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1.0 BACKGROUND 

A fundamental e lement  o f  a l l  c u r r e n t l y  proposed Ocean ~ h e r m a l  

Energy Conversion (OTEC) systems i s  a long ,  l a r g e  d iameter  p i p e  which w i l l  

s e r v e  a s  a' conduit  f o r .  co ld  water  from t h e  ocean depths  t o  a h e a t  exchanger 

a t  o r  near  t h e  surface ' .  Th i s  co ld  water  p i p e  (CWP), f o r  a 100 megawatt. 

OTEC p l a n t  may be a s  l a r g e  a s  60 f e e t  i n  d iameter  and extend t o  a depth  of .  

3000 f e e t .  Smal le r  CWPs a r e  planned f o r  t e s t i n g  OTEC system components; 

t h e s e  may be a s  small  a s  8 o r  9 f e e t  i n  d iameter  bu t  3000 f o o t  l e n g t h s  w i l l  

be r e q u i r e d ' t o  reach  water  tempera tures  low'enough t o  supply  t h e  needed 
. . 

temperature d i f f e r e n c e  t o  t h e ' c o n d e n s e r  e lements  o f  t h e  system. 

There w i l l  be v a r i o u s  environmental f o r c e s  a c t i n g  upon t h e  CWP. 

Those of pr imary concern a r e  o n . t h e  wave a c t i o n  on t h e  CWP suspens ion  system 

a t  t h e  s u r f a c e ,  and t h e  ocean c u r r e n t  hydrodynamic, f o r c e s  on t h e  p i p e  i t s e l f  

t h r o u g h o u t . . i t s  l eng th .  The l a t t e r  is t h e  s u b j e c t  o f  t h i s  r e p o r t .  

Under a c o n t r a c t  wi th  t h e  Applied Phys ics  Laboratory o f  John Hopkins 

Un ive r s i t y ,  t h e  f i r m  Deep O i l  Technology, Inc .  planned and c a r r i e d  ou t  a ,  

v e r i f i c a t i o n  t e s t  on a model. CWP t o  i n v e s t i g a t e  t h e  p o t e n t i a l  e f f e c t  o f  some ' . ' 

of  t h e s e  environmental f o r c e s  i n  a t r u e  ocean environment.  The p l a n s  f o r  
. . 

. t h i s  experiment were p u b l i s h e d . i n  Reference 1 i n  June 1978. The dimensions 

o f . t h e  model CWP were 5 f e e t  i n  d iameter  and 800 f e e t  long;  t h e  p i p e  was 

made up o f  20-foot  l e n g t h s  o f  3/16-inch s t e e l  p i p e  w i t h . f l a n g e s  a t  e i t h e r  

end t h a t  he re  b o l t e d  t o g e t h e r  t o  form t h e  t o t a l  t e s t  l eng th .  T h i s  model CWP 

was suspended from t h e  Deep O i l  X-1 which was moored i n  1000 f e e t  o f  water  

about  two mi l e s  south  o f  San ta  C a t a l i n a  I s l a n d  i n  t h e  P a c i f i c  Ocean d u r i n g  

December 1978. 

The Ocean Engineering and Cons t ruc t ion  P r o j e c t  O f f i c e  o f  t h e  Chesapeake 

Div is ion ,  Naval F a c i l i t i e s  Engineering Command (CHESNAVFACENGCOM) was t a s k e d  

i n  October 1978 by t h e  Na t iona l  Oceanic and Atmospheric Admin i s t r a t i on  (NOAA) 

t o  provide  c u r r e n t  d a t a  i n  con junc t ion  wi th  t h i s  OTEC Cold Water P ipe  e x p e r i -  

ment o f f  t h e  seaward s i d e  o f  San ta  C a t a l i n a  I s l and .  The l o c a t i o n  o f  t h e  test  

s i t e  i s  shown i n  a s e c t i o n  of t h e  c h a r t  f o r  t h i s  a r e a ,  F igure  1. 

2.0 I N S T A L L A T I O N  P R E P A R A T I O N  . . 

Upon r e c e i p t  o f  t h e  t a s k i n g  assignment from NOAA a s t r i n g  o f  c u r r e n t  





meters with the necessary buoy and anchor accessories was designed and a 

project execution plan, Reference 2, was prepared. The basic design was 

quite simple. It comprised eight Aanderaa current meters, 100 feet apart, 

suspended from a 40 inch diameter subsurface buoy and. anchored to the 

bo,ttom as shorn in Figure 2. The current meters were acquired from the 

Naval.Oceanographic Office (NAVOCEANO). The actual instrument numbers are 

shown on Figure 2 to tie in the specific instrument location with the data 

presented in,later sections of this report. 

Additional details of the current meter string design are given in 

Figure 3. It can be seen that the individual meters .are connected by a few 

links of chain and a length of 3/4 inch Sampson Single Braid sized to stretch 
. . 

under 1oa.d to place. the meters at the' prescribed 100 foot separation. A 

second 40 inch diameter buoy is fitted at thebottom of the string to aid 

in.retrieva1. This is connected to the 2200.pound steel. clwnp'anchor 

through an acoustic release so that the entire string can float to the sur- 

face when the release is actuated. 

AI1 the necessary equipment was selected from the CHESNAVFACENGCOM 

Ocean Construction Equipment 1nventory.and the Naval Oceanographic Office 

and shipped to the Civil Engineering Laboratory in Port Hueneme, California. 

