e q u a l i t y c o n t r o l 
p l a n ( e x a m i n a t i o n p l a n , b o o k o f p r e s e n t a t i o n ) w i t h i n d i c a t i o n o f t h e R e g i s t e r 
c o n t r o l p o i n t s s h a l l b e ag reed u p o n a n d p e r s o n s r e s p o n s i b l e f o r i t s e x e c u t i o n a n d 
m a i n t a i n i n g s h a l l b e d e f i n e d . 
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5.4 A t t h e s tage o f p r e p a r a t i o n f o r o p e r a t i o n e x e c u t i o n , t h e s u r v e y s s h a l l b e 
c a r r i e d o u t , o r t h e d o c u m e n t s s h a l l b e v e r i f i e d t o c o n f i r m t h e f o l l o w i n g : 

a v a i l a b i l i t y o f a p p r o v e d o p e r a t i o n p l a n a n d o p e r a t i o n d e s i g n ; 
c o m p l e t i o n o f c o n s t r u c t i o n o f t h e ob jec t s o r pa r t s t h e r e o f ; 
p r e p a r a t i o n o f t h e ob j ec t f o r o p e r a t i o n , i n c l u d i n g i n s t a l l a t i o n o f s t r e n g t h e n ­

i n g , b u o y a n c y b l o c k s a n d a u x i l i a r y e q u i p m e n t ; 
c r a f t r ead iness ; 
r ead iness o f p rocess e q u i p m e n t , m o u n t i n g f a c i l i t i e s a n d m a t e r i a l s necessa ry 

t o c a r r y o u t a n o p e r a t i o n ( f o r w e l d i n g , gas o r p l a s m a c u t t i n g , b o l t t i g h t e n i n g , 
u n d e r w a t e r e n g i n e e r i n g w o r k s , p i l e d r i v i n g a n d s e c u r i n g , h y d r a u l i c t e s t i n g , 
b a l l a s t i n g , e tc . ) ; 

m a n u f a c t u r e , i n s t a l l a t i o n a n d t e s t i n g o f l i f t i n g a r r a n g e m e n t a n d l i f t i n g 
app l iances ; 

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

m a n u f a c t u r e a n d i n s t a l l a t i o n o f t o w i n g a n d m o o r i n g a r r a n g e m e n t s ; 
r ead iness o f p o s i t i o n i n g m e a n s ; 
r ead iness o f i n s t r u m e n t a t i o n a n d c o n t r o l s y s t e m a n d n o n - d e s t r u c t i v e tes t 

e q u i p m e n t ; 
p e r s o n n e l q u a l i f i c a t i o n s . 
R e a d i n e s s o f p rocess e q u i p m e n t , i n s t r u m e n t a t i o n a n d c o n t r o l s y s t e m , 

w e l d i n g e q u i p m e n t a n d n o n - d e s t r u c t i v e tes t e q u i p m e n t , e tc . s h a l l b e c o n f i r m e d 
b y t h e e f f e c t i v e ce r t i f i ca t e s , v e r i f i c a t i o n a n d c a l i b r a t i o n ce r t i f i ca tes a n d o t h e r 
d o c u m e n t s c o n f i r m i n g t h e a v a i l a b i l i t y o f t h e s p e c i f i e d e q u i p m e n t . 

5.5 I n t h e cou r se o f m a r i n e o p e r a t i o n e x e c u t i o n , m o n i t o r i n g o f o p e r a t i o n 
p e r f o r m a n c e s h a l l b e c a r r i e d o u t . T h e r e su l t s o f m o n i t o r i n g s h a l l b e r e c o r d e d i n 
accordance w i t h t h e c o n t r o l p o i n t s i n l o g b o o k s ( p l a n s , l i s t s ) o r o t h e r 
d o c u m e n t a t i o n agreed w i t h t h e p e r f o r m e r . I f t h e R e g i s t e r - a p p r o v e d d e s i g n 
c o n d i t i o n s o f o p e r a t i o n e x e c u t i o n are v i o l a t e d , t h e causes o f d e v i a t i o n s s h a l l b e 
r e v i e w e d , a n a p p r o p r i a t e c o n c l u s i o n s h a l l b e m a d e a n d t h e m e a s u r e s t a k e n o n 
t h e i r e l i m i n a t i o n s h a l l b e r eco rded . W h e n i t i s needed , i n s p e c t i o n o f m a r i n e 
o p e r a t i o n e x e c u t i o n c o n d i t i o n s ( d e t e r m i n a t i o n o f d i s p l a c e m e n t s , e f f o r t s , 
p a r a m e t e r s o f e n v i r o n m e n t a l c o n d i t i o n s , e tc . ) i s c o n d u c t e d u s i n g m e a s u r i n g 
e q u i p m e n t . 

5.6 A t t h e s tage o f o p e r a t i o n e x e c u t i o n t h e f o l l o w i n g s h a l l b e m o n i t o r e d : 
e n v i r o n m e n t a l c o n d i t i o n s o f o p e r a t i o n e x e c u t i o n ; 
o b j e c t s tate a n d b e h a v i o u r ; 
adhe rence t o t h e o p e r a t i o n e x e c u t i o n p r o c e d u r e ; 
c o m p l i a n c e o f t h e o p e r a t i o n e x e c u t i o n r e su l t s w i t h t h e charac te r i s t i c s a n d 

v a l u e s e s t ab l i shed i n t h e d e s i g n ; 
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i n t e r m e d i a t e acceptances o f h i d d e n w o r k a n d e s sen t i a l s t ruc tu re s ( i f 
a p p l i c a b l e ) ; 

n o n - d e s t r u c t i v e t e s t i n g ; 
m a i n t a i n i n g o f a s - b u i l t d o c u m e n t a t i o n b y t h e con t rac to r . 
5.7 T h e R e g i s t e r r ep re sen t a t i ve s s h a l l b e p r o v i d e d w i t h a p o s s i b i l i t y o f 

b e i n g p r e s e n t d u r i n g t h e m o s t e s sen t i a l tes ts , m o n i t o r i n g o f e q u i p m e n t a n d 
s t r u c t u r a l c o m p o n e n t s t o c o n f i r m t h e c o m p l i a n c e o f t h e i r p a r a m e t e r s w i t h t h e 
d e s i g n , a n d a l so d u r i n g t h e p e r f o r m a n c e o f t h e m a r i n e o p e r a t i o n a t l a r g e o r i t s 
p a r t i c u l a r stages t o e v a l u a t e t h e c o n f o r m i t y o f t h e p e r m i s s i b l e e n v i r o n m e n t a l 
c o n d i t i o n s f o r t h e b e g i n n i n g a n d e x e c u t i o n o f t h e o p e r a t i o n . T h e r e s p o n s i b i l i t y 
f o r p r o v i d i n g access f o r t h e R e g i s t e r r ep re sen t a t i ve s i s i m p o s e d u p o n t h e 
o r g a n i z a t i o n w h i c h has c o n c l u d e d a n a g r e e m e n t w i t h t h e R e g i s t e r o n t e c h n i c a l 
s u p e r v i s i o n o f t h e m a r i n e o p e r a t i o n s . 

5.8 T h e t e c h n i c a l d o c u m e n t a t i o n sets r e l a t i n g t o t h e des igns o f m a r i n e 
o p e r a t i o n e x e c u t i o n s h a l l b e k e p t b y t h e c u s t o m e r . I n a d d i t i o n t o t h e des igns , t h e 
c u s t o m e r s h a l l k e e p t h e r e p o r t s a n d m i n u t e s o f o p e r a t i o n p e r f o r m a n c e 
s u p e r v i s i o n . A l l necessa ry d o c u m e n t s s h a l l b e a v a i l a b l e a t a n y phase o f 
o p e r a t i o n e x e c u t i o n . 
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P A R T П. G E N E R A L R E Q U I R E M E N T S 

1 B A S I C P R I N C I P L E S O F M A R I N E O P E R A T I O N D E V E L O P M E N T 

1.1 S u b d i v i s i o n o f m a r i n e o p e r a t i o n s 
1.1.1 T h e m a r i n e o p e r a t i o n s are s u b d i v i d e d i n t o t w o b a s i c g r o u p s : 
t r a n s p o r t a t i o n ; 
c o n s t r u c t i o n a n d a s s e m b l y . 
B o t h t h e t r a n s p o r t a t i o n a n d t h e c o n s t r u c t i o n a n d a s s e m b l y o p e r a t i o n s m a y 

b e s u b d i v i d e d i n t o c o n s t i t u e n t o p e r a t i o n s t h e spec i a l r e q u i r e m e n t s f o r w h i c h are 
g i v e n i n P a r t Ш " S p e c i a l R e q u i r e m e n t s " . 

1.1.2 T h e t r a n s p o r t a t i o n o p e r a t i o n s i n c l u d e : 
t r a n s p o r t a t i o n o f t h e ob j ec t o n a craf t ; 
t o w i n g o f t h e ob jec t ; 
l o a d i n / o u t o p e r a t i o n s . 
1.1.3 T h e c o n s t r u c t i o n a n d a s s e m b l y o p e r a t i o n s i n c l u d e : 
l a u n c h i n g o f t h e ob j ec t a t t h e y a r d w a t e r area; 
m a t i n g o f ob jec t s o r pa r t s t h e r e o f a f l o a t i n t h e s h i p y a r d w a t e r a rea o r a t seat; 
i n s t a l l a t i o n o f t h e ob j ec t o n s i t e ( e x c e p t f o r i n s t a l l a t i o n o f s e l f - e l e v a t i n g a n d 

s e m i - s u b m e r s i b l e M O D U at a d r i l l i n g s i t e ) . 
1.1.4 I n s t a l l a t i o n o f f l o a t i n g objec ts i n t h e de s igned p o s i t i o n m a y g e n e r a l l y 

i n c l u d e t h e f o l l o w i n g n u m b e r o f i n d i v i d u a l o p e r a t i o n s : 
l a u n c h i n g o f t h e ob j ec t u n d e r sea c o n d i t i o n s from a sh ip /ba rge ; 
u p e n d i n g ; 
p o s i t i o n i n g ; 
m a t i n g o f t h e objec ts b y f l o a t - o n m e t h o d ; 
i n s t a l l a t i o n o f p o s i t i o n m o o r i n g s y s t e m ( e x c e p t f o r i n s t a l l a t i o n o f s e m i -

s u b m e r s i b l e M O D U at a d r i l l i n g s i t e ) . 
1.1.5 I n s t a l l a t i o n o f f i x e d seabed s u p p o r t e d objec ts i n c l u d e s t h e f o l l o w i n g 

a d d i t i o n a l o p e r a t i o n s : 
s u b m e r s i o n / e m e r s i o n ; 
r i g h t i n g u p ; 
b a l l a s t i n g ; 
p i l e d r i v i n g ; 
p e n e t r a t i o n i n t o t h e seabed a n d b e r m b u i l d i n g - u p . 
1.1.6 O t h e r o p e r a t i o n s d u r i n g ob j ec t i n s t a l l a t i o n : 
c o n n e c t i o n o f t h e ob j ec t w i t h o t h e r s t ruc tu res b y m e a n s o f hoses , cables a n d 

p i p i n g i n t h e f i e l d f a c i l i t i e s c o n s t r u c t i o n ; 
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e s t a b l i s h m e n t o f s a f e t y z o n e s . 
1.1.7 O p e r a t i o n s a f t e r ob j ec t d e c o m m i s s i o n i n g : 
d i s m a n t l i n g o f t h e ob j ec t p o s i t i o n m o o r i n g s y s t e m ; 
seabed s c o u r i n g n e a r subs t ruc tu r e , p i l e c u t t i n g o f f ; 
r e m o v a l o f a p a r t o f s o l i d ba l l a s t ; 
d i s m a n t l i n g ( i f n ece s sa ry ) o f a t o p s i d e ( e n t i r e l y o r b y m o d u l e s ) ; 
e m e r s i o n o f t h e ob j ec t t o a d ra f t e n s u r i n g i t s t r a n s p o r t a t i o n . 
1.2 B a s i c p r i n c i p l e s o f m a r i n e o p e r a t i o n p l a n n i n g a n d d e s i g n i n g 
1.2.1 O p e r a t i o n s s h a l l b e p l a n n e d / d e s i g n e d a n d p e r f o r m e d r e g a r d i n g sa fe ty 

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

f o r t h e p r e v e n t i o n o f : 
t h e t h r e a t t o t h e p e r s o n n e l ' s l i f e a n d h e a l t h ; 
n a v i g a t i o n a l h a z a r d i n ad jacent area; 
p o l l u t i o n a n d o t h e r e n v i r o n m e n t a l acc idents ; 
losses a n d e m e r g e n c e o f h a z a r d f o r t h e s t ruc tu res o f ob jec t s , sh ips a n d 

f a c i l i t i e s i n v o l v e d i n t h e o p e r a t i o n . 
1.2.3 O p e r a t i o n p l a n n i n g / d e s i g n i n g s h a l l t a k e i n t o a c c o u n t p o t e n t i a l 

c o n t i n g e n c y a n d acc iden t s i t u a t i o n s . W h e n s u c h s i t u a t i o n occur s , t h e ob j ec t 
s h a l l r e m a i n s tab le a n d u n d e r c o n t r o l . 

1.2.4 P l a n n i n g / d e s i g n i n g o f m a r i n e o p e r a t i o n s s h a l l p r o v i d e t h e p o s s i b i l i t y 
o f t h e i r p e r f o r m a n c e u n d e r safe c o n d i t i o n s o r o f t h e i r s u s p e n s i o n w h e n
e n v i r o n m e n t a l d e s i g n p a r a m e t e r s are exceeded a n d o t h e r c o n t i n g e n c y a n d
acc iden t s i t u a t i o n s occur . I f t h e o p e r a t i o n a f l o a t en te rs t h e phase w h e n i t c a n n o t
b e s u s p e n d e d o r t e r m i n a t e d , s u c h p h a s e s s h a l l b e s u b j e c t t o s p e c i a l
c o n s i d e r a t i o n i n t h e d e s i g n a n d safe c o n d i t i o n s f o r t h e m s h a l l b e d e t e r m i n e d .

1.2.5 T h e d e s i g n o f m a r i n e o p e r a t i o n s s h a l l b e based , as r u l e , o n a p p r o v e d 
p r i n c i p l e s , t e c h n o l o g y , s y s t e m s a n d e q u i p m e n t . A l l p o t e n t i a l c o n t i n g e n c y 
s i t u a t i o n s s h a l l b e r e v i e w e d d u r i n g t h e d e s i g n a n d t h e r e l e v a n t a c t i o n p l a n s s h a l l 
b e d e v e l o p e d . S u c h p l a n s s h a l l i n c l u d e a l i s t o f a d d i t i o n a l spare ( c o n s u m a b l e ) 
e q u i p m e n t o n b o a r d t h e ob j ec t a n d s u p p l y vesse l s , t h e a c t i v i t i e s o f t h e s u p p o r t 
p e r s o n n e l , t h e d e s c r i p t i o n s o f p rocedu re s f o r h a z a r d p r e v e n t i o n , e tc . 

1.2.6 T h e p l a n n i n g / d e s i g n i n g s h a l l b e c a r r i e d o u t b y t h e c o m p e t e n t b o d i e s 
m e e t i n g t h e r e q u i r e m e n t s o f 1 1 . 1 . 3 , 1 1 . 1 . 4 , P a r t I " G e n e r a l R e g u l a t i o n s f o r 
T e c h n i c a l S u p e r v i s i o n " R T S C S . 

1.2.7 T h e d e s i g n , o r g a n i z a t i o n a n d p e r f o r m a n c e o f m a r i n e o p e r a t i o n s s h a l l 
b e c a r r i e d o u t i n accordance w i t h t h e p r o v i s i o n s o f these R u l e s , a n d a l so w i t h 
t h e r e c o g n i z e d c a l c u l a t i o n m e t h o d s , n o r m s , s tandards ( n a t i o n a l a n d i n t e r n a ­
t i o n a l ) a n d r e f e rence d o c u m e n t s a p p r o v e d b y t h e R e g i s t e r . U s e o f t h e o the r , 
m o r e e f f e c t i v e c a l c u l a t i o n m e t h o d s a n d t e c h n i c a l approaches i s p e r m i t t e d 
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p r o v i d e d t h e y ensu re r e q u i r e d s a f e l y l e v e l set b y these R u l e s . A l l a d d i t i o n a l 
s tandards , n o r m s a n d m e t h o d s s h a l l b e s u b m i t t e d t o t h e R e g i s t e r f o r r e v i e w a n d 
a g r e e m e n t . 

1.2.8 W h e n m a r i n e o p e r a t i o n s a re p l a n n e d a n d des igned , t h e f o l l o w i n g 
w o r k sequence i s r e c o m m e n d e d : 

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

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

p r i n c i p l e s o f o p e r a t i o n p e r f o r m a n c e , e q u i p m e n t needed , e c o n o m i c f ac to r s , etc; 
d e f i n i t i o n o f t h e e n v i r o n m e n t a l c o n d i t i o n s a n d r e s t r i c t i o n s acceptable f o r 

o p e r a t i o n p e r f o r m a n c e ; 
b r i e f d e s c r i p t i o n o f a c t i o n s i n o p e r a t i o n p e r f o r m a n c e ; 
e x e c u t i o n o f c a l c u l a t i o n s a n d e n g i n e e r i n g d e v e l o p m e n t s ; 
d e v e l o p m e n t o f t h e M a n u a l . 
1.2.9 T h e c o m p o s i t i o n o f d e s i g n bas i s a n d o u t p u t d o c u m e n t a t i o n s h a l l b e 

d e t e r m i n e d a t t h e e a r l y stages o f d e s i g n . T h e d e f i n i t i o n o f e n v i r o n m e n t a l 
c o n d i t i o n s a n d r e s t r i c t i o n s , as w e l l as b r i e f d e s i g n d e s c r i p t i o n s s h a l l en su re a 
g e n e r a l bas i s f o r t h e d e s i g n o f t h e o p e r a t i o n , a n d a l so g i v e a c lea r i n s i g h t i n t o a l l 
t h e stages o f t h e m a r i n e o p e r a t i o n p e r f o r m a n c e a n d m o n i t o r i n g . T h e d e s c r i p t i o n 
o f e n v i r o n m e n t a l c o n d i t i o n s s h a l l i n c l u d e bas i c p a r a m e t e r s , cha rac t e r i s t i c 
c o n d i t i o n s , d e s i g n l oads a n d r e a c t i o n s , l o a d c o m b i n a t i o n s , e tc . T h e b r i e f d e s i g n 
d e s c r i p t i o n s s h a l l c o n t a i n p l a n n e d a n d c o n t r o l l e d a c t i o n s , c a l c u l a t i o n , s i m u l a ­
t i o n 1 a n d d e s i g n m e t h o d s u sed , i n i t i a l s p e c i f i c a t i o n s , accepted c r i t e r i a , etc. 

1.2.10 T h e o r g a n i z a t i o n c h a r t o f o p e r a t i o n p e r f o r m a n c e s h a l l desc r ibe 
d i s t r i b u t i o n o f r e s p o n s i b i l i t y a m o n g t h e p e r s o n s i n v o l v e d i n t h e o p e r a t i o n a n d 
t h e f u n c t i o n a l du t i e s o f t h e k e y p e r s o n n e l . 

2 U L T I M A T E S T A T E S I N M A R I N E O P E R A T I O N S 

2.1 T h e per fo rmance o f a m a r i n e opera t ion o n object t ranspor ta t ion , p o s i t i o n i n g 
o r in s t a l l a t ion is unsafe o r p r o h i b i t i v e i f t he efforts a n d de format ions o f structures i n 
t he object o r t ranspor t craft s tructure, secur ing sys t em, t o w i n g l i n e o r the 
displacements o f the object a n d supp ly vessels reach t he re levant u l t i m a t e states. 

C o n d u c t i n g m a r i n e o p e r a t i o n s , t h e f o l l o w i n g k i n d s o f d a n g e r o u s states o f 
s t ruc tu res , a r r a n g e m e n t s a n d e q u i p m e n t o f t h e ob jec t , t r a n s p o r t c ra f t a n d s u p p l y 
vesse l s s h a l l b e p r e v e n t e d : 

' R e q u i r e m e n t s f o r t h e c a l c u l a t i o n s a n d m o d e l tes ts o f t h e o b j e c t l a u n c h i n g , t i l t i n g , f l o a t a t i o n 
a n d s e t t i n g d o w n o n t h e seabed are g i v e n i n A p p e n d i x 2 . 
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e x c e s s i v e m a t e r i a l d e f o r m a t i o n s a f f e c t i n g o p e r a b i l i t y ; 
l o s s o f s t r u c t u r e f o r m s t a b i l i t y ; 
f o r m a t i o n o f f a t i g u e c racks ; 
b r i t t l e f a i l u r e s ; 
b r eakages o f ropes , c h a i n s a n d o t h e r c o n n e c t i n g e l e m e n t s . 
2.2 D u r i n g p e r f o r m a n c e o f m a r i n e o p e r a t i o n s t h e f o l l o w i n g a re c o n s i d e r e d 

as u l t i m a t e states: 
t h e f i r s t ( ba s i c ) u l t i m a t e s ta te c o r r e s p o n d i n g t o t h e f o r m a t i o n o f b r e a k i n g 

forces i n t h e s t r u c t u r e o f t h e ob jec t , i n i t s s e c u r i n g s y s t e m , ancho r , m o o r i n g 
a r r a n g e m e n t s a n d b u m p e r s , a n d a l s o t h e i m p e r m i s s i b l e d i s p l a c e m e n t s o f t h e 
ob j ec t a n d s u p p l y vesse l s w h i c h , i f exceeded , m a y cause t h e i r f a i l u r e o r p r e v e n t 
m a r i n e o p e r a t i o n p e r f o r m a n c e ; 

t h e s econd ( o p e r a t i o n a l ) u l t i m a t e s ta te c o r r e s p o n d i n g t o t h e f o r m a t i o n o f 
p e r m i s s i b l e fo rces a n d d i s p l a c e m e n t s i n t h e s t r u c t u r e a n d s e c u r i n g s y s t e m , 
w h i c h d o n o t cause a n y damages o r g r a v e d i s r u p t i o n s o f n o r m a l c o n d i t i o n s o f 
t h e m a r i n e o p e r a t i o n , b u t a re b o r d e r l i n e f o r t h e n o r m a l o p e r a t i n g c o n d i t i o n s ; 

e m e r g e n c y u l t i m a t e s ta te c o r r e s p o n d i n g t o t h e d a m a g e ( d e s t r u c t i o n ) o f a n y 
m a i n c o m p o n e n t o f t h e s t r u c t u r e o r i t s s e c u r i n g s y s t e m ; 

i n case o f u n r e s t r i c t e d m a r i n e o p e r a t i o n a n d p r o v i d e d t h a t t h e n u m b e r o f 
d e s i g n l o a d i n g s i n t h e o p e r a t i o n m a y r e a c h o r exceed s e v e r a l t h o u s a n d cyc l e s , 
t h e f a t i g u e u l t i m a t e s ta te w h e r e i n t h e b r a k i n g fo rces c o r r e s p o n d i n g t o t h e f i r s t 
( bas i c ) u l t i m a t e state are d e t e r m i n e d w i t h d u e r e g a r d t o f a t i g u e c o n d i t i o n s i n t h e 
s t r u c t u r a l c o m p o n e n t s o f t h e ob j ec t ( s e c u r i n g s y s t e m ) , s h a l l b e a d d i t i o n a l l y 
c o n s i d e r e d t a k i n g i n t o a c c o u n t t h e c y c l i c l oads . 

2.3 W h e n a m a r i n e o p e r a t i o n i s des igned , a l l t h e a b o v e - m e n t i o n e d u l t i m a t e 
states, excep t f o r f a t i g u e o n e w h i c h i s t a k e n i n t o a c c o u n t i f necessary , s h a l l b e 
c o n s i d e r e d . 

I t i s necessa ry t o o b s e r v e t h e c o n d i t i o n s t h a t p r e c l u d e t h e o n s e t o f t h e 
u l t i m a t e states i n q u e s t i o n s p e c i f i e d i n C h a p t e r 2 . 4 , P a r t П " H u l l " o f t h e 
M O D U / F O P R u l e s o r i n t h e r e l e v a n t C h a p t e r s o f P a r t I I " H u l l " o f t h e R u l e s f o r 
t h e C l a s s i f i c a t i o n a n d C o n s t r u c t i o n o f S e a - G o i n g S h i p s . 

3 E N V I R O N M E N T A L C O N D I T I O N S , W E A T H E R F O R E C A S T , 
I N V E S T I G A T I O N S 

3.1 F o r m a r i n e o p e r a t i o n s a f l o a t , t h e d e s i g n r e c u r r e n c e o f e x t e r n a l effects i s 
e s t ab l i shed i n each p a r t i c u l a r case p r o c e e d i n g f r o m t h e o p e r a t i o n d u r a t i o n 
h a v i n g r e g a r d t o t h e o p e r a t i o n area , s eason a n d p o t e n t i a l consequences o f 
e x c e e d i n g t h e a s s u m e d d e s i g n p a r a m e t e r s o f t h e ef fec ts . 
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3.2 F o r t h e o p e r a t i o n s a f l o a t o r t h e i r separate stages o f a s h o r t - t e r m d u r a t i o n 
( less t h a n 7 2 h ) d e f i n e d as w e a t h e r - r e s t r i c t e d , t h e d e s i g n v a l u e s o f e x t e r n a l 
effects m a y b e a s s u m e d p r o c e e d i n g f r o m t h e a c t u a l t e c h n i c a l c a p a b i l i t i e s o f 
sh ips a n d e q u i p m e n t i n u se t a k i n g i n t o a c c o u n t a spec i f i c w e a t h e r forecas t . 

3.3 W h e n e s t a b l i s h i n g t h e d e s i g n e n v i r o n m e n t a l c o n d i t i o n s , t h e i r s easona l 
v a r i a t i o n s s h a l l b e t a k e n i n t o accoun t . T h e d e s i g n p a r a m e t e r s s h a l l b e a s s u m e d 
w i t h d u e r e g a r d t o t h e spec i f i c t i m e o f t h e y e a r w h e r e i n t h e p e r f o r m a n c e o f a 
m a r i n e o p e r a t i o n i s p l a n n e d . T h e l o c a l e n v i r o n m e n t a l c o n d i t i o n s n o t r e f l e c t e d i n 
t h e g e n e r a l i z e d s ta t i s t ics s h a l l b e t a k e n i n t o accoun t , n a m e l y : t i d e v a r i a t i o n s , 
w a v e a n d w i n d c o n d i t i o n s , c u r r e n t v a r i a t i o n s . S a i l i n g d i r e c t i o n s , h a r b o u r 
r e g u l a t i o n s , etc. s h a l l b e sources f o r s u c h i n f o r m a t i o n . 

3.4 W h e n d e v e l o p i n g t h e d e s i g n o f a m a r i n e o p e r a t i o n , a l l e n v i r o n m e n t a l 
c o n d i t i o n s w h i c h m a y af fec t i t s p e r f o r m a n c e s h a l l b e sub jec t t o c o n s i d e r a t i o n . 
C o n d i t i o n s o f g e n e r a l i m p o r t a n c e a re w i n d , w a v e s a n d c u r r e n t s . I t i s necessa ry 
t o c o n s i d e r i c e , t i d e v a r i a t i o n s , t e m p e r a t u r e , v i s i b i l i t y , p r e c i p i t a t i o n , f o g a n d 
o t h e r d a n g e r o u s m e t e o r o l o g i c a l p h e n o m e n a , as w e l l as h y d r o g r a p h i c ( seabed 
t o p o g r a p h y , sea d e p t h , w a t e r a rea d i m e n s i o n s ) a n d g e o l o g i c a l c o n d i t i o n s a t t h e 
o b j e c t i n s t a l l a t i o n area . I f necessary , s e i s m i c e f fec t s d u r i n g t h e o b j e c t 
i n s t a l l a t i o n ( u n t i l i t i s s ecu red i n a d e s i g n e d p o s i t i o n ) m a y a l s o b e c o n s i d e r e d . 

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

D e s c r i p t i o n , p a r a m e t e r s a n d e x t e r n a l ef fects c a l c u l a t i o n m e t h o d s a re g i v e n 
i n 2 . 2 , P a r t П " H u l l " a n d i n 2 . 5 , P a r t I V " S t a b i l i t y " o f t h e M O D U / F O P R u l e s . 

3.5 T h e d e s i g n p a r a m e t e r s o f e n v i r o n m e n t a l c o n d i t i o n s s h a l l n o r m a l l y b e 
a d o p t e d o n t h e bas i s o f g e n e r a l l y r e c o g n i z e d a n d r e l i a b l e o b s e r v e d da ta o f 
s u f f i c i e n t d u r a t i o n a n d i n v e s t i g a t i o n s r e l a t e d t o t h e area i n q u e s t i o n . T h e 
o b s e r v e d da ta o v e r 3 t o 4 y e a r s p e r i o d , as a m i n i m u m , s h a l l de u sed . I f t h e da ta 
f o r a spec i f i c a rea u n d e r c o n s i d e r a t i o n a re u n a v a i l a b l e , t h e e n v i r o n m e n t a l 
c o n d i t i o n s p a r a m e t e r s m a y b e e s t ab l i shed o n t h e bas i s o f c a l c u l a t i o n s a c c o r d i n g 
t o t h e m e t h o d s r e c o g n i z e d b y t h e F e d e r a l S e r v i c e f o r H y d r o m e t e o r o l o g y a n d 
E n v i r o n m e n t a l M o n i t o r i n g ( R o s h y d r o m e t ) . T h e i n f o r m a t i o n o n c o l l e c t i o n a n d 
o r i g i n o f e n v i r o n m e n t a l c o n d i t i o n s da t a s h a l l b e s u b m i t t e d t o t h e R e g i s t e r f o r 
r e v i e w a n d a p p r o v a l . 

3.6 I n o r d e r t o desc r ibe e n v i r o n m e n t a l c o n d i t i o n s , t h e g e n e r a l l y accepted 
p a r a m e t e r s u s e d i n d e t e r m i n a t i o n o f e x t e r n a l e f fec ts , l oads a n d s t r u c t u r e 
r e a c t i o n s s h a l l b e a p p l i e d . W h e n d e s c r i b i n g e x t e r n a l ef fects o f casua l character , 
l o n g a n d s h o r t - t e r m s ta t i s t ics s h a l l b e used . S p e c i a l e m p h a s i s s h a l l b e p l a c e d o n 
t h e assessment o f r e l i a b i l i t y o f s t a t i s t i c a l t e c h n i q u e s a n d t h e i r r e s u l t s . T h e l o n g -
t e r m ( c o n d i t i o n ) f u n c t i o n s o f v a r i a t i o n i n s u c h e n v i r o n m e n t a l c o n d i t i o n s as 
w i n d , w a v e s , c u r r e n t s , e tc . s h a l l b e p r i m a r i l y desc r ibed b y c e r t a i n s t a t i s t i c a l 
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d i s t r i b u t i o n s . W h e n e v a l u a t i n g e x t r e m e v a l u e s o f e x t e r n a l e f fec t p a r a m e t e r s , t h e 
r e c o g n i z e d e x t r a p o l a t i o n t e c h n i q u e s m a y b e u sed . 

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

3.8 T h e scope a n d c o m p o s i t i o n o f i n v e s t i g a t i o n s i n t h e areas o f m a r i n e 
o p e r a t i o n s assoc ia ted w i t h e s sen t i a l c h a n g e o f t h e s t r u c t u r e d ra f t ( m a t i n g b y 
f l o a t - o n m e t h o d , u p e n d i n g , i n s t a l l a t i o n o n t h e seabed) a r e a d o p t e d i n 
accordance w i t h t h e t y p e , d i m e n s i o n s , i m p o r t a n c e o f t h e ob j ec t a n d a v a i l a b l e 
i n f o r m a t i o n o n e n v i r o n m e n t a l , i n c l u d i n g g e o l o g i c a l , h y d r o g r a p h i c a n d o t h e r 
c o n d i t i o n s i n t h e areas u n d e r c o n s i d e r a t i o n . T h e s e l e c t i o n o f t e c h n i q u e s a n d t h e 
r a n g e o f i n v e s t i g a t i o n s s h a l l b e c o m p a t i b l e w i t h e n v i r o n m e n t a l c o n d i t i o n s o f t h e 
area i n q u e s t i o n . W h e n s e l e c t i n g t h e r a n g e o f i n v e s t i g a t i o n s , t h e f o l l o w i n g s h a l l 
b e t a k e n i n t o a c c o u n t : 

e r r o r s i n p o s i t i o n i n g o f c ra f t u s e d f o r i n v e s t i g a t i o n s ; 
e r r o r s o f n a v i g a t i o n e q u i p m e n t u s e d i n p e r f o r m a n c e o f m a r i n e o p e r a t i o n s ; 
p o s s i b l e d e v i a t i o n s o f t h e ob j ec t d u r i n g t h e p e r f o r m a n c e o f m a r i n e 

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

r e v i e w . S u c h r epo r t s s h a l l i n c l u d e : 
i n f o r m a t i o n o n t h e t i m e o f i n v e s t i g a t i o n a n d o n t h e p e r f o r m e r ; 
c o m p r e h e n s i v e d e s c r i p t i o n o f t h e e q u i p m e n t u s e d a n d o f t h e p r o c e d u r e o f 

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

r e su l t s . 
3.10 T h e t o p o g r a p h i c s u r v e y o f t h e seabed s h a l l b e c o n d u c t e d a t t h e ob j ec t 

i n s t a l l a t i o n s i t e . 
D e p t h - s o u n d i n g accu racy a t t h e ob j ec t i n s t a l l a t i o n a rea s h a l l b e w i t h i n 

± 0 , 1 m . F o r o t h e r t y p e s o f m a r i n e o p e r a t i o n s ( t o w i n g , e tc . ) t h e s o u n d i n g 
accu racy i s d e t e r m i n e d i n e a c h p a r t i c u l a r case o f m a r i n e o p e r a t i o n p e r f o r m a n c e . 
S p e c i a l e m p h a s i s s h a l l b e p l a c e d o n p o t e n t i a l seabed m o v e m e n t s . I n a d d i t i o n t o 
t h e g e n e r a l l y accepted d e p t h - s o u n d i n g t e c h n i q u e s , i t i s r e c o m m e n d e d t o s can 
t h e seabed w i t h a s ide-scan s o n a r o r o t h e r s i m i l a r d e v i c e i n areas o f p o t e n t i a l 
u n d e r w a t e r o b s t r u c t i o n s ( b o u l d e r s , a n c h o r s , debr i s , e tc . ) . 

3.11 G e o l o g i c a l i n v e s t i g a t i o n s a re c o n d u c t e d f o r t h e i m m e d i a t e a rea o f t h e 
ob j ec t i n s t a l l a t i o n . T h e scope a n d c o m p o s i t i o n o f g e o l o g i c a l i n v e s t i g a t i o n s a t 
t h e ob j ec t i n s t a l l a t i o n s i t e m a y b e d e t e r m i n e d o n t h e bas i s o f t h e d o c u m e n t s o f 
t h e ob j ec t g e n e r a l d e s i g n as i t s a m o u n t o f i n f o r m a t i o n exceeds r e q u i r e d 
m i n i m u m f o r m a r i n e o p e r a t i o n p e r f o r m a n c e . T h e i n v e s t i g a t i o n d o c u m e n t s s h a l l 
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c o n t a i n da ta o b t a i n e d f r o m t h e f i e l d a n d l a b o r a t o r y i n v e s t i g a t i o n s o f t h e seabed 
as w e l l as g e o t e c h n i c a l sec t ions w i t h da ta o n b e d d i n g o f s o i l s a n d d e s i g n v a l u e s 
o f t h e i r p h y s i c a l a n d m e c h a n i c a l p r o p e r t i e s . P a r t i c u l a r a t t e n t i o n s h a l l b e g i v e n t o 
g e o l o g i c a l c o n d i t i o n s n e e d e d f o r e v a l u a t i o n o f t h e h o l d i n g capac i t y o f p i l e s a n d 
s h i p a n c h o r s o r t h e a n c h o r s o f roads f a c i l i t i e s d u r i n g t h e ob j ec t p o s i t i o n i n g . T h e 
r e su l t s o f d e t a i l e d g e o l o g i c a l i n v e s t i g a t i o n s m a y a l s o b e r e q u i r e d w h i l e h a n d l i n g 
t h e p r o b l e m s o f t h e ob j ec t i n s t a l l a t i o n , i n p a r t i c u l a r , f o r s e t t i n g d o w n t h e ob j ec t 
o n t h e seabed. Seabed p r o p e r t i e s s h a l l b e d e f i n e d f o r p l a n n e d anchorages d u r i n g 
t h e o p e r a t i o n . 

3.12 T h e m a r i n e o p e r a t i o n d e s i g n s h a l l i n c l u d e a r r a n g e m e n t s f o r r e c e i v i n g 
w e a t h e r forecas ts p r i o r t o a n d d u r i n g t h e o p e r a t i o n . S u c h w e a t h e r forecas ts s h a l l 
b e based o n r e l i a b l e sources a n d s h a l l c o n s i d e r t h e n a t u r e a n d d u r a t i o n o f t h e 
p l a n n e d o p e r a t i o n . T h e w e a t h e r fo recas t s h a l l b e i n w r i t i n g . 

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

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

w a v e s ; 
i n f o r m a t i o n o n p r e c i p i t a t i o n s , l i g h t i n g , i ce c o n d i t i o n s , etc. ; 
da t a o n sea l e v e l v a r i a t i o n s ( t i d e v a r i a t i o n s , s t o r m surges , e tc . ) ; 
v i s i b i l i t y ; 
t e m p e r a t u r e ; 
b a r o m e t r i c p ressu re . 
T h e l i s t e d p a r a m e t e r s s h a l l b e p r e d i c t e d f o r a p e r i o d o f 1 2 , 2 4 , 4 8 a n d 7 2 h . 

A fo recas t f o r s e v e r a l d a y s s h a l l a l s o b e p r o v i d e d . 
S p e c i a l e m p h a s i s i n w e a t h e r forecas ts s h a l l b e p l a c e d o n t h e accu racy a n d 

r e l i a b i l i t y o f d e t e r m i n a t i o n o f s u c h p r e d i c t a b l e p a r a m e t e r s as ave r age w i n d 
v e l o c i t y , w a v e p a r a m e t e r s ( h e i g h t a n d p e r i o d ) . 

T h e w e a t h e r fo recas t s h a l l t a k e i n t o a c c o u n t t h e w o r s t s c e n a r i o o f w e a t h e r 
c o n d i t i o n s d e v e l o p m e n t . T h i s i s o f p r i m a r y i m p o r t a n c e f o r areas w i t h u n s t a b l e 
w e a t h e r a n d f o r forecas ts o f p o o r r e l i a b i l i t y . T h e w e a t h e r fo recas t m a y b e 
r e g a r d e d as f a v o u r a b l e f o r t h e s ta r t o f a m a r i n e o p e r a t i o n i f a l l t h e a b o v e - l i s t e d 
p a r a m e t e r s d o n o t e x c e e d acceptab le m e t o c e a n p a r a m e t e r s . 

3.13 D e p e n d i n g o n t h e e x t e n t t o w h i c h t h e p e r f o r m a n c e o f d i f f e r e n t t y p e s o f 
m a r i n e o p e r a t i o n s i s a f f ec ted b y w e a t h e r c o n d i t i o n s , i t i s r e c o m m e n d e d t o 
d i s c e r n t h r e e l e v e l s o f w e a t h e r p r e d i c t i o n : А, В a n d C . 

L e v e l A c o v e r s t h e m a r i n e o p e r a t i o n s m o s t s e n s i t i v e t o w e a t h e r c o n d i t i o n s . 
A m o n g these are m a t i n g o f a subs t ruc tu r e w i t h a n ob j ec t t o p s i d e o n h i g h seas, 
l o n g - r a n g e o c e a n t o w i n g u n d e r s eve re e n v i r o n m e n t a l c o n d i t i o n s , p o s i t i o n i n g 
a n d i n s t a l l a t i o n o f t h e ob j ec t ( c a t e g o r y 4 o p e r a t i o n s ) . 
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L e v e l В c o v e r s w e a t h e r s e n s i t i v e o p e r a t i o n s t h e v i o l a t i o n o f w h i c h m a y 
r e s u l t i n s i g n i f i c a n t f i n a n c i a l losses . A m o n g these are l a u n c h i n g o r m o u n t i n g 
o p e r a t i o n s o n h i g h seas, l o n g - t e r m t o w i n g , e tc . ( c a t e g o r y 3 o p e r a t i o n s ) . 

L e v e l С c o v e r s o p e r a t i o n s less s e n s i t i v e t o w e a t h e r c o n d i t i o n s a n d 
o p e r a t i o n s c a r r i e d o u t o n a r e g u l a r bas i s . A m o n g these a re s h i p y a r d o p e r a t i o n s : 
l i f t i n g a n d m o u n t i n g o p e r a t i o n s w h e n t h e ob j ec t w e i g h t does n o t e x c e e d 3 0 0 t , 
t o w i n g i n s h e l t e r e d w a t e r s a n d o t h e r s ( c a t e g o r y 1 a n d 2 o p e r a t i o n s ) . 

3.14 D e p e n d i n g o n t h e p r e d i c t i o n l e v e l , t h e w e a t h e r forecas ts s h a l l m e e t t h e 
r e q u i r e m e n t s o f T a b l e 3 . 1 4 . 

T a b l e 3 . 1 4 
W e a t h e r F o r e c a s t L e v e l s 

W e a t h e r 
F o r e c a s t 

L e v e l 

I s a v a i l a b i l i t y 
o f e n v i r o n m e n t a l condi t ions 

da ta f o r t h e o p e r a t i o n 
p e r f o r m a n c e needed? 

N u m b e r 
o f t h e i n d e p e n d e n t 

w e a t h e r fo recas t sources 

M a x i m u m w e a t h e r 
fo recas t i n t e r v a l , 

i n h . 

A Y e s 2 4» 
В N o 2 > 2 3 > 4 
С N o 1 1 2 

^ S m a l l e r i n t e r v a l s m a y b e r e q u i r e d f o r t h e o p e r a t i o n s m o s t s e n s i t i v e t o w e a t h e r c o n d i t i o n s . 
2 ) T h e n e e d f o r m e t o c e a n da ta f o r t h e p a r t i c u l a r o p e r a t i o n s i t e i s c o n s i d e r e d a n d d e t e r m i n e d 

sepa ra t e ly i n e a c h p a r t i c u l a r case. 
3 ) W h e n p r o p e r l y j u s t i f i e d , t h e w e a t h e r fo recas t m a y b e b a s e d o n o n e source o n l y . 

3.15 F o r m a r i n e opera t ions p a r t i c u l a r l y sens i t ive foe cer ta in e n v i r o n m e n t a l 
cond i t i ons s u c h as w a v e s , s w e l l , current , t i de etc., sy s t ema t i ca l l y m o n i t o r i n g o f 
these c o n d i t i o n s p r i o r t o a n d d u r i n g t h e o p e r a t i o n s h a l l b e arranged. M o n i t o r i n g 
s h a l l b e sys temat ic . Respons ib i l i t i e s , m o n i t o r i n g m e t h o d s a n d in t e rva l s s h a l l b e 
described i n a procedure . E s s e n t i a l m o n i t o r i n g s y s t e m s h a l l h a v e b a c k u p sys tems. 
Pred ic ted v a r i a t i o n s o f theses parameters d u r i n g e x e c u t i o n o f t h e m a r i n e opera t ions 
s h a l l b e based o n m o n i t o r e d v a r i a t i o n s , t abu la ted va lues a n d forecasted v a r i a t i o n s . 
A n y un fo re seen m o n i t o r i n g resul ts s h a l l b e repor ted w i t h o u t delay. 

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

4 O R G A N I Z A T I O N A N D M A N A G E M E N T 
O F M A R I N E O P E R A T I O N S 

4.1 M a r i n e o p e r a t i o n s s h a l l b e c o n d u c t e d i n accordance w i t h t h e p l a n a n d 
d e s i g n d e v e l o p e d as a p a r t o f t h e s t r u c t u r e d e s i g n o r w i t h t h e i n d e p e n d e n t 
d e s i g n a p p r o v e d b y t h e R e g i s t e r a n d a l s o w i t h d u e r e g a r d t o g o o d s e a m a n s h i p 
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t h a t p r e v e n t s u n n e c e s s a r y r i s k . T h e r e s p o n s i b i l i t y f o r t h e o b s e r v a n c e o f 
necessa ry c o n d i t i o n s , r u l e s a n d r e q u i r e m e n t s o f t h e m a r i n e o p e r a t i o n d e s i g n 
rests w i t h t h e o p e r a t i o n a l m a n a g e r . 

4.2 T h e design/plan o f m a r i n e opera t ion sha l l describe i n de ta i l o rgan iza t ion 
o f the opera t ion execu t ion and establ ish respons ib i l i ty o f the k e y personne l i n v o l v e d
i n t he m a r i n e opera t ion , a n d i n poss ible emergency a n d accident s i tuat ions.

4.3 T h e o r g a n i z a t i o n s i n v o l v e d i n t h e o p e r a t i o n (des igne r s , p e r f o r m e r s ) 
s h a l l h a v e necessa ry l i censes a n d ce r t i f i ca tes i n accordance w i t h t h e e x i s t i n g 
l e g i s l a t i o n . T h e o r g a n i z a t i o n s s h a l l c o m p l y w i t h t h e g e n e r a l r e q u i r e m e n t s l i s t e d 
i n S e c t i o n 7 a n d t h e r e q u i r e m e n t s o f 8 .2 , P a r t I " G e n e r a l R e g u l a t i o n s f o r 
T e c h n i c a l S u p e r v i s i o n " o f t h e R u l e s f o r T e c h n i c a l S u p e r v i s i o n d u r i n g 
C o n s t r u c t i o n o f S h i p s a n d M a n u f a c t u r e o f M a t e r i a l s a n d P r o d u c t s f o r S h i p s 
( R T S C S ) . I n a d d i t i o n , t h e en te rpr i ses i n v o l v e d i n e n g i n e e r i n g s u r v e y s s h a l l 
c o m p l y w i t h a p p l i c a b l e p r o v i s i o n s o f g e n e r a l r e q u i r e m e n t s i m p o s e d t o t h e 
en te rpr i ses r e n d e r i n g se rv i ces a c c o r d i n g t o a c t i v i t y code " 2 7 0 0 5 0 0 5 " , T a b l e 
9 . 2 . 2 P a r t I «General P r o v i s i o n s o n T e c h n i c a l Supervision» o f t h e R u l e s f o r t h e 
C l a s s i f i c a t i o n a n d C o n s t r u c t i o n o f Subsea P r o d u c t i o n S y s t e m s ( t h e S P S R u l e s ) , 
a p p l i c a b l e p r o v i s i o n s o f 1 . 9 . 1 , 1.9.2 o f G u i d e l i n e s o n T e c h n i c a l S u p e r v i s i o n 
D u r i n g C o n s t r u c t i o n a n d O p e r a t i o n o f S u b s e a P i p e l i n e s ( t h e S P G u i d e l i n e s ) . 

4.4 T h e o p e r a t i o n a l m a n a g e r a n d p e r s o n n e l i n v o l v e d i n t h e o p e r a t i o n s h a l l 
possess adequa te q u a l i f i c a t i o n a n d c o m p e t e n c e , h a v e a n a p p r o p r i a t e e x p e r i e n c e 
a n d k n o w l e d g e w i t h i n t h e area o f t h e i r r e s p o n s i b i l i t y . 

4.5 T h e r e p r e s e n t a t i v e s o f t h e s u p e r v i s o r y o r g a n i z a t i o n s a n d s ta te 
s u p e r v i s i o n b o d i e s s h a l l f a m i l i a r i z e t h e m s e l v e s w i t h a l l aspects o f t h e p l a n n e d 
o p e r a t i o n s a n d possess a t h o r o u g h k n o w l e d g e w i t h respect t o l i m i t a t i o n s a n d 
a s s u m p t i o n s f o r t h e d e s i g n . A b r i e f i n g r e g a r d i n g r e s p o n s i b i l i t y , c o m m u n i c a t i o n , 
w o r k p rocedu re s , sa fe ly , etc. s h a l l b e p e r f o r m e d f o r t h e r ep re sen t a t i ve s o f t h e 
s u p e r v i s o r y o r g a n i z a t i o n s a n d state s u p e r v i s i o n b o d i e s . 

4.6 F o r o p e r a t i o n s w i t h a p l a n n e d d u r a t i o n e x c e e d i n g 1 2 h t h e w o r k o f t h e 
p e r s o n n e l s h a l l b e a r r a n g e d i n s e v e r a l sh i f t s a n d a n a p p r o p r i a t e n u m b e r a n d 
c o m p o s i t i o n o f t h e p e r s o n n e l s h a l l b e p r o v i d e d . 

4.7 P a r t i c u l a r e m p h a s i s s h a l l b e p l a c e d o n e n s u r i n g r e l i a b l e c o m m u n i c a t i o n 
i n o r g a n i z a t i o n o f a m a r i n e o p e r a t i o n . C o m m u n i c a t i o n l i n e s , p r i m a r y a n d 
s e c o n d a r y m e a n s o f c o m m u n i c a t i o n s h a l l b e c l e a r l y d e f i n e d i n t h e spec ia l 
s e c t i o n o f t h e m a r i n e o p e r a t i o n d e s i g n . T h e p l a n n e d f l o w o f i n f o r m a t i o n , a 
c o m m u n i c a t i o n l a n g u a g e , e tc . s h a l l b e a l s o p r e s e n t e d i n t h e d e s i g n . 

4.8 I n t h e c o u r s e o f a m a r i n e o p e r a t i o n , t h e d i r e c t de s igne r ' s s u p e r v i s i o n 
s h a l l b e c a r r i e d o u t o r a p r o c e d u r e f o r t h e de s igne r ' s p r o m p t a p p r o v a l o f t h e 
r e su l t s o f e s sen t i a l w o r k p e r f o r m a n c e d u r i n g t h e o p e r a t i o n a n d a g r e e m e n t o f 
a l t e r a t i o n s t o b e m a d e s h a l l b e es t ab l i shed . A p r o c e d u r e f o r a m e n d i n g t h e p l a n 
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a n d d e s i g n w h i c h ensures a g r e e m e n t w i t h t h e pa r t i e s c o n c e r n e d a n d i n f o r m i n g 
t h e p a r t i c i p a n t s s h a l l b e e s t ab l i shed . 

4.9 P r i o r t o a m a r i n e o p e r a t i o n a l l c ra f t , s t ruc tu res , e q u i p m e n t , s y s t e m s , 
i n s t r u m e n t a t i o n u s e d d u r i n g a m a r i n e o p e r a t i o n s h a l l b e i n spec t ed , c a l i b r a t e d 
a n d t e s t ed i n accordance w i t h t h e d e s i g n a n d e x i s t i n g s tandards . B o t h p r i m a r y 
a n d s e c o n d a r y s t ruc tu res , e q u i p m e n t , s y s t e m s , c o m p o n e n t s a n d a s sembl i e s s h a l l 
b e tes ted . 

4.10 T h e c o n t r o l o v e r t h e o p e r a t i o n a l p r o c e d u r e s h a l l b e c a r r i e d o u t i n 
c o m p l i a n c e w i t h t h e Q u a l i t y C o n t r o l P l a n w h i c h de f ines p o i n t s , scope a n d 
m e t h o d s o f c o n t r o l f o r a l l t h e p a r t i c i p a n t s i n t h e o p e r a t i o n , as w e l l as t h e 
s u p e r v i s o r y o r g a n i z a t i o n s a n d s u p e r v i s i o n b o d i e s . 

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

4.12 T h e p r e p a r a t i o n a n d s tep-by-s tep e x e c u t i o n o f a m a r i n e o p e r a t i o n s h a l l 
b e r e c o r d e d . I t i s r e c o m m e n d e d t o i n c l u d e m o d e l f o r m s o f t h e r e l e v a n t r epo r t s 
i n t o t h e M a n u a l . 

5 E N V I R O N M E N T A L P R O T E C T I O N 

5.1 G e n e r a l 
5.1.1 P r o t e c t i o n o f t he e n v i r o n m e n t d u r i n g m a r i n e opera t ions e x e c u t i o n s h a l l 

b e ensured t h r o u g h the d e v e l o p m e n t a n d i m p l e m e n t a t i o n o f a set o f measures a n d 
ar rangements a i m e d at m i t i g a t i o n a n d p r e v e n t i o n o f u n f a v o u r a b l e i m p a c t o n t he 
e n v i r o n m e n t i n c o m p l i a n c e w i t h t he p r o v i s i o n s o f t he I n t e r n a t i o n a l C o n v e n t i o n f o r 
P r e v e n t i o n o f P o l l u t i o n from Sh ips ( M A R P O L 7 3 / 7 8 ) a n d t he A n n e x e s I t o V I 
the re to a n d t h e G u i d e l i n e s o n t h e A p p l i c a t i o n o f P r o v i s i o n s o f t he I n t e r n a t i o n a l 
C o n v e n t i o n M A R P O L 7 3 / 7 8 . 

5.1.2 W i t h i n t h e i n l a n d w a t e r s , t e r r i t o r i a l sea, o n c o n t i n e n t a l s h e l f a n d 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 o f t h e R u s s i a n F e d e r a t i o n t h e m a r i n e o p e r a t i o n s s h a l l 
b e p e r f o r m e d m e e t i n g t h e e n v i r o n m e n t a l p r o t e c t i o n r e q u i r e m e n t s i n c o m p l i a n c e 
w i t h t h e F e d e r a l L a w " O n E n v i r o n m e n t a l P r o t e c t i o n " , o t h e r n o r m a t i v e l e g a l acts 
o f t h e R u s s i a n F e d e r a t i o n a n d subjects o f t h e R u s s i a n F e d e r a t i o n . 

5.1.3 D u e a c c o u n t s h a l l b e t a k e n o f t h e e n v i r o n m e n t a l l i m i t a t i o n s f o r t h e 
m a r i n e o p e r a t i o n area. 

5.1.4 T h e e n v i r o n m e n t a l p r o t e c t i o n s h a l l i n c l u d e : 
o r g a n i z a t i o n a l a r r a n g e m e n t s ; 
m e a s u r e s t o p r e v e n t m a r i n e e n v i r o n m e n t p o l l u t i o n ; 
m e a s u r e s t o p r e v e n t a i r p o l l u t i o n ; 
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m e a s u r e s t o m i t i g a t e i m p a c t o n t h e m a r i n e b i o t a ; 
e n g i n e e r i n g a n d e n v i r o n m e n t a l m o n i t o r i n g . 
5.1.5 O r g a n i z a t i o n s i n v o l v e d i n p r e p a r a t i o n o f t h e objec ts a n d c ra f t f o r a 

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

5.1.6 R e g u l a t i o n s , p r o c e d u r e s a n d p o l i c y o f t h e ob j ec t o w n e r i n t h e f i e l d o f 
e n v i r o n m e n t a l p r o t e c t i o n s h a l l b e b r o u g h t t o t h e n o t i c e o f t h e w h o l e p e r s o n n e l 
i n v o l v e d i n t h e m a r i n e o p e r a t i o n . 

5.1.7 A l l v i o l a t i o n s o f s tandards a n d r e g u l a t i o n s , as w e l l as d e v i a t i o n s from 
m a r i n e o p e r a t i o n p r o c e d u r e , w h i c h m a y b e c o n s i d e r e d as p o t e n t i a l sources o f 
e n v i r o n m e n t a l r i s k , s h a l l b e r e c o r d e d . 

5.1.8 T h e o p e r a t i o n a l m a n a g e r i s r e s p o n s i b l e f o r t h e p e r s o n n e l a n d s h i p s ' 
c r e w adhe rence t o h e a l t h , s a f e ty a n d e n v i r o n m e n t ( H S E ) r e q u i r e m e n t s s p e c i f i e d 
i n t hese R u l e s . 

5.2 B a s i c a c t i v i t i e s a i m e d a t e n v i r o n m e n t a l i m p a c t m i t i g a t i o n 
5.2.1 O r g a n i z a t i o n a l a r r a n g e m e n t s i n c l u d e : 
c h e c k i n g a v a i l a b i l i t y o f sh ip ' s d o c u m e n t a t i o n o n e n v i r o n m e n t a l p r o t e c t i o n ; 
a v a i l a b i l i t y o f t h e S h i p b o a r d O i l P o l l u t i o n E m e r g e n c y P l a n a n d G a r b a g e 

M a n a g e m e n t P l a n ; 
c h e c k i n g o f t h e t e c h n i c a l f a c i l i t i e s d e s i g n e d f o r t h e p r e v e n t i o n o f o i l , 

s e w a g e a n d garbage p o l l u t i o n , as w e l l as a i r p o l l u t i o n ; 
e n s u r i n g o f o i l , o i l y a n d s e w a g e w a t e r , a n d garbage i n t a k e f r o m c ra f t u s e d 

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

m a r i n e o p e r a t i o n s r e g a r d i n g e n v i r o n m e n t a l p r o t e c t i o n . 
5.2.2 M e a s u r e s t o p r e v e n t m a r i n e e n v i r o n m e n t p o l l u t i o n s h a l l i n c l u d e : 
r e g u l a r e x a m i n a t i o n s a n d m a i n t e n a n c e o f p u m p s , m a c h i n e r y , p i p i n g , s h u t -

o f f f i t t i n g s a n d hoses ; 
i n s t a l l a t i o n o f c o a m i n g s a n d d r i p t r a y s t o p r e v e n t sp i l l ages ; 
o b s e r v a t i o n o f s a f e l y m e a s u r e s d u r i n g p u m p i n g , i n t a k e / d i s c h a r g e o f f u e l , 

b i l g e a n d s e w a g e w a t e r s , s to rage a n d d i scha rge o f o i l y w a s t e a n d garbage. 
5.2.3 M e a s u r e s t o p r e v e n t a i r p o l l u t i o n m a y i n c l u d e : 
u se o f l o w - s u l p h u r f u e l s , ca t a lys t s a n d f i l t e r s ; 
f i n e a d j u s t m e n t o f e n g i n e s a n d b o i l e r s ; 
u se o f a n t i s m o k e f u e l a d d i t i v e s ; 
i n s t a l l a t i o n o f s i lencers a n d spark arresters o f exhaus t gas pipes a n d uptakes ; 
i n s t a l l a t i o n o f f i l t e r s i n s m o k e v e n t i l a t i o n a n d v e n t i l a t i o n s y s t e m s , t i m e l y 

c l e a n i n g a n d r e p l a c e m e n t t h e r e o f . 
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5.2.4 I m p a c t s o n m a r i n e b i o t a o c c u r d u r i n g i n s t a l l a t i o n o f s u p p o r t i n g 
s t ruc tu res a n d a n c h o r s o n t h e seabed, p e r f o r m a n c e o f u n d e r w a t e r e n g i n e e r i n g 
w o r k s , as w e l l as d u r i n g a n c h o r i n g o f a u x i l i a r y vesse l s a n d m a n i f e s t t h e m s e l v e s 
i n t h e f o l l o w i n g : 

i nc rease i n w a t e r t u r b i d i t y d u e t o r i s e o f t h e n e a r - b o t t o m suspended m a t t e r 
a n d seabed m o v i n g ; 

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

f o r c e d m i g r a t i o n o f f i s h , m a r i n e m a m m a l s a n d b i r d s f r o m t h e w o r k i n g a rea 
caused b y t h e p resence o f t h e ob jec t , c ra f t a n d p e r s o n n e l a n d assoc ia ted w i t h 
n o i s e , sea w a t e r m o v e m e n t , a r t i f i c i a l l i g h t i n g , e m i s s i o n o f e n v i r o n m e n t a l l y 
h a r m f u l substances . 

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

m a r i n e o p e r a t i o n s a n d l a y o u t o f safe t o w i n g / t r a n s p o r t a t i o n r o u t e s ; 
p r o h i b i t i o n o f w o r k p e r f o r m a n c e a n d c ra f t m o v e m e n t i n areas n o t s t i p u l a t e d 

b y t h e m a r i n e o p e r a t i o n d e s i g n ; 
e x c l u s i o n , i n g e n e r a l , o f e x p l o s i v e w o r k s ( u n d e r w a t e r seabed ripping a n d 

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

5.2.6 T o r e d u c e t h e a m o u n t o f w a s t e p r o v i s i o n s h a l l b e m a d e f o r r epea t ed 
use o f w a t e r d u r i n g b o r e c l e a n i n g a n d h y d r a u l i c t e s t i n g o f p rocess p i p i n g . W a t e r 
d i sp l aced from t h e p i p e l i n e s h a l l n o t b e d i s cha rged i n t o t h e sea w i t h o u t p r e -
c l e a n i n g . 

5.2.7 I n c o m i n g i n s p e c t i o n o f e n g i n e e r i n g s t ruc tu res a n d m a t e r i a l s s h a l l 
e s t a b l i s h c o n f o r m i t y o f m a t e r i a l q u a l i t y t o t h e d e s i g n i n respect o f t h e c o n t e n t o f 
t o x i c substances h a z a r d o u s t o m a r i n e b i o t a . 

5.2.8 E n g i n e e r i n g a n d e n v i r o n m e n t a l m o n i t o r i n g s h a l l e n s u r e : 
m e a s u r e m e n t s , m o n i t o r i n g a n d c o n t r o l o v e r t h e e m i s s i o n s o f c o n t a m i n a n t s 

t o a t m o s p h e r e a n d d ischarges o f u n t r e a t e d s e w a g e i n t o m a r i n e e n v i r o n m e n t 
from t h e ob j ec t a n d craf t ; 

m o n i t o r i n g t h e e s t ab l i shed i n d i c a t o r s o f w a t e r c o n t e n t a n d p r o p e r t i e s a t t h e 
b o r d e r o f p r o c e s s i n g d i s cha rge z o n e o f t h e w a t e r a rea adjacent t o t h e ob jec t ; 

w a s t e s to rage m o n i t o r i n g o n - s i t e ; 
c h e c k f o r c o m p l i a n c e w i t h t h e s tandards f o r u l t i m a t e d i scharges a n d 

e m i s s i o n s . 
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6 N A V I G A T I O N A L S A F E T Y O F M A R I N E O P E R A T I O N S 

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

adequa te o p e r a t i o n m a n a g e m e n t , p r o p e r o r g a n i z a t i o n o f w a t c h k e e p i n g a n d 
c o m m u n i c a t i o n , t h o r o u g h p r e p a r a t i o n f o r t r a n s i t a t sea a n d / o r t h r o u g h i n l a n d 
w a t e r w a y s , r e g u l a r r e ce ip t o f n a v i g a t i o n a l i n f o r m a t i o n b y m a r i n e o r l a n d l i n e 
t r a n s m i s s i o n , b y r a d i o i n t h e f o r m o f N A V A R E A w a r n i n g s i n accordance w i t h 
t h e W o r l d - W i d e N a v i g a t i o n a l W a r n i n g S e r v i c e , N A V I P n a v i g a t i o n a l w a r n i n g s 
c o n c e r n i n g t h e i n f o r m a t i o n n o t i n c l u d e d i n N A V A R E A , P R I P ( C O A S T A L 
W A R N I N G S ) i n accordance w i t h t h e r e g i o n a l s y s t e m s o f n a v i g a t i o n a l w a r n i n g s 
a n d L O C A L W A R N I N G S f o r h a r b o u r w a t e r areas, r e ce ip t o f n a v i g a t i o n a l 
i n f o r m a t i o n t h r o u g h p u b l i c a t i o n s ( N o t i c e s t o M a r i n e r s o f t h e H e a d D e p a r t m e n t 
o f N a v i g a t i o n a n d O c e a n o g r a p h y o f t h e M i n i s t r y o f D e f e n c e o f t h e R u s s i a n 
F e d e r a t i o n a n d h y d r o g r a p h i c o f f i c e s o f f l e e t s ) a n d w e a t h e r forecas t s , t h r o u g h 
u n i n t e r r u p t e d o p e r a t i o n o f e l e c t r i c a l a n d r a d i o n a v i g a t i o n a l dev ices , as w e l l as 
c o m p l i a n c e w i t h t h e r e q u i r e m e n t s o f A n n e x 2 8 " G u i d e l i n e s f o r Sa fe O c e a n 
T o w i n g " t o t h e G u i d e l i n e s o n T e c h n i c a l S u p e r v i s i o n o f S h i p s i n S e r v i c e a n d d u e 
t o c o m p l i a n c e w i t h t h e r e q u i r e m e n t s / r e g u l a t i o n s o f g o o d s e a m a n s h i p . 

6.1.2 P r e p a r a t i o n f o r m a r i n e o p e r a t i o n i n c l u d e s : 
c o m p l e t i n g o f t h e e s t ab l i shed s h i p f o l i o w i t h n a u t i c a l char t s , m a n u a l s a n d 

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

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

t h e r e o f , r e p l e n i s h m e n t o f spare par t s a n d t o o l s , d e t e r m i n a t i o n ( t e s t i n g ) t h e i r 
p a r a m e t e r s a n d c o r r e c t i o n s ; 

r e c e i p t o f i n f o r m a t i o n o n m i n e , i ce a n d m e t o c e a n c o n d i t i o n s ( i f necessary , 
c o n c l u s i o n o f a n a g r e e m e n t o n h y d r o m e t e o r o l o g i c a l cen te r ( s ) p i l o t a g e ; 

s t u d y o f n a v i g a t i o n area , r o u t e s e l e c t i o n a n d r o u t e p l a n n i n g - i n p u t o f r o u t e 
p o i n t s a n d o t h e r n a v i g a t i o n a l i n f o r m a t i o n i n t o t h e r e c e i v e r s o f t h e g l o b a l 
n a v i g a t i o n s a t e l l i t e s y s t e m ( G N S S ) a n d r a d i o n a v i g a t i o n s y s t e m ; 

s t u d y o f t h e se lec ted t r a n s i t r o u t e w i t h o f f i c e r s ; 
c h e c k i n g a v a i l a b i l i t y o f i n f o r m a t i o n o n s h i p ' s m a n e u v e r i n g charac te r i s t i c s ; 
c h e c k i n g o f g e n e r a l a l a r m s y s t e m o p e r a b i l i t y , e x p i r i n g dates o f p y r o t e c h n i c 

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

f o l l o w i n g s h a l l b e t a k e n i n t o accoun t : 
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genera l n a v i g a t i o n a l - h y d r o g r a p l i i c a l characteris t ic o f t h e area, remoteness from 
shore , presence o f n a v i g a t i o n a l hazards, seabed t o p o g r a p h y a n d depth , presence o f 
shoals , d i s t i n g u i s h i n g depths a n d t h e i r p r o x i m i t y t o t h e p l a n n e d route; 

spec i f i c m e t o c e a n c r i t e r i a : p r e v a i l i n g w i n d s , c y c l o n e pa th s , w a v e c o n d i ­
t i o n s , p r o b a b i l i t y o f r e d u c e d v i s i b i l i t y , i ce c o n d i t i o n s a n d l i m i t s o f f l o a t i n g i ce 
a n d icebergs , p o s s i b l e i c i n g areas, a c t i v e cu r r en t s ; 

a v a i l a b i l i t y o f r a d i o n a v i g a t i o n s y s t e m s , t h e r ece ive r s o f w h i c h a re p r o v i d e d 
f o r t h e p a r t i c i p a n t s o f m a r i n e o p e r a t i o n s , t h e i r o p e r a t i n g m o d e s , accuracy, 
p o s s i b l e r e s t r i c t i o n s o n use ; 

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

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

6.1.4 W h e n s t u d y i n g a n a rea w i t h r e s t r i c t e d n a v i g a t i o n c o n d i t i o n s a n d p o r t 
approaches , t h e f o l l o w i n g s h a l l b e c o n s i d e r e d a d d i t i o n a l l y : 

n a v i g a t i o n a l a n d h y d r o g r a p h i c fea tures o f t h e area: r e c o m m e n d e d pa th s a n d 
r o u t e s , f a i r w a y s a n d c h a n n e l s , l e n g t h a n d w i d t h o f t h e i r t r a c k s ; h a z a r d o u s a n d 
f o r b i d d e n z o n e s , z o n e s p r o h i b i t e d f o r n a v i g a t i o n a n d r e s t r i c t e d areas o f 
n a v i g a t i o n , areas o f h e a v y s h i p a n d f e r r y t r a f f i c , f i s h i n g , d e v e l o p m e n t a n d 
p r o d u c t i o n o f o i l a n d gas; t r a f f i c s e p a r a t i o n s chemes ; p o s s i b l e a n c h o r a g e a n d 
charac te r i s t i cs t h e r e o f ; 

h y d r o l o g i c a l fea tu res : t i d a l a n d s u r g i n g p h e n o m e n a ; charac te r i s t i c s a n d 
degree o f w i n d w a v e s ; w a t e r d e s a l i n a t i o n ; i n f l u e n c e o f a l l these fac to r s o n 
a l l o w a b l e d r a f t a n d speed w h e n p a s s i n g t h r o u g h s h a l l o w w a t e r s ; 

o c c u r r e n c e o f h e a v e o f sea; 
a v a i l a b i l i t y o f n a v i g a t i o n a l e q u i p m e n t i n t h e n a v i g a t i o n area , o p e r a t i n g 

m o d e a n d r e s t r i c t i o n s o n use o f t h e e q u i p m e n t ; t h e a p p l i c a b i l i t y o f radars f o r 
p o s i t i o n i n g o f t h e s h i p ; d i s t i n c t i v e s igns t o i d e n t i f y n a v i g a t i o n a l re fe rences a n d 
w a r n i n g m a r k e r s ; 

p o s s i b l e m e t h o d s a n d necessa ry frequency o f p o s i t i o n i n g i n o r d e r t o b e k e p t 
w i t h i n t h e l i m i t s o f f a i r w a y s o r c h a n n e l s ; 

z o n e o f o p e r a t i o n , t y p e s o f m a i n t e n a n c e o f t h e V e s s e l T r a f f i c S e r v i c e 
( V T S ) ; 

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

6.1.5 W h e n p r e p a r i n g passage t h r o u g h t h e m o s t d i f f i c u l t areas, i t i s 
necessa ry t o r e s o r t t o m a t h e m a t i c s i m u l a t i o n , m o d e l i n g o n s i m u l a t o r o r t e s t i n g 
i n m o d e l b a s i n . 

