
bilij FILE COPY
TECHNICAL REPORT HL-90-11

SHIP NAVIGATION SIMULATOR STUDY
SACRAMENTO RIVER DEEPWATER SHIP CHANNEL

PROJECT, SACRAMENTO, CALIFORNIA

Report 1
PHASE I

Volume IIL1 0  Appendixes B and C
' rby

Rosalyn HoangThi Nguyen, Larry L. Daggett

I Los Ana~ele Hydraulics Laboratory

0DEPARTMENT OF THE ARMY
ty Map Waterways Experiment Station, Corps of Engineers

3909 Halls Ferry Road, Vicksburg, Mississippi 39180-6199

DTIC
LECTE

NV 2 8 19900
September 1990

Report 1 of a Series

Approved For Public Release; Distribution Unlimited

BEST

AVAILABLE COPY

HYDRAIC

Prepared for US Army Engineer District, Sacramento
LABORA Y Sacr'amento, California 95814-4794

90 1127 023



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



4 EROMIGORANZTINREPORT UMBER(S)IO PAG MONTON ORANZA.O REPOR NUBE(S

Technical Report HlL-9O-11

Go. NAME Of PERFORMING ORGANIZATION 6b. OFFICE SYMBOL ?&. NAME OF MONITORING ORGANIZATION

USAEWES (if apkse

k-. ADDRESS (City Scam. and ZIPCode) 7b. ADDRESS (City, Stat. and ZIP Code)

3909 "ails Ferry Road

MS~l i 2  L ELEEN 19~I~ jCSINN

B& NAME OF FUNDING ISPONSORING Sb. OFFICE SYMBOL 7. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (if appikablo)

USAED,_Sacramento I_______________________
S.ADDRESS (City, Stato. and ZIP Co*e) 10. SOURCE OF FUNDING NUMBERS

PROGRAM JC TAS IWR UNIT

Sacramento, CA 95814-4794

11. TITLE (Include Socw~ty Casaufaun)
Ship Navigation Simulator Study, Sacramento River Deepwater Ship Channel Project, Sacramento,
California: Report 1. Phase Is Vol I. Main Text and Appendix A; Vol II, Appendixes B and C

12. PERSONAL AUTh4OR(S)
Nguyen, Rosalyn Hoangmhi; Daggett, Larry L.

13&. TYPE OF REPORT 13b. TIME COVERED014 DATE OF REPORT (Ve.,A~oftA.Oay) 1S. PAGE COUNTepr 1VfasreoFOl___ O etme 99 7 o I 17

16-SUPPLUMENTARYNOTATIONA limited number of copies of Appendixes B and C were published underfseparate cover. Copies of this report and Appendixes B and C are available from National

FIELD IGROUP SU@-GAOUP Channel design Sacramento Deepwater Ship Channel

19. ABSTRACT (Contonue on roern if necesaewy end ldeno* by' 0 1 d numiber)
A reai-time ship simulation investigation of the proposed design for deepening the

man-made canal portion of the Sacramento Deepwater Ship Channel, Sacramento, CA, wasI conducted. The purpose of this study was to determine if the navigation channel could be
deepened from 30 to 35 ft without widening from the existing channel width of 200 ft or if

* the channel would require widening to 250 ft.as authorized. A numeric model of the existing
ship channel from about channel mile 35 to the Sacramento Harbor was developed. This model
was verified by a member of the San Francisco Bar Pilots Association. Numeric models of two
plan conditions were also developed, one with the existing channel deepened to 35 ft and the
other with the channel widened by 50 ft and deepened to 35 ft. In both plans the two bends
were widened by 50 ft. Tests were run on the WES ship simulator in which six pilots from
the San Francisco Bar Pilots Association conned the simulated ship through the three
simulated chaniel qniions.

These tests demonstrated that there wa &little difference between navigation of ships_
20. DISTRIBUTION/)AVAILABILITY OF ArSTRACT 121. ABSTRACT SECURITY CLASSIFICATION

IUNCLASSIFIGEDIUITED 03 SAME AS RPT. Q OTIC USERSj Unclassified
22a. NAME OF RESPO0WANU INOIVIOUAA. 22b. TELEPHONE fKmc* Ara Code) 22c. OFFICE SYMDOL

0D Form 1473. JUN U 'tmvioon Ieb~oma II t. SECURITY CLASSIFICATION OF ThIS PAGE

Unclassified



Unclasified

SECURITY CLASSIFICATION OF THIS PAGE

19. ABSTRACT (Continued).

-- in the existing channel and in the proposed channel which was deepened, but not widened in
the straight reaches. Slightly but consistently better control kvvdent in thq proposed
channel. Larger bank clearances were evident with the 50-ft widening&., qA control of the
ship appeared to be easier. The wider channel would provide more allowance for error,
drift, and wind effects on the ships; however, the existing channel is not considered a
navigation problem.

Appendix B presents track plots of each pilot's runs and Appendix C presents bar
charts of statistical parameters in comparison format in addition to those discussed in the
main text.

It is recommended that when the'Sacramento Dee w r Sli #-hannel from mile 18.6 to
the Sacramento Harborl{W deepened by 5 ft(from -30 _o 35 t - straight sections can
remain 200 ft wide and the turns should be widened to 250 ft.

KeT orck-: Wa.'e-v Ca~rneL -cs. 5d{ 9;Skip roCA.tS
+/ a i V-&

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE



APPENDIX B

LOWER SACRAMENTO TRACK LINES



z

z
y )

7 / Kill
z

F-I

z o

-Jl

i on- --

~tion

lity Codes

PLATE BI



F-I

PLATE B



z

Uz

z D

a- ID

PLTEB



7)
si

z
zCli

7 / n-,

,7 / 7' z
~

,zt

-~ ~;
-jz -j

Lb
Cv' CL w

H- 1 1  z

\

4

PLATE B4



F-

z

CD

L) CD x L

F-

z

PLATE B5



4<L

Z2

/< zx

PLAT B6



F-I

CD

az

DC

El

PLATE B7



/

H

/ ii L~

\

\

-~2~ ~

~

PLATE B8



6> z
WjX y

zx-C:

cli

\PAT B9C



x~~ T N

PUN

PLATEA 0I



PILI 1 -,AK RLDITS
A~REA B

PLAN 0
NOl CURRENT / NO W~IND

610 X 93 X 30
RUN 2

PLATE Bli



XA

CURRENT E.IN

6 x

PLATE B12



-N-

n'ILDIT TRACK PLDTS

PLAN 0
NOEI JUENT %0 'wI

1.0 X 9B X 30
PUN 4

PLATE B13



~ijKj4

r IN

RI~~ ~~ NJ TRLK~L

NO CUPPEN NO ~ '1ND

PLATE B14



PILOT TRACK PLDT
AREA~ R

PLAN 0
NO CURENT / NO ,'IND

110 x Y 20
IJN 6

PLATE 815



f>it

pill ]T

PLAN 0
N G CUJRRENT N1 'JCwrjD

60X 93 X 30
U N 7'

e' 4

PLATE B16



IM,

&JPLATE B17



P- N -

AREA
PLAN 0

NO CURRENT / NO 'WINE,
610 X '93 X 30

RUN 9

PLATE B18



77-71~

Ix

I Ell

IP E

PL 4N N

NO CURRENT N\C '~

610 X 93 X 'D

PLATE B19



I A
I IT

I I

KTLDV T R(ACK PLZ7

NO CUJRLE 4T /1J''N

RUN 2

PLATE B20



/P/ ILOT TRACK F' ETS
AREA C

PLAN 0
NO CURRENT / NO WIND

610 X 93 X 30

RUN 3

PLATE B21



L IT

o x 3

PLI 4

PLATE' B2



// /PILOT TRACK PLDTS
AREA C

PLAN 0
NO CURRENT / NO \WIND

610 X 93 X 30
RUN 5

PLATE B23



X",

E Upi7;;E
I X 2

U

PLATE B24



/ PIL]T TRACK PLDTf?
AREA

PLAN 0

NOI CURRENT / NO \AN/IND

6 1 X 93\3
RUN 7

PLATE B25



<XX

y . . .7 i1
t:"1

NO FILET N T ORIKJ

'~110I X 93 X 3J

PLATE B26



RILLI TR K PR' LDT S
AREA C

PL-AN 0

NO CURRENT / NO WNIND

610 X 93 X 30
RUN 9

PLATE B27



- <p Mw

PLATE B2



I, -

+

<A I )
7

N>

7 N

Q~~j <-r (ThJ~ rn

CL -9

\\ ~\ <1111
~ (~~)

-i

\ \\
V N

A
\ ~/.'

z 2

~

PLATE B29



j C)

L-rn

Y~ <U7

PLATE B3



QI zy

PLATE B31



2 

\4

/-MM I

Li KJX

PLATE B3



F7

/n

CL x
XD

~~PLATEZB33



/2

/

~ K3 ~

-

CL CL ILLX

Ku Li j~

I

I-)

'>>;~ N

PLATE B34



Cz
)

ILL

- u

DL.

PLATE B35



'N K

- -

b'~ ~

Q~K~ N+

'~ \
.,\

~ j

~

~N.

PLATE B36



cz

771

PLT43



H

/ F-
/

/ K

// H
)

7< <V <1~ -~

I k
-"N I~

7 II-; 7 K~) <-f-

/ --

WKill

FL.

z ~ N

~;y

~- ~ _______

PLATE B38



ElW T PW ACK '-LZETZ

PLAN 13

I T,- CURRENT ./NE] \ND
6 90 3 X

PsUN

PLATE B39



PLt N
/I TH 'ZUPRENT /" NO V/IIN D

610 x 1)3 X 31-1

PLATE 840



PILOT1 TRACK RLDTS

AREA B
PLAN 0

W4ITH CURRENT / NO WIND

610 x93 x30
PUN 3

PLATE B41



xI l

P T L [I T

WIT TH CUPENT / N 0 WN D
610 X 93 X 3CB RUN 4

PLATE B42



-T~~ TRACK PLD]TZ

PLAN 0
4I TH CURRENT / ND \,'IND

Is1C X 93 X 30
RUN 6Ix

PLATE B43



PILOTI1 TRACK F9LKT"
AREA~ B

PLAN 0
'WITH CURRENT / NG WIND

610 x C93 X 30
P UN 7

PLATE B44



PILOT TRACK PLOTS

AREA B
PLAN 0

WIITH CURRENT / NO WIND

610 X 93 X 30
RUN 8

PLT B4



ITTI

I I i

PILOT TRACK PILLTZ

PLAN 0
WITH CURRENT / NO3 WIND

610 X 93 X 30

RUN 9

PLATE 84~6



- - - - - -

7'ILZ TRCK PLETI-

PL~th 0
VITH CURRENT ,/ NOl VVTNL

10Y93 X 33

PLATE B47



M A

V/A1
X 1' H Y

PLTEB4



/
71

- .4
1]

KKKW~ E

77. ~
~~ .,',* (IH K~ 7/

'H: V

~

K, 'V

F,-
~" />~~/~

.. 7~. '3
'K

f, 4%
'.7/i.

K.
*//. .

'I

i~K$~j'
I

"

/

K ~X2~ -- -, --I F

~y /~~/
/ /~ ~

/'. -~~LH/

/

k / / ~7H 2UF~71717 .z .~: .~

;J/

A ~
/7

'V /

// ,i/ i*
~' //d, K//I

" /

PLATE B49



H

XI
-:4

XX 
U ,

Vxx~

PLATE 85



'I

>< 2: ~:
~ K.A

/ ~4j

/ /
L~~i -- -

/ A~7N

/ ~ -~

/ '~J.-~ 7JP~'~>T

K
/ / 7

/ >1 ~L'J 3

/1 //yJ
/9 /

~I

'ii

pD~iG B51



Ii k
- N. -

IL ii
LI

* H I
-4 /

VI j
LI /

A

LI

~1

'C . A

III I,'

I

/1
711 7>, I

r AnmA

~LAN 0
p.,.'. . - -

WI ~ LURPEN T / A'
'K 610 63 / 3:

* ,/.',..' <N 4
I''"

, ~ '~
kY/tv /

p.
7
,. /

(7?
K

7/ - '

PLATE B5/



F

/. PIET TRIK PLD3
AREA C

PLAN 0

WITH CURRENT / NO WIND

610 X c93 X 30
RUN 6

PLATE B53



/ PILOT TRACK PLOTS
AREA C

PLAN 0
~WITH CURRENT / NO WIND

610 X 93 X 30
RUN 7

PLATE B54



// / ILDET TRACK KW TS

AREA C
PLAN 0

W/ITH CURRENT / NOJ WIND

610 X 93 X 30
RUN 8

PLATE B55



RIL]T TRACK PLET 7

AREA C
PLAN 0

WdITH CURRENT / NO ',WIND

610 X 93 X 30
PUN 9

PLATE B56



6x _ 93 -310

{/4U 10~

~~PLATE B57



PILOT TRACK PLOTS
AREA c

PLAN 0
WAITH CURRENT / NO WIND

610 X 93 X 30
RUN 11

PLATE B58



I()

CL LAJ C

ELKc

PLAT B5



'7 F-

I )
'I

T

x
/ ii K9 Ku ;-rn C~j

KI~ ~ C~

WV Liii D

KL

~ -- ~

~

V V

- -

PLATE 860



7
//

Lz
z

K I

I

'K'.
'7 ii )~ m

DcLujxO~
F-

<I
C-)

F-
m H-

\I

H-H

LL

-7 - '\ \

PLATE B61



<:

PLATE B62



(7,D

/M
z

//L xLQ

PLATE B63



I

-3

/

K
<-1~

v~ ~

V. 'V
.1~

7

*1.'.