Assembly of the current meter string was completed by the first week.in 

November and ready to be installed when Deep Oil Technology, Inc,. (DOT) 

installed its test platform. The current meters were to be installed at 

the same time as the platform. This was necessary to take advantage of the 

ship assets available and used by DOT for the platform 'installation. 

CHESNAVFACENGCOM was supported i,n the installation by personnel from the 

Civil Engineering ~aborator~. (CEL) of the Naval Construction Battalion Cen- 

'. ter in Port Hueneme,. California. All equipment was checked out in Port 
. . 

Hueneme and CHESNAVFACENGCOM and CEL personnel were ready to install the 

current meters when DOT advised they were ready on 15 ~ovember 1978. ,How- 

ever, delays occurred relative to the DOT schedule thus delaying installation 

and CHESNAVFACENGCOM personnel returned to Washington; D. C. 

3.0 INSTALLATION O F  THE CURRENT METER STRING 
. . 

DOT announced it was ready to install the CWP in late December 1978. . CHES- 

NAVFACENGCOM and CEL personnel along with all the equipment were on site in 
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Long Bcach, C a l i f o r n i a ,  on 28 December 1978. 'I'llc i l l s t a l l a t i o n  o f  t h c  cu r rcn t  

mctcr s t r i n g  was accomplisl~cd on 30 I)ccembcr 1375. 

'rhc c u r r c n t  meter s t r i n g  was dcploycd a n c h o r - f i r s t  from t h c  M.V. CaLcasieu, 

Figurc 4 ,  a t  about 1 PBI PST on 30 December 1978. I t  was located scvcra l  hundrcd 

yards seaward of  t h c  Deep Oil X-I  a t  a p o s i t i o n  o f  33" 24 '  10" N l a t i t u d e  and 

118" 32 '  10" W longi tude  i n  approximately 1000 f e e t  o f  wntcr. 

LOWERING THE METER STRING OVER THE STERN OF THE M. V. CALCASlEU 

FIGURE 4 



The preassembled line, less meters, buoys and acoustic release, was spooled 
on the winch. The deployment entailed lowering the anchor to the position 

of the acoustic release and stopping off the line while the release was 

inserted between two preinserted shackles. The string was then lowered to 

the buoy position where it was inserted similarly. This procedure was then 

repeated for each meter. The operations are depicted in Figures 5 and 6. 

The subsurface buoy was then added and the entire string was lowered into 

position using a lowering line, When the anchor reached the bottom, the 

lowering line went slack. When the lowering line was slacked, a Raymond release 

hook was actuated so the release hook and lowering line could be recovered. 

4.0 CURRENT METER CHARACTERISTICS AND OPERATION 

The Aanderaa, RCM-5 Current Meter is a self-contained instrument for ' 

recording speed, direction, and temperature of ocean currents. Operation 

of the current meter is based upon a rotor-type current velocity sensor, a 

magnetic compass for direction determination, and a thermistor for tempera- 

ture sensing. The instrument consists of two main parts, the recording unit 

and the vane assembly. The vane assembly has a spindle which can be shackled 

onto the mooring line of a surface or subsurface buoy. The motion of the 

velocity sensing rotor is transmitted through the case of the recording unit 

via a magnetic coupling. The magnetic compass is housed inside the record- 

ing unit. The velocity measurement is in integrated form while the direc- 

tion measurement is instantaneous. Power is provided by batteries capable of up 

to 12-months operation, depending upon sampling intervals. 

The current meter is capable of performing the following measurements 

in a single measuring cycle: Reference, temperature, pressure, direction, 

and current speed. An electro-mechanical encoder samples and converts the 

measurements to binary digital signals which are then recorded on 1/4-inch 

magnetic tape. The binary signals are also transmitted to the surface by 

means of an acoustic transducer, thus permitting on-site monitoring. An 

internal quartz crystal clock actuates the instrument at regular intervals. 

The magnetic tape from this instrument can be read by the model 2103 Tape 

Reader and can be converted to punched paper tape. 

The Aanderaa meter shown in Figure 7 has an overall length of 136.0 

cm (53.5 in.). The cylindrical recording unit has a diameter of 12.8 cm 

(5.0 in.) and weighs 13 kg (28.6 lbs) in air. The vane is 37 x 100 cm 
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8 J (14.6 x 39.4 in . )  and weighs 1 2  kg (26.5 lbs)  i n  a i r .  In water, both the  . . I  ':811.: ..'. . >, .- 

vane and recording uni t  have a weight of 7.5 kg (16.5 lbs)  and thus a re  , - 

weight balanced t o  hang level  when ro t a t i ng  around the  v e r t i c a l  spindle. 

The posi t ion of the  weight a t  t he  bottom of  the  vane can be adjusted t o  

maintain an accurate moment balance. 

The meters were s e t  t o  co l l ec t  data  a t  10 minute i n t e rva l s  fo r  a 30- 

day period. A l l  meters recorded temperature, current speedland current 

direct ion.  The two uppermost meters a l so  measured pressure t o  monitor any 

v e r t i c a l  movement of the  current meter s t r i ng .  