6.1.6 A f t e r s t u d y i n g t h e n a v i g a t i o n areas, t h e t o w m a s t e r o f t h i s phase o f a 
m a r i n e o p e r a t i o n t o g e t h e r w i t h t h e t u g ( s ) m a s t e r s ) s h a l l se lec t t h e t r a n s i t r o u t e 
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b y t h e g e n e r a l n a u t i c a l c h a r t ( s ) d i v i d i n g t h e e n t i r e r o u t e i n t o sec t ions d e p e n d i n g 
o n s i t u a t i o n a n d m e t o c e a n c o n d i t i o n s , s h a l l p l a n a r r a n g e m e n t s t o ensu re s a f e ty 
o f n a v i g a t i o n . R o u t e p l a n n i n g s h a l l b e m a d e o n s m a l l a n d l a rge-sca le 
n a v i g a t i o n a l char t s o f a scale w h i c h i s t h e m o s t f a v o u r a b l e f o r t h e a rea 
c o n c e r n e d . I n so d o i n g , t h e i n f o r m a t i o n from la rge-sca le char t s a n d p l a n s , w h i c h 
m a y c o n t a i n i m p o r t a n t n a v i g a t i o n da ta , s h a l l b e used . D e v e l o p m e n t o f t r a n s i t 
t h r o u g h t h e R F i n l a n d w a t e r w a y s s h a l l b e p e r f o r m e d u s i n g t h e A t l a s o f t h e 
U n i f i e d D e e p W a t e r S y s t e m o f R u s s i a . 

6.1.7 S i m u l t a n e o u s l y w i t h r o u t e p l a n n i n g , p r e p a r a t i o n o f t h e s m a l l a n d 
la rge-sca le n a v i g a t i o n a l char t s a n d p l a n s s h a l l b e c a r r i e d o u t . I f necessary , s a f e ty 
c o n t o u r s h a l l b e p l o t t e d a n d i s o l a t e d dangers s h a l l b e d e f i n e d ; t h e v i s i b i l i t y 
r a n g e o f l i g h t h o u s e s a n d s igns ( t a k i n g i n t o a c c o u n t t h e h e i g h t o f o b s e r v e r ' s e y e ) 
a n d l i g h t i n g i n t e n s i t y s h a l l b e m a r k e d , t h e l i g h t h o u s e sectors i n d i c a t i n g t h e 
haza rds , b o u n d a r i e s o f z o n e s p r o h i b i t e d f o r n a v i g a t i o n , z o n e o f o p e r a t i o n t h e 
V T S s h a l l b e m o r e c l e a r l y d e f i n e d . W h e n p l a n n i n g t h e r o u t e , t h e c o u r s e a t safe 
d is tances from t h e n a v i g a t i o n a l haza rds s h a l l b e p l o t t e d , a n d t h e p o i n t s o f n o 
r e t u r n ( P N R ) a n d , i f t h e c h a r t scale p e r m i t s , t h e P N R s t a r t / end p o i n t s s h a l l b e 
m a r k e d , c h e c k b e a r i n g s t o se lec ted r e fe rence p o i n t s a n d / o r d is tances t h e r e t o 
s h a l l b e m e a s u r e d a n d p l o t t e d ; b e a m s a n d c o n t r o l f o u r - p o i n t - b e a r i n g s s h a l l b e 
m a r k e d . W h e n t h e a l t e r a t i o n s o f cou r se a re f r e q u e n t , t h e l e n g t h o f e a c h r o u t e 
s e c t i o n s h a l l b e m e a s u r e d a n d i n d i c a t e d a t t h e b e g i n n i n g o f t h e s e c t i o n , d u r a t i o n 
o f t h e r o u t e o n e a c h s e c t i o n a t d e s i g n e d speed s h a l l b e c a l c u l a t e d a n d i n d i c a t e d 
o n t h e s a m e s e c t i o n . 

O n sec t ions w h e r e t h e s h i p ' s cou r se r u n s c lose t o t h e haza rds , i t i s 
p r e f e r a b l e t o p l o t t h e s a f e l y i s o l i n e s o f t h e n a v i g a t i o n a l p a r a m e t e r s o n t h e char t . 
T h e P N R c o o r d i n a t e s , b o u n d a r i e s o f f a i r w a y s , h a z a r d o u s a n d f o r b i d d e n z o n e s , 
a l l o w a b l e c ross - t r ack d e v i a t i o n s from t h e se lec ted r o u t e a n d P N R , c o o r d i n a t e s 
o f t h e r e fe rence p o i n t s a n d o t h e r necessa ry i n f o r m a t i o n s h a l l b e i n p u t i n t o t h e 
r ece ive r s o f G N S S a n d r a d i o n a v i g a t i o n s y s t e m . 

6.1.8 W h e n t h e e q u i p m e n t i s r e n d e r e d o p e r a t i v e , i t s t e c h n i c a l p a r a m e t e r s 
s h a l l b e c h e c k e d . T h e e q u i p m e n t i s c o n s i d e r e d o p e r a t i v e , i f i t s o p e r a t i n g 
p a r a m e t e r s c o m p l y w i t h t h e m a n u f a c t u r e r ' s s p e c i f i c a t i o n . T h e n a v i g a t i o n a l 
e q u i p m e n t o p e r a b i l i t y s h a l l b e c h e c k e d as f o l l o w s : 

f o r g y r o c o m p a s s - b y s teadiness o f l a n d m a r k b e a r i n g s i f i t w a s n o t s w i t c h e d 
o f f d u r i n g t h e s h i p ' s ancho rage ; 

f o r G N S S r e c e i v e r - b y a v a i l a b i l i t y o f i n d i c a t i o n o f l as t o b s e r v a t i o n s data; 
f o r a r a d i o n a v i g a t i o n s y s t e m r e c e i v e r - b y s teadiness o f t h e n a v i g a t i o n a l 

p a r a m e t e r r e a d i n g s . 
6.1.9 P r i n t e r s s h a l l b e sub jec t t o c h e c k i n g f o r t h e a v a i l a b i l i t y o f paper , 

t o g g l e s w i t c h e s o f sensors a n d p r i n t i n g t y p e s s h a l l b e s w i t c h e d o n , v e r i f i c a t i o n 
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p r i n t o u t s h a l l b e m a d e , se lec ted p r i n t i n t e r v a l f o r t h e p o r t w a t e r s s h a l l b e set. 
M o r e o v e r , t i m e r ead ings o f t h e r e v e r s e r e c o r d e r s h a l l b e set, v e r i f i c a t i o n p r i n t o u t 
s h a l l b e m a d e , t i m e s h a l l b e m a r k e d o n t h e cou r se recorder . E c h o s o u n d e r s h a l l 
b e sub jec t ed t o c h e c k i n g f o r t h e a v a i l a b i l i t y o f p a p e r a n d , i f necessary , d e p t h 
a l a r m s h a l l b e i n s t a l l e d . I n f o r m a t i o n sensors o f t h e n a v i g a t i o n s y s t e m o r 
v i d e o p l o t t e r s h a l l b e se lec ted . T h e a u t o m a t i c a l a r m f o r t r a f f i c s h i p m o n i t o r i n g 
s h a l l b e a c t i v a t e d . 

6.1.10 W a t c h k e e p i n g s h a l l b e so o r g a n i z e d as t o en su re r e l i a b l e s a f e l y o f 
n a v i g a t i o n . T h r o u g h o u t t h e passage, t h e w a t c h - k e e p i n g p e r s o n n e l s h a l l m e e t 
a c t u a l n a v i g a t i o n a l c o n d i t i o n s a n d c i r c u m s t a n c e s . W h e n a p p o i n t i n g t h e w a t c h -
k e e p i n g p e r s o n n e l , t h e f o l l o w i n g s h a l l b e t a k e n i n t o c o n s i d e r a t i o n : 

e n s u r i n g o f c o n t i n u o u s w a t c h ; 
w e a t h e r c o n d i t i o n s , v i s i b i l i t y , d a y t i m e ; 
n a v i g a t i o n area charac te r i s t i c s , i n c l u d i n g v i c i n i t y o f n a v i g a t i o n a l haza rds , 

t r a f f i c d e n s i t y , p o s s i b l e p resence o f s m a l l c r a f t w i t h p o o r d i s c e r n i b i l i t y , h i g h ­
speed craf t , f e r r i e s , etc , w h i c h r e q u i r e d i s cha rge o f spec i f i c du t i e s b y t h e w a t c h 
o f f i c e r ; 

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

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

6.2 N a v i g a t i o n a l s a f e t y a t t h e i n s t a l l a t i o n s i t e 
6.2.1 T h e ob j ec t o w n e r i s o b l i g e d t o i n f o r m H e a d D e p a r t m e n t o f N a v i g a t i o n 

a n d O c e a n o g r a p h y o f t h e M i n i s t r y o f D e f e n c e o f t h e R u s s i a n F e d e r a t i o n f o r 
p u b l i c a t i o n i n t h e N o t i c e s t o M a r i n e r s : 

n o t l a t e r t h a n 1 2 0 d a y s i n a d v a n c e - a b o u t c o m m e n c e m e n t o f i n s t a l l a t i o n 
a n d d i s m a n t l i n g w o r k s ; 

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

6.2.2 A t t h e w o r k p e r f o r m a n c e area a s a f e l y z o n e e x t e n d i n g o v e r 5 0 0 m 
from t h e o u t e r edge o f t h e ob j ec t s h a l l b e e s t ab l i shed . 

6.2.3 I f t h e p r i m a r y w a r n i n g a l a r m a n d n a v i g a t i o n a l e q u i p m e n t o f t h e ob j ec t 
are i n o p e r a t i v e , t h e w o r k p e r f o r m a n c e area s h a l l b e p r o v i d e d w i t h I A L A 1 

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

' T h e In t e rna t i ona l A s s o c i a t i o n o f M a r i n e A i d s to N a v i g a t i o n a n d L i g h t h o u s e A u t h o r i t i e s f o r m e r l y 
cal led the In t e rna t i ona l A s s o c i a t i o n o f L i g h t h o u s e A u t h o r i t i e s ( I A L A ) adopted i n 1980 . T h e I A L A defines 
one s y s t e m o f m a r k s speci fy ing the shapes, co lours and characteristic l igh t s o f b u o y s depending o n the i r 
purpose. 
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s h a l l b e i n s t a l l e d o n t h e ob jec t . T h e c o m p o s i t i o n a n d charac te r i s t i c s o f t h e 
s e c o n d a r y w a r n i n g a l a r m a n d n a v i g a t i o n a l e q u i p m e n t s h a l l b e d e f i n e d b y t h e 
H y d r o g r a p h i c a l S e r v i c e s o f t h e F l e e t o n t h e bas i s o f m a t e r i a l s p r e s e n t e d b y t h e 
o r g a n i z a t i o n q u a l i f i e d f o r i n s t a l l a t i o n o f t h e ob jec t . 

6.2.4 T o des igna te t h e e x i s t i n g u n d e r w a t e r dangers , i t i s r e c o m m e n d e d f o r 
t h e t i m e o f w o r k p e r f o r m a n c e t o d e p l o y b u o y s f i t t e d w i t h v i s u a l a l a r m a n d r a d a r 
r e f l e c t o r s . 

6.2.5 F o r o p e r a t i o n s p e r f o r m e d a t t h e i n s t a l l a t i o n s i t e , t h e o r g a n i z a t i o n c h a r t 
o f m a r i n e o p e r a t i o n s h a l l p r o v i d e f o r m o n i t o r i n g cen te r f o r n a v i g a t i o n s i t u a t i o n 
i n t h e w o r k p e r f o r m a n c e area, l o c a t e d o n o n e o f t h e c ra f t i n v o l v e d i n t h e 
o p e r a t i o n . 

7 R E Q U I R E M E N T S F O R S T R U C T U R E S , 
S Y S T E M S A N D E Q U I P M E N T 

F O R M A R I N E O P E R A T I O N S S U P P O R T 

7.1 A r r a n g e m e n t s , e q u i p m e n t a n d s y s t e m s 
7.1.1 O b j e c t a r r a n g e m e n t s a n d e q u i p m e n t u s e d i n m a r i n e o p e r a t i o n s i n c l u d e 

t o w i n g , ancho r , m o o r i n g , b u m p e r a n d l i f t i n g a r r a n g e m e n t s , p o s i t i o n i n g s y s t e m , 
b a l l a s t s y s t e m , a r r a n g e m e n t s f o r o n - s i t e i n s t a l l a t i o n , as w e l l as e l e c t r i c a l , 
m e c h a n i c a l , i n s t r u m e n t a t i o n , n a v i g a t i o n a n d o t h e r s p e c i a l l y i n s t a l l e d s y s t e m s , 
dev ices a n d e q u i p m e n t w h i c h are e s sen t i a l f o r m o v e m e n t , p o s i t i o n i n g a n d 
i n s t a l l a t i o n o f t h e ob j ec t i n a d e s i g n p o s i t i o n . T h e l i s t e d a r r a n g e m e n t s , a n d 
e q u i p m e n t s h a l l e n s u r e c o m p l e t e m o n i t o r i n g o f t h e ob j ec t t h r o u g h o u t m a r i n e 
o p e r a t i o n s . 

S y s t e m s , a r r a n g e m e n t s a n d a s soc ia t ed e q u i p m e n t s h a l l b e d e s i g n e d , 
f ab r i ca t ed , i n s t a l l e d a n d t e s t ed i n accordance w i t h t h e r e l e v a n t s tandards a n d 
p r o v i s i o n s o f t h e M O D U / F O P R u l e s a n d R u l e s f o r t h e C l a s s i f i c a t i o n a n d 
C o n s t r u c t i o n o f S e a - G o i n g S h i p s . T h e a b o v e r e q u i r e m e n t does n o t a p p l y t o 
p rocess s y s t e m s a n d e q u i p m e n t i n s t a l l e d a n d u s e d o n l y d u r i n g p e r f o r m a n c e o f 
t h e o p e r a t i o n , a n d w h i c h o p e r a t i n g c o n d i t i o n s d i f f e r from t h o s e o b s e r v e d d u r i n g 
t h e ob j ec t o p e r a t i o n . S e l e c t i o n o f s y s t e m s a n d e q u i p m e n t s h a l l b e based o n a 
t h o r o u g h c o n s i d e r a t i o n o f t h e i r c o n f o r m i t y t o f u n c t i o n a l a n d o p e r a t i o n a l 
r e q u i r e m e n t s f o r t h e m a r i n e o p e r a t i o n . E m p h a s i s s h a l l b e p l a c e d o n o p e r a t i o n 
r e l i a b i l i t y a n d res i s tance i n c o n t i n g e n c i e s . 

T h e i ssues o f e n s u r i n g t h e ob j ec t c o u r s e - k e e p i n g q u a l i t i e s a n d t h e r e l e v a n t 
e q u i p m e n t are sub jec t t o spec ia l c o n s i d e r a t i o n b y t h e R e g i s t e r . 

7.1.2 T o w i n g , ancho r , m o o r i n g a n d b u m p e r a r r a n g e m e n t s s h a l l b e d e s i g n e d 
f o r a l l r e l e v a n t l oads s p e c i f i e d i n 2 . 3 , P a r t П " H u l l " o f t h e M O D U / F O P R u l e s o r 
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i n r e l e v a n t C h a p t e r s o f P a r t П " H u l l " o f t h e R u l e s f o r t h e C l a s s i f i c a t i o n a n d 
C o n s t r u c t i o n o f S e a - G o i n g S h i p s . W h e n d e s i g n i n g t h e t o w i n g , ancho r , m o o r i n g 
a n d b u m p e r a r r a n g e m e n t s t h e " w e a k l i n k " p r i n c i p l e s h a l l b e a p p l i e d w h i c h 
p r e v e n t s t h e d a m a g e o f t h e m a i n c o m p o n e n t s o f t h e s t r u c t u r e ( a r r a n g e m e n t ) 
u n d e r o c c a s i o n a l o v e r l o a d s e x c e e d i n g t h e d e s i g n ones . T h e s t r u c t u r e s h a l l 
w i t h s t a n d l o c a l l oads w i t h o u t t h e los s o f o v e r a l l s t r e n g t h a n d s t a b i l i t y . 

7.1.3 D e p e n d i n g o n t h e c o m p l e x i t y a n d d u r a t i o n o f a m a r i n e o p e r a t i o n , 
p a r t i c u l a r l y c lose c o n t r o l o v e r t h e o p e r a t i o n c o n d i t i o n s a n d f u n c t i o n i n g o f 
v a r i o u s s y s t e m s b o t h i n n o r m a l a n d c r i t i c a l s i t u a t i o n s i s n e e d e d t o e n s u r e i t s safe 
e x e c u t i o n . I t i s g e n e r a l l y r e c o m m e n d e d t o c o n s i d e r t h e f o l l o w i n g e l e c t r i c a l a n d 
m e c h a n i c a l s y s t e m s : 

p r o p u l s i o n p l a n t ; 
b a c k - u p p r o p u l s i o n p l a n t f o r p o w e r s u p p l y i n e x t r e m e s i t u a t i o n s ; 
m a c h i n e r y m o n i t o r i n g s y s t e m s ; 
v a l v e ( s l i d e v a l v e ) m o n i t o r i n g s y s t e m s ; 
b a l l a s t a r r a n g e m e n t s ; 
i n s t r u m e n t a t i o n s y s t e m s ; 
f u e l s y s t e m ; 
p o w e r l i n e s ; 
c o m p r e s s o r s y s t e m s ; 
f i r e e x t i n g u i s h i n g s y s t e m s ; 
n a v i g a t i o n s y s t e m s ; 
c o m m u n i c a t i o n s y s t e m s . 
7.1.4 A l l s y s t e m s , dev ices a n d e q u i p m e n t s h a l l b e c h e c k e d a n d t e s t ed p r i o r 

t o t h e s tar t o f o p e r a t i o n s i n accordance w i t h t h e acceptance l i s t . 
7.1.5 T h e i n s t r u m e n t a t i o n s y s t e m s a n d e q u i p m e n t s h a l l g e n e r a l l y ensu re 

m o n i t o r i n g o f : 
l o a d s a n d d e f o r m a t i o n s o f s t r u c t u r e s a n d separa te c o m p o n e n t s a n d 

a r r a n g e m e n t s ; 
e n v i r o n m e n t a l c o n d i t i o n s ; 
b a l l a s t i n g a n d s t a b i l i t y c o n d i t i o n s ; 
h e e l , t r i m a n d d ra f t o f f l o a t i n g ob jec t s ; 
o b j e c t p o s i t i o n ( n a v i g a t i o n a l p a r a m e t e r s ) ; 
o b j e c t u n d e r k e e l c lea rance ; 
o b j e c t p e n e t r a t i o n i n t o t h e seabed. 
7.1.6 T h e m o s t i m p o r t a n t sys tems a n d e q u i p m e n t i n c l u d i n g c o m p u t e r 

n e t w o r k s , etc. s h a l l b e dupl ica ted . T h e r e l i a b i l i t y o f p o w e r s u p p l y t o a r rangements 
a n d e q u i p m e n t s h a l l b e ensured b y a v a i l a b i l i t y o f s tandby a n d emergency sources 
o f p o w e r w h i c h w i l l b e ac t iva ted w h e n the m a i n source o f p o w e r fa i l s . A l l sys tems 
s h a l l b e tested i n accordance w i t h t he R u l e s f o r T e c h n i c a l S u p e r v i s i o n d u r i n g 
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C o n s t r u c t i o n o f Sh ip s a n d M a n u f a c t u r e o f M a t e r i a l s a n d P roduc t s f o r Sh ips . I n t he 
M a n u a l , t h e time necessary f o r change-over o r s u b s t i t u t i o n o f t h e s y s t e m s h a l l b e 
assessed. T h e r equ i r emen t s f o r des ign a n d m a n u f a c t u r e o f p r i m a r y a n d back-up 
sys tems sha l l t h e same. B a c k - u p sys tems m a y b e used as a n i n t eg ra l pa r t o f p r i m a r y 
s y s t e m F o r sys tems cons i s t ing o f m u l t i p l e independent u n i t s , t he back-up m a y b e 
p r o v i d e d b y h a v i n g a su f f i c i en t n u m b e r o f ava i l ab l e spare u n i t s . A u t o m a t i c c o n t r o l 
sys tems s h a l l b e p r o v i d e d w i t h a p o s s i b i l i t y f o r m a n u a l o v e r r i d i n g . 

7.1.7 N o n - t r a d i t i o n a l a r r a n g e m e n t s a n d e q u i p m e n t s p e c i a l l y i n s t a l l e d o n t h e 
ob j ec t ( j o i n i n g e l e m e n t s , e tc . ) s h a l l b e p r o p e r l y d e s i g n e d a n d c a l c u l a t e d f o r 
l oads a p p l i e d t o t h e ob j ec t i n t h e cou r se o f m a r i n e o p e r a t i o n . 

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

e q u i p m e n t d e s c r i p t i o n ; 
g e n e r a l a r r a n g e m e n t p l a n ; 
s t r e n g t h c a l c u l a t i o n s ; 
m a t e r i a l s p e c i f i c a t i o n s ; 
s p e c i f i c a t i o n s (p rocedu re s , p rocesses ) f o r m a n u f a c t u r e a n d i n s t a l l a t i o n . 
7.1.8 I n s o m e cases, i n t h e cou r se o f m a r i n e o p e r a t i o n s , t h e t e m p o r a r y 

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

7.1.9 B e s i d e s t h e r e q u i r e m e n t s o f t h i s S e c t i o n , t h e a r r a n g e m e n t s , e q u i p m e n t 
a n d s y s t e m s f o r m a r i n e o p e r a t i o n s s u p p o r t a re c o v e r e d b y t h e r e q u i r e m e n t s 
o f 1.3, P a r t 1П " S p e c i a l R e q u i r e m e n t s " . 

7.2 S t r u c t u r e s 
7.2.1 A l l l oads o n t h e ob j ec t s t r u c t u r e , a r r a n g e m e n t s a n d e q u i p m e n t a n d t h e 

ob j ec t d i s p l a c e m e n t s s h a l l n o t exceed t h e a l l o w a b l e l e v e l s set i n t h e d e s i g n o f 
o p e r a t i o n p e r f o r m a n c e . T h e l oads i n t h e c o u r s e o f m a r i n e o p e r a t i o n s s h a l l b e 
d e t e r m i n e d i n accordance w i t h t h e r e q u i r e m e n t s o f 2 . 3 , P a r t П " H u l l " o f t h e 
M O D U / F O P R u l e s a n d r e l e v a n t C h a p t e r s o f P a r t I I " H u l l " o f t h e R u l e s f o r t h e 
C l a s s i f i c a t i o n a n d C o n s t r u c t i o n o f S e a - G o i n g S h i p s . 

7.2.2 S t r u c t u r a l e l e m e n t s a n d c o m p o n e n t s u s e d i n m a r i n e o p e r a t i o n s s h a l l 
b e as f a r as p o s s i b l e f l e x i b l e a n d p l i a b l e w i t h i n t h e p r e s c r i b e d l i m i t s . I t i s n o t 
r e c o m m e n d e d t o u se a n inc reased a i r p r e s su re i n f l o a t i n g c o m p o n e n t s o r 
u n d e r w a t e r a i r ca i ssons t o i m p r o v e s a f e l y i n t h e e v e n t o f s t r u c t u r a l damages t o 
t h e ob jec t . T h i s m a y , h o w e v e r , b e p e r m i t t e d i n spec ia l cases u p o n t h o r o u g h 
c o n s i d e r a t i o n o f s o m e s y s t e m s l i k e a d r a i n s y s t e m , e tc . w i t h d u e r e g a r d t o t h e 
d a m a g e consequences , o p e r a t i o n d u r a t i o n , etc. 

7.2.3 W h e n d e v e l o p i n g s t r u c t u r e c o m p o n e n t s f o r m a r i n e o p e r a t i o n s , 
t r a n s m i s s i o n o f t e n s i l e stresses t h r o u g h t h e t h i c k n e s s o f r o l l e d s t ee l e l e m e n t s 
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(p la tes , b e a m s , e tc . ) s h a l l , as f a r as p o s s i b l e , b e a v o i d e d . T r a n s m i s s i o n o f 
c o n c e n t r a t e d l oads t o p l a t e s t ruc tu res s h a l l o n l y b e a r r a n g e d t h r o u g h t h e 
i n t e r m e d i a t e s t i f f e n i n g e l e m e n t s ( r e i n f o r c e m e n t s ) . 

7.2.4 A p p e n d a g e s o f t h e s t r u c t u r e l o c a t e d a b o v e t h e w a t e r l i n e s h a l l b e 
d e s i g n e d o r p r o t e c t e d so as t o p r e v e n t t r a p p i n g o f w a t e r w h e n s u b m e r g e d i n t o 
w a t e r d u r i n g t h e ob j ec t m o t i o n s , etc. 

7.2.5 S t r u c t u r a l e l e m e n t s a n d t h e i r c o n n e c t i o n s a re r e c o m m e n d e d t o g r o u p 
a c c o r d i n g t o t h e f o l l o w i n g i n d i c a t i o n s : 

t y p e o f stresses; 
p resence o f c y c l i c l o a d i n g ; 
p resence o f stress c o n c e n t r a t i o n s ; 
p resence o f c o n t r a c t i o n ; 
l o a d i n g ra te ;
consequences o f f a i l u r e s .
I t i s r e c o m m e n d e d t o c o n s i d e r t h e f o l l o w i n g ca tegor ies o f s t r u c t u r a l

e l e m e n t s : 
spec i a l - t h e m o s t e s sen t i a l pa r t s o f p r i m a r y s t r u c t u r a l e l e m e n t s , w h i c h 

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

w h o s e d a m a g e m a y r e s u l t i n t h e h a z a r d t o h u m a n l i f e , e tc ; 
s e c o n d a r y - s t r u c t u r a l e l e m e n t s o f less i m p o r t a n c e w h o s e d a m a g e does n o t 

t h r e a t e n h u m a n l i f e o r does n o t r e s u l t i n s i g n i f i c a n t e c o n o m i c consequences . 
T h e l i s t e d ca tegor ies d e f i n e r e q u i r e m e n t s f o r m a t e r i a l s a n d e x t e n t o f 

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

en su re necessa ry p r o p e r t i e s ( s t r e n g t h , d u c t i l i t y , t o u g h n e s s , w e l d a b i l i t y , c o r r o ­
s i o n r e s i s t ance ) , a n d m e e t t h e r e q u i r e m e n t s o f c u r r e n t s tandards s p e c i f i e d i n 
1.4 t o 1.6, P a r t I I " H u l l " o f t h e M O D U / F O P R u l e s . 

7.2.7 B e s i d e s t h e r e q u i r e m e n t s o f t h i s S e c t i o n , t h e r e q u i r e m e n t s o f 1.3, 
P a r t П1 " S p e c i a l R e q u i r e m e n t s " c o v e r t h e s t r u c t u r e s s u p p o r t i n g m a r i n e 
o p e r a t i o n s . 
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P A R T Ш. S P E C I A L R E Q U I R E M E N T S 

1 R E Q U I R E M E N T S F O R B U O Y A N C Y A N D S T A B I L I T Y 
O F O B J E C T , S T R U C T U R E 

A N D T H E I R C O M P O N E N T S D U R I N G M A R I N E O P E R A T I O N S 

1.1 G e n e r a l r e q u i r e m e n t s f o r b u o y a n c y a n d s t a b i l i t y 
1.1.1 G e n e r a l . 
1.1.1.1 T h e r e q u i r e m e n t s o f these R u l e s s p e c i f i e d f o r t h e b u o y a n c y , s t a b i l i t y 

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

1.1.1.2 W h e n s t a b i l i t y i s c a l c u l a t e d , i t i s n o t r e c o m m e n d e d t o t a k e i n t o 
a c c o u n t t h e o b j e c t s t r u c t u r e pa r t s l o c a t e d a b o v e t h e deck , w h i c h m a y 
o c c a s i o n a l l y ( d u r i n g s i g n i f i c a n t m o t i o n s ) s u b m e r g e i n t o w a t e r . T h e e f fec t o f 
s u c h s t ruc tu res o n ob j ec t s t a b i l i t y m a y b e a d m i t t e d i n s p e c i a l l y s p e c i f i e d cases i f 
p r o p e r l y j u s t i f i e d . W h e r e a d d i t i o n a l s o l i d b a l l a s t o r l oads a re u s e d t o i m p r o v e 
s t a b i l i t y , r e l i a b l e sea fas t en ing o f t h e s o l i d b a l l a s t o r l oads s h a l l b e ensu red . 

1.1.1.3 D r a i n a g e o p e n i n g s t o a v o i d unaccep t ab l e a c c u m u l a t i o n o f w a t e r o n 
t h e ob j ec t s h a l l b e p r o v i d e d i n i t s s t r uc tu r e . W h e r e s u c h o p e n i n g s are 
i m p r a c t i c a b l e , t h e ob j ec t s t a b i l i t y s h a l l b e e s t i m a t e d w i t h d u e r e g a r d t o t h e 
p o t e n t i a l a d d i t i o n a l v o l u m e o f w a t e r . 

1.1.1.4 I n t h e c a l c u l a t i o n s o f s t a b i l i t y a n d r e s e r v e b u o y a n c y , d u e a l l o w a n c e 
s h a l l b e i n c l u d e d t o a c c o u n t f o r p o s s i b l e changes i n m a s s , d i s p l a c e m e n t o f t h e 
ob j ec t cen te r o f m a s s , d e n s i t y o f b a l l a s t a n d sea w a t e r . C o r r e c t i o n f o r f ree 
sur face effects i n b a l l a s t t a n k s a n d o t h e r c o m p a r t m e n t s c o n t a i n i n g l i q u i d s s h a l l 
b e i n c l u d e d . 

1.1.1.5 W h e n e s t i m a t i n g s t a b i l i t y , w i n d a n d w a v e effects s h a l l b e a s s u m e d 
i n accordance w i t h 2 . 5 , P a r t I V " S t a b i l i t y " o f t h e M O D U / F O P R u l e s o r 2 . 1 , 
P a r t I V " S t a b i l i t y " o f t h e R u l e s f o r t h e C l a s s i f i c a t i o n a n d C o n s t r u c t i o n o f Sea -
G o i n g S h i p s . 

1.1.1.6 I n c l i n i n g tests o f f l o a t i n g m o d u l e s s h a l l b e n o r m a l l y p e r f o r m e d 
d u r i n g c o n s t r u c t i o n o f t h e ob j ec t a n d p r i o r t o m a r i n e o p e r a t i o n s . 

1.1.1.7 T h e i n c l i n i n g tes t p r o c e d u r e s h a l l t a k e i n t o a c c o u n t t h e r e q u i r e m e n t s 
g i v e n i n 1.5, P a r t I V " S t a b i l i t y " o f t h e M O D U / F O P R u l e s . T h e R e g i s t e r m a y 
w a i v e t h e i n c l i n i n g tes t p r o v i d e d t h a t t h e r e q u i r e m e n t s o f 1.5.7, P a r t I V 
" S t a b i l i t y " o f t h e R u l e s f o r t h e C l a s s i f i c a t i o n a n d C o n s t r u c t i o n o f S e a - G o i n g 
S h i p s a re f u l f i l l e d . 
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1.1.2 S t a b i l i t y a n d f r e e b o a r d . 
T h e s p e c i f i e d r e q u i r e m e n t s a p p l y t o f l o a t i n g s t ruc tu re s w h o s e b l o c k s are 

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

l o c a l t o w i n g s h a l l n o t b e less t h a n 2 m o r b e e q u a l t o a s i g n i f i c a n t w a v e h e i g h t 
( w i t h 13 p e r cen t p r o b a b i l i t y o f e x c e e d i n g l e v e l ) p l u s 0 ,5 m , w h i c h e v e r i s 
greater . U p o n a g r e e m e n t w i t h t h e R e g i s t e r , t h e a p p l i c a t i o n o f t h e r e q u i r e m e n t s 
s p e c i f i e d i n 1 .2 .2 .2 i s p e r m i t t e d . 

F o r a d a m a g e d subs t ruc tu r e , w h e n w a t e r en te rs o n e o f t h e t a n k s o r 
c o m p a r t m e n t s , t h e s u b s t r u c t u r e s h a l l r e m a i n a f l o a t . I n t h i s case , t h e 
r e q u i r e m e n t s f o r t h e d a m a g e w a t e r l i n e s p e c i f i e d i n 2 . 5 . 1 , P a r t V " S u b d i v i s i o n " 
s h a l l b e c o m p l i e d w i t h . 

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

u n r e s t r i c t e d t o w i n g ) , t h e i n i t i a l m e t a c e n t r i c h e i g h t ( c o r r e c t e d f o r f ree sur face 
effects a n d effects o f a i r c u s h i o n s i n t a n k s ) s h a l l b e a t leas t 1,0 m . 

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

W h e r e p o s i t i o n i n g s y s t e m s : a n c h o r s y s t e m , t o w l i n e s , m o o r i n g l i n e s ( f r o m 
sh ips a n d b u o y s ) , s l i n g s a re a v a i l a b l e , t h e i n i t i a l m e t a c e n t r i c h e i g h t s h a l l b e 
c a l c u l a t e d w i t h r e g a r d t o t h e e f fec t o f t h e a b o v e l i n k s y s t e m s . 

1.1.4 S t a b i l i t y c u r v e s . 
F o r s t ruc tu res , w h i l e b e i n g a f l o a t , w i t h i n t h e w h o l e r a n g e o f d ra f t s , i . e . from 

t h e i n i t i a l d r a f t ( a t t h e b e g i n n i n g o f c o n s t r u c t i o n ) t i l l t h e o n e c o r r e s p o n d i n g t o 
t h e m a s s w h e n f l o a t i n g o u t from t h e s h i p y a r d , s t a b i l i t y c u r v e s w i t h respect t o t h e 
m o s t u n f a v o u r a b l e i n c l i n a t i o n axes s h a l l b e p l o t t e d . 

T h e a r m s o f t h e r i g h t i n g m o m e n t c u r v e s h a l l b e p o s i t i v e w i t h i n t h e r a n g e 
from z e r o t i l l t h e a n g l e c o r r e s p o n d i n g t o t h e s e c o n d i n t e r s e c t i o n o f t h e a b o v e 
c u r v e w i t h t h e h e e l i n g m o m e n t c u r v e o r t i l l t h e a n g l e o f h e e l c o r r e s p o n d i n g t o 
t h e s e c o n d i n t e r s e c t i o n o f t h e a b o v e c u r v e w i t h t h e h e e l i n g m o m e n t c u r v e o r t i l l 
t h e a n g l e o f h e e l c o r r e s p o n d i n g t o t h e e n t r y i n t o w a t e r o f t h e nea res t o p e n i n g 
c o n s i d e r e d t o b e o p e n (as d e f i n e d i n 1 . 2 . 1 , P a r t I V " S t a b i l i t y " o f t h e 
M O D U / F O P R u l e s ) . 
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1.2 A d d i t i o n a l r e q u i r e m e n t s f o r b u o y a n c y a n d s t a b i l i t y 
1.2.1 S e l f - f l o a t i n g s t r u c t u r e . 
1.2.1.1 F o r i n t a c t s t r u c t u r e : 
. 1 t h e c ross -curves o f s t a b i l i t y s h a l l r e m a i n p o s i t i v e t o t h e n e x t i n c l i n a t i o n 

a n g l e b e y o n d e q u i l i b r i u m : 

3 > + 1 5 + 1 5 / A ) , m a x 40° ( 1 . 2 . 1 . 1 . 1 ) 

w h e r e З^к = m a x i m u m d y n a m i c i n c l i n a t i o n due t o w i n d a n d w a v e s , i n deg; 
h - i n i t i a l m e t a c e n t r i c h e i g h t , i n m . 

F o r m a r i n e o p e r a t i o n o f a s h o r t d u r a t i o n c o v e r e d b y a r e l i a b l e w e a t h e r 
fo recas t s ( s h o r t - t e r m t o w i n g , i n s t a l l a t i o n o n s i t e ) a n r e l a x a t i o n o f t h e 
r e q u i r e m e n t ( 1 . 2 . 1 . 1 . 1 ) m a y b e accepted w h e n t h e i n c l i n a t i o n a n g l e m a y 
b e 3 > 20°. 

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

(A + B) > 1,4 (B + Q ( 1 . 2 . 1 . 1 . 2 ) 

w h e r e areas А, В a n d С are f o r m e d as s p e c i f i e d i n P a r t I V " S t a b i l i t y " o f t h e M O D U / F O P R u l e s . 

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

(A + B) > (B + Q; ( 1 . 2 . 1 . 2 . 1 ) 

.2 a s t r u c t u r e w i t h o n e t a n k o r t o w e r f l o o d e d s h a l l r e m a i n a f l o a t a n d t h e 
r e q u i r e m e n t s f o r d a m a g e w a t e r l i n e s p e c i f i e d i n 2 . 5 . 1 , P a r t V " S u b d i v i s i o n " o f 
t h e M O D U / F O P R u l e s s h a l l b e c o m p l i e d w i t h . 

1.2.2 T r a n s p o r t a t i o n a n d t o w i n g . 
1.2.2.1 B a r g e t r a n s p o r t i n g . 
R e l a t i o n s h i p s ( 1 . 2 . 1 . 1 . 1 ) a n d ( 1 . 2 . 1 . 1 . 2 ) s h a l l b e f u l f i l l e d f o r a n i n t a c t 

ba rge . 
D u r i n g l o a d i n g t h e ob j ec t o n a ba rge , t h e l a t t e r s h a l l h a v e a m e t a c e n t r i c 

h e i g h t v a l u e o f a t leas t 1,0 m . 
T h e t r a n s v e r s e m e t a c e n t r i c h e i g h t o f t h e b a r g e d u r i n g t r a n s p o r t a t i o n s h a l l 

n o t b e less t h a n 0,3 m w i t h r e g a r d t o f ree sur face effect . 
T h e r a n g e o f t h e r i g h t i n g l e v e r c u r v e s h a l l g e n e r a l l y e x c e e d 40°. 
T h e r a n g e o f t h e r i g h t i n g l e v e r c u r v e less t h a n 30° i s n o t p e r m i t t e d . W h e r e 

t h e r a n g e o f s t a b i l i t y i s m o r e t h a n 30° b u t less t h a n 40°, i t s h a l l b e s h o w n t h a t 
t h e m a x i m u m d e s i g n a n g l e o f r o l l i s less t h a n t h e a n g l e c o r r e s p o n d i n g t o t h e 
m a x i m u m r i g h t i n g a r m . 
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B a r g e s t a b i l i t y c a l c u l a t i o n s s h a l l t a k e i n t o a c c o u n t changes i n t h e d e s i g n 
C o G p o s i t i o n + 1 m i n v e r t i c a l d i r e c t i o n a n d s h a l l a l so c o n s i d e r t h e r e s e r v e o f 
s t a b i l i t y a d o p t e d b y t h e s h i p o w n e r . 

W h e n d a m a g e d , t h e b a r g e s h a l l r e m a i n a f l o a t w i t h o n e c o m p a r t m e n t 
f l o o d e d a n d t h e r e q u i r e m e n t s f o r d a m a g e w a t e r l i n e s p e c i f i e d i n 2 . 5 . 1 , 
P a r t V " S u b d i v i s i o n " o f t h e M O D U / F O P R u l e s s h a l l b e c o m p l i e d w i t h . 

W h e n e v a l u a t i n g t r a n s p o r t b a r g e s t a b i l i t y , t h e r i g h t i n g m o m e n t d u e t o t h e 
ca rgo ( s t r u c t u r e b l o c k s ) e n t e r i n g i n t o w a t e r s h a l l n o t b e c o n s i d e r e d . O n t h e 
c o n t r a r y , i t s h a l l b e a l l o w e d f o r t h e p o s s i b i l i t y o f b a r g e c o m p a r t m e n t o r ca rgo 
f l o o d i n g . F o r a d a m a g e d ba rge , t h e r e l a t i o n s h i p ( 1 . 2 . 1 . 2 . 1 ) s h a l l b e f u l f i l l e d . 

1.2.2.2 T o w i n g a f l o a t . 
A l l t h e r e q u i r e m e n t s s p e c i f i e d i n 1.2.1 a p p l y t o a s t r u c t u r e o r m o d u l e 

f l o a t i n g e i t h e r o n i t s o w n o r w i t h t h e u se o f t e m p o r a r y b u o y a n c y t o w e r s . 
A damaged structure, w h e r e w a t e r enters i n t o one o f i ts compar tments o r tanks o r 

t ower s , sha l l r e m a i n afloat , and the requi rements f o r damage w a t e r l i n e specified 
i n 2 . 5 . 1 , Pa r t V " S u b d i v i s i o n " o f the M O D U / F O P R u l e s sha l l be c o m p l i e d w i t h . 

T h e t o w e d ob j ec t s h a l l h a v e a c o r r e c t e d i n i t i a l m e t a c e n t r i c h e i g h t n o t less 
t h a n 0 ,3 m a n d f r e e b o a r d n o t less t h a n 1 m a t a l l s tages o f t o w i n g . 

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

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

( l o n g i t u d i n a l l a u n c h i n g f r o m a ba rge , l a u n c h i n g from i n c l i n e d s l i p w a y ) t h e 
m i n i m u m d e s i g n f r e e b o a r d o f a s t r u c t u r e a f t e r l a u n c h i n g s h a l l m e e t t h e 
r e q u i r e m e n t s o f 1.1.2. I n a d d i t i o n , t h e b u o y a n c y r e s e r v e s h a l l en su re a 
l a u n c h i n g t r a j e c t o r y t h e l o w e s t p o i n t o f w h i c h s h a l l b e n o t less t h a n 5 m a b o v e 
seabed i n c l u d i n g a l l o w a n c e m a d e f o r a p o s s i b i l i t y t o d a m a g e o n e c o m p a r t m e n t 
d u r i n g l a u n c h i n g . W h e n l a u n c h i n g b y m e a n s o f c r ane ass is tance, b y e m e r s i o n i n 
t h e d o c k , b y s u b m e r s i o n o f a f l o - f l o s h i p , t h e f r e e b o a r d m a y b e r e d u c e d i n 
accordance w i t h t h e r e q u i r e m e n t s o f 1 .2 .2 .2 . F o l l o w i n g l a u n c h i n g , t h e i n i t i a l 
m e t a c e n t r i c h e i g h t s h a l l b e p o s i t i v e a t t h e m o m e n t o f t h e grea tes t d e e p e n i n g a n d 
thereaf te r , i n e q u i l i b r i u m p o s i t i o n , t h e s t a b i l i t y s h a l l m e e t t h e r e q u i r e m e n t s o f 
1 .2 .1 .1 .2 a n d 1 . 2 . 1 . 2 . 1 . I n t h i s case, t h e i n i t i a l m e t a c e n t r i c h e i g h t f o r s h o r t - t e r m 
m a r i n e o p e r a t i o n s o f a d u r a t i o n less t h a n o n e d a y ( l a u n c h i n g , s h o r t - t e r m t o w i n g ) 
s h a l l b e a t leas t 0 ,3 m . 

W h e n e v a l u a t i n g b u o y a n c y a n d s t a b i l i t y i n l a u n c h i n g , t h e e m e r g e n c y 
f l o o d i n g o f a n y o n e c o m p a r t m e n t o r t a n k o r t o w e r s h a l l b e t a k e n i n t o accoun t . 
A f t e r d a m a g e , t h e r e q u i r e m e n t s f o r d a m a g e w a t e r l i n e s p e c i f i e d i n 2 . 5 . 1 , P a r t V 
" S u b d i v i s i o n " o f t h e M O D U / F O P R u l e s s h a l l b e c o m p l i e d w i t h a n d t h e 
s t r u c t u r e s h a l l h a v e a p o s i t i v e m e t a c e n t r i c h e i g h t . 
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1.2.3 B u o y a n c y a n d s t a b i l i t y d u r i n g v e r t i c a l m a t i n g b y f l o a t - o n m e t h o d , 
i n s t a l l a t i o n o n s i t e a n d u p e n d i n g . 

1.2.3.1 I n t h e process o f e m e r s i o n d u r i n g v e r t i c a l m a t i n g b y f l o a t - o n 
m e t h o d a n d o f s u b m e r s i o n d u r i n g i n s t a l l a t i o n o n s i t e , t h e m e t a c e n t r i c h e i g h t 
c a l c u l a t e d w i t h d u e r e g a r d t o t h e e f fec t o f t h e b u o y a n c y t o w e r s ( p o n t o o n s ) a n d 
a n c h o r a n d m o o r i n g l i n e s ( a n d s l i n g s i f a f l o a t i n g c rane i s u s e d f o r s u p p o r t i n g ) 
s h a l l b e p o s i t i v e w i t h i n t h e e n t i r e r a n g e o f draf t s a n d s h a l l a l so m e e t t h e 
r e q u i r e m e n t s f o r s t a b i l i t y a c c o r d i n g t o 1 . 2 . 1 , i n c l u d i n g t h e case o f o n e 
c o m p a r t m e n t , t a n k o r t o w e r f l o o d e d . 

I n s t a l l a t i o n o f a g r a v i t y o r p i l e d s t r u c t u r e o n t h e seabed ca l l s f o r e n s u r i n g 
s t a b i l i t y d u r i n g s u b m e r s i o n . S t a b i l i t y t h e r e w i t h s h a l l b e e n s u r e d a t t h e e x p e n s e 
o f t h e i n i t i a l m e t a c e n t r i c h e i g h t b e i n g a t t h e e n d o f t h e s u b m e r s i o n n o t less 
t h a n 1 m ( 1 t o 2 m a b o v e t h e seabed) . 

1.2.3.2 D u r i n g u p e n d i n g , t h e r e s e r v e o f b u o y a n c y o f t h e ob j ec t s h a l l b e n o t 
less t h a n 1 0 p e r c e n t o f t h e f u l l v o l u m e a t a n y s tage. 

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

1.2.3.3 D y n a m i c p a r a m e t e r s e v a l u a t i o n . 
I n o r d e r t o o b t a i n h y d r o d y n a m i c i n i t i a l da ta a n d t o c o n f i r m t h e r e su l t s o f 

s t a b i l i t y c a l c u l a t i o n s , t h e e x e c u t i o n o f m o d e l tests i s r e c o m m e n d e d f o r a l l 
s p e c i f i e d d y n a m i c cases i n c l u d i n g l a u n c h i n g , m a t i n g b y f l o a t - o n m e t h o d , ob j ec t 
s e t t i n g o n t h e seabed. 

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

1.3.1 S p e c i a l a t t e n t i o n s h a l l b e p a i d t o e n s u r i n g o b j e c t s t r u c t u r e 
w a t e r t i g h t n e s s d u r i n g m a r i n e o p e r a t i o n s . T h e n u m b e r o f o p e n i n g s i n w a t e r t i g h t 
b u l k h e a d s a n d decks s h a l l b e k e p t t o a m i n i m u m . W h e r e p i p i n g , v e n t i l a t i o n 
duc ts a n d e l e c t r i c a l cab le pass t h r o u g h decks , o u t e r w a l l s a n d b u l k h e a d s , 
a p p r o p r i a t e a r r a n g e m e n t s s h a l l en su re t h e i r w a t e r t i g h t n e s s . 

T h e r e q u i r e m e n t s o f t h e I n t e r n a t i o n a l C o n v e n t i o n o n L o a d L i n e s , 1 9 6 6 s h a l l 
b e f o l l o w e d w i t h respect t o a i r p ipe s , o v e r b o a r d a n d i n l e t p ipe s , w a t e r t i g h t 
d o o r s , h a t c h c o v e r s a n d o t h e r o p e n i n g s . T e m p o r a r y c l o s i n g dev i ce s o f t h e 
objec t , s u c h as ha tches , b l i n d f l anges , p l u g s a n d o t h e r access ib le o p e n i n g s t h a t 
m a y b e e x p o s e d t o s l a m m i n g , f l o o d i n g , etc. s h a l l b e d e s i g n e d f o r a p p r o p r i a t e 
l oads . W h e r e necessary , spec i a l p r o t e c t i o n o f s u c h dev i ce s s h a l l b e p r o v i d e d . 
C o n s i d e r a t i o n s h a l l b e g i v e n t o p o s s i b l e d i s p l a c e m e n t s o f t h e c l o s i n g dev ices 
a n d s u p p o r t i n g s t ruc tu res . 

4 5 



1.3.2 F o r a d a m a g e d ob jec t , t h e s t r e n g t h o f w a t e r t i g h t b u l k h e a d s a n d t o w e r 
w a l l s u n d e r a h y d r o s t a t i c p res su re c o r r e s p o n d i n g t o t h e s u b m e r s i o n o f t h e 
s t r u c t u r e a t t r i m a f te r a n acc iden t s h a l l b e ensu red . W h e n t h e t r a n s p o r t c ra f t i s 
d a m a g e d , t h e s t r e n g t h o f t h e w a t e r t i g h t b u l k h e a d s a n d s u f f i c i e n t s t r e n g t h m a r g i n 
o f ca rgo sea fa s t en ing ( s t r u c t u r e o r pa r t s t h e r e o f ) s h a l l b e e n s u r e d . 

1.3.3 A l l o p e n i n g s b e t w e e n t h e ob j ec t c o m p a r t m e n t s , w h i c h m a y c o n t r i b u t e 
t o p r o g r e s s i v e f l o o d i n g o f t h e ob j ec t d u r i n g o p e r a t i o n e x e c u t i o n , s h a l l b e c losed . 
R e g u l a r i n s p e c t i o n s o f c o m p a r t m e n t s t i g h t n e s s , checks o f w a t e r l e v e l i n 
c o m p a r t m e n t s a n d t a n k s , checks o f t h e ob j ec t d ra f t , h e e l , t r i m , e tc . i n sea rch o f 
p o s s i b l e l e a k a g e s h a l l b e c a r r i e d o u t d u r i n g t h e o p e r a t i o n . 

1.3.4 R e q u i r e m e n t s f o r w a t e r b a l l a s t s y s t e m t o ensu re s u b m e r s i o n / e m e r s i o n 
s t a b i l i t y s h a l l i n c l u d e t h e f o l l o w i n g i t e m s ( b u t n o t l i m i t e d t h e r e t o ) : 

b a l l a s t i n g s y s t e m c a p a c i t y s h a l l en su re t h e s p e c i f i e d t i m e o f a m a r i n e 
o p e r a t i o n ; 

i n o r d e r t o p r e v e n t t h e los s o f s t a b i l i t y d u e t o s i m u l t a n e o u s o p e n i n g o f 
o u t b o a r d f l o o d i n g v a l v e s ( sea v a l v e s ) o f s e v e r a l t a n k s o r t o w e r s , t h e u se o f t h o s e 
v a l v e s i s u n d e s i r a b l e ; 

s y s t e m d e s c r i p t i o n s h a l l i n c l u d e i n s t r u c t i o n s o n t h e c a l c u l a t i o n o f a s t a b i l i t y 
c u r v e w i t h d u e r e g a r d t o t h e change o f t h e w a t e r l i n e , cent res o f g r a v i t y a n d 
b u o y a n c y , a n d f o r c o r r e c t i o n s f o r f ree sur face effects i n t a n k s w h i l e h a n d l i n g t h e 
b a l l a s t i n i t s v a r i o u s states. 

2 F L O A T I N G C R A F T A N D T E C H N I C A L F A C I L I T I E S , 
C R E W S A N D P E R S O N N E L I N V O L V E D Ш A M A R I N E O P E R A T I O N 

2.1 A l l t h e f l o a t i n g c ra f t a n d t e c h n i c a l f a c i l i t i e s i n v o l v e d i n a m a r i n e 
o p e r a t i o n , t h e i r e q u i p m e n t , m a c h i n e r y , m a c h i n e s a n d a r r a n g e m e n t s s h a l l m e e t 
t h e r e q u i r e m e n t s o f i n t e r n a t i o n a l c o n v e n t i o n s , a u t h o r i z e d s ta te s u p e r v i s i o n 
b o d i e s a n d c l a s s i f i c a t i o n soc ie t i e s f o r t h e c o n f o r m i t y t o w h i c h t h e y are 
des igned . 

2.2 A l l t h e f l o a t i n g c ra f t a n d t e c h n i c a l f a c i l i t i e s i n v o l v e d i n a m a r i n e 
o p e r a t i o n , t h e i r e q u i p m e n t , m a c h i n e r y , m a c h i n e s a n d a r r a n g e m e n t s s h a l l h a v e 
v a l i d ce r t i f i ca tes t o b e e f f e c t i v e u n t i l t h e p r e d i c t e d t i m e o f c o m p l e t i o n o f t h e 
o p e r a t i o n a n d t a k i n g i n t o a c c o u n t p o t e n t i a l d e l a y s . 

2.3 C h a r a c t e r i s t i c s o f a l l f l o a t i n g c ra f t a n d t e c h n i c a l f a c i l i t i e s i n v o l v e d i n a 
m a r i n e o p e r a t i o n s h a l l b e c o n s i s t e n t w i t h t h o s e s p e c i f i e d i n t h e m a r i n e o p e r a t i o n 
d e s i g n o r b e s u p e r i o r t o t h o s e charac te r i s t i c s t h a t enab l e t o p e r f o r m t h e m a r i n e 
o p e r a t i o n i n accordance w i t h t h e r e q u i r e m e n t s o f these R u l e s . 
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2.4 E q u i p m e n t t h a t i s i n c o n s i s t e n t w i t h t h e charac te r i s t i c s s p e c i f i e d i n t h e 
m a r i n e o p e r a t i o n d e s i g n o r does n o t c o m p l y w i t h t h e r e q u i r e m e n t s o f these 
R u l e s s h a l l b e i n t e r l o c k e d u n l e s s i t s p resence affects t h e n o r m a l o p e r a t i o n o f a n y 
o t h e r e q u i p m e n t a n d th rea t ens t h e s a f e t y o f t h e p e r s o n n e l . O t h e r w i s e , t h i s 
e q u i p m e n t s h a l l b e d i s m a n t l e d . 

2.5 A l l c r e w m e m b e r s o f t h e f l o a t i n g c ra f t i n t e n d e d f o r o p e r a t i o n a t sea 
s h a l l possess adequa te q u a l i f i c a t i o n s , f u l l y m e e t t h e r e q u i r e m e n t s a n d h a v e a l l 
t h e necessa ry v a l i d d i p l o m a s , ce r t i f i ca tes a n d o t h e r d o c u m e n t s i n accordance 
w i t h t h e I n t e r n a t i o n a l C o n v e n t i o n o n S tanda rds o f T r a i n i n g , C e r t i f i c a t i o n a n d 
W a t c h k e e p i n g f o r Seafa re rs , 1 9 7 8 ( S T C W C o n v e n t i o n 7 8 ) , as a m e n d e d . T h e 
c r e w m e m b e r s o f c ra f t f l y i n g t h e R F f l a g s h a l l a l s o h a v e d o c u m e n t s i n 
accordance w i t h t h e M e r c h a n t S h i p p i n g C o d e o f t h e R u s s i a n F e d e r a t i o n a n d 
v a l i d o rde r s o f t h e M i n i s t r y o f T r a n s p o r t o f t h e R u s s i a n F e d e r a t i o n . E x p e r i e n c e 
i n e x e c u t i o n o f m a r i n e o p e r a t i o n s i s r e c o m m e n d e d . 

2.6 A l l t h e c r e w m e m b e r s o f c ra f t i n t e n d e d t o opera te o n t h e R u s s i a n 
F e d e r a t i o n ' s i n l a n d w a t e r w a y s s h a l l possess adequa te q u a l i f i c a t i o n s , f u l l y m e e t 
t h e r e q u i r e m e n t s a n d h a v e necessa ry v a l i d d i p l o m a s , ce r t i f i ca tes a n d o t h e r 
d o c u m e n t s i n accordance w i t h t h e R e g u l a t i o n s f o r C e r t i f i c a t i o n o f C r e w 
M e m b e r s o f I n l a n d N a v i g a t i o n V e s s e l s , 2 0 0 5 , a n d o rde r s o f t h e M i n i s t r y o f 
T r a n s p o r t o f t h e R u s s i a n F e d e r a t i o n . E x p e r i e n c e i n e x e c u t i o n o f m a r i n e 
o p e r a t i o n s i s r e c o m m e n d e d . 

2.7 P e r s o n n e l i n v o l v e d i n m a r i n e o p e r a t i o n s s h a l l possess adequa te 
q u a l i f i c a t i o n s a n d e x p e r i e n c e , h a v e a l l necessa ry v a l i d d o c u m e n t s c o n f i r m i n g 
t h e i r q u a l i f i c a t i o n a n d a p p r o v a l f o r t h e w o r k s p e r f o r m e d d u r i n g m a r i n e 
o p e r a t i o n . 

2.8 A l l t h e c r e w m e m b e r s a n d p e r s o n n e l i n v o l v e d i n a m a r i n e o p e r a t i o n 
s h a l l b e b r i e f e d a b o u t t h e p e r f o r m a n c e o f m a r i n e o p e r a t i o n s i n c l u d i n g 
e m e r g e n c y a c t i o n s . F o r o p e r a t i o n s w i t h c o m p l e x c o m m u n i c a t i o n s y s t e m s a n d 
f o r t h e m o s t i m p o r t a n t s y s t e m s , p r o v i s i o n s h a l l b e m a d e f o r p r e l i m i n a r y 
i n s t r u c t i n g a n d t r a i n i n g o f t h e p e r s o n n e l u n d e r c o n d i t i o n s s i m i l a r t o t h o s e w h i c h 
are e x p e c t e d d u r i n g t h e a c t u a l o p e r a t i o n . K e y p e r s o n n e l p a r t i c i p a t i n g i n t h e 
o p e r a t i o n s h a l l b e f a m i l i a r i z e d i n d e t a i l w i t h t h e p r o c e d u r e o f t h e o p e r a t i o n t o 
t h e e x t e n t t h e y a re c o n c e r n e d . O t h e r p e r s o n n e l p a r t i c i p a t i n g i n t h e o p e r a t i o n 
s h a l l b e b r i e f e d , g e n e r a l l y a b o u t t h e o p e r a t i o n a n d s p e c i a l l y a b o u t safe ty , 
d a m a g e c o n t r o l , a n d a s s igned t a s k s / r e s p o n s i b i l i t i e s . 

2.9 F o r a l l c r e w m e m b e r s , i n accordance w i t h t h e n o r m a t i v e d o c u m e n t s , 
l e s sons , t r a i n i n g a n d d r i l l s s h a l l b e a r r a n g e d t o m a i n t a i n a n d e n h a n c e t h e 
q u a l i f i c a t i o n s . 
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3 O B J E C T T R A N S F E R O P E R A T I O N S 

3.1 G e n e r a l 
3.1.1 A m o n g t h e t r a n s f e r o p e r a t i o n s a re l o a d i n / o u t o p e r a t i o n s a n d o t h e r 

o p e r a t i o n s ( m a t i n g , l a u n c h i n g , i n s t a l l a t i o n ) p e r f o r m e d b y t h e ob j ec t l i f t i n g o r 
s k i d d i n g / r o l l i n g . 

3.1.2 P r i o r t o o p e r a t i o n , a c h e c k f o r read iness s h a l l b e c a r r i e d o u t , w h i c h 
cons i s t s i n t h e f o l l o w i n g : 

equ ipmen t a n d technica l faci l i t ies are sui ted t o t h e i r designed purpose a n d tested; 
t h e O b j e c t T r a n s f e r M a n u a l i s a p p r o v e d b y t h e R e g i s t e r ; 
w e a t h e r fo recas t f o r t h e d u r a t i o n o f t h e o p e r a t i o n a l l o w i n g f o r t h e 

c o n t i n g e n c i e s f i t s t h e e s t ab l i shed r e s t r i c t i o n s ; 
r e su l t s o f t h e ob j ec t w e i g h i n g o r w e i g h t c o n t r o l a re s a t i s f a c t o r y a n d 

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

d e c i s i o n o n c o m m e n c e m e n t o f t h e o p e r a t i o n based o n s i m i l a r p r i n c i p l e s s h a l l b e 
t a k e n p r i o r t o t h e c o m m e n c e m e n t o f each phase . 

3.1.4 T o c o n t r o l p r e p a r a t i o n f o r t h e o p e r a t i o n i t i s r e c o m m e n d e d t o u se 
c h e c k l i s t s . 

3.1.5 T h e o p e r a t i o n s c h e d u l e s h a l l t a k e i n t o a c c o u n t t h e t i m e o f h i g h / l o w 
t i d e b e g i n n i n g , as w e l l as t i m e spen t f o r b a l l a s t i n g a n d ob j ec t s ea fa s t en ing 
( r e l e a s i n g / c u t t i n g sea fas t en ing) . 

3.1.6 I f l o a d o u t suppo r t s w e r e p r e v i o u s l y i n s t a l l e d o n a craf t , t h e i r 
r e l i a b i l i t y s h a l l b e p r e v i o u s l y c h e c k e d p r i o r t o c o m m e n c e m e n t o f l o a d i n g 
o p e r a t i o n i n o r d e r t o v e r i f y t h a t t h e ob j ec t c a n b e s a f e l y l o a d e d o u t w i t h t h e 
agreed a l l o w a n c e s b e i n g agreed . 

I f t h e l o a d o u t suppor t s b e l o n g t o t h e object , t h e i r cons i s t ency w i t h t h e f r ames 
a n d b u l k h e a d s o f t h e craf t s h a l l b e e v a l u a t e d b y m e a s u r e m e n t s p r i o r t o l o a d i n g . 

3.1.7 T h e o p e r a t i o n s s h a l l b e m a i n l y p e r f o r m e d i n t h e d a y t i m e . F o r 
o p e r a t i o n s c a r r i e d o u t i n da rkness s u f f i c i e n t l i g h t i n g s h a l l b e a r r anged . 

3.1.8 P r i o r t o l o a d i n g i n , a l l t h e p r e p a r a t i o n s f o r s ea fa s t en ing s h a l l b e 
c o m p l e t e d . S e a f a s t e n i n g s h a l l c o m m e n c e as s o o n as p o s s i b l e a f t e r l o w e r i n g t h e 
ob j ec t a n d i n s u c h a sequence as t o m a k e i t p o s s i b l e t o k e e p i t i n h o r i z o n t a l 
p o s i t i o n w h e n s t o w e d f o r sea i n a m i n i m u m o f t i m e a n d p r e v e n t i n a d m i s s i b l e 
stresses i n t h e ob j ec t s t ruc tu res . 

3.2 S t r u c t u r a l a n a l y s i s 
3.2.1 O b j e c t s t r u c t u r e a n d r i g g i n g s h a l l b e so d e s i g n e d as t o ensu re a l l 

phases o f t h e o p e r a t i o n . 
I f t i l t ( t u r n o v e r ) o f t h e ob j ec t i s p l a n n e d , a t leas t t h r e e c r i t i c a l i n t e r m e d i a t e 

p o s i t i o n s b e t w e e n t h e h o r i z o n t a l a n d v e r t i c a l s h a l l b e i n v e s t i g a t e d . 
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F o r sk idd ing / ro l l i ng operat ions, s t rength calculat ions o f t he object a n d support 
structure d u r i n g object t ransfer f r o m the quay o n t o craft /s tabi l i ty b l o c k sha l l be made . 

3.2.2 I n a n a l y z i n g o p e r a t i o n s w i t h a p a r t i a l l y s u b m e r g e d ob jec t , c o n s i d e r a ­
t i o n s h a l l b e g i v e n t o t h e ef fec t o f i t s pa r t s res i s tance i n w a t e r . 

3.2.3 E v e r y t i m e w h e n t h e r e su l t s o f w e i g h i n g ( i f p r o v i d e d ) s h o w t h a t t h e 
a c t u a l w e i g h t exceeds t h e m a x i m u m expec t ed w e i g h t a n d / o r a n e x c e s s i v e C o G 
s h i f t , t h e c a l c u l a t i o n s s h a l l b e r e v i s e d a n d , i f r e q u i r e d , t h e s t r u c t u r e s h a l l b e 
s t r e n g t h e n e d a c c o r d i n g l y . 

3.2.4 T o c o n f i r m r e l i a b i l i t y a n d sa fe ty o f t h e o p e r a t i o n w i t h a n ob j ec t o f 
i n a d e q u a t e l y r i g i d s t r u c t u r e (e .g . t o p s i d e m o d u l e ) , i t i s r e c o m m e n d e d t o d e v e l o p 
a t h r e e - d i m e n s i o n a l e l a s t i c m o d e l o f t h e ob j ec t i n c l u d i n g i t s c a rgo h a n d l i n g 
r i g g i n g a l l o w i n g f o r a p p r o p r i a t e r e s t r i c t i o n s a n d a s s u m p t i o n s . T h e m o d e l s h a l l 
i n c l u d e a l l p r i m a r y a n d s e c o n d a r y e l e m e n t s e s sen t i a l f o r m o d e l i n g . 