.-- <

~LMT ~6Y -



/7
/

/

[V/ z

7 K-

7 /
'I

/ 'I -~ rn
~ C,

-J7

F-
3

v~.
~\ '4~

/

/

PLATE 865



7

.7
r

/
/

2T

7 -

w
I

* Cr
- rn<~a 177 Lb -

- C~ L.A ~

I

)

~ a-

PLATE B66



'I
/

/
/

W
z

ci
I KI

/N )
C..

r~2KI ZXrn

j 'I KL Li 1h~cT~

ci CL j~X~

~KE

K- I

~1 )

~ cm
x

'~~> ~

7

PLATE B67



7') (7;

F-D
z
)

1*>' 2rn
/ >7.

)

''<P ~ rn -

~cr I- Cb Z
W ~ D

W Gil Q~WX~

(-J

K-

D
)

a-

V
z -~'~ ',.V

PLATE B68



Pill[IT TRACK RLZITZ"
A~REA E

PLAN 0

W'ITH CURRENT /WITH WIND
610 X 93 X 30

RUNI

PLATE B69



n--N-

PILOT TRACK PLOTS
AREA B

PLAN 0
WITH CURRENT / WITH WIND

610 X 93 X 30
RUN 2

PLATE B70



PILOT TRACK PLDTS
AREA B

PLAN 0
WITH CURRENT / WITH WIND

f .1fl X 93 X 30
RUN 3

PLATE B71



RU4

PLATLE B7



?ILVV TRACK PLDTS

WITH CUPPENT / WITH \dIND
610 X 93 X 30

PUN 5

PLATE B73



14

A- E-AN 'll

APLA

wI~TH CJUPPENT / v/Th 'ri
i~0 x 9)3 /30i

PLT B74 0.



PILOT TRACK PKDOTS
4AREA B

PLAN 0
WITH CURRENT ' 'WITH WIND

610 X 93 X 30
RUN 7

PLATE B75



P A

\,/TTP CUJPRErT 7 wL-4

PLATE B76



ITI

RILDT TRACK R ZTZ
AREA C

PLAN 0
W~ITH CUPRENT / WITH \,IND

610 Y' 93 X 30
RUN 2

PLATE B77



PLA

CU R '2 I
6 A

PLATE B7'



I A
-N-

tl

X A

Kt

A

t: //~;

XI
r~A 1

/ $7
7 // ~4 -, -

7 ii ~::;~ 2~7
/ / /''~ '7~7 '--1 -/

* ~// / / K!," / PK4~. -,

I ,/~ / I *~/~

/ 4 'z~~.: 1~j~ 4! 32
* /7 // / / / /7/

1/7 41/ /
K/~ '/'j Jf

/

>~j7/ i~'~//

/ / I /
K// 7' /

* 7//K.
/ A

<7 /4

PLATE 879



"I A
-N-

K
Vt' ,,/fl
K ~ 7

K> cv
r7,. -'

/

'/7/ A
K:;; J
Kx:X~ >v

us>.>
/

<4/ /4~ tAx (xi/ <5<

~'> Ky RIvET TRILL K_ WIT.

// /; / / A h'L
4

! Q

/77'7' ~~''~''' V-H GLIPPFrJ ~ %t <1N4
/ 7/ 7

I, £10 .1 - -Th / j,

/7 p

x/~ /1 /

/

/
'I

Pt ATE BSO



X/~~~ ~ PH',RiIT ,,

610 9 93 /

,PAT B81 ~



I 
>

x I

PLATE B82



I -N-

/

'b/I
I /

U

//; 1< Z~7~24/

// /

'I - / A'Ir.:

,~1 1 31

/,,

//

/<X. /

-27/
7/2. 7; ~ ,1

;~2 ;<' / ~

/.

/~:j/f I' /</ -,
/7 1

PLATE B83



xA

vIx

X/ 'Z I

PLATE B84



IA p

610 x?? y3

PLAT B85



z

-- )

/ z
p -

/- >2 Z
- , <': -- C' --Z

-
-  

/_ ,

--- ,I< - Jz

"--_ .

'., : .

K V

PLATE B86



-/ED

C)

z

Li
In CDz

*PLATE B8



Li

( ~ ~ m
7 m
.r '3> Z

(~ii TT
W~X~w

N H~KII
'''

'Ks.

~\

A

PLATE B88



I-

z

-Jz D

CL-

PLATE B89



F7

-j

- x

PLT B90



.7' D
-

<Il

PLTx9



/1'7

/ HX
I<

iz L

PLATE B9



z m

z

-PAT 893-Z



E-

LZn

EL x

z
W x :