5.0 RECOVERY AND INSPECTION OF THE CURRENT METERS 

Recovery of the  meters occurred on 23 January 1979 a t  dusk, once again 

using the  M.V. CaZcasieu f o r  the  operation. The recovery went f lawlessly and 

was completed i n  about 30 minutes. The current meter s t r i n g  was cal led t o  the  

surface by ac t iva t ing  an acoustic r e l ea se  located between the clump and the  

s t r i ng .  Once the  re lease  was f i r e d  and the buoys brought the  s t r i n g  t o  t he  

surface,  a l i f t i n g  l i n e  was attached t o  the  subsurface f l o a t ,  Figure 8, and 

the  s t r i n g  was l i f t e d  aboard the  CaZcasieu i n  a reverse  order t o  the  i n s t a l l a -  

t i o n  procedure. An a i r  tugger on the  CaZcasieu was u t i l i z e d  f o r  t h i s  instead 

of  t he  winch. 

After re turning the  meters t o  CEL for  removal of t he  tapes,  two problems 

were revealed. The 100' meter had evident ly  flooded ea r ly  i n  t h e  experilllent 

and the  400' meter malfunctioned and recorded data  i r regular ly .  A t  t he  time of 

t h e i r  recovery it could not be determined whether any useful  data could be 

derived from these meters. Upon l a t e r  analysis ,  it was found t h a t  the  da ta  

from chese two meters could not be u t i l i zed .  This meant t h a t  one s e t  of 

hydrostat ic  pressure da ta  and two s e t s  each of temperature and current ve loc i ty  

and d i rec t ion  da ta  were not  ava i lab le  f o r  analysis .  

6.0 PROCESSED RESULTS OF MEASURED DATA 

The va l id  measurements obtained during the 30-day period t h a t  the  

meters were i n s t a l l e d  o f f  Santa Catal ina included da ta  taken a t  t e n  minute i n t e r -  

v a l s  f o r  about 580 hours. This produced about 3480 sets of readings on each of 

s i x  Aanderaa current meters. On a l l  of these  meters, recordings were made of 

current  speed and d i rec t ion  and water temperature. On one of the  s ix ,  located 

a t  61 m (200 f t )  below the surface, t h e  hydrostat ic  pressure a l so  was recorded 

at  these same in te rva ls .  



DETAILS OF THE AANDERAA CURRENT METER 
FIGURE 7 

RECOVERY OF THE SUBSURFACE BUOY 
FIGURE 8 



The d a t a  p r o c e s s i n g  \<as done by NAVOCEANO i n  Bay S t .  Louis ,  M i s s i s s i p p i  

and completed o n . 1 3  Flarch 1979. The f i r s t  s t e p  i n  t h e  p r o c e s s i n g  comprised' 

t h e  playback and p r i n t o u t  o f  a l l  o f  t h e  d a t a  p o i n t s .  A' sample p r i n t o u t  i s  

g i v e n  i n  F igure  9  t o g e t h e r  w i th  i d e n t i f y i n g  d e s i g n a t i o n s  f o r . t h e  v a r i o u s  

columns of  f i gu res . .  

. . 

TABULATED DATA FROMCURRENT METER A-2731 
A.T DEPTH OF 61 METERS (200 F E E T )  . . 

FIGURE 9 

I n  a d d i t i o n  t o  t h e  t a b u l a t i o n  o f  t h e  r e c o r d e d  data a s e r i e s  o f  a n a l y s e s  

were ' n sde  t o  a i d  i n  d a t a  i n t e r p r e t a t i o n .  These i n c l u d e d  t h e  development o f  

t 5 e  fo l lowing  p l o t s . ,  

o  P r e s s u r e  v e r s u s  t i m e  f o r  one d e p t h  

o  Temperature v e r s u s  t i m e  f o r  s i x  d e p t h s  



o U -  and \'-Components o f  c u r r e n t  v e l o c i t y ,  d i r e c t i o n ,  

and r e ' s u l t a n t  v e l o c i t y  v e r s u s  t ime f o r  s i x  d e p t h s  

o  P rog res s ive  Vector Diagrams f o r  s i x  dep ths .  

o U-Component Current  S p e c t r a  f o r  s i x  d e p t h s  

o V-Component Curren t  S p e c t r a  f o r  s i x  d e p t h s  

o  Rotary Current  Spec t r a  f o r  s i x  d e p t h s  

o  Cur ren t  Vector  Diagrams f o r , s i x  d e p t h s  

These .  v a r i o u s  forms o f  d a t a  a n a l y s i s  a r e  d i . scussed  on t h e  fo l lowing  

. . p a g e s  and t h e  p l o t t e d  d a t a  a r e  p r e s e n t e d .  I t  may be  no ted  t h a t  t ime i s  expressed  

i n  a l l  p l o t s  i n  J u 1 i a n ' ~ a y s .  The f i r s t  r e a d i n g  i s  a r b i t r a r i l y  s t a r t e d  a t  J u l i a n  

Uay 365 and each succes s ive  day r e p r e s e n t s  t h e  accumula t ion  o f  an a d d i t i o n a l  

144 r ead ings  from t h e  i n i t i a l  r ead ing .  R e f e r r i n g  back t o  F igu re  9 ,  t h e  f i r s t  

r e a d i n g  o f - t h e  s e r i e s  shown t h a t  cor responds  wi th  J u l i a n  Day 365 was r ead ing  

No. 25 taken  at 21162 on 30 Dcccmbcr 1378 whcn t h e  c u r r e n t  meter s t r i n g  anchor  

f i r s t  touched bottom. 

6.1' P R E S S U R E  A N D  T E M P E R A T U R E ' D A T A  

The p r e s s u r e - t i m e  p l o t  of  t h e  d a t a  recorded  from t h e  61m depth meter  

i s  g iven  i n  F igu re  10. The p r e s s u r e  i s  g iven  i n  d e c i b a r s ,  i . e .  one - t en th  of 

PRESSURE TIME SERIES . . 