L o a d s i n c o r p o r a t e d i n t o t h e m o d e l s h a l l b e d e t e r m i n e d w i t h r e g a r d t o 3 . 3 . 
3.2.5 S a f e l y fac to r s u s e d i n s t r e n g t h c a l c u l a t i o n s o f t h e ob j ec t s h a l l n o t 

exceed t h e v a l u e s g i v e n i n T a b l e 2 . 4 . 2 . 5 , P a r t П " H u l l " o f t h e M O D U / F O P 
R u l e s f o r t r a n s p o r t a t i o n m o d e . R e c o m m e n d a t i o n s f o r d e s i g n o f l i f t i n g 
e q u i p m e n t are g i v e n i n A p p e n d i x 1 . 

3.3 L o a d a n a l y s i s d u r i n g o b j e c t l i f t i n g 
3.3.1 F o r l i f t i n g o p e r a t i o n s s t r e n g t h ca l cu l a t i ons o f t h e l i f t i n g e q u i p m e n t a n d 

ob jec t s h a l l b e m a d e i n accordance w i t h t h e r e c o m m e n d a t i o n s o f t h i s Chapte r . 
3.3.2 C a l c u l a t i o n stages o f t h e ob j ec t l i f t i n g b y m e a n s o f o n e / t w o cranes 

ass is tance are s h o w n i n F i g s . 3 . 3 . 2 - 1 a n d 3 . 3 . 2 - 2 , r e s p e c t i v e l y . 

M a x i m u m d e s i g n w e i g h t o f t h e ob j ec t ( M D W ) 

R i g g i n g W e i g h t ( R W ) 

Ver i f i ca t ion o f C o G pos i t ion . 
P o s i t i o n and i nc l i na t i on 

M D W + R W = S H L 
S t a t i c h o o k l o a d 

T e s t i n g o f c rane ' s safe 
w o r k i n g l o a d 

D y n a m i c h o o k l o a d ( D H L ) 
D H L = S H L X D A F ( 1 ) 

w h e r e ' ' ^ D A F — d y n a m i c 
a m p l i f i c a t i o n & c t o r 

R i g g i n g W e i g h t ( R W ) 

M D W X D A F = D L L 
D e s i g n l o a d l i m i t ( D L L ) 

F o r c e s i n a l i f t p o i n t 

C a l c u l a t i o n o f l o c a l 
a n d g l o b a l s t r e n g t h o f ob j ec t 

s t ruc tu res d u r i n g l i f t i n g 

F i g . 3 . 3 . 2 - 1 C a l c u l a t i o n stages o f t h e o b j e c t l i f t i n g b y o n e c rane 
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M a x i m u m d e s i g n w e i g h t ( M D W ) o f t h e ob j ec t 

S t a t i c h o o k l o a d ( S H L ) = ( M D W x cx ( 1 ) x 1 , 0 5 ( 2 ) x 1 , 0 3 ( 3 ) ) + R W , 
w h e r e ( 1 ) t h e r a t i o o f C o G p o s i t i o n t o t h e l e n g t h b e t w e e n l i f t p o i n t s 

( 2 ) t h e a l l o w a b l e C o G s h i f t f a c t o r ( m a y be r e d u c e d t o 1,03 a f te r w e i g h i n g ) 
( 3 ) s k e w l o a d & c t o r ( S K L ) 

D L L = D H L - ( R W ) x D A F ) R i g g i n g c a l c u l a t i o n 

L o a d o n a l i f t p o i n t = D L L x 1 , 0 5 ( 1 ) 

w h e r e ( 1 ) - t h e a l l o w a b l e y a w f a c t o r 

F o r c e s i n a l i f t p o i n t 

C a l c u l a t i o n o f t h e l o c a l a n d o v e r a l l s t r e n g t h 
o f t h e ob j ec t s t r u c t u r e w h e n l i f t i n g 

D H L = S H L X D A F T e s t i n g o f c rane ' s safe 
w o r k i n g l o a d 

F i g . 3 . 3 . 2 - 2 C a l c u l a t i o n stages o f t h e ob j ec t l i f t i n g b y t w o cranes 

3.3.3 M a x i m u m d e s i g n w e i g h t ( M D W ) o f t h e ob j ec t s h a l l t a k e a c c o u n t o f 
t h e m a s s m a r g i n . 

W h e n c a l c u l a t i n g t h e M D W v a l u e a t t h e d e s i g n s tage, t h e w e i g h t o f t h e 
ob j ec t s h a l l b e d e t e r m i n e d sepa ra t e ly f o r t h e f o l l o w i n g e l e m e n t s : 

w e i g h t o f s t r u c t u r a l s t ee l w i t h a l l o w a n c e s a s s u m e d f o r t h i c k n e s s e s , 
p a i n t i n g , w e l d s , i n a c c u r a c y o f l i n e a r d i m e n s i o n s a n d o t h e r a d d i t i o n s i n c r e a s i n g 
t h e d e s i g n w e i g h t . F o r t h i s g r o u p , i t i s r e c o m m e n d e d t o a s s u m e t h e m a s s m a r g i n 
t o b e e q u a l t o 1 0 p e r cen t o f t h e t o t a l m a s s o f t h e e l e m e n t s i n c l u d e d i n t o t h i s 
g r o u p ; 

w e i g h t o f t h e e q u i p m e n t a n d a n c i l l a r y e l e m e n t s t h a t t akes a c c o u n t o f t h e 
a l l o w a b l e i naccu rac i e s i n e v a l u a t i n g w e i g h t o f t h e e s sen t i a l a n d a d d i t i o n a l 
e q u i p m e n t a n d s t ee l s t ruc tu res ( f o u n d a t i o n s a n d w o r k i n g p l a t f o r m s ) . F o r t h i s 
g r o u p , t h e d e s i g n w e i g h t s h a l l b e i nc r ea sed b y 2 0 p e r cent . 

U p o n c o m p l e t i o n o f c o n s t r u c t i o n , t h e ob j ec t s h a l l b e w e i g h e d u s i n g agreed 
w e i g h i n g m e t h o d s a n d t h e v a l u e o b t a i n e d , c o n s i d e r i n g i n a c c u r a c i e s i n 
w e i g h i n g , s h a l l b e i nc reased b y t o t a l e r r o r o f a l l d ev i ce s u s e d f o r w e i g h i n g 
b u t a t leas 3 p e r cent . T h e fac t t h a t s u c h v a l u e o f e r r o r m a y b e a d m i s s i b l e s h a l l 
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b e c o n f i r m e d i n t h e o p e r a t i o n t e c h n i c a l d o c u m e n t a t i o n . I f t h e ob j ec t i s p a r t i a l l y 
f i n i s h e d , t h e d e s i g n w e i g h t o f t h e o b j e c t b e i n g l i f t e d m a y b e d e t e r m i n e d b y 
a p p r o v e d w e i g h i n g m e t h o d w i t h a l l o w a n c e m a d e f o r p e r m i s s i b l e inaccurac ies i n 
w e i g h i n g . W e i g h t o f c o m p o n e n t s w h i c h are n o t i n s t a l l e d y e t s h a l l b e d e t e r m i n e d 
w i t h a l l o w a n c e m a d e f o r inaccurac ies a n d p o s s i b i l i t i e s o f f u r t h e r a l t e r a t i o n s . 

I f t h e w e i g h t o f c o n s t r u c t e d ob j ec t p l u s m a s s m a r g i n exceed t h e d e s i g n 
w e i g h t o f t h e ob j ec t t h e c a l c u l a t i o n s as soc ia ted w i t h t h e l i f t i n g d e s i g n s h a l l b e 
c h e c k e d . 

3.3.4 T h e w e i g h t o f r i g g i n g i s t h e t o t a l w e i g h t o f t h e rigging a r r a n g e m e n t , 
i . e . e q u i p m e n t s u c h as shack le s , s l i n g s , spreader bars o r f r a m e s , eyes , e tc . A t t h e 
p r e l i m i n a r y s tage o f t h e d e s i g n , t h e t o t a l w e i g h t o f rigging m a y b e t a k e n e q u a l 
t o 5 p e r cen t o f t h e w e i g h t o f t h e ob j ec t b e i n g l i f t e d ( 7 p e r cen t i f spreader b e a m s 
are u s e d ) . A t t h e f i n a l d e s i g n stage, t h e w e i g h t o f rigging s h a l l b e d e t e r m i n e d b y 
s u m m i n g u p t h e e s t i m a t e d w e i g h t o f a l l t h e rigging e l e m e n t s . 

T h e v a l u e e i n F i g . 3 . 3 . 4 s h a l l n o t exceed 0 , 0 2 o f t h e v e r t i c a l d i s t ance from 
t h e c rane h o o k t o t h e C o G o f t h e l i f t e d ob jec t . 

I n case w h e n t h i s d i s t ance i s i n i t i a l l y u n k n o w n , t h e v a l u e e s h a l l n o t exceed 
6 0 0 m m . 

L 

— V 
L maximum 

F i g . 3 . 3 . 4 
A l l o w a b l e C o G p o s i t i o n 
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I f t h e C o G o f t h e l i f t e d ob j ec t i s l o c a t e d o u t s i d e t h e shaded z o n e , as s h o w n 
i n F i g . 3 . 3 . 4 , t h e p o s s i b i l i t y o f l i f t i n g s h a l l b e c o n f i r m e d b y a p p r o p r i a t e 
c a l c u l a t i o n s . 

T h e l e n g t h o f t h e l i f t s l i n g s h a l l b e se lec ted p r o c e e d i n g from t h e 
m i n i m i z a t i o n o f i n c l i n a t i o n s o f t h e ob j ec t axes d u r i n g l i f t i n g . U n l e s s e x p r e s s l y 
p r o v i d e d o t h e r w i s e , t h e o b j e c t t i l t s h a l l n o t exceed 2°. 

I n case w h e n t h e o b j e c t w a s w e i g h e d , i t s s t a t i c t i l t s h a l l b e c a l c u l a t e d w i t h 
d u e a c c o u n t o f m e a s u r e m e n t o f t h e C o G p o s i t i o n a n d s l i n g l e n g t h . I n t h i s case, 
t h e s h i f t b e t w e e n t h e p o s i t i o n o f t h e h o o k cen te r a n d t h e C o G o f t h e l i f t e d ob j ec t 
s h a l l b e n o t exceed 6 0 0 m m . 

3.3.5 P a r t i c u l a r a t t e n t i o n i n d e s i g n i n g t h e l i f t i n g o p e r a t i o n s h a l l b e g i v e n t o 
s e l e c t i o n / c o n f i r m a t i o n o f t h e C o G p o s i t i o n w i t h respect t o t h e p o i n t o f t h e 
ob j ec t s u s p e n s i o n f r o m t h e c rane h o o k . 

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

t h e n u m b e r a n d l e n g t h o f s l i n g s ; 
t h e c r ane h o o k l o a d v a l u e ; 
t h e a l l o w a b l e t i l t t h e l i f t e d ob jec t . 
3.4 S t a t i c h o o k l o a d 
3.4.1 T h e stat ic h o o k l o a d ( S H L ) s h a l l b e d e t e r m i n e d b y F o r m u l a ( 3 . 4 . 1 - 1 ) 

f o r a l i f t b y o n e c rane , a n d b y F o r m u l a ( 3 . 4 . 1 - 2 ) f o r a l i f t b y t w o cranes: 

S H L = M D W + R W ; ( 3 . 4 . 1 - 1 ) 

S H L = M D W + a x 1,05 x 1,03 + R W . ( 3 . 4 . 1 - 2 ) 

S H L b e t e s t ed w i t h respect t o t h e c rane safe w o r k i n g l o a d a t t h e m a x i m u m 
d e s i g n a r m o f c rane . I n case o f l i f t i n g t h r o u g h w a t e r a n d l i f t i n g b y t w o cranes , 
t h e b u o y a n c y a n d h y d r o d y n a m i c l oads c a n change t h e l o a d d i s t r i b u t i o n b e t w e e n 
t w o h o o k s . T h e s e effects s h a l l 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 d e t e r m i n i n g 
i n d i v i d u a l h o o k loads . 

3.4.2 T h e d y n a m i c h o o k l o a d ( D H L ) c a n b e d e t e r m i n e d b y m u l t i p l y i n g 
S H L b y t h e d y n a m i c a m p l i f i c a t i o n f a c t o r ( D A F ) ( T a b l e 3 . 4 . 2 ) : 

D H L = S H L x D A F . 
D A F i n d u c e s a c o r r e c t i o n f o r d y n a m i c l oads a r i s i n g from c rane s h i p a n d / o r 

ca rgo b a r g e m o t i o n s d u r i n g l i f t i n g o p e r a t i o n s . 
D H L s h a l l a l so b e tes ted f o r c o r r e s p o n d e n c e t o t h e c rane safe w o r k i n g l o a d 

a t t h e m a x i m u m d e s i g n a r m o f c rane . 
W h e r e l i f t i n g i s p e r f o r m e d i n air, t he d y n a m i c l o a d is genera l ly regarded as t he 

greatest l o a d at the time w h e n the object takes o f f t he s y s t e m o f cross member s . 
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T a b l e 3 . 4 . 2 
R e l a t i o n s h i p b e t w e e n D A F a n d l i f t i n g c o n d i t i o n s 

O b j e c t w e i g h t , W, т W^l 0 0 1 0 0 < ^ 1 0 0 0 1000<И^ 2 5 0 0 0 2 5 0 0 < ^ 1 0 0 0 0 

I n s h o r e l i f t s 1,0 1,0 1,0 1,0 

C o l u m n - s t a b i l i z e d floating c rane 

O f f s h o r e l i f t s i n a i r 1,30 1,20 1,15 1,10 

O f f s h o r e l i f t s from deck 1,15 1,10 1,05 1,05 

O n s h o r e l i f t s i n a i r 1,15 1,10 1,05 1,05 

F l o a t i n g c rane /crane s h i p 

O f f s h o r e l i f t s i n a i r 1,50 1,40 1,30 1,20 

O n s h o r e l i f t s i n a i r 1,30 1,20 1,15 1,10 

T h i s l o a d a n d the re levant D A F sha l l be de te rmined b y des ign analysis w h e r e i n 
cons idera t ion is g i v e n t o t he m a x i m u m transfer o f the l i f t e d object i n r e l a t i on t o the 
barge from w h i c h i t has been off loaded. T h e calculat ions sha l l t ake account o f the 
e las t ic i ty o f crane ropes, b o o m s and cargo-gr ipping devices. 

B a s e d o n the results o f such analysis , wea the r restr ict ions ( p r i m a r i l y , w a v e 
heights a n d per iods) sha l l be established. I f t he D A F design v a l u e is f o u n d t o b e 
cr i t ica l f o r execu t i on o f t he opera t ion , t h e n d u r i n g l i f t i n g i t w i l l b e necessary t o 
m o n i t o r w e a t h e r condi t ions , and the opera t ion per fo rmance p e r i o d sha l l b e selected 
o n t he basis o f t he analysis o f wea the r c o n d i t i o n statistics i n the l i f t i n g opera t ion area. 

3.4.3 A t t a c h m e n t p o i n t s f o r s l i n g s s h a l l b e p r o v i d e d o n t h e ob jec t . 
L o a d s o n s l i n g a t t a c h m e n t p o i n t s ( l i f t p o i n t s ) s h a l l b e d e t e r m i n e d b y 

c a l c u l a t i o n o f d e s i g n l i f t i n g l oads ( D L L ) a n d b y c o n s i d e r a t i o n o f t h e g e o m e t r y 
o f l o a d - g r i p p i n g d e v i c e a n d o f t h e C o G p o s i t i o n o f t h e ob j ec t f o r a s i n g l e c rane 
u s i n g F o r m u l a ( 3 . 4 . 3 - 1 ) a n d f o r t w o cranes u s i n g F o r m u l a ( 3 . 4 . 3 - 2 ) : 

D L L = M D W x D A F ; ( 3 . 4 . 3 - 1 ) 

D L L = D H L - ( R W x D A F ) . ( 3 . 4 . 3 - 2 ) 

T o c o n f i r m s a f e l y o f l i f t i n g , t h e a n a l y s i s o f l o a d d i s t r i b u t i o n b e t w e e n t h e 
d i a g o n a l l y o p p o s i t e p a i r o f l i f t p o i n t s w i t h d u e a c c o u n t f o r t h e ob j ec t r i g i d i t y 
a n d s l i n g e l a s t i c i t y s h a l l b e m a d e . W h e r e t h e i n f o r m a t i o n o n t h e e r r o r s o f t h e 
ob j ec t m a n u f a c t u r i n g a n d s l i n g i n g i s l a c k i n g , i t i s r e c o m m e n d e d t o t a k e i n t o 
a c c o u n t t h e f o l l o w i n g a s s u m p t i o n s i n s u c h a n a l y s i s : 

e a c h l i f t p o i n t i s l o c a t e d 1 2 m m from i t s d e s i g n p o s i t i o n ( a c c o u n t s h a l l b e 
t a k e n o f t h e i n t e g r a l e f fec t d u e t o p o s i t i o n e r r o r s o f a l l l i f t p o i n t s i n r e l a t i o n t o 
t h e i r d e s i g n p o s i t i o n ) ; 
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t w o shack l e s , each o n e b e i n g 6 m m s h o r t e r t h a n i t s s t anda rd s i ze , are 
secured t o t h e d i a g o n a l l y o p p o s i t e a t t a c h m e n t p o i n t s , w h e r e a s t w o shack l e s t h a t 
are 6 m m l o n g e r t h a n t h e s t a n d a r d s i z e are secu red a l o n g a n o t h e r d i a g o n a l ; 

s l i n g s t h a t 0 , 2 5 p e r cen t s h o r t e r t h a n t h e s p e c i f i e d n o m i n a l l e n g t h are 
secured t o t w o d i a g o n a l l y o p p o s i t e l i f t p o i n t s w h i l e t h e s l i n g s t h a t 0 , 2 5 p e r cen t 
l o n g e r t h a n t h e i r n o m i n a l l e n g t h a re secu red t o t w o r e m a i n i n g l i f t p o i n t s . 

T h e l o a d o n t h e l i f t p o i n t s h a l l b e i nc reased b y 5 p e r cen t t o a c c o u n t f o r 
r o t a t i o n / s w i n g i n g o f t h e l i f t e d ob jec t . 

3.4.4 W h e n t h e ob j ec t i s l o w e r e d from t h e sur face d o w n t o i t s final p o s i t i o n 
o n seabed, t h e ob j ec t b u o y a n c y a n d cen te r o f b u o y a n c y ( C o B ) s h a l l b e 
e s t ab l i shed o n t h e bas i s o f accura te h y d r o s t a t i c a n a l y s i s . 

W h e n e v a l u a t i n g i m p a c t l oads o n t h e ob j ec t b e i n g s u b m e r g e d , d u e t o t h e 
i m p a c t s d u r i n g s e t t i n g d o w n o r l o w e r i n g o n t o t h e seabed t h e ob j ec t s u b m e r s i o n 
ra te s h a l l n o t b e t a k e n less t h a n 1 m / s . 

E n v i r o n m e n t a l l oads a c t i n g o n t h e ob j ec t s h a l l b e e v a l u a t e d a n d u s e d t o 
o b t a i n t h e l oads p u l l i n g t h e ob j ec t a w a y from t h e c rane a n d t h e l a t e r a l fo rces 
a p p l i e d p e r p e n d i c u l a r t o t h e c rane a r m a x i s . 

A t t h e p r e l i m i n a r y d e s i g n stage, t h e D A F v a l u e m a y b e t a k e n e q u a l t o 1,4 
f o r l i f t i n g o f s m a l l s t ruc tu re s from t h e w a t e r . F o r l a rge - s i zed ob jec t s , D A F m a y 
b e t a k e n e q u a l t o 1,2. 

3.4.5 A s y m m e t r i c a l d i s t r i b u t i o n o f l oads i n t h e s l i n g s s h a l l b e t a k e n i n t o 
a c c o u n t i n e v e r y ob j ec t s l i n g i n g d i a g r a m . S u c h a s y m m e t r y m a y b e e v a l u a t e d 
t h r o u g h t h e s k e w l o a d f a c t o r ( S K L ) c o n s i d e r i n g relative r i g i d i t y a n d w e i g h o f 
t h e l i f t e d ob j ec t a n d s l i n g s , m i s m a t c h a n d d e v i a t i o n s o f t h e s l i n g l e n g t h s w i t h i n 
t h e t o l e r ances a n d o t h e r i naccu rac i e s o f f o r c e d i s t r i b u t i o n i n s l i n g s . 

S K L s h a l l b e t a k e n i n t o a c c o u n t i n t h e d e s i g n o f t h e w h o l e s t r u c t u r e , l i f t 
p o i n t s , s l i n g s , c o n n e c t i n g shack l e s a n d spreader bars o r f r a m e s . 

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

f o u r s l i n g s d i r e c t l y from f o u r l i f t p o i n t s t o h o o k ; 
f o u r s l i n g s t o h o o k w i t h i n t e r m e d i a t e spreader f r a m e ; 
f o u r s l i n g s t o h o o k w i t h t w o i n t e r m e d i a t e spreader ba r s 
S K L s h a l l b e t a k e n from T a b l e 3 . 4 . 5 . 

T a b l e 3 .4 .5 
L o a d d i s t r i b u t i o n a n d S K L 

S t a t i c a l l y i n d e t e r m i n a t e f o u r l i f t p o i n t s R i g i d s t r u c t u r e N o n - r i g i d s t r u c t u r e 

S K L 
A s y m m e t r i c a l l o a d d i s t r i b u t i o n i n a n y set o f 
d i a g o n a l l y o p p o s i t e s l i n g s 

1,50 
7 5 / 2 5 % 

1,33 
6 7 / 3 3 % 
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F o r s t a t i c a l l y d e t e r m i n a t e f o u r l i f t p o i n t s w i t h o n e o f t h e f o l l o w i n g s l i n g i n g 
a r r a n g e m e n t s S K L e q u a l t o 1,10, i . e . a s y m m e t r i c a l l o a d d i s t r i b u t i o n i n a n y set 
o f d i a g o n a l l y o p p o s i t e s l i n g s 5 5 / 4 5 p e r cent : 

f o u r s l i n g s t o h o o k w i t h t w o i n t e r m e d i a t e u n s e c u r e d spreaders ; 
t w o s l i n g s t o h o o k w i t h o n e i n t e r m e d i a t e spreader. 
F o r s t a t i s t i c a l l y d e t e r m i n a t e t h r e e l i f t p o i n t s t h e S K L i s e q u a l t o 1 . 
3.5 C r a n e s a n d c r a n e s h i p s 
3.5.1 T h e d y n a m i c h o o k l o a d s h a l l b e c o n s i s t e n t w i t h t h e c rane c a p a c i t y 

char t . T h e c rane s h a l l b e e q u i p p e d w i t h a l o a d m e a s u r i n g d e v i c e . 
3.5.2 I f t h e l i f t e d ob j ec t i s g r i p p e d a t s e v e r a l p o i n t s , c o n s i d e r a t i o n s h a l l b e 

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

I n t h e absence o f a s i g n i f i c a n t l o a d d u e t o w i n d o r t e n s i o n o f a u x i l i a r y 
w i n c h ropes a m i n i m u m y a w e f fec t f a c t o r ( Y E F ) e q u a l t o 1,05 s h a l l b e u sed . 

I f c ranes are i n s t a l l e d o n t h e s a m e s h i p t h e a b o v e f a c t o r s h a l l b e c a l c u l a t e d 
f o r a t i l t e q u a l t o 3°, a n d i f c ranes a re i n s t a l l e d o n separate sh ips i t s h a l l b e 
c a l c u l a t e d f o r a t i l t e q u a l t o 5°. 

T h e s e fac to r s s h a l l b e t a k e n i n t o a c c o u n t f o r i n t h e d e s i g n o f l i f t p o i n t s , 
s l i n g s , c o n n e c t i n g shack les a n d spreader o r frames. 

3.5.3 I f t h e d e s i g n h o o k l o a d i s less t h a n 8 0 p e r cen t o f t h e c rane safe 
w o r k i n g l o a d , a n d t h e s h i p p e r f o r m s l i f t i n g a t a n o p e r a t i n g d ra f t , n o s u b m i s s i o n 
o f s t a b i l i t y c a l c u l a t i o n i s r e q u i r e d . H o w e v e r , i f t h e l o a d i s c lose t o a l l o w a b l e 
m a x i m u m f o r t h e s h i p o r t h e s h i p ' s d r a f t i s b e y o n d t h e n o r m a l o p e r a t i n g r ange , 
t h e s t a b i l i t y c a l c u l a t i o n s h a l l b e s u b m i t t e d f o r r e v i e w . 

W h e r e l i f t i s c a r r i e d o u t b y t w o cranes , d o c u m e n t a t i o n s h a l l b e s u b m i t t e d t o 
p r o v e t h a t t h e c rane s h i p i s capable t o ensu re safe c h a n g e i n t h e h o o k l o a d w h i c h 
ar ises a t t i l t ang les a n d y a w fac to r s u n d e r e n v i r o n m e n t a l i m p a c t , e s p e c i a l l y 
c o n s i d e r i n g a l l o w a b l e t r a n s v e r s e ang les f o r c r ane a r m s . 

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

3.5.5 A r r a n g e m e n t o f s l i n g s o n t h e h o o k s h a l l b e s y m m e t r i c a l t o a v o i d t i l t 
o f c a rgo a n d a n g l e b e t w e e n t h e ropes a n d sheaves . U n s y m m e t r i c a l a r r a n g e m e n t 
s h a l l b e c o n s i d e r e d w i t h d u e r e g a r d t o t h e h o o k s t r e n g t h a n d i t s d i s p l a c e m e n t , 
a n d s h a l l b e a p p r o v e d b y t h e c rane m a n u f a c t u r e r . 

3.5.6 D u r i n g a l l stages o f l i f t i n g t h e f o l l o w i n g m i n i m u m clearances s h a l l b e 
e n s u r e d : 

u n d e r t h e o b j e c t — 3 m ; 
b e t w e e n t h e ob j ec t a n d t h e a r m o f c r ane — 3 m ; 
b e t w e e n t h e spreader b a r a n d t h e a r m o f c r ane — 3 m ; 
b e t w e e n t h e c rane s h i p a n d t h e ob j ec t — 3 m ( c r ane s h i p i s l y i n g a t a n c h o r ) ; 
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b e t w e e n t h e c r ane s h i p a n d t h e ob j ec t — 1 0 m ( c r ane s h i p uses d y n a m i c 
p o s i t i o n i n g s y s t e m ) . 

3.6 L o a d i n / o u t o p e r a t i o n s 
3.6.1 P r i o r t o o p e r a t i o n t h e seabed a rea s h a l l b e e x a m i n e d t o v e r i f y t h a t t h e 

u n d e r - k e e l c lea rance b o t h d u r i n g l o a d o u t a n d t he r ea f t e r i s s u f f i c i e n t , a n d t h a t 
t h e r e a re n o u n d e r w a t e r o b s t r u c t i o n s f o r o p e r a t i o n . 

N u m b e r o f t h e s o u n d i n g p o i n t s s h a l l b e s u f f i c i e n t t o e x c l u d e u n d e t e c t e d 
o b s t r u c t i o n s . W h e n s u b s t a n t i a t i n g s u f f i c i e n c y o f d e p t h , c o n s i d e r a t i o n s h a l l b e 
g i v e n t o t i d a l c o n d i t i o n s , w a v e s , s w e l l , b a r o m e t r i c p res su re a n d t h e l o w e s t 
p o s s i b l e l o w w a t e r . 

I n t h i s case, m u d t h i c k n e s s s h a l l b e m e a s u r e d . T h e r e su l t s o f m e a s u r e m e n t s 
s h a l l b e p l o t t e d o n a cha r t w i t h t h e da te o f m e a s u r e m e n t s m a r k e d . 

T h e m i n i m u m u n d e r - k e e l c lea rance ( v e r t i c a l c l ea rance ) t h r o u g h o u t t h e 
l o a d i n g o p e r a t i o n s h a l l b e n o t less t h a n 0 ,5 m t a k i n g a c c o u n t o f t h e c ra f t h e e l 
a n d t r i m . 

3.6.2 T h e t r a n s p o r t c ra f t s h a l l b e k e p t a t a d e s i g n l o c a t i o n d u r i n g 
p e r f o r m a n c e o f a l o a d o u t o p e r a t i o n u n t i l s ea fa s t en ing i s c o m p l e t e d . 

3.6.3 S e l e c t i o n o f t h e r e s t r i c t i n g c o n d i t i o n s w i t h respect t o w i n d v e l o c i t y 
a n d w a v e h e i g h t s h a l l t a k e a c c o u n t o f t h e q u a y p o s i t i o n , o p e r a t i o n d u r a t i o n a n d 
o p e r a t i o n p e c u l i a r i t i e s , r a n g e o f sea l e v e l v a r i a t i o n s d u e t o t i d a l c o n d i t i o n s . I f 
t h e q u a y i s p r o t e c t e d aga in s t w a v e i m p a c t s , t h e e f fec t o f t h e l a t t e r m a y b e 
c o n s i d e r e d as i n s i g n i f i c a n t . I f t h e q u a y i s e x p o s e d t o t h e e f fec t o f t h e l o n g -
p e r i o d s w e l l w a v e s , t h e d e s i g n v a l u e o f t h e w a v e p e r i o d s h a l l b e a p p r o v e d b y 
t h e R e g i s t e r . 

3.6.4 T h e f o l l o w i n g l o a d o u t m o n i t o r i n g f a c i l i t i e s s h a l l b e i n s t a l l e d : 
b a r g e d ra f t , h e e l a n d t r i m ; 
w a t e r l e v e l i n b a r g e b a l l a s t t a n k s ; 
t i d e l e v e l ; 
d i s p l a c e m e n t o f t h e o b j e c t o n ba rge . 
W h e n d e f l e c t i o n s o f t h e b a r g e from t h e q u a y a n d a l i g n m e n t o f t h e b a r g e 

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

3.6.5 A p o s s i b i l i t y s h a l l b e p r o v i d e d t o v e r i f y v a l i d ce r t i f i ca tes f o r 
c o n s t i t u e n t pa r t s o f r i g g i n g , e s p e c i a l l y f o r s l i n g s , t h i m b l e s a n d shack l e s , as w e l l 
as t h e d o c u m e n t a t i o n o n t h e r e su l t s o f w e l d i n s p e c t i o n a t l i f t p o i n t s . I f t h e ob j ec t 
w a s l i f t e d m o r e t h a n o n c e , p r i o r t o t h e s econd a n d n e x t l i f t s a d e t a i l e d v i s u a l 
e x a m i n a t i o n o f t h e w e l d s a t l i f t p o i n t s s h a l l b e c a r r i e d o u t b y a c o m p e t e n t e x p e r t 
i n t h e p resence o f t h e s u r v e y o r t o t h e Reg i s t e r . 

3.6.6 T h e f i n a l p o s i t i o n o f t h e ob j ec t o n l o a d o u t suppo r t s s h a l l b e c l e a r l y 
m a r k e d . 

5 6 



3.6.7 W h e n a p p r o a c h i n g t h e s p e c i f i e d p o s i t i o n , t h e d e f l e c t i o n s i n t h e ob j ec t 
p o s i t i o n s h a l l n o t exceed : 

v e r t i c a l : ± 0 , 7 5 m ; 
h o r i z o n t a l : ± 1,50 m i n a n y d i r e c t i o n ; 
i n c l i n a t i o n : 2°; 
t u r n i n g a r o u n d v e r t i c a l a x i s : 3°. 
3.6.8 U p o n c o m p l e t i o n o f l o a d o u t o p e r a t i o n , r e g u l a r m o n i t o r i n g o f t h e 

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

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

I f a s u b - z e r o t e m p e r a t u r e i s expec t ed , m e a s u r e s s h a l l b e t a k e n t o a v o i d 
f r e e z i n g o f w a t e r i n t a n k s a n d o n deck . S i m i l a r p r e c a u t i o n s h a l l b e t a k e n i n 
respect t o l i q u i d s i n m a c h i n e r y i n s t a l l a t i o n a n d s y s t e m s . 

3.7 O b j e c t o f f s h o r e l i f t s 
3.7.1 D u r i n g t h e o p e r a t i o n , c ra f t s h a l l b e k e p t i n s p e c i f i e d p o s i t i o n b y 

m e a n s o f m o o r i n g d e s i g n e d t o b e capab le t o w i t h s t a n d e x t r e m e v a l u e s o f w i n d , 
c u r r e n t a n d w a v e s o c c u r r i n g o n c e i n e v e r y 1 0 yea r s p r o v i d e d t h a t o n e l i n e 
b r e a k s . 

3.7.2 I f b u o y s o r a n c h o r s a re r e q u i r e d f o r m o o r i n g , t h e y s h a l l b e i n s t a l l e d 
a n d t e s t ed p r i o r t o t h e o p e r a t i o n . 

3.7.3 R e s t r i c t i o n o f t h e o p e r a t i o n a l c r i t e r i o n s h a l l b e based o n t h e r e su l t s o f 
c rane s h i p m o t i o n s e v a l u a t i o n s , d e p e n d i n g o n sea s tate . T o v e r i f y t h e d e s i g n 
r e s t r i c t i o n s i t i s r e c o m m e n d e d t o c a r r y o u t m o d e l tests o r a n a p p r o p r i a t e 
c o m p u t e r s i m u l a t i o n . 

3.7.4 F o r subsea s t ruc tu res o r s u b m e r g e d p a r t o f t h e ob j ec t sub jec t ed t o 
w a v e l o a d i n g , w h i c h i s c o n s i d e r a b l e f o r t h e m , t h e m a x i m u m p e r m i s s i b l e w a v e 
c o n d i t i o n s s h a l l b e e s t ab l i shed , p r i m a r i l y , as regards l e n g t h s a n d d i r e c t i o n s o f 
w a v e s i n c l u d i n g s w e l l . E f f e c t o f w a v e i m p a c t s i n t h e sp l a sh z o n e s h a l l b e a l so 
e v a l u a t e d . 

C o n s i d e r a t i o n s h a l l b e g i v e n t o h y d r o s t a t i c a n d h y d r o d y n a m i c loads o n t h e 
ob j ec t b e i n g s u b m e r g e d . 

3.8 L o a d a n a l y s i s d u r i n g s k i d d i n g / r o l l i n g 
3.8.1 I n c a l c u l a t i n g l oads a r i s i n g d u r i n g s k i d d i n g / r o l l i n g c o n s i d e r a t i o n s h a l l 

b e g i v e n t o t h e f o l l o w i n g : 
w e i g h t a n d r i g i d i t y o f t h e ob j ec t a n d i t s s u p p o r t i n g s t ruc tu res ; 
f r i c t i o n fo rces ; 
r e s i s t ance o f n o n - p r o p e l l e d t r a i l e r s ; 
w i n c h p u l l ; 
r a c e / r a i l t r a c k t o l e r ances ; 
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c r a f t / s t a b i l i t y b l o c k h e e l a n d t r i m ; 
s o i l subs idence ( i n case o f t h e c r a f t / s t a b i l i t y b l o c k s e t t i n g o n t h e seabed 

d u r i n g t h e o p e r a t i o n ) . 
3.8.2 A t t h e s tage o f d e v e l o p i n g s k i d d i n g / r o l l i n g o p e r a t i o n s , t h e f o l l o w i n g 

v a l u e s o f e r r o r s i n d e t e r m i n a t i o n o f m a s s - d i m e n s i o n a l charac te r i s t i cs s h a l l b e 
t a k e n i n t o accoun t : 

u n a c c o u n t e d w e i g h t : 1 0 p e r cent ; 
C o G s h i f t : l o n g i t u d i n a l ± 1,0 m , t r a n s v e r s e ± 0 ,5 m . 
3.8.3 F i n a l l o a d d i s t r i b u t i o n i n t h e ob j ec t s t ruc tu res , s u p p o r t s t ruc tu re s a n d 

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

3.8.4 T o a v o i d d e f o r m a t i o n s o f t h e ob j ec t w h e n l o a d e d o u t w h i l e b e i n g 
s u p p o r t e d a t m o r e t h a n t h r e e p o i n t s , p r o v i s i o n s h a l l b e m a d e f o r a l o a d 
e q u a l i z i n g s y s t e m . 

3.8.5 W h e n t h e ob j ec t i s t r a n s f e r r e d o n t o a c ra f t b y s k i d d i n g o r r o l l i n g 
m e t h o d w h i l e r e s t i n g o n t h e seabed, t h e c ra f t s t r e n g t h , p r i m a r i l y , t h e s t r e n g t h o f 
l o n g i t u d i n a l b u l k h e a d s s h a l l b e c h e c k e d . 

3.8.6 W h e n c a l c u l a t i n g l o a d s r e q u i r e d t o s t a r t m o v i n g t h e o b j e c t , 
c o n s i d e r a t i o n s h a l l b e g i v e n t o friction fo rces , i n e r t i a fo rces , as w e l l as t h e 
h o r i z o n t a l c o m p o n e n t o f g r a v i t y f o r c e d u r i n g s k i d d i n g o r r o l l i n g o n s l o p i n g 
sur face . 

3.8.7 T h e friction c o e f f i c i e n t v a l u e s s h a l l b e e s t ab l i shed o n t h e bas i s o f tes t 
r e su l t s o r p r e v i o u s e x p e r i e n c e . D a t a g i v e n i n T a b l e 3 .8 .7 m a y b e a l s o u sed . 

T a b l e 3 . 8 . 7 
R e c o m m e n d e d f r i c t i o n c o e f f i c i e n t s f o r l e v e l s u r f a c e s 

S t a t i c D y n a m i c 

M i n . Тур. M a x . M i n . Тур. M a x . 

S l i d i n g 
S t e e l / S t e e l 0 , 1 5 0 , 2 0 0 , 3 5 0 , 1 0 0 ,15 0 ,25 
S t e e l / G r e a s e / S t e e l 0 , 1 0 0 , 1 5 0 , 3 0 0 , 0 8 0 , 1 2 0 , 2 0 
S t e e l / T e f l o n 0 , 1 0 0 , 1 5 0 , 2 5 0 , 0 4 0 ,05 0 , 1 0 
S t a in l e s s s t e e l / T e f l o n 0 , 0 8 0 , 1 0 0 , 2 0 0 ,03 0 , 0 4 0 , 0 7 
T e f l o n / G r e a s e / D r e s s e d W o o d 0 , 0 8 0 , 1 4 0 , 2 5 0 ,03 0 , 0 6 0 ,08 
T e f i o n / G r e a s e / W o o d 0 , 1 0 0 , 1 8 0 , 3 0 0 , 0 5 0 , 1 0 0 ,15 
S t e e l / W o o d 0 , 2 0 0 , 4 0 0 , 6 0 0 , 1 5 0 , 3 0 0 , 4 0 
S t e e l / G r e a s e / W o o d 0 , 1 5 0 , 3 0 0 , 4 0 0 , 1 0 0 ,15 0 , 2 0 
R u b b e r t y r e s ( f i x e d ) 0 , 2 0 0 , 3 5 0 , 5 0 — — — 
R o l l i n g 
S t e e l w h e e l s / S t e e l 0 , 0 1 0 , 0 1 
R u b b e r t y r e s / S t e e l 0 , 0 1 0 , 0 2 0 , 0 1 0 , 0 2 
R u b b e r t y r e s / G r a v e l 0 , 0 2 0 , 0 6 0 , 0 2 0 , 0 4 
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3.8.8 W h e n e v a l u a t i n g l oads o n w i n c h e s , rigging, j a c k s a n d b r a k i n g s y s t e m , 
c o n s i d e r a t i o n s h a l l b e g i v e n t o a t leas t u n f a v o u r a b l e l o n g i t u d i n a l s l o p e o f t h e 
t r a c k b e i n g e q u a l t o 1 :100. 

3.9 S k i d d i n g / r o l l i n g o p e r a t i o n s 
3.9.1 D u r i n g l o a d i n g w i t h t h e use o f t r a i l e r s , l oads a c t i n g t h e r e o n s h a l l n o t 

exceed a l l o w a b l e l i m i t s e s t ab l i shed b y t h e m a n u f a c t u r e r , n a m e l y : 
l oads o n t h e t r a i l e r h y d r a u l i c s u s p e n s i o n ; 
l oads o n t h e a x i s ; 
s h e a r i n g a n d b e n d i n g stresses o f t h e m a i n l o n g i t u d i n a l b e a m o f t h e t r a i l e r . 
W h e n s u b s t a n t i a t i n g t h e p o s s i b i l i t y o f u s i n g t h i s m e t h o d o f l o a d i n g 

o p e r a t i o n , c o n s i d e r a t i o n s h a l l b e g i v e n t o : 
seabed l e v e l a n d r a m p / s p o n s o n s lope ; 
o b j e c t s agg ing ; 
a l l o w a b l e b a r g e h e e l a n d t r i m ; 
t r a i l e r h y d r a u l i c s u s p e n s i o n s t r o k e . 
W h e n d e s i g n i n g t h e o p e r a t i o n , i t i s r e c o m m e n d e d t o p r o v i d e a j a m t r a v e l 

m a r g i n n o t less t h a n 1 0 0 m m . 
T h e ob j ec t s h a l l b e secu red i n s u c h a m a n n e r as t o p r e v e n t i t s m o v e m e n t 

r e l a t i v e t o t h e t r a i l e r s . 
3.9.2 P r o v i s i o n s h a l l b e m a d e f o r a b r a k i n g s y s t e m capable t o s top m o v i n g 

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

s t a r t i n g p o i n t i n a n u n f o r e s e e n s i t u a t i o n u n l e s s i t i s p r o v e n t h a t t h e c ra f t w i t h t h e 
ob j ec t o n b o a r d c a n b e a t t h e s a m e l e v e l w i t h t h e q u a y / s t a b i l i t y b l o c k d u r i n g t h e 
s k i d d i n g / r o l l i n g o p e r a t i o n w i t h d u e a c c o u n t o f p o s s i b l e d e l a y s a n d e f fec t o f t i d e 
v a r i a t i o n s . 

3.9.3 T h e d e s i g n l o a d o n t h e t r a c t i o n s y s t e m s h a l l n o t exceed t h e c e r t i f i e d 
safe w o r k i n g l o a d ( S W L ) o f t h e s y s t e m . T w o m o d e s : s ta r t a n d s t eady m o v e m e n t 
s h a l l b e e v a l u a t e d . W h e n c a l c u l a t i n g t h e S W L o f r o p e s y s t e m s , p r o p e r 
a s s u m p t i o n s h a l l b e m a d e r e g a r d i n g b e n d i n g o f w i r e ropes a n d a l so f r i c t i o n 
losses i n sheaves . 

T h e t r a c t i o n s y s t e m s s h a l l e n a b l e t h e ob j ec t t o b e t r a n s f e r r e d from s u p p o r t 
t o s u p p o r t w i t h n o changes o f r i g g i n g , a n d i n case o f f a i l u r e o f a n y c o m p o n e n t 
o r s e c o n d a r y s y s t e m t h e s a i d s y s t e m s s h a l l c o n t i n u e t o opera te e f f e c t i v e l y . 

3.9.4 C a p a c i t y o f m a i n e l e c t r i c a l p o w e r sou rce s h a l l b e s u f f i c i e n t t o s u p p l y 
a l l t h e e q u i p m e n t w h i c h m a y b e u s e d d u r i n g t h e o p e r a t i o n t o ensu re c o n t i n u o u s 
o p e r a t i o n o f t h e m a c h i n e r y a t m a x i m u m capaci ty . 
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P r o v i s i o n s h a l l b e m a d e f o r s t a n d - b y p o w e r s u p p l y s u f f i c i e n t f o r safe 
c o m p l e t i o n o f t h e o p e r a t i o n . 

3.9.5 W h e n r o l l i n g t h e ob j ec t w i t h t h e u se o f t r a i l e r s , t h e d e s i g n p o s i t i o n o f 
t h e ob j ec t a n d t h e p o s s i b i l i t y o f i t s a d j u s t i n g w i t h t h e use o f s h i m s s h a l l b e 
c h e c k e d d u r i n g l o w e r i n g t h e ob j ec t t o i t s seat. L o w e r i n g s h a l l n o t b e c o m p l e t e l y 
f i n i s h e d u n t i l t h e s a t i s f a c t o r y a d j u s t m e n t a n d p o s i t i o n i n g a re c a r r i e d o u t a n d 
accepted. I f t h e r e are m o r e t h a n f o u r p o i n t s f o r t h e ob j ec t s u p p o r t , p r e l i m i n a r y 
a l i g n m e n t s h a l l b e c a r r i e d o u t b y b a l l a s t i n g . 

4 T R A N S P O R T A T I O N / T O W I N G O F T H E O B J E C T 

4.1 L o c a l a n d g l o b a l s t r e n g t h o f c r a f t l o a d e d d u r i n g m a r i n e o p e r a t i o n 
4.1.1 T h e l o a d i n g o p e r a t i o n m a n u a l s h a l l c o n t a i n l o c a l a n d g l o b a l s t r e n g t h 

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

o p e r a t i o n s h a l l s a t i s fy t h e requirements o f P a r t I I " H u l l " o f t h e R u l e s f o r t h e 
C l a s s i f i c a t i o n a n d C o n s t r u c t i o n o f S e a - G o i n g S h i p s . 

4.1.3 I n case w h e r e t he l o c a l and /or g l o b a l s t r eng th does n o t sat isfy t h e 
r equ i r emen t s o f t h e above m e n t i o n e d Par t , i t w i l l b e necessary t o p r o v i d e a n d 
calculate a r rangements f o r r e - d i s t r i b u t i o n o f forces, m o m e n t s a n d loads o r t h e craft 
h u l l s t r eng then ing i n o rde r t o ensure c o m p l i a n c e w i t h t he r equ i r emen t s o f 4.1.2. 

4.2 C a l c u l a t i o n a n d m e a n s f o r s e c u r i n g t h e o b j e c t o n c r a f t 
4.2.1 E v e r y ob j ec t o r pa r t s t h e r e o f s h a l l b e i n d i v i d u a l l y secu red o n t h e c ra f t 

b y a t t a c h m e n t t o t h e c ra f t h u l l . 
4.2.2 F l e x i b l e , s e m i - r i g i d a n d r i g i d i n d u s t r i a l p r o d u c t s , as w e l l as t h o s e 

m a n u f a c t u r e d i n accordance w i t h t h e m a r i n e o p e r a t i o n d e s i g n ( s tops , b r a c k e t s , 
braces , w e d g e s , e tc . ) s h a l l b e u s e d as t h e m e a n s f o r s e c u r i n g t h e ob jec t . 

4.2.3 W h e n t h e ob j ec t i s s ecu red b y m e a n s o f s tops , braces , b r a c k e t s a n d 
o t h e r f i x e d e l e m e n t s , t h e y s h a l l b e f i t t e d i n t h e p l a n e o f t h e s t i f f ene r s b e i n g p a r t 
o f t h e c ra f t h u l l f r a m i n g . 

4.2.4 C a l c u l a t i o n s o f l oads o n t h e s t r u c t u r a l e l e m e n t s o f t h e s e c u r i n g s y s t e m 
s h a l l b e m a d e w i t h d u e a c c o u n t o f t h e s a f e ty f a c t o r Ks b e i n g e q u a l t o 1,3. 

4.2.5 W h e r e l a s h i n g s are u s e d f o r s e c u r i n g t h e ob j ec t t h e i r p o i n t s o f 
a t t a c h m e n t t o t h e ob j ec t a n d c ra f t , as w e l l as t h e i r e l e m e n t s s h a l l b e o f t h e s a m e 
s t r e n g t h , o r s h a l l exceed t h e a l l o w a b l e l oads ( r e f e r t o T a b l e 4 . 2 . 5 ) . 
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T a b l e 4 . 2 . 5 
S t r e n g t h s t a n d a r d s o f s e c u r i n g m e a n s 

T y p e o f s e c u r i n g m e a n s Safe w o r k i n g T e s t l o a d B r e a k i n g l o a d ( B L ) S a f e t y 
l o a d ( S W L ) ( T L ) o r b r e a k i n g s t r e n g t h f a c t o r 

( B S ) 

R o p e , car l a s h i n g s 0 ,33 x B L 1,25 x S W L 3 , 0 x S W L 3 
C h a i n l a s h i n g s 0 , 4 x B L 1,25 x S W L 2 , 5 x S W L 2 , 5 
B a r s , t u r n b u c k l e s , s t raps, j a c k s 0 ,5 x B L 1,25 x S W L 2 , 0 x S W L 2 
O t h e r dev ices 0 ,5 x B L 1,25 x S W L 2 , 0 x S W L 2 

4.2.6 D u r i n g a m a r i n e o p e r a t i o n t h e o b j e c t i s sub jec t ed t o w e i g h t fo rces , 
i n e r t i a forces i n m o t i o n , f r i c t i o n fo rces , r e a c t i o n fo rces o f l o a d o u t suppo r t s a n d 
s e c u r i n g e l e m e n t s , w h i l e t h e ob jec t s o n t h e o p e n d e c k are sub jec t ed t o w i n d 
p res su re a n d w a v e l oads . T h e c ra f t w i t h t h e ob j ec t o n b o a r d i s sub jec t ed t o 
s u r g i n g o s c i l l a t i o n , r o l l i n g , p i t c h i n g , h e a v i n g a n d y a w i n g w h i c h p r o d u c e c e r t a i n 
acce l e ra t ions a n d i n e r t i a fo rces . T h e c a l c u l a t i o n s o f sea fas t en ing o f t h e ob j ec t 
a n d / o r pa r t s t h e r e o f o n b o a r d t h e cra f t s h a l l t a k e a c c o u n t o f p a r t i c u l a r , 
s i g n i f i c a n t l y i m p o r t a n t c o m p o n e n t s o f t h e s a i d fo rces i n c o o r d i n a t e s r e l a t e d t o 
t h e craf t , w i t h i t s o r i g i n a t t h e i n t e r s e c t i o n p o i n t o f t h e base l i n e , m i d s h i p s e c t i o n 
a n d c e n t r e l i n e ( C L ) o f t h e craf t . T h e X - a x i s i s d i r e c t e d f o r w a r d , t h e Y - a x i s t o 
s t a rboa rd , a n d t h e Z - a x i s u p w a r d s . 

4.2.7 W h e r e t h e o b j e c t i s t r a n s p o r t e d o n a c ra f t w i t h l e n g t h e x c e e d i n g 8 0 m , 
b r e a d t h e x c e e d i n g 1 2 m , d ra f t e x c e e d i n g 3 m , l e n g t h t o b r e a d t h r a t i o from 
5 t o 1 0 , b r e a d t h t o d ra f t r a t i o from 2 t o 6 , t r a n s v e r s e m e t a c e n t r i c h e i g h t from 
0,3 t o 3 ,5 m , t r a n s v e r s e m e t a c e n t r i c h e i g h t t o b r e a d t h r a t i o from 0 , 0 2 t o 0 , 1 2 , 
F r o u d e n u m b e r f o r d e s i g n speed from 0 t o 0 , 3 , C o G p o s i t i o n n o t h i g h e r t h a n 6 
m a b o v e t h e u p p e r deck , t h e d i m e n s i o n l e s s p r o j e c t i o n s o f t h e t o t a l w e i g h t a n d 
i n e r t i a fo rces a c t i n g o n t h e ob j ec t s h a l l b e d e t e r m i n e d b y t h e f o r m u l a 

X= Л-(0,18 + 12/L) Л 
Y= A-(0,3 +20/L)-K У ( 4 . 2 . 7 ) 
Z= 1,0 + Л(0,36 + 25/L) J 

w h e r e _ A = 0 ,25 + 0 , 4 5 * 3 , 4 + 0 , 2 5 s i n ( 0 , 2 8 * 3 , 4 - 1 , 5 7 3 ) ; 
X, X Z - d e s i g n d i m e n s i o n l e s s p r o j e c t i o n s o f w e i g h t a n d i n e r t i a fo rces , a c t i n g o n t h e ob j ec t i n 

d i r e c t i o n o f c o o r d i n a t e axes ; 
L - s h i p ' s l e n g t h b e t w e e n p e r p e n d i c u l a r s , i n m ; 
К - c o e f f i c i e n t i s e q u a l t o 1 i f b i l g e k e e l s w i t h t h e area o v e r 1,5 p e r cen t o f t h e w a t e r l i n e 

a rea are p r o v i d e d , a n d e q u a l t o 1,4 w h e r e n o b i l g e k e e l s a re p r o v i d e d . I f t h e a rea o f 
b i l g e k e e l s i s less t h a n 1,5 p e r cent , t h e v a l u e o f К s h a l l b e d e t e r m i n e d b y l i n e a r 
i n t e r p o l a t i o n . 
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4.2.8 I f the l eng th o r bread th o f the t ransported object exceeds the o v e r a l l 
d imens ions o f the craft o r the craft parameters are inconsis tent w i t h those specified i n 
4 .2 .7 a n d 4 .2 .9 , o r t he craft i s m u l t i - h u l l e d , t he ca lcu la t ion o f m o t i o n s w h i c h takes 
account o f t he f o l l o w i n g sha l l b e submi t t ed t o t he Regis te r f o r approva l : 

a c t u a l h u l l shape, t h e v a l u e o f t h e c raf t ' s m e t a c e n t r i c h e i g h t a n d speed; 
a c t u a l a r r a n g e m e n t o f t h e ob jec t ; 
d i m e n s i o n s o f b i l g e k e e l s ; 
a n g l e b e t w e e n t h e c ra f t d i r e c t i o n a n d m e a n w a v e d i r e c t i o n ; 
n o n - l i n e a r i t y o f r o l l i n g assoc ia ted w i t h t h e r e l a t i o n s h i p b e t w e e n n o n - w a v e 

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

m e a n w a v e p e r i o d (based o n o n e o f t h e a p p r o v e d spectra : J O N S W A P o r 
P i e r s o n - M o s k o w i t z , e tc . ) , s h a l l b e s u b m i t t e d t o t h e R e g i s t e r f o r a p p r o v a l . 

T h e c a l c u l a t i o n s s h a l l b e m a d e b o t h f o r d e a d s w e l l a n d f o r t h e t w o - a n d 
t h r e e - d i m e n s i o n a l i r r e g u l a r w a v e s d e p e n d i n g o n t h e i r i n t e n s i t y . T h e a m p l i t u d e s 
o f m o t i o n s a n d acce le ra t ions a c c o u n t i n g f o r w a v e h e i g h t w i t h 3 p e r cen t 
p r o b a b i l i t y s h a l l b e t a k e n as t h e d e s i g n ones . 

F o r w e a t h e r - u n r e s t r i c t e d o p e r a t i o n s , t h e acce l e ra t ions a t m o t i o n s m a y b e 
c a l c u l a t e d u s i n g t h e p r o c e d u r e s p e c i f i e d i n 1.3.3, P a r t П " H u l l " a n d P a r t П1 
" A r r a n g e m e n t s , E q u i p m e n t a n d O u t f i t " o f t h e R u l e s f o r t h e C l a s s i f i c a t i o n a n d 
C o n s t r u c t i o n o f S e a - G o i n g S h i p s . 

4.2.9 W h e r e t h e ob j ec t i s t r a n s p o r t e d o n a c ra f t h a v i n g t h e shape o f a 
r e c t a n g u l a r p o n t o o n , w i t h l e n g t h from 3 0 t o 9 0 m , b r e a d t h t o d ra f t r a t i o from 
4 t o 8, m e t a c e n t r i c h e i g h t t o b r e a d t h r a t i o from 0 , 0 2 t o 0 , 1 2 , l e n g t h t o b r e a d t h 
r a t i o from 3 t o 6 , a t w a v e h e i g h t w i t h 3 p e r c e n t p r o b a b i l i t y , t h e d e s i g n 
d i m e n s i o n l e s s p r o j e c t i o n s o f w a v e a n d i n e r t i a fo rces a c t i n g o n t h e ob j ec t o r 
par t s t h e r e o f s h a l l b e d e t e r m i n e d b y t h e f o r m u l a 

X h. 'з% . 
5 

( 0 , 2 7 - 0 , 0 0 1 L - 0 , 0 1 -BIT) 

Y h. 'з% . 
5 

(0,65-0,0034Г)(0,086 + 0 , 3 5 - f i / 7 ) x 
( 4 . 2 . 9 ) 

x [ 1 , 0 + ( 0 , 0 1 5 - Z - 0 , 4 5 > ( V f i - 0 , 0 2 > ( 8 - f i / 7 ) 

Z= 12% • 
5 

( 1 , 2 3 5 - 0 , 0 0 5 2 , + 0 , 0 0 5 f i / 7 ) 
J 

w h e r e L - s h i p ' s l e n g t h b e t w e e n p e r p e n d i c u l a r s , i n m ; 
В - s h i p ' s b r e a d t h , i n m ; 
T- s h i p ' s d ra f t , i n m ; 
h - m e t a c e n t r i c h e i g h t , i n m . 
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4.2.10 S u p p o r t i n g sur face o f t h e ob j ec t are sub jec ted t o frictional fo rces t h e 
d e s i g n d i m e n s i o n l e s s p r o j e c t i o n s o f w h i c h a l o n g t h e X a n d Y axes s h a l l b e 
d e t e r m i n e d b y t h e f o r m u l a 

*f= Yf=f0[(2- Z) + ^ ] ( 4 . 2 . 1 0 - 1 ) 

w h e r e f0 = c o e f f i c i e n t o f s ta t i c f r i c t i o n w h i c h s t anda rd v a l u e s a re g i v e n i n T a b l e 4 . 2 . 1 0 ; 
z p r & — v e r t i c a l c o m p o n e n t o f t h e p r e - t e n s i o n o f t h e i - t h ca rgo s e c u r i n g l a s h i n g ; 

P - ca rgo w e i g h t , i n t f ( n u m e r i c a l l y e q u a l t o ca rgo m a s s , i n t ) . 

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

Zpret = 0 , 0 8 3 3 r 6 r s i n a ( 4 . 2 . 1 0 - 2 ) 

w h e r e Ты = b r e a k i n g s t r e n g t h o f t h e l a s h i n g , i n t f ; 
<x = ang le o f l a s h i n g i n c l i n a t i o n t o s u p p o r t i n g surface . 

T h e v e r t i c a l c o m p o n e n t o f t h e i n e r t i a f o r c e i s d i r e c t e d u p w a r d s i n 
F o r m u l a ( 4 . 2 . 1 0 - 1 ) , t h e r e f o r e t h e v a l u e o f friction f o r c e d e t e r m i n e d f r o m t h i s 
f o r m u l a i s t h e m i n i m u m p o s s i b l e v a l u e ( e r r o r i s i n c l u d e d i n t o s a f e l y m a r g i n f o r 
s e c u r i n g e l e m e n t s ) 

T a b l e 4 . 2 . 1 0 

F r i c t i o n p a i r C o e f f i c i e n t o f s ta t ic friction,/ 

C a s t i r o n o n s tee l 0 , 3 2 
C a s t i r o n o n w o o d 0 , 7 2 
S t e e l o n s t ee l 0 , 2 1 
S t e e l o n w o o d 0 ,5 
R e i n f o r c e d - c o n c r e t e o n w o o d 0 ,55 

4.2.11 T h e d e s i g n d i m e n s i o n l e s s p r o j e c t i o n s o f w i n d p res su re fo rces ( a c t i n g 
o n l y o n t h e ob j ec t o r pa r t s t h e r e o f l o c a t e d o n t h e o p e n d e c k ) s h a l l b e d e t e r m i n e d 
b y t h e f o r m u l a 

X_v = 0 ,15 - FV7P \ 

Yv= 0 ,15 - F;'/P J ( 4 . 2 . 1 1 ) 
w h e r e F.' a n d F" - a p o r t i o n o f ca rgo p r o j e c t i o n a b o v e b u l w a r k o n t h e m i d s h i p s e c t i o n a n d 

c e n t r e l i n e , i n m 2 . T h e areas ^ ' a n d i ^ " f o r n o n - c o n t i n u o u s s t ruc tu res s h a l l b e t a k e n w i t h 
r e g a r d t o t h e i r p e r m e a b i l i t y , a n d i n w i n t e r t i m e w i t h r e g a r d t o i c i n g , a s s u m i n g t h a t t h e 
i ce t h i c k n e s s i s e q u a l t o 0 ,05 m ; 

P - ca rgo w e i g h t , i n t f ( n u m e r i c a l l y e q u a l t o ca rgo m a s s , i n t ) . 
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4.2.12 T h e w a v e f o r c e i n t r a n s v e r s e d i r e c t i o n s h a l l b e c o n s i d e r e d o n l y f o r 
t h e ob j ec t o r pa r t s t h e r e o f l o c a t e d o n t h e o p e n d e c k a t a d i s t ance n o t e x c e e d i n g 
3 m from t h e s ide . T h e v a l u e o f t h e d e s i g n d i m e n s i o n l e s s p r o j e c t i o n o f 
t r a n s v e r s e w a v e f o r c e s h a l l b e d e t e r m i n e d b y t h e f o r m u l a 

Yw=0,5-{hw-hhf-l

p ( 4 . 2 . 1 2 ) 

w h e r e h^, - t h e grea tes t h e i g h t o f ca rgo a b o v e t h e w a t e r l i n e , i n m ( hw > Аз%, t h e n h^, - A 3 o / o , 
i f K i ̂  A 3 o / o , i t i s a s s u m e d t h a t Yw = 0 ) ; 

hb - h e i g h t o f t h e b u l w a r k t o p a b o v e t h e e f f e c t i v e w a t e r l i n e , i n m ; 
I - ca rgo l e n g t h a l o n g t h e s ide , i n m ; 

P - ca rgo w e i g h t , i n t f ( n u m e r i c a l l y e q u a l t o ca rgo m a s s , i n t ) . 

T h e p o i n t o f a p p l i c a t i o n o f t h e w a v e f o r c e i s s i t u a t e d a t a h e i g h t 
h = 0,667/гь + 0,333/г ,̂ a b o v e t h e e f f e c t i v e w a t e r l i n e . 

4.2.13 T h e s u m m a r i z e d a x i a l p r o j e c t i o n s f r o m t h e f o r c e a c t i n g o n t h e ca rgo 
s h a l l b e d e t e r m i n e d b y a d d i n g t o g e t h e r t h e p r o j e c t i o n s o f l oads a l o n g r e l e v a n t 
axes d e t e r m i n e d b y F o r m u l a e ( 4 . 2 . 7 ) o r ( 4 . 2 . 9 ) , ( 4 . 2 . 1 0 - 1 ) , ( 4 . 2 . 1 0 - 2 ) , ( 4 . 2 . 1 1 ) 
a n d ( 4 . 2 . 1 2 ) : 

X = P(X + Xv-X$ >_0 ~ 1 
Y= P(Y+ Yv + YW-YJ > 0 У ( 4 . 2 . 1 3 ) 
Z=PZ+lLZpret J 

w h e r e P - ca rgo w e i g h t , i n t f o r k N ; 
X - c o m p o n e n t o f t h e d e s i g n shear f o r c e l e a d i n g t o t h e cargo s h i f t i n t h e d i r e c t i o n o f t h e 

X - a x i s , i n t f o r k N ; 
Y- d i t t o , i n t h e d i r e c t i o n o f t h e Y - a x i s , i n t f o r k N ; 
Z = v e r t i c a l c o m p o n e n t o f t h e s u p p o r t r e sponse , i n t f o r k N ; 

X,_Y, Z = d i m e n s i o n l e s s v a l u e s d e t e r m i n e d b y F o r m u l a e ( 4 . 2 . 9 ) ; 
Xv.Jfv — d i m e n s i o n l e s s c o m p o n e n t s o f w i n d p re s su re forces d e t e r m i n e d b y F o r m u l a ( 4 . 2 . 1 1 ) ; 

Xfi Yj- - d i m e n s i o n l e s s c o m p o n e n t s o f f r i c t i o n forces d e t e r m i n e d b y F o r m u l a ( 4 . 2 . 1 0 - 1 ) ; 
Yw = d i m e n s i o n l e s s c o m p o n e n t o f w a v e fo rce d e t e r m i n e d b y F o r m u l a ( 4 . 2 . 1 2 ) ; 

^ Z p r e t — s u m o f t h e v e r t i c a l c o m p o n e n t s o f l a s h i n g p r e - t e n s i o n i s d e t e r m i n e d b y 
F o r m u l a ( 4 . 2 . 1 0 - 1 ) i n accordance w i t h t h e p r o v i s i o n s o f 4 . 2 . 1 0 t a k i n g i n t o a c c o u n t 
t h a t t h e b r e a k i n g s t r e n g t h o f t h e l a s h i n g i s t a k e n i n t h e s a m e s y s t e m o f u n i t s i n w h i c h 
t h e Z f o r c e i s d e t e r m i n e d . 

T h e c a l c u l a t e d v a l u e s o f X a n d Y c a n n o t b e n e g a t i v e s ince t h e f r i c t i o n a l 
forces c a n n o t e x c e e d t h e shear fo rces . I f , h o w e v e r , t h e v a l u e s o f X a n d Y 
c a l c u l a t e d b y t h e f o r m u l a e appear t o b e n e g a t i v e , i t i s necessa ry t o a s s u m e t h a t 
X=0 a n d 7 = 0 , r e s p e c t i v e l y . I n t h i s case, n o s e c u r i n g m e a n s t h a t s top s h i f t i n g o f 
t h e ob j ec t a n d / o r pa r t s t h e r e o f s h a l l b e p r o v i d e d . 

4.2.14 T h e d e s i g n o f sea f a s t e n i n g s h a l l , w h e r e v e r p o s s i b l e , p r o v i d e f o r a 
m i n i m u m n u m b e r o f e l e m e n t s i n o r d e r t o m i n i m i z e l o a d i r r e g u l a r i t y b e t w e e n 
t h e m . 
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4.2.15 T h e sea f a s t e n i n g e l e m e n t s are s u b d i v i d e d i n t o t h o s e w h i c h p r e v e n t 
s h i f t o f t h e ob j ec t a n d / o r par t s t h e r e o f a n d t h o s e w h i c h p r e v e n t i t s o v e r t u r n i n g . 
W h e r e p o s s i b l e , i t i s necessa ry t o separa te t h e sea f a s t e n i n g e l e m e n t i n t e n d e d t o 
p r e v e n t t h e ob j ec t s h i f t , a n d t h e e l e m e n t s w h i c h p r e v e n t i t s o v e r t u r n i n g . 
S t a t i c a l l y d e t e r m i n a t e ca rgo s e c u r i n g dev ices s h a l l b e p r o v i d e d . 

4.2.16 I n o r d e r t o r e d u c e t h e s i z e o f sea f a s t e n i n g , i t i s r e c o m m e n d e d t o t a k e 
m e a s u r e s t o inc rease fo rces o f f r i c t i o n b e t w e e n t h e ob j ec t a n d / o r pa r t s t h e r e o f 
a n d t h e s u p p o r t i n g sur face , a n d t h e e l e m e n t s p r e v e n t i n g i t s o v e r t u r n i n g s h a l l b e 
l o c a t e d as f a r from t h e e s t i m a t e d o v e r t u r n i n g axes as p rac t i c ab l e . 

4.2.17 A l l sea f a s t e n i n g e l e m e n t s s h a l l b e r e l i a b l y a t t ached t o t h e c ra f t h u l l 
s t ruc tu res , w h i c h s t r e n g t h a n d r i g i d i t y s h a l l b e subs t an t i a t ed b y a c a l c u l a t i o n . I n 
c a l c u l a t i n g i t s h a l l b e t a k e n i n t o a c c o u n t t h a t t h e e s t i m a t e d l o n g i t u d i n a l a n d 
t r a n s v e r s e o v e r t u r n i n g axes pass t h r o u g h t h e e l e m e n t s p r e v e n t i n g s h i f t i n g . 