PLAT B9 C



L-
/u

z D
KK, lj- CD

Liil

PLATE B95



PILZVF TRACK PLET'S
A2RE TL

NOJ CURRENT /NO WIND

I61 IX 93X :35

RU I

PLATE B96



PILOT TRACK PLOT's
lp AREA B

PLAN I
NOl CURRENT /NOl W.IND

610 X 93 X 35
RUN 2

PLATE B97



PILET TROK PLEIL1--
AREA B

PLAN 1
NO CURRENT / NO WD

610 X 93 X 35
RUN 3

PLATE B98



A T

LIPLAN I
;'Z CURRENT NO W .I N D

RUN 4

PLATE B99



EIL7T T DA

PI 4N

NWI -JRRENT / NOl 'WND

RUN 5

PLATE B100



PID TAC LT

AREA B

NOI CURRENT / NO WIND

PUN 6

PLATE B101



PILOT TRACK RLDTZS
AREA B

PLAN 1
NO CURRENT / NO WIND

610 X 93 X 35
RUN 7

PLATE B102



SK,

K1 4
7I1L 7 TRACK RL]ITZ

AREA B
PLAN I

NO CURRENT / NO 'WIND

X. PUN 8

KLATIB1i



!/ /L A1

vPlj

PLATE B1044



tPLAN 1
NO, CURNT N \/

PLATE B10



FILET TRACK PLEZIL
AREA B

PLAN 1

NO CURRENT / NC 0WIND

PUN 11

VXIV

PLATE B106



XH .
x

X.N

T -7-K

r-L
I~ E

CPLAN
x

NO2JRN hl\ N
61 3 /

<4; N

Ile

r2;PLATE B107/



' PLA 
I

V,

PLATE BIOP __



Ip E

%1 CU P NT NI\-7,

-11410 x<93 X 3
47/ </ ?UN 3

PLATE B109



LVT T

610

PLT PL/IN



./ X)x

PL N-
NO/RET ND\sII

ZIP, 0 / 9 /

IK ~- 
RUN

PLAE il



IT T

PLA

N UP N

PLAT , /PLN



K

xx-N-

~KT

~~ P,\
~ IM

RUN7

PLATE B11



K <

/ ~/>~ ILDT TRAQk LY

71 PLAN
NEI CJRRENT /NO w I N D

/ 610 X 93 X 3 5
1<' /RUN 8

PLATE B114



A~REA C

PLAN 1

NO CURRENT / NO WsIND

610 X 93 X 3
RUN 9

PLATE B115



I t.

/ /PILOT TPAEk L7~

AREA C
I K PLAN I

NO C[JPPENT / NO W.IND

610 X 93 X 3'-
RUN 10

PLATE B116



EEUl

aj LI

*y X

CL

PLATE B111



Z7,

* - X

PLATEBIIz



EL

KU M

LL Li Lj Z

LiL 0 j >

PLATE B119



-7 M

PLAT 8120



I z

X -
zE zm

' IJ 
<

zLm

U -D

PLATE B121



F,,

-/C

.1 2

K>

PLATE B12



-JJ D
ci

L Z CD

IKPAT B123c~



<:

7V

PLATE B12



Li

j -J

.1 -~

mU~

Li - N

:~

Li

~KL

y, \\
~A )

~i~K 2
~ ~

~/ ~

NC

PLATE 8125



- <

-9J

PLAT B126



.X,

PLATE B127



IL -j

DE C

PLT B128Z~r



KK"

EILT KPAQKRW

PLAN 1
W1TH IW/1ND / NO \,/IND

6310 x 93 x 35

PUN I

PLT B2



ARE
PLA I

WdITH WIND / NOl WIND

RUN 2

PLATE B13C



PLA I

W1 ITH 7RTTKD / RLZTZ/I

1ic X 9 3 X 3 5
PUN 3

PLATE B131



RILLK T TR>O
A RE( A B

PLAN 1

61IOX93 X 35

PUN

PLATE B132



'PLA I

~~PLATELB133



PLAN I

PLUN 6

PLATE B134



Ln RCKPE'

PLA I

H'A/ITH \A/IND / T WN D
611 X93 X 35

PLATE B135



PR1L]T T RAIK FLLDTS

PLAN 1
WITH WIND / NIO WIND

610 X 93 X 35
PUN 8

PLATE B136



I I {

ii

p,¢ ...

. - <

K."

PLTEBi3



fit

d) ~I L TR7f PL T

WITH W~IND / NO \,,IND
610 X 93 X 35

PUN 1

PLATE 8138



PIL17JT RMK P DII

PLAN I
WITH WIND / NO WIND

6 0 9 x35
RUN 11

PLATE B139



PLA I

WIHWIND / NO WIND
6i X 93 X 3'3

j~I~RUN 112

xA K<

X

pkC



~j ~1
-1

~ 1]

H
N

1

,w~

< LI :: ~x~K~~

/ ~-, II ~

[1
K /4

~

I
I

'K' .~

4, ;~.' - ~V2~

I _ _

/
'''-K'; K'' ~

A

~/ ,-"--~-~<,- F

E1C 2. A

~ U.

i/ r /
'1/~'

'I

'4;:;;'

PLATE B141



4 ~V

A X 17 L
2~ &'V/'~~ '~ -

~& '

r/~. ~

/

/ A H
/1 ~

A /7-, ,~7/ .,~

K
7/7 /~C~

/ /1

pQ1 ~' <~i; p / :/~'//j4
1

#~ ~ - -. -- - -

/ /1/ ~Lu. - -

- a /

7/ 4; §:
// //~ /1§~~ '~'ITH GL~ENT ~

610 x 3~
/ 1/ ~ PUN 3

7/f!
~1 ~ /

1 ~ $/ 7 i 'K~/

/1 7/

7

PLATE B1~~2



PLAN 1

'WITH CURRENT / NO \W/ND

610 X 1:3 X 35

RUN4

PLATE B143



IL 11 I

WITH CUPPENT / NO WINDp
610 X( 93 X 3

RUN 5

PLATE B144



KX\A

> ~> PLAN I
17 A /4 H GUP ;ENT ., E! '.i'1ND

/ 0~el x 93 x 3
PLIN t3

PLATE B145



LI-
T IN

.~ ~ .*. . .. '. . .

PLATE BI



A
-N--

H I

;~;::::: r

F,. *'

4;

I k

A. - -

r -.

A.. A

It,....,
.4 j.

'IA...
/ 4;

-1

/

PLATE B147



LIK ~
KLI-I. 

jj-fr'''..

7 '

7/A

~ s/fl

F] 
A' 

'A

' 
'

1 
/ 

"A

V.) 

-~

I 

-

A.' 

I-

p. 

A.;"' 

~LNI' A,

'I

4'FL/VIE 
Pl:, ~



A

AQ~ 7 ... y§.i

">4
~ ("<4 -N-

>72
4 7 7;:

4 '/4/N/~/3

>1 K <>~
t/ 4 ~

/42/i
/ I /

K

''1

,' / '1

[ii ~
'''H

U /
Il

Ii 7'

/
4/ ,r~<. 20r'~ NZ Ft w:t.D

.9
71 II

1/' 7
( /

II

9.
.4

:7
/77

PLATE 8149



Li

FA~ I.

'.4 'A ~rI~; H
H

4' , A
f~1 ~

2 H 'K',j. «

I - -.- .- - - - -

II -
I,;'

p

I''...' h-I

I $1 K

p..'