Time (Julian Days) 

File. AA1278 Array : 1 
Meter. A-2731 Depth : 61 M 
Latitude . 33-24-10 N Deployed : 30 DEC 1978 
Long] tude: 118-32-10 W Recovered: 24 JAN 1979 

FIGURE 10 



an atmosphere.. The digital steps indicated in the, plot are each equivalent to 

about 38 cm, (1.25 ft)- of head of sea water. Since the time interval of measure- 

ment is 10 minutes, the pressure reading does not respond to haves or swe.11 and 

reflects primarily 'the mean head of sea water above the transducer. Thus, the 

results are indicative of thi vertical tidal movement in 'the Catalina Island 

area which ranges from a maximum 'of 230 cm (7.5 ft) total head .difference to 

a 'minimum of 7.5 cm (2.5 ft). The results check fairly closely with the Los 

.~ngeles Outer Harbor tide gage for this'period. ~he:se data may be 'of future 

use in relating . . tidal current movements'to the measured current' data. 

The temperature-time plots' giye temperature in. .degrees Celsius versus 

time in Julian Days. These are.included here as Appendix A. It may be noted 

that the temperature measurement system of Meter A-2939 was performing somewhat. 

erratically and therefore the temperature measurements at the 183 m (600 ft) 

depth are.of questionable validity. Also Meter A-2715 at the 153 m (500 ft). 
. . 

depth, although it showed temperature variations that fit the of those 
. . 

from .other 'heters, gave extremely low temperaturk Values which do not appear 

reasonable. Thus, only four sets'of valid temperature data are available. 

The primary use of the temperature 'data would be to,obtain a series 

of temperature profiles for use in deri'ving kinematic viscosities and mass 

derlsities.of the water-to be employed.along the current velocities in getting 

Reynolds   umbers for ?stimatini the drag coefficients and, forces acting on 
the CWP. It is' suggested that this task be held in abeyance until it is 

' 

determined under just what conditions such calculations are to be made since 

mass of data.with so many gaps may lead to erroneous conclusions. 
. . 

6.2 CURRENT VELOCITY AND DIR.ECTION . . . . 

The 'six illustrations in Appendix B sho~'~lots 0.f current magnitude and 

direction at the six levels'.where the current meters were operational. In 

, 
'addition 'to speed and direction the U and V velocity coxnponents are. shown in the 

t.wo lower plots with. the velocities given in. centimeters per second plotted . . 

against time in Julian Days. These are the north-south and east-west components 

of the current velocities 0btained.b~ conversion'of .the velocity vectors and 

current directions x-ecor'ded by .each current meter. The 'top plot gives the 

magnitude of the resultant velocity vector and the next plot gives the . current . 

direction in degrees magnetic. The zero.value represents magnetic north with 

the positive values to the east and negative values to the west. If required, 



a  convers ion  t o  t r u e  n o r t h  can be made us ing  t h e  compass r o s e  shown i n  t h e  

upper corner  of  F igure  1. 

I R E L A T I V E  MAGNITUDE OF CURRENT-VELOCITY COMPONENTS VERSUS D E P T H  

I NORTH-SOUTH VELOCITY COMPONENTS EAST-WEST VELOCITY COMPONENTS 
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92 M (300 F T )  

I 1 8 3 M ( 6 0 0  F T )  I I 

I . &  . . ,--- . ,-. , 
$s & ,qo >;Z 3;. 3;b . >;. & ' & d1 . & 3& 48 3;0 3;2 3;b 3:s 378 X O  mz 5h1 X h  

Time (Julian Days) Time (Julian Day3) 

FIGURE 1 1  

I t  i s  somewhat d i f f i c u l t  t o  i n t e r p r e t  from t h e s e  p l o t s  any in fo rma t ion  

t h a t  can be  used d i r e c t l y  i n  deve loping  c u r r e n t  p r o f i l e s  f o r  t h e  a r e a  o f  t h e  

CWP t e s t  s i t e .  More d e t a i l e d  a n a l y s e s  a r e  needed t o  e x t r a c t  a  workable p i c t u r e  

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

However, t o  i l l u s t r a t e  t h e  v a r i a t i o n  o f  c u r r e n t  w i th  t ime and wi th  dep th ,  F igu re  

11 i s  inc luded .  Th i s  shows t h e  U and V components of  t h e  c u r r e n t  v e l o c i t y  p l o t t e d  

a g a i n s t  t ime f o r  a l l  s i x  a c t i v e  c u r r e n t  meters .  



6.3  V E C T O R .  D I A G R A M S  O F  C U R R E N T  AT V A R I O U S  DEPTHS 

The next  s e r i e s  o f  a n a l y s i s  diagrams prepared  by NAV0CEANO;Appendix C , .  

comprise t h e  magnitude of  t h e  r e s u l t a n t  c u r r e n t  v e l o c i t i e s  a s  a v e r a g e d . f o r  each 

f u l l  hour o f  the t o t a l  t e s t  per iod .  The o r d i n a t e  o f  each diagram i s  t h e  no r th -  

south  component o f  each v e l o c i t y  v e c t o r  and t h e -  v e c t d r s  a r e  shown i n  t h e i r  t r u e  
. . 