4.2.18 M o m e n t s o f fo rces o v e r t u r n i n g t h e ca rgo a b o u t axes (Mx — a b o u t 
l o n g i t u d i n a l a x i s , My - a b o u t t r a n s v e r s e a x i s ) s h a l l b e d e t e r m i n e d b y t h e f o r m u l a 

Mx = P[(Yl-y + YJ^-Q-ZflyA 
My = P[Xl-x + X v / W - ( 1 - а д 

w h e r e Ц a n d = a r m s o f Z a n d X fo rces a p p l i e d t o t h e ca rgo cen t re o f g r a v i t y a b o u t t h e e s t i m a t e d 
o v e r t u r n i n g axes , i n m ; 

lyy a n d - a r m s o f _ H a n d Xy fo rces a p p l i e d t o t h e w i n d a g e centers , i n m ; 
1у„ = a r m o f Yw f o r ce a b o u t e s t i m a t e d l o n g i t u d i n a l o v e r t u r n i n g a x i s , i n m ; 

l„ a n d lyz = arms o f ( 1 — Z) force applied to the cargo centre o f gravi ty about the above ment ioned axes. 
I'y, - a r m o f t h e ( 1 — Z ) fo rce a p p l i e d t o t h e cargo cen t re o f g r a v i t y a b o u t t h e a b o v e t h e 

m e n t i o n e d axes d e t e r m i n e d e i t h e r g r a p h i c a l l y a t h e e l a n g l e 8 o r b y f o r m u l a 
Vyz — (),z-cos8—Ly-sinQ, w h e r e 

8 = t o t a l h e e l a n g l e ( d e g ) o f t h e s h i p due t o c o m b i n e d r o l l a n d w i n d a c t i o n ; 
4 z ' = a r m o f t h e ( 1 — Z) f o r c e a p p l i e d t o t h e ca rgo cen t re o f g r a v i t y a b o u t t h e a b o v e 

m e n t i o n e d axes d e t e r m i n e d e i t h e r g r a p h i c a l l y a t t r i m a n g l e у o r b y f o r m u l a 
ly*'~ (и-cosy—(,-siny, w h e r e 
у = t o t a l t r i m a n g l e ( d e g ) o f t h e s h i p d u e t o c o m b i n e d p i t c h a n d w i n d a c t i o n . 

T h e a b o v e m e n t i o n e d r o l l a n g l e 8 a n d p i t c h ang le у m a y b e d e t e r m i n e d f o r t h e d e s i g n 
w a v e h e i g h t t h r o u g h t h e m o d e l tes t i n a m o d e l b a s i n o r t h r o u g h s i m u l a t i o n o f r o l l 
m o t i o n i n C A D s y s t e m s a p p r o v e d b y R S . I f t h e r e a re n o t e c h n i c a l m e a n s , r o l l 
a m p l i t u d e 8 m a y b e d e t e r m i n e d a c c o r d i n g t o P a r t I V " S t a b i l i t y " o f t h e R u l e s f o r t h e 
C l a s s i f i c a t i o n a n d C o n s t r u c t i o n o f S e a - G o i n g S h i p s , w h i l e t h e p i t c h a m p l i t u d e у m a y 
be d e t e r m i n e d i n accordance w i t h T a b l e 4 . 2 . 1 8 : 

T a b l e 4 . 2 . 1 8 
W a v e h e i g h t h3Vo ( m ) T r a n s p o r t a t i o n barge l e n g t h ( m ) P i t c h a m p l i t u d e у ( d e g ) 

> 5 , 2 
> 7 0 15 

> 5 , 2 «S 7 0 3 0 
> 7 0 1 0 

«5,2 «S 7 0 15 

( 4 . 2 . 1 8 ) 
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D i a g r a m o f fo rces a c t i n g i n t h e t r a n s v e r s e p l a n e a n d p o s s i b l e a r r a n g e m e n t 
o f sea f a s t e n i n g e l e m e n t s a re s h o w n i n F i g . 4 . 2 . 1 8 . 

F i g . 4 . 2 . 1 8 

F o r l a r g e - s i z e d cargoes , i n c a l c u l a t i n g t h e o v e r t u r n i n g m o m e n t d u e t o a c t i o n 
o f t h e r e s u l t a n t c o m p o n e n t s o f i n e r t i a fo rces r e d u c e d t o t h e ca rgo cen t r e o f 
g r a v i t y , t h e m a i n m o m e n t o f i n e r t i a f o r c e s r e s u l t e d f r o m n o n - u n i f o r m 
d i s t r i b u t i o n o f i n e r t i a fo rces o v e r t h e l a r g e - s i z e d ca rgo e l e m e n t s a n d d e p e n d i n g 
o n t h e ca rgo i n t r i n s i c m o m e n t o f i n e r t i a o f t h e s h a l l b e c o n s i d e r e d . 

4 . 2 .19 T h e fo rmulae g i v e n i n 4 .2 .18 correspond t o p roper ly designed stops w h i c h 
prevent shi f t ing w h e n Ihe react ion force o f these stops is applied near support ing 
surface. Otherwise , considerat ion shal l also be g i v e n t o the m o m e n t o f f r i c t ion forces. 
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4.2.20 I f t h e va lues o f m o m e n t s Mx a n d My ob t a ined b y ca lcu la t ions are 
p o s i t i v e , t h i s indicates t ha t t h e object requires secur ing t o p r e v e n t i t s o v e r t u r n i n g . 

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

ilx = ^"Л ( 4 . 2 . 2 1 - 1 ) 
Piy = Y/m J v ' 
w h e r e X a n d Y- d e s i g n forces d e t e r m i n e d b y F o r m u l a ( 4 . 2 . 1 3 ) , i n t f ; 

n a n d m = n u m b e r o f s tops p r e v e n t i n g ca rgo s h i f t i n g . 

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

o x nJ.xcos$x , ( 4 . 2 . 2 1 - 2 ) 

p _ мх  
0 9 m0lycos$y 

w h e r e Mx a n d My = m o m e n t s d e t e r m i n e d b y F o r m u l a ( 4 . 2 . 1 8 ) , i n t f ; 
n0 a n d m0 = n u m b e r o f l o n g i t u d i n a l a n d t r ansve r se l a s h i n g s ; 

lx a n d ly = a r m s a b o u t l o n g i t u d i n a l a n d t r ansve r se axes , i n m ; 
P x a n d Py = angles o f i n c l i n a t i o n o f l a s h i n g p r o j e c t i o n s o n s u p p o r t i n g sur face t o axes X 

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

4.2.22 I n case w h e r e t h e t r a n s p o r t e d ob j ec t a n d / o r pa r t s t h e r e o f a re w e l d e d 
t o deck , i t m a y b e a s s u m e d t h a t t h e s a m e w e l d s p e r f o r m c o n d i t i o n a l l y separate 
f u n c t i o n s , t h a t i s , F o r m u l a ( 4 . 2 . 9 ) a n d ( 4 . 2 . 1 0 - 1 ) m a y b e used , a s s u m i n g t h a t n 
= n0 a n d m = m0 a re t h e n u m b e r o f s i m i l a r w e l d s (par t s o f i n t e r m i t t e n t w e l d ) a n d 
t h a t l x a n d l y a re t h e d i s t ance b e t w e e n t h e t r a n s v e r s e ( a p p r o x i m a t e l y , c a rgo 
l e n g t h ) a n d l o n g i t u d i n a l ( a p p r o x i m a t e l y , c a rgo w i d t h ) w e l d s , r e s p e c t i v e l y . 
F o r c e s a p p l i e d t o w e l d s s h a l l b e d e t e r m i n e d b y t h e f o r m u l a 

' • ( 4 . 2 . 2 2 ) 
Py л/Р̂ У Poy 

4.2.23 I n case w h e r e i t i s i m p r a c t i c a b l e t o d e s i g n t h e s t r u c t u r e f o r s e c u r i n g 
t h e ob j ec t t a k i n g i n t o a c c o u n t t h e r e q u i r e m e n t s o f 4 . 2 . 1 5 a n d 4 . 2 . 1 7 f o r 
s e p a r a t i o n o f f u n c t i o n s , F o r m u l a ( 4 . 2 . 1 8 ) h a v e n o a p p l i c a t i o n a n d t h e fo rces i n 
t h e sea f a s t e n i n g e l e m e n t s s h a l l b e d e t e r m i n e d o n t h e bas i s o f t h e g e n e r a l 
e q u a t i o n s o f s ta t ics , a n d f o r t h e s t a t i c a l l y i n d e t e r m i n a t e s t ruc tu res - o n t h e bas i s 
o f e q u a t i o n s c o n s i d e r i n g a l so s t r u c t u r a l d e f o r m a t i o n s . 
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4.2.24 W h e n d e s i g n i n g sea f a s t e n i n g , c o n s i d e r a t i o n s h a l l a l s o b e g i v e n t o 
t h e s t r e n g t h o f t h e o b j e c t i t s e l f . P r i o r t o s e c u r i n g o f a n ob j ec t w h i c h i s 
i n a d e q u a t e l y r i g i d , t h e m a t h e m a t i c s i m u l a t i o n i n c o m p l i a n c e w i t h 3.2.4 o f t h e 
p r e sen t P a r t s h a l l b e p e r f o r m e d . I n case w h e r e t h e ob j ec t i s n o t capable t o 
w i t h s t a n d fo rces a p p l i e d t o i t b y t h e sea f a s t e n i n g e l e m e n t s , t h e a d d i t i o n a l 
r e s t r i c t i o n s o n w a v e c o n d i t i o n s s h a l l b e i m p o s e d , o r s t r e n g t h e n i n g o f t h e ob j ec t 
s t ruc tu res s h a l l b e p r o v i d e d , o r a n o t h e r c ra f t s h a l l b e se lec ted , etc. 

4.2.25 T h e n o m i n a l a c t i n g s tresses o b t a i n e d b y s t a n d a r d s t r u c t u r a l 
m e c h a n i c s a n d e x p o s e d t o t h e a b o v e m e n t i o n e d l oads P\x, P\y, Pox a n d Poy 

s h a l l b e m u l t i p l i e d b y Ks s p e c i f i e d i n 4.2.4, a n d t h e p r o d u c t o b t a i n e d s h a l l b e 
c o m p a r e d w i t h t h e u l t i m a t e l oads f o r t h e m a t e r i a l s o f sea f a s t e n i n g s p e c i f i e d i n 
t h e n o r m a t i v e - t e c h n i c a l d o c u m e n t a t i o n o r ce r t i f i ca te s . 

4.2.26 T h e u l t i m a t e l oads o n t h e m a t e r i a l s o f sea f a s t e n i n g s h a l l b e as 
f o l l o w s / T h e f o l l o w i n g l oads o n t h e m a t e r i a l s u s e d f o r sea f a s t e n i n g s h a l l b e 
a d o p t e d as u l t i m a t e o n e s : 

f o r r i g i d m e m b e r s - s p e c i f i e d y i e l d stress o f s tee l e l e m e n t s a n d w e l d s ; 
f o r w o o d - d e s i g n s t r e n g t h ; 
f o r f l e x i b l e m e m b e r s - 0 ,5 x MBL ( m i n i m u m b r e a k i n g l o a d o f t h e 

c o n s t i t u e n t e l e m e n t s o f l a s h i n g : c h a i n , r o p e e tc . ) . 
4.3 C a l c u l a t i o n o f t o t a l t o w i n g r e s i s t a n c e o f t h e t o w e d o b j e c t 
4.3.1 I n general , t o t a l t o w i n g resistance o f the t o w e d object RQ, i n k N , consists 

o f h y d r o d y n a m i c c o m p o n e n t (resistance i n c a l m w a t e r R C W , i n k N , a n d added 
resistance i n w a v e s RAM i n k N ) a n d a e r o d y n a m i c resistance due t o w i n d RAIN i n k N : 

= Rcw+
 RAW+ RAW- (4.3.1) 

I n s o m e cases t h e a d d i t i o n a l c o m p o n e n t s o f r e s i s t ance d ( added res i s tance 
o f t h e t o w e d ob j ec t d u e t o m o v e m e n t i n f l o a t i n g i ce R B i n k N , t o w l i n e resistance, 
resistance due t o inoperab le p rope l le r s , resistance due t o appendages, etc .) , as w e l l 
as h y d r o d y n a m i c res i s tance i n c o n f i n e d w a t e r ( w h e r e t h e r e i s a r e s t r i c t i o n i n 
w a t e r d e p t h o r i n w a t e r w a y w i d t h o r i n b o t h f ac to r s s i m u l t a n e o u s l y ) s h a l l b e 
c o n s i d e r e d . I n case o f s h o r t - l i n e t o w i n g , t h e e f fec t d u e t o i n t e r f e r e n c e o f j e t from 
t h e t u g p r o p e l l e r s s h a l l b e a l so c o n s i d e r e d . 

A l l t o w e d ob jec t s m a y b e r o u g h l y d i v i d e d i n t o t h r e e t y p e s : 
t y p e 1 — objects o f rectangular o r close t o rectangular shape ( p o n t o o n , f l o a t i n g 

dock, barge sections, par t icu la r types o f M O D U , etc.); 
t y p e 2 — boat shaped object; 
t y p e 3 — objects o f i r regular shape. 
I t i s r e c o m m e n d e d t o m a k e c a l c u l a t i o n s o f t o w i n g res i s tance f o r v a r i o u s 

t o w i n g speed ( w i t h a s tep o f 1 k n o t ) a t v a r i o u s sea f o r c e a n d r e l a t i v e w i n d f o r c e . 
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B a s e d o n these da ta , i t i s r e c o m m e n d e d t o p l o t a t o w i n g res i s t ance c u r v e 
d e p e n d i n g o n t o w i n g speed a n d w e a t h e r c o n d i t i o n s . 

4.3.2 C a l c u l a t i o n o f r e s i s t a n c e i n c a l m w a t e r . 
4.3.2.1 T h e m o s t accura te m e t h o d f o r c a l c u l a t i n g R C W i s t h e m o d e l b a s i n 

tes t w h i c h a l l o w s t o c o n s i d e r h u l l shape p e c u l i a r i t i e s o f t h e ob jec t . 
R e c a l c u l a t i o n o f m o d e l test resul ts f o r fu l l - sca le objects o f t y p e 1 a n d 3 b e i n g 

t o w e d t h r o u g h c a l m w a t e r s h a l l b e m a d e b y m u l t i p l y i n g t h e v a l u e ob ta ined f r o m the 
m o d e l test b y t h e cubed v a l u e o f t he m o d e l scale accord ing t o t he f o r m u l a 

Rcws=RcwMM3 ( 4 . 3 . 2 . 1 - 1 )

w h e r e i n d e x s r e fe r s t o t h e f u l l - s c a l e ob jec t , a n d i n d e x M r e fe r s t o t h e m o d e l ; 
M - s c a l i n g factor . 

C o r r e l a t i o n o f t h e t o w i n g speed o f t h e m o d e l w i t h t h e f u l l - s c a l e o b j e c t s h a l l 
b e p r o v i d e d b y t h e F r o u d e n u m b e r e q u a l i t y 

Frs=FrM ( 4 . 3 . 2 . 1 - 2 )

w h e r e f o r i n d i c e s s a n d M, r e f e r t o F o r m u l a ( 4 . 3 . 2 . 1 - 1 ) ; 
Fr = F r o u d e n u m b e r d e t e r m i n e d b y t h e f o r m u l a 

Fr^V/^jgL ( 4 . 3 . 2 . 1 - 3 )

w h e r e V- t o w i n g speed, i n m / s ; 
g = 9 , 8 1 — a c c e l e r a t i o n due t o g r a v i t y , i n m / s 2 ; 
L - l e n g t h o f t h e t o w e d objec t , i n m . 

R e c a l c u l a t i o n o f t he m o d e l test resul ts f o r t he fu l l -sca le objects o f t y p e 2 b e i n g 
t o w e d t h r o u g h c a l m w a t e r s h a l l be m a d e u s i n g s tandard F r o u d e m e t h o d b y d i v i d i n g 
t he t o w i n g resistance coef f ic ien t CT i n t o f o l l o w i n g componen t s : t he f r i c t i o n 
coef f ic ien t o f t h e e q u i v a l e n t f l a t p la te Cm a n d re s idua l resistance coef f ic ien t CR. 

T h e v a l u e o f RQ f o r t h e ob j ec t b e i n g t o w e d i n c o n f i n e d w a t e r s s h a l l b e 
o b t a i n e d from t h e m o d e l tests c o n s i d e r i n g r a t i o s o f t h e d e p t h t o t h e d ra f t H/T 
a n d t h e c h a n n e l w i d t h t o t h e ob j ec t b r e a d t h BCH/B.

4.3.2.2 W h e r e t h e m o d e l tests are n o t a v a i l a b l e , Rcw^^y b e d e t e r m i n e d b y 
t h e r e c a l c u l a t i o n t o t h e p r o t o t y p e . 

I n case o f reca lcu la t ion t o the p ro to type , Лог m a y b e de te rmined b y t he f o r m u l a : 

Raw = F-Fr2- V - 1 0 - 2 , ( 4 . 3 . 2 . 2 )

w h e r e F - c o e f f i c i e n t d e t e r m i n e d o n t h e bas i s o f t h e da ta f o r t h e p r o t o t y p e ; 
f o r Fr, r e f e r t o F o r m u l a ( 4 . 3 . 2 . 1 - 3 ) ; 

6 9 

See 
Circular 
1384c



V - v o l u m e d i s p l a c e m e n t o f t h e ob jec t , i n m 3 . 
D i m e n s i o n l e s s c o e f f i c i e n t F f o r s o m e s i m p l e shapes o f t o w e d ob jec t s : 

square b e i n g t o w e d s ide f o r w a r d : 5 5 0 ; 
e q u i l a t e r a l t r i a n g l e b e i n g t o w e d b y i t s ang l e : 5 4 5 ; 
e q u i l a t e r a l t r i a n g l e b e i n g t o w e d b y i t s s ide : 7 2 3 ; 
c y l i n d e r 3 6 0 . 

F o r ob jec ts o f t y p e 2 , t h e r e c a l c u l a t i o n t o t h e p r o t o t y p e s h a l l b e m a d e u s i n g 
t h e r e su l t s o f Raw c a l c u l a t i o n s f o r sh ips w h i c h are s i m i l a r b y d i m e n s i o n s a n d 
shape t o t h e t o w e d ob jec t . 

4.3.2.3 T o d e t e r m i n e t h e a p p r o x i m a t e v a l u e o f RQ i s p e r m i t t e d t o u se 
s t a n d a r d f o r m u l a e , e m p i r i c a l r e l a t i o n s h i p s , s t a t i s t i c a l m e t h o d s , e tc . w i t h 
m a n d a t o r y s u b s t a n t i a t i o n o f t h e p o s s i b i l i t y t o use t h e c h o s e n m e t h o d o f RQ 
c a l c u l a t i o n f o r t h e ob j ec t i n q u e s t i o n . 

4.3.3 C a l c u l a t i o n o f a d d e d r e s i s t a n c e i n w a v e s . 
4.3.3.1 T h e v a l u e o f RAW s h a l l b e p re fe rab ly ob t a ined f r o m m o d e l tests. W h e r e 

t he r e l evan t m o d e l tests are n o t ava i l ab le t h e s tandard f o r m u l a e m a y b e used. 
4.3.3.2 T h e v a l u e o f RAW f o r ob jec t s o f t y p e 1 m a y b e d e t e r m i n e d b y t h e 

f o l l o w i n g f o r m u l a e : 
o b j e c t w i t h v e r t i c a l front w a l l 

R A W = ^ i ^ h i + v Y ; ( 4 . 3 . 3 . 2 - 1 )

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

RAW = ̂ [yffi*
k
i + Vf s i n 2 * ; ( 4 . 3 . 3 . 2 - 2 )

o b j e c t w i t h a h u l l u n d e r c u t i n t h e f o r e e n d f o r t h e case w h e n t h e w a v e 
a m p l i t u d e exceeds t h e u n d e r c u t h e i g h t 

RAW= ^ 4 . ^ \ + Vfb - ( - ^ ) 2 ( l - S i n 2 M / ) ] , ( 4 . 3 . 3 . 2 - 3 )

w h e r e В = b r e a d t h o f t h e t o w e d objec t , i n m ; 
hp - h3yjki i s a d e s i g n w a v e h e i g h t , i n m ; 

- w a v e h e i g h t w i t h 3 p e r cen t p r o b a b i l i t y , i n m ; 
ki - r e d u c t i o n f a c t o r d e p e n d i n g o n К a n d o b t a i n e d f r o m T a b l e 4 . 3 . 3 . 2 - 3 ;

f o r V, r e f e r t o F o r m u l a ( 4 . 3 . 2 . 1 - 3 ) ; 
T a b l e 4 . 3 . 3 . 2 - 3 

T o w i n g speed V, i n k n o t s h 
2 1,20 
4 1,30 
6 1,45 
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А. = 1 ,567? , ( 4 . 3 . 3 . 2 - 4 )
w h e r e X = w a v e l e n g t h , i n m ; 

r z = average w a v e p e r i o d , i n s; 
с = distance b e t w e e n unde rcu t i n t h e fo re e n d a n d w a t e r l i n e o f floatation ( w h e n с < hp/2), i n m ; 

\ |f = ang le o f t h e f r o n t w a l l i n c l i n a t i o n t o t h e base l i n e o f t h e objec t . 
4 . 3 . 3 . 3 F o r objects o f t ype 2 , i t is r e c o m m e n d e d t o o b t a i n added resistance i n i r ­

regular w a v e s f r o m the re la t ionships s h o w n i n F i g . 4 .3 .3 .3 . R e l a t i o n s h i p b e t w e e n the 
d imensionless average w a v e f requency a n d the F r o u d e n u m b e r is s h o w n F i g . 4 .3 .3 .3 . 

&RAW~ 

6 . 0 

5 . 5 

5 . 0 

4.5¬

4.0¬

3 . 5 

3 . 0 

2 . 5 

2 . 0 

1.5¬

1.0¬

0 . 5 

0 . 0 -

a4 R ^ x i n 4 __-2 

Fr = 0,ll Fr = 0,ll 

Fr = 0,06 

Fr = 0 ~ Fr = 0 ~ 

. 0 1 .2 1 4 1 6 1 .8 2 0 2
F i g . 4 . 3 . 3 . 3 R e l a t i o n s h i p b e t w e e n t h e r e l a t i v e added res i s tance f o r ob j ec t 

o f t y p e 2 b e i n g t o w e d t h r o u g h w a v e s a n d t h e d i m e n s i o n l e s s ave rage w a v e f r equency .

ARAW 

SRAW= i 2 n ( 4 . 3 . 3 . 3 - 1 )

w h e r e = r e l a t i v e added res i s tance i n w a v e s , i n 1 / m 2 ; 
RAW - added res i s tance i n w a v e s , i n k N ( r e f e r t o 4 . 3 . 3 . 2 ) ;

D - w e i g h t d i s p l a c e m e n t o f t h e ob jec t , i n k N ; 
mJmL - d i m e n s i o n l e s s w a v e f r e q u e n c y ; 

шг = 2л/Гг ( 4 . 3 . 3 . 3 - 2 )

w h e r e coz = average w a v e f r equency , i n 1/s; 
f o r T„ r e f e r t o F o r m u l a ( 4 . 3 . 2 . 3 - 4 ) ; 
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2izg ( 4 . 3 . 3 . 3 - 3 )
L 

w h e r e toL - w a v e f r e q u e n c y w i t h t h e l e n g t h o f t h e w a v e e q u a l t o t h e l e n g t h o f t h e ob jec t , i n 1/s; 
f o r i , r e f e r t o F o r m u l a ( 4 . 3 . 2 . 1 - 3 ) ; 
f o r F„ r e f e r t o F o r m u l a ( 4 . 3 . 2 . 1 - 3 ) . 

4.3.3.4 T h e v a l u e o f R A W f o r ob jec ts o f t y p e 3 s h a l l o n l y b e o b t a i n e d from 
m o d e l tests r e s u l t s . 

4.3.4 C a l c u l a t i o n o f a e r o d y n a m i c r e s i s t a n c e d u e t o w i n d . 
4.3.4.1 W h e n l a rge - s i ze objec ts are t o w e d , RAIR m a y s u b s t a n t i a l l y c o n t r i b u t e 

t o RQ, t h e r e f o r e RAIR c a n n o t b e neg l ec t ed . T h i s i s e s p e c i a l l y t h e case f o r ob jec ts 
w i t h t h e supe r s t ruc tu r e h a v i n g l a rge w i n d a g e area. 

4.3.4.2 T h e m o s t accura te v a l u e o f RAIR m a y b e o b t a i n e d from t h e w i n d 
t u n n e l m o d e l tes ts . 

4.3.4.3 W h e r e t h e w i n d t u n n e l m o d e l tests a re n o t a v a i l a b l e , t h e v a l u e o f 
RAIR m a y b e d e t e r m i n e d as a s u m o f a e r o d y n a m i c c o m p o n e n t s f o r separate 
s t ruc tu res p r e s e n t e d as s i m p l e g e o m e t r i c e l e m e n t s . I n t h i s case, t h e t o t a l 
w i n d a g e a rea s h a l l b e c o n s i d e r e d . 

4.3.4.4 T o d e t e r m i n e t h e a p p r o x i m a t e v a l u e o f RAIN i t i s r e c o m m e n d e d t o 
use t h e f o r m u l a 

RMr = C | ( F ± V w f S ( 4 . 3 . 4 . 4 )

w h e r e С = d i m e n s i o n l e s s c o e f f i c i e n t ; 
С = 0 , 8 2 i n a h e a d w i n d p a r a l l e l t o c e n t r e l i n e ( C L ) ; 
С = 1,0 f o r w i n d a t a n a n g l e o f 30° t o C L ; 
S - a b o v e - w a t e r p r o j e c t e d a rea t o m i d s h i p s e c t i o n p l a n e , i n m 2 ; 

p = a i r dens i t y , i n k g / m 3 ; 
f o r V, r e f e r t o F o r m u l a ( 4 . 3 . 2 . 1 - 3 ) ; 
Vw = w i n d speed ( + i n a h e a d w i n d , — i n a f o l l o w i n g w i n d ) , i n m / s . 

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

T o d e t e r m i n e t he a p p r o x i m a t e v a l u e o f added ice resistance o f t h e t o w e d objec t 
due t o m o v e m e n t i n f l o a t i n g ice R B i n k N , t he f o l l o w i n g f o r m u l a m a y b e used: 

R T = 1 0 [ p V ^ e § - ) 2 £ i ( l +2fIDaBjj)+k2pIrhIB(fID+ aBtga0)Fr + 

+ £ 3 P ^ t g 2 a 0 F / ) ] ( 4 . 3 . 5 - 1 )

w h e r e p / = i ce dens i t y , i n k g / m 3 , i n c a l c u l a t i o n s i t i s r e c o m m e n d e d t o a s s u m e t h e v a l u e o f p / e q u a l 
t o 8 5 0 k g / m 3 ; 
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гА/ = t y p i c a l p a r a m e t e r o f f l o a t i n g i c e , i n m 2 ; 
hi - f l o a t i n g i c e t h i c k n e s s , i n m ; 
f o r f l , r e f e r t o 4 . 3 . 3 . 2 ; 

fa, fa, fa — d i m e n s i o n l e s s e m p i r i c a l c o e f f i c i e n t s , w h i c h a re c h o s e n d e p e n d i n g o n t h e i c e 
c o n c e n t r a t i o n ( r e f e r t o T a b l e 4 . 3 . 5 ) ; 

fm - c o e f f i c i e n t o f f r i c t i o n b e t w e e n i ce a n d s h e l l p l a t i n g . I n c a l c u l a t i o n s i t i s r e c o m m e n d e d 
t o a s s u m e t h e v a l u e otfm e q u a l t o 0 , 1 f o r f r e s h l y p a i n t e d h u l l , a n d fm e q u a l t o 0 , 1 5 f o r 
t h e h u l l c o a t i n g b e i n g i n s e r v i c e ; 

f o r i , r e f e r t o F o r m u l a ( 4 . 3 . 2 . 1 - 2 ) ; 
aB = c o e f f i c i e n t o f f i neness o f w a t e r l i n e f o r e e n d o f t h e t o w e d ob jec t ; 
<Xo = w a t e r l i n e f o r e e n d a n g l e t o C L , i n deg . ; 

f o r F„ r e f e r t o F o r m u l a ( 4 . 3 . 2 . 1 - 2 ) . 

T a b l e 4 . 3 . 5 
D i m e n s i o n l e s s e m p i r i c a l c o e f f i c i e n t s 

I c e 
c o n c e n t r a t i o n s, 

i n 10 n u m b e r 
scale 

2 4 6 8 1 0 

falO2 0 0 0 3 8 
fa 0 1 2 , 8 5 , 1 8,5 
fa 4 , 2 4 , 2 4 , 2 4 , 2 4 , 2 

T h e f o l l o w i n g a p p r o x i m a t i o n f o r m u l a e a re c o n v e n i e n t f o r o b t a i n i n g 
d i m e n s i o n l e s s e m p i r i c a l c o e f f i c i e n t s : 
/fci = ( 3 - 2 s + 0 , 2 5 s 2 ) 1 0 ~ 2 ; 6 < s < 1 0 ; 
ki = 0 ; s < 6 ; 
k2 = 0 , 4 6 - 0 , 3 0 5 s + 0 , 1 1 2 5 s 2 

w h e r e f o r s, r e f e r t o T a b l e 4 . 3 . 5 . 

A v e r a g e s t a t i s t i c a l v a l u e o f rhj f o r n a t u r a l i c e i s r e l a t i v e l y s tab le . O n 
average , i t i s a s s u m e d e q u a l t o a p p r o x i m a t e l y 4 m 2 f o r n o n - r e s t r i c t e d c h a n n e l 
w i d t h . W h e n m o v i n g i n c h a n n e l s f o l l o w i n g a n i c e b r e a k e r i n c o m p a c t i ce , t h e 
v a l u e o f rhj m a y b e d e t e r m i n e d b y t h e f o r m u l a 

rhj = 0 , 0 1 1 4 + 0,4543/г7 + 0,5429/г2. 

F o r m u l a ( 4 . 3 . 5 - 1 ) i s a p p l i e d t o t h e b o a t shaped ob jec t s b e i n g t o w e d , i . e . 
ob jec ts o f t y p e 2 . 

W h e n a b l u f f ob j ec t o f t y p e 1 o r 3 i s t o w e d i n i ce , a n ice a rea i s f o r m e d 
b e f o r e i t s b o w , w h i c h i s t o w e d t o g e t h e r w i t h t h e ob jec t . E x t e n t o f t h e a rea o f i ce 
b e i n g t o w e d L ' , i n m , f o r ob jec t s o f t y p e 1 s h a l l b e d e t e r m i n e d b y t h e 
f o r m u l a 
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L ' = l k <4-3-5-2> 

w h e r e B' - t y p i c a l t r ansve r se d i m e n s i o n s o f t h e t o w e d objec t , i n m ; 
8 = i n t e r n a l f r i c t i o n ang le o f f l o a t i n g i ce as l o o s e m e d i u m . A s a f i r s t a p p r o x i m a t i o n , t h i s 

ang le m a y be a s s u m e d e q u a l t o 45°. 

F o r ob jec t s o f t y p e 3 , w h i c h a n g l e o f w a t e r l i n e i n c l i n a t i o n t o C L v a r i e s from 
90° t o 0° ( c i r c l e , e l l i p s e , o v a l , e tc . ) , t h e e x t e n t o f t h e area o f i c e b e i n g t o w e d L " , 
i n m , s h a l l b e d e t e r m i n e d b y t h e f o r m u l a 

1 " = ^ ф <4-3-5-3> 

w h e r e B" = t y p i c a l t r ansve r se d i m e n s i o n s o f t h e t o w e d ob jec t , i n m , d e t e r m i n e d i n t h e p o i n t w h e r e 
t h e a n g l e o f w a t e r l i n e i n c l i n a t i o n t o C L i s a s s u m e d e q u a l t o 45°; 

— 1R 
e.g. f o r a c i r c l e , B" - J2R a n d L" - ^ — w h e r e R i s t h e r a d i u s o f t h e c i r c l e . 

6 v 2 t g 8 

N o w , i f t h e a rea o f i ce b e i n g t o w e d i s c o n s i d e r e d as p a r t o f t h e t o w e d ob jec t , 
F o r m u l a ( 4 . 3 . 5 - 1 ) m a y b e a p p l i e d m o d i f i e d as f o l l o w s : 

i n s t e a d o f L t h e f o l l o w i n g v a l u e s s h a l l b e u s e d f o r ob jec t s o f t y p e 1 

L*= L + L ' \ ( 4 . 3 . 5 ^ 1 ) 
f o r ob jec t s o f t y p e 3 

L**={L-J) + L " ( 4 . 3 . 5 - 5 ) 

w h e r e I - l e n g t h o f t h e f o r e e n d o f t h e o b j e c t a t w h i c h t h e ang le o f w a t e r l i n e i n c l i n a t i o n t o C L 
exceeds 45°; 

i n s t e a d o f a n g l e a 0 t h e a n g l e 5 s h a l l b e u s e d i n F o r m u l a ( 4 . 3 . 5 - 1 ) ; 
f o r ob jec t s o f t y p e 1 , aB s h a l l b e d e t e r m i n e d b y t h e f o r m u l a 

IL ; ( 4 . 3 . 5 - 6 ) 
L + U 

f o r ob jec t s o f t y p e 3 , <xB s h a l l b e o b t a i n e d f r o m t h e l i n e s p l a n ; 
f o r a c i r c l e , aB s h a l l b e d e t e r m i n e d b y t h e f o r m u l a 

а в ~ (R+y/2R)2R ~ 8 ( 1 + V 2 ~ ) ~ 0 ' 5 9 ( 4 . 3 . 5 - 7 ) 

w h e r e f o r R, r e f e r t o F o r m u l a ( 4 . 3 . 5 - 3 ) ; 
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F r o u d e n u m b e r f o r objec ts o f t y p e 1 s h a l l b e d e t e r m i n e d b y t h e f o r m u l a 

v 
\JgL* 

( 4 . 3 . 5 - 8 ) 

Fr = 

F r o u d e n u m b e r f o r objec ts o f t y p e 3 s h a l l b e d e t e r m i n e d b y t h e f o r m u l a 
v ( 4 . 3 . 5 - 9 )

4.3.6 C a l c u l a t i o n o f t o w l i n e r e s i s t a n c e . 
T h e t o w l i n e res i s tance Rt, i n k N , m a y b e d e t e r m i n e d b y t h e f o r m u l a 

Rt= ACKtc2ltDt£v2, ( 4 . 3 . 6 - 1 ) 

w h e r e A C = c o e f f i c i e n t t a k i n g i n t o a c c o u n t a l t e r a t i o n i n t o w l i n e res i s tance d e p e n d i n g o n t h e a n g l e 
o f t o w l i n e i n c l i n a t i o n t o t h e h o r i z o n a , i n deg . ( r e f e r t o T a b l e 4 . 3 . 6 ) ;

K, - 1,2 f o r w i r e r o p e r o u g h n e s s c o e f f i c i e n t ; 
с = res i s tance c o e f f i c i e n t f o r a c y l i n d e r o f i n f i n i t e l e n g t h l o c a t e d n o r m a l l y t o f l o w . T h e 

c o e f f i c i e n t с m a y b e a s s u m e d e q u a l t o 1,2 f o r R e y n o l d s n u m b e r s f r o m 1 0 4 t o 2 - 1 0 5 . 
R e y n o l d s n u m b e r s h a l l b e d e t e r m i n e d b y t h e f o r m u l a 

VD, ( 4 . 3 . 6 - 2 ) 

w h e r e у = k i n e m a t i c v i s c o s i t y f a c t o r o f w a t e r , 
I, - t o w l i n e l e n g t h , i n m ; 

Dt = t o w l i n e d i ame te r , i n m ; 
p = sea w a t e r dens i ty , i n k g / m 3 ; 
V - t o w i n g speed, i n m / s . 

T a b l e 4 . 3 . 6 

a , i n deg . AC 

10 0 , 0 3 0 
2 0 0 , 0 7 6 
3 0 0 , 1 7 3 
4 0 0 , 3 0 9 
5 0 0 , 4 9 2 
6 0 0 , 6 8 6 
7 0 0 , 8 5 4 
8 0 0 , 9 6 3 
9 0 1 ,000 

4.3.7 C a l c u l a t i o n o f i n o p e r a b l e p r o p e l l e r s r e s i s t a n c e . 
4.3.7.1 Resistance o f f i x e d propeller R^ i n k N , m a y be determined b y the f o r m u l a 

( 4 . 3 . 7 . 1 - 1 ) 
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w h e r e f o r p, r e f e r t o F o r m u l a ( 4 . 3 . 6 - 1 ) ; 
AE , 
— = p la t e a rea r a t i o ; 
Ao 
AE - t o t a l e x p a n d e d b l a d e area , i n m 2 ; 
A0 = d i sc area , i n m 2 ; 

V - w a t e r speed i n t h e p r o p e l l e r d i sc , i n m / s ; 
D - p r o p e l l e r d i ame te r , i n m . 

I t i s p r e f e r a b l e t o d e t e r m i n e t h e res i s tance o f free-running p r o p e l l e r R P N 

i n k N , based o n i t s h y d r o d y n a m i c charac te r i s t i c s ( p r o p e l l e r p e r f o r m a n c e 
c u r v e s ) , h o w e v e r , t o ge t a r o u g h e s t i m a t e t h e a p p r o x i m a t i o n f o r m u l a e m a y b e 
used . I n p a r t i c u l a r , t h e v a l u e o f R P R m a y b e d e t e r m i n e d b y t h e f o r m u l a 

R P R = Q,35Rpf ( 4 . 3 . 7 . 1 - 2 ) 

w h e r e f o r Rpf, r e f e r t o F o r m u l a ( 4 . 3 . 7 . 1 - 1 ) . 

4.3.8 R e s i s t a n c e d u e t o appendages s h a l l b e c a l c u l a t e d based o n t h e i r shape 
u s i n g m e t h o d s a d o p t e d f o r c a l c u l a t i o n o f r e s i s t ance o f b l u f f s t r uc tu r e . 

4.4 T o w l i n e p u l l r e q u i r e d 
4.4.1 T h e m i n i m u m t o w l i n e p u l l r e q u i r e d FPR, i n k N , s u f f i c i e n t f o r s t a t i o n -

k e e p i n g o f t h e t o w e d o b j e c t r e l a t i v e t o t h e seabed i n o p e n seas s h a l l b e 
c a l c u l a t e d f o r t h e f o l l o w i n g m e t o c e a n p a r a m e t e r s : 

w i n d speed 2 0 m / s ; 
w a v e h e i g h t o f 3 p e r cen t p r o b a b i l i t y o f e x c e e d i n g l e v e l , h3o/o = 6 ,7 m ; 
s i g n i f i c a n t w a v e h e i g h t , hs = 5 , 0 m ; 
c u r r e n t speed 0 ,5 m / s , 
a c t i n g s i m u l t a n e o u s l y a n d i n t h e s a m e d i r e c t i o n . 
W h e r e t h e t o w i n g i n o p e n seas i s u n e x p e c t e d l y e x p o s e d t o m o r e severe 

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

p a r a m e t e r s f o r c a l c u l a t i o n o f FPR m a y b e c o n s i d e r e d : 
w i n d speed 15 m / s ; 
w a v e h e i g h t o f 3 p e r cen t p r o b a b i l i t y o f e x c e e d i n g l e v e l , h3o/o = 4 , 0 m ; 
s i g n i f i c a n t w a v e h e i g h t , hs = 3 , 0 m ; 
c u r r e n t speed 0 ,5 m / s ; o r 
t h e m a x i m u m p r e d i c t e d sur face c u r r e n t i f greater . 
4.4.3 F o r t o w i n g i n areas w i t h f a v o u r a b l e w e a t h e r , t h e f o l l o w i n g m e t o c e a n 

p a r a m e t e r s f o r c a l c u l a t i o n o f FPR m a y b e c o n s i d e r e d : 
w i n d speed 15 m / s ; 
w a v e h e i g h t o f 3 p e r cen t p r o b a b i l i t y o f e x c e e d i n g l e v e l , h3o/o = 2 , 7 m ; 
c u r r e n t speed 0 ,5 m / s . 
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4.4.4 F o r t o w i n g i n areas p a r t l y s h e l t e r e d f r o m w a v e a c t i o n , b u t e x p o s e d t o 
s t r o n g w i n d s , t h e m e t o c e a n p a r a m e t e r s s h a l l b e ag reed w i t h t h e R e g i s t e r a n d 
i n s u r a n c e c o m p a n y . 

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

4.4.5 T h e t u g i n v o l v e d s h a l l en su re a r ea sonab l e speed t o b e a c h i e v e d b y 
t h e o r d e r i n m o d e r a t e w e a t h e r t h r o u g h o u t t h e t o w i n g . I t i s r e c o m m e n d e d f o r t h e 
t u g ( s ) t o m a i n t a i n a m i n i m u m speed o f 5 k n o t s i n t h e m e t o c e a n c o n d i t i o n s 
d e t e r m i n e d b y t h e f o l l o w i n g m e t o c e a n p a r a m e t e r s : 

w i n d speed 1 0 m / s ; 
s i g n i f i c a n t w a v e h e i g h t , hs = 2 , 0 m ; 
w a v e h e i g h t o f 3 p e r cen t p r o b a b i l i t y o f e x c e e d i n g l e v e l , h3o/o = 2 , 7 m . 
4.4.6 I f t h e t o w i n g r o u t e passes t h r o u g h a n area o f r e s t r i c t e d n a v i g a t i o n , o f 

c o n t i n u o u s adve r se c u r r e n t o r w e a t h e r , a g rea te r F P R m a y b e r e q u i r e d i n 
c o m p a r i s o n w i t h t h e d e s i g n o n e . S u c h cases s h a l l b e c o n s i d e r e d sepa ra t e ly f o r 
each p a r t i c u l a r o p e r a t i o n d e s i g n p r o v i d e d t h e y ensu re t h e r e q u i r e d s a f e ty l e v e l . 

4.4.7 F o r safe e x e c u t i o n o f m a r i n e o p e r a t i o n , s u f f i c i e n t F P R s h a l l b e 
p r o v i d e d i n r e l a t i o n t o t o t a l t o w i n g res i s tance o f t h e t o w e d ob jec t . F o r t h i s 
p u r p o s e , i t i s r e c o m m e n d e d t o inc rease F P R i n r e l a t i o n t o t h e d e s i g n t o w i n g 
res i s tance b y 2 0 p e r cen t i n o p e n seas a n d b y 15 p e r cen t i n e n c l o s e d seas. 

4.5 C a l c u l a t i o n o f t h e t o w l i n e p u l l r e q u i r e d 
4.5.1 T h e t o w i n g s h a l l b e p r o v i d e d w i t h t u g s o f s u f f i c i e n t p o w e r a n d 

a r r a n g e d i n s u c h a m a n n e r as t o g i v e adequa te t o w i n g speed, c o n t r o l a n d 
h o l d i n g p o w e r . 

C a l c u l a t i o n s s h a l l p r o v e t h a t t h e a c t u a l b o l l a r d p u l l o f t h e t u g i s s u f f i c i e n t 
f o r each s tage o f t h e t o w i n g o p e r a t i o n . F o r t o w i n g i n v o l v i n g s e v e r a l t u g s , t h e 
r e l e v a n t r e d u c t i o n s s h a l l b e a p p l i e d f o r d e t e r m i n a t i o n o f t o t a l F P R ( aggrega te o f 
a l l t u g s a s s u m e d t o c o n t r i b u t e ) . 

4.5.2 T h e r e l a t i o n s h i p b e t w e e n F P R , e q u a l t o t o t a l t o w i n g res i s tance o f t h e 
t o w e d ob jec t , a n d t h e c o n t i n u o u s s ta t i c b o l l a r d p u l l o f t h e t u g ( s ) s h a l l b e 
d e t e r m i n e d b y t h e f o r m u l a 

F P R =ПРВР x ГеуЮ0) ( 4 . 5 . 2 )

w h e r e T e g - t u g e f f i c i e n c y i n t h e sea c o n d i t i o n s cons ide red , i n p e r cent ; 
FBP - c o n t i n u o u s s ta t i c b o l l a r d p u l l o f e a c h t u g , i n k N ; 

(FBP x Гд/100) = c o n t r i b u t i o n t o F P R o f e a c h t u g . 
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4 .5 .3 T h e v a l u e o f Teff, depends o n t h e s i ze a n d c o n f i g u r a t i o n o f t h e t u g , t h e 
sea state c o n s i d e r e d a n d t h e c a l c u l a t e d t o w i n g speed. I n t h e absence o f 
a l t e r n a t i v e i n f o r m a t i o n , T e f f m a y b e c a l c u l a t e d a c c o r d i n g t o T a b l e 4 . 5 . 3 . 

T a b l e 4 .5 .3 

Тф i n p e r cent , f o r v a r i o u s sea c o n d i t i o n s ( w a v e h e i g h t ) 
F B R m t C a l m sea A , = 2 m A , = 5 m 

(йз% = 2 , 7 m ) ( h 3 % = 4 m ) ( h 3 % = 6 ,7 m ) 

F B P « 3 0 8 0 5 0 + F B P 3 0 + F B P F B p 
3 0 < F B P < 9 0 8 0 8 0 5 2 , 5 + F B P 7,5 + 0,75 XFBP 

F B P > 9 0 8 0 8 0 7 5 7 5 

N o t e . T o c o n v e r t i n t o k N t h e t o n v a l u e s s h a l l b e m u l t i p l i e d b y c o n v e r s i o n f a c t o r 9 , 8 . 

4 .5 .4 T h e e f f e c t i v e FBP i n t h e d i f f e r e n t sea states ( w a v e h e i g h t ) i s s h o w n i n 
F i g . 4 . 5 . 4 : 

1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 0 

Continuous static bollard pull F B P , i n t 

F i g . 4 . 5 . 4 E f f e c t i v e F B P i n t h e d i f f e r e n t sea states ( w a v e h e i g h t ) 
N o t e . T o c o n v e r t i n t o k N t h e t o n v a l u e s s h a l l be m u l t i p l i e d b y c o n v e r s i o n f a c t o r 9 ,8 . 
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4.5.5 U n l e s s m o r e accura te c a l c u l a t i o n s o f Teff a re m a d e , i t i s p e r m i t t e d t o 
m u l t i p l y FBP g i v e n i n t h e B o l l a r d P u l l C e r t i f i c a t e ( F o r m 6 . 3 . 4 5 ) b y t h e 
f o l l o w i n g e f f i c i e n c y f ac to r s : 

0 , 8 5 i n e n c l o s e d seas; 
0 , 7 5 i n o p e n seas. 
4.5.6 O n l y t h o s e t u g s c o n n e c t e d so t h e y are capable o f p u l l i n g e f f e c t i v e l y i n 

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

4.5.7 I f s e v e r a l t u g s are i n v o l v e d i n t h e t o w i n g o rde r , FBP o f e a c h t u g s h a l l 
b e i nc reased b y i r r e g u l a r i t y c o e f f i c i e n t e q u a l t o 1,15 — f o r t w o tugs , a n d 1,3 — 
f o r t h r e e o r m o r e t u g s . 

4.5.8 F o r c e r t a i n t o w i n g o p e r a t i o n s , f o r e x a m p l e f o r t o w i n g i n v o l v i n g 
s e v e r a l t u g s o r f o r s i n g l e t u g t o w i n g w h e r e t h e t o w e d ob j ec t i s s e n s i t i v e t o w i n d 
a c t i o n s o r i s d i f f i c u l t t o m a n e u v e r , a n escor t t u g s h a l l b e p r o v i d e d f o r c r i t i c a l 
phases o f t h e o p e r a t i o n . T h e escor t t u g s h a l l b e o f s u f f i c i e n t FBP a n d s h a l l b e 
a v a i l a b l e f o r i m m e d i a t e u se i n case a n y o f t h e t o w i n g t u g s r e q u i r e s ass is tance. 

4.5.9 F o r t o w i n g large structures (objects) a n d t o w i n g i n the v i c i n i t y o f sh ipp ing 
w a t e r w a y s ( t o a v o i d interference w i t h the t o w i n g opera t ion f r o m sh ipp ing t ra f f ic ) , the 
prac t icabi l i ty o f i n v o l v i n g a n escort ing sh ip t o p reven t po t en t i a l hazards t o the order 
ar i s ing f r o m o ther ships a n d f loa t ing objects sha l l b e considered. 

4.5.10 F o r t o w i n g t h e p l a t f o r m s a n d o t h e r s i g n i f i c a n t s t ruc tu re s ( o b j e c t s ) i n 
areas w i t h h i g h s h i p p i n g i n t e n s i t y , a n escor t t u g s h a l l b e a v a i l a b l e f o r i m m e d i a t e 
ass is tance i n case o f t h e l e a d i n g t u g f a i l u r e . I n t h i s s i t u a t i o n , t h e riding c r e w 
m a y n e e d o n b o a r d a n d r e m a i n o n t h e t o w e d ob j ec t f o r l i f t i n g t h e t o w l i n e o u t o f 
t h e w a t e r o r d r o p p i n g t h e a n c h o r i n case o f t h e t o w l i n e d a m a g e . 

4.6 T o w i n g a r r a n g e m e n t 
4.6.1 T o w i n g a r r a n g e m e n t f i t t e d o n t h e t o w e d ob j ec t ( s t r u c t u r e ) s h a l l b e 

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

T h e t o w l i n e a r r a n g e m e n t s h a l l e n s u r e : 
t a k i n g - u p FBP t o p r o v i d e s t a t i o n - k e e p i n g o f t h e t o w e d ob j ec t i n severe 

w e a t h e r c o n d i t i o n s s p e c i f i e d i n t h e d e s i g n o f t h e t o w i n g o p e r a t i o n ; 
d a m p i n g o f d y n a m i c l oads a r i s i n g d u r i n g t h e t o w i n g ; 
a v o i d a n c e o f t h e ropes ( t o w l i n e s ) c h a f i n g aga ins t t h e h u l l s t ruc tu re s a n d 

g u a r d r a i l s ; 
t o w l i n e q u i c k re lease , i f necessary ; 
r e c o v e r y o f t h e b r i d l e legs o r t o w i n g p e n d a n t a b o a r d t h e t o w e d ob jec t . 
4.6.2 T h e c o m p o n e n t s o f t h e t o w i n g a r r a n g e m e n t s h a l l b e s u r v e y e d ( r e f e r 

t o 4 . 1 0 . 1 0 . ) a n d v a l i d ce r t i f i ca tes s h a l l b e a v a i l a b l e c o n f i r m i n g t h e i r c o m p l i a n c e 
w i t h t h e r e q u i r e m e n t s f o r FBP. 
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4.6.3 A l l w i r e r o p e ( t o w l i n e ) t e r m i n a t i o n s s h a l l b e h a r d eyes , i . e . r e i n f o r c e d 
t h i m b l e s o r socke t s ( w i r e r o p e c l a m p s ) . T o p r e v e n t c h a f i n g , t h e t o w l i n e s h a l l b e 
t e r m i n a t e d w i t h h a r d eyes . 

4.6.4 F o r t h e t o w l i n e s t r e n g t h assessment , t h e f o l l o w i n g c o m p o n e n t s s h a l l 
b e c o n s i d e r e d : 

t o w l i n e ( r o p e ) ; 
t o w i n g b r i d l e o r t o w i n g p e n d a n t ; 
t r i - p l a t e ; 
c h a f i n g c h a i n ; 
c o n n e c t i n g shack l e s , e y e r i n g s ; 
t o w l i n e c o n n e c t i o n s t o t h e t o w e d objec t ; 
h a w s e p i p e ; 
s y n t h e t i c s p r i n g ( i f u s e d ) . 
4.6.5 T o w i n g s h a l l b e from t h e f o r w a r d p a r t o f t h e t o w e d ob jec t . H o w e v e r , 

t h e r e m a y b e a case f o r t o w i n g s o m e s t ruc tu re s b y t h e s t e r n t o o b t a i n b e t t e r 
d i r e c t i o n a l s t a b i l i t y . T h e s e c o u l d i n c l u d e : 

p a r t - b u i l t o r d a m a g e d sh ips , o r a n y s t r u c t u r e w h e n t h e b o w sec t ions c o u l d 
b e v u l n e r a b l e t o w a v e d a m a g e ; 

c o n v e r t e d sh ips o r F P S O s w i t h o u t a r u d d e r o f s k e g , o r w i t h a t u r r e t o r 
sp ide r fitted f o r w a r d ; 

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

A dec i s ion w h e t h e r t o t o w b y the s te rn s h a l l b e subject t o special cons ide ra t ion 
b y t h e R e g i s t e r based o n t h e p r e l i m i n a r y s u b m i t t e d d o c u m e n t a t i o n . 

4.6.6 W h e r e t h e t u g s w i t h FBP g rea te r t h a n t h e r e q u i r e d ( d e s i g n ) v a l u e are 
used , f o r t h i s o b j e c t i t i s r e c o m m e n d e d t o a p p l y t h e " w e a k l i n k " i n t h e t o w l i n e , 
w h i c h s h a l l b e i n d i c a t e d i n t h e t o w l i n e a r r a n g e m e n t , a n d w h i c h p r e v e n t s 
d a m a g e t o t h e m a i n c o m p o n e n t s o f t h e s t r u c t u r e ( a r r a n g e m e n t ) u n d e r o c c a s i o n a l 
o v e r l o a d s e x c e e d i n g t h e d e s i g n ones . 

4.6.7 T o w l i n e c o n n e c t i o n s t o t h e t o w e d ob j ec t s h a l l b e as f o l l o w s : 
l o c k i n g d e v i c e ; 
b i t t s ; 
t o w i n g b o l l a r d s ; 
t o w i n g eye -p la te s . 
T o w l i n e c o n n e c t i o n s s h a l l b e capable o f q u i c k release, i f necessary , as w e l l 

as s h a l l b e secu red aga in s t p r e m a t u r e release. 
T o w l i n e c o n n e c t i o n s s h a l l b e l o c a t e d a t t h e c r o s s i n g p o i n t s o f l o n g i t u d i n a l 

a n d t r a n s v e r s e b u l k h e a d s . 
T o w l i n e c o n n e c t i o n s s h a l l b e d e s i g n e d t o r e s i s t FPR from a n y l i k e l y 

d i r e c t i o n , w i t h d u e regard t o t h e u se o f gu ides . 
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F o r t o w i n g o p e r a t i o n s , a t y p i c a l S m i t b r a c k e t i s t h e m o s t p r e f e r a b l e t o w l i n e 
c o n n e c t i o n a p p l i e d i n p rac t i ce . 

4.6.8 L i m i t i n g devices i n t h e f o r m o f h a w s e pipes o r fair leaders s h a l l b e 
ins t a l l ed t o p r e v e n t v e r t i c a l a n d h o r i z o n t a l m o v e m e n t o f t he t o w l i n e r e l a t i v e t o t he 
h u l l o f t he t o w e d object t o ensure l i nea r t ransfer o f l o a d t o i t s t o w l i n e connec t ions , 
as w e l l as t o p r e v e n t cha f ing o f t h e w i r e r o p e o r c h a i n against t he h u l l . 

H a w s e p ipes s h a l l b e o f s u f f i c i e n t s i ze t o a l l o w s m o o t h passage o f t h e 
l a rges t l i n k s o f t h e c h a f i n g c h a i n o r w i r e r o p e w i t h shack l e s . 

H a w s e p i p e s h a l l b e s i t e d i n l i n e w i t h t h e t o w l i n e ( c h a i n ) c o n n e c t i o n a n d 
l o c a t e d a l o n g t h e d e c k edge t o p r e v e n t t o w l i n e c h a f i n g . 

H a w s e p ipes s h a l l b e l o c a t e d as c lose as p o s s i b l e t o t h e d e c k so t h a t t h e 
c h a f i n g c h a i n ( o r r o p e ) p o s i t i o n i s a p p r o x i m a t e l y p a r a l l e l t o t h e d e c k w h e n i t s 
p a r t b e t w e e n t h e t o w l i n e c o n n e c t i o n s a n d t h e h a w s e p ipe s i s t e n s i o n e d . 

H a w s e p ipe s s h a l l b e shaped so as t o p r e v e n t e x c e s s i v e b e n d i n g stress i n t h e 
c h a i n ( o r r o p e ) l i n k s . 

W h e r e a h a w s e p i p e i s f i t t e d , t h e r a d i u s o f t h e u p p e r r a i l s h a l l n o t b e less 
t h a n 7 t i m e s t h e d i a m e t e r o f t h e assoc ia ted r o p e . 

4.6.9 C h a f i n g c h a i n s m a y b e u s e d i n w a y o f h u l l s t ruc tu res t o p r e v e n t 
t o w l i n e ' s r o p e c h a f i n g . 

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

T h e l e n g t h o f t h e c h a f i n g c h a i n s h a l l b e s u f f i c i e n t f o r t h e t o w i n g r o p e e n d t o 
b e e x t e n d e d b e y o n d t h e h a w s e p i p e t h r o u g h o u t t h e t o w i n g o p e r a t i o n ; f o r t h i s 
p u r p o s e t h e o u t e r p a r t o f t h e c h a f i n g c h a i n s h a l l n o t b e less t h a n 3 , 0 m . 

M i n i m u m b r e a k i n g l o a d (MBL) o f t h e c h a f i n g c h a i n s h a l l n o t b e less t h a n 
1,1 t i m e s t h e t o w l i n e MBL. 

4.6.10 T o w i n g p e n d a n t i s a s e c t i o n o f s t ee l w i r e r o p e u s e d w h e n t h e ob j ec t 
i s t o w e d i n o n e l i n e o r w h e n i t i s f o r m i n g p a r t o f t h e b r i d l e ( b r i d l e l e g s ) . 

T o w i n g p e n d a n t s h a l l b e t e r m i n a t e d w i t h h a r d eyes o r socke t s . D u r i n g h a r d 
e y e m a n u f a c t u r e , t h e p re s s - type j o i n t s h a l l b e used , s p l i c e d c o n n e c t i o n s s h a l l b e 
a v o i d e d . 

T h e t o w i n g p e n d a n t MBL s h a l l n o t b e less t h a n 1,1 t i m e s t h e d e s i g n MBL o f 
t h e t o w l i n e . 

4.6.11 I n t e r m e d i a t e p e n d a n t i s a s e c t i o n o f w i r e r o p e , n o r m a l l y , h a v i n g t h e 
l e n g t h o f 1 0 t o 15 m a n d t e r m i n a t e d w i t h h a r d eyes o r socke t s . I n t e r m e d i a t e 
p e n d a n t s h a l l b e f i t t e d b e t w e e n t h e t o w i n g p e n d a n t a n d t h e t u g ' s m a i n t o w l i n e , 
o r b e t w e e n t h e t o w i n g p e n d a n t a n d t h e s y n t h e t i c s p r i n g . I t i s m a i n l y u s e d f o r 
easy c o n n e c t i o n o f t h e t u g ' s m a i n t o w l i n e w i t h t h e t o w i n g a r r a n g e m e n t 
c o m p o n e n t s . 
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4.6.12 A l l p e n d a n t s s h a l l b e o f t h e s a m e l a y ( i . e . right o r l e f t h a n d ) as t h e 
m a i n t o w l i n e . 

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

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

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

T h e a n g l e b e t w e e n t h e b r i d l e legs s h a l l n o r m a l l y b e b e t w e e n 45° a n d 60°. I f 
t h e a n g l e exceeds t h e a b o v e v a l u e s t h e n t h e b r i d l e c o m p o n e n t s MBL s h a l l b e 
inc reased . 

A t r i - p l a t e w i t h t h e o p e n i n g s f o r c o n n e c t i n g shack les s h a l l b e u s e d as a 
c o n n e c t i o n j o i n t . A n e n l a r g e d b o w s h a c k l e ( o m e g a - s h a p e d ) m a y b e u s e d i n s t e a d 
o f t r i - p l a t e . 

4.6.15 T o absorb t h e t o w l i n e j e r k s d u r i n g t h e t o w i n g o n a s h o r t t o w l i n e , t h e 
t o w l i n e s h a l l i n c l u d e a s y n t h e t i c s p r i n g . I n t h i s case t h e t o w l i n e l e n g t h m a y b e 
r e d u c e d u p t o 3 5 0 m . 

A s y n t h e t i c s p r i n g s h a l l b e m a d e u p as a c o n t i n u o u s l o o p w i t h h a r d eyes 
each e n d . 

4.6.16 T h e t o w l i n e c o m p o n e n t s s h a l l b e c o n n e c t e d b y t h e c o n n e c t i n g 
shack les . S t a n d a r d D - s h a c k l e s a n d o m e g a shack les ( e n l a r g e d b o w s h a c k l e s ) 
s h a l l b e used . 

A p a r t f r o m t h e l o c k i n g n u t , t h e s h a c k l e p i n s s h a l l h a v e l o c k i n g u n c l a m p i n g 
s p l i t p i n s . S i n g l e s c r e w p i n shack les s h a l l n o t b e u s e d i n t h e t o w l i n e . 

S h a c k l e s s h a l l b e a d e q u a t e l y p r o t e c t e d aga ins t c o r r o s i o n . 
4.6.17 T h e t o w i n g w i r e r o p e ( t o w l i n e ) b e l o n g s t o t h e t u g a n d i s f i x e d t o a 

w i n c h d r u m . A l l w i r e r o p e ( t o w l i n e ) t e r m i n a t i o n s s h a l l b e h a r d eyes , i . e . 
r e i n f o r c e d t h i m b l e s o r socke t s . 

T h e t o w i n g w i r e r o p e ( t o w l i n e ) l e n g t h m a y b e d e t e r m i n e d b y t h e f o l l o w i n g 
f o r m u l a : 

w h e r e L , - m i n i m u m l e n g t h o f t h e t o w l i n e , i n m ; 
FBP - c o n t i n u o u s s ta t i c b o l l a r d p u l l o f e a c h t u g , i n k N ; 

MBL - m i n i m u m b r e a k i n g l o a d , i n k N . 

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

L,= mOFBP/MBL ( 4 . 6 . 1 7 - 1 ) 

L,= 1200FBP/MBL. ( 4 . 6 . 1 7 - 2 ) 
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4.7 S t r e n g t h c a l c u l a t i o n s o f t h e t o w l i n e a n d t o w l i n e c o n n e c t i o n s 
4.7.1 T h e r e q u i r e d p a r a m e t e r s o f t h e t o w l i n e s h a l l b e r e l a t e d t o FBP o f t h e 

t u g s u f f i c i e n t f o r t o w i n g t h e ob j ec t w i t h a g i v e n speed u n d e r d e s i g n c o n d i t i o n s . 
MBL o f the m a i n a n d emergency t o w l i n e s i n c l u d i n g each b r id l e l eg sha l l c o m p l y 

w i t h the effect ive FBP o f the t u g w i t h regard t o coefficients g i v e n i n Tab le 4 . 7 . 1 . SWL 
o f shackles i n c l u d e d i n t o w l i n e s s h a l l b e at least equa l t o FBP." 

T a b l e 4 . 7 . 1 
FBP, i n t A r e a s w i t h f a v o u r a b l e 

w e a t h e r 
O t h e r areas 

FBP «S 4 0 
4 0 < FBP < 9 0 

FBP > 9 0 

2,0 X FBP  

2,0 X F B P  

2,0 X F B P 

3,0 X FBP 

(3,8-FBp/50)xFBp 
2,0 X FBP 

N o t e . T o c o n v e r t i n t o k N t h e t o n v a l u e s s h a l l b e m u l t i p l i e d b y c o n v e r s i o n f a c t o r 9 , 8 . 

4.7.2 MBL f o r t h e t o w l i n e c o n n e c t i o n s f o r s e c u r i n g t h e t o w l i n e t o t h e 
t o w e d ob j ec t s h a l l n o t b e less t h a n 1,3 t i m e s t h e MBL o f t h e t o w l i n e . 

4.7.3 MBL o f t h e t o w l i n e c o n n e c t i o n s ( r o p e p e n d a n t s , c o n n e c t i n g shack le s , / 
t r i - p l a t e s , c h a f i n g c h a i n s , b r i d l e l egs , e tc . ) s h a l l n o t b e less t h a n 1,1 t i m e s o f 
MBL o f t h e t o t a l t o w l i n e . 

I f MBL o f a s h a c k l e c a n n o t b e i d e n t i f i e d t h e n i t s S W L m a y b e d e t e r m i n e d 
d e p e n d i n g o n t h e t u g FBP i n c o m p l i a n c e w i t h T a b l e 4 . 7 . 3 . 

T a b l e 4 .7 .3 
FBR i n t SWL, i n t 

FBP < 4 0 
FBP > 4 0 

1,0 X FBP  

( 0 , 5 x FBP) + 20 
N o t e . T o c o n v e r t i n t o k N t h e t o n v a l u e s s h a l l b e m u l t i p l i e d b y c o n v e r s i o n f a c t o r 9 , 8 . 

4.7.4 MBL o f a n y s y n t h e t i c s p r i n g s h a l l n o t b e less t h a n : 
2 t i m e s t h e t o w l i n e MBL, f o r t u g s w i t h FBP less t h a n 4 0 t ; 
1,5 t i m e s t h e t o w l i n e MBL, f o r t u g s w i t h FBP g rea te r t h a n 9 0 t ; a n d 
l i n e a r l y i n t e r p o l a t e d b e t w e e n 1,5 a n d 2 t i m e s t h e t o w l i n e MBL f o r t u g s w i t h 

FBP b e t w e e n 4 0 t o 9 0 t . 

N о t e . T o c o n v e r t i n t o k N t h e t o n v a l u e s s h a l l b e m u l t i p l i e d b y c o n v e r s i o n f a c t o r 9 ,8 . 

4.8 E m e r g e n c y t o w i n g a r r a n g e m e n t 
4.8.1 T o n i i n i m i z e a n y r i s k assoc ia ted w i t h t h e los s o f t h e t o w e d o b j e c t i n 

case o f acc iden t s i t u a t i o n s d u e t o t h e t o w i n g a r r a n g e m e n t f a i l u r e , a n e m e r g e n c y 
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t o w i n g a r r a n g e m e n t s h a l l b e p r o v i d e d . I t s m a i n f u n c t i o n i s t o enab l e t h e t o w i n g 
o p e r a t i o n t o b e c o n t i n u e d . 

4.8.2 E m e r g e n c y t o w i n g a r r a n g e m e n t d e s i g n i s d e t e r m i n e d b y s t r u c t u r a l 
p a r t i c u l a r s o f t h e t o w e d ob j ec t a n d c o n d i t i o n s o f t h e t o w i n g a n d s h a l l c o m p l y 
w i t h t h e r e q u i r e m e n t s o f M S C / C i r c . 8 8 4 " G u i d e l i n e s f o r Sa fe O c e a n T o w i n g " . 

4.8.3 T h e e m e r g e n c y t o w i n g a r r a n g e m e n t s h a l l c o n s i s t o f t h e f o l l o w i n g : 
e m e r g e n c y s tee l w i r e r o p e ; 
t o w l i n e c o n n e c t i o n s t o t h e t o w e d objec t ; 
c h a f i n g c h a i n ; 
f a l l l i n e ; 
p i c k - u p gear; 
m a r k b u o y ; 
c o n n e c t i n g shack le s ; 
s e c u r i n g a r r a n g e m e n t s o f e m e r g e n c y t o w l i n e . 
4.8.4 MBL o f e m e r g e n c y t o w l i n e a n d s t r e n g t h o f i t s a t t a c h m e n t t o t h e h u l l 

o f t h e t o w e d ob j ec t s h a l l n o t b e less t h a n t h o s e o f t h e m a i n t o w l i n e . 
4.8.5 D e p e n d i n g o n t h e t o w e d ob j ec t d e s i g n a n d c o n d i t i o n s o f i t s t o w i n g , 

t h e e m e r g e n c y t o w l i n e m a y b e a t t ached b o t h a t t h e f o r e a n d af t ends o f t h e 
ob jec t . P r e c a u t i o n s s h a l l b e t a k e n t o p r e v e n t t h e e m e r g e n c y t o w l i n e c h a f i n g 
aga ins t t h e h u l l s t ruc tu res o f t h e t o w e d ob jec t . 