'II .2'.?
A j 

7
j~Q - -

/ .9
'k/i 7 Pi~N 4 A

p

A -:

i/i

1/ /7
4, 1'~/ /

:s /
K /

PLATE By,



,~ J ~

7 1K/A7/

/7',,"
'7j'ii< i i

4)
<A IA

7 'A K,,y,'//~

,47 ~ 'A, A

7</zi
'/7, - ,/7/7 /1
'I.,

7. '

/7 ~ ''A

7 k~.< 7/A
~ ''/Ar ~

/

//
/7 .,'x ~4

C' ~
'7 "

p
7 

,, 4

.~.~~1~,',

~, ,,~ /7/
''/1

/7 .~ 4'

// ,// x/y

/ '2' i
7, 4,

p - .- ,-- ,' -./7, W -
"'7 .-- -

7,''.
~'.. .1 ~, ~

/
4'''''J -

A," /

: w ,i A~.'.'/ A

/7/ , /K~1

/7., -f ''7 f

7/ i~ /74/

7 /

'7

PLATE B1~1



APPENDIX C

STATISTICAL ANALYSIS CHARTS



SACPAr'ErTO DEEP WATER SHIP CHANNEL SIMILATION
AREA A - M~AN tAXI1JM PORT CLEARANCE

N 268
E
A NO CURRENT, NO WIND
N k4WITH CURRENT, NO WIND

U~ ITH CURREIIT, WITH WIND

x
I
N m
U

A IS

A pJ
NR

A

R s

A
R

PLA8 8 LA

N NO 1 PEN11OWIN

A
R

II 8 '' F

C
1 1008 LI
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SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATION
AREA 8 - MEAN MAqXIMUM PORT CLEARANCE

M
E
A 140 NO CURRENT, MO WIND
N WITH CURRENT, NO WIND

WITH CURRENT, WITH WINO
MA 120
A
x
I

8818'
U

P 800
R

C

E 48 1
A 2

E -

8

PLAN 8 PLAN I

SACPAMENTO DEEP WATER SHIP CHANtEL SIMULATION
AREA B - MEAN MAXIMUM STARBOARD CLEARANCE

M
A
x 146 NO CURRENT, NO WIND
I " 1A WITH CURRENT, NO WIND

M L WITH CURRENT, WITH WIND
U
M 128 -1

S
T lee -

A
0 80

C -
L
E 48 -

R
A
N 280

C
E 

I
PLAN 8 PLAN I

PLATE C2



SACRAMEN ATO DEEP LATER SHIP CHANNEL SIMLATION
AREA C - M'EAN MAXIMUM PORT CLEARANCE

M
E
A 140 NO CURRENT, NO WIND
mN WITH CURRENT, NO UIND

, UITH CURRENT, WITH WIND
MA 120

x
I
M 180

P 88- A80 III, -

R

L
E 48 -.

A

N 20

E

PLAN 8 PLAN I

SACPAMENTO SEEP L44TEP SHIP CHANNEL SIMULATION
AREA C - MAN MAXIMUM STARBOARD CLEARANCE

M 200

A
X '1o CJPPENT, r'O oIrhO
I WITH CURPENT, N0 IWIND
M 175 1 TJITH CURRENT, WITH WIND
U
N

ISe
S
T
A 125

0 II
A .

D

L 2  I
E I

C 8

PLAN 0 PLAN I

PLATE C3



SACRAM'ENTO DEEP WPTEP SHIP CHANNEL SIIILATION
AREA A - M~AN !MXIflJN PORT CLEARANCE

ri 250
E
A NO WIND-NO CURRENT: WJITH 618 FT. BULK CARRIER
N LUNO WIND-NO CURRENT; WITH 855 FT. BULK CARRIER

m
A 280

x
I
N

L Is

P 5-

CR ~ ~ LII I

A

N
U

N 288

A
P NO8 WIDN URN;WT 60F.BL ARE
I OUM-OCRET IH85F.BL ARE
m

A

L
E

C

PLAN 8 PLAN I PLAN 2 PLAN 2

PLATE C4.



SACRAMENTO DEEP WATER SHIP CHANNEL SIMILATION
AREA B M~AN MXIJM PORT CLEARANCE

E
A 148 =]~NO WIND-NO CURRENT: WITH 618 FT. BULK CARRIER
N

N 120

x
I
m 0
U
N

R
T 6

C
L
E 48
A
R
A
N 28
C
E

PLAN 8J PLAN 1 PLAN 2

SACRPIMNTO DEEP WATER SHIP CHANNEL SI1.JATION
AREA B - MAN MIUM STARBOARD CLEARAflCE

x 148 NO W INiD-NO CURRENT; WITH 610 FT. BULK CARRIER

NU 1280

S
T 10

A

E8 4

R
A

N0
C

E 4
A ,'

PLAN 6 PLAN I PLAN 2

PLATE C5



SACRARMENTO DEEP WATER SHIP CHANNEL SIMULATIONI
AREA C - PEAt PORT 1PXIMIUM CLEARANCE

P 168 [1 M3NO WIIO-MO CURRENT; WITH 616 FT. BULK CARRIER
0
R
T 148

A 126
x
I
m lage

c 88
L
E
A 6o
R
A
11 48
C
E

28

8

PLAN 8 PLAN I PLANt 2

SACPAI!EMTO DEEP WATER SHIP CHANNEL SIMUJLATIONI
AREA C - P~EAK STARBOARD frAXIl1JN CLEARANCE

S 200
T
A tEINO WIND-NO CURRENT; WITH 618 FT. BULK CARRIER
R

8 175
0
A
R 158
D

M 125
A
x

1 10

U
N

75
C
L

A 5

PLAN I PLAN 2

PLATE C6



SACRAMETO DEEP WATER SHIP CHANNEL SIMLATIOM
AREA A - MEAM PORT CLEARANCE

148 - NO CURRENT, NO WIND

WITH CURRENT, 1O WIND
M WITH CURRENT, WITH WIND
E
A 128

P 188
0
R
T

88
C\c //7/,
L 68 /

/  
//

"
E

R/
A I

E /7

a/

PLAN 8 PLAN 1

SACRAMNTO DEEP U TER SHIP CHANN1EL SIMULATION
AREA A - MEAN STARBOARD CLEARAICE

E 140 NO CURRENT, NO WIND
E WITH CURRENT, NO WIND
11 I WITH CURRENT, WITH WIND

120 -
S
TA

R 108
B

0

R

C 680

R /

C 28 ... /

PLAH 0 PL I I

PLATE C



SACRAMEN1TO DEEP WATER SHIP CHANNEL SIMUJLATION
AREA A - STANDARD DEVIATION PORT CLEARANICE

5o

MI N CURRENT, NO WINO
2 WI TH CURRENT, NO WIND

sEl WTH CURRENT, WITH WIND
T 48
A
N
D
A
R
D 38

0
E
V

I 20

T

0

N 1

PLAN 8 PLAht I

SACRAMENTO DPEP WATER SHIP CHANNEL SIMUJLATION
AREA A - STANDARD DEVIATION STARBOARD CLEARANCE

se

SNO CURRENT, NO WIND
WITH CURRENT, NO WINO

s WITH CURRENT, WITH WINO
T 480-
A
N

D 3

A
T

I ox
0 /

NLA 18 PLA I'