angu la r  o r i e n t a t i o n  r e l a t i v e  t o  t h e  v e r t i c a l  no r th - sou th  l i n e .  The h o r i z o n t a l  

spac ing  i s  one hour.  . I t  may be noted t h a t  some b lank  r e g i o n s  appear  where no 

c u r r e n t  v e c t o r s  a r e  shown. These are  c o ~ r ~ p u t e r  p a r i t y  e r r o r s  and no t  p e r i o d s  

devoid of  c u r r e n t .  S ince  t h e s e  c u r r e n t  v e l o c i t y  v e c t o r s  a r e  a l l  dra'wn t o ' t h e  

same s c a l e ,  t h e  compos i t e .p lo t  ve r sus  depth of  F igure  12 g i v e s  a  somewhat 

r e a l i s t i c  v e r s i o n  o f  t h e  r e l a t i v e  magnitude o f  t h e  c u r r e n t  from t h e  s u r f a c e  t o  

t h c  bottom o f  the pipe .  

Another way o f  d i s p l a y i n g  t h e  c u r r e n t  v e l o c i t y  magnitude and d i r e c t i o n  

i s  t o  i n t e g r a t e  t h e  movement of  an imaginary n e u t r a l l y  buoyant o b j e c t  a s  it 

moves wi th  t h e  s u b s u r f a c e ' . c u r r e n t s  a t  each l e v e l  where measurements were made. 

Th i s  i s  done i n  t h e  i l l u s t r a t i o n s  of Appendix D.  S t a r t i n g  a t  .0000 on J u l i a n  

Day'366;the t e n  minute d i s t a n c e s  t r a v e l l e d  by t h e  imaginary o b j e c t  a r e  sum- 

marized f o r  each 24-hour pe r iod  i n  both t h e  no r th - sou th  d i r e c t i o n  and i n  t h e  

eas t -wes t  d i r e c t i o n .  Each elemental  t e n  minute d i s t a n c e  i s  600 Times t h e  

measured mean v e l o c i t y  i n  cen t ime te r s  p e r  second; t h e  summation o f  144 of  

t h e s e  e lementa l  d i s t a n c e s  c o n s t i t u t e s  t h e  movement p e r  day i n  cen t ime te r s .  

Re fe r r ing  t o  t h e  f i r s t  o f  t h e s e , ' w h i c h  a t  61 meters  depth  r e p r e s e n t s  

. the h i g h e s t . v e l o c i t i e s  measured, t h e  i n t e g r a t e d  t r a v e l  seldom exceeds f i v e  

k i l o m e t e r s . p e r  day. Th i s  i s  equ iva l en t  t o  an  average  c u r r e n t  v e l o c i t y  o f ' a b o u t  

5 .8  cm/sec o r  O i l 1  kno t s .  Act t ia l ly  t h e  i n t e r m e d i a t e v e l o c i t i e s  may be con- 

s i d e r a b l y  g r e a t e r  s i n c e  t h i s  d i u r n a l  i n t e g r a t i o n  i n c l u d e s  f low i n  oppos i t e  

d i r e c t i o n s .  Th i s  i s  t h e  t y p e  of  movement t h a t  would b e . o b t a i n e d  from 24-hour 

d r i f t  d a t a ;  f o r  a c t u a l  v e l o c i t i e s  t h a t  might a c t  l i p o n t h e  CWP a t  any i n s t a n t  

o f  t ime,  ano the r  form o f  a n a l y s i s  is r e q u i r e d  t h a t  d e a l s  w i th  t h e  o s c i l l a t i n g  

f low phenomena. 
. . 

Another i n t e r e s t i n g .  p o i n t  i s  i l l u s t r a t e d  i n  t h e s e  P rog res s ive  Vector  

Diagrams. Again r e f e r r i n g  t o  t h e  P rog res s ive  Vector  Diagram a t  t h e  61 meter  

dep th ,  it can be seen  t h a t  t h e  t o t a l  movement i ~ i  the .  twenty days between 

J u l i a n  Days 369 and 389 is  .23 k i lome te r s ,  an average  d r i f t  r a t e  of on ly  1..33 

cm/sec t o  t h e  e a s t .  I t  can be concluded f r o m , t h i s ,  and from t h e  l e s s e r  t o t a l  

movements o f  t h e  deeper  measurements, t h a t  t h e r e  was v e r y  little n e t  



61 M 
(200 FT)  

92 M 
(300 FT)  

153 M 
(500 FT) 

183 M 
(600 FT) 

. . 

214 M 
(700 FT)  

. . . . 

244 M 
(800 FT)  

. . 
I I I I I I I I 

5 368 371 374 in . 380 383 ,386 389, 

. . Time (Julian Days) 
. .  . 

COMPOSITE 0F.CURRENT VECTOR DIAGRAMS 
AS A FUNCTION OF DEPTH 

FIGURE 12 



. . 

t r a n s l a t i o n a l  c u r r e n t  over  t h e  ti'me pe r iod  o f  t h e  measurements. The on ly  

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

r a t h e r  than  wind dr i f t ,down s e a  wave ac t ion ' ,  o r . c i r c u l a t i o n  wi th in  t h e  

.Pac i f ic .  Ocean b a s i n ,  , 

6.4 SPECTRUM ANALYSIS OF CURRENT VELOCITIES 
. . 

When d e a l i n g  with o . s c i l l a t o r y  motions,  a  convent iona l  means o f  a n a l y s i s  

i s  t o  cons ide r  t h e  t o t a i  p a t t e r n  a s  an i n f i n i t e  s e r i e s  of  superimposed s i n u s o i d a l  
. .. 