I f t h e e m e r g e n c y t o w l i n e i s a t t ached f o r w a r d , i t s h a l l b e l e d o v e r t h e m a i n 
t o w l i n e . I t s h a l l b e secu red t o t h e o u t e r edge ( s i d e ) o f t h e t o w e d ob j ec t w i t h so f t 
l a s h i n g s o r m e t a l c l i p s o p e n i n g o u t w a r d s , a p p r o x i m a t e l y e v e r y 3 m . 

4.8.6 T h e f a l l l i n e s h a l l b e m a d e o f b u o y a n t m a t e r i a l o f a t l eas t 7 5 m i n 
l e n g t h a n d s h a l l h a v e MBL n o t less t h a n 3 0 t . 
N o t e . T o c o n v e r t i n t o k N t h e t o n v a l u e s s h a l l b e m u l t i p l i e d b y c o n v e r s i o n f a c t o r 9 , 8 . 

4.8.7 D i s t a n c e f o r m t h e a f t e n d o f t h e t o w e d ob j ec t t o t h e b u o y s h a l l enab l e 
r e c o v e r y o f t h e b u o y a n d e m e r g e n c y t o w l i n e i n s eve re w e a t h e r c o n d i t i o n s a n d 
acc iden t s i t u a t i o n s . T h e d i s t ance from t h e b u o y t o t h e nea res t h u l l s t r u c t u r e o f 
t h e t o w e d ob j ec t s h a l l n o t b e less t h a n 5 0 m . 

W h e r e necessary , t h e p i c k - u p gear m a d e o f s y n t h e t i c m a t e r i a l a n d h a v i n g 
l e n g t h o f u p t o 1 0 0 m m a y b e i n t r o d u c e d b e t w e e n t h e f a l l l i n e a n d t h e b u o y . 

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

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

4.8.8 F o r t o w i n g o f v e r y l o n g objec ts a l t e r n a t i v e e m e r g e n c y a r r a n g e m e n t s 
m a y b e a p p r o v e d , b u t a n y a r r a n g e m e n t s s h a l l b e ag reed w i t h t h e t u g m a s t e r t o 
ensu re t h a t r e c o n n e c t i o n i s p o s s i b l e i n acc iden t s i t u a t i o n . 

8 4 



4.9 E q u i p m e n t f o r t h e t o w l i n e r e t r a c t 
4.9.1 T h e t o w e d objec ts s h a l l b e e q u i p p e d w i t h t h e a r r a n g e m e n t s f o r 

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

4.9.2 T h e h o i s t i n g a r r a n g e m e n t cons i s t s o f t h e f o l l o w i n g : 
w i n c h w i t h a f a l l l i n e ; 
b l o c k a n d t a c k l e s y s t e m t o b e i n s t a l l e d o n t h e d e c k o r o n t h e spec ia l h u l l 

s t ruc tu res ; 
c o n n e c t i n g shack l e s a n d l o c k i n g dev i ce s . 
4.9.3 H o i s t i n g o f t h e t o w i n g a r r a n g e m e n t c o m p o n e n t s s h a l l b e m a d e b y t h e 

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

MBL o f t h e t o w l i n e s h a l l n o t b e less t h a n 6 t i m e s o f t h e w e i g h t o f t h e b r i d l e 
w i t h t h e t r i - p l a t e , o r t h e w e i g h t o f t h e t o w i n g p e n d a n t , c o n n e c t i n g shack l e s a n d 
t h e i n t e r m e d i a t e p e n d a n t . T h e w i n c h s h a l l b e l o c a t e d a t t h e e a s i l y access ib le 
p lace . 

4.10 R e q u i r e m e n t s f o r t u g s 
4.10.1 T h e m a i n c r i t e r i a o f s e l e c t i n g t h e t u g f o r p a r t i c u l a r o p e r a t i o n a re t h e 

f o l l o w i n g : 
FBP o f t h e t u g ; 
a v a i l a b i l i t y o f t h e t o w i n g w i n c h a n d r e l e v a n t e q u i p m e n t ; 
t o w i n g area; 
t h e r o u t e a n d i t s l e n g t h ; 
f u e l r e s e r v e o n b o a r d t h e t u g . 
4.10.2 FBP o f t h e t u g s h a l l b e s p e c i f i e d i n t h e B o l l a r d P u l l C e r t i f i c a t e 

( f o r m 6 . 3 . 4 5 ) , e a c h t u g engaged i n t h e o p e r a t i o n s h a l l h a v e v a l i d B o l l a r d P u l l 
C e r t i f i c a t e ( f o r m 6 . 3 . 4 5 ) . 

4.10.3 T h e t u g s h a l l b e f i t t e d w i t h a t leas t o n e t o w i n g w i n c h . T h e w i n c h 
s h a l l b e r e m o t e l y c o n t r o l l e d from t h e w h e e l h o u s e a n d s h a l l b e e q u i p p e d w i t h 
i n s t r u m e n t a t i o n f o r m o n i t o r i n g t h e loads o n t h e t o w l i n e . T o w i n g s h a l l n o t b e 
u s e d o n l y f o r a u x i l i a r y p u r p o s e s a n d i n e n c l o s e d seas. 

4.10.4 T h e t u g s h a l l b e f i t t e d w i t h a spare t o w l i n e , w h i c h charac te r i s t i cs 
s h a l l f u l l y c o m p l y w i t h t h e m a i n t o w l i n e . Spa re t o w l i n e s h a l l b e k e p t a t t h e 
spec ia l r e e l u p s i d e d o w n o r s h a l l b e p r e f e r a b l y l a i d o n t h e s e c o n d d r u m o f t h e 
t o w i n g w i n c h . 

4.10.5 T h e t u g s h a l l b e ab le t o r e f i t a l l t o w l i n e i n case o f i t s b r e a k , i . e . i t 
s h a l l h a v e adequa te s u p p l y o f t o w i n g p e n d a n t s , shack le s , e y e r i n g s a n d o t h e r 
c o n n e c t i n g e q u i p m e n t . 
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4.10.6 Speed o f t he t u g w i t h t he t o w e d object sha l l b e assigned w i t h regard t o : 
l i m i t a t i o n s f o r c o n d u c t i n g t h e o p e r a t i o n s d u e t o w e a t h e r c o n d i t i o n s ; 
p l a n o f t r a n s i t a n d i n s t r u c t i o n s f o r e n s u r i n g sa fe ty o f t h e p a r t i c u l a r t o w i n g ; 
a c t u a l m e t o c e a n s i t u a t i o n d u r i n g t h e t r a n s i t . 
4.10.7 T h e t u g s h a l l h a v e s u f f i c i e n t r e s e r v e o f f u e l , f o o d a n d o t h e r 

c o n s u m a b l e s f o r t h e e s t i m a t e d t r a n s i t . I t i s r e c o m m e n d e d t o f o r e s e e n 2 5 p e r cen t 
m a r g i n f o r t h e m a x i m u m d u r a t i o n o f passage o r 5 - d a y r e se rve , w h i c h e v e r i s 
greater . D u r i n g t h e t o w i n g i n ice , t h e a b o v e rese rves s h a l l b e s u m m a r i z e d . 

W h e n r e f u e l l i n g i s p l a n n e d , i t s h a l l b e f o r e s e e n i n t h e t o w i n g o r d e r 
schedu le . 

4.10.8 T h e t u g s h a l l b e f i t t e d w i t h a t leas t o n e s e l f - p r o p e l l e d w o r k b o a t f o r 
e x a m i n a t i o n a n d c o m m u n i c a t i o n w i t h t h e ob j ec t d u r i n g t h e t o w i n g . T h e t u g 
s h a l l b e e q u i p p e d w i t h r e l e v a n t m e a n s f o r l a u n c h i n g o f t h e w o r k b o a t i n o p e n 
seas a t B e a f o u r t 4 a n d 5 . 

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

4.10.9 A u x i l i a r y e q u i p m e n t s h a l l b e a v a i l a b l e o n b o a r d t h e t u g : 
s e a r c h l i g h t s ) f o r i l l u m i n a t i o n o f t h e t o w e d ob j ec t d u r i n g t h e n i g h t 

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

p a r t y , f i t t e d w i t h e x t r a b a t t e r y o r r e c h a r g i n g a r r a n g e m e n t s ; 
f i r e f i g h t i n g a n d d r a i n i n g e q u i p m e n t ; 
gas c u t t i n g e q u i p m e n t ; 
w e l d i n g e q u i p m e n t ; 
s t ee l p l a t e m a t e r i a l ; 
s e a l i n g m a t e r i a l , etc. 
4.10.10 T h e t o w i n g s h i p i s sub jec t t o s u r v e y b y t h e R e g i s t e r o r a n o t h e r 

c l a s s i f i c a t i o n s o c i e t y ( A C S ) , i t i s c lassed w i t h , p r i o r t o m o b i l i z a t i o n m e a s u r e s 
o n p r e p a r a t i o n a n d p e r f o r m a n c e o f t h e m a r i n e o p e r a t i o n i n c o m p l i a n c e w i t h t h e 
R S ( o r A C S ) r u l e s a n d i n t e r n a t i o n a l c o n v e n t i o n s , h a v i n g r e g a r d t o necessa ry 
t r a n s i t ( p a s s a g e ) / t o w i n g t o t h e m a r i n e o p e r a t i o n a rea as w e l l as i t s p o s i t i o n i n 
t h i s a rea f o r t h e d u r a t i o n o f t h e o p e r a t i o n . 

4.10.11 W h e n f o r m i n g t h e t o w i n g o r d e r i t i s p e r m i t t e d t o c o n s i d e r t h e 
p o s s i b i l i t y o f u s i n g t w o o r s e v e r a l t o w i n g sh ips w h e n o n e s h i p o f t h e r e q u i r e d 
o u t p u t i s n o t a v a i l a b l e d u e t o a n y r e a s o n . I n t h i s case e a c h t u g s h a l l h a v e 
a p p r o x i m a t e l y s i m i l a r d i m e n s i o n s a n d o u t p u t . T h e t o t a l FPR s h a l l b e d e t e r m i n e d 
b y F o r m u l a ( 4 . 5 . 2 ) . E a c h t u g s h a l l en su re FBP o f 15 t o 3 0 p e r cen t i n excess o f 
FBP d i v i d e d b y t h e n u m b e r o f t u g s . 
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4.10.12 F o r t o w i n g l a rge s i ze ob jec ts o r t o w i n g i n areas w i t h r e s t r i c t e d 
m a n o e u v r i n g space, t h e e scor t t u g s h a l l b e a d d i t i o n a l l y p r o v i d e d t o p e r f o r m t h e 
f o l l o w i n g : 

ope ra t e as a l e a d t u g i n case o f t h e l e a d t u g ' s p r o p u l s i o n p l a n t f a i l u r e ; 
r e m o v e t h e f a i l e d t u g from t h e t o w i n g o r d e r i n case o f t o w l i n e b r e a k a g e ; 
p r o v i d e a n y o t h e r ass is tance i n t h e acc iden t s i t u a t i o n . 
4.10.13 A l l sh ips o f t h e t o w i n g o r d e r i n c l u d i n g escor t t u g s , a u x i l i a r y sh ips 

( a n c h o r h a n d l i n g t u g s , s u p p l y vesse l s , spec i a l p u r p o s e sh ips , e tc . ) s h a l l c o m p l y 
w i t h t h e a p p r o v e d t o w i n g o p e r a t i o n d e s i g n , a n d t h e sh ips t h e m s e l v e s s h a l l 
c o m p l y w i t h t h e r e q u i r e m e n t s o f 4 . 1 0 . 1 0 . 

5 L A U N C H I N G 

5.1 G e n e r a l 
5.1.1 A l a u n c h i n g o p e r a t i o n represen ts a sequence o f stages f r o m i n i t i a t i o n 

o f t h e l a u n c h t o t h e s tage w h e r e t h e b a r g e a n d ob j ec t f l o a t separa te ly . 
5.1.2 L a u n c h i n g i s m a d e p o s s i b l e b y t h e f o l l o w i n g m e t h o d s : 

b y b a l l a s t i n g o f t h e t r a n s p o r t p o n t o o n a n d , w h e r e necessary , b u o y a n c y 
p o n t o o n s a n d b y m o v i n g t h e ob j ec t as ide ; 

b y b a l l a s t i n g o f t h e t r a n s p o r t d o c k a n d b y m o v i n g t h e ob j ec t o u t t h r o u g h t h e 
s t e r n gate o f t h e d o c k ; 

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

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

5.1.3 L a u n c h i n g from m u l t i b a r g e s y s t e m w i t h u n s y m m e t r i c a l l a u n c h 
frames, s i d e w a y s s l i d i n g o f p i l e s a n d separa te ob j ec t e l e m e n t s i s sub jec t t o 
spec ia l c o n s i d e r a t i o n b y t h e R e g i s t e r . 

5.1.4 T h e f o l l o w i n g p a r a m e t e r s s h a l l b e c o n s i d e r e d i n r e l a t i o n t o 
o p e r a t i o n a l f e a s i b i l i t y a n d s t r u c t u r a l l i m i t a t i o n s f o r t h e l a u n c h e d o b j e c t a n d o f 
t h e ba rge : 

s i z e a n d b u o y a n c y a n d s t a b i l i t y charac te r i s t i c s o f t h e ob jec t ; 
b a r g e s i ze ; 
p o s i t i o n o f t h e ob j ec t o n t h e ba rge ; 
b a r g e dra f t ; 
b a r g e h e e l a n d t r i m ; 
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b a r g e b e n d i n g m o m e n t ; 
b a r g e s u b m e r s i o n ; 
p o s i t i o n o f b a l l a s t w a t e r i n t h e ba rge ; 
l i m i t i n g e n v i r o n m e n t a l c o n d i t i o n s ; 
r o c k e r a r m a r r a n g e m e n t a n d r o t a t i o n a l l i m i t a t i o n s ; 
a l l o w a b l e r o c k e r a r m r e a c t i o n s ; 
f r i c t i o n c o e f f i c i e n t d u r i n g l a u n c h i n g ; 
w a t e r d e p t h o n t h e l a u n c h i n g s i t e ; 
a u x i l i a r y b u o y a n c y . 
5.1.5 P r i o r t o s ta r t p r e p a r a t i o n s f o r l a u n c h i n g , i t i s necessa ry t h a t t h e 

w e a t h e r fo recas t s h a l l b e f o r t h e s t eady w e a t h e r p rog res s w i t h t h e w e a t h e r b e i n g 
i n v a r i a b l e t h r o u g h o u t t h e p l a n n e d o p e r a t i o n d u r a t i o n . T h e d e c i s i o n t o i n i t i a t e 
l a u n c h i n g s h a l l b e based o n t h e fo recas t w i n d o w s u i t a b l e f o r c o m p l e t i o n o f a l l 
t h e ob j ec t p o s i t i o n i n g o p e r a t i o n s , i n c l u d i n g acceptable m a r g i n s f o r u n f o r e s e e n 
cases. T h e ob j ec t m a y b e c o n s i d e r e d safe w h e n i t i s capable t o w i t h s t a n d a n 
e x t r e m e s t o r m w h i c h occur s o n c e e v e r y t e n yea r s . T h e r e f o r e , b o t h t h e M a n u a l 
a n d t h e s c h e d u l e s h a l l c o n f i r m t h a t t h e e x t r e m e c o n d i t i o n s c a n b e w i t h s t o o d 
t h r o u g h o u t t h e o p e r a t i o n , a f t e r t h e d e c i s i o n o n l a u n c h i n g w a s t a k e n . 

5.1.6 T h e l a u n c h i n g o p e r a t i o n s h a l l b e p e r f o r m e d i n s p e c i f i e d a rea w h i c h i s 
sub jec t t o h y d r o g r a p h i c s u r v e y c o n f i r m i n g t h a t t h e a rea c o n c e r n e d i s free o f a n y 
o b s t r u c t i o n s . I t i s n o t r e c o m m e n d e d t o p e r f o r m l a u n c h i n g o v e r subsea p i p e l i n e s , 
u n d e r w a t e r f a c i l i t i e s o r o t h e r u n d e r w a t e r o b s t r u c t i o n s . 

5.1.7 T h e c a l c u l a t i o n s m a d e s h a l l s h o w t h a t t h e l a u n c h e d ob j ec t w i l l b e h a v e 
i n a s t ab le m a n n e r d u r i n g t h e l a u n c h i n g o p e r a t i o n . M o d e l tests s h a l l b e u s e d f o r 
v e r i f i c a t i o n o f t h e ob jec t ' s b e h a v i o u r a n d e v a l u a t i o n o f fo rces a c t i n g d u r i n g 
l a u n c h i n g , e s p e c i a l l y w h e n l a u n c h i n g i s p e r f o r m e d i n s h a l l o w w a t e r s a n d a t l o w 
r e s e r v e b u o y a n c y . 

5.1.8 T h e t r a j e c t o r y o f t h e l a u n c h e d ob j ec t s h a l l n o r m a l l y b e c o m p u t e d b y a 
d y n a m i c a n a l y s i s . T h e a n a l y s i s s h a l l i n c l u d e assessment o f t h e b a r g e m o t i o n s . 

A l l s i g n i f i c a n t fo rces i n f l u e n c i n g t h e b e h a v i o u r o f t h e b a r g e a n d l a u n c h e d 
ob j ec t s h a l l b e c o n s i d e r e d . P a r t i c u l a r a t t e n t i o n s h a l l b e g i v e n t o t h e b e h a v i o u r o f 
t h e b a r g e a n d t h e e f fec t o f r e s u l t i n g u p l i f t fo rces from t h e r o c k e r a r m o n t o t h e 
l a u n c h e d ob jec t . 

5.1.9 T h e bas i c loadcase s h a l l b e a n a l y z e d d i s t r i b u t i n g t h e s e l f w e i g h t , 
b u o y a n c y fo rces , b a r g e f o u n d a t i o n / s u p p o r t forces t o t h e s t r u c t u r a l e l e m e n t s o f 
t h e l a u n c h e d ob j ec t a n d ba rge . 

5.1.10 L o a d i n g effects from w i n d , m o t i o n s d u e t o w a v e s a n d m o v e m e n t s / 
d i s p l a c e m e n t s o f t h e ob j ec t a n d b a r g e d u r i n g t h e l a u n c h i n g o p e r a t i o n s h a l l b e 
c o n s i d e r e d . T h e r e s u l t i n g inc rease i n h y d r o d y n a m i c fo rces m a y b e a c c o u n t e d 
f o r b y use o f a d y n a m i c a m p l i f i c a t i o n f a c t o r o n t h e s ta t i c fo rces . 
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5.1.11 W h e n a n a l y z i n g l a u n c h i n g , cons idera t ion s h a l l be g i v e n t o damage o f 
a n y o n e c o m p a r t m e n t o f t he object w i t h t h e des ign h u l l w e i g h t a n d C o G p o s i t i o n . 

5.2 R e q u i r e m e n t s f o r t h e l a u n c h e d o b j e c t 
5.2.1 T h e d e s i g n w e i g h t a n d b u o y a n c y o f t h e ob j ec t s h a l l b e d e t e r m i n e d 

u s i n g d r a w i n g s a l o n g w i t h p h y s i c a l w e i g h i n g o f c o m p o n e n t s . P o t e n t i a l 
i naccurac ies i n t h e d e t e r m i n a t i o n o f t h e b u o y a n c y s h a l l b e i n c l u d e d i n t o t h e 
a l l o w a n c e u s e d f o r t h e d e s i g n w e i g h t i n t h e ob j ec t a n a l y s i s . 

T h e a l l o w a n c e i n t h e a n a l y s i s , u s e d f o r t h e ob j ec t w e i g h t , s h a l l b e a t leas t 
± 3 p e r cen t ( i n c l u d i n g inaccu rac i e s i n d e t e r m i n i n g b u o y a n c y ) . 

T h e a l l o w a n c e i n t h e a n a l y s i s , u s e d f o r t h e C o G p o s i t i o n o f t h e ob j ec t 
( i n c l u d i n g inaccu rac i e s i n t h e C o G p o s i t i o n ) , s h a l l b e a t leas t : 

X ± 0,3 m ; 
Y ± 0,3 m ; 
Z ± 1,0 m 
w h e r e X a n d Y a re h o r i z o n t a l axes a n d Z i s a v e r t i c a l a x i s f o r t h e final 

o r i e n t a t i o n o f t h e ob jec t . 
T h e a b o v e a l l o w a n c e s h a l l b e u s e d i n final a n a l y s i s , w h e n t h e w h o l e 

m a t e r i a l f o r t h e s t ruc tu res i s p u t i n p r o d u c t i o n . S m a l l e r a l l o w a n c e s m a y b e u s e d 
i f t h e y a re e s t ab l i shed o n t h e bas i s o f accura te w e i g h i n g . I t i s r e c o m m e n d e d t o 
t a k e a c c o u n t o f t h e g rea te r u n a c c o u n t e d w e i g h t a t t h e e a r l y d e s i g n stages 
c o n s i d e r i n g u n c e r t a i n t i e s w h i c h decrease p r o g r e s s i v e l y . 

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

c h a n g e o f t h e w e i g h t a n d C o G p o s i t i o n s h a l l n o t b e c o n s i d e r e d ; 
t h e C o G p o s i t i o n s h a l l c h a n g e o n l y i n o n e d i r e c t i o n (X, Y, Z ) . 
5.2.2 T h e ob j ec t s h a l l b e e q u i p p e d w i t h s l i d i n g c rad le . 
5.2.3 W h e n l a u n c h i n g , c o n s i d e r a t i o n s h a l l b e g i v e n t o t h e f o l l o w i n g 

sequence o f l oads a c t i n g o n t h e ob jec t : 
s e l f w e i g h t ; 
b u o y a n c y ; 
b r a k i n g ( f r i c t i o n ) ; 
b a r g e / r o c k e r a r m r e a c t i o n s ; 
i n e r t i a fo rces . 
5.2.4 T h e r e s u l t a n t l oads i n each e l e m e n t o f t h e ob j ec t s h a l l b e c a l c u l a t e d i n 

d i sc re te t i m e d u r i n g l a u n c h i n g . S o , e.g. t h e e n v e l o p i n g l o a d s h a l l o u t l i n e e a c h 
e l e m e n t a n d c o m p a r e t h e m a x i m u m l o a d w i t h t h e a l l o w a b l e v a l u e . 

T h e e f f e c t i v e v a l u e s o f t h e s e l f w e i g h t , C o G p o s i t i o n a n d friction c o e f f i c i e n t 
m a y b e k n o w n o n l y w i t h i n c e r t a i n a l l o w a n c e s . T h e l o a d e l e m e n t s s h a l l b e 
d e t e r m i n e d w i t h c o n s i d e r a t i o n f o r t h e m a x i m u m p o s s i b l e a l l o w a n c e s a n d 
t he r ea f t e r c o r r e l a t e d w i t h t h e a l l o w a b l e v a l u e s . 
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S o m e s t r u c t u r a l c o m p o n e n t s m a y b e sub jec ted t o i m p a c t l oads d u r i n g 
l a u n c h i n g o p e r a t i o n , w h i c h s h a l l b e t a k e n i n t o a c c o u n t i n c o m p l i a n c e w i t h 5 .1 .7 
a n d 5 . 1 . 8 . Stresses d u e t o h y d r o s t a t i c l oads w h e n t h e ob j ec t i s s u b m e r g e d d u r i n g 
l a u n c h i n g s h a l l n o t exceed t h e a l l o w a b l e stresses. T h e p re s su re o f a w a t e r h e a d 
f o r c a l c u l a t i o n o f t h e m a x i m u m a l l o w e d d e p t h f o r e a c h e l e m e n t d u r i n g 
l a u n c h i n g s h a l l b e t a k e n w i t h a m a r g i n . 

5.2.5 T h e l a u n c h e d ob j ec t s h a l l h a v e s u f f i c i e n t s t r e n g t h t o w i t h s t a n d t h e 
l oads a c t i n g o n t h e ob j ec t d u r i n g l a u n c h i n g , e s p e c i a l l y a t t h e t i m e o f t u r n i n g o n 
t h e r o c k e r a r m a n d a t t h e i n i t i a l m o m e n t o f e n t r y i n t o w a t e r . S p e c i a l a t t e n t i o n 
s h a l l b e p a i d t o l o c a l s u p p o r t l oads a n d l oads a c t i n g o n t h e l a u n c h frame 
i n c l u d i n g c o n s i d e r a t i o n o f t h e p r o p e r t i e s a n d f a b r i c a t i o n t o l e r ances o f t h e l a u n c h 
t i m b e r . T h e b u o y a n c y a n d s t a b i l i t y o f t h e o b j e c t s h a l l c o m p l y w i t h 1.2.2.3 o f t h e 
p r e sen t P a r t . 

5.2.6 P r e f e r a b l y a l l w a t e r t i g h t s t ruc tu re s h a v i n g p o s i t i v e b u o y a n c y , e.g. 
s u p p o r t s w i t h p o s i t i v e b u o y a n c y o r b u o y a n c y p o n t o o n s , s h a l l h a v e a 
s m a l l i n t e r n a l o v e r p r e s s u r e a t d e p a r t u r e f r o m s h o r e . P r o v i s i o n s h a l l b e 
m a d e f o r m o n i t o r i n g p re s su re i n s i d e s u c h s t ruc tu re s from a r e a d i l y access ib le 
p o s i t i o n . 

5.3 R e q u i r e m e n t s f o r t h e b a r g e 
5.3.1 T h e b a r g e s h a l l h a v e s u f f i c i e n t p o s i t i v e i n t a c t s t a b i l i t y a n d t h e 

necessa ry r e s e r v e b u o y a n c y a t a l l s tages o f l a u n c h i n g o p e r a t i o n i n c o m p l i a n c e 
w i t h t h e r e q u i r e m e n t s o f 1.2.2 o f t h e p r e sen t P a r t c o n s i d e r i n g t h e b e h a v i o u r o f 
t h e ob j ec t d u r i n g t h e o p e r a t i o n . T h e t r a n s v e r s e m e t a c e n t r i c h e i g h t s h a l l exceed 
1 m t h r o u g h o u t t h e p e r i o d f r o m t h e i n i t i a t i o n o f t h e l a u n c h t o t h e e n d o f t h e 
r o c k e r a r m r o t a t i o n . T h e d e p t h o f t h e b a r g e s t e r n s u b m e r s i o n s h a l l b e w i t h i n t h e 
r a n g e o f p e r m i s s i b l e l i m i t a t i o n s a t a l l t i m e s . 

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

b e n d i n g a n d t o r s i o n o f t h e b a r g e h u l l ; 
r o c k e r a r m r e a c t i o n s ; 
b a r g e s u b m e r s i o n ; 
b a r g e h y d r o s t a t i c s t a b i l i t y ; 
c o m p l i a n c e w i t h t h e spec i a l r e q u i r e m e n t s o f t h e c l a s s i f i c a t i o n soc ie ty . 
S t r e n g t h e n i n g s h a l l b e sub jec t t o acceptance b y t h e c l a s s i f i c a t i o n s o c i e t y t h e 

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

c l a s s i f i c a t i o n s o c i e t y t h e b a r g e c l a s s i f i ed w i t h s h a l l b e v e r i f i e d t o h a v e s u f f i c i e n t 
g l o b a l a n d l o c a l s t r u c t u r a l s t r e n g t h t o w i t h s t a n d a l l l oads d u r i n g l a u n c h i n g 
o p e r a t i o n . S u c h s t r u c t u r a l c o m p o n e n t s m a y i n c l u d e l a u n c h i n g w a y s , p o s i t i o n i n g 
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b r a c k e t s f o r a t t a c h m e n t o f p o s i t i o n i n g l i n e s , a t t a c h m e n t s f o r w i n c h e s , h y d r a u l i c 
j a c k s , sheaves , etc. 

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

5.3.4 T h e b a r g e b a l l a s t i n g s y s t e m s h a l l h a v e s u f f i c i e n t c apac i t y t o a c h i e v e 
t h e p r e d e t e r m i n e d b a r g e l a u n c h p a r a m e t e r s w i t h i n a t i m e p e r i o d n o t e x c e e d i n g 
2 5 p e r cen t o f t h e f a v o u r a b l e w e a t h e r f o r e c a s t i n g p e r i o d . 

5.3.5 T h e b a l l a s t t a n k v o l u m e s h a l l h a v e s u f f i c i e n t spare capac i t y s u c h t h a t 
t h e r e q u i r e d t r i m , h e e l a n d d ra f t c a n b e m a i n t a i n e d i n t h e e v e n t o f a c c i d e n t a l 
f l o o d i n g o f a n y o n e c o m p a r t m e n t . 

T h e ba rges s h a l l b e e q u i p p e d w i t h m e a n s t o m o n i t o r t h e b a r g e t r i m a n d 
w a t e r l e v e l i n t h e b a l l a s t t a n k s . 

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

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

5.3.7 T h e f l a m e c u t t i n g f a c i l i t i e s s h a l l h a v e s u f f i c i e n t c apac i t y f o r c u t t i n g o f 
t h e sea fas t en ing e l e m e n t s w i t h i n a t i m e p e r i o d n o t e x c e e d i n g 2 5 p e r cen t o f t h e 
f a v o u r a b l e w e a t h e r f o r e c a s t i n g p e r i o d . S u f f i c i e n t n u m b e r o f w o r k e r s a n d 
e q u i p m e n t i t e m s s h a l l b e p r o v i d e d t o p e r f o r m s u c h o p e r a t i o n . 

5.3.8 T h e ob j ec t t o b e l a u n c h e d s h a l l b e secu red t o t h e b a r g e w i t h a n t i se l f -
l a u n c h dev i ce s t o p r e v e n t a s p o n t a n e o u s p r e m a t u r e l a u n c h a f te r c u t t i n g o f t h e 
sea fas t en ing e l e m e n t s . 

5.3.9 A n t i s e l f - l a u n c h dev ices s h a l l h a v e s u f f i c i e n t s t r u c t u r a l s t r e n g t h t o 
w i t h s t a n d t h e h o r i z o n t a l g r a v i t y c o m p o n e n t d u e t o b a r g e t r i m . F r i c t i o n m a y b e 
c o n s i d e r e d p r o v i d e d t h e l o w e s t e x p e c t e d d y n a m i c c o e f f i c i e n t o f f r i c t i o n i s u s e d 
t o g e t h e r w i t h c o n s e r v a t i v e v a l u e s f o r b o t h s ta t i c a n d d y n a m i c b a r g e t r i m ( r e f e r 
t o T a b l e 3 . 8 . 7 o f t h e p r e sen t P a r t ) . 

5.3.10 T h e l a u n c h i n i t i a t i n g p u s h / p u l l s y s t e m s h a l l h a v e s u f f i c i e n t c a p a c i t y 
t o o v e r c o m e t h e s ta t i c f r i c t i o n fo rces , a n d s h a l l b e capable o f a p p l y i n g t h i s f o r c e 
o v e r a s u f f i c i e n t d i s t ance t o ensu re i n i t i a t i o n o f t h e l a u n c h . 

5.3.11 T h e s l i d i n g surfaces s h a l l h a v e a f i n i s h t h a t assures a r e l a t i v e l y l o w 
c o e f f i c i e n t o f f r i c t i o n . 

5.3.12 T h e l aunch ing appliance ( p o w e r un i t s , w inches , s l ings, shackles) sha l l 
h a v e suff ic ient w o r k i n g load , b e f i t f o r i ts in tended purpose a n d arranged so as t o : 

e n s u r e s h o r t s t a r t -up t i m e ; 
a v o i d d a m a g e t o t h e ob j ec t d u r i n g l a u n c h ; 
a l l o w f o r p o s s i b l e ob j ec t y a w d u r i n g l a u n c h i n g b y t h e g u i d e r a i l s o n t h e 

r o c k e r a r m s . 
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5.3.13 T h e b a r g e i n c l u d i n g a l l p e r m a n e n t e q u i p m e n t a n d s y s t e m s a n d 
a u x i l i a r y e q u i p m e n t a n d s y s t e m s t o b e u s e d d u r i n g t h e l a u n c h o p e r a t i o n s h a l l b e 
inspec t ed a n d / o r t e s t ed p r i o r t o depa r tu r e f r o m s h o r e . T h e t e s t s / inspec t ions s h a l l 
v e r i f y t h a t t h e e q u i p m e n t a n d s y s t e m s a re i n g o o d w o r k i n g o rder , c o m p l y w i t h 
t h e r e q u i r e m e n t s o f t h e c l a s s i f i c a t i o n s o c i e t y t h e b a r g e c l a s s i f i e d w i t h a n d f i t f o r 
t h e i n t e n d e d use . 

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

5.4 O p e r a t i o n a l a s p e c t s 
5.4.1 A launch ing opera t ion c o n t r o l s ta t ion sha l l b e p rov ided . T h e c o n t r o l s ta t ion 

sha l l be equipped t o ob t a in t he w h o l e i n f o r m a t i o n o n the opera t ion procedure. 
5.4.2 T h e b a r g e s h a l l b e p o s i t i o n e d b y l i n e s a t t ached t o t h e t u g s a n d r e l a t i v e 

t o a set o f p r e d e t e r m i n e d c o o r d i n a t e s t o ensu re t h a t t h e l a u n c h e d ob j ec t w i l l n o t 
h i t t h e seabed o r s t ruc tu res p o s i t i o n e d o n t h e seabed. 

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

5.4.3 T h e f o l l o w i n g c o n d i t i o n s s h a l l b e c o m p l i e d w i t h b e f o r e s t a r t i n g t h e 
c u t t i n g o f sea fas t en ing a n d / o r b a l l a s t i n g o f t h e ba rge : 

t h e e n v i r o n m e n t a l p a r a m e t e r s c o r r e s p o n d t o t h e d e s i g n ones ; 
t h e l a u n c h p o s i t i o n a n d o r i e n t a t i o n has b e e n f o u n d acceptable ; 
a l l s t ruc tu res a n d e q u i p m e n t necessa ry f o r t h e l a u n c h o p e r a t i o n a re c o r r e c t l y 

r i g g e d , r e a d y t o b e used , a n d h a v e b e e n i n s p e c t e d a n d tes ted ; 
m e a n s w h i c h ensu re t h e s t r u c t u r e res i s tance t o e x t r e m e s ea sona l w e a t h e r 

c o n d i t i o n s a f te r i n s t a l l a t i o n are r e a d y t o b e used ; 
obs tac les w h i c h m a y u n d u l y d e l a y t h e o p e r a t i o n h a v e b e e n r e m o v e d . 
5.4.4 S e a f a s t e n i n g e l e m e n t s s h a l l b e c u t i n accordance w i t h a p r e d e t e r m i n e d 

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

S e a f a s t e n i n g e l e m e n t s t h a t h a v e b e e n c u t s h a l l b e secured t o t h e b a r g e t o 
a v o i d i n t e r f e r e n c e w i t h t h e o b j e c t d u r i n g l a u n c h . A f t e r c u t t i n g o f t h e 
sea fas t en ing e l e m e n t a n d p r i o r t o b a l l a s t i n g o f t h e ba rge , i t i s r e c o m m e n d e d 
t o i n i t i a t e t h e ob j ec t m o v e m e n t b y t h e u se o f t h e p u s h / p u l l s y s t e m o r l a u n c h 
i n i t i a t i o n s y s t e m . 

5.4.5 W h e n r e m o v a l o f t h e sea fas t en ing e l e m e n t s i s f i n i s h e d , t h e b a r g e s h a l l 
b e so b a l l a s t e d as t o a c h i e v e t h e t r i m necessa ry b e f o r e t h e l a u n c h . B y t h e t i m e o f 
c o m p l e t i n g o f t h e b a r g e t r i m m i n g , t h e c r e w o n b o a r d s h a l l b e r e d u c e d t o t h e 
m i n i m u m r e q u i r e d n u m b e r t h a t w i l l a l l o w t o exe rc i s e c o n t r o l o v e r t h e l a u n c h i n g 
o p e r a t i o n . 
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D u r i n g l a u n c h i n g t h e ob j ec t s h a l l b e f ree f r o m a n y o b s t r u c t i o n s . I f a n y l i n e s 
c o m p r i s e t h e ob jec t ' s rigging b e f o r e t h e l a u n c h , i t s h a l l b e p r o v e d t h a n t h e y w i l l 
n o t ge t f o u l o f t h e obs tac les d u r i n g t h e l a u n c h i n g o p e r a t i o n . 

5.4.6 T h e l a u n c h s h a l l b e i n i t i a t e d i n a c o n t r o l l e d m a n n e r b y r e m o v i n g t h e 
a n t i s e l f - l a u n c h dev ices a n d / o r b y p u s h i n g / p u l l i n g t h e l a u n c h e d ob j ec t t o 
o v e r c o m e t h e s ta t i c f r i c t i o n fo rces . 

T u g s s h a l l n o t b e u s e d t o i n i t i a t e t h e l a u n c h . 
5.4.7 T h e l u g s a n d s i m i l a r s t ruc tu res s h a l l h a v e s u f f i c i e n t s t r u c t u r a l s t r e n g t h 

t o o v e r c o m e t h e m a x i m u m s ta t i c f r i c t i o n fo rces a n d ensu re se l f - re lease o f t h e 
p u l l i n g l i n e s . 

5.4.8 T h e l a u n c h e d o b j e c t s h a l l b e c o n n e c t e d t o p o s i t i o n i n g a n d h o l d - b a c k 
sh ips , b y l i n e s w i t h s u f f i c i e n t s l a c k t o a l l o w free m o v e m e n t d u r i n g t h e l a u n c h . 

5.4.9 T h e n u m b e r o f t u g s s h a l l b e s u f f i c i e n t t o h o l d t h e o b j e c t a f t e r 
l a u n c h i n g , a n d , as a m i n i m u m , o n e t u g s h a l l b e p e r m a n e n t l y c o n n e c t e d t o t h e 
b a r g e ( i n t h e f o r w a r d p a r t ) . 

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

b a r g e t r i m a n d dra f t ; 
b a r g e p o s i t i o n a n d o r i e n t a t i o n ; 
b a r g e m o t i o n s ; 
b a r g e b a l l a s t a n d s t a b i l i t y p a r a m e t e r s ; 
d ra f t , h e e l a n d t r i m o f t h e ob j ec t a f t e r l a u n c h . 
5.5 U p e n d i n g 
5.5.1 U p e n d i n g o f t h e ob j ec t m a y b e r e q u i r e d w h e n t h e ob j ec t i s t o w e d i n 

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

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

U p e n d i n g o p e r a t i o n s ass is ted b y c rane l i f t i n g , a n d t h e necessa ry r e s e r v e 
b u o y a n c y i n t h i s case a re sub jec t t o spec i a l c o n s i d e r a t i o n b y t h e R e g i s t e r . 

5.5.3 A n u p e n d i n g o p e r a t i o n represen t s a sequence o f d i f f e r e n t loadcases 
from t h e i n i t i a l s e l f - f l o a t i n g c o n d i t i o n t o t h e f i n a l s e l f - f l o a t i n g c o n d i t i o n 
( i n s t a l l a t i o n ) . 

T h e bas i c loadcases s h a l l b e a n a l y z e d b y s ta t i c a n a l y s i s c o n s i d e r i n g t h e 
b u o y a n c y , s e l f w e i g h t a n d a n y loads a p p l i e d d u r i n g u p e n d i n g . 

5.5.4 L o a d s o n b u o y a n t compar tments sha l l be calculated f o r t he largest sub­
mergence draft cons ider ing accidental f l o o d i n g o f a n y one wa te r t i gh t c o m p a r t m e n t 

5.5.5 U p o n c o m p l e t i o n o f t h e u p e n d i n g o p e r a t i o n t h e ob j ec t s h a l l r e m a i n 
a f l o a t i n s tab le e q u i l i b r i u m a n d w i t h s u f f i c i e n t f r e e b o a r d t o a l l o w c o m m e n c e ­
m e n t o f p o s i t i o n i n g a n d s e t t i n g o p e r a t i o n . 
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5.5.6 S t r u c t u r e s s h a l l h a v e s u f f i c i e n t s t r e n g t h t o w i t h s t a n d t h e l oads 
desc r ibed i n 5 .5 .3 a n d 5 . 5 . 4 . 

5.5.7 T h e b a l l a s t s y s t e m i n c l u d i n g t h e b u o y a n c y t a n k s c o n n e c t e d t o t h e 
b a l l a s t s y s t e m s h a l l b e d e s i g n e d s u c h t h a t t h e u p e n d i n g o p e r a t i o n m a y b e 
suspended a n d r e v e r s e d a t a n y s tage. I t s h a l l b e t a k e n i n t o a c c o u n t t h a t t h e r e i s 
n o r m a l l y a m o m e n t i n t h e p rocess w h e n t h e o p e r a t i o n c o m e s o u t o f c o n t r o l . 
S u c h s i t u a t i o n t akes p l ace w h e n t h e w a t e r l i n e area i s d r a s t i c a l l y r e d u c e d d u r i n g 
r o t a t i o n (a t t h e l a r g e t i l t a n g l e s ) a n d t h e ob j ec t c o n t i n u e s i t s r o t a t i o n w i t h o u t 
a d d i t i o n a l b a l l a s t i n g . T h e s a m e s i t u a t i o n t akes p l a c e i n t h e r e v e r s e o p e r a t i o n . 

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

T h e b a l l a s t s y s t e m s h a l l b e d e s i g n e d so t h a t t h e ob j ec t r e m a i n s a f l o a t i n 
s tab le e q u i l i b r i u m excep t f o r t h e s i t u a t i o n desc r ibed a b o v e . 

5.5.8 T h e b a l l a s t t a n k s s h a l l , w h e r e p o s s i b l e , b e d e s i g n e d s u c h t h a t t h e y are 
f l o o d e d u n i n t e r r u p t e d l y b y 1 0 0 p e r cen t 

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

d ra f t , t r i m a n d h e e l ; 
seabed c learance ; 
e n v i r o n m e n t a l c o n d i t i o n s ; 
a m o u n t o f w a t e r i n t h e b a l l a s t i n g c o m p a r t m e n t s ; 
o p e n / c l o s e m o d e f o r v a l v e s ; 
a i r p r e s su re i n t a n k s ; 
b a l l a s t i n g ra te ; 
c r ane h o o k l o a d . 
5.5.10 T w o separate m e t h o d s s h a l l b e a v a i l a b l e f o r t h e s t a r t i n g o r s t o p p i n g 

o f f l o o d i n g o f a n y o n e i n d e p e n d e n t c o m p a r t m e n t . W h e r e r e q u i r e m e n t s i n 5 .5 .8 
are s a t i s f i e d a b a c k - u p m e t h o d o f h a l t i n g f l o o d i n g m a y b e o m i t t e d . 

5.5.11 T h e m i n i m u m seabed c lea rance o f a n i n t a c t s t r u c t u r e s h a l l b e 5 m i n 
deep w a t e r a n d 1 0 p e r cen t o f w a t e r d e p t h ( f r o m t h e l o w e s t l e v e l ) i n s h a l l o w 
w a t e r c o n s i d e r i n g d i s p l a c e m e n t s d u e t o m o t i o n s , h e e l d u e t o c u r r e n t a n d t o w i n g 
fo rces , g e n e r a l i naccu racy , p o s s i b l e o v e r l o a d i n g o f h u l l a n d sea l e v e l v a r i a t i o n s 
d u e t o b a r o m e t r i c p r e s su re v a r i a t i o n s . 

T h e seabed c lea rance s h a l l b e p o s i t i v e w h e n a n y o n e c o m p a r t m e n t i s 
d a m a g e d . T o f u l f i l l t h e s a i d r e q u i r e m e n t a c lea rance o f m i n i m u m 2 m s h a l l b e 
a v a i l a b l e . I n spec i a l cases, e.g. i n s h a l l o w w a t e r s , t h e c lea rance m a y b e r educed . 

5.5.12 T h e h o o k l o a d o f a c rane s h a l l b e d e t e r m i n e d o n t h e bas is o f b a l l a s t i n g 
c a l c u l a t i o n . T h e acc iden ta l f l o o d i n g d u r i n g t h e crane o p e r a t i o n s h a l l n o t cause a n 
u n c o n t r o l l e d o v e r t u r n i n g o f t h e ob jec t o r i n t e r f e r e w i t h t h e s l i n g release. 
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I t m a y b e a s s u m e d t h a t a n o c c a s i o n a l f l o o d i n g d u r i n g u p e n d i n g o f t h e 
ob j ec t b y h o o k s h a l l b e s u f f i c i e n t l y s l o w a n d p r o v i d e t h e c rane o p e r a t o r w i t h a 
be t t e r p o s s i b i l i t y o f a v o i d i n g o v e r l o a d i n g o f t h e c rane b y m e a n s o f s l a c k i n g o f 
t h e l i n e . I n t h i s case, t h e h o o k l o a d m a y b e inc reased . T h e r e s u l t a n t l oads a n d 
stresses d u e t o h o o k l oads s h a l l b e e v a l u a t e d a n d a d d e d t o t h e l oads d u e t o s e l f 
w e i g h t a n d b u o y a n c y . 

T h e e f fec t o f t h e c rane s h i p o n t h e ob j ec t d i s p l a c e m e n t charac te r i s t i c s s h a l l 
b e c o n s i d e r e d w h e n a n a l y z i n g d i s p l a c e m e n t . 

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

A h o r i z o n t a l c learance o f m i n i m u m 3 m s h a l l b e ava i l ab l e a t a l l t i m e s b e t w e e n 
a n y p a r t o f t h e crane sh ip a n d t h e o b j e c t A h o r i z o n t a l c learance o f m i n i m u m 3 m 
s h a l l b e n o r m a l l y ava i l ab l e b e t w e e n t h e crane sh ip a n d t h e cargo barge, b u t i t m a y 
b e r educed p r o v i d e d t h a t t h e adequate t e n d e r i n g p r o t e c t i o n is used . 

6 I N S T A L L A T I O N O F T H E O B J E C T O N S I T E 

6.1 G e n e r a l 
6.1.1 F o r t h e p u r p o s e o f these R u l e s , t h e t e r m " i n s t a l l a t i o n o f t h e ob j ec t i n a 

d e s i g n p o s i t i o n " ( h e r e i n a f t e r r e f e r r e d t o as "ob jec t i n s t a l l a t i o n " ) i s c o n s i d e r e d t o 
m e a n a sequence o f a c t i v i t i e s , p rocedu re s , c o n t r o l checks a n d c o r r e c t i v e a c t i o n s 
t h a t en su re safe t r a n s f e r o f t h e ob j ec t f r o m t r a n s p o r t a t i o n p o s i t i o n t o o n e as 
d e s i g n e d w h i c h i s r e s i s t i b l e t o e x t e r n a l effects d u r i n g t h e e n t i r e t i m e t h e ob j ec t 
b e i n g i n t h e a b o v e p o s i t i o n . 

I n s t a l l a t i o n o f t h e ob j ec t i n c l u d e s : 
w o r k i n g s i t e p r e p a r a t i o n ; 
p o s i t i o n i n g o f the object o v e r the ins t a l l a t ion site and o r i en ta t ion t h e r e o f i n space; 
s u b m e r s i o n o f t h e ob jec t ; 
s e c u r i n g o f t h e o b j e c t t o t h e seabed ( b y p i l i n g o r b y g r a v i t y , i n s t a l l a t i o n o f 

p o s i t i o n m o o r i n g s y s t e m ) ; 
m a t i n g o f t h e ob j ec t pa r t s ( i f a p p l i c a b l e ) . 
6.1.2 P o s i t i o n o f t h e i n s t a l l a t i o n s i t e s h a l l b e g i v e n b y t h e c u s t o m e r a n d 

e s t ab l i shed i n t h e m a r i n e o p e r a t i o n d e s i g n ( o r w o r k p e r f o r m a n c e d e s i g n ) . 
W h e n d e v e l o p i n g t h e i n s t a l l a t i o n d e s i g n , c o n s i d e r a t i o n s h a l l b e g i v e n t o t h e 

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

p a r t i c u l a r s o f t h e ob j ec t a n d a m b i e n t c o n d i t i o n s ; 
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scope a n d p r o d u c t i v i t y o f b a l l a s t i n g o p e r a t i o n s ; 
n e e d f o r m o n i t o r i n g t h e ob j ec t p o s i t i o n b y m e a n s o f d i v e r s a n d / o r r e m o t e l y 

o p e r a t e d v e h i c l e ( R O V ) , a n d t h e t i m e p e r i o d w h e n s u c h m o n i t o r i n g s h a l l b e 
p e r f o r m e d , as w e l l as t h e d u r a t i o n t h e r e o f . 

6.1.3 T h e m a r i n e o p e r a t i o n o p e r a t o r s h a l l m o n i t o r t h e e x e c u t i o n o f t h e 
o p e r a t i o n a n d s h a l l b e su re t h a t t h e t o l e r a n c e s f o r i n s t a l l a t i o n o f t h e ob j ec t are 
m a i n t a i n e d t h r o u g h o u t each i n s t a l l a t i o n phase . 

6.1.4 W h e n p r e p a r i n g t h e i n s t a l l a t i o n s i t e , p r o v i s i o n s h a l l b e m a d e f o r 
s u f f i c i e n t t o l e r ances w h i c h a c c o u n t f o r t h e inaccu rac i e s o f : 

p o s i t i o n i n g ; 
i n s t r u m e n t a t i o n u s e d d u r i n g i n s t a l l a t i o n ; 
o t h e r e r r o r s . 
6.1.5 T h e accu racy o f t h e ob j ec t i n s t a l l a t i o n s h a l l b e subs t an t i a t ed i n i t s 

d e s i g n a n d s p e c i f i e d i n t h e p l a n / d e s i g n o f m a r i n e o p e r a t i o n . 
6.1.5.1 U n l e s s e x p r e s s l y p r o v i d e d o t h e r w i s e , t h e objec ts s h a l l b e i n s t a l l e d 

u n d e r sea c o n d i t i o n s w i t h t h e f o l l o w i n g accuracy : 
cen te r o f t h e ob j ec t w i t h i n a c i r c l e w i t h a r a d i u s o f 7 ,5 m w i t h i t s cen te r a t 

t h e d e s i g n p o s i t i o n p o i n t ; 
C L w i t h i n + 1° o f t h e d e s i g n d i r e c t i o n ; 
base l i n e w i t h i n + 3 0 c m from t h e t h e o r e t i c a l e l e v a t i o n ; 
h e e l a n d t r i m : c o r n e r e l e v a t i o n s a b o v e t h e cen t r e o f t h e ob j ec t s h a l l b e 

w i t h i n + 7 .5 c m a n d t h e s l o p e s h a l l b e m a x . 1 :100. 
6.1.5.2 U n l e s s e x p r e s s l y p r o v i d e d o t h e r w i s e , t h e ob jec t s a t t ached t o t h e 

e x i s t i n g s t ruc tu res s h a l l b e i n s t a l l e d w i t h i n t h e f o l l o w i n g t o l e r ances : 
f o u n d a t i o n cen te r s h a l l b e w i t h i n a c i r c l e w i t h a r a d i u s o f 1 m w i t h i t s cen te r 

i n t h e t h e o r e t i c a l c o o r d i n a t e s g i v e n i n t h e d r a w i n g s : 
o r i e n t a t i o n ± 1 ° ; 
l i f t a t cen te r + 3 0 c m ; 
h e e l a n d t r i m : c o r n e r e l e v a t i o n s a b o v e t h e cen t r e o f t h e ob j ec t s h a l l b e 

w i t h i n + 7 .5 c m a n d t h e s l o p e s h a l l b e m a x . 1 :100. 
6.1.5.3 P a r t i c u l a r a t t e n t i o n s h a l l b e p a i d t o t h e F O P t o p s i d e / m o d u l e s l i f t i n g . 

T h e f o l l o w i n g r e q u i r e m e n t s s h a l l b e e s t ab l i shed f o r t hese o p e r a t i o n s : 
a n g l e b e t w e e n t h e m a i n - d e c k b e a m b e i n g i n s t a l l e d a n d t h e t o p sur face o f 

t h e subs t ruc tu r e i s less t h a n 0,5°; 
r i s e o f t h e d e c k p l a t i n g a t t h e cen te r w i t h i n + 3 c m a b o v e t h e d e s i g n l e v e l ; 
d e c k ang les s h a l l b e c o r r e c t e d w i t h i n ± 1 2 m m o f t h e a c t u a l d e c k p l a t i n g 

r i s e a t t h e s u b s t r u c t u r e center . 
6.1.6 B o a t l a n d i n g a rea f o r d i s e m b a r k a t i o n from t h e c ra f t s h a l l b e c h e c k e d 

d u r i n g f a l l i n g t i d e . T h e p o s i t i o n s h a l l b e w i t h i n + 3 0 c m o f t h e d e s i g n o n e . 
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6.1.7 D u r i n g t h e ob j ec t i n s t a l l a t i o n , i t i s necessa ry t o u se c a l i b r a t e d 
e q u i p m e n t a n d i n s t r u m e n t a t i o n w h i c h p r o v e d a r e l i a b l e a n d r e g u l a r m o n i t o r i n g 
o f t h e ob j ec t p o s i t i o n i n g . 

T h e accu racy o f m e a s u r i n g i n s t r u m e n t s s h a l l b e c o n s i s t e n t w i t h t h e 
i n s t a l l a t i o n t o l e r ances . 

6.1.8 I t i s r e c o m m e n d e d t h a t t h e e q u i p m e n t necessa ry t o m o n i t o r t h e 
i n s t a l l a t i o n o f t h e ob j ec t i n c l u d e s t h e f o l l o w i n g i t e m s ( b u t n o t l i m i t e d t o t h e m ) : 

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

w i t h o u t r e g a r d t o t h e c u r v a t u r e o f t h e E a r t h ; 
d i s t ance m e a s u r i n g s y s t e m f o r accura te m e a s u r e m e n t o f d i s tance ; 
o p t i c a l ( o r l a s e r ) l e v e l m e a s u r e m e n t e q u i p m e n t ; 
w a v e m e t e r a n d t i d e recorder . 
M e a s u r e m e n t r e su l t s s h a l l b e r e c o r d e d a n d k e p t . 
6.1.9 P r o v i s i o n s h a l l b e m a d e f o r a s y s t e m capable o f p r o v i d i n g c o n t i n u o u s 

m o n i t o r i n g o f t h e p o s i t i o n a n d o r i e n t a t i o n o f t h e ob j ec t i n r e l a t i o n t o t h e d e s i r e d 
p o s i t i o n ( b e a c o n ) , as w e l l as a s e c o n d ( i n d e p e n d e n t o f t h e f i r s t s y s t e m ) s y s t e m 
i n t e n d e d t o d u p l i c a t e a n d m o n i t o r t h e p r i m a r y s y s t e m . 

I t i s r e c o m m e n d e d t o m o n i t o r a n d r e c o r d t h e ob j ec t i n s t a l l a t i o n process b y 
m e a n s o f R O V o r p r e - i n s t a l l e d T V cameras . 

6.1.10 P r i o r t o s u b m e r s i o n , t h e ob j ec t s h a l l b e o r i e n t e d t o t h e d e s i g n 
p o s i t i o n b y m e a n s o f sh ips o r p r e - i n s t a l l e d m o o r i n g b u o y s . 

6.2 W o r k i n g s i t e p r e p a r a t i o n 
6.2.1 P r e p a r a t i o n o f t h e w o r k i n g s i t e s h a l l b e p r o v i d e d p r i o r t o t h e ob j ec t 

i n s t a l l a t i o n a n d s h a l l b e c a r r i e d o u t i n c o m p l i a n c e w i t h t h e r e q u i r e m e n t s as f o r 
t h e d e s i g n e d ob jec t . A t d e t e r m i n i n g t h e d i m e n s i o n s o f t h e w o r k i n g s i t e t h e 
necessa ry a l l o w a n c e s s h a l l b e p r o v i d e d t o c o n s i d e r t h e i n a c c u r a c y o f : 

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

f o l l o w i n g o p e r a t i o n s : 
seabed s u r v e y a n d r e m o v a l o f obs tac les b o t h o n a n d i n s o i l s t ra ta , p resence 

o f w h i c h i s n o t a l l o w e d ; 
l e v e l l i n g ; 
r e m o v a l , w h e r e necessary , f o u l h o l d i n g g r o u n d , s i l t , etc. ; 
l a y o u t o f g o o d h o l d i n g g r o u n d ( i f neces sa ry ) . 
I m m e d i a t e l y p r i o r t o i n s t a l l a t i o n , t h e c o n t r o l e x a m i n a t i o n o f t h e w o r k i n g 

s i t e s h a l l b e m a d e i n o r d e r t o c o n f i r m t h e p o s s i b i l i t y o f t h e ob j ec t i n s t a l l a t i o n . 
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6.2.2 T h e m a r i n e o p e r a t i o n d e s i g n o n t h e ob j ec t i n s t a l l a t i o n s h a l l s p e c i f y 
t h e issues c o n c e r n i n g : 

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

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

w a t e r e n g i n e e r i n g w o r k s a n d d i v i n g o p e r a t i o n s ; 
o b j e c t i n s t a l l a t i o n accuracy ; 
t o l e r a n c e s f o r g e o m e t r i c a l p a r a m e t e r s o f t h e s i t e ; 
s a f e l y m e a s u r e s t o b e t a k e n d u r i n g s i t e p r e p a r a t i o n ; 
s a f e l y m e a s u r e s t o b e t a k e n d u r i n g d i v i n g o p e r a t i o n s . 
6.2.3 S c o p e a n d l e v e l o f d e t a i l o f d o c u m e n t a t i o n u s e d f o r t h e d e v e l o p m e n t 

o f m a r i n e o p e r a t i o n d e s i g n o n t h e ob j ec t i n s t a l l a t i o n a t t h e w o r k i n g s i t e s h a l l b e 
d e t e r m i n e d based o n t h e spec i f i c cha rac te r a n d scope o f w o r k s t o b e p e r f o r m e d . 

6.2.4 S i t e s u r v e y s h a l l b e c a r r i e d o u t i n c o m p l i a n c e w i t h 3.10 a n d 3.11, 
P a r t П " G e n e r a l R e q u i r e m e n t s " o f these R u l e s a n d t h e r e q u i r e m e n t s o f 
n o r m a t i v e d o c u m e n t s o f t h e R u s s i a n F e d e r a t i o n 

6.3 P o s i t i o n i n g 
6.3.1 T h e ob j ec t s h a l l b e i n s t a l l e d i n a d e s i g n p o s i t i o n a n d k e p t i n t h i s 

p o s i t i o n b y o w n a n c h o r s , a u x i l i a r y sh ips , m o o r i n g b u o y s ( p r e - i n s t a l l e d ) o r 
c o m b i n a t i o n t h e r e o f . 

6.3.2 T h e t e c h n i c a l f a c i l i t i e s s h a l l en su re p o s i t i o n k e e p i n g o f t h e f l o a t i n g 
ob j ec t w i t h i n t h e l i m i t s s p e c i f i e d i n t h e d e s i g n u n d e r r a t e d m e t o c e a n c o n d i t i o n s 
s p e c i f i e d b y t h e d e s i g n , b u t n o t less t h a n t h e f o l l o w i n g : 

d e s i g n w a v e h e i g h t w i t h 3 p e r c e n t p r o b a b i l i t y o f e x c e e d i n g l e v e l - n o t less 
t h a n 2 m ; 

d e s i g n w i n d v e l o c i t y — n o t less t h a n 10 m / s . 
6.3.3 F o r b e t t e r ob j ec t o r i e n t a t i o n i n r e l a t i o n t o subsea s t ruc tu res a v a i l a b l e 

a t t h e w o r k i n g s i t e , these s t ruc tu res a re r e c o m m e n d e d t o b e m a r k e d w i t h c l e a r l y 
v i s i b l e b u o y s . 

6.3.4 T o m o n i t o r ob j ec t p o s i t i o n i n r e l a t i o n t o t h e e n d s e c t i o n o f subsea 
p i p e l i n e , t hese s t ruc tu res a re r e c o m m e n d e d t o b e c l e a r l y m a r k e d . 

6.4 S u b m e r s i o n a n d s e t t i n g d o w n 
6.4.1 T h e m e t h o d o f o b j e c t s u b m e r s i o n ( o n a n e v e n k e e l , w i t h a h e e l / t r i m o r 

w i t h t h e i n i t i a l h e e l / t r i m a n d f u r t h e r l e v e l l i n g o f t h e ob j ec t a t t h e e v e n k e e l ) s h a l l 
b e d e t e r m i n e d i n t h e ob j ec t p l a n a p p r o v a l d o c u m e n t a t i o n a n d s p e c i f i e d i n t h e 
t e c h n i c a l d o c u m e n t a t i o n o f m a r i n e o p e r a t i o n . 

6.4.2 T h e f o l l o w i n g p a r a m e t e r s s h a l l b e c o n s i d e r e d i n e v a l u a t i o n o f t h e 
o p e r a t i o n a l f e a s i b i l i t y : 
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l i m i t i n g e n v i r o n m e n t a l c o n d i t i o n s ; 
t i m e l i m i t a t i o n s d e t e r m i n e d b y t h e w e a t h e r w i n d o w ; 
s t r u c t u r a l l i m i t a t i o n s f o r t h e ob jec t ; 
b a l l a s t i n g s y s t e m capac i ty ; 
o b j e c t b u o y a n c y a n d s t a b i l i t y ; 
s o i l charac te r i s t i cs a n d o n - b o t t o m s t a b i l i t y . 
6.4.3 T h e b a l l a s t i n g s y s t e m s h a l l ensu re : 
d e s i g n t i m e o f t h e ob j ec t s e t t i n g d o w n o n t h e seabed; 
s u b m e r s i o n r a t e , p r i m a r i l y , w h e n t h e s u b s t r u c t u r e approaches t h e seabed, 

t h a t p r e v e n t s i m p a c t s u p o n t h e seabed w h i c h m a y cause damages t o t h e 
subs t ruc tu re , e spec i a l l y , t o t h e s k i r t , i f a n y ; 

g e n e r a t i o n o f r e q u i r e d c l a m p i n g f o r c e t o ensu re o n - b o t t o m s t a b i l i t y w h e n 
t h e ob j ec t i s e x p o s e d t o e x t e r n a l l oads d u r i n g i n s t a l l a t i o n u n t i l i t i s f i n a l l y 
f as tened ; 

c a p a b i l i t y o f t h e ob j ec t a l i g n m e n t i n a h o r i z o n t a l p l a n e b y a s y m m e t r i c 
b a l l a s t i n g c o n s i d e r i n g s o i l p a r a m e t e r s a n d seabed t o p o g r a p h y . 

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

6.4.4 W h e n s u b m e r g i n g t h e ob j ec t o n a n e v e n k e e l , t h e p r o c e d u r e f o r f i l l i n g 
b a l l a s t t a n k s s h a l l b e p r o v i d e d t h a t ensures safe s u b m e r s i o n o f t h e ob j ec t 
w i t h o u t a n y e x c e s s i v e h e e l s / t r i m s . F o r t h i s p u r p o s e , p r o v i s i o n s h a l l b e m a d e f o r 
s i m u l t a n e o u s f i l l i n g o f t a n k s l o c a t e d s y m m e t r i c a l l y r e l a t i v e t o t h e s u b s t r u c t u r e 
center. E s t i m a t e d c o r r e c t i o n f o r t h e m e t a c e n t r i c h e i g h t d u e t o f ree sur face effects 
i n t h e s i m u l t a n e o u s l y f i l l e d b a l l a s t t a n k s s h a l l b e p r o v i d e d . 

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

6.4.6 T h e b a l l a s t i n g p l a n s h a l l c o n t a i n a g r a p h i c a l cha r t s h o w i n g t h e 
m e t a c e n t r i c h e i g h t v a r i a t i o n d u r i n g t h e ob j ec t s u b m e r s i o n a n d p o s s i b l e hee l s / 
t r i m s ( u n d e r t h e d e s i g n w i n d a n d w a v e c o n d i t i o n s ) , a n d a s u i t a b l e e q u i p m e n t 
s h a l l b e p r o v i d e d f o r m o n i t o r i n g t h e r e o f . P a r t i c u l a r e m p h a s i s s h a l l b e p l a c e d o n 
t h e m o m e n t o f a b r u p t change o f t h e w a t e r l i n e a rea w h i c h m a y cause a d ras t i c 
inc rease i n h e e l / t r i m . 

6.4.7 W h e r e s k i r t s a re a v a i l a b l e , t o a v o i d e f fec t o n t h e s o i l su r face a n d 
f o r m a t i o n o f o b s t r u c t i o n s o n t h e o u t s i d e o f t h e s k i r t s , t h e s ide d r i f t o f t h e ob j ec t 
s h a l l b e p r e v e n t e d . T h e s e o b s t r u c t i o n s m a y b l o c k t h e s k i r t p e n e t r a t i o n i n t o t h e 
seabed. T h i s o p e r a t i o n s h a l l b e m o n i t o r e d t o a v o i d p o r e w a t e r o v e r p r e s s u r e 
(p ressure e x c e s s i v e i n r e l a t i o n t o h y d r o s t a t i c p r e s su re a r i s i n g i n t h e seabed s o i l 
s a tu ra t ed b y sea w a t e r d u e t o s o i l s t a b i l i z a t i o n ) i n s i d e t h e s k i r t e l e m e n t s w h i c h 
m a y r e s u l t i n l o c a l seabed e r o s i o n . 
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6.4.8 L i n e s u s e d i n t h e ob j ec t i n s t a l l a t i o n s h a l l , w h e r e p o s s i b l e , b e a t t ached 
t o t h e o b j e c t s t ruc tu res l o c a t e d a b o v e t h e final w a t e r l i n e a n d e a s i l y r e l ea sed 
( s t ep -by-s tep ) . 

6.4.9 P r o v i s i o n s h a l l b e m a d e f o r a d e b a l l a s t i n g p l a n i n t h e e v e n t o f n o t 
p rec i se ob j ec t s e t t i n g o n t h e seabed, u p f l o a t a n d r e - b a l l a s t i n g . 

6.4.10 I f t he ba l las t t anks are filled n o t b y o w n p u m p s , b u t b y d e l i v e r y o f w a t e r 
from the s u p p l y vessels , t he ar rangements s h a l l b e p r o v i d e d o n t he object deck 
enab l ing t o connect t he hoses from the s u p p l y vessels t o the object ba l las t s y s t e m 

6.4.11 T h e c a l c u l a t i o n s s h a l l b e m a d e t o p r o v e t h e ob j ec t s t a b i l i t y a f t e r 
t o u c h i n g t h e seabed i n w e a t h e r c o n d i t i o n s accepted f o r t h e o p e r a t i o n t i l l 
c o m p l e t i o n o f b a l l a s t i n t a k e a n d / o r p i l e d r i v i n g . 

T h e s a m e c a l c u l a t i o n s s h a l l b e m a d e f o r w e a t h e r c o n d i t i o n s t h a t m a y a r i se 
i n case o f d e l a y s , w h i c h p r e v e n t t i m e l y b a l l a s t i n t a k e . T h e s a i d c a l c u l a t i o n s s h a l l 
b e m a d e b y t h e ob j ec t de s igne r a n d t h e i r r e su l t s s h a l l b e i n d i c a t e d i n t h e m a r i n e 
o p e r a t i o n d e s i g n . 