PLATE C8



SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATIOI

AREA B - M'EAN PORT CLEARANCE

148 NO CURRENT, NO WIND

WITH CURRENT, NO WIND
M WITH CURRENT, WITH WIND
E
A 126
m

P 100
0
R
T

80

C

E

R

AN 40 .jr7- ~I

26 '

PLAN 6 PLAN I

SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATION

AREA B - MEAN STARBOARD CLEARANCE

1 140 NO CURRENT, NO WIND
E WITH CURREN

T , NO WIND
A LJ WITH CURRENT, WITH WIND

120

A

R 100 -

B
0A 86 -1

D 77!7
C 606L

E

A 40-

A
N iI

C 26-
E 

2

PLAN 0 PLAN I

PLATE C9



SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATION
AREA B - STANDARD DEVIATION PORT CLEARANCE

20

MO CURREMT, MO WIMD

17.5 = WITH CURRENT, NO WIND

S WITH CURRENT, WITH WIND

T
A 15
N
D
A
R 12.5 ,
D

D 10
E

I
A 7.5 "1 / /
T II I! I
oN" K I___i______ rK>

"8 r I-

PLAN 0 PLAN 1

SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATION
AREA B - STANDARD DEUIATION STARBOARD CLEARANCE

20

MO CURRENT, NO WIND
17.5 WITH CURRENT, MO WIND

S WITH CURREMT, WITH WIND
T
A FI 15 -
D

p 12.5
D

0 1O 16 -

E

A ?.5 I f
T

rii
I

I2.s

8 4-iL .LL.________

PLAN 8 PLAN I

PLATE C10



SACRAPETO DEEP WATER SHIP CHANNEL SIMULATION
AREA C - MAN PORT CLEARANCE

140 NO CURRENT, O WINE
WITH CURRENT, NO WIND

M WITH CURRENT, WITH WIND
E
A 120

N

P 180
0
R

T
80

C
L

E
A 60-
R //

C

28

\ K11'

PLAN S PLAN I

SACRAMENTO DEEP WATER SHIP CHANNEL SIMIJLATION
AREA C - MIAN STARBOARD CLEARANCE

m 148 " NO CURRENT, MO WIND
E I WITH CURRENT, MO WINOA WITH CURRENT, WITH WIND

N 128

S

T

R

88

0 I
A 8

68 i tD,

LE.
A 40 -' J I
A

C 2
E 28 -

PLAN 8 PLAN I

PLATE C1



- ~5CPPI E1T0 DEEP WATEP SHIP CHANNrEL SIr1JLATIU1
AREA C - STANDARD DEVIATION PORT CLEARANCE

NO0 CURRENT, NO WIND
,4UITH CURRENT, NiO WIND

S 28 Li- WITH CURRENT, WITH WIND
T 20

A

D

0

E

I 1

PLAN 8 PLAN I

- SACRAMEN1TO DEEP LATEP SHIP CHANNEL SIIIJLATIOti
AREA C - STANDARD DEUIATION STARBOARD CLEARANCE

35

Lo2 NO CURRENT, NO WIND
30 WITH CURRENT, NOG WIND

s 3 WIThi CURRENT, WITH WIND
T
A

M 25

D 2

D0 2

E
15

A I

I t8o
0

PLAN 8 PLAN I

PLATE C12



SA~CRAMEN1TO DEEP WJATER SHIP CHANN1EL SIMUJLATION
AREA A - MEAN PORT CLEARAN1CE

148 NO WINID-NO CURRENT; WITH4 610 FT. BULK CARRIER
1L1 0 UIMD-11O CURRENT; WITH 855 FT. BULK CARRIER

E 120

P 108
0

L

68-0
A i

48-

E

28

PLANl 8 PLANl I PLANl 2 PLAN 2

SACRAMIENTO DEEP WATER SHIP CHANNEL SIMUJLATION
AREA A - MEAN1 STARBOARD CLEARANCE

11 148 NO11 WI11D-lND CURREN1T: WITH 618 FT. BULK CARRIER
E 110 WIND-NO CURREN1T; WITH 855 FT. BULK CARRIER

128-

0
A 80

L
E
p

PLAN 8 PLAN I PLAN 2 PLAN 2

PLATE C13



SACRAPE"TO DEEP LATER SHIP CHANNEL SIMULATION

AREA A - STANDARD DEVIATIO" PORT CLEARAICE

S5

11O UIfID-O CURRENT; WITH 618 FT. BULK CARRIER
SNO 10ltD-MO CURREMT, WITH 855 FT. BL-K CARRIER

S

T
A 48
m
D
A
R
D 38

0
E
V
I
A 28
T

I
0

18

PLAI 8 PLAN I PLAN 2 PLAN 2

SACRAMENTO DEEP LATER SHIP CHANIEL SIMULATIOI
AREA A - STANDARD DEVIATION STARBOARD CLEARANCE

So

NO UIfO-HfO CURRENT; WITH 610 FT. BULK CARRIER
IO UIHD-M0 CURRENT; WITH 855 FT. BULK CARRIERS

T
A 40
11
D
A
R
D 30

0 20

T
OO

PLANl 0 PLAN I PLAN Z PLA 2

PLATE C14
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SACRAMENtTO DEEP WATER SHIP CHANNEL SIIJLATIOrI
AREA B - rlAN PORT CLEARANCE