. , waves o f  d i f f e r e n t  f r equenc ie s  ' and  amplitude's.  A f o u r i e r  a n a l y s i s  i s  then  .made 

o f  t h e  composite p a t t e r n  t o  approximate t h e  spectrum of  t h e s e  s inuso ida l '  com- 

ponents .  T h i s . t o o  was a  p a r t  o f  t h e  a n a l y s i s  performed by NAVOCEANO. on t h e  

recorded c u r r e n t  measurements. 

' I n  Appendix E ,  t h e  s p e c t r a  f o r  t h e  c u r r e n t  v e l o c i t y  components i n  t h e  
. . 

nor th-south  d i r e c t i o n  a t  each depth a r e  p l o t t e d .  The o r d i n a t e s  a r e  t h e  squares  

of  t h e  c u r r e n t  ampl i tudes  d iv ided  by t h e  frequency; '  t h e  ' a b s c i s s a . f o r  each 

spectrum i s  t h e  frequency i n  c y c l e s  p e r  hour .  In  Appendix F a r e  s i m i l a r  p l o t s  

f o r  t h e  eas t -wes t  c u r r e n t  v e l o c i t y  components. 

In  t h e s e  v e l o c i t y  component s p e c t r a  t h e  f r e q u e n c i e s .  of t h e  predominant 

ampli tudes have been i d e n t i f i e d  a s  K1 a t  0.041 c y c l e s  p e r  hour ,  f  a t  0.045 

.cjrclcs p e r  hour ,  a id  M2.at  0.0821 cycles.  p e r  hour .  ~ h e s e  correspond t o  pe r iods  

of  24.39, 22.22, and 12.50 hours  r e s p e c t i v e l y . .  Refer r ing  back t o  F igure  9  it 
. . 

cari be seen t h a t  t h e s e  p e r i o d s  i d e n t i f y  q u i t e  p r e c i s e l y  wi th  t h e  t h e  d a i l y  and 

t w i c e  d a i l y ' t i d a l  c y c l e s ;  t h i s  i s  evidence t h a t  t h e  c u r r e n t  movements a r e  p re -  

dominantly due t o  t i d a l . a c t i o n .  

The f i g u r e s  i n  Appendix G a r e  e n t i t l e d - R o t a r y  S p e c t r a . '  These a r e  essen-  

t i a l l y  p l o t s  of  t h e  r e s u l t a n t  c u r r e n t  v e c t o r  ampli tude a g a i n s t  f requency. .  

Each p l o t  con ta ins  two s p e c t r a  l a b e l l e d  CW and CCW. A clockwise spectrum i s .  

obta ined  .when t h e  phase a n g l e  o f  t h e  ea s t -wes t  c u r r e n t  v e l o c i t y  component 

' s i q u s o i d  l e a d s  t h e  no r th - sou th  component s inuso id  by approximately 90'. The - 

counter.clockwise spectrum i s  obtain'ed when t h e  V component l a g s  t h e  .U component. 

7.0 INTERPRETATION OF THE P L O T T E D A N D T A B U L A T E D  DATA . . 

I n  d i s c u s s i n g  t h e  v a r i o u s  a n a l y s e s  performed b y  NAVOCEANO it has  been '. 

poin ted  ou t  t h a t  t h e  c u r r e n t s  a c t i n g  in t h e  t e s t  s i t e  a rea .  a r e  dominated 

almost completely by t i d a l  ' f low.  S ince  t h e  c u r r e n t  . loading  - on t h e  t e s t  CWP 

i s  p r o p o r t i o n a l  t o  t h e  square  o f ,  t h e  c u r r e n t  v e l o c i t y ,  it i s  t h e  m a x i m i  



c u r r e n t  encountered a t  each depth t h a t  i s  o f  pr imary concern. I t  can be 

noted  i n  t h e  preceding  s e r i e s  of f i g u r e s  t h a t  t h i s  .maximum va lue  occurs  

c o n s i s t e n t l y  a t  t h e  frequency M2 which i s  t h e  twice  d a i l y  t i d a l  va r i . a t i on .  

These va lues  can t h e r e f o r e  be e x t r a c t e d  from t h e  c u r r e n t  s p e c t r a  t o  develop 

a  c u r r e n t  p r o f i l e .  Th i s  i s  done i n  t h e  fo l lowing  t a b l e .  

D E P T H  U-VARIANCE V-VARIANCE RESULTANT 

METERS F E E T  (CM/SEC)~ /CPH CMISEC (CM/SEC)~ /CPH CMISEC CM/SEC 

The U and V v e l o c i t y  components and t h e  r e s u l t a n t  c u r r e n t  v e l o c i t i e s  ob ta ined  

from t h i s  t abu la t i . on  a r e  p lo t t ed  ' i n  . Figure  . 13. Th i s  . represents  t h e  b e s t  e s t i -  

mate o f .  t h e  maximum curr ,ent  p r o f i l e  a t  t h e  .Lest s i t  that can bc d c r i r e d  from 

t h e  t e s t  d a t a .  