6.4.12 A p e r s o n w h o i s a m e m b e r o f t h e k e y p e r s o n n e l , f a m i l i a r w i t h t h e 
p e c u l i a r i t i e s o f t h e s u b m e r g e n c e o p e r a t i o n s , has e x p e r i e n c e i n s i m i l a r o p e r a t i o n s 
(e .g . d o c k m a s t e r o f f l o a t i n g d o c k ) s h a l l b e r e s p o n s i b l e f o r t h e p e r f o r m a n c e o f 
s u b m e r g e n c e o p e r a t i o n . A l l these o p e r a t i o n s s h a l l b e e x e c u t e d o n l y a f t e r t h e 
a p p r o v a l has b e e n g r a n t e d b y t h e a b o v e p e r s o n o r a t h i s c o m m a n d . 

6.4.13 O b j e c t p o s i t i o n m o n i t o r i n g d u r i n g s u b m e r s i o n m a y b e p e r f o r m e d 
u s i n g G N S S o r b y c h e c k i n g p o i n t s . 

6.4.14 T h e o p e r a t i o n d e s i g n s h a l l s p e c i f y t h e r e q u i r e m e n t s f o r : 
d i s p o s i t i o n a n d p o s i t i o n i n g o f sh ips a n d sequence o f t h e o p e r a t i o n ; 
e q u i p m e n t o f m o o r i n g a n d a n c h o r i n g a r r a n g e m e n t s w i t h l i n e t e n s i o n 

m o n i t o r i n g s y s t e m s ( i f a p p l i c a b l e ) ; 
c o m p o s i t i o n o f p o s i t i o n i n g s y s t e m s ; 
f a c i l i t i e s t o m o n i t o r t h e ob j ec t d i s p l a c e m e n t s , d ra f t , h e e l a n d t r i m ; 
m e a n s o f c o m m u n i c a t i o n b e t w e e n t h e c o n t r o l cen t r e , c o n t r o l s t a t i o n s a n d 

sh ips ; 
a c t i v i t i e s o f p e r s o n s i n v o l v e d i n t h e o p e r a t i o n u n d e r c h a n g i n g m e t o c e a n 

c o n d i t i o n s , i n case w h e r e t h e p a r a m e t e r s o f e n v i r o n m e n t a l ef fects e x c e e d t h e 
d e s i g n ones , a n d i n acc iden t s i t u a t i o n s . 

6.4.15 A f t e r t h e ob j ec t h a v e b e e n set d o w n o n t h e seabed /cush ion , t h e 
u n d e r w a t e r s u r v e y o f i t s a c t u a l p o s i t i o n s h a l l b e c a r r i e d o u t , w h i c h s h a l l i n c l u d e 
( i f a p p l i c a b l e ) m e a s u r e m e n t s o f t h e r e l a t i v e p o s i t i o n o f t h e ob j ec t a n d e n d 
p o r t i o n o f t h e subsea p i p e l i n e o r o t h e r p r e - i n s t a l l e d ob jec t s . B a s e d o n t h e r e su l t s 
o f u n d e r w a t e r s u r v e y , a n a p p r o p r i a t e r e p o r t s h a l l b e d r a w n u p , a n d t h e o p e r a t i o n 
s h a l l b e c o n s i d e r e d as c o m p l e t e d i f t h e a c t u a l m e a s u r e m e n t s a re w i t h i n t h e 
d e s i g n t o l e r a n c e s . 
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6.4.16 P r o t e c t i o n o f s o i l f r o m e r o s i o n f o r g r a v i t y - t y p e ob jec t s . 
6.4.16.1 D e p e n d i n g o n t h e shape o f t h e base, t y p e o f s o i l , l o c a l c u r r e n t s , t h e 

ob j ec t m a y r e q u i r e p r o t e c t i o n aga ins t e r o s i o n , s u c h as b u n d i n g w i t h g r a v e l , 
s t one , spec i a l p r o t e c t i v e m a t e r i a l s . 

6.4.16.2 D u r i n g c o n s t r u c t i o n o f s o i l p r o t e c t i o n , a c o n s i d e r a b l e n u m b e r o f 
sh ips a re i n v o l v e d i n t h e v i c i n i t y o f t h e p l a t f o r m ( o b j e c t ) , so i t i s r ea sonab l e t o 
p r o v i d e a s e c t i o n c o n t a i n i n g r e q u i r e m e n t s f o r t h e ob j ec t i n s t a l l a t i o n i n t h e ob j ec t 
i n s t a l l a t i o n d e s i g n . 

6.4.16.3 T h e s e c t i o n m a y c o n t a i n t h e f o l l o w i n g p rocess s teps: 
passage o f f l o o d p r o t e c t i o n vesse l ( F P V ) t o t h e object w i t h speci f ied a m o u n t o f 

suppl ies o n boa rd , a n d c o m m e n c e m e n t o f p r o t e c t i o n c o n s t r u c t i o n w o r k s ; 
p r o t e c t i v e m a t e r i a l s s u p p l y t o t h e o p e r a t i o n a rea as p e r t h e i r e x p e n d i t u r e 

( p e r f o r m e d b y a t r a n s p o r t s h i p — T S ) ; 
T S t e m p o r a r y a n c h o r a g e a n d F P V a p p r o a c h t h e r e t o ; 
t r a n s s h i p m e n t o f m a t e r i a l s from T S t o F P V ; 
m o n i t o r i n g o f p r o t e c t i o n p a r a m e t e r s c o m p l i a n c e i n h e i g h t a n d s i ze w i t h t h e 

d e s i g n ones ( c a n b e p e r f o r m e d b y R O V , w h i c h i s p r o v i d e d o n F P V ) . 
6.4.16.4 C o n s t r u c t i o n o f p r o t e c t i o n i s p e r f o r m e d a c c o r d i n g t o t h e F P V 

o w n e r ' s p rocedu re s a n d i t s g e n e r a l p r o v i s i o n s s h a l l b e s p e c i f i e d i n t h e 
d o c u m e n t a t i o n o f p r o t e c t i o n c o n s t r u c t i o n d e s i g n . 

T h e acceptable m e t o c e a n c o n d i t i o n s ( A M C ) f o r c o n s t r u c t i o n o f p r o t e c t i o n 
s h a l l a l s o b e d e t e r m i n e d i n t h i s d o c u m e n t a t i o n . I f A M C a re exceeded , t h e 
c o n s t r u c t i o n o f p r o t e c t i o n s h a l l b e i n t e r r u p t e d a n d F P V s h a l l b e l a i d u p a t t h e 
t e m p o r a r y a n c h o r a g e f o r a n t i c i p a t i o n o f b e t t e r w e a t h e r c o n d i t i o n s . 

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

6.4.16.5 A t leas t t w o t e m p o r a r y s a f e t y z o n e s s h a l l b e d e t e r m i n e d — t h e 
m o s t h a z a r d o u s z o n e w h e r e F P V p e r f o r m s c o n s t r u c t i o n , a n d m o r e e x t e n s i v e 
z o n e , w h i c h i n c l u d e s a n c h o r a g e / t r a n s s h i p m e n t areas a n d m a n e u v e r i n g areas f o r 
e n t e r i n g / d e p a r t i n g . 

6.4.16.6 A n i n i t i a l b a t h y m e t r i c s u r v e y a l o n g t h e p r o f i l e s o f f u t u r e p r o t e c t i o n 
s h a l l b e p e r f o r m e d b e f o r e t h e c o n s t r u c t i o n o f t h e p r o t e c t i o n . T h e s u r v e y r e su l t s 
s h a l l b e u s e d as t h e bas i s f o r t h e a p p r o v a l o f p r o t e c t i o n c o n s t r u c t i o n r e s u l t s . 
M o n i t o r i n g o f t h e p r o t e c t i o n h e i g h t s h a l l b e c a r r i e d o u t b y t h e r epea t ed 
b a t h y m e t r i c s u r v e y a l o n g t h e s a m e p r o f i l e s as t h e i n i t i a l ones . T h e a c t u a l 
p r o t e c t i o n h e i g h t ( t h i c k n e s s ) s h a l l b e d e t e r m i n e d b y t h e p r o f i l e s h e i g h t 
d i f f e rences a n d s h a l l b e c o m p a r e d w i t h t h e d e s i g n e d o n e . 

6.4.16.7 I t s h a l l b e p r o v i d e d , t ha t t he m i n i m u m distance b e t w e e n F P V a n d the 
object de f ined cons ide r ing t he l o c a t i o n a n d l e n g t h o f t he m a t e r i a l w i n d r o w i n g p i p e 
w i l l b e suf f ic ien t t o a v o i d c o l l i s i o n s b e t w e e n t h e object a n d F P V . 
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T o a v o i d p o s s i b l e c o l l i s i o n s , w h e n F P V m o v e s a l o n g t h e ob jec t , p a r t i c u l a r l y 
i f t h e l e n g t h o f t h e ob j ec t i s s i g n i f i c a n t , i t s h a l l b e p r o v i d e d , t h a t t h e s h i p ' s speed 
does n o t cause t h e s u c t i o n p h e n o m e n o n o f F P V t o t h e ob jec t ' s b o a r d . 

T o m o n i t o r t h e d i s t ance b e t w e e n F P V a n d t h e ob jec t ' s b o a r d t h e a p p r o p r i a t e 
e q u i p m e n t a n d a l a r m s y s t e m t h a t a l e r t s t o d a n g e r o u s a p p r o a c h o f F P V t o w a r d s 
t h e ob j ec t s h a l l b e p r o v i d e d . 

6.5 F i x i n g o f t h e o b j e c t a t t h e i n s t a l l a t i o n s i t e 
6.5.1 P i l i n g . 
6.5.1.1 S e l e c t i o n o f t h e p i l e d r i v i n g e q u i p m e n t s h a l l b e based o n a 

c a l c u l a t i o n . 
6.5.1.2 T h e f o l l o w i n g p a r a m e t e r s s h a l l b e e s t ab l i shed b y t h e c a l c u l a t i o n : 
p i l e d r i v i n g res i s tance o f s o i l ; 
c h e c k f o r p r o p e r s e l e c t i o n o f t h e h a m m e r f o r p i l e d r i v i n g d o w n t o t h e 

r e q u i r e d m a r k o r t h e p i l e b e a r i n g capac i ty ; 
m a x i m u m d y n a m i c c o m p r e s s i n g a n d t e n s i l e stresses i n c ross -sec t ions a l o n g 

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

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

i m p a c t . T h e c o m p u t e r c a l c u l a t i o n p r o g r a m s r e c o m m e n d e d b y t h e R o s s t r o y 
( R A M - 2 , D I Z O - 2 ) o r s i m i l a r f o r e i g n p r o g r a m s m a y b e u s e d f o r c a l c u l a t i o n . 

6.5.1.4 T h e s o i l r es i s tance m a y b e d e t e r m i n e d b y m e a n s o f t h e d e s i g n 
t a b u l a t e d s o i l res i s tances i n accordance w i t h S N i P 2 . 0 2 . 0 3 - 8 5 * o r f r o m t h e 
p h y s i c a l a n d m e c h a n i c a l p r o p e r t i e s o f t h e s o i l ( i n t e r n a l r e s i s t ance fac tor , 
a d h e s i o n , dens i t y , e tc . ) i n accordance w i t h t h e a l g o r i t h m f o r s a n d y a n d c l a y 
s o i l s . 

6.5.1.5 T h e m a x i m u m d y n a m i c stresses d u r i n g d r i v i n g o f p i l e s s h a l l n o t 
exceed 0 ,9 o f t h e p i l e m a t e r i a l y i e l d s t r e n g t h . 

6.5.1.6 T h e f a i l u r e p a r a m e t e r s d u r i n g d r i v i n g o f p i l e s ( m i n i m u m p i l e 
p e n e t r a t i o n a t a c e r t a i n n u m b e r o f d r i v e b l o w s ) s h a l l b e s p e c i f i e d b y t h e 
des igner , b u t u n d e r n o c i r c u m s t a n c e s t h e y s h a l l b e less t h a n t h o s e i n d i c a t e d i n 
t h e h a m m e r s p e c i f i c a t i o n . 

6.5.1.7 A r r a n g e m e n t s s h a l l b e m a d e t o c o v e r i n i t i a l f a i l u r e w h e n p e n e t r a t i o n 
i s less t h a n t h e d e s i g n o n e ( s o i l e r o s i o n , d r i l l i n g o v e r ) . P e n e t r a t i o n o f t h e p i l e 
w h i c h i s less t h a n t h e d e s i g n o n e m a y b e p e r m i t t e d o n l y u p o n a g r e e m e n t w i t h 
t h e de s igne r o f p i l i n g . 

6.5.1.8 T h e o b j e c t o n - b o t t o m s t a b i l i t y s h a l l b e e n s u r e d d u r i n g d r i v i n g o f 
p i l e s w h e n t h e ob j ec t i s sub jec t ed t o t h e d e s i g n e x t e r n a l l oads . I f necessary , 
t e m p o r a r y b a l l a s t i n g o f t h e ob j ec t s h a l l b e p r o v i d e d . 
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6.5.1.9 A s a m i n i m u m , t h e f o l l o w i n g i n f o r m a t i o n s h a l l b e d o c u m e n t e d f o r 
each p i l e t o b e i n s t a l l e d : 

p i l e n u m b e r a n d s u p p o r t p o s i t i o n ; 
da te a n d t i m e o f d r i v i n g ; 
p e n e t r a t i o n d u e t o s e l f w e i g h t o f t h e p i l e a n d w e i g h t w i t h t h e p i l e - d r i v i n g 

h a m m e r s t abbed o n t o p o f t h e p i l e ( a n d w i t h spacer p i l e , i f a p p l i c a b l e ) ; 
p i l e p e n e t r a t i o n dep th ; 
d r i v e b l o w c o u n t s ( n u m b e r o f b l o w s f o r e a c h 2 5 0 m m o f p i l e p e n e t r a t i o n ) . 
6.5.1.10 U p o n c o m p l e t i o n o f p i l e d r i v i n g , ob j ec t p o s i t i o n a n d v e r t i c a l i t y 

s h a l l b e v e r i f i e d . 
6.5.1.11 P i l e s s h a l l b e secured i n t h e p i l e s l e e v e s b y t h e m e t h o d s p e c i f i e d i n 

t h e d e s i g n - b y g r o u t i n g , e x p a n s i o n o f p i l e s i n t h e g u i d e g r o o v e s ( m e t h o d 
H Y D R A - L O C K ) , s w a g i n g o f p i l e s , w e l d i n g . T h e s e c u r i n g p r o c e d u r e s h a l l b e 
s u b m i t t e d t o t h e R e g i s t e r f o r c o n s i d e r a t i o n . 

6.5.1.12 R e q u i r e m e n t s f o r t h e p r o c e d u r e o f t h e p i l e h e a d g r o u t i n g i n t h e 
subs t ruc tu r e p i l e s l o t s : 

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

.2 t h e g r o u t s u p p l y s y s t e m s h a l l b e capab le o f f i l l i n g t h e c lea rance b e t w e e n 
t h e p i l e a n d p i l e s l o t w i t h o u t a n y free space; 

.3 i t i s r e c o m m e n d e d t o c a r r y o u t g r o u t s u p p l y p i p e a s s e m b l y d u r i n g t h e 
ob jec t m a n u f a c t u r e ; 

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

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

.6 d u r i n g g r o u t i n g r e f e rence s p e c i m e n s s h a l l b e m a d e t o d e t e r m i n e conc re t e 
s t r e n g t h i n accordance w i t h G O S T 1 0 1 8 0 - 9 0 ( 4 s p e c i m e n s p e r p i l e ) . R e f e r e n c e 
s p e c i m e n s d u r i n g h a r d e n i n g s h a l l b e k e p t u n d e r t h e s a m e c o n d i t i o n s w h e r e i n t h e 
g r o u t i n t h e a n n u l a r c lea rance o f t h e p i l e c o n n e c t i o n ga in s s t r e n g t h ; 

. 7 a r r a n g e m e n t s s h a l l b e m a d e f o r u n f o r e s e e n s i t u a t i o n s : 
c e m e n t a t i o n w h e n t h e c lea rance i s f i l l e d i n c o m p l e t e l y , e.g. i n t h e e v e n t o f 

t h e conc re t e p u m p f a i l u r e ; 
c l ea rance sea l f a i l u r e i n t h e u p p e r a n d l o w e r par t s w i t h t h e g r o u t l e a k i n g ; 
c h o c k i n g o f t h e g r o u t s u p p l y p ipes ; 
.8 a r r a n g e m e n t s s h a l l b e m a d e t o p r e v e n t m a r i n e p o l l u t i o n . 
6.5.2 G r a v i t y p e n e t r a t i o n . 
6.5.2.1 G r a v i t y p e n e t r a t i o n i n t o t h e seabed i s a c h i e v e d b y a d d i n g w e i g h t t o 

t h e ob j ec t b y w a t e r a n d s o l i d b a l l a s t i n t a k e . 
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6.5.2.2 T h e p o r e p re s su re i n d i c a t o r s s h a l l b e p r o v i d e d . T h e r e q u i r e d a m o u n t 
o f t h e w a t e r a n d s o l i d b a l l a s t s h a l l b e d e t e r m i n e d t o ensu re c l a m p i n g f o r c e . 

6.5.2.3 W h e r e s o l i d b a l l a s t i s l o a d e d , a spec ia l g r o u p o f t a n k s i n t e n d e d o n l y 
f o r c l a m p i n g f o r c e g e n e r a t i o n , a n d t h e sequence o f f i l l i n g t h e r e o f w h i c h m a k e s 
i t p o s s i b l e t o s i m p l i f y c o n t r o l o f t h e a m o u n t o f w a t e r t a k e n s h a l l b e d e t e r m i n e d . 

6.5.2.4 W h e r e s o l i d bal las t i n t he f o r m o f a f l o w concrete m i x that f i l l s t he object 
compar tmen t is loaded, t he w o r k per fo rmance design sha l l t ake account o f : 

a r r a n g e m e n t o f e q u i p m e n t f o r m a k i n g u p conc re t e m i x ; 
p r o c e d u r e o f d e l i v e r y , s to rage a n d i n s p e c t i o n o f d i r e c t m a t e r i a l s p r i o r t o use ; 
m o i s t c u r i n g o f conc re t e , w h i c h d e f i n e p r o d u c t i o n o f a d u r a b l e s t r uc tu r e . 
6.5.2.5 T h e r equ i r emen t s f o r s o l i d ba l las t p l a c e m e n t are g i v e n i n A p p e n d i x 3 . 
6.5.3 I n s t a l l a t i o n o f p o s i t i o n m o o r i n g s y s t e m f o r f l o a t i n g o b j e c t s . 
6.5.3.1 T h e p o s i t i o n m o o r i n g s y s t e m s h a l l b e i n s t a l l e d i n t h e f o l l o w i n g 

sequence: 
a n c h o r p o s i t i o n s s h a l l b e d e t e r m i n e d ; 
a n c h o r s w i t h a t t ached b r i d l e s a n d b u o y s m a r k i n g a n c h o r p o s i t i o n s s h a l l b e 

i n s t a l l e d ; 
b r i d l e s s h a l l b e l a i d from e a c h a n c h o r t o f l o a t i n g ob j ec t a n d a t t ached 

t h e r e t o ; 
a n c h o r w i t h h i g h h o l d i n g capac i t y s h a l l b e t i g h t e n e d u p a n d the rea f t e r 

p o s i t i o n o f a n c h o r s a n d b r i d l e s s h a l l b e v e r i f i e d . 
6.5.3.2 I n case w h e r e p o s i t i o n m o o r i n g s y s t e m i s i n s t a l l e d i n t h e a rea w i t h 

w a t e r d e p t h e x c e e d i n g 6 0 m a n d w i t h p r e - i n s t a l l e d o f f s h o r e s t ruc tu re s , i t i s 
r e c o m m e n d e d t h a t t h e d e s i g n c learances d e t e r m i n e d w i t h c o n s i d e r a t i o n f o r 
e n v i r o n m e n t a l i m p a c t o n t h e ob j ec t a n d b r e a k a g e o f o n e a n c h o r l i n e are n o t less 
t h a n t h e d is tances f r o m t h o s e s t ruc tu res t o t h e p o s i t i o n m o o r i n g s y s t e m e l e m e n t s 
g i v e n i n T a b l e 6 . 5 . 3 . 2 . 

W h e n s y n t h e t i c f i b e r ropes are used , c learances s h a l l b e p a r t i c u l a r l y 
d e t e r m i n e d f o r e a c h case. T h e y d e p e n d o n t h e s y s t e m g e o m e t r y u n d e r 
e n v i r o n m e n t a l l o a d v a r i a t i o n a n d o n t h e effects o f con tac t b e t w e e n t h e a n c h o r 
l i n e a n d o f f s h o r e s t ruc tu res . 

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

T h e m i n i m u m c l ea r ances f r o m s t r u c t u r e s o n t h e seabed g i v e n i n 
T a b l e 6 . 5 . 3 . 2 a re v a l i d f o r d r ag a n c h o r s . F o r o t h e r t y p e s o f a n c h o r s ( w i t h o u t 
s u b s t a n t i a l d r a g g i n g ) lesser c learances m a y b e accepted. 

T h e c u s t o m e r m a y e s t a b l i s h m o r e s t r i n g e n t r e q u i r e m e n t s f o r t h e c learances . 
F o r sea dep ths less t h a n 6 0 m , a f t e r d e t a i l e d r e v i e w o f t h e p o s i t i o n m o o r i n g 

s y s t e m charac te r i s t i c s a n d effects o f f a i l u r e s o r w r o n g a c t i o n s , less s t r i n g e n t 
r e q u i r e m e n t s t h a n t h o s e p r o p o s e d i n T a b l e 6 . 5 . 3 . 2 m a y b e accepted. 
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T a b l e 6 . 5 . 3 . 2 
M i n i m u m d i s t a n c e s f r o m t h e p o s i t i o n m o o r i n g s y s t e m e l e m e n t s 

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

S t r u c t u r e s D i r e c t i o n 
o f a n c h o r l i n e s 

D i s t a n c e s t o s t ruc tu res S t r u c t u r e s D i r e c t i o n 
o f a n c h o r l i n e s 

V e r t i c a l H o r i z o n t a l 

O n t h e sur face 

F l o a t i n g a n d f i x e d objec ts o r t w o 
floating objec ts 

— b ) 1 0 m 

S u b m e r g e d 

A n c h o r l i n e s o f objec ts i n o p e r a t i o n A n y d i r e c t i o n a ) 1 0 m 
b ) W i t h o u t con tac t 

a ) 1 0 m 
b ) W i t h o u t c o n t a c t 

A n c h o r l i n e s o f objec ts t a k e n o u t o f 
o p e r a t i o n 

A n y d i r e c t i o n a ) 5 m 
b ) C o n t a c t i s 

acceptable 

a ) 5 m 
b ) C o n t a c t i s 

acceptable 

A n c h o r l i n e a n d u n p r o t e c t e d p i p e l i n e / 
f l e x i b l e d r i l l s t e m 

P i p e l i n e c r o s s i n g a) 1 0 m 
b ) W i t h o u t con tac t 

— 
A n c h o r l i n e a n d p r o t e c t e d p i p e l i n e / 
f l e x i b l e d r i l l s t e m 

P i p e l i n e c r o s s i n g a) W i t h o u t con tac t 
b ) C o n t a c t i s 

acceptable 

A n c h o r l i n e a n d subsea s t r u c t u r e C r o s s i n g o f subsea 
s t r u c t u r e 

C r o s s i n g i s 
g e n e r a l l y 

unaccep tab le 

A n c h o r l i n e a n d subsea s t ruc tu re o r 
u n p r o t e c t e d p i p e l i n e / f l e x i b l e d r i l l 
s t e m 

W i t h o u t c r o s s i n g 
( p a r a l l e l ) 

1 5 0 m 

A n c h o r l i n e a n d p r o t e c t e d p i p e l i n e / 
f l e x i b l e d r i l l s t e m 

W i t h o u t c r o s s i n g 
( p a r a l l e l ) 

— 5 0 m 

A n c h o r a n d subsea s t r u c t u r e o r f i x e d 
ob j ec t 

A n y d i r e c t i o n — 3 0 0 m o r 5 0 m 1 ' 2 

' P r o v i d e d t h a t t h e a n c h o r i s i n s t a l l e d b y m e a n s o f R O V . 
2 I f t h e a n c h o r d r a g g i n g sec to r i s l o c a t e d o u t o f t h e s t r uc tu r e . 
a ) I n case o f i n t a c t p o s i t i o n m o o r i n g s y s t e m w i t h c o n s i d e r a t i o n f o r t h e ob j ec t s h i f t i n g due t o 

d e s i g n e n v i r o n m e n t a l l o a d s . 
b ) I n case o f o n e a n c h o r l i n e b r e a k a g e a n d o b j e c t s h i f t i n g . 

6.5.3.3 O t h e r t y p e s o f a n c h o r s s h a l l b e i n s t a l l e d w i t h i n t h e t o l e r ances 
s p e c i f i e d i n t h e o p e r a t i o n d e s i g n . 

I n case w h e r e p i l e s a re u s e d as a n c h o r s , b r i d l e s m a y b e a t t ached t o t h e m 
w i t h t h e h e l p o f d i v e r s a n d l a i d w i t h t h e h e l p o f s u p p l y v e s s e l . 
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6.5.3.4 A d d i t i o n a l r e q u i r e m e n t s f o r i n s t a l l a t i o n w i t h r e i n f o r c e d - c o n c r e t e 
m o o r i n g a n c h o r s : 

. 1 s u c h i n s t a l l a t i o n s h a l l b e c a r r i e d o u t i n accordance w i t h s p e c i a l l y 
d e v e l o p e d p r o c e d u r e a p p r o v e d b y t h e R e g i s t e r ; 

.2 p o s i t i o n s o f t h e m o o r i n g a n c h o r s s h a l l b e c h e c k e d b y d i v e r s o r R O V ; 

.3 c e n t r a l r i n g o f t h e m o o r i n g a n c h o r s s h a l l n o t b e i n " u n d e r n e a t h " o r 
" s i d e w i s e " p o s i t i o n a t w h i c h t h e a n c h o r p r a c t i c a l l y loses i t s h o l d i n g capaci ty . 
T h e r i n g s h a l l l i e i n t h e b r i d l e p l a n e t o a v o i d o c c u r r e n c e o f e x c e s s i v e b e n d i n g 
stresses i n o p e r a t i o n . 

.4 i n o r d e r t o g i v e t o t h e a n c h o r co r r ec t p o s i t i o n i t s h a l l b e l i f t e d b y t h e 
b r i d l e a b o v e t h e seabed a n d e m b e d d e d i n t o t h e s o i l s m o o t h l y ; 

.5 s i nce t h e b r i d l e l e n g t h a l w a y s exceeds i t s p o r t i o n l a y i n g o n t h e seabed 
w h i l e i n w o r k i n g p o s i t i o n , o f a b o u t a v a l u e e q u a l t o t h e sea d e p t h , so w h e n 
l a y i n g b r i d l e , a b e n d ( a h a l f - l o o p ) s h a l l b e m a d e a t t h e e n d o f l a y i n g i n o r d e r t h e 
b i t t e r e n d o f t h e b r i d l e does n o t ge t e n t a n g l e d w i t h t h e b r i d l e s o f ad jacent a n c h o r 
l i n e s ; 

.6 p r i o r t o c o m p l e t i o n o f b r i d l e l a y i n g ( m o m e n t o f h a l f - l o o p f o r m a t i o n ) t h e 
a n c h o r h o l d i n g c a p a c i t y s h a l l b e c h e c k e d t h r o u g h t e s t i n g i t b y t e n s i o n w i t h t h e 
use o f a t u g . I t w i l l b e p r ac t i c ab l e f o r b r i d l e l a y i n g t o use a t u g o n t h e d e c k o f 
w h i c h t h e c o m p l e t e l y r e t r i e v e d b r i d l e m a y b e s t o w e d . 

A n c h o r h o l d i n g capac i t y m a y b e b y s l i n g i n g t h e b r i d l e o n t h e s h i p a n d b y 
e n g i n e o p e r a t i o n t o p r o d u c e p u l l c o r r e s p o n d i n g t o d e s i g n l o a d o n t h e anchor . I n 
case w h e r e d u r i n g 15 m i n t h e a n c h o r does n o t creep, t h e l a y i n g o f t h e b r i d l e 
s h a l l c o n t i n u e u n t i l i t s f u l l l e n g t h i s s l i p p e d . T h e case o f c o n s i d e r a b l e d e s i g n 
l o a d a n d i n s u f f i c i e n t t u g p o w e r i s sub jec t t o spec ia l c o n s i d e r a t i o n b y t h e 
R e g i s t e r ; 

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

6.6 M a t i n g o f o b j e c t s o r p a r t s t h e r e o f a f l o a t 
6.6.1 M a t i n g o f t h e objec ts o r pa r t s t h e r e o f a f l o a t ( h e r e i n a f t e r r e f e r r e d t o as 

" m a t i n g " ) o n h i g h seas i s c o n c e r n e d w i t h t h e o p e r a t i o n s o f j o i n i n g t h e t o p s i d e o r 
t o p s i d e m o d u l e s a n d t h e s u b s t r u c t u r e toge the r . 

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

p r i o r t o t h e m a t i n g o p e r a t i o n ; 
b a l l a s t i n g o f t h e ob jec t s a n d t r a n s p o r t f a c i l i t i e s ; 
p o s i t i o n i n g ; 
a l i g n m e n t o f t h e s t ruc tu res t o b e m a t e d ; 
s e t t i n g o f t h e t o p s i d e o n t h e s u b s t r u c t u r e o r f l o a t i n g - u p o f t h e subs t ruc tu r e . 
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6.6.2 T h e f o l l o w i n g p a r a m e t e r s s h a l l b e c o n s i d e r e d w h e n d e s i g n i n g t h e 
m a t i n g o p e r a t i o n : 

l i m i t i n g e n v i r o n m e n t a l c o n d i t i o n s ; 
t i m e l i m i t a t i o n s d e t e r m i n e d b y t h e w e a t h e r w i n d o w ; 
s t r u c t u r a l l i m i t a t i o n s f o r ob j ec t a n d barges ; 
b a l l a s t i n g s y s t e m capac i ty ; 
b u o y a n c y a n d s t a b i l i t y ; 
h o r i z o n t a l a n d v e r t i c a l m a t i n g t o l e r a n c e s ; 
s k e w loads a n d w h e t h e r t h e s k e w l o a d i n g effects r e m a i n as p e r m a n e n t a f t e r 

c o m p l e t i o n o f t h e m a t i n g o r n o t . 
6.6.3 A d e q u a t e p r o t e c t i o n o f t h e ob j ec t aga ins t i m p a c t l oads s h a l l b e 

ensu red . 
T o a v o i d damages , t h e R e g i s t e r - a p p r o v e d gu i de s , s h o c k absorbers a n d 

c o m p e n s a t o r s based o n s t ee l s p r i n g s , h y d r a u l i c / p n e u m a t i c d a m p i n g s y s t e m s , 
b l o c k p u l l e y , e tc . s h a l l b e adop ted . 

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

a l l stages o f j o i n i n g ob jec t s c o n s i d e r i n g t h e consequences o f i t s a c c i d e n t a l 
f l o o d i n g . 

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

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

b a l l a s t i n g o f t h e s u b s t r u c t u r e t o m a t i n g d ra f t ( o r s e t t i n g o f t h e s u b s t r u c t u r e 
o n t h e seabed i n accordance w i t h t h e r e q u i r e m e n t s o f 6 .4 a n d 6 . 5 ) ; 

p o s i t i o n i n g o f t h e b a r g e w i t h t h e t o p s i d e t h e r e o n a b o v e t h e subs t ruc tu r e ; 
s u b m e r s i o n o f t h e b a r g e o r f l o a t i n g - u p o f t h e subs t ruc tu r e u n t i l t h e t o p s i d e 

c o m e s i n t o con tac t w i t h t h e subs t ruc tu r e ; 
s t r u c t u r a l d e f o r m a t i o n o f s u b s t r u c t u r e a t i n i t i a l s tage o f t h e t o p s i d e w e i g h t 

t r a n s f e r from t h e b a r g e t o t h e s u b s t r u c t u r e i n case o f m i s m a t c h ( d e t a c h m e n t ) o f 
t h e t o p s i d e surfaces a n d t h e s u b s t r u c t u r e surfaces t o b e m a t e d h o r i z o n t a l l y ; 

t o p s i d e w e i g h t t r a n s f e r from t h e b a r g e t o t h e subs t ruc tu r e b y c o n t i n u i n g t o 
p e r f o r m b a l l a s t i n g / d e b a l l a s t i n g o p e r a t i o n s ; 

b a l l a s t i n g o f t h e s u b s t r u c t u r e t o d e s i g n d ra f t ( i f a p p l i c a b l e ) . 
6.6.6 T h e bas i c l o a d cases m a y b e a n a l y z e d as s t a t i c ones a n d d e t e r m i n e d 

b y l oads from: 
. 1 f o r t h e s u b s t r u c t u r e : 
e x t e r n a l / i n t e r n a l h y d r o s t a t i c p ressure ; 
b a l l a s t i n g o f t h e subs t ruc tu r e ; 
t o p s i d e ( t o p s i d e m o d u l e ) w e i g h t ; 
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s t r u c t u r a l d e f o r m a t i o n o f s u b s t r u c t u r e a t i n i t i a l s tage o f t h e t o p s i d e w e i g h t 
t r a n s f e r f r o m t h e b a r g e t o t h e subs t ruc tu r e ; 

.2 f o r t h e t o p s i d e ( t o p s i d e m o d u l e ) o n t h e ba rge : 
t r a n s f e r o f t h e t o p s i d e s e l f w e i g h t from t h e b a r g e t o t h e subs t ruc tu re ; 
b a l l a s t i n g o f t h e ba rge ; 
c o n t a c t i n t e r a c t i o n w i t h t h e s u b s t r u c t u r e u n d e r s t r u c t u r a l d e f o r m a t i o n a t 

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

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

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

6.6.7 I n t h e p e r i o d f r o m t o p s i d e w e i g h t t r a n s f e r t o t h e s u b s t r u c t u r e u n t i l t h e 
p e r m a n e n t c o n n e c t i o n b e t w e e n t o p s i d e a n d s u b s t r u c t u r e has b e e n e s t ab l i shed , 
t h e t o p s i d e s h a l l b e h o r i z o n t a l l y r e s t r a i n e d . 

T h e capac i t y o f t h e h o r i z o n t a l r e s t r a i n t c a p a b i l i t y s h a l l b e s u f f i c i e n t t o h o l d 
t h e t o p s i d e o r t h e d e c k i n t h e w o r s t p o s s i b l e d a m a g e case i n c l u d i n g w i n d h e e l 
a n d p o s s i b l e effects o f c u r r e n t a n d w a v e s . T h e effects o f f r i c t i o n s h a l l b e t a k e n 
i n t o accoun t . 

C o n n e c t i o n s b e t w e e n t h e t o p s i d e a n d t h e s u b s t r u c t u r e a f t e r m a t i n g s h a l l 
h a v e s u f f i c i e n t s t r e n g t h t o w i t h s t a n d a t a n y d r a f t t h e l oads a r i s i n g a t t h e lesser o f 
t h e f o l l o w i n g i n c l i n a t i o n ang les i n c o m b i n a t i o n w i t h t h e i n c l i n a t i o n d u e t o w i n d : 

a n g l e a t w h i c h f l o o d i n g t a k e s p lace ; 
a n g l e a t w h i c h t h e a l l o w a b l e stresses are exceeded i n t h e s t r u c t u r e o r i n i t s 

pa r t s ; 
a n g l e o f 15°. 
6.6.8 T h e b a r g e suppo r t s a n d c o n n e c t i o n s r e s t r i c t i n g h o r i z o n t a l d i sp l ace ­

m e n t o f t h e t ops ide , as w e l l as s t r e n g t h a n d s t a b i l i t y o f t h e t o p s i d e a n d 
subs t ruc tu r e c o m p o n e n t s s h a l l h a v e s u f f i c i e n t s t r e n g t h t o w i t h s t a n d a l l v e r t i c a l 
a n d h o r i z o n t a l l oads caused b y t h e t o p s i d e a n d t h e b a r g e i n c l i n a t i o n s d u r i n g t h e 
w e i g h t t ransfer . 

T h e s u b s t r u c t u r e s h a l l b e p r o t e c t e d aga ins t p o s s i b l e a c c i d e n t a l l oads s u c h as 
m o o r i n g l i n e f a i l u r e ( n o t r e l e v a n t i f t h e m o o r i n g l i n e s a re s l a ck d u r i n g t o p s i d e 
m a t i n g ) , f l o o d i n g o f b u o y a n c y p o n t o o n s , d r o p p e d ob jec t s , c o l l i s i o n l o a d s . 

6.6.9 T h e ba l l a s t / deba l l s t s y s t e m s h a l l : 
h a v e s u f f i c i e n t c apac i t y t o c o m p l e t e t h e m a t i n g o p e r a t i o n w i t h i n t h e t i m e 

l i m i t a t i o n s d e t e r m i n e d b y t h e w e a t h e r w i n d o w . N o r m a l l y , t h e o p e r a t i o n s h a l l b e 
d e s i g n e d t o b e p e r f o r m e d w i t h i n a p e r i o d o f 4 8 h r s ; 

b e capable o f l e v e l i n g t h e s t r u c t u r e b y eccen t r i c b a l l a s t i n g / d e b a l l a s t i n g t o 
c o m p e n s a t e f o r a n y s h i f t o f t h e cen t r e o f g r a v i t y d u r i n g t h e m a t i n g o p e r a t i o n ; 
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p r e v e n t a c c i d e n t a l cross f l o o d i n g a n d u n c o n t r o l l e d ingress o f w a t e r ; 
e n s u r e r e v e r s i b i l i t y o f t h e o p e r a t i o n , t h a t i s , r e s t o r a t i o n o f t h e safe d ra f t . 
6.6.10 V a l v e s u s e d f o r b a l l a s t i n g / d e b a l l a s t i n g s h a l l b e d o u b l e d w h e n 

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

6.6.11 T h e design sha l l p rov ide f o r the f o l l o w i n g t ank wa t e r l e v e l con t ro l systems: 
r e m o t e r e a d i n g s o u n d i n g s y s t e m ; 
a b a c k - u p s y s t e m , e.g. u l l a g i n g b y h a n d . 
6.6.12 B a l l a s t c o m p a r t m e n t s , w h i c h a re i n t e n d e d t o r e m a i n d r y , s h a l l h a v e 

adequa te d r a i n a g e c a p a b i l i t y t o e l i m i n a t e u n c o n t r o l l e d ingress o f w a t e r . 
6.6.13 P r o v i s i o n s h a l l b e m a d e f o r m o n i t o r i n g a n d c o n t r o l o f t h e b a l l a s t i n g / 

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

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

6.6.15 S y s t e m s a n d a r r a n g e m e n t s s h a l l h a v e r e d u n d a n c y t o c o v e r f a i l u r e s 
d u r i n g t h e ob j ec t t r a n s f e r w i t h i n t h e s p e c i f i e d t i m e . 

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

T h e p r i m a r y p o s i t i o n i n g s y s t e m i n c o r p o r a t e s m o o r i n g a n d t o w i n g 
a r r a n g e m e n t s f o r t h e s u b s t r u c t u r e a n d ba rge , w h i c h s h a l l b e capab le o f s e c u r i n g 
t h e s t r u c t u r e i n p r e d e t e r m i n e d p o s i t i o n i n t h e e v e n t t h a t t h e m a t i n g o p e r a t i o n i s 
i n t e r r u p t e d . T h e p r i m a r y p o s i t i o n i n g s y s t e m s h a l l en su re safe p o s i t i o n i n g o f t h e 
b a r g e c l o s e t o t h e subs t ruc tu r e . 

T h e s e c o n d a r y p o s i t i o n i n g s y s t e m s h a l l en su re accura te a n d w e l l c o n t r o l l e d 
p o s i t i o n i n g o f t h e b a r g e w i t h t h e t o p s i d e l o c a t e d t h e r e o n a b o v e t h e subs t ruc tu r e . 
T h e p o s i t i o n i n g s h a l l t a k e p l a c e w i t h o u t c a u s i n g l o c a l i m p a c t l oads e x c e e d i n g 
t h e e n e r g y a b s o r p t i o n c a p a b i l i t y o f t h e p o s i t i o n i n g s h o c k absorbers . W i n c h e s , 
w i r e s , j a c k s o f t h i s s y s t e m s h a l l h a v e s u f f i c i e n t c apac i t y t o re s i s t w i n d fo rces , 
w a v e fo rce s , c u r r e n t fo rces . 

6.6.17 I f sh ips s p e c i a l l y i n t e n d e d f o r p e r f o r m i n g m a t i n g o p e r a t i o n s b y f l o a t 
o n m e t h o d , e.g. f l o - f l o t y p e sh ips , t h e y s h a l l b e p o s i t i o n e d u s i n g t h e i r o w n 
a n c h o r s i n t h e w a t e r area p r e v i o u s l y s u r v e y e d b y d i v e r s . 

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

6.6.18 P r i o r t o m a t i n g o p e r a t i o n , t h e f o l l o w i n g s h a l l b e tes ted : 
c o m p l i a n c e o f t h e f r e e b o a r d w i t h t h a t d e t e r m i n e d i n t h e d e s i g n ; 
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a v a i l a b i l i t y o f s t ruc tu res s p e c i f i e d b y t h e d e s i g n a n d w h i c h s h a l l b e t e s t ed 
a c c o r d i n g t o t h e i r s p e c i f i c a t i o n s ; 

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

adequa te p r o t e c t i o n o f a l l i n l e t s t o p r e v e n t d a m a g e b y e n t e r i n g deb r i s a n d 
cables; 

c o n d i t i o n o f t h e t e m p o r a r y c lo su re s ; 
absence o f debr i s i n t h e i n t e r n a l c o m p a r t m e n t s t o b e c losed . 
T r i a l s s h a l l b e c a r r i e d o u t t o t es t t h e o p e r a t i o n o f t h e e q u i p m e n t a n d s y s t e m s 

a n d w a t e r t i g h t n e s s o f t h e ob jec t . 
6.6.19 D u r i n g m a t i n g , t h e r e l a t i v e m o v e m e n t s o f t h e objec ts d u e t o 

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

6.6.20 A l l c o n n e c t i o n s b e t w e e n t h e b a r g e a n d t h e ob j ec t s t ruc tu re s excep t 
t h o s e w i t h s e c u r i n g dev i ce s r e s t r i c t i n g h o r i z o n t a l d i s p l a c e m e n t s h a l l b e r e m o v e d 
p r i o r t o c o m m e n c e m e n t o f w e i g h t t ransfer . 

6.6.21 A s s u m i n g m a x i m u m e x c u r s i o n s caused b y e n v i r o n m e n t a l l o a d s , t h e 
f o l l o w i n g m i n i m u m b o t t o m clearances a p p l y : 

s i d e w a y s c lea rance d u r i n g p o s i t i o n i n g s h a l l b e o f 0 ,5 m ; 
v e r t i c a l c lea rance o f 0 , 2 5 m s h a l l b e m a i n t a i n e d b e t w e e n t h e u n d e r s i d e o f 

t h e ob j ec t a n d t h e t o p o f t h e s u b s t r u c t u r e ; 
f o r safe r e m o v a l o f t h e t r a n s p o r t a n d i n s t a l l a t i o n ba rge , t h e m i n i m u m 

c lea rance b e t w e e n t h e b a r g e k e e l a n d a n y p a r t o f t h e u n d e r w a t e r s t r u c t u r e s h a l l 
b e a s s u m e d e q u a l t o 0 ,5 m c o n s i d e r i n g m a x i m u m m o v e m e n t a t t h e m a x i m u m 
draf t . 

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

e n v i r o n m e n t a l c o n d i t i o n s ( m o n i t o r i n g s h a l l b e g i n w e l l i n advance o f t h e 
o p e r a t i o n ) ; 

r e l a t i v e p o s i t i o n , o r i e n t a t i o n , a n d c learances o f s u b s t r u c t u r e a n d t o p s i d e 
p r i o r t o a n d d u r i n g p o s i t i o n i n g ; 

c learances b e t w e e n b a r g e d e c k suppo r t s a n d t o p s i d e ; 
t r i m , h e e l a n d dra f t o f b a r g e a n d subs t ruc tu r e ; 
s u b m e r s i o n / e m e r s i o n ra te o f t h e b a r g e a n d subs t ruc tu r e ; 
b a r g e a n d s u b s t r u c t u r e m o t i o n s p a r a m e t e r s ; 
w a t e r l e v e l a n d a i r p res su re ( i f a p p l i c a b l e ) i n b a r g e a n d s u b s t r u c t u r e 

c o m p a r t m e n t s ; 
o p e n / c l o s e d s ta tus f o r b a l l a s t v a l v e s . 
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6.6.23 T o f l o a t t h e t o p s i d e o v e r t h e subs t ruc tu r e u se s h a l l b e m a d e o f t u g s , 
w i n c h e s o r c o m b i n a t i o n o f these . S t r u c t u r e s s h a l l b e j o i n e d b y re fe rence p o i n t s 
o r b y o p t i c a l / l a s e r s y s t e m s . 

6.6.24 D u r i n g t h e m a t i n g o p e r a t i o n , s u p p o r t r e a c t i o n m e a s u r e m e n t s a n d 
c o m p a r i s o n o f t h e r e s u l t s w i t h t h e d e s i g n ones . T h e a c t u a l d e v i a t i o n i n t o t a l l o a d 
a n d m o m e n t s s h a l l b e n o t e d f o r each m e a s u r e m e n t a n d c o m p a r e d w i t h agreed 
t o l e r ances . 

6.7 C o n n e c t i o n w i t h o t h e r o b j e c t s 
6.7.1 C o n n e c t i o n w i t h t h e p r e v i o u s l y i n s t a l l e d objec ts s h a l l b e c a r r i e d o u t i n 

accordance w i t h t h e d e s i g n r e q u i r e m e n t s a n d a p p l i c a b l e p r o v i s i o n s o f t h e 
M O D U / F O P R u l e s . 

6.7.2 W h e r e c o n n e c t i o n i s m a d e t o subsea p i p e l i n e , t h e s t r e n g t h tes t o f t h e 
s p o o l p ieces b e t w e e n t h e p i p e l i n e e n d m a n i f o l d ( P L E M ) a n d t h e i n s t a l l e d ob j ec t 
s h a l l b e c a r r i e d o u t d u r i n g m a n u f a c t u r e i n c o m p l i a n c e w i t h t h e r e q u i r e m e n t s o f 
t h e R u l e s f o r t h e C l a s s i f i c a t i o n a n d C o n s t r u c t i o n o f S u b s e a P i p e l i n e s 1 . A f t e r 
c o n n e c t i o n t o t h e ob j ec t a n d subsea p i p e l i n e t h e l e a k tes t o f s p o o l p ieces s h a l l b e 
c a r r i e d o u t i n c o m p l i a n c e w i t h t h e r e q u i r e m e n t s o f t h e S P R u l e s . I f c o n n e c t i o n 
t o t h e subsea p i p e l i n e i s c a r r i e d o u t b y w e l d i n g , t h e s t r e n g t h a n d l e a k tests o f 
s p o o l p ieces a n d f i e l d j o i n t s s h a l l b e c a r r i e d o u t i n c o m p l i a n c e w i t h t h e 
r e q u i r e m e n t s o f t h e S P R u l e s . 

7 D E C O M M I S S I O N I N G A N D R E M O V A L 

7.1 I n o r d e r t o ensu re s a f e l y o f n a v i g a t i o n a n d f i s h i n g a n d a l s o t o p r e v e n t 
t h e p o l l u t i o n o f t h e m a r i n e e n v i r o n m e n t , t h e a b a n d o n e d a n d u n u s e d s t ruc tu res 
a n d i n s t a l l a t i o n s s h a l l b e r e m o v e d ( d i s m a n t l e d ) b y t h e i r o w n e r s w i t h i n t h e t i m e 
p e r i o d s s t i p u l a t e d i n t h e i r c o n s t r u c t i o n p e r m i t . 

7.2 I n f o r m a t i o n o n c o m p l e t e o r p a r t i a l r e m o v a l ( d i s m a n t l i n g ) o f t h e 
s t ruc tu re s a n d i n s t a l l a t i o n s w i t h i n d i c a t i o n o f w a t e r d e p t h , g e o g r a p h i c a l 
c o o r d i n a t e s a n d sizes o f t h o s e s t ruc tu res a n d i n s t a l l a t i o n s w h i c h h a v e n o t b e e n 
c o m p l e t e l y r e m o v e d s h a l l b e d e l i v e r e d t o t h e H e a d D e p a r t m e n t o f N a v i g a t i o n 
a n d O c e a n o g r a p h y o f t h e M i n i s t r y o f D e f e n c e o f t h e R u s s i a n F e d e r a t i o n a n d t o 
t h e F e d e r a l A g e n c y f o r S e a a n d I n l a n d W a t e r T r a n s p o r t f o r p u b l i c a t i o n i n t h e 
N o t i c e s t o M a r i n e r s , s a i l i n g d i r e c t i o n s a n d o t h e r n a u t i c a l p u b l i c a t i o n s . 

7.3 P r i o r t o r e m o v a l ( d i s m a n t l i n g ) , t h e p r o d u c t i o n p rocess o n t h e ob j ec t 
s h a l l b e c o m p l e t e l y s topped , t h e e q u i p m e n t s h a l l b e c o m p l e t e l y r e l eased from 
p r o d u c t s , a l l t h e p i p e l i n e s a n d appara tus s h a l l b e f l u s h e d o u t , s t e a m e d a n d , i f 

' H e r e i n a f t e r r e f e r r e d t o as " the S P R u l e s " . 
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necessary , s h a l l b e p u r g e d b y i n e r t gas. M e a s u r e s s h a l l b e t a k e n t o p r e v e n t 
f r e e z i n g o f t h e l i q u i d r e s idues i n t h e p i p e l i n e s a n d appara tus . E x p l o s i v e , 
r a d i o a c t i v e a n d t o x i c substances s h a l l b e r e m o v e d from t h e ob jec t , m e e t i n g a l l 
t h e r e q u i r e m e n t s o f t h e e x i s t i n g n o r m a t i v e d o c u m e n t s . W e l l s s h a l l b e a b a n d o n e d 
o r suspended i n accordance w i t h t h e e s t ab l i shed p r o c e d u r e . 

7.4 S y s t e m s e s sen t i a l f o r t h e safe f u n c t i o n i n g o f t h e ob j ec t s h a l l ope ra t e 
u n d e r n o r m a l o p e r a t i o n a l c o n d i t i o n s u n t i l e q u i p m e n t d i s m a n t l i n g . 

7.5 A f t e r r e m o v a l t h e s i t e s h a l l b e s a f e l y c l ea red o f deb r i s . T h e p r o c e d u r e o f 
h a n d l i n g h a r m f u l a n d d a n g e r o u s substances s h a l l b e d e f i n e d . 

7.6 I f t h e ob j ec t o r pa r t s t h e r e o f w i l l b e r eused , a l l t h e d i s a s s e m b l y 
o p e r a t i o n s s h a l l b e p e r f o r m e d i n c o m p l i a n c e w i t h t h e r e q u i r e m e n t s o f these 
R u l e s . C a l c u l a t i o n s s h a l l t a k e a c c o u n t o f changes m a d e i n o p e r a t i o n a n d o f t h e 
a c t u a l ob j ec t c o n d i t i o n . 

1 1 2 

See Circulare 1673c



P A R T I V . S A F E T Y A S S E S S M E N T 

1 G E N E R A L 

1.1 A p p l i c a t i o n 
1.1.1 T h e p r e s e n t P a r t o f t h e R u l e s i s i n t e n d e d t o e s t a b l i s h t h e 

m e t h o d o l o g i e s t o b e u s e d w h e n r e v e a l i n g a n d access ing t h e haza rds r e l a t e d t o 
m a r i n e o p e r a t i o n s ( M O ) . 

T h e p r e sen t P a r t o f t h e R u l e s c o v e r s r e c o m m e n d a t i o n s o n m e a s u r e s t o b e 
t a k e n t o p r e v e n t p o t e n t i a l e m e r g e n c y s i t u a t i o n s ( E S ) as w e l l as t o c o n t r o l a n d 
m i t i g a t e t h e i r effects a c c o r d i n g t o t h e t y p e o f m a r i n e o p e r a t i o n s a n d t h e i r 
c o n d i t i o n s . 

1.2 T e r m s a n d e x p l a n a t i o n s 
1.2.1. F o r t h e p u r p o s e o f t h e p r e sen t P a r t o f t h e R u l e s , t h e f o l l o w i n g t e r m s 

a n d d e f i n i t i o n s h a v e b e e n adop ted . 
E m e r g e n c y i s a s i t u a t i o n i n t h e cou r se o f M O , d u r i n g w h i c h a n acc iden t 

m a y occur . 
A c c i d e n t i s a h a z a r d o u s t e c h n o g e n i c e v e n t t h a t poses a r i s k t o l i f e a n d 

h e a l t h o f t h e c r e w o n a n ob j ec t e n g a g e d i n M O a n d t h a t r e su l t s i n d e s t r u c t i o n o f 
t h e e q u i p m e n t , l o s s o f t h e ob jec t , a n d / o r h a r m t o t h e e n v i r o n m e n t . 

R i s k a n a l y s i s i s a p rocess o f i d e n t i f i c a t i o n o f haza rds a n d 
assessment o f r i s k t o t h e c r e w , p r o p e r t y a n d e n v i r o n m e n t d u r i n g M O . 

F a u l t t r e e ( f a u l t t r ee a n a l y s i s , F T A ) i s a g r a p h i c a l w a y t o t r a c k a l l 
l o g i c a l i n t e r r e l a t i o n s b e t w e e n m a l f u n c t i o n s , a m b i e n t c o n d i t i o n s a n d h u m a n 
e r r o r s l e a d i n g t o t h e e v e n t c o n c e r n e d . 

E v e n t t r e e ( e v e n t t r ee a n a l y s i s , E T A ) i s a g r a p h i c a l w a y t o 
q u a l i t a t i v e l y descr ibe p o t e n t i a l e m e r g e n c y s i t u a t i o n s , a n d t h e i r q u a n t i t a t i v e 
assessment f o r each b r a n c h . 

H a z a r d i d e n t i f i c a t i o n i s a p rocess u s e d t o r e v e a l a h a z a r d a n d 
d e f i n e i t s charac te r i s t i cs d u r i n g M O . 

I n d i v i d u a l r i s k i s a f r e q u e n c y o f i n d i v i d u a l i n j u r y o f a c r e w m e m b e r 
o f t h e M O ob jec t caused b y a c t i o n o f E S h a z a r d fac to r s c o n c e r n e d . 

I n c i d e n t i s a f a i l u r e o f , o r a d a m a g e t o , t h e t e c h n i c a l dev i ce s u s e d 
d u r i n g M O , a d e v i a t i o n from t h e process m o d e , v i o l a t i o n o f r e g u l a t o r y acts a n d 
d o c u m e n t s e s t a b l i s h i n g r e g u l a t i o n s f o r M O . 

P o t e n t i a l l o s s o f l i f e ( P L L ) i s a n expec t ed n u m b e r o f c r e w 
m e m b e r s o f t h e M O ob jec t i n j u r e d as a r e s u l t o f p o s s i b l e E S d u r i n g M O . 
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R i s k m a t r i x i s a m e t h o d t o c l a s s i f y a n d r ep resen t t h e r i s k b y r a n k i n g 
i t s consequences a n d p r o b a b i l i t y . 

H a z a r d i s a p o t e n t i a l s o u r c e o f h a r m t o a c r e w m e m b e r o f t h e M O 
objec t , p r o p e r t y , e n v i r o n m e n t cause b y E S d u r i n g M O . 

F a i l u r e i s a m a l f u n c t i o n i n s e r v i c e a b i l i t y o f t h e ob j ec t o f M O . 
R i s k a s s e s s m e n t i s a p rocess t o i d e n t i f y t h e p r o b a b i l i t y , f r e q u e n c y 

a n d e x t e n t o f adver se effects caused t o h e a l t h o f M O ob j ec t c r e w , p r o p e r t y a n d / 
o r e n v i r o n m e n t a l b y E S . 

A c c e p t a b l e r i s k i s a r i s k w h o s e l e v e l i s r e c o g n i z e d as t o l e r a b l e a n d 
subs t an t i a t ed based o n t e c h n i c a l , e c o n o m i c a l a n d s o c i a l c o n s i d e r a t i o n s . 

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

R i s k i s a c o m b i n a t i o n o f E S p r o b a b i l i t y a n d i t s consequences d u r i n g M O . 
R i s k r e g i s t e r is a r eco rd ing f o r m a t c o n t a i n i n g data o n a n i d e n t i f i e d r i s k . 
S o c i e t a l r i s k ( F / N c u r v e o r F / G c u r v e ) i s a p r o b a b i l i t y / 

f r e q u e n c y o f E S f o r a g r o u p c o n s i s t i n g o f M O ob jec t c r e w m e m b e r s w h i c h i s 
d e f i n e d as a f u n c t i o n o f c o n s e q u e n c e s / h a r m d u r i n g M O g r a p h i c a l l y d e p i c t e d as 
a F / N c u r v e o r F / G c u r v e . 

T e c h n i c a l r i s k i s a p r o b a b i l i t y o f E S d u r i n g o p e r a t i o n o f ob jec ts 
i n v o l v e d i n M O . 

R i s k c o n t r o l i s a c o m b i n a t i o n o f a c t i v i t i e s a i m e d t o r e d u c e t h e r i s k 
l e v e l a n d m i t i g a t e p o t e n t i a l losses d u r i n g M O . 

R i s k l e v e l i s a v a l u e t o cha rac t e r i ze t h e p r o b a b i l i t y o f E S . 
E c o n o m i c r i s k i s a p r o b a b i l i t y o f losses exp res sed i n m o n e t a r y t e r m s 

w h i c h r e s u l t i n E S d u r i n g M O . 
1.3 A b b r e v i a t i o n s 
E S — E m e r g e n c y s i t u a t i o n 
M C — M e t o c e a n c o n d i t i o n s 
M O — M a r i n e o p e r a t i o n 
F O P — F i x e d o f f s h o r e p l a t f o r m 
M O D U — M o b i l e o f f s h o r e d r i l l i n g u n i t 
F P U — F l o a t i n g o f f s h o r e o i l - a n d - g a s p r o d u c t i o n u n i t 
S S C — S a f e l y s u f f i c i e n c y c r i t e r i o n 
P P — P o w e r p l a n t 
A I R — A n n u a l i n d i v i d u a l r i s k 
A L A R A / A L A R P — A s l o w as r e a s o n a b l y app l i cab le /p rac t i cab le 
C E A — C o s t e f f ec t iveness a n a l y s i s 
E T A — E v e n t t r ee a n a l y s i s 
F A R — F a t a l acc iden t r a t e 
F E E D — F r o n t - e n d e n g i n e e r i n g a n d d e s i g n 
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F S A — F o r m a l s a f e ty assessment 
F T A — F a u l t t r ee a n a l y s i s 
H A Z I D — H a z a r d i d e n t i f i c a t i o n 
H A Z O P — H a z a r d a n d o p e r a b i l i t y s t u d y 
H R A — H u m a n r e l i a b i l i t y a n a l y s i s 
H S E — H e a l t h a n d s a f e l y e x e c u t i v e ( U K ) 
I C A F — I m p l i e d cos t o f a v e r t i n g a f a t a l i t y 
РЕМ — P h y s i c a l e f fec t m o d e l i n g 
P H A — P r e l i m i n a r y h a z a r d a n a l y s i s 
P F D — P r o b a b i l i t y o f f a i l u r e o n d e m a n d 
P L L — p o t e n t i a l l o s s o f l i f e 
РОВ — p e r s o n n e l o n b o a r d 
Q R A — q u a n t i t a t i v e r i s k a n a l y s i s 

2 M A R I N E O P E R A T I O N S R I S K A N A L Y S I S 

2.1 S a f e t y c o n c e p t o f m a r i n e o p e r a t i o n s 
T h e m a r i n e o p e r a t i o n d e s i g n s h a l l en su re a n acceptable s a f e l y a n d e x c l u d e / 

m i n i m i z e : 
f a t a l i t i e s o r lo s s o f h e a l t h o f p e o p l e i n v o l v e d i n a m a r i n e o p e r a t i o n ; 
p o l l u t i o n o r o t h e r k i n d s o f d a m a g e t o t h e e n v i r o n m e n t ; 
l o s se s / f a i l u r e s o f ob j ec t a n d t e c h n i c a l f a c i l i t i e s i n v o l v e d i n p e r f o r m a n c e o f 

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

m a r i n e o p e r a t i o n s 
2.2.1 D u r i n g m a r i n e o p e r a t i o n s a t l eas t t h e f o l l o w i n g haza rds (see P a r t I I 

" G e n e r a l R e q u i r e m e n t s " ) , e m e r g e n c y s i t u a t i o n s ( T a b l e 2 . 2 . 1 . 1 ) a n d k e y haza rds 
w h i c h inc rease t h e r i s k o f E S ( T a b l e 2 . 2 . 1 . 2 ) s h a l l b e t a k e n i n t o accoun t . 

T a b l e 2 . 2 . 1 . 1 
" T y p i c a l h a z a r d s a n d e m e r g e n c y s i t u a t i o n s d u r i n g m a r i n e o p e r a t i o n s 

N o . D e s c r i p t i o n T y p i c a l haza rds a n d / o r e m e r g e n c y s i t u a t i o n s 

1 . L o a d i n / o u t o p e r a t i o n s E x c e s s i v e ca rgo w e i g h t 
D e f e c t i v e m a c h i n e r y , c a r g o - g r i p p i n g dev ices , r opes / s l i ngs 
I n c o r r e c t s l i n g i n g a n d h a n d l i n g o f ca rgo 
H a z a r d o u s s w i n g i n g o f cargo d u r i n g l i f t i n g 
I n s t a b l e c a rgo p o s i t i o n 
C a r g o f a l l i n g o r s l i d i n g a l o n g t h e d e c k 
O b l i q u e t e n s i o n o f t h e l i f t i n g r o p e d u r i n g ca rgo l i f t i n g / h a n d l i n g 
E x c e s s o f p e r m i s s i b l e r e a c h o f c rane 
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T a b l e 2 . 2 . 1 . 1 — continued 

N o . D e s c r i p t i o n T y p i c a l haza rds a n d / o r e m e r g e n c y s i t u a t i o n s 

2 . L i f t i n g ob jec t s a t sea 
( l a u n c h i n g i n t h e y a r d 
w a t e r area, i n s t a l l a t i o n 
o f t h e ob j ec t o n s i t e ) 

D e t e r i o r a t i o n o f w e a t h e r c o n d i t i o n s : 
i nc rease i n w i n d speed; 
h e a v y seas; 
v i s i b i l i t y d e t e r i o r a t i o n ( m i s t , p r e c i p i t a t i o n ) ; 
adverse i ce c o n d i t i o n s . 