148 - 11O111 UItiD-MO CURRENT: UITH 618 FT. BULK CARRIER

EA 120

P 188
0
R
T

Be
C
L
E
A 68

R
A

48
C
E

28 -

PLAN 0 PLAN 1 PLAN 2

SACRAPENTO DEEP WATER SHIP CHANNEL SI LATION
AREA B - MEAN STARBOARD CLEARANCE

m 148 NO UIND-NO CURRENT; UITH 618 FT. BULK CARRIER

AE110 UIllD-NO CURRENT; WITH 855 FT. BULK CARRIER

M
128

S
T
A
R 188
B

0
A 80
R
D

C 6
L
E
A
R 48

A

C 28
E

PLAN 8 PLAN I PLAN 2

PLATE C15



SACPArENTO DEEP WAVT SHIP CHANNrEL SIMULATION
AREA B - STANDARD DEUIATION PORT CLEARANCE

28

DNO UIKD-MD CURRENT: WITH 610 FT. BULK CARRIER

S 17.5

T
A
N Is
DA

12.5

0
0
E 18
U

A 7.5
T
I
0

2.5 III

PLAN 8 PLAN 1 PLAN 2

SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATION
AREA B - STANDARD DEUIATION STARBOARD CLEARANCE

20

NO WIND-NO CURRENT; WITH 618 FT. BULK CARRIER

S 17.5

T
A
H 15

R 12.5
0

E 1B

I
A 7.S
T
I
0

,5

2.Sf_____________

PLAN 8 PLAN I PLAN 2

PLATE C16



SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATIONt
AREA C - MEAN PORT CLEARANCE

148 - 1 NO UIND-NO CURRENT: WITH 618 FT. BULK CARRIER
N
E

P lee
a

0

R
T

88
C
L
E
A 68
R
A
S e48

C
E

a

PLAN 8 PLAN I PLAN 2

SACRAPENTO DEEP WATER SHIP CHANNEL SIMULATION
AREA C - MEAN STARBOARD CLEARANCE

E 140 fI NO UNHD-NO CURRENT: WITH 618 FT. BULK CARRIERE

A
N

128
S
T
A
p 188
B

A 8o
R

C 68
L
E
A
R 48
A
N
C 20
E

PLAN 8 PLAN I PLAN 2

PLATE C17



SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATION
AREA C - STANDARD DEVIATION PORT CLEARANCE

20

NO UIND-MO CURRENT: WITH 610 FT. BULK CARRIER

S 17.5

T
A
N 15
D
A
R 12.5
D

D
E 1e
v

I
A 7.5
T
I
0
N

2.5

a

PLAN 0 PLAN 1 PLAIN 2

SACRAMENTO DEEP UATER SHIP CHANNEL SIMULATION
AREA C - STANDARD DEVIATION STARBOARD CLEARANCE

50

JNO WIND-MO CURRENT: WITH 618 FT. BULK CARRIER

S
T
A 4e

ND
A
R
D 30

D

E

I

A 28

T
I
0
N

PLAN PLFAil I PLAN 2

PLATE C18



SACRAIENTO DEEP LATER SHIP CHANNEEL SIMULATIOH
AREA C - MEAl DRIFT AWLE

NO UIND-NO CURRENT; UITH 610 FT. BULK CARRIER

M e.8
E
A
N

DR 8.6

I
F
T

A 8.4

G
L

8.2

PLAN S PLAN I PLAN 2

SACRAMENTO DEEP WATER SHIP CHANNEL SIMJLATION
AREA C - STANDARD DEVIATION DRIFT ANGLE

2'

MO UIMD-NO CURRENT: UITH 618 FT. BULK CARRIER

s 1.75

T
A
N 1.5
D
A
R 1 .25 -

D

E

IA 0.75
T
I

0
N 8.5

8.25

PLANS PLAN 1 PLA 2

PLATE C19



SACRAMENTO DEEP LATER SHIP CHANNEL SIMULATIOII
AREA A - MEAN DRIFT ANGLE

1 W

0 NO WIND-NO CURRENT, UITH 616 FT. BULK CARRIER
6.75 -4 No LJZNO-NO CURREIT: WIT 855 FT. BULK CARRIER

M

E 0.5
A
N

D 8.25
R
I
F

T F
A
N -0.25
G
L
E -6.5

-6.75

-1 1

PLAN 6 PLAN 1 PLAN 2 PLAN 2

SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATION
AREA A - SImNIIARD DEVIATION DRIFT ANGLE