I t  should be recognized t h a t  F igure  1 3  r e p r e s e n t s  t h e  maximum flow 

v e l o c i t i e s  t h a t  can be a c t i n g  upon t h e  p i p e  and t h a t  t h e s e  w i l l  no t  n e c e s s a r i l y  

V E L O C I T Y  I N  C E N T I M E T E R S  P E R  SECOND 

M E A N  C U R R E N T  V E L O C I T I E S  VERSUS D E P T H  F O R  
D E C E M B E R - J A N U A R Y  T E S T  P E R I O D  O F F  SANTA C A T A L I H A  

F I G U R E  I 3  



V E L O C I T T  IN C E H I l * E l E U S  P E R  S E C O N D  

be imposed a t ' a n y  s p e c i f i c  time nor  w i l l  they a l l  be a c t i n g  i n  t h e  same d i r e c -  

t i o n .  . A s  an example o f  t h e  kinds of  v a r i a t i o n s  tha t .may  app,ear, averages f o r  . 

a  s i n g l e  hour d u r i n g . t h e  t e s t  per iod  have been obtained f o r  t h e  nor th-south ,  

east-west ,  and r e s u l t a n t  v e l o c i t i e s  a t  thk  va r ious  depths .  The par t icu1,ar  . 
. . 

period se lec ted  was one where t h e  61 meter depth eas t -west  v e l o c i t i e s  approached 
. . 

the.'maximum i n  t h e  wes te r ly  d i r e c t i o n ;  t h i s  was a  one hour per iod  t h a t  occurred 

23 hours a f t e r  t h e  measurement process  .was begun. The mean U. an; V component.3 

and t h e  mean result 'ant  v e l o c i t y  f o r  t h i s  per iod  a r e  'shown i n  Figure 14. I t  can ;' 

be seen t h a t  t h e s e  r e l a t i v e l y  ins tantaneous  values  vary considerably . f rom t h e  

maximum v e l o c i t i e s  given i n  Figure 13. , . . . 
. . 

, 
I t  i s  a l s o  evident  t h a t  t h e  c u r r e n t  flow i s  by no means a l l  a c t i n g  i n  

t h e  kame d i r e c t i o n f r o m  t h e  t o p  t o .  t h e  bottom of  t h e  CWP. A t  t h i s  p a r t i c u l a r  

point  t h e  east-west  c u r r e n t  i s  moving west a t  16.5 cm/sec a t  t h e  61 m depth 

and is  moving, e a s t  a t  5 . 5  cm/sec a t  t h e  153 & d e p t h ;  a t  214 m -  it a g a i n  revers 'es  

d i rec t ion .  These changes of  d i r e c t i o n  with depth a r e  qui te .  apparent  i n  t h e  

current  v e c t o r  p r e ~ e n t a t i o n  of  .F igure  15. Each. of  t h e s e  r e v e r s a l s  c r e a t e s  a 

change i n  d i r e c t i o n  o f  t h e  f o r c e  a c t i n g  on the,CWP which i n  turn ,  c r e a t e s  one 

or .more bending moments i n  t h e  p ipe  t h u s  s t r e s s i n g  t h e  o u t e r  f i b e r s  o f . t h e  , , 



SCALE IN CM;SEC 
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p i p e  s t r u c t u r e .  To e x t r a c t  from t h e  a v a i l a b l e  d a t a  t h e  maximum shear  fo rces  

and 'bending  moments a c t i n g  on t h e  CWP r e q u i r e s  a  cons ide rab ly  more d e t a i l e d  

an .a lys i s  than  has been, p o s s i b l e  i n  t h i s  l i m i t e d  s tudy .  . . 

I t  i s  q u i t e  ev ident  t h a t  t h e  e a s t  and west t i d a l . f l o w ,  a s  it p a s s e s .  
. . 

around San ta  C a t a l i n a  I s l a n d ,  gene ra t e s  a  s e r i e s  o f  v o r t i c e s  i n  both horizon-  

t a l  and v e r t i c a l  p l anes  t h a t  c r e a t e  a  d i s t u r b e d  flow p a t t e r n  i n .  t h e  a r e a  

where t h e  t e s t  CWP'was anchored. The mean r e s u l t a n t  flow v e l o c i t y  magnitude 

i s  a  func t ion  of  t h e  ebbing and f lowing of  t.he t i d e  dur ing  i t s  d i u r n a l  cyc l e s  

but  t h e  d i r e c t i o n  o f  flow a t  any given geographica l  p o s i t i o n  and . a t  any 

s p e c i f i c  depth  i s  h i g h l y  unpred ic t ab le .  

The maximum c u r r e n t  v e l o c i t i e s  p lo t te 'd  a g a i n s t  depth  i n  F igure  1 3  - a re  

cons idered  . t o ' b e  reasonably  v a l i d  f o r  t h e  t e s t  p e r i o d ,  bu t  it should be expected 

t h a t  f lows o f  t h e s e  v e l o c i t i e s  might occur  i n  oppos i t e  d i r e c t i o n s ,  a t  many 

p o i n t s .  , i n  t ime;  t h e r e f o r e , '  h igh l e v e l s  . o f  s h e a r  f o r c e  and bending moment could 

. . have been app l i ed  t o  t h e  t e s t  co ld  water  p i p e  du r ing  t h e  pe r iod  when it was 

suspended i n  t h i s  environment. 
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TEMPERATURE TI ME SERIES 

Time (Julian Days) 

File: AA1278 
Meter: A-2731 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 

Array : 1 
Depth : 61 M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1979 

TEMPERATURE TIME SERIES 

Time (Julian Days) 

File: AA1278 
Meter: A-2821 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 

Array : 1 
Depth : 92 M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1979 
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Recovered: 24 JAN 1979 
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1 I I 

364 367 
I 

370 
1 -- 

373 376 379 382 385 388 
Time (Julian Days) 

File: AA1278 
Meter: A-2939 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 