I m p a c t w i t h d o c k 
F a i l u r e o f b a l l a s t s y s t e m 
E x c e s s i v e i m p a c t u p o n t h e seabed s o i l 
R o p e j e r k s / b r e a k a g e d u r i n g l i f t i n g / l a u n c h i n g 

3 . T o w i n g o p e r a t i o n s 
( a p p r o a c h , t h r o w i n g , 
t o w i n g t h r o u g h i c e a n d 
t h r o u g h o p e n w a t e r ) 

D e t e r i o r a t i o n o f t h e w e a t h e r c o n d i t i o n s b e y o n d t h e l i m i t s 
S t r a n d i n g o f t h e t o w e d o b j e c t 
B r e a k a g e o f t h e t o w l i n e , f a i l u r e i n t h e t o w i n g w i n c h 
F a i l u r e i n t h e t u g m a i n e n g i n e s 
C o l l i s i o n o f t h e t u g o r o t h e r s h i p w i t h t h e t o w e d o b j e c t 
D a m a g e t o t h e h u l l a n d w a t e r t i g h t i n t e g r i t y o f t h e o b j e c t / t u g 
F l o o d i n g o f c o m p a r t m e n t / c o m p a r t m e n t s 
F a i l u r e i n c o m m u n i c a t i o n b e t w e e n suppor t vessels and/or the object 

4 . P o s i t i o n i n g o f a n c h o r / 
m o o r i n g l i n e s 

I n c o r r e c t a n c h o r p o s i t i o n o n s o i l d u r i n g d r o p p i n g / d i g g i n g o r 
a n c h o r o u t - o f - g r o u n d due t o l o o s e s o i l . 
B r e a k a g e o f t h e a n c h o r - m o o r i n g l i n e / t o w l i n e d u r i n g a n c h o r 
e m b e d d i n g o r a n c h o r l i n e t i g h t e n i n g u p ( p r o p e r t e n s i o n i n g o f t h e 
a n c h o r l i n e f o r h o l d i n g t h e ob j ec t a t a g i v e n p o s i t i o n ) 
B r e a k a g e o f t h e a n c h o r c h a i n / r o p e 
B r e a k a g e o f t h e chaser l i n e 
B r e a k a g e o f t h e m a r k b u o y o r b u o y w i t h e x p l o s i v e l y - r e l e a s e d r o p e 

5 . P i l e d r i v i n g / i n s t a l l a t i o n 
( sequence o f o p e r a t i o n s 
t o e n s u r e s u f f i c i e n t 
s t a b i l i t y o f t h e o b j e c t 
du r ing a l l t he i n s t a l l a t i on 
phases) and securing 

F a i l u r e i n p i l e d r i v i n g e q u i p m e n t 
Col l i s ions / impac ts ( o f support vessels w i t h the object b e i n g insta l led) 
T h e p i l e c a n n o t be d r i v e n d o w n t o t h e d e s i g n d e p t h 
P i l e s a re n o t h y d r a u l i c a l l y s w a g e d / l o c k e d . 
T h e cement ing m o r t a r f l o w s t o env i ronmen t dur ing p i l e cement g rou t ing 

6 . M o o r i n g o p e r a t i o n s 
( sh ip ' s a p p r o a c h t o o r 
depa r tu re f r o m a n o t h e r 
s h i p , quay , o r b u o y s ) 

B r e a k a g e o f t h e m o o r i n g l i n e 
D e f e c t i v e m o o r i n g a r r a n g e m e n t 

7 . O b j e c t p a s s i n g t h r o u g h 
r e s t r i c t ed w a t e r s 
(straits, fa i rways , channels, 
bridges) 

F a i l u r e i n tug ' s P P 
I m p a c t w i t h c h a n n e l b a n k , s t r a n d i n g / g r o u n d i n g 
I m p a c t w i t h f a i r w a y m a r k i n g ( b u o y s , beacons , e tc . ) 
C o l l i s i o n w i t h o t h e r sh ips /ob jec t s i n t h e f a i r w a y 
B r e a k a g e o f t h e t o w l i n e 
E x c e s s o f p e r m i s s i b l e speed 
V i o l a t i o n o f r e c o m m e n d e d n a v i g a t i o n l anes i n r e s t r i c t e d w a t e r s 
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T a b l e 2 . 2 . 1 . 1 — continued 

N o . D e s c r i p t i o n T y p i c a l haza rds a n d / o r e m e r g e n c y s i t u a t i o n s 

8. L a u n c h i n g o f objec ts 
( l a u n c h i n g i n a d r y 
d o c k , b y p o n t o o n s , 
l a u n c h i n g f r o m t h e 
c o n s t r u c t i o n s i t e , e tc . ) 

I m p a c t w i t h b r i d g e suppor t s 
I m p a c t w i t h d o c k 
D a m a g e t o t h e h u l l a n d w a t e r t i g h t i n t e g r i t y o f t h e o b j e c t 
F l o o d i n g o f c o m p a r t m e n t / c o m p a r t m e n t s 
F a i l u r e i n h y d r a u l i c ( s h i p c a r r y i n g ) b o g i e / b o g i e s ( j a cks , r o l l e r s ) 

9 . I n s t a l l a t i o n o f ob jec ts o n 
s i te 
( i n s t a l l a t i o n o f f l o a t i n g 
ob jec t s , f i x e d ob jec t s ) 

U n c o n t r o l l e d i n c l i n a t i o n o f t h e ob j ec t h u l l d u r i n g s u b m e r s i o n 
Seabed s c o u r i n g u n d e r t h e ob j ec t due t o b o t t o m c u r r e n t s 
S h i f t o f t h e s t r u c t u r e O b j e c t o v e r t u r n i n g 
L o s s o f s t a b i l i t y o n t h e seabed 
F a i l u r e o f o n e o r s e v e r a l a n c h o r cha in s o r m o o r i n g l i n e s 
C o l l i s i o n w i t h sh ips o r a f l o a t i n g ob j ec t 
C o l l i s i o n w i t h a n iceberg/f loat ing ice h u m m o c k d u r i n g arctic operat ions 
F a l l i n g / d e s t r u c t i o n o f a s t r u c t u r e i n s i d e t h e ob j ec t 
F a l l i n g o f a h e l i c o p t e r o r a f l y i n g ob j ec t o n t o t h e s t r u c t u r e 
E x c e s s o f p e r m i s s i b l e m e t o c e a n c o n d i t i o n s d u r i n g o p e r a t i o n 
E m e r g e n c y f l o o d i n g o f c o m p a r t m e n t / c o m p a r t m e n t s 

1 0 . D e c o m m i s s i o n i n g 
o p e r a t i o n s 
(d i sman t l i ng o f t he object 
p o s i t i o n m o o r i n g sys tem, 
s e a b e d s c o u r i n g n e a r 
substructure, p i l e cu t t ing 
off , r e m o v a l o f a par t o f 
s o l i d ballast, d i sman t l i ng 
( i f n e c e s s a r y ) o f t h e 
tops ide ( e n t i r e l y o r b y 
m o d u l e s ) 

U n c o n t r o l l e d e m e r s i o n o f a g r a v i t y s t r u c t u r e D a m a g e t o t h e h u l l 
a n d w a t e r t i g h t i n t e g r i t y o f t h e ob j ec t 
F l o o d i n g o f c o m p a r t m e n t / c o m p a r t m e n t s 

1 1 . M a t i n g o f t h e objec ts o r 
par t s t h e r e o f a f l o a t 

M o o r i n g l i n e f a i l u r e due t o e x c e s s i v e w i n d , w a v e l oads 
F l o o d i n g o f b u o y a n c y p o n t o o n s due t o i n t e g r i t y f a i l u r e ( l e a k a g e , 
i ng re s s o f w a t e r i n t o c o m p a r t m e n t s ) 
D r o p p e d ob j ec t l o a d 
C o l l i s i o n o f t h e t o p s i d e w i t h t h e subs t ruc tu r e 
S e i z u r e o f t h e m a t e d s t ruc tu res i n g u i d e s 
L o c k i n g o f the topside / m a t e d structure du r ing l i f t i n g and l aunch ing 
D a m a g e t o s t ructural member s o f pon toons , gu ide co lumns , braces, etc. 
U n c o n t r o l l e d i n c l i n a t i o n s o f t h e subs t ruc tu r e o r t o p s i d e 
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T a b l e 2 . 2 . 1 . 2 
K e y h a z a r d s i n c r e a s i n g t h e r i s k o f e m e r g e n c y s i t u a t i o n 

N o . D e s c r i p t i o n T y p i c a l haza rds a n d / o r e m e r g e n c y s i t u a t i o n s 

1 . W e a t h e r c o n d i t i o n s 
( d e s t r u c t i v e w i n d / w a v e 
l o a d s ) 

V a r i o u s s t r u c t u r a l damages i n o p e r a t i n g p o s i t i o n due t o a b n o r m a l 
cour se o f even t s . 
S h i f t , o v e r t u r n i n g o r subs idence o f t h e ob j ec t ( f o u n d a t i o n o f t h e 
p l a t f o r m , m o d u l e , b l o c k , e tc . ) o n t h e s o i l i n case o f adverse 
c o m b i n a t i o n o f e x t e r n a l c o n d i t i o n s a n d c h a n g i n g s o i l c o n d i t i o n s . 
T r a n s p o r t a t i o n o f t h e ob j ec t u n d e r c o n d i t i o n s i n c o n s i s t e n t w i t h 
p e r m i s s i b l e ones based o n s t r u c t u r e s t r e n g t h a n d r e l i a b i l i t y c r i t e r i a . 
Signif icant fatigue cracks due t o intense w a v e , w i n d , ice, seismic actions. 
B r i t t l e f a i l u r e s u n d e r l o w t e m p e r a t u r e s a n d i m p u l s e l o a d s 

2 . N a v i g a t i o n a l risks M u l t i p l e m o o r i n g o p e r a t i o n s 
S t a y i n g i n t h e r e s t r i c t e d a rea w i t h h e a v y s h i p t r a f f i c 
F a i l u r e i n n a v i g a t i o n e q u i p m e n t 
Secur ing w i t h a la rge n u m b e r o f w o r k i n g anchors at the o p e r a t i o n area 
L o w f r e e b o a r d 
L o w t u r n i n g a b i l i t y a n d s t e e r i n g p e r f o r m a n c e 
Inc rease w i n d a g e o f supe r s t ruc tu res 
L o w c a n a l edge dep ths 
I n s u f f i c i e n t n a v i g a t i o n a n d m a p p i n g s u p p o r t a r r a n g e m e n t s 
i n c l u d i n g u n m a p p e d s u n k objec ts 
C l o s e coas t l i n e 
E x c e s s i v e n a t u r a l effects ( w i n d s a n d w a v e s ) 
T e c h n o g e n i c e m e r g e n c y effects ( f i r e o n t h e ob jec t , f a i l u r e s o f 
e q u i p m e n t , p o w e r p l a n t , e tc . ) 
E r r o r s o f p i l o t o r v e s s e l t r a f f i c m a n a g e m e n t s y s t e m ( V T M S ) 
P e r s o n n e l e r r o r s 

3 . S t r a n d i n g o f t h e ob j ec t H u m a n - r e l a t e d effects . 
F o r c e - m a j e u r e c i r c u m s t a n c e s ( w e a t h e r c o n d i t i o n s ! ) 
C o n t a c t w i t h u n k n o w n o b s t r u c t i o n s 
L a c k o f n a v i g a t i o n s u p p o r t a ids 
F a i l u r e i n t h e m a i n e n g i n e / s t e e r i n g gea r 
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2.3 S t a t i s t i c s o n a c c i d e n t s d u r i n g m a r i n e o p e r a t i o n s . 
T h e M O sa fe ty assessment s h a l l t a k e i n t o a c c o u n t t h e w o r l d w i d e acc iden t 

s t a t i s t i c a l data , i n f o r m a t i o n f r o m acc iden t databases ( D B ) ( T a b l e 2 . 3 ) . 
T a b l e 2 .3 

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

N o . D B a p p l i c a t i o n D B d e s c r i p t i o n 

1 M a r i n e acc idents W O A D , W o r l d w i d e O f f s h o r e A c c i d e n t D a t a 
A c c i d e n t statistics f o r f i x e d of fshore un i t s o n the U K C o n t i n e n t a l S h e l f 
A c c i d e n t S t a t i s t i c s f o r F l o a t i n g O f f s h o r e U n i t s o n t h e U K 
C o n t i n e n t a l S h e l f 
A c c i d e n t / i n c i d e n t da ta 
I n t e r n a t i o n a l A s s o c i a t i o n o f O i l & G a s P r o d u c e r s ( O G P ) 

1.1 C o l l i s i o n s / i m p a c t s S A F E T E C . C o m p u t e r ass i s ted s h i p p i n g t r a f f i c ( C O A S T ) 
S h i p / p l a t f o r m c o l l i s i o n i n c i d e n t database 

2 . C a r g o h a n d l i n g ope ra ­
t i o n s . L i f t i n g / f a l l i n g o f 
objects 

C O D A M . D r o p p e d ob jec t s 

3 I n j u r i e s . A c c i d e n t s 
d u r i n g M O 

Fac t s a n d s ta t i s t ics f r o m t h e P e t r o l e u m S a f e t y A u t h o r i t y N o r w a y 
S ta t i s t i c s f r o m t h e R e p o r t i n g o f I n j u r i e s , D i sease s a n d D a n g e r o u s 

2.4 M o d e l i n g d u r i n g m a r i n e o p e r a t i o n risk a s s e s s m e n t 
D u r i n g M O r i s k assessment , i t i s r e a sonab l e t o u se p h y s i c a l , a n a l y t i c a l a n d 

s t a t i s t i c a l m o d e l i n g m e t h o d s (see T a b l e 2 . 4 , A p p e n d i c e s 1 a n d 2 ) . 
T a b l e 2 . 4 

R e c o m m e n d e d m o d e l i n g m e t h o d s f o r M O r i s k a s s e s s m e n t 1 

N o . M e t h o d 

A n a l y t i c a l m o d e l i n g 

1 C h e c k l i s t s 
2 S t r u c t u r e d W h a t I f T e c h n i q u e ( S W I F T ) 
3 E x p e r t j u d g m e n t m e t h o d 
4 R i s k m a t r i x 
5 . H a z a r d i d e n t i f i c a t i o n 
6 F a i l u r e m o d e and effect analysis ( F M E A ) / fa i lure m o d e , effect a n d c r i t i ca l i ty analysis ( F M E C A ) 
7 H a z a r d a n d o p e r a b i l i t y s t u d y 
8 P r e l i m i n a r y h a z a r d a n a l y s i s 
9 H u m a n r e l i a b i l i t y a n a l y s i s 

10 P h y s i c a l e f fec t m o d e l i n g 
1 1 Q u a n t i t a t i v e r i s k a n a l y s i s 
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N o . M e t h o d 

P h y s i c a l m o d e l i n g 

12 
13 

F a u l t t r e e a n a l y s i s 
E v e n t t r ee a n a l y s i s 

S t a t i s t i c a l m o d e l i n g 

14 
15 

M o n t e C a r l o s i m u l a t i o n 
B a y e s i a n a n a l y s i s 

' T h e m e t h o d s are desc r ibed i n A p p e n d i x 1 . 

2.5 M e t h o d s t o a s s e s s risk d u r i n g m a r i n e o p e r a t i o n s . 
2.5.1 Q u a l i t a t i v e a n a l y s i s m e t h o d s . 
M O q u a l i t a t i v e r i s k a n a l y s i s m e t h o d s s h a l l b e u s e d i n case o f absence a n d / 

o r l a c k o f da ta o n objec t s , e q u i p m e n t / d e v i c e s a n d M O c o n d i t i o n s . 
T h e s e m e t h o d s a re t h e s i m p l e s t ones s ince t h e y r e q u i r e n o d e t a i l e d r e v i e w 

o f M O stages. 
W h e n q u a l i t a t i v e a n a l y s i s m e t h o d s are used , t h e n e e d f o r expe r t s i s 

m i n i m u m , w h i l e t h e cha rac te r i s t i c o f f r e q u e n c y / p r o b a b i l i t y a n d ef fec ts / loss o f 
e m e r g e n c y s i t u a t i o n s m a y b e expres sed a n a l y t i c a l l y . 

M O q u a l i t a t i v e r i s k a n a l y s i s s h a l l b e p e r f o r m e d b y t h e de s igne r a t t h e M O 
F E E D stage. 

2.5.2 Q u a n t i t a t i v e a n a l y s i s m e t h o d s . 
2.5.2.1 M O q u a n t i t a t i v e r i s k a n a l y s i s m e t h o d s a re r e c o m m e n d e d i n case o f 

d e t a i l e d da t a a v a i l a b l e f o r t h e ob jec t s , e q u i p m e n t / d e v i c e s a n d M O c o n d i t i o n s . 
T h e s e m e t h o d s g i v e t h e f u l l i n s i g h t s o f t h e M O r i s k l e v e l a n d r e q u i r e 

d e t a i l e d r e v i e w o f a l l stages o f m a r i n e o p e r a t i o n s . 
2.5.2.2 W h e n M O q u a n t i t a t i v e r i s k a n a l y s i s m e t h o d s a re u s e d , t h e 

cha rac te r i s t i c o f e m e r g e n c y s i t u a t i o n frequency/probability a n d effec ts / loss 
i s expressed n u m e r i c a l l y ( f o r e x a m p l e , o n e e v e n t p e r yea r , acc iden t p r o b a b i l i t y 
i s 2 5 %, loss a m o u n t s t o 1 0 0 m i l l i o n r u b l e s , p r o b a b i l i t y o f a p e r s o n b e i n g 
i n j u r e d i s 5 0 %, e tc . ) . 

2.5.2.3 P u r s u a n t t o 2 . 7 . 2 , P a r t X " S a f e t y assessment" o f t h e R u l e s f o r t h e 
O i l - a n d - G a s E q u i p m e n t o f M O D U , F O P a n d F l o a t i n g O f f s h o r e O i l - a n d - G a s 
P r o d u c t i o n U n i t s , a r i s k m a y b e a l so d e f i n e d as a f r e q u e n c y o r p r o b a b i l i t y o f 
e v e n t В w h e n a n e v e n t A occu r s , i . e . as a d i m e n s i o n l e s s q u a n t i t y w i t h i n 0 t o 1 . 

2.5.2.4 M O q u a n t i t a t i v e r i s k a n a l y s i s s h a l l b e p e r f o r m e d b y t h e de s igne r a t 
t h e bas i c d e s i g n stage. 
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2.5.3 E x p e r t a n d s t a t i s t i c a l a n a l y s i s m e t h o d s . 
2.5.3.1 M O e x p e r t a n d s t a t i s t i c a l r i s k a n a l y s i s m e t h o d s s h a l l b e u s e d i n case 

o f i n s u f f i c i e n t da ta o n objec t s , e q u i p m e n t / d e v i c e s a n d M O c o n d i t i o n s . 
2.5.3.2 W h e n M O e x p e r t a n d s t a t i s t i c a l r i s k a n a l y s i s m e t h o d s a re used , t h e 

cha rac te r i s t i c o f e m e r g e n c y s i t u a t i o n f r e q u e n c y / p r o b a b i l i t y a n d ef fec ts / loss i s 
expressed i n a c o m b i n a t i o n o f a n a l y t i c a l a n d n u m e r i c a l f o r m a t s . 

2.5.4 R e q u i r e m e n t s f o r a p p l i c a t i o n o f m a r i n e o p e r a t i o n risk a n a l y s i s 
m e t h o d s . 

2.5.4.1 T h e M O r i s k a n a l y s i s m e t h o d s s h a l l b e se lec ted based o n t h e 
f o l l o w i n g : 

t h e m o s t d e t a i l e d cha rac t e r i s t i c o f t h e r i s k l e v e l a t t h e d e s i g n s tage 
c o n c e r n e d ; 

m e t h o d o l o g i c a l approaches accepted i n i n t e r n a t i o n a l p r ac t i ce a n d R u s s i a n 
r e g u l a t o r y base; 

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

t h e e x t e n t t o w h i c h t h i s M O r i s k a n a l y s i s m e t h o d i s k n o w n a n d c lea r t o t h e 
g r o u p o f expe r t s engaged i n r i s k assessment ; 

p r e s e n t a t i o n o f c l ea r r i s k a n a l y s i s r e su l t s sub jec t t o f u r t h e r v e r i f i c a t i o n b y 
o t h e r g r o u p s o f expe r t s . 

2.5.4.2 T h e des igne r s h a l l se lec t t h e r i s k a n a l y s i s m e t h o d s i n accordance 
w i t h G O S T R КОЛЕС 3 1 0 1 0 - 2 0 1 0 o r o t h e r e q u i v a l e n t d o c u m e n t s . 

T o get t h e f u l l i n s i g h t s o n M O r i s k l e v e l , i t i s r e c o m m e n d e d t o c o m b i n e 
s e v e r a l r i s k a n a l y s i s m e t h o d s t o a l l o w t h e r e su l t s t o b e c o m p a r e d , de f i c i enc i e s 
a n d o m i s s i o n s t o b e r e v e a l e d . I n case o f q u a n t i t a t i v e c o m p a r i s o n , t h e 
q u a n t i t a t i v e i n d i c a t o r s s h a l l p r e v a i l o v e r t h e q u a l i t a t i v e ones . 

2.6 S a f e t y s u f f i c i e n c y c r i t e r i a d u r i n g m a r i n e o p e r a t i o n s 
2.6.1 S a f e l y s u f f i c i e n c y c r i t e r i a ( S S C ) a re t o b e assessed d u r i n g m a r i n e 

o p e r a t i o n s t o c o n c l u d e o n t h e p o s s i b i l i t y o f o c c u r r i n g v a r i o u s e m e r g e n c y 
s i t u a t i o n s d u r i n g M O o n t h e i n t e r a c t i n g ob jec t s , e q u i p m e n t / d e v i c e , a n d t o 
e s t a b l i s h t h e acceptable a n d t o l e r a b l e s a f e t y / r i s k p a r a m e t e r s . 

2.6.2 W i t h t a k i n g S S C i n t o c o n s i d e r a t i o n , c o m p a r i s o n s a f e t y / r i s k assess­
m e n t m a y b e p e r f o r m e d p r o v i d e d t h a t s e v e r a l o p t i o n s o f M O p e r f o r m a n c e are 
a v a i l a b l e . 

2.6.3 S S C are c l a s s i f i ed as f o l l o w s : 
S S C r e l a t e d d i r e c t l y t o M O objec ts ( m o d u l e , b l o c k , s e a - g o i n g v e s s e l , c raf t , 

e q u i p m e n t / d e v i c e ) ; 
S S C r e l a t i v e t o t h e o p e r a t i o n o f s a f e l y s y s t e m o f M O ob jec t s . 
2.6.4 I n t e r m s o f safe ty , S S C are c l a s s i f i e d as f o l l o w s : 
S S C r e l a t e d t o t h e ob j ec t p e r s o n n e l / c r e w sa fe ty ; 
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S S C r e l a t e d t o s a f e ty o f t h e e q u i p m e n t / d e v i c e u s e d d u r i n g M O ; 
S S C r e l a t e d t o e c o l o g i c a l a n d e n v i r o n m e n t a l s a f e t y o f t h e M O adjacent 

w a t e r a rea 
2.6.5 B a s e d o n M O w o r l d w i d e e x p e r i e n c e a n a l y s i s , t h e f o l l o w i n g s h a l l b e 

t a k e n as bas i c S S C : 
as l o w as r e a s o n a b l y p r ac t i c ab l e ( A L A R P ) ; 
f a t a l acc iden t r a t e ( F A R ) ; 
p o t e n t i a l l o s s o f l i f e ( P L L ) . 
2.6.6 F o r t h e g e n e r a l a l g o r i t h m o f s a f e t y / r i s k assessment d u r i n g M O w i t h 

t h e u se o f S S C , see F i g . 2 . 6 . 6 . T h e bas i c r i s k r e g i o n s accepted i n t h e w o r l d w i d e 
p r ac t i ce d u r i n g M O are c o n s i d e r e d i n T a b l e 2 . 6 . 6 . 

T a b l e 2.6.6 
B a s i c r i s k r e g i o n s d u r i n g M O 

N a m e D e s c r i p t i o n V a l u e s 

A s L o w A s 
R e a s o n a b l y 
P r a c t i c a b l e 
( A L A R P ) 

T h e A L A R P p r i n c i p l e i s t h a t t h e a s l o w a s r e a s o n a b l y 
p r a c t i c a b l e e f f e c t s o n t h e p e r s o n n e l / c r e w a n d e n v i r o n m e n t 
a r e p r o v i d e d w i t h r e g a r d t o e c o n o m i c a l a n d s o c i a l f a c t o r s . 
T h e r i s k i s r e d u c e d a s f a r a s p o s s i b l e t h a n k s t o a c t u a l l y 
e x i s t i n g i n v e n t o r i e s a n d f i n a n c i a l r e s o u r c e s . 
M S C - M E P C . 2 / C i r c . l 2 8 J u l y 2013 

T o l e r a b l e 
r i s k 

< 1 0 " 3 A s L o w A s 
R e a s o n a b l y 
P r a c t i c a b l e 
( A L A R P ) 

T h e A L A R P p r i n c i p l e i s t h a t t h e a s l o w a s r e a s o n a b l y 
p r a c t i c a b l e e f f e c t s o n t h e p e r s o n n e l / c r e w a n d e n v i r o n m e n t 
a r e p r o v i d e d w i t h r e g a r d t o e c o n o m i c a l a n d s o c i a l f a c t o r s . 
T h e r i s k i s r e d u c e d a s f a r a s p o s s i b l e t h a n k s t o a c t u a l l y 
e x i s t i n g i n v e n t o r i e s a n d f i n a n c i a l r e s o u r c e s . 
M S C - M E P C . 2 / C i r c . l 2 8 J u l y 2013 

A c c e p t a b l e 
r i s k 

< 1 0 " 6 

F a t a l 
A c c i d e n t 

R a t e 
( F A R / A I R ) 

F a t a l a c c i d e n t rate ( F A R ) i s t h e a l t ernat ive t o t h e i n d i v i d u a l r i s k 
e x p r e s s i o n a n d a l l o w s f o r c o m p l e m e n t a t i o n o f P L L v a l u e . I t i s 
d e f i n e d a s t h e n u m b e r o f p e o p l e k i l l e d p e r 100 m i l l i o n e x p o s u r e 
h o u r s . 
I S O / D T S 16901 

T o l e r a b l e 
r i s k 

< 1 0 " 3 F a t a l 
A c c i d e n t 

R a t e 
( F A R / A I R ) 

F a t a l a c c i d e n t rate ( F A R ) i s t h e a l t ernat ive t o t h e i n d i v i d u a l r i s k 
e x p r e s s i o n a n d a l l o w s f o r c o m p l e m e n t a t i o n o f P L L v a l u e . I t i s 
d e f i n e d a s t h e n u m b e r o f p e o p l e k i l l e d p e r 100 m i l l i o n e x p o s u r e 
h o u r s . 
I S O / D T S 16901 

A c c e p t a b l e 
r i s k 

< 1 0 " 6 

P o t e n t i a l 
L o s s 

o f L i f e 
( P L L ) 

P o t e n t i a l l o s s o f l i f e ( P L L ) i s d e f i n e d a s t h e e x p e c t e d v a l u e o f 
t h e n u m b e r o f fata l i t ies p e r y e a r (or f o r a p e r i o d o f s h i p 
operat ion) . P L L i s a t y p e o f r i s k i n t e g r a l a n d i s e x p r e s s e d b y 
t h e p r o d u c t o f f r e q u e n c y a n d c o n s e q u e n c e ( n u m b e r o f 
fatal i t ies) . P L L a l l o w s f o r s u m m a t i o n o f v a r i o u s r i s k t y p e s 
o v e r a l l p o t e n t i a l u n d e s i r e d e v e n t s t h a t c a n occur . 
M S C - M E P C . 2 / C i r c . l 2 8 J u l y 2013 

C r e w m e m b e r < 1 0 " 3 P o t e n t i a l 
L o s s 

o f L i f e 
( P L L ) 

P o t e n t i a l l o s s o f l i f e ( P L L ) i s d e f i n e d a s t h e e x p e c t e d v a l u e o f 
t h e n u m b e r o f fata l i t ies p e r y e a r (or f o r a p e r i o d o f s h i p 
operat ion) . P L L i s a t y p e o f r i s k i n t e g r a l a n d i s e x p r e s s e d b y 
t h e p r o d u c t o f f r e q u e n c y a n d c o n s e q u e n c e ( n u m b e r o f 
fatal i t ies) . P L L a l l o w s f o r s u m m a t i o n o f v a r i o u s r i s k t y p e s 
o v e r a l l p o t e n t i a l u n d e s i r e d e v e n t s t h a t c a n occur . 
M S C - M E P C . 2 / C i r c . l 2 8 J u l y 2013 

P a s s e n g e r < 1 0 - 4 

P o t e n t i a l 
L o s s 

o f L i f e 
( P L L ) 

P o t e n t i a l l o s s o f l i f e ( P L L ) i s d e f i n e d a s t h e e x p e c t e d v a l u e o f 
t h e n u m b e r o f fata l i t ies p e r y e a r (or f o r a p e r i o d o f s h i p 
operat ion) . P L L i s a t y p e o f r i s k i n t e g r a l a n d i s e x p r e s s e d b y 
t h e p r o d u c t o f f r e q u e n c y a n d c o n s e q u e n c e ( n u m b e r o f 
fatal i t ies) . P L L a l l o w s f o r s u m m a t i o n o f v a r i o u s r i s k t y p e s 
o v e r a l l p o t e n t i a l u n d e s i r e d e v e n t s t h a t c a n occur . 
M S C - M E P C . 2 / C i r c . l 2 8 J u l y 2013 

T h i r d p a r t i e s < 1 0 - 4 

P o t e n t i a l 
L o s s 

o f L i f e 
( P L L ) 

P o t e n t i a l l o s s o f l i f e ( P L L ) i s d e f i n e d a s t h e e x p e c t e d v a l u e o f 
t h e n u m b e r o f fata l i t ies p e r y e a r (or f o r a p e r i o d o f s h i p 
operat ion) . P L L i s a t y p e o f r i s k i n t e g r a l a n d i s e x p r e s s e d b y 
t h e p r o d u c t o f f r e q u e n c y a n d c o n s e q u e n c e ( n u m b e r o f 
fatal i t ies) . P L L a l l o w s f o r s u m m a t i o n o f v a r i o u s r i s k t y p e s 
o v e r a l l p o t e n t i a l u n d e s i r e d e v e n t s t h a t c a n occur . 
M S C - M E P C . 2 / C i r c . l 2 8 J u l y 2013 

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

< 1 0 " 6 
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2.7 R I S K A N A L Y S I S D U R I N G M A R I N E O P E R A T I O N S 

2.7.1 G e n e r a l . 
2.7.1.1 T h e r i s k s t o p e r s o n n e l a n d c r e w o f t h e sh ips engaged i n M O are 

expressed as a n i n d i v i d u a l a n d s o c i e t a l r i s k s t o b e assessed a c c o r d i n g t o c r i t e r i a 
g i v e n b e l o w . 

2.7.1.2 T h e i n d i v i d u a l r i s k i s d e f i n e d as t h e p r o b a b i l i t y o f i n d i v i d u a l c r e w / 
p e r s o n n e l m e m b e r b e i n g k i l l e d d u r i n g M O w i t h i n a spec i f i c p e r i o d . T w e l v e 
m o n t h s are u s u a l l y t a k e n as a t i m e p e r i o d a n d t h e i n d i v i d u a l r i s k ( I R ) i s 
i n d i c a t e d as a n a n n u a l i n d i v i d u a l r i s k ( A I R ) . 

T h e f o l l o w i n g i s t a k e n t o b e c r i t e r i a f o r m e a s u r i n g s o c i e t a l ( g r o u p r i s k ) : 
p o t e n t i a l l o s s o f l i f e ( P L L ) ; 
f a t a l acc iden t r a t e ( F A R ) ; 
F / N o r F / G c u r v e — s o c i e t a l r i s k ; 
r i s k m a t r i x (see 2 . 8 ) . 
2.7.1.3 P L L v a l u e i s d e f i n e d as t h e s t a t i s t i c a l l y expec t ed v a l u e o f t h e 

n u m b e r o f f a t a l i t i e s d u r i n g E S w i t h i n a spec i f i c p e r i o d assoc ia ted w i t h t h e M O 
w i t h o u t r e g a r d t o t h e e x t e r n a l ef fects . P L L c r i t e r i o n i s based o n t h e r e t r o s p e c t i v e 
s ta t i s t ics . F o r A r c t i c seas i t m a y i n v o l v e a c e r t a i n d i f f i c u l t y d u e t o l a c k o f 
c o m p l e t e i n f o r m a t i v e databases excep t f o r databases o f H e a l t h a n d S a f e l y 
E x e c u t i v e ( H S E ) f o r t h e U K sec tor o f t h e N o r t h Sea . 

2.7.1.4 F a t a l accident rate ( F A R ) i s es t ima ted as t h e expected n u m b e r o f 
fa ta l i t ies d u r i n g accidents occur red f o r t he p e r i o d o f МО ( 1 0 8 h o u r s is a r i s k 
exposure time). F A R v a l u e depends o n u n e q u a l r i s k s f o r g roups o f pe r sonne l a n d 
c r e w m e m b e r s w i t h v a r i o u s time o f E S exposure , M O rou tes a n d differences 
b e t w e e n specif ic M O objects ( m o d u l e s , p l a t f o r m s , b l o c k s , ships , e tc) . 

2.7.1.5 F A R v a l u e s a re u s u a l l y w i t h i n 1 t o 3 5 ( O f f s h o r e R i s k A s s e s s m e n t 
( N o r w a y ) , 2 0 1 4 ; C o m p a r a t i v e A s s e s s m e n t R e p o r t . C o r d a h L i m i t e d , 2 0 1 5 ; 
S A F E T E C , 2 0 0 5 , e t c . ) , t h e r e f o r e t h i s c r i t e r i o n i s easy t o c o m p a r e . U n l i k e P L L , 
F A R a l l o w s f o r c o m p a r i s o n o f d i f f e r e n t o p t i o n s a n d t e c h n i c a l s o l u t i o n s d u r i n g 
M O s ince i t t akes i n t o a c c o u n t e x t e r n a l effects a t spec i f i c M O . F A R c r i t e r i o n i s 
c o n c e p t i o n a l l y r e l a t e d t o P L L a n d A I R c r i t e r i a , b u t F A R does n o t t a k e i n t o 
a c c o u n t t h e scale o f f a t a l i t i e s d u r i n g M O a n d a l l o w s f o r assessment o f t h e 
ave rage i n d i v i d u a l r i s k l i k e t h e m a j o r i t y o f s t a t i s t i c a l m e a s u r e m e n t approaches . 

2.7.2 A n a l y s i s o f i n d i v i d u a l a n d s o c i e t a l risk. 
2.7.2.1 I n d i v i d u a l risk. 
. 1 w h e n a n a l y z i n g e m e r g e n c y s i t u a t i o n s , i n d i v i d u a l risks, w h i c h charac te r ­

i z e t h e f r e q u e n c y o f spec i f i c effects d u r i n g M O ( r i s k o f dea th , i n j u r y a n d i l l 
h e a l t h as e x p e r i e n c e d b y c r e w / p e r s o n n e l d u r i n g M O ) , a re d e t e r m i n e d . 
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A n n u a l i n d i v i d u a l risk ( A I R ) i s d e t e r m i n e d b y t h e t o t a l p r o b a b i l i t y f o r m u l a : 

AIRk^QiQikQtlk ( 2 . 7 . 2 . 1 . 1 ) 
( f=i ) 

w h e r e Qt — r e p e a t a b i l i t y o f i - t h t y p i c a l h a z a r d a n d / o r e m e r g e n c y s i t u a t i o n c o n c e r n e d ; 
Qik — p r o b a b i l i t y o f a n acc iden t d u r i n g t h e t y p i c a l h a z a r d a n d / o r e m e r g e n c y s i t u a t i o n 

c o n c e r n e d ( r i s k o f a cc iden t ) ; 
Qfik — c o n d i t i o n a l p r o b a b i l i t y o f a n i n d i v i d u a l c r e w / p e r s o n n e l m e m b e r b e i n g a f fec ted w h e n 

t h e t y p i c a l h a z a r d a n d / o r e m e r g e n c y s i t u a t i o n c o n c e r n e d occu r s ; 
n — n u m b e r o f t y p i c a l haza rds a n d / o r e m e r g e n c y s i t u a t i o n s c o n c e r n e d ; 
к — cor re sponds t o t h e g i v e n t y p i c a l h a z a r d a n d / o r e m e r g e n c y s i t u a t i o n . 

.2 T h e t o t a l a n n u a l i n d i v i d u a l r i s k ( A I R ) a t d i f f e r e n t e m e r g e n c y s i t u a t i o n s 
d u r i n g M O ( f o r e x a m p l e , c o l l i s i o n / i m p a c t , s t r a n d i n g , f i r e , e x p l o s i o n , c a rgo 
f a l l i n g , e tc . ) i s d e f i n e d as a s u m o f A I R s f o r i n d i v i d u a l e f fec ts , i . e . 

(k=m) 
AIRX AIRk ( 2 . 7 . 2 . 1 . 2 ) 

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

.3 F o r q u a n t i t a t i v e assessment o f a n n u a l i n d i v i d u a l risk ( A I R ) d u r i n g 
m a r i n e o p e r a t i o n s as p e r 2 . 7 . 2 , A I R m a y b e a l so d e t e r m i n e d based o n i n t e g r a l 
risk fac to r s ( F A R a n d P L L ) b y t h e f o l l o w i n g f o r m u l a s : 

AIR = FAR10'SH, ( 2 . 7 . 2 . 1 . 3 . 1 ) 

FAR = P Z Z 1 0 8 / 7 h e p , ( 2 . 7 . 2 . 1 . 3 . 2 ) 

PLL = ЖК10~8Гпер, ( 2 . 7 . 2 . 1 . 3 . 3 ) 
w h e r e FAR — f r e q u e n c y o f f a t a l i t i e s d u r i n g M O ( p e r 1 0 0 m i l l i o n m a n - h o u r s ) 

PLL — t h e n u m b e r o f p o t e n t i a l f a t a l i t i e s f o r a p e r i o d o f M O ; 
РОВ — t h e n u m b e r o f pe r sons i n v o l v e d i n M O ( c r e w , p e r s o n n e l ) ; 

Гпер = POB H — t o t a l d u r a t i o n o f M O ( i n m a n - h o u r s ) ; 
H — determines t h e w o r k i n g p e r i o d ( w a t c h k e e p i n g p e r i o d ) a n d res t p e r i o d ( w a t c h o f f p e r i o d ) 

f o r c r e w m e m b e r s , pe r sonne l f o r a p e r i o d o f M O (hou r s ) . 

T a b l e 2 . 7 . 2 . 1 . 3 . 1 s h o w s t h e r e c o m m e n d e d f o r m a t o f r i s k assessment r e s u l t s . 
T a b l e 2 . 7 . 2 . 1 . 3 . 2 s h o w s F A R v a l u e s c o r r e s p o n d i n g t o v a r i o u s M O . 
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T a b l e 2 . 7 . 2 . 1 . 3 . 1 
F o r m a t o f r i s k a s s e s s m e n t r e s u l t s 

N o . 
S h i p / o b j e c t 

i n v o l v e d 
i n M O 

M O 
stage/ 
phase 

N u m b e r 
o f p e r s o n s 
o n b o a r d 

( c r e w , 
p e r s o n n e l ) 

РОВ 

W a t c h k e e p i n g / 
rest t i m e p e r c r e w / 
p e r s o n n e l m e m b e i 

( h o u r s ) 
H w a t c h o r H r e s t 

D u r a t i o n 
( h o u r s ) 

РОВ- Нумсь 
o r 

P O B - f f ^ , 

F A R * P L L 

H r e s t 

N o t e . F A R * i s b a s e d o n s t a t i s t i c a l da ta o f S A F E T E C ( 2 0 0 5 ) , etc. p e r 1 0 8 m a n - h o u r s 

T a b l e 2 . 7 . 2 . 1 . 3 . 2 
F A R v a l u e s f o r v a r i o u s M O 

N o . M a r i n e o p e r a t i o n F A R * 

1 L o a d i n / o u t o p e r a t i o n s ( o w n c ranes ) 2 6 , 8 
2 L o a d i n / o u t o p e r a t i o n s ( e x t e r n a l c ranes ) 1 ,1-10" 5 p e r 

o p e r a t i o n 
3 L a u n c h i n g o f objec ts ( l a u n c h i n g i n a d r y d o c k , b y p o n t o o n s , b r o a d s i d e 2 6 , 8 

l a u n c h i n g , e tc ) 
4 D e c o m m i s s i o n i n g / d i s m a n t l i n g m a r i n e o p e r a t i o n s 1,9 
5 O b j e c t d i s m a n t l i n g o p e r a t i o n s 4 , 1 
6 P o s i t i o n i n g o f a n c h o r / m o o r i n g l i n e s 3 7 , 4 
7 T o w i n g o p e r a t i o n s 1 3 , 2 
8 I n s t a l l a t i o n o f objec ts o n s i t e 5,5 
9 S u p p o r t i n g u n d e r w a t e r e n g i n e e r i n g w o r k 7,5 

1 0 M a n a g e m e n t a n d a d m i n i s t r a t i v e p e r s o n n e l a c t i v i t i e s 0 ,4 
11 R e s t t i m e , w a t c h o f f t i m e 0 ,2 

N o t e . F A R * i s based o n s t a t i s t i c a l da t a o f S A F E T E C ( 2 0 0 5 ) , etc. p e r 1 0 8 m a n - h o u r s 

2.7.2.2 S o c i e t a l r i s k . 
T h e s o c i e t a l r i s k re la tes f r e q u e n c y o f acc idents (F) t o t h e n u m b e r o f 

f a t a l i t i e s (N i n p e r s o n s ) a n d eva lua t e s t h e scale o f p o t e n t i a l ca tas t rophes a n d 
c r i t i c a l acc idents . T h e s o c i e t a l r i s k i s a n i n t e g r a l cha rac te r i s t i c f o r e v a l u a t i o n o f 
g r o u p r i s k ( p o t e n t i a l l o s s o f l i f e ) a n d de f ines t h e p r o b a b i l i t y o f consequences o f 
e m e r g e n c y s i t u a t i o n o c c u r r e d d u r i n g M O . D e p e n d i n g o n t y p e s o f M O , N m a y 
m e a n t o t a l n u m b e r o f i n j u r e d p e r s o n s , t o t a l n u m b e r o f f a t a l i t i e s o r o t h e r 
p a r a m e t e r c h a r a c t e r i z i n g t h e s e v e r i t y o f consequences ( G i s lo s s s u f f e r e d from 
t h e e m e r g e n c y s i t u a t i o n d u r i n g M O , i n t h o u s a n d r u b l e s ) . 

T h e s o c i e t a l r i s k m a y b e g r a p h i c a l l y expressed as a F/N c u r v e (F/G c u r v e 
w h e n assess ing l o s s ) ( r e f e r t o F i g . 2 . 7 . 2 . 2 , T a b l e 2 . 6 . 6 ) . 
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f ( N m > x ) 

1 10 100 1000 

Number of fatalities 

F i g . 2.7.2.2 F/N c u r v e e x a m p l e 

A N k ) = I — a t t a c k r a c k tf* m a n ; 
J = 1 

— f r e q u e n c y o f p s c e n a r i o s i n w h i c h N k m e n a r e e f f e c t e d ; 

F ( N k ) = X fv(Nr) — f r e q u e n c y o f o c c u r e n c e o f h a p h a z a r d s (h) 
v ~ 1 w i t h n u m b e r o f v i c t i m s N r ^ N k ; 

fiNmeod = ^ m a x ) — frequency o f t h e m o s t c a t a s t r o p h i c s c e n e r i o 

2.7.3 A n a l y s i s o f f i r e a n d e x p l o s i o n r i s k s . 
2.7.3.1 F o r q u a n t i t a t i v e assessment o f fire a n d e x p l o s i o n risks d u r i n g M O , 

use t h e P r o c e d u r e f o r D e t e r m i n a t i o n o f F i r e R i s k D e s i g n V a l u e s a t P r o d u c t i o n 
F a c i l i t i e s d e v e l o p e d b y t h e F e d e r a l S ta te B u d g e t a r y E s t a b l i s h m e n t A l l - R u s s i a n 
R e s e a r c h I n s t i t u t e f o r F i r e P r o t e c t i o n , M i n i s t r y o f R u s s i a n F e d e r a t i o n f o r C i v i l 
D e f e n s e , E m e r g e n c i e s a n d E l i m i n a t i o n o f C o n s e q u e n c e s o f N a t u r a l D i s a s t e r s 
( F G U V N I I P O o f E M E R C O M ) o f R u s s i a , O r d e r o f E M E R C O M o f R u s s i a 
N o . 4 0 4 da ted 1 0 . 0 7 . 2 0 0 9 . 

2.7.3.2 T h e p o s s i b i l i t y / f r e q u e n c y o f fire/explosion s h a l l be d e t e r m i n e d 
u s i n g b o t h c a l c u l a t i o n a n d s t a t i s t i c a l approaches . T o d e t e r m i n e t h e fire/ 
e x p l o s i o n effects o n p e r s o n n e l / c r e w , i t i s r e a s o n a b l e t o use a p r o b i t - f u n c t i o n . 

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

T a b l e 2 . 7 . 4 s h o w s f o r m u l a s o f E S risk/frequency. 
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T a b l e 2 . 7 . 4 
F o r m u l a s o f E S r i s k / f r e q u e n c y 

E m e r g e n c y 
s i t u a t i o n 

F o r m u l a 
o f E S r i s k / f r e q u e n c y 

A c c e p t a b l e 
risks c r i t e r i a 

C o l l i s i o n s fcoUisions /basic * ^traffic * ^measures * faiav 
w h e r e f b a s i c — bas i c f r e q u e n c y o f c o l l i s i o n s ; 
^tmffic — f a c t o r c h a r a c t e r i z i n g t r a f f i c d e n s i t y i n w a y o f M O 
( t a k e n t o b e e q u a l t o 0 , 2 0 t o 0 , 6 0 o r n a v i g a t i o n w i t h i n 
c h a n n e l s , r e s t r i c t e d areas, f a i r w a y s ; 0 , 2 0 f o r n a v i g a t i o n w i t h i n 
s t ra i t s , b a y s , l a g o o n s ; 0 , 0 1 f o r n a v i g a t i o n i n t h e o p e n sea) ; 
^measures — f a c t o r c h a r a c t e r i z i n g m e a s u r e s t a k e n t o p r e v e n t 
c o l l i s i o n ( t a k e n t o b e e q u a l t o 1.0 f o r n a v i g a t i o n i n a n u n k n o w n 
w a t e r a rea w i t h o u t a p i l o t o n b o a r d ; 0 . 9 f o r n a v i g a t i o n w i t h a 
p i l o t o n b o a r d o r w i t h i n t h e k n o w n w a t e r a rea ) ; 
Kav — f a c t o r c h a r a c t e r i z i n g n a v i g a t i o n c o n d i t i o n s ( t a k e n t o be 
e q u a l t o 1.5 f o r n a v i g a t i o n c o n d i t i o n s w i t h seasona l v a r i a t i o n s 
i n v i s i b i l i t y r ange , a n d h i g h seas a n d w i n d s ; 1.2 f o r n a v i g a t i o n 
c o n d i t i o n s w i t h seasona l v a r i a t i o n s i n v i s i b i l i t y r a n g e ; 
0 . 9 t o 1.0 f o r n o r m a l n a v i g a t i o n c o n d i t i o n s ) . 

1 0 " 6 t o 1 0 " 3 

I m p a c t s fnav fbasic ^ - P heading ^ P ( h a z a r d alarm) ^P(stand by) 
w h e r e fbasic — bas i c f r e q u e n c y o f s h i p i m p a c t s w i t h o f f s h o r e 
ob jec t s ; 

Pheading — p robab i l i t y o f a ship s tay ing w i t h i n the opera t ional area 
o f t he of fshore objec t /p la t form and heading towards th is object 
(def ined as a p robab i l i t y o f ships' t r ans i t i on t h r o u g h the opera t iona l 
area b o u n d a r y based o n o p e r a t i o n a l area d i m e n s i o n s , sh ip 
n a v i g a t i o n routes and traff ic densi ty i n the r eg ion ) ; 
P O m m r d alarm) — r e l a t i v e p r o b a b i l i t y t h a t a n a p p r o a c h i n g s h i p 
o r d e r o r i n d i v i d u a l s h i p w i l l b e de tec ted b y t h e o f f s h o r e ob j ec t 
a n d n o i m p a c t h a z a r d a l a r m w i l l b e g i v e n ( d e f i n e d as a 
p r o b a b i l i t y o f f a i l u r e i n r ada r s y s t e m o f t h e o f f s h o r e ob jec t / 
p l a t f o r m a n d o f f a i l u r e i n c o m m u n i c a t i o n m e a n s p r o v i d e d t h e 
r a d a r f a i l u r e b y t h e c o n d i t i o n a l p r o b a b i l i t y f o r m u l a ) ; 
Paction — p r o b a b i l i t y t h a t n o ac t i ons w i l l b e t a k e n t o p r e v e n t t h e 
i m p a c t ( d e f i n e d b y t h e e x p e r t j u d g m e n t a n d / o r i n accordance 
w i t h s t a t i s t i c a l da ta ) ; 
P(stand by) — p r o b a b i l i t y t ha t n o act ions w i l l b e t a k e n b y the 
suppor t vessels t o p r e v e n t the i m p a c t ( t a k e n t o be equa l t o 1,0 i n 
t h e absence o f suppor t vessels; 0 , 1 i n case o f suppor t vessels) . 

1 0 " 6 t o 1 0 " 3 

S t r a n d i n g 
( w h e n 
p r o p u l s i o n 
p l a n t i s 
o p e r a t i v e ) 

fstranding fbasic * faraffic * ^measures * faiav 
w h e r e fbasic — basic f requency o f s t randing; 
knav — factor characterizing the c o m p l e x i t y o f M O rou te ( t aken to 
be equa l to 2 , 1 f o r n a v i g a t i o n w i t h course change w i t h i n channels/ 
restr icted areas; 1,8 f o r n a v i g a t i o n w i t h the constant course w i t h i n 
channels/restricted areas; 1,5 f o r n a v i g a t i o n w i t h course change i n 
i n l a n d waters ; 1,0 f o r n a v i g a t i o n w i t h the constant course i n i n l a n d 
wate r s ; 0 ,6 f o r n a v i g a t i o n i n the o p e n sea w i t h l o c a l g rounds ; 
0 ,05 f o r n a v i g a t i o n i n the open sea w i t h o u t l o c a l g rounds) ; 

1 0 " 6 t o 1 0 " 3 
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E m e r g e n c y 
s i t u a t i o n 

F o r m u l a 
o f E S r i s k / f r e q u e n c y 

A c c e p t a b l e 
risks c r i t e r i a 

^measures — f a c t o r c h a r a c t e r i z i n g m e a s u r e s t a k e n t o p r e v e n t 
s t r a n d i n g (see a b o v e i n T a b l e 2 . 7 . 4 ) ; 
hum — f a c t o r c h a r a c t e r i z i n g n a v i g a t i o n c o n d i t i o n s i n t h e area 
o f M O ( t a k e n t o b e e q u a l t o 1,5 f o r n a v i g a t i o n c o n d i t i o n s w i t h 
s ea sona l v a r i a t i o n s i n w a v e s a n d w i n d s ; 1,2 f o r n a v i g a t i o n 
c o n d i t i o n s w i t h s e a s o n a l v a r i a t i o n s i n v i s i b i l i t y r a n g e ; 
0 , 9 t o 1,0 f o r n o r m a l n a v i g a t i o n c o n d i t i o n s ) . 

S t r a n d i n g 
( u n d e r f ree d r i f t 
c o n d i t i o n s ) 

fstrandig fbasic * ^distance * fanooringi 
w h e r e fbasic — bas i c f r e q u e n c y o f s t r a n d i n g ; 
^distance — f a c t o r c h a r a c t e r i z i n g d i s t ance from t h e s h o r e ( t a k e n 
t o be e q u a l t o 1.3 f o r n a v i g a t i o n w i t h i n c h a n n e l s , r e s t r i c t ed 
areas, f a i r w a y s ; 1,0 t o 1,1 f o r n a v i g a t i o n i n i n l a n d w a t e r s ; 
0 ,5 f o r n a v i g a t i o n i n t h e o p e n sea) ; 
kmooring — f a c t o r c h a r a c t e r i z i n g t h e p o s s i b i l i t y f o r e m e r g e n c y 
m o o r i n g ( t a k e n t o be e q u a l t o 1,2 w h e r e e m e r g e n c y m o o r i n g i s 
n o t p o s s i b l e ; 1,0 w h e r e e m e r g e n c y m o o r i n g i s p o s s i b l e w i t h 
p r o b a b i l i t y o f a t l ea s t 0 , 5 ) . 

1 0 " 6 t o 1 0 " 3 

C a r g o f a l l i n g P L j 
ffalling fbasic S Pfaihtre S Pcargo 

op=\ i — 1 
w h e r e f b a s i c — bas i c f r e q u e n c y o f ob j ec t f a l l i n g ; 
PfaUum — p r o b a b i l i t y o f f a i l u r e i n h o i s t i n g e q u i p m e n t d u r i n g 
l i f t i n g / c r a n e o p e r a t i o n ( t o be d e t e r m i n e d b y e x p e r t j u d g m e n t o r 
i n accordance w i t h s t a t i s t i c a l da ta ) ; 
Pcargo — p r o b a b i l i t y o f f a l l i n g o f a n 1 t y p e ob j ec t d u r i n g l i f t i n g / 
c rane o p e r a t i o n ( t o b e d e t e r m i n e d b y e x p e r t j u d g m e n t o r i n 
accordance w i t h s t a t i s t i c a l da ta ) ; 
P — t o t a l n u m b e r o f c o n s e c u t i v e l i f t i n g / c r a n e o p e r a t i o n s ; 
L — n u m b e r o f v a r i o u s ob jec t s sub jec t t o l i f t i n g / c r a n e 
o p e r a t i o n s 

1 0 " 6 t o 1 0 " 3 

O b j e c t s i n k i n g fsinking fbasic X faveather 
w h e r e fbasic — bas i c frequency o f o b j e c t s i n k i n g ; 
Kveather — w e a t h e r i n f l u e n c e f a c t o r ( t a k e n t o b e e q u a l t o 1,5 
f o r n a v i g a t i o n i n h e a v y seas a n d w i n d s ; 1,2 t o 1,0 f o r 
n a v i g a t i o n i n m o d e r a t e seas a n d w i n d s ; 0 , 1 f o r n a v i g a t i o n i n 
c a l m seas). 

1 0 " 6 t o 1 0 " 3 

2.8 R e c o m m e n d a t i o n s f o r r e p o r t i n g risk a s s e s s m e n t o f m a r i n e 
o p e r a t i o n s 

2.8.1 T a b l e s 2 . 8 . 1 . 1 a n d 2 . 8 . 1 . 2 a re r e c o m m e n d e d t o b e u s e d f o r 
d e t e r m i n a t i o n o r r a n k i n g o f M O r i s k l e v e l : 
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T a b l e 2 . 8 . 1 . 1 
A s s e s s m e n t o f E S c o n s e q u e n c e s 

P o t e n t i a l consequences 

C a t e ­
g o r y 

C o n s e q u e n c e 
assessment 

I m p a c t 
o n p e r s o n n e l 

s a f e ty 

E n v i r o n m e n t a l i m p a c t M a t e r i a l a n d 
f i n a n c i a l l o s s 1 

R e p u t a t i o n 
i m p a c t 

1 N e g l i g i b l e 
( V e r y l o w ) 

N o i n j u r i e s N o e n v i r o n m e n t a l 
p o l l u t i o n 

< U S D 10 t h o u s a n d ; 
M i n o r d a m a g e t o 

e q u i p m e n t , n o o p e r a t i o n 
i n t e r r u p t e d 

N o i m p a c t 

2 M i n o r 
( L o w ) 

I n j u r i e s 
n o t l e a d i n g 
t o d i s a b i l i t y 
a re p o s s i b l e 

M i n o r p o l l u t i o n 
o f e n v i r o n m e n t 

P e r i o d f o r 
e n v i r o n m e n t a l 

r e c o v e r y < 1 m o n t h 
(cos t s : < U S D 1 

t h o u s a n d ) 

U S D 1 0 t o 1 0 0 t h o u s a n d 
S h o r t - t e r m i n a c t i v i t y d u e 

t o e m e r g e n c y s i t u a t i o n 
( n o t r e s u l t i n g i n t h e 

ob j ec t d a m a g e ) 

M i n o r 
i m p a c t 

3 S i g n i f i c a n t 
( M o d e r a t e ) 

S e v e r e 
i n j u r i e s 

a re p o s s i b l e 
M u l t i p l e m i n o i 

damages 
L o n g - t e r m 
d i s a b i l i t y 

S i g n i f i c a n t p o l l u t i o n 
o f e n v i r o n m e n t 

P e r i o d f o r 
e n v i r o n m e n t a l 

r e c o v e r y > 1 m o n t h 
(costs > U S D 1 

t h o u s a n d ) . 

U S D 1 0 0 t o 1 0 0 0 
t h o u s a n d 

D w e l l o f t h e ob j ec t 
( u p t o s e v e r a l d a y s ) 

due t o acc iden t ; 
r e p a i r w o r k n o t r e l a t e d 

t o h u l l s t ruc tu res 

S i g n i f i c a n t 
i m p a c t 

4 M a j o r 
( H i g h ) 

P o s s i b l e 
f a t a l i t y / 
m u l t i p l e 

s eve re i n j u r i e s 
S i n g e c a s u a l t y 

S i g n i f i c a n t 
e n v i r o n m e n t a l i m p a c t 

P e r i o d f o r 
e n v i r o n m e n t a l 

r e c o v e r y > 1 y e a r 
(costs > U S D 1 

m i l l i o n ) . 

U S D 1 t o 10 m i l l i o n . 
D w e l l t i m e o f t h e o b j e c t 
( e x c e e d i n g s e v e r a l d a y s ) 

due t o acc iden t ; 
s i g n i f i c a n t r e p a i r o f h u l l 

s t ruc tu res . 

M a j o r 
conse ­

quences 
f o r f u r t h e r 

a c t i v i t y 

5 D i s a s t r o u s 
( V e r y h i g h ) 

M u l t i p l e 
casua l t ies 

C a t a s t r o p h i c 
e n v i r o n m e n t a l i m p a c t 

G l o b a l o r n a t i o n a l 
d isas ter 

P e r i o d f o r 
e n v i r o n m e n t a l 

r e c o v e r y > 1 0 yea r s . 

> U S D 1 0 m i l l i o n 
D i sas t e r , i . e . w r e c k a g e , 

s i n k i n g o r c o m p l e t e 
d e s t r u c t i o n o f t h e ob jec t . 

D i s a s t r o u s 
conse ­

quences 
f o r a c t i v i t y 

' T h e m a t e r i a l a n d f i n a n c i a l losses a re assessed u s i n g cos t e s t ima te s a i m e d at r e d u c i n g r i s k 
l e v e l c o n s i d e r e d i n 3 . 2 . 
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T a b l e 2 . 8 . 1 . 2 
P o s s i b i l i t y o f t h e e v e n t 

V a l u e E x t e n t o f p o s s i b i l i t y D e s c r i p t i o n 
o f t h e e v e n t 

1 E x t r e m e l y u n l i k e l y P o s s i b l e e v e n t t h a t n e v e r o c c u r r e d d u r i n g M O 
2 U n l i k e l y T h e e v e n t t h a t i s u n l i k e l y t o o c c u r d u r i n g M O . 
3 L i k e l y T h e i n f r e q u e n t e v e n t t h a t i s l i k e l y t o o c c u r d u r i n g M O . 
4 P r o b a b l e T h e e v e n t t h a t m a y o c c u r o n e o r s e v e r a l t i m e s d u r i n g M O 
5 F r e q u e n t N o r m a l e v e n t t h a t m a y o c c u r o n e o r m o r e t i m e s d u r i n g M O 

2.8.2 R i s k m a t r i c e s . 
A r i s k m a t r i x b e i n g a t o o l t o c o m b i n e q u a l i t a t i v e o r m i x e d ( q u a l i t a t i v e + 

q u a n t i t a t i v e ) assessments o f consequences a n d p r o b a b i l i t i e s s h a l l b e u s e d f o r 
d e t e r m i n a t i o n o r r a n k i n g o f r i s k l e v e l d u r i n g M O . T a b l e s 2 . 8 . 2 . 1 a n d 2 . 8 . 2 . 2 
s h o w M O r i s k l e v e l m a t r i x a n d r i s k a c c e p t a b i l i t y t ab l e . 

T a b l e 2 . 8 . 2 . 1 
M O r i s k l e v e l m a t r i x 

C o n s e q u e n c e , 
s e v e r i t y r a t i n g 

P o s s i b i l i t y o f t h e e v e n t , P, r a t i n g C o n s e q u e n c e , 
s e v e r i t y r a t i n g 

1 2 3 4 5 

C o n s e q u e n c e , 
s e v e r i t y r a t i n g 

E x t r e m e l y 
u n l i k e l y 

U n l i k e l y L i k e l y P r o b a b l e F r e q u e n t 

1 
N e g l i g i b l e 

1 2 3 4 5 

2 
M i n o r 

2 4 6 8 1 0 

3 
S i g n i f i c a n t 

3 6 9 1 " 
4 

M a j o r 
4 8 12 1 6 2 0 

5 . 
D i s a s t r o u s 

5 1 0 15 2 0 2 5 

T a b l e 2 . 8 . 2 . 2 
R i s k a c c e p t a b i l i t y t a b l e 

R i s k l e v e l R a t i n g D e s c r i p t i o n 

L o w 1 — 6 O p e r a t i o n s m a y b e p e r f o r m e d w i t h o u t t a k i n g spec i a l s a f e ty m e a s u r e s 

M e d i u m 7 — 12 I t m a y be necessary to fur ther consider and/or take measures to mi t i ga t e the 
r i s k and/or to i m p l e m e n t a p l a n to mi t i ga t e the r i s k to the acceptable l e v e l 

H i g h 1 3 — 2 5 O p e r a t i o n s m a y n o t b e p e r f o r m e d . A l t e r n a t i v e r i s k m i t i g a t i o n w a y s o r 
m e a s u r e s are t o b e w o r k e d o u t . 
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2.8.3 R i s k r e g i s t e r 
2.8.3.1 I n case o f i n su f f i c i en t i n f o r m a t i o n con ten t o f t h e M O r i s k assessment 

resul ts recorded i n t he r i s k l e v e l m a t r i x , these resul ts s h a l l b e repor t ed i n a f o r m o f a 
r i s k register. T h e r i s k regis ter s h a l l c o n t a i n data o n i d e n t i f i c a t i o n , desc r ip t ion o f 
hazardous events , t h e i r r i s k assessment, loss , p r o b a b i l i t y a n d l e v e l o f r i s k / r i s k s , data 
o n p o t e n t i a l effects o f these events o n M O . T h e r i s k regis ter s h a l l i n c l u d e r i s k 
c o n t r o l measures , t h e i r status, a n d res idua l r i s k assessment after t a k i n g these 
measures as w e l l as f u l l n a m e a n d p o s i t i o n o f persons i n charge o f r i s k m i t i g a t i o n , 
c o n t r o l a n d m a n a g e m e n t measures . 

2.8.3.2 T h e r i s k r e g i s t e r f o r m a t u s e d f o r r i s k assessment o f m a r i n e 
o p e r a t i o n s i s g i v e n i n T a b l e 2 . 8 . 3 . 2 . P u r s u a n t t o G O S T R 5 1 9 0 1 . 2 2 - 2 0 1 2 , t h e 
r i s k r e g i s t e r f o r m a t s h a l l b e a p p r o v e d b y t h e m a n a g e r o f o r g a n i z a t i o n engaged 
i n M O a n d agreed b y t h e de s igne r w i t h t h e o w n e r s o f M O objec ts a n d sh ips . 

2.8.3.3 A c c o r d i n g t o spec i f i c fea tures o f M O a n d / o r i n p u t s a v a i l a b l e , t h e 
r i s k r e g i s t e r f o r m a t f o r M O r i s k assessment m a y b e u s e d i n a c o m p l e t e f o r m a n d 
i n a s h o r t f o r m ( w i t h o u t s o m e c o l u m n s ) . 
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' t e c h n o l o g i c a l , p e r s o n n e l q u a l i f i c a t i o n , c l i m a t i c c o n d i t i o n s , o r g a n i z a t i o n a l , financial, r e p u t a t i o n a l . 
2 v e r y l o w , l o w , m o d e r a t e , h i g h , v e r y h i g h . 
N e g l i g i b l e , acceptable , m a x i m u m t o l e r a b l e , i n t o l e r a b l e , 
" f r o m 2 t o 1 0 . 
' e f f e c t s r e d u c t i o n , m i t i g a t i o n , t r a n s f e r / i n s u r a n c e , acceptance, e x c l u s i o n . 
6 a p e r s o n i n charge o f c o n t r o l o f a spec i f i c r i s k / r i s k s , 
' i d e n t i f i c a t i o n , a n a l y s i s , assessment , c o n t r o l a n d m o n i t o r i n g . 

3 M A R I N E O P E R A T I O N R I S K C O N T R O L A N D M A N A G E M E N T 

3.1 R i s k c o n t r o l a n d m a n a g e m e n t o p t i o n s d u r i n g M O 
3.1.1 E f f e c t i v e r i s k c o n t r o l a n d m a n a g e m e n t p r o v i d e t h e f o l l o w i n g : 
c o n t r o l o f a l l i d e n t i f i e d haza rds ; 
r e v i e w o f p o t e n t i a l c o n t r o l measures t o reduce the r i s k t o a n acceptable l e v e l ; 
a n a l y s i s o f f ac to r s a f f e c t i n g t h e s e l e c t i o n o f r i s k r e d u c t i o n m e a s u r e s ; 
e s t a b l i s h m e n t o f r i s k c o n t r o l o p t i o n s ; 
a ssessment o f e f f i c i e n c y o f r i s k c o n t r o l o p t i o n s ; 
sugges t i ons o n a d d i t i o n a l c o n t r o l m e a s u r e s . 
3.1.2 M O r i s k c o n t r o l a c c o r d i n g t o I M O R e s o l u t i o n M S C - M E P C . 2 / C i r c . l 2 

( 8 J u l y 2 0 1 3 ) t akes i n t o a c c o u n t t h e exac t q u a n t i t a t i v e o r o b j e c t i v e a n d 
reasonable q u a l i t a t i v e safety su f f i c i ency c r i t e r i a ( S S C ) u s i n g t he A L A R P p r inc ip l e . 

3.1.2.1 W h e n e s t a b l i s h i n g S S C , s o m e s t a n d a r d i z e d p a r a m e t e r s a re 
d e t e r m i n e d , t o w h i c h r i s k l e v e l s m a y b e r e l a t e d . T h e l i s t o f acc iden t r i s k 
i n d i c a t o r e s t i m a t e s i s d e v e l o p e d based o n r i s k assessment t a sks a n d spec i f i c 
fea tures o f t h e M O des ign . 

3.1.2.2 S S C a l l o w s f o r s e l e c t i o n o f t h e p r e f e r r e d M O a p p r o a c h a n d p o t e n t i a l 
c o n t r o l m e a s u r e s t o r e d u c e t h e r i s k t o a n acceptable l e v e l i n t h e cou r se o f 
c o m p a r i s o n assessment o f s a f e t y / r i s k f o r v a r i o u s M O o p t i o n s . 

3.1.3 T h e e f f e c t i v e r i s k r e d u c t i o n m e a s u r e s d u r i n g M O are se lec ted w i t h 
r e g a r d t o fac to r s a f f e c t i n g t h e s e l e c t i o n o f r i s k r e d u c t i o n m e a s u r e s w h i c h i n c l u d e 
t h e f o l l o w i n g ( a c c o r d i n g t o G O S T I S O R 1 7 7 7 6 - 2 0 1 2 ) : 

t e c h n i c a l f e a s i b i l i t y ; 
c o n t r i b u t i o n o f m e a s u r e s t o r i s k r e d u c t i o n ; 
cos ts a n d r i s k s r e l a t e d t o i m p l e m e n t a t i o n o f m e a s u r e s ; 
c o n s i d e r a t i o n o f u n c e r t a i n t i e s i n c l u d i n g h u m a n - r e l a t e d effects . 
3.1.4 W h e n p r e p a r i n g t h e r i s k r e d u c t i o n o p t i o n s , t h e m e a s u r e s t a k e n s h a l l : 
m e e t r e g u l a t o r y a n d l e g a l r e q u i r e m e n t s ; 
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m e e t r e q u i r e m e n t s o f t h e c o m p a n y engaged i n M O a n d t h e ob j ec t o w n e r . 
3.1.4.1 R e c o m m e n d a t i o n s o n acc iden t r i s k r e d u c t i o n s h a l l n o t c o n t r a d i c t t o 

t h e I M O r e c o m m e n d a t i o n s a n d I A C S approaches a n d m e e t t h e e f f e c t i v e R u l e s 
o f t h e R e g i s t e r a n d R e g i s t e r a p p r o v e d o p e r a t i n g s tandards . 

3.2 C o s t - b e n e f i t a n a l y s i s o f M P risk r e d u c t i o n m e a s u r e s 
3.2.1 T h e effects o f m e a s u r e s t a k e n s h a l l b e c o m p a r e d t o costs f o r t h e 

m e a s u r e s t h e m s e l v e s u s i n g cos t -bene f i t a n a l y s i s . 
F o r d e t e r m i n a t i o n o f p r i o r i t y r i s k r e d u c t i o n m e a s u r e s , a m a x i m u m spec i f i c 

e f f i c i e n c y ( w h i c h i s a n e f fec t - to -cos t r a t i o ) s h a l l b e u s e d r a t h e r t h a n m a x i m u m 
ef fec t o r m i n i m u m cost . 

3.2.2 F o r r i s k assessment from s o c i o - e c o n o m i c a l p e r s p e c t i v e , a cos t 
e f f ec t iveness a n a l y s i s ( C E A ) s h a l l b e u sed . 

3.2.3 T h e e s t ima te s o f expec t ed s o c i o - e c o n o m i c a l a n d e c o l o g i c a l lo s s 
s u f f e r e d f r o m acc idents d u r i n g m a r i n e o p e r a t i o n s h a l l b e c o n s i d e r e d as t h e 
g r o u n d f o r c a l c u l a t i o n o f t h e a m o u n t o f f i n a n c i a l s e c u r i t y f o r c i v i l l i a b i l i t y f o r 
p o s s i b l e d a m a g e t o p e r s o n n e l , p u b l i c , t h i r d pa r t i e s , p r o p e r t y , e n v i r o n m e n t , a n d 
a l so as t h e a m o u n t o f d a m a g e a l r e a d y p r e v e n t e d a t t h e m a r i n e o p e r a t i o n 
d e s i g n i n g s tage w i t h r e g a r d t o h u m a n - r e l a t e d effects , n a t u r a l a n d t e c h n o g e n i c 
i m p a c t s t h a t m i g h t o t h e r w i s e r e s u l t i n a n acc iden t . 

1 3 5 



APPENDIX 1 

D E S C R I P T I O N O F M O R I S K A S S E S S M E N T M E T H O D S 

N o . M e t h o d D e s c r i p t i o n a n d a p p l i c a t i o n T y p e R e f e r e n c e d 
s tandards 

A n a l y t i c a l m o d e l i n g 

1 C h e c k l i s t s A s i m p l e f o r m o f r i s k i d e n t i f i c a t i o n . T h i s 
m e t h o d a l l o w s t h e u s e r t o b e p r o v i d e d w i t h 
sources o f u n c e r t a i n t y t o b e c o n s i d e r e d . 
U s e r s a p p l y t h e p r e v i o u s l y d e v e l o p e d l i s t , 
codes ( r u l e s a n d r e g u l a t i o n s ) a n d s tandards . 