2.5

= NO WIND-NO CURRENT; WITH 616 FT. BULK CARRIER
NO UJIHD-IfO CURRENT; WITH 855 FT. BULK CARRIER

S

T
A
N
0
A
R
D 1.5

D
E
U
I

A
T
I
0
N

PLAN 8 PLAN I PLAf 2 PLAN 2

PLATE C20



SACRAMENTO DEEP WATER SHIP CHAMNEL SIMULATION
AREA A - MEAN RATE OF TURN

NO wINO-NO CURRENT; WITH 610 FT. BULK CARRIER
NO WIND-NO CURRENT; WITH 855 FT. BULK CARRIER

M
E
A

1AET 21 ________________ II~l

N 2

T

PLAN B PLAN I PLAN 2 PLAN 2

SACRAM'ENTO DEEP LATER SHIP CHAINEL SIMUJLATIOM
AREA A - STANDARD EUIATI0N RATE OF TURN

16O UIND-NO CURRENT; UITH 616 FT. BULK CARRIER

MO WIND-MO CURRENT; WIT 855 FT. BULK CARRIERS
T
A 8 -j

N

D

A
R

D
E

A 4
T

I

N

2

At

PLAN 9 PLAN PLAN 2 PLAN 2

PLATE C21



SACRAMEN1TO DEEP ITER SHIP CHANIEL SIMULAlTIOfN
AREA C - MEAf" RATE OF TURN

10

HO WItD-MI0 CURRENT; UITH 618 FT. BULK CARRIER

m

E
A
M

R
A
T
E

0
F 4
T

U
R
N

PLA 8 PLAN 1 PLAN 2

SACRAMENTO DEEP WATER SHIP CHANNEL SIM1ULATION
AREA C - STANDARD DEVIATION RATE OF TURN

14 NO UIND-NO CURRENT; WITH 618 FT. BULK CARRIER

S
T 2

NA 1-

AO 4
R
D

D

E
I

T
I

0 4
N

2

PLAN 8 PLAN 1 PLAN 2

PLATE C22



SACRAM'ENTO DEEP WA~TER SHIP CHANNEL SIMUJLATION
AREA A M rEAN HEADING

388

N O WINO-NO CURRENT; WITH 618 FT. BULK CARRIER
NOUIND-NO CURRENT; WJITH 855 FT. BULK CARRIER

2580

E

N

G 100

A 0

PLN0 PA I PLN PLN

PLCAN T DEE PLA E P 2 PNLA 2IUATO

AREA A -STANDARD DEVIATION HEAD1I1ii

NO UIHD-NO CURRENT, WJITH 618 FT. BULK CARRIER
t__ W1 IND-NO CURRENT, WITH 855 FT. BULK CARRIER

T 4

A
N

30

A 2

T

N 3

10

PLA 18 PLN PAN2 LA

PLATE C23



SACRAEMTD DEEP WATER SHIP CHANNEL SIMULATION
AREA C - MEAM HEADING

300

NO UIMD-NO CURRENT; WITH 610 FT. BULK CARRIER

258

E
A 208

H
E
A
D
I
N

G 180

50

PLAI e PLANt 1 PLAN 2

SACRAMENTO DEEP LATEP SHIP CHANNEL SIIULATION
AREA C - STANDARD DEVIATION HEADING

14 NO uIrNo- O CURPENT; WITH 610 FT. BULK CARRIER

S
T 12

A
D

18
P
D

D 3
E

A) 60 4
I , I ' ,

PLAN 8 PLAN i PLAN 2

PLATE C24



SACRAMENITO DEEP WATER SHIP CHANN~EL SIMUJLATION
AREA A - PEAN SPEED

10

NO WINDO-NO CURRENT; WJITH 610 FT. BULK CARRIER
NiO WINDo-NO CURRENT; WITH 8155 FT. BULK CARRIER

8A

N

E

E 4

0

PLAN 0 PLAN 1 rAN 2 PLAN 2

SACRAPIEt1TO D)EtP [LTEP SHIP CHfIIMIL 5SIMILATION
AREA A - STAIIDAPD DEVIATIONI SPEED

NO LANID-NO CLARENT, 11TH 1 0 1-. PJLK CARRIER
LJNO UIrID-NO CURRENT; WjITH 855 FT. IUKCARE

T 0.8
A

D

0.
D

E

8.4 -
T

1J1 1  JI~' I I

8 i0H ~h.'
PLAN 6 PLANI PLANP PLAN 2

PLATE C25



SACRAMEMTO DEEP WATER SHIP CHANNEL SIMULATIOM

AREA C - MAN SPEED

14 NO WIND-MO CURRENT; WITH 610 FT. BULK CARRIER

i NO WIMO-hO CURREMT; WITH 855 FT. BULK CARRIER

12 -
E 10
A

P

E 6 1
D i I *l i

2 '

PLAM 8 PLAM 1 PLAN 2 PLAi 2

SACRAMEriTO DEEP JATEP SHIP CHANNEL SIMLATION

AREA C - STANDARD DEUIATION SPEED

"21NO IND-MO CURRENT; WITH 616 FT. BULK CARRIER

! L NO WIND-NO CURRENT; WITH 8S5 FT. BULK CARRIER

T 6.8
A
11
D

A
P
D 0.6

0
E

I 0.4
A

T
I
0

PLAti 6 PLAP 1 PLAN4 2 rLAM 2

PLATE C2



SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATION
AREA A - MEAN RPM " RUDDER

366

NO UIND-NO CURREMT; WITH 616 FT. BULK CARRIER
1 j NO WIND-NO CURRENT; WITH 855 FT. BULK CARRIER

M 258

E

NH

R i! I

ISI

D I
D ii

E

PLAN 0 PLAN 1 PLAN 2 PLAN 2

SACRAIENrTO DEEP lJTEP SHIP CHAWYItIEL SIMULATION
AREA A - STAiDARD DEVIATION RPM * RUD

1468 NiO ,IND-NQ CURRENT, WITH 610 FT. BULK CARRIER
NO WIND-NO CURRENT; LIr i 85 FT. BULK CARRIER

T 1260
A

A 100

P

D 0

20

i 6868

0 486 - ii

PLAN 6 PLAN I PLAN 2 PLAN 2

PLATE C27



SACRAMENTO DEEP WATER SHIP CHANINEL SIMULATION
AREA C - MEAN RPM v RUD

186

NO UIMO-MO CURRENT; WITH 616 FT. BULK CARRIER

756

M see
E
A

256

P
P
M I.

R -258 -

U
D -188 .

-756

8PLAN PLAN 1 PLAN 2

SACRAMENTO DEEP LTER SHIP CHANMEL SIMULATION

AREA C - STANDARD DEUIATION RPM s RUD

2008

,j NO UI1'D-NO CURRENT, UITH 610 FT. BULK CARRIER

1756
S
T
A 156 20

N
o
A
R 1256 •

0 I8 8 I i ',

E

A 756 IIII "

j i I I ! ,

, ii! l r f i l

250 II i I

Pi AN 8 PLAN I PLAM 2

PLATE C28



SACRAMENTO DEEP WATER SHIP CHANNEL SIMULA-IOM
AREA A - RPMSRUD

288

1 NO CURRENT, NO WIND
WITH CURRENT, NO WIND
WITH CURREMT, WITH WIND

100

M
E
A

N 0"

R

-288-

-308

PLAN 8 PLAN I

SACRAMENTO DEEP IPTEP. SHIP CHANtIEL SIMULATION
AREA A - STANDARD DEVIATION RPM * RUD

1480 N MO CURRENT, MO WIND
I WITH CURRENT, NO WIND

S WITH CURRENT, WITH WIND
T 120a -4

A
N
D
A 1000
R
D I I '

D 88 ~ ~ I~ I
E '' .

1 600 4 ''
A

PLAN 0I! PI

LAN 8LATE1 29

PLATE C29



SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATION
AREA 8 - 1EAK RPM S RUD

488

NO CURRENT, NO WIND
WITH CURRENT, NO WIND

300 WITH CURRENT, WITH WIND

M
E
A 288 -

N

P lee j

M

U i

-1880 -4

-288 -

PLAN e PLAN I

SACRAMENTO DEEP WATER SHIP CHANNEL SIMULATION
AREA B - STANDARD DEVIATION RPM a RUD
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SACRAMENMTO DEEP WATER SHIP CHANNrEL SIMUJLATIONI
AREA 8 - MEAN RPM * RUD
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SACRAMENTO DEEP LATER SHIP CHANNEL SIMULATION
AREA C - MAN RPM S RUD
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1O CURRENT, NO WIND

0 WITH CURRENT, HO WIND
WITH CURRENT, WITH WIND
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