Q u a l i t a t i v e G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

2 S t r u c t u r e d 
W h a t 
I f T e c h n i q u e 
( S W I F T ) 

I t i s a sys temat ic , t e a m based s tudy u t i l i s i n g a 
set o f ' p r o m p t ' w o r d s o r phrases tha t h e l p 
t e a m m e m b e r s w i t h i n a w o r k s h o p t o i d e n t i f y 
h a z a r d s a n d create t h e i r s cena r ios . T h e 
f a c i l i t a t o r a n d t e a m use s t anda rd " w h a t - i f ' 
t y p e p h r a s e s i n c o m b i n a t i o n w i t h t h e 
p r o m p t s t o i n v e s t i g a t e h o w a s y s t e m , p l a n t 
i t e m , o r g a n i z a t i o n , o r p r o c e d u r e w i l l be 
a f fec ted b y t h e h a z a r d . 

Q u a l i t a t i v e G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

3 E x p e r t 
j u d g m e n t 
( D e l p h i 
t e c h n i q u e ) 

I t i s a t echn ique t o o b t a i n exper t e s t ima t ions 
t h a t m a y h e l p at i d e n t i f i c a t i o n o f sources a n d 
haza rd effects, assessment o f p r o b a b i l i t y a n d 
consequences a n d o v e r a l l r i s k assessment I t i s 
a technique t o s u m m a r i z e the exper t o p i n i o n s . 
T h i s t e c h n i q u e a l l o w s f o r i n d e p e n d e n t 
ana lys i s and v o t i n g o f experts . 

Q u a l i t a t i v e G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

4 R i s k m a t r i x A r i s k m a t r i x o f consequences and probabi l i t ies 
i s a t o o l t o c o m b i n e qual i ta t ive o r m i x e d 
assessments o f consequences and probabi l i t ies 
and i s used f o r de t e rmina t ion o r r a n k i n g o f r i s k 
l e v e l . 

M i x e d G O S T R I S O 
1 7 7 7 6 - 2 0 1 2 , 
G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

5 H a z a r d 
i d e n t i f i c a t i o n 
( H A Z I D ) 

I t i s a s i m p l e i n d u c t i v e a n a l y s i s t e c h n i q u e 
a i m e d a t i d e n t i f i c a t i o n o f bas i c haza rds , 
h a z a r d fac to rs a n d even t s t h a t c a n a f fec t t h e 
o p e r a t i o n o r cause h a r m f o r a g i v e n a c t i v i t y 
o r t h e w h o l e p rocess s y s t e m o f t h e ob jec t . 

M i x e d G O S T R I S O 
1 7 7 7 6 - 2 0 1 2 , 
G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 , 
G O S T R 
5 1 9 0 1 . 2 - 2 0 0 5 
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N o . M e t h o d D e s c r i p t i o n a n d a p p l i c a t i o n T y p e R e f e r e n c e d 
s tandards 

6 F a i l u r e m o d e 
a n d ef fec t 
a n a l y s i s 
( F M E A ) / 
f a i l u r e m o d e , 
e f fec t a n d 
c r i t i c a l i t y 
a n a l y s i s 
( F M E C A ) 

I t i s a m e t h o d f o r s y s t e m a t i c a n a l y s i s o f t h e 
s y s t e m t o i d e n t i f y p o t e n t i a l f a i l u r e m o d e s , 
t h e i r causes a n d consequences as w e l l as 
t h e i r effects o n t h e s y s t e m o p e r a t i o n (as a 
w h o l e o r i t s c o m p o n e n t s a n d processes) . 
F M E C A e x t e n d s F M E A a n d i n c l u d e s 
m e t h o d s o f r a n k i n g o f f a i l u r e s e v e r i t i e s . 
T h i s t e c h n i q u e a l l o w s f o r e s t a b l i s h m e n t o f 
t h e p r i o r i t y c o u n t e r m e a s u r e s . 

M i x e d G O S T R 
5 1 9 0 1 . 1 2 - 2 0 0 7 
G O S T R I S O 
1 7 7 7 6 - 2 0 1 2 
G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

7 H a z a r d 
a n d 
o p e r a b i l i t y 
s t u d y 
( H A Z O P ) 

T h i s s t u d y i s p e r f o r m e d b y a g r o u p o f 
s p e c i a l i s t s a n d a i m e d a t d e t a i l e d 
i n v e s t i g a t i o n a n d i d e n t i f i c a t i o n o f h a z a r d 
p r o b l e m s a n d o p e r a b i l i t y o f t h e s y s t e m . 
H A Z O P i s i n t e n d e d f o r i d e n t i f i c a t i o n o f 
p o t e n t i a l d e v i a t i o n f r o m t h e d e s i g n targets , 
e x p e r t r e v i e w o f t h e i r p o t e n t i a l causes a n d 
assessment o f t h e i r consequences . 

M i x e d G O S T R 
5 1 9 0 1 . 1 1 - 2 0 0 5 
( I E C 61882 :2001) 
G O S T R I S O 
1 7 7 7 6 - 2 0 1 2 
G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

8 P r e l i m i n a r y 
H a z a r d 
A n a l y s i s 
( P H A ) 

I t i s a n i n d u c t i v e m e t h o d o f a n a l y s i s w h o s e 
o b j e c t i v e i s t o i d e n t i f y t h e haza rds a n d 
h a z a r d o u s s i t u a t i o n s a n d even t s t h a t c a n 
a f fec t t h e o p e r a t i o n o r cause h a r m f o r a 
g i v e n a c t i v i t y , e q u i p m e n t o r s y s t e m . T h i s 
a n a l y s i s i s o f t e n a p r e c u r s o r t o f u r t h e r 
s tud ies o r i s a i m e d t o p r o v i d e i n f o r m a t i o n 
f o r d e v e l o p m e n t o f spec i f i c a t i ons t o t h e 
s y s t e m u n d e r d e s i g n . 

Q u a l i t a t i v e G O S T R I S O 
1 7 7 7 6 - 2 0 1 2 
G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

9 H u m a n 
R e l i a b i l i t y 
A n a l y s i s 
( H R A ) 

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

Q u a l i t a t i v e G O S T R I S O 
1 7 7 7 6 - 2 0 1 2 
G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

1 0 P h y s i c a l e f fec t 
m o d e l i n g 
(РЕМ) 

T h i s m e t h o d a l l o w s f o r p red ic t ion o f scenarios 
o f phys i ca l processes under inc iden t condi t ions 
u s i n g c o m p u t e d - b a s e d m a t h e - m a t i c a l 
m o d e l i n g . T h i s m e t h o d i s w i d e l y used i n a 
great deal o f o ther assessment techniques tha t 
require ma thema t i ca l m o d e l i n g f o r assessment 
o f consequences o f a hazardous event w h o s e 
f requency m a y be u n k n o w n o r roughly k n o w n . 

M i x e d G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

11 Q u a n t i t a t i v e 
r i s k a n a l y s i s 
( Q R A ) 

T h i s m e t h o d i s a i m e d at r i s k assessment f o r a 
specific ac t i v i t y i n n u m e r i c a l va lues rather t h a n 
i n re la t ive qual i ta t ive values . I t i s used f o r 
assessment o f a l l r i s k i n c l u d i n g those t o 
personnel , e n v i r o n m e n t , offshore ins ta l la t ion . 

Q u a n ­
t i t a t i v e 

G O S T R I S O 
1 7 7 7 6 - 2 0 1 2 
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N o . M e t h o d D e s c r i p t i o n a n d a p p l i c a t i o n T y p e R e f e r e n c e d 
s tandards 

P h y s i c a l m o d e l i n g 

1 2 F a u l t t r ee 
a n a l y s i s ( F T A ) 

I t i s a g r a p h i c a l m o d e l i n g t e c h n i q u e 
s h o w i n g v a r i o u s c o m b i n a t i o n s o f f a i l u r e s 
o f e q u i p m e n t a n d h u m a n e r ro r s t h a t m a y 
c o n t r i b u t e t o a h a z a r d o u s e v e n t u s u a l l y 
c a l l e d t h e " t o p e v e n t " ( m a i n e v e n t ) . 

M i x e d G O S T R 2 7 . 3 0 2 ¬
2 0 0 9 
G O S T R I S O 
1 7 7 7 6 - 2 0 1 2 
G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

13 E v e n t t r e e 
a n a l y s i s 
( E T A ) 

I t i s a g r a p h i c a l t e c h n i q u e f o r r e p r e s e n t i n g 
t h e m u t u a l l y e x c l u s i v e sequences o f even t s 
f o l l o w i n g a n i n i t i a t i n g e v e n t a c c o r d i n g t o 
t h e f u n c t i o n i n g / f a i l u r e s o f s y s t e m s de s igned 
t o m i t i g a t e t h e consequences o f a h a z a r d o u s 
e v e n t . 

M i x e d G O S T R I E C 
6 2 5 0 2 - 2 0 1 4 
G O S T R I S O 
1 7 7 7 6 - 2 0 1 2 
G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

S t a t i s t i c a l m o d e l i n g 

1 4 M o n t e C a r l o 
s i m u l a t i o n 

I t i s a n a n a l y s i s o f e f fec t s o f s y s t e m 
p a r a m e t e r a s ses smen t u n c e r t a i n t i e s i n a 
w i d e r a n g e o f s i t u a t i o n s . T h i s m e t h o d i s 
u s u a l l y u s e d f o r assessment o f v a r i a t i o n 
r a n g e o f o u t c o m e s a n d r e l a t i v e f r e q u e n c y o f 
v a l u e s w i t h i n t h i s r a n g e f o r q u a n t i f i e d 
v a l u e s . T h e m o d e l i n g m a y b e u s e d f o r t w o 
d i f f e r e n t p u r p o s e s : t r a n s f o r m a t i o n o f 
u n c e r t a i n t y f o r c o m m o n a n a l y t i c a l m o d e l s 
a n d c a l c u l a t i o n o f p r o b a b i l i t i e s w h e n 
a n a l y t i c a l m e t h o d s c a n n o t be used . 

Q u a l i t a t i v e G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

15 B a y e s i a n 
a n a l y s i s 

I t i s a graphica l m o d e l tha t represents variables 
and the i r probabi l i s t ic relat ionships. B a y e s i a n 
n e t w o r k s m a y be used f o r s tudy ing causal 
l i n k s , in -dep th unders tanding o f the p r o b l e m 
area and p red i c t i on o f effects o f i n t e r v e n t i o n t o 
the sys tem. T h i s analysis a l l o w s f o r ob ta in ing 
quant i ta t ive outputs . 

Q u a l i t a t i v e G O S T R I S O / 
I E C 3 1 0 1 0 - 2 0 1 1 

N o t e . 
Q u a l i t a t i v e t e c h n i q u e i s a d e s c r i p t i v e a n a l y t i c a l risk assessment m e t h o d n o t u t i l i s i n g 
n u m e r i c a l i n d i c a t o r s o r s t a t i s t i c a l q u a n t i t i e s . 
Q u a n t i t a t i v e t e c h n i q u e i s a d e s i g n a n a l y t i c a l r i s k assessment m e t h o d u t i l i s i n g 
n u m e r i c a l i n d i c a t o r s a n d / o r s t a t i s t i c a l q u a n t i t i e s . 
M i x e d t e c h n i q u e i s a d e s c r i p t i v e a n a l y t i c a l risk assessment m e t h o d p a r t i a l l y u t i l i s i n g 
n u m e r i c a l i n d i c a t o r s a n d / o r s t a t i s t i c a l q u a n t i t i e s . 
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APPENDIX 2 

E X A M P L E S O F R I S K A S S E S S M E N T 
F O R M A R I N E O P E R A T I O N S 

1 E x a m p l e s o f r i s k a s s e s s m e n t f o r t o w i n g t h e o b j e c t t o t h e i n s t a l l a t i o n s i t e 
1.1 F o r t h e o b j e c t t o w i n g assessment r i s k , see T a b l e 1 . 1 . 

T a b l e 1.1 
R i s k a s s e s s m e n t f o r t o w i n g t h e o b j e c t 

P o t e n t i a l 
acc idents 

A c c i d e n t e f fec t r a t i n g 
R i s k 
v a l u e 

N o . P o t e n t i a l 
acc idents ra

tin
g 

laf
ety

 

1 
R i s k 
v a l u e 

Fr
eq

ue
nc

y 

Pe
rs

on
ne

l s
 

En
vi

ro
nm

ei
 

Pr
oje

ct 
tim

e 

i 
% 

1 D e l i v e r y o f t h e ob j ec t t o t h e i n s t a l l a t i o n s i te 

1 O b j e c t s i n k i n g 1 1 1 4 4 H i g h 

2 T u g i m p a c t o n t h e ob j ec t i n v o l v i n g s t r u c t u r a l 
d a m a g e 

2 2 2 3 3 H i g h 

3 G r o u n d c o n t a c t / g r o u n d i n g 1 1 1 3 3 M e d i u m 

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

2 1 1 2 2 M e d i u m 

5 D a m a g e t o t u g s t ruc tu res 2 2 2 2 2 M e d i u m 

6 D a m a g e t o n a v i g a t i o n and/or r ad io equ ipment 3 1 1 1 1 M e d i u m 

7 T o w l i n e w i n d i n g o n t o p r o p e l l e r 2 1 1 2 2 M e d i u m 

8 B r e a k a g e / f a i l u r e o f t o w i n g a r r a n g e m e n t 2 1 1 1 1 L o w 

2 . O b j e c t p o s i t i o n i n g , s u b m e r s i o n a n d s e t t i n g d o w n 

1 O b j e c t s i n k i n g 1 2 2 4 4 H i g h 

2 T u g / w o r k b o a t i m p a c t w i t h the object i n v o l v i n g 
s t ruc tura l damage 

2 1 1 3 3 H i g h 

3 D a m a g e t o p u m p , t o w i n g w i n c h , a n c h o r i n g 
gear 

2 1 1 2 2 M e d i u m 

4 D a m a g e t o r a d i o e q u i p m e n t 3 1 1 1 1 M e d i u m 

5 B r e a k a g e o f w a t e r p u m p i n g h o s e 2 1 1 1 1 L o w 

1.2 F o r t he r i s k assessment u s i n g exper t j u d g m e n t technique, refer t o Tab le 1.2. 
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2 E x a m p l e o f risk a s s e s s m e n t f o r o b j e c t b a l l a s t i n g , m o v i n g f r o m t h e 
y a r d w a t e r a r e a , a n d t o w i n g 

2.1 F o r t h e r i s k assessment f o r ob j ec t t o w i n g t o t h e y a r d b a l l a s t i n g s i t e , r e f e r 
t o T a b l e 2 . 1 . 

T a b l e 2 . 1 
R i s k a s s e s s m e n t f o r o b j e c t m o v i n g f r o m t h e y a r d w a t e r a r e a , t o w i n g t h r o u g h c h a n n e l 

P o t e n t i a l acc iden ts 
A c c i d e n t e f fec t r a t i n g 

R i s k 
v a l u e 

N o . P o t e n t i a l acc iden ts 

nc
y 

ra
tin

g 

tie
l s

af
et

y 1 g 

R i s k 
v a l u e 

Fr
eq

ue
 

Pe
rs

on
 I Pr

oj
ec

t 

M
ax

im
 

1 T u g i m p a c t w i t h t h e ob j ec t 2 2 i 3 3 H i g h 

2 B r e a k a g e / f a i l u r e o f t o w i n g a r r a n g e m e n t 
T o w l i n e w i n d i n g o n t o p r o p e l l e r 

1 1 1 2 1 L o w 

3 G r o u n d c o n t a c t / g r o u n d i n g 2 1 i 2 2 M e d i u m 

4 D a m a g e s o f s h i p p o w e r p l a n t . M a l f u n c t i o n 
o f p r o p u l s i o n a n d / o r s t e e r i n g c o m p o n e n t s 

1 1 1 2 2 M e d i u m 

5 D a m a g e t o n a v i g a t i o n and/or rad io equ ipmen t 2 1 i 1 1 M e d i u m 

N o t e . D u r i n g r i s k assessment , t h e h i g h e s t p r i o r i t y w a s g i v e n t o m o s t h a z a r d o u s effects o f 
each acc ident . 
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3 E x a m p l e o f risk a s s e s s m e n t f o r t o w i n g o f t h e p l a t f o r m s u b s t r u c t u r e 
3.1 F o r t h e r i s k assessment f o r subs t ruc tu re u n d o c k i n g , r e f e r t o F i g . 3 . 1 a n d 

T a b l e 3 . 1 

T a b l e 3 . 1 
R i s k a s s e s s m e n t f o r s u b s t r u c t u r e u n d o c k i n g 

N o . P o t e n t i a l R i s k 
acc iden t 

ro
ba

bi
lit

y 
f e

ve
nt

, P
 

ev
er

ity
 

f e
ffe

ct
s, 

/ 1 m i t i g a t i o n / e l i m i n a t i o n m e a s u r e s 

ro
ba

bi
lit

y 
f e

ve
nt

, P
 

ev
er

ity
 

f e
ffe

ct
s, 

/ 
isk

 
sse

ssm
ei 

er
so

n 
in

 

Рн О (И о P5 ее И, 
1 Impact o n object (groundingfcollision) H i g h 

1.1 B r e a k a g e o f t h e r o p e 1 2 2 L T O S h i p s p e c i f i c a t i o n ; 
S u r v e y o f t u g s f o r fitness; 
S u r v e y o f cha r t e r ed t u g s ; 
I n s p e c t i o n o f t o w i n g a n d m o o r i n g 
e q u i p m e n t / s y s t e m ; 
P e r s o n n e l t r a i n i n g ; 
M e e t i n g w i t h t h e l eade r o f t h e t o w i n g 
o p e r a t i o n ; 
O p e r a t i o n m e t h o d s . 
R e f e r e n c e s : 
1 ) T u g s p e c i f i c a t i o n ; 
2 ) S h i p f i tness r e p o r t ; 
3 ) G u i d e l i n e s o n u n d o c k i n g t h e 

subs t ruc tu re 
4 ) S a f e t y G u i d e . 
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T a b l e 3.1 — continued 

N o . P o t e n t i a l 
acc iden t 

Pr
ob

ab
ili

ty
 

of 
ev

en
t, 

P 
Se

ve
rit

y 
of 

ef
fe

cts
, 

/ 
Ri

sk
 

as
se

ss
m

en
t, 

Px
l 

Pe
rso

n 
in

 c
ha

rg
e R i s k 

m i t i g a t i o n / e l i m i n a t i o n m e a s u r e s 

1.2 U n c o n t r o l l e d 
d i s c o n n e c t i o n 
o f a m o o r i n g l i n e 

1 2 2 L T O P e r s o n n e l t r a i n i n g 
M e e t i n g w i t h t h e l eade r o f t h e t o w i n g 
o p e r a t i o n 
O p e r a t i o n m e t h o d s . 
R e f e r e n c e s : 
1 ) G u i d e l i n e s o n u n d o c k i n g t h e sub­
s t ruc tu re . 

1.3 U n b a l a n c e d m o o r i n g 
s y s t e m d u r i n g 
d i s c o n n e c t i o n 

1 2 2 L T O O p e r a t i o n m e t h o d s 
T e n s i o n c h e c k 
T e s t i n g t h e r e sponse t o d i s c o n n e c t i o n o f 
t h e m o o r i n g l i n e . 
R e f e r e n c e s : 
1 ) G u i d e l i n e s o n u n d o c k i n g t h e sub­
s t ruc tu re . 

1.4 D a m a g e t o t h e s h i p 
p o w e r p l a n t 

1 2 2 L T O S h i p s p e c i f i c a t i o n . 
S u r v e y o f t u g s f o r f i t nes s . 
S u r v e y o f cha r t e r ed tugs . 
I n s p e c t i o n o f t o w i n g a n d m o o r i n g 
e q u i p m e n t / s y s t e m . 
P e r s o n n e l t r a i n i n g . 
M e e t i n g w i t h t h e l eade r o f t h e t o w i n g 
o p e r a t i o n . 
O p e r a t i o n m e t h o d s . 
R e f e r e n c e s : 
1 ) T u g s p e c i f i c a t i o n . 
2 ) S h i p fitness r e p o r t . 
3 ) G u i d e l i n e s o n u n d o c k i n g t h e sub­
s t ruc tu re . 
4 ) S a f e t y G u i d e 

1.5 S h i p w i n c h acc iden t 2 4 8 L T O I n s p e c t i o n o f t h e t o w i n g w i n c h a n d 
t o w i n g a r r a n g e m e n t / s y s t e m . 
M e e t i n g w i t h t h e l eade r o f t h e t o w i n g 
o p e r a t i o n . 
O p e r a t i o n m e t h o d s . 
R e f e r e n c e s : 
1 ) T u g s p e c i f i c a t i o n . 
2 ) S h i p fitness r e p o r t . 
3 ) G u i d e l i n e s o n u n d o c k i n g t h e sub­
s t ruc tu re . 
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T a b l e 3.1 — continued 

N o . P o t e n t i a l 1 R i s k 
acc iden t 

Pr
ob

ab
ili

ty
 

of 
ev

en
t, 

P I m i t i g a t i o n / e l i m i n a t i o n m e a s u r e s 

Pr
ob

ab
ili

ty
 

of 
ev

en
t, 

P 
Se

ve
rit

y 
of 

ef
fe

cts
 

8 S 
O S 

. . O S >**J 

й a a , Pe
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1.6 A b s e n c e 
o f c o m m u n i c a t i o n 
l a n g u a g e 

2 3 6 L T O P e r s o n n e l t r a i n i n g . 
M e e t i n g w i t h t h e l eade r o f t h e t o w i n g 
o p e r a t i o n . 
O p e r a t i o n m e t h o d s . 
R e f e r e n c e s : 
1 ) G u i d e l i n e s o n u n d o c k i n g t h e sub­
s t ruc tu re . 
2 ) S a f e t y G u i d e . 

1.7 I n t e r v e n t i o n t o t h e p o r t 
t r a f f i c 

2 3 6 L T O D a y t i m e o p e r a t i o n s . 
I n f o r m a t i o n c o n t a c t w i t h p o r t o f f i c e . 
K e e p i n g t h e p o r t o f f i c e i n f o r m e d d u r i n g 
o p e r a t i o n s . 
T r a n s m i s s i o n o f s a f e t y - r e l a t e d r a d i o 
messages . 
O p e r a t i o n m e t h o d s . 
R e f e r e n c e s : 
1 ) G u i d e l i n e s o n u n d o c k i n g t h e sub­
s t ruc tu re . 

2 P e r s o n n e l i m p a c t H i g h 

2 . 1 B r e a k a g e o f t h e l i n e 
d u r i n g w i n c h 
o p e r a t i o n 

1 4 4 L T O S t a r t u p a n d c h e c k o f a l l p r e l i m i n a r y 
i n s t a l l e d e q u i p m e n t . 
I n s p e c t i o n a n d c h e c k o f t o w l i n e s / w i n c h 
l i n e s o f t ugs . 
I n s p e c t i o n a n d c h e c k o f t h e t o w i n g 
w i n c h 
I n s p e c t i o n a n d c h e c k o f t u g m o o r i n g 
l i n e s . 
C e r t i f i e d e q u i p m e n t . 
S a f e t y b r i e f i n g o f p e r s o n n e l . 
M e e t i n g w i t h t h e l eade r o f t h e t o w i n g 
o p e r a t i o n . 
R e f e r e n c e s : 
1 ) S u b s t r u c t u r e m o o r i n g a n d p o s i ­
t i o n i n g s p e c i f i c a t i o n . 
2 ) D o c u m e n t a t i o n / c e r t i f i c a t i o n . 
3 ) G u i d e l i n e s o n u n d o c k i n g t h e sub­
s t ruc tu re . 
4 ) S a f e t y G u i d e . 
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T a b l e 3.1 — continued 

N o . P o t e n t i a l 
acc iden t 

Pr
ob

ab
ili

ty
 

of 
ev

en
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cts
, 

/ 
Ri
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Px
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Pe
rso

n 
in

 c
ha

rg
e R i s k 

m i t i g a t i o n / e l i m i n a t i o n m e a s u r e s 

2 . 2 L a n g u a g e / 
c o m m u n i c a t i o n 
p r o b l e m 

2 3 6 L T O P e r s o n n e l t r a i n i n g . 
M e e t i n g w i t h t h e l eade r o f t h e t o w i n g 
o p e r a t i o n . 
O p e r a t i o n m e t h o d s . 
R e f e r e n c e s : 
1 ) G u i d e l i n e s o n u n d o c k i n g t h e sub­
s t ruc tu re . 
2 ) S a f e t y G u i d e . 

2 .3 I n j u r i e s d u r i n g 
p e r s o n n e l 
t r a n s p o r t a t i o n 

2 4 8 L T O P e r s o n n e l t r a i n i n g . 
M e e t i n g w i t h t h e l eade r o f t h e t o w i n g 
o p e r a t i o n . 
O p e r a t i o n m e t h o d s . 

R e f e r e n c e s : 
1 ) G u i d e l i n e s o n u n d o c k i n g t h e 

subs t ruc tu re . 
2 ) S a f e t y G u i d e . 

2 . 4 L a c k o f passages a n d 
e m e r g e n c y e x i t s f o r 
p e r s o n n e l 

2 4 8 L T O P e r s o n n e l t r a i n i n g . 
M e e t i n g w i t h t h e l eade r o f t h e t o w i n g 

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

R e f e r e n c e s : 
1 ) G u i d e l i n e s o n u n d o c k i n g t h e sub­
s t ruc tu re . 
2 ) S a f e t y G u i d e . 

S y m b о 1 . L T O — L e a d e r o f t o w i n g o p e r a t i o n s 
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Appendix to Circular Letter 

No. 391-01-1144c   

dated 20.06.2018 

 

 

RULES FOR PLANNING AND EXECUTION OF MARINE OPERATIONS, 2017  

ND No. 2-090601-006-E 

 

PART I. GENERAL  

 

1 APPLICATION 

 

Para 1.1. shall be amended to read: 

 

“1.1 The requirements of these Rules for Planning and Execution of Marine Operations1 apply to 

marine operations carried out during construction, modernization and utilization of offshore oil and 

gas field facilities covered by the technical supervision of the Russian Maritime Register of 

Shipping2.”.  

 

Para 1.2. The last paragraph shall be amended to read: 

 

“transits and towing of ships (shall be carried out in accordance with the requirements of Section   

 8, Part II “Carrying out Classification Surveys of Ships” of the Guidelines on Technical 

Supervision of Ships in Service).”. 

 

Para 1.3 shall be amended to read: 

 

“1.3 On agreement with the Register, the requirements of these Rules can be extended to marine 

operations with the objects not specified in 1.1. In this case, RS reviews the technical 

documentation of marine operation; therewith, the RS technical supervision shall only include the 

control of implementation of the measures on planning the marine operation prescribed by the 

approved design, without the assessment of technical condition of the object. Technical 

supervision of marine operation is not carried out.”. 

 

Para 1.4. The first sentence shall be amended to read: 

 

“The concepts of planning and execution of other types of marine operations not regulated by 

these Rules  as regards the objects specified in 1.1, Part I “General”, shall be submitted to the 

Register for review and agreement in each particular case.” and the rest remains as stands. 

 

5 ORGANIZATION OF TECHNICAL SUPERVISION  

  

Para 5.1. The fourth paragraph shall be amended to read: 

 

“technical supervision while executing the marine operation during the RS technical supervision 

of offshore oil and gas facilities during their construction and modernization.”.  
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Entry-into-force date: 
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Valid till:  Validity period extended till:   
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Number of pages: 1 + 7  

Appendices: 
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Director General                                           Konstantin G. Palnikov 

Text of CL: 

We hereby inform that the Rules for Planning and Execution of Marine Operations shall be amended as 
specified in the Appendices to the Circular Letter. 

It is necessary to do the following: 

1. Bring the content of the Circular Letter to the notice of the RS surveyors, interested organizations and 
persons in the area of the RS Branch Offices' activity. 

2. Apply the provisions of the Circular Letter during review of the technical documentation on marine 
operations designs. 

List of the amended and/or introduced paras/chapters/sections: 

Part III: paras 4.3.2.1, 4.3.3.2, 4.3.3.3, 4.3.4.4, 4.3.5, 4.3.6, 4.3.7.1, 4.5.2, 4.5.4, 4.5.7 – 4.5.10 and 6.1.2 

Person in charge: Vladimir A. Karev 391 +7 (812) 380-19-54 

"Thesis" System No. 20-86695 

 

  



Appendix 1 to Circular Letter 
No. 391-06-1384c dated 27.04.2020 

 
 

Information on amendments introduced by the Circular Letter 
(for inclusion in the Revision History to the RS Publication) 

 
Nos. Amended 

paras/chapters/sections 
Information on 
amendments 

Number and date of 
the Circular Letter 

Entry-into-force 
date 

1 Part III, para 4.3.2.1 The unit for design 
resistance in calm water 
has been specified 

391-06-1384c 
of 27.04.2020 

27.04.2020 

2 Part III, para 4.3.3.2 The unit of design value 
of added resistance in 
waves has been 
specified. 
Formula (4.3.2.3-4) 
has been 
renumbered (4.3.3.2-4) 
(for the Russian version 
only). 
Table 4.3.2.3 has been 
renumbered 4.3.3.2 

391-06-1384c 
of 27.04.2020 

27.04.2020 

3 Part III, para 4.3.3.3 The explications for 
Formulae (4.3.3.3-2) 
and (4.3.3.3-3) have 
been specified 

391-06-1384c 
of 27.04.2020 

27.04.2020 

4 Part III, para 4.3.4.4 The unit of aerodynamic 
resistance due to wind 
has been specified. The 
formula and the 
explication have been 
amended 

391-06-1384c 
of 27.04.2020 

27.04.2020 

5 Part III, para 4.3.5 Formula (4.3.5-1) and 
the explication have 
been amended. 
The explication to 
Formula (4.3.5-6) has 
been amended. 
The symbol of the 
Froude number has been 
specified. 
Formula (4.3.5-7) has 
been deleted. 
Formulae (4.3.5-8) 
and (4.3.5-9) have been 
renumbered (4.3.5-7) 
and (4.3.5-8), 
accordingly 

391-06-1384c 
of 27.04.2020 

27.04.2020 

6 Part III, para 4.3.6 Formula (4.3.6-1) has 
been amended. 
Table 4.3.6 has been 
supplemented by the 
Note 

391-06-1384c 
of 27.04.2020 

27.04.2020 



Nos. Amended 
paras/chapters/sections 

Information on 
amendments 

Number and date of 
the Circular Letter 

Entry-into-force 
date 

7 Part III, para 4.3.7.1 Number of the para has 
been deleted. 
Formula (4.3.7.1-1) and 
the explication to 
Formula (4.3.7.1-2) have 
been amended. 
Formulae (4.3.7.1-1) and 
(4.3.7.1-2) have been 
renumbered (4.3.7-1) 
and (4.3.7-2), 
accordingly 

391-06-1384c 
of 27.04.2020 

27.04.2020 

8 Part III, para 4.5.2 Calculation of the towline 
pull required has been 
amended 

391-06-1384c 
of 27.04.2020 

27.04.2020 

9 Part III, para 4.5.4 Calculation of the tug 
efficiency has been 
amended 

391-06-1384c 
of 27.04.2020 

27.04.2020 

10 Part III, 
paras 4.5.7 – 4.5.10 

Para 4.5.7 has been 
deleted. 
Paras 4.5.8 – 4.5.10 
have been 
renumbered 4.5.7 – 
4.5.9, accordingly 

391-06-1384c 
of 27.04.2020 

27.04.2020 

11 Part III, para 6.1.2 Conditions for 
developing the 
installation design have 
been specified 

391-06-1384c 
of 27.04.2020 

27.04.2020 

 
  



Appendix 2 to Circular Letter 
No. 391-06-1384c dated 27.04.2020 

 

RULES FOR PLANNING AND EXECUTION OF MARINE OPERATIONS, 2017, 
 

ND No. 2-090601-006-E 
 
 

PART III. SPECIAL REQUIREMENTS 
 
 

4 TRANSPORTATION/TOWING OF THE OBJECT 
 

1 Para 4.3.2.1. The first paragraph is replaced by the following text: 
 

ʺ4.3.2.1 The most accurate method for calculating RCW, in kN, is the model basin test which 
allows to consider hull shape peculiarities of the object.ʺ.  

 
2 Paras 4.3.3.2 and 4.3.3.3 are replaced by the following text: 
 

ʺ4.3.3.2 The value of RAW, in kN, for objects of type 1 may be determined by the following 
formulae: 

object with vertical front wall: 
 

2

2
2
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hgBh
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; (4.3.3.2-1) 

 
object with a hull undercut in the fore end for the case when the wave amplitude remains 

within the undercut: 
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object with a hull undercut in the fore end for the case when the wave amplitude exceeds the 

undercut height: 
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where B = breadth of the towed object, in m; 

hp = h3%/k1 is a design wave height, in m; 
h3% = wave height with 3 per cent probability, in m; 
k1 = reduction factor depending on V and obtained from Table 4.3.3.2; 
for V, refer to Formula (4.3.2.1-3); 

 
T a b l e  4.3.3.2 

Towing speed V, in knots k1 

2 
4 
6 

1,20 
1,30 
1,45 

 

λ = 1,56 2
zT , (4.3.3.2-4) 

 
where  λ = wave length, in m; 

Tz = average wave period, in s; 



c = distance between undercut in the fore end and waterline of floatation (when с < hp/2), in m; 

ψ = angle of the front wall inclination to the base line of the object. 

 
When the data on Тz are unavailable, it is recommended to assume λ = L where L is the object 

length, in m. 
 
4.3.3.3 For objects of type 2, it is recommended to obtain added resistance in irregular 

waves for different values of the Froude number from the relationships shown in Fig. 4.3.3.3. 
 
 

SRAW = 
Dh

RAW

2
%3

4
× 104, м-2 

         
Fig. 4.3.3.3 

Relationship between the relative added resistance for object of type 2 being towed through waves and the 
dimensionless average wave frequency 

 

SRAW = 
Dh

RAW

2
%3

4
, (4.3.3.3-1) 

 
where SRAW = relative added resistance in waves, in 1/m2; 

RAW = added resistance in waves, in kN (refer to 4.3.3.2); 
D = weight displacement of the object, in kN; 
ωz/ωL = dimensionless wave frequency; 

 
ωz = 2π/Tz , (4.3.3.3-2) 
 
where ωz = average wave frequency, in 1/s; 

for Tz, refer to Formula (4.3.3.2-4); 

 

ωL = 
L
g2

, (4.3.3.3-3) 

where ωL = wave frequency with the length of the wave equal to the length of the object, in 1/s; 

for L and Fr, refer to Formula (4.3.2.1-3).ʺ. 
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3 Para 4.3.4.4 is replaced by the following text: 
 

ʺ4.3.4.4 To determine the approximate value of RAir, in kN, it is recommended to use 
the formula 

 

𝑅𝐴𝑖𝑟 = 𝐶
𝜌

2
(𝑉 + 𝑉𝑤)

2𝑆 ·10-3        (4.3.4.4) 

where  C = 0,82 in a head wind parallel to centerline (CL); 
C = 1,0 for wind at an angle of 30º to CL; 
S = above-water projected area to midship section plane, in m2; 

ρ = 1,225 = air density, in kg/m3; 
for V, refer to Formula (4.3.2.1-3); 

Vw = wind speed, in m/s.ʺ. 
 

4 Para 4.3.5. Formula (4.3.5-1) and the explication are replaced by the following text: 
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where for g, refer to Formula (4.3.2.1-3); 
ρI = ice density, in kg/m3, in calculations it is recommended to assume the value of ρI equal to 850 kg/m3; 
rhI = typical parameter of floating ice, in m2; 
hI = floating ice thickness, in m; 
for B, refer to 4.3.3.2; 
k1, k2, k3 = dimensionless empirical coefficients, which are chosen depending on the ice concentration 

(refer to Table 4.3.5); 
fID = coefficient of friction between ice and shell plating. In calculations it is recommended to assume the 

value of fID equal to 0,1 for freshly painted hull, and fID equal to 0,15 for the hull coating being in 
service; 

for L, refer to Formula (4.3.2.1-2); 
αB = coefficient of fineness of waterline fore end of the towed object; 

α0 = waterline fore end angle to CL, in deg.; 

for Fr, refer to Formula (4.3.2.1-3).ʺ. 
 

The explication to Formula (4.3.5-6) is replaced by the following text: 
 

ʺfor objects of type 3, αB shall be obtained from the lines plan; 

αB≈ 0,59 for waterline fore end in the form of semi-circle.ʺ. 
 

Formula (4.3.5-7) is deleted. Formulae (4.3.5-8) and (4.3.5-9) are renumbered (4.3.5-7) and 
(4.3.5-8), accordingly. 

 
Existing Formulae (4.3.5-8) and (4.3.5-9) (new Formulae (4.3.5-7) and (4.3.5-8)). The 

symbol of Fr  is replaced by Fr. 
 
5 Para 4.3.6. Formula (4.3.6-1) is replaced by the following: 

ʺ
2

2
VDlcKCR tttt 


·10-2ʺ. 

Table 4.3.6 is supplemented by the Note reading as follows: 
 
ʺN o t e . Angle α of the steel towline ends of more than 400 m in length inclination to the horizon may 

be calculated by the formula 

0R
Ptg   

where P = towline weight, in kN; 

R0 = total towing resistance of the towed object, in kN (refer to Formula (4.3.1)).ʺ. 

 
6 Para 4.3.7.1 is replaced by the following text with the number deleted: 
 

ʺResistance of fixed propeller Rpf, in kN, may be determined by the formula 
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pf  ·10-2         (4.3.7-1) 

where for ρ, refer to Formula (4.3.6-1); 

𝐴𝐸

𝐴0
 = plate area ratio; 

AE = total expanded blade area, in m2; 
A0 = disc area, in m2; 
V = water speed in the propeller disc, in m/s; 
D = propeller diameter, in m. 

It is preferable to determine the resistance of free-running propeller Rpr, in kN, based on its 
hydrodynamic characteristics (propeller performance curves), however, to get a rough estimate 
the approximation formulae may be used. In particular, the value of Rpr may be determined by the 
formula 

 
Rpr = 0,35Rpf          (4.3.7-2) 
where for Rpf, refer to Formula (4.3.7-1).ʺ. 
 

7 Para 4.5.2 is replaced by the following text: 
 

ʺ4.5.2 The relationship between FPR, equal to total towing resistance of the towed object, 

and the continuous static bollard pull of the tug(s) FBP shall be determined by the formula 
 

FPR    Fеff 1/k (4.5.2) 
where  Fеff = (FBPTeff /100) – tug efficiency of each tug, in kN; 

Tеff = coefficient of tug efficiency, in per cent; 
FBP = continuous static bollard pull of each tug, in kN; 
k = irregularity coefficient equal to: 
1,00 for one tug; 
1,15 for two tugs; 

1,30 for three or more tugs.ʺ. 
 

8 Para 4.5.4 is replaced by the following text: 
 

ʺ4.5.4 The tug efficiency Fеff in the different sea states (wave height) is shown in Fig. 4.5.4. 

 
Fig. 4.5.4 

Tug efficiency Fеff  in the different sea states (wave height) 
N o t e .  To convert into kN, the ton values shall be multiplied by 9,8. 

 



9 Para 4.5.7 is deleted.  
 
10 Existing paras 4.5.8 – 4.5.10 are renumbered 4.5.7 – 4.5.9, accordingly. 
 
11 Para 6.1.2 is replaced by the following text: 
 

ʺ6.1.2 Position of the installation site shall be given by the customer and established in 
the marine operation design (or work performance design). 

When developing the installation design, consideration shall be given to the following: 
compliance with the prescribed allowable deviations; 
prevailing wave, wind, current directions; 
capability of using available technical means as applied to the structural particulars of the 

object and ambient conditions; 
capability of using technical monitoring means providing the required accuracy of the object 

position; 
scope and productivity of ballasting operations; 
need for monitoring the object position by means of divers and/or remotely operated         

vehicle (ROV), and the time period when such monitoring shall be performed, as well as the 
duration thereof.ʺ. 
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Appendix 1 to Circular Letter 
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Information on amendments introduced by the Circular Letter 
(for inclusion in the Revision History to the RS Publication) 

 
Nos. Amended 

paras/chapters/sections 
Information on amendments Number and date 

of the Circular 
Letter 

Entry-into-force 
date 

1 Part I, para 5.2 The para has been 
supplemented with the 
requirements to procedure for 
submitting technical 
documentation of marine 
operation design for review 
and approval 

391-06-1398c 
of 25.05.2020 

25.05.2020 

2 Part II, para 1.2.6 The requirements for 
organizations carrying out 
the marine operations 
planning/designing have been 
specified 

391-06-1398c 
of 25.05.2020 

25.05.2020 

3 Part II, para 4.3 The requirements for 
organizations involved in 
marine operations 
(performers), including firms 
involved in underwater 
surveys, have been specified 

391-06-1398c 
of 25.05.2020 

25.05.2020 

4 Part II, para 7.2.6 The requirements to the 
quality of structure materials 
have been specified 

391-06-1398c 
of 25.05.2020 

25.05.2020 
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RULES FOR PLANNING AND EXECUTION OF MARINE OPERATIONS, 2017, 
 

ND No. 2-090601-006-E 
 
 

PART I. GENERAL 
 
 

5 ORGANIZATION OF TECHNICAL SUPERVISION 
 

1 Para 5.2. The next to the last paragraph is replaced by the following text: 
 

"Technical documentation of marine operation design shall be submitted to the Register for 
review and approval prior to commencement of marine operation with objects specified in 1.1, 
Part I "General". The documentation shall be drawn up in Russian and English. Technical 
documentation shall be submitted for review in any way agreed with the Register as electronic 
document in PDF format, providing its off-line permanent storage and stamping with the review 
results. Technical documentation submitted to RS for review shall be prepared or provided with 
additional information, so that on its basis it can be ascertained that the relevant requirements of 
the RS rules have been met. The procedure for documentation approval is specified in the 
relevant RHO procedures and instructions of the RS Branch Offices.". 

 
 

PART II. GENERAL REQUIREMENTS 
 
 

1 BASIC PRINCIPLES OF MARINE OPERATION DEVELOPMENT 
 

2 Para 1.2.6 is replaced by the following text: 
 

"1.2.6 The marine operations planning/designing shall be carried out by the competent 

organizations meeting the applicable requirements of Section 8 and 12.2, Part I "General 
Regulations for Technical Supervision" of RTSCS. The organization compliance with the specified 
requirements is confirmed by Report on Survey of Firm (form 6.3.19) with Annex (form 6.3.19F).". 

 
 

4 ORGANIZATION AND MANAGEMENT OF MARINE OPERATIONS 
 

3 Para 4.3 is replaced by the following text: 
 

"4.3 The organizations involved in the operation (performers) shall have necessary 
licenses and certificates in accordance with the existing legislation. The organizations shall 
comply with the general requirements listed in Section 8 and 12.2, Part I "General Regulations 
for Technical Supervision" of RTSCS. The organization compliance with the specified 
requirements is confirmed by Report on Survey of Firm (form 6.3.19) with Annex (form 6.3.19F). 

In addition, the firms involved in underwater surveys shall comply with the applicable 
requirements of 9.2 and 9.3.3, Part I "General Regulations for Technical Supervision" of RTSCS. 
The organization compliance with the specified requirements is confirmed by Report on Survey 
of Firm (form 6.3.19) with Annex (form 6.3.19SS).". 

 
 



7 REQUIREMENTS FOR STRUCTURES, SYSTEMS AND EQUIPMENT FOR MARINE 
OPERATIONS SUPPORT 

 
4 Para 7.2.6 is replaced by the following text: 

 
"7.2.6 The material quality shall meet the design operational conditions, ensure necessary 

properties (strength, ductility, toughness, weldability, corrosion resistance), and meet the 
requirements of current standards specified in 1.4 – 1.7, Part II "Hull" of the MODU/FOP Rules.". 
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2. Apply the provisions of the Circular Letter during review and approval of the technical documentation on 
designs of marine operations carried out during construction, modernization and utilization of offshore oil 
and gas field facilities subject to the Register technical supervision. 
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Information on amendments introduced by the Circular Letter 
(for inclusion in the Revision History to the RS Publication) 

 
Nos. Amended 

paras/chapters/ 
sections 

Information on amendments Number and date 
of the Circular 

Letter 

Entry-into-force 
date 

1 Part I, para 5.2 Type and form for 
submission of technical 
documentation on design of 
marine operation have been 
brought into compliance 
with 3.3, Part II ʺTechnical 
Documentationʺ of the Rules 
for Technical Supervision 
during Construction of Ships 
and Manufacture of Materials 
and Products for Ships, 
conditions for approval of 
technical documentation on 
design of marine operation 
have been specified 

391-05-1673c 
of 01.12.2021 

01.01.2022 

2 Part III, Appendix 1 Part has been supplemented 
by Appendix 1 considering 
experience of practical 
application 

391-05-1673c 
of 01.12.2021 

01.01.2022 

3 Part III, Appendix 2 Part has been supplemented 
by Appendix 2 considering 
experience of practical 
application 

391-05-1673c 
of 01.12.2021 

01.01.2022 

4 Part III, Appendix 3 Part has been supplemented 
by Appendix 3 considering 
experience of practical 
application 

391-05-1673c 
of 01.12.2021 

01.01.2022 
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RULES FOR PLANNING AND EXECUTION OF MARINE OPERATIONS, 2017, 
 

ND No. 2-090601-006-E 
 
 

PART I. GENERAL 
 
 

5 ORGANIZATION OF TECHNICAL SUPERVISION 
 

1 Para 5.2 is replaced by the following text: 
 

ʺ5.2 Designs for category 3 and 4 marine operations are subject to review and approval 
by the Register Head Office (RHO) or the Register Branch Offices when duly authorized by RHO. 
Plans/designs for category 1 and 2 marine operations are subject to review and approval by the 
Register Branch Offices without the RHO authorization. Applications for review of a marine 
operation design shall be sent to a relevant Register Branch Office or RHO Location, depending 
on the operation category. 

The set of marine operation designs together with a covering letter and the full list of 
documents presented shall be submitted to the Register for review. On agreement with the 
Register, presentation of the design by separate parts may be allowed. In so doing, the technical 
background and organization chart of marine operation execution, as well as the full list of 
documentation to be developed shall be presented together with the first portion of documents, 
taking into account the requirements and provisions of these Rules. 

Technical documentation on design of marine operation shall be submitted by the developer 
in any way agreed with the Register in electronic form in PDF format to ensure downloading with 
a view to having unrestricted off-line storage and stamping as per results of the review. 

Technical documentation for marine operation shall be approved in full only upon fulfillment 
of all the comments by the designer prior to the commencement of marine operation.ʺ. 

 
 

PART III. SPECIAL REQUIREMENTS 
 
2 Part III is supplemented with Appendices 1 – 3 reading as follows: 
 

ʺAPPENDIX 1 
 

RECOMMENDATIONS FOR LIFTING EQUIPMENT1 
 
1 Padear 
1.1 In strength calculation, consideration shall be given to additional horizontal load 

equal to about 5 % of the sling load applied at the level of the hole for shackle pin. Inclination of 
the sling from the padear plane shall not exceed ± 5°. 

1.2 The main welds shall be calculated for shear. Elements subjected to forces 
perpendicular to the rolled product thickness shall be manufactured of zet-steel. 

1.3 Radius of the main padear plate shall not be less than the maximum of two values: 
 

1,25 x 𝐷; 
𝐷/2 + 75 mm 
 
where 𝐷 = the diameter of a hole for the shackle pin, mm. 

                                                           
1 Where no other methodologies are available, the calculations according to this Appendix may be adopted. 

Upon agreement with the Register the calculations according to GOST R 58772-2019 (ISO 19901-6:2009) 
may be used. 



1.4 The diameter of a pinhole shall be, as maximum, 5 mm greater than the pin diameter of the 
rigging shackles with SWL ≥ 200 t, and 3 mm greater at SWL < 200 t. 

1.5 Pinholes shall be machined and shall follow welding of the doubling plates to base plates. 
All acute angles that can damage sling during loading and transportation shall be rounded off. 

1.6 Doubling plates. 
1.6.1 If doubling plates are used, they shall be fitted on both sides of the base plate. The thickness 

of a doubling plate shall be less than or equal to the thickness of the base plate. Radius of the doubling 
plate shall be equal to the radius of the base plate minus the thickness of the doubling plate. 

1.6.2 The doubling plate shall be welded from the outer side all around to the base plate by fillet 
welds, as well as inside the pinhole, if the hole diameter exceeds 100 mm. 

2 Trunnions 
2.1 The trunnion diameter shall be, as a minimum, 4 times greater than the sling diameter. The 

trunnion length shall be, as a minimum, 1,25 times greater than the sling diameter plus 25 mm. 
2.2 The trunnion shall be provided with a device to prevent the sling from slipping. 
3 Platform for rigging 
3.1 Auxiliary platform for rigging shall be provided with guard rails around the platform and 

withstand rigging weight (slings, shackles, spreader bards, etc.) plus uniformly distributed load of 5 kN/m2. 
4 Bumpers and guides 
4.1 The bumpers and guides shall: 
facilitate positioning of the object after lifting within the required tolerances; 
protect the object being lifted, adjacent structures and equipment against damage during installation. 
4.2 The requirements for the bumpers and guides shall be specified as early as at the design 

stage considering lifting scheme and damage risk assessment. 
4.3 Design tolerances for guide arrangement shall be closely checked. Prior to lifting, the actual 

dimensions of the guides shall be checked to verify maintenance of design tolerances. 
4.4 The design loads on the bumpers and guides shall not be less than those given in Table 1. 

The requirements for the design dynamic loads on the guides are given in Table 2. 
4.5 Different "guides — bumpers" configurations are shown in Figs. 1 — 4. 

 
T a b l e  1 

 
Design loads acting on the structures of bumpers and guides 

Types of design loads Bumpers Guides Rising pier/guide 

Vertically directed friction forces 1% MDW 1% MDW 1% MDW 

Vertically directed stabbing 
forces (𝐹𝑣) (type of rising pier) 

10% MDW 
10% MDW 1 
20% MDW 2 10% MDW 

Horizontally directed friction 
forces 

1% MDW 1% MDW 1% MDW 

Horizontal forces directed 
normally in the plane of 
bumper (𝐹ℎ) 

 
10% MDW 

 
5% MDW 

 
5% MDW 

Horizontally directed forces in any 
direction (𝐹1) 

 
5% MDW 

 
5% MDW 

 
5% MDW 

1 For secondary structures. 
2 For primary structures. 
MDW — maximum design weight of the object (refer to 3.3, Part III ʺSpecial Requirementsʺ). 

 
 

T a b l e  2  
Design dynamic loads acting on the structures of guides 

Loads Primary structure Secondary structure 

Vertically directed stabbing forces 10% SHL 5% SHL 

Horizontally directed stabbing forces in longitudinal 
direction  

10% SHL 5% SHL 

Horizontally directed stabbing forces in transverse 
direction 

10% SHL 5% SHL 

SHL — static hook load, including cargo weight and rigging weight (refer to 3.3, Part III ʺSpecial 
Requirementsʺ). 



 
Fig. 1 

Guides — bumper: 
1 — horizontal primary bumper; 2 — guides; 3 — incoming module 



 
 
 

Fig. 2  
Vertical sliding bumper: 

1 — horizontal primary bumper; 2 — incoming module 
 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

Fig. 3 
Horizontal sliding bumper: 
1 — incoming module 

 
 
 
 
 
 
 
 
 
 
 



 
 
 

Fig. 4  
Rising pier/guide: 

1 – sliding structure 

 
 
5 Guiding system 
5.1 When designing the guiding system (bumpers, guides, lugs, etc.), the following 

requirements shall be taken into account: 
position of each element of the guiding system shall be assigned depending on the 

acceptable support points on the object; 
residual deformations of any part of the object shall be prevented; 
connections of bumpers and guides, and the members supporting bumper or guide locations, 

shall be at least as strong as the bumpers and guides; 
stiffness of bumper and guide members shall be as low as possible, in order to avoid 

deformation of the object structure; 
easy sliding motion of the bumper when in connection with the guide shall be ensured; 
sloping member of guides shall be at an acute angle to the direction of movement; 
ledges and sharp corners shall be avoided in areas of possible contact; 
weld beads shall be ground flush. 
5.2 For bumpers and guides designed as secondary structures, the forces 𝐹𝑣, 𝐹ℎ and 𝐹1 

may be taken to 50% of the values given in Table 1. 



5.3 The bumpers with vertical guide shall be designed for the following loads: 

horizontally directed force in any direction 𝐹ℎ: 0,10 x MDW 
where MDW is equal to the sum of the gross weight and the rigging weight, in t; 

vertically directed (friction) force 𝐹𝑣: 0,01 x MDW. 
5.4 The vertical guide with horizontal bumper: 

horizontally directed force in any other direction 𝐹ℎ: 0,05 x MDW; 
vertically directed (stabbing) force on inclined face of guide 𝐹𝑣: 0,10 x MDW. 
5.5 The load from all vertical and horizontal forces acting on the object in any other 

direction shall be determined as resultant load for all cases including the most onerous ones. 
6 Slings 
6.1 For doubled slings due attention shall be paid to friction losses in way of the cargo 

handling gear or crane hook, the total sling force shall be divided between two sling parts in the 
ratio 45/55. 

6.2 Where possible, slings shall be pre-installed on the object to simplify lifting and 
access to the eyes and lifting points, as well as to remove safety the slings and shackles. 

6.3 Minimum distance from the sling to any obstacles shall be 3 m. 
6.4 Minimum tilt angle of the sling shall be 60° ± 5°. 
6.5  Breaking strength of the sling bent around a trunnion shall be multiplied by the bending 

coefficient 𝐶𝑏 equal to: 
 

𝐶𝑏 = 1 – 0,5 x (𝑑2/𝑑1)1/2  
 
where 𝑑1 = trunnion diameter; 

𝑑2 = sling diameter. 

 
6.6 The length of slings or eyes shall be within ± 0,25% of their nominal length. During 

measuring, the slings shall be fully tensioned under the action of a load which shall be in the 
range of 2,5 to 5,0% of MBL. 

6.7 Used slings shall be inspected before each lift. If a sling is not a part of shipboard 
rigging covered by annual inspection by the Register, the detailed background records of the sling 
and records of lifts for which the slings have been used shall be available for inspection. 

7 Hydraulic clamps 
7.1 Hydraulic clamps are recommended to be used for lifting and upending of piles. 
7.2 Clamps shall be so designed that failure to hydraulic systems during lifting does not 

result in cargo falling. 
 

 
APPENDIX 2 

 
RECOMMENDATIONS FOR CALCULATIONS AND MODEL TESTS OF THE OBJECT 

LAUNCHING ON WATER, TILTING, FLOATATION AND INSTALLATION ON THE SEABED 
 

1 Launching of the object from barge 
1.1 General. 
1.1.1 The objective of launching investigation is to analyze behavior of the object and 

barge at various launching stages. This investigation shall consider, inter alia, an accident case 
including filling of one ballast compartment/tank. 

1.1.2 Below are given the minimum requirements for investigation of object launching on 
water. Depending on the size and weight of the object to be launched, more detailed 
investigations may be required. 

1.1.3 Launching investigations at the stages from commencement of movement till stable 
position on water includes the following calculations: 

hydrodynamic calculation which shall determine displacement and resultant load acting on 
the object and barge; 

structural calculation which shall determine stresses arising in the object and barge structure. 
1.1.4 Launching investigation shall identify requirements for auxiliary buoyancy devices. 

 



1.2 Hydrodynamic analysis of object launching on water. 
1.2.1 The analysis shall be made using a recognized computer program which shall 

describe in detail the following: 
systems of coordinates; 
initial data; 
output data. 
1.2.2 Models used for the barge, object, launching races, as well as the launching 

procedure shall be described in detail in technical background which shall at least include the 
following: 

geometry of objects; 
mass and moments on inertia; 
hydrodynamic factors; 
description and characteristics of ballast tanks and other displacing volumes including 

arrangement of buoyance pontoons; 
boundary conditions (including sliding cradle friction coefficient); 
initial conditions for launching (angle of trim, barge draught, position of the object on the 

barge, etc.); 
water depth; 
step of computer modelling (not more than 2 s) and number of calculation steps; 
modelling of accident situation (flooding of one ballast compartment that provides the worst 

result). 
Relevant drawings shall be included into technical background. 
1.2.3 The following results shall be documented in detail in technical background for each 

calculation step in the form of object-barge function; 
object position relative to the barge (CoG position of the object about the shipꞌs systems of 

coordinates axis); 
object position relative to the water surface and the seabed; 
vertical and horizontal constituents of the CoG of the object and barge; 
forces and moments of forces for object support; 
sum of the acting forces and moments; 
stability criteria (CoB position, metacentric height in two directions and righting moment); 
waterline parameters (moments of inertia, angle between the main axis and the system of 

coordinates, CoG position). 
1.2.4 The following modeling characteristics shall be documented and accompanied by 

figures (one per calculation step): 
barge trim (forward and aft draughts); 
CoG position of the object; 
depth of the highest point of the object in water; 
depth of the lowest point of the object in water; 
horizontal and vertical constituents of velocity of the object center of gravity; 
horizontal constituent of velocity of the barge center of gravity; 
equilibrium (setting) position of the object; 
time from the moment of operation commencement. 
1.2.5 The following acceptance criteria shall be provided: 
position of the lowest protruding member of the object relative to the seabed shall not be less 

than 10 m in intact condition and 5 m when one ballast compartment is flooded; 
speed of object lowering/skidding relative to the barge shall not exceed 1 m/s. 
1.3 Structural analysis of launching. 
1.3.1 The behavior of the object structures during launching shall be verified by a static 

analysis based on the loads obtained according to 1.2. 
1.3.2 Each position of the object shall be analyzed in passing calculation steps 

considering additional transverse loads equal to 0,05 MDW. The stresses involved shall be 
compared with the allowable stresses. 

1.3.3 Launching tools/appliances (pushing or pulling lugs, sideways guides, etc.) shall be 
calculated taking into account uneven load distribution in the ratio of 25/75. 

The pushing or pulling lugs shall be designed for the action of maximum power produced by 
the pushing/pulling equipment when the coefficient of static friction is increased by 1,5 times. 

1.3.4 The structural integrity of ballast compartments, waterproof membranes, etc. under 
the action of hydrostatic pressure, impact loads, etc. shall be confirmed. 



2 Buoyancy of an object 
2.1 Investigations of the object launched on water behavior shall be carried out 

regardless of the installation method. 
2.2 The following results shall be included in the calculation for an intact object and for 

the case with a ballast compartment flooded: 
position of the center of buoyancy; 
righting moments for various inclinations up to 6°; 
heeling moment necessary to change the object draught by 0,5 m; 
metacentric height in two directions; 
waterline parameters. 
2.3 The compliance with the following requirements shall be confirmed: 
in shallow waters and in critical situations, the reserve buoyancy shall be 20% in intact 

condition and 12% when one tank is flooded. For other cases these values may be reduced 
to 15% and 8%, respectively; 

righting moment shall be positive for an inclination up to ± 6°; 
heeling moment necessary to change the object draught by 0,5 m shall be less than the 

relevant righting moment; 
metacentric height shall be positive at all times and more than 1 m. 
3 Upending of the object by means of a crane 
3.1 The objective of the investigations is to analyze the object behavior, determine the 

hook loads and develop the ballasting plan during the upending of horizontally floating object to 
the vertical position. This objective shall be achieved through performance of a three-dimensional 
hydrodynamic analysis which considers at least 10 intermediate steps. 

3.2 The hydrodynamic analysis shall be made using a program meeting the 
requirements of 1.2.1. 

3.3 The following results in the form of tables and curves of relative object position for 
each intermediate calculation step, which define the equilibrium position shall be presented: 

ballasting scheme; 
change in ballasting scheme as compared to preceding step; 
hook and sling load; 
angles of roll and pitch; 
bottom clearance; 
metacentric height in two directions; 
positions of centers of gravity and buoyancy; 
position of the object relative to water. 
3.4 The following acceptance criteria shall be met: 
metacentric height shall be positive and more than 1 m; 
bottom clearance shall not be less than 5 m; 
allowable hook loads; 
if the object weight (in air) is less than or equal to the crane capacity, the allowable hook load 

shall be taken equal to the crane capacity; 
if the object weight (in air) is by 1 to 1,5 times greater than the crane capacity, the allowable 

hook load shall be taken equal to 2/3 of the crane capacity; 
if the object weight (in air) is more than by 1,5 times greater than the crane capacity, the 

allowable hook load shall be taken equal to 1/3 of the crane capacity. 
3.5 Structural inspection. 
3.5.1 The object structure shall be checked for strength considering the hook loads 

obtained as a result of the hydrodynamic analysis. 
3.5.2 The object parts and buoyancy pontoons shall be checked for strength under the 

action of hydrostatic pressure. 
3.5.3 In the lift points, consideration shall be given to the change of sling angle during 

tilting due to application of an additional transverse force comprising 10% of the load on the slings. 
4 Upending of the object by means of ballasting 
4.1 The objective of the investigation is to analyze the object behavior and develop the 

ballasting plan during upending of horizontally floating object to the vertical position. This objective 
shall be achieved through performance of a three-dimensional hydrodynamic analysis, which 
considers, at least, one step for each inclination to 10°. 

4.2 The stability and position of the object shall be verified according to the requirements 
of Section 3. 



4.3 The metacentric height shall be greater than any of the following values: 
0,2 m; 
0,002 x height of the object in inclined position; 
0,01 x height of the object in vertical position. 
4.4 The bottom clearance shall be more than 5 m. 
4.5 The object parts and buoyancy pontoons shall be checked for strength under the 

action of hydrostatic pressure. 
5 Setting down the object on the seabed 
5.1 The objective of the investigation is to analyze the object behavior during setting 

down on the seabed and the step-by-step inspection (step down — 1 m). 
5.2 Calculation shall be made according to the requirements of Section 3. 
 

 
APPENDIX 3 

 
RECOMMENDATIONS FOR SOLID BALLAST PLACEMENT 

 
1 General. 
1.1 Solid ballast in the form of high flowability concrete to be loaded on the object may 

be of two types: 
mass type with bulk density of 2200 to 2500 kg/m3, may be lightened with the crushed stone 

being replaced by sand and with bulk density of 1850 kg/m3 (type I); 
structural type, that is bearing external load, e.g. ice load with bulk density of 2250 to 

2400 kg/m3 (type II). 
1.2 Depending on the peculiarities of design, construction, transportation, operation and 

dismantling/removal, concrete may be placed at various places of object position: 
at the yard water area; 
at relatively sheltered water area (in bay, gulf, etc.); 
on-site (in a floating/fixed condition). 
In the two last cases, the concrete may be placed from a suspended platform, moored 

pontoon, supply vessel or from the deck of the object with the topside installed. 
1.3 Regardless of the point of placement, the concrete shall withstand alternate freezing 

and thawing, as well as temperature gradient which cause thermal crack formation in the 
concrete. 

In cold season, the concrete can be cooled to –55 °C on the shell plating in the above-water 
part and simultaneously, when in contact with oil, heated up to +60 °C on the inner skin. 

It may be practicable to use various concrete types depending on the operational conditions 
and arrangement of filled spaces. 

1.4 The major factors which determine concrete quality are as follows: 
use of base materials which are the most durable under operational conditions; 
design and selection of the concrete optimum composition at low-water discharge; 
application of concrete making and consolidation technique contributing to the production of 

the most homogeneous structure of the cement stone and concrete texture; 
creation of the appropriate thermal and moisture conditions of the concrete curing which 

determine production of a durable structure of the cement stone and reduce thermal stresses in 
the concrete. 

1.5 The recommended technical characteristics of aggregates, concrete mix and 
concrete are given in Table 1. 

1.6 To improve the basic properties of the concrete, reduce water consumption, provide 
easy concrete placement and reduction of cement consumption, it is recommended to add 
air-entraining admixtures and plasticizers to concrete mix in compliance with the normative and 
technical documentation. 

Application of power station fly ash as an active mineral admixture is permitted. 
2 Process requirements 
2.1 List of applicable standards and specifications is given in Table 2. 
2.2 The performer shall carry out cement coarse aggregate and sand quality control. 
2.3 The concrete mix shall be made by a forced-type concrete mixing plant for the type II 

concrete a gravity-type mixer may be used. 



2.4 When organizing work and selecting technology, the ambient temperature shall be 
taken into consideration. 

2.5 The concrete mix delivery pipeline shall be made of steel seamless pipes connected 
together by level locks and flexible inserts. It is reasonable to mount the concrete mix delivery 
pipelines, two working and one stand-by main, during construction of the object. 

2.6 To ensure loading of the upper part of the compartments, it is recommended to 
provide special access holes with dimensions of 400 x 300 mm in each compartment cell. 

2.7 To place the concrete mix directly into the compartment cells it is recommended to 
use steel pipes (sleeves), two pipes per cell. To reduce pressure in the sleeve during delivery of 
the concrete mix special holes shall be provided at the end portion. Upon completion of delivery 
of the concrete into the cell, the sleeve shall remain inside. 
 

T a b l e  1 
Technical characteristic of the concrete 

Characteristic Concrete type 

I II 

Requirements for the concrete mix components   
Cement   

Concrete grade 400 400 

Consumption per 1 m3 of concrete, in kg 440 – 460 460 – 480 

Coarse aggregate   

Fractional composition, in mm (%) 10 – 20 (35 – 60) 
20 – 40 (65 – 40) 

5 – 10 (25 – 40) 
10 – 20 (75 – 60) 

Strength, in kg/cm2 800 1000 

Consumption per 1 m3 of concrete, in kg 1100 – 1200 1050 – 1150 

Sand, consumption per 1 m3 of concrete, in kg 680 – 730 700 – 750 

Water, consumption per 1 m3 of concrete, in l 150 – 160 160 – 170 

Requirements for the concrete mix   

Slump (fluidity), in cm 12 – 16 12 – 16 

Maximum water – cement ratio – 0,4 

Entrained air content, in % 2 – 3 2 – 3 

Water separation, in % –  2 

Requirements for the concrete   

Minimum compressive strength of a standard specimen 
(15 х 15 х 15 cm), in MPa 

30 42 

Maximum compressive strength of a standard specimen 
(15 х 15 х 15 cm), in MPa 

– 54 

Maximum period of concrete specimen curing by the time 
of compressive strength test, in days 

90 28 

Density:   
minimum, in kg/m3 2400 2250 
maximum, in kg/m3 2500 2450 

Maximum temperature difference between the interior of 

the concrete block and the surface hereof, in С 

25 – 

 

T a b l e  2 
List of standards and specifications applicable to solid ballast placement 

Designation Code name  

Cements. Test methods. General GOST 310.1-761) 

Cements. Methods of grinding fineness determination  GOST 310.2-761) 

Cements. Methods of tests of consistency, times of setting and soundness GOST 310.3-761) 

Cements. Methods of tests of bending and compression strengths GOST 310.4-811) 

Crushed stone and gravel of solid rocks for construction work. Specifications, 
amend. No. 3, 1995  

GOST 8267-931) 

Mountainous rock road-metal and gravel, industrial waste products for 
construction work. Methods of physical and mechanical tests 

GOST 8269.0-971) 

Mountainous rock road-metal and gravel, industrial waste products for 
construction work. Methods of chemical analysis 

GOST 8269.1-97 

Sand for construction work. Testing methods  GOST 8735-881) 

Sand for construction works. Specifications GOST 8736-2014 



Designation Code name  

Concretes. Methods for strength determination using reference specimens GOST 10180-2012 

Concrete mixtures. Methods of testing GOST 10181-2014 

Water for concretes and mortars. Specifications GOST 23732-2011 

Concretes. Rules for mix proportioning GOST 27006-2019 

Concretes. Methods for strength determination on cores selected from 
structures 

GOST 28570-2019 

1) Valid GOST as amended. 

ʺ. 
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