Array : 1 
Depth : 183 M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1979 



TEMPERATURE TI ME SERIES 

0 1 I I 
I I I I I 1 I 1 

364 367 370 373 376 379 382 385 388 

Time (Julian Days) 

h'11e: AA1278 
Meter: A-2822 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 

Array : 1 
Depth : 214 M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1979 

TEMPERATURE TIME SERIES 

0 
m 

I I I I I I I 1 

364 367 370 373 376 379 382 385 388 
Time (Julian Days) 

File: AA1278 
Meter: A-26l7 * 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 

Array : 1 
Depth : 244 M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1979 



APPENDIX B 

-CURRENT VELOCITY AND DIRECTION 
' . PLOTTED AGAINST TIME 



Current Time Series 
364 366 368 370 372 374 376 378 380 382 384 386 388 390 

4 Q 2 1 - " - - . 1 . 1 ~ . ~ . 1 1  , , L O  

Time (Julian Days) 

File: AA1278 
Meter: A-2731 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 

Array : 1 
Depth : 61 M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1979 



Current Time series 
W. 366 368 , 370 372 374 376 378 3eo 382 384 386 388 3#) 

~ j ~ I . I . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 1 . , . 2 0  

I 

-a: . l . , . , . , . , . , . , . , . , . l . l . l . ! - ~  
364 366 368 370 372 3X 376 378 380 302 384 386 388 390 

Time (Julian Days) 

File: AA1278 
Meter: A-2821 
Latitude r 33-24-10 N 
Longitude: 118-32-10 W 

Array : 1 
Depth : 92 M 
Deployed : 30 DEC 1978 
Recovered: 24. JAN 1979 



Current Time Series 
364 366 368 370 372 374. 376 378 380 382 384 386 3BB 3#) e o > . l . l .  . I . I . I . ~ . ~ . I . I . ~ . I . ~ ~ ~  

364 366 368 370 372 374 376 378 380 382 366 380 390 
Time (Julian Days) 

File: AA1278 
Meter: A-2715 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 

Array : 1 
Depth : 153 M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1979 



Current Time Series 
364 366 368 370 372 374 376 378 380 382 384 388 388 390 

z o 4 - n a 1 * ~ . t - t * ' . t . ' . f i . t * t . t .  20 

File: AA1278 
Meter: A-2939 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 

- 2 0 ,  . 1 . , . , . 1  . . . , . . 
1 . 1 ' 1 .  

Array : 1 
Depth : 183 M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1979 

-20 
364 366 368 370 372 374 316 378 380 382 384 8 390 

Time (Julian Days) 



- 2 0 ~ . 1 . , . , . I . , . 1 . , . I . , . , . , . , . ~ - a o  
364 366 368 370 372 374 376 378 380 382 386 388 390 

Time (Julian Days) 

Current Time Series 
364 364 368 370 372 374 376 378 380 382 384 386 388 390 

File: AA1278 
Meter: A-2822 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 

z o - ~ l . l . l . l . l . l . l - l . l . l . l ' l .  

Array : 1 
Depth : 214 M 
Deployed : 30 DEZ 1978 
Recovered: 24 JAN 1979 

20 



Current Time Series 
364 % 3GO 370 372 374. 376 376 380 384. 386 368 390 

- - ~ + - - - r - - - r - - 7  I . I . r . r - ~--7--L-m 
364 366 3613 370 332 374 376 518 333 382 384 388 390 

Time (Julian Days) 

File: AA1278 
Meter: A-2617 
Latitude : 33-24-10 IS 
Lcngi tude: 118-32-30 K 

Array : 1 
Depth : 244 Ed 
Deployed : 30 DEX: 1978 
Rcccvered: 24 JAK 19"? 



APPENDIX C 

CURRENT VECTOR DIAGRAMS 
PLOTTED AGAINST TIME 



CURRENT VECTOR DIAGRAM 

s ] I 1 I I I I I I 

365 368 371 3-4 371 380 383 386 389 
Time (Julian Days) 

Scale: , 300cm/scc , 

Fi 1 e: AA1278 
?deter: A-2731 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 
Timc Intcrval: l.a)00 Hours 

Array : 1 
Depth : 61 M 
Deployed : 30 DEC 1978 
Rccovcrad: 24 JAN I979 

CURRENT VECTOR DIAGRAM 

365 368 371 3'74 3i5' 380 383 386 389 
Time (Julian Days) 

Scale: , 300 cm/sec , 

File: AA1278 
Meter: A-2821 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 
Time Interval: 1.0000 Hours 

Array : 1 
Depth : 92 M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1979 



CURRENT VECTOR D I A G R A M  

s !  I I I 1 I I I 
I 

365 368 371 3% 371 3 0  383 386 389 
Time (Julian Days) 

Scale: , 301) cm/sec 

File: AA1278 
Meter: A-2715 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 
Time Interval: 1.0000 Hours 

Array : 1 
Depth : 153 M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1979 

CURRENT VECTOR DIAGRAM 

Time (Julian Days) 

File: AA1278 Array : 1 
Meter: A-2939 Depth : 183 M 
Latitude : 33-24-10 N Deployed : 30 DEC 1978 
Longitude: 118-32-10 W Recovered: 24 JAN 1979 
Time Interval: 1.0000 Hours 



CURRENT VECTOR DIAGRAM 

s \ 
I I I I 1 I I I 

365 368 371 374. 377 3W) 383 386 389 

Time (Julian Days) 

File: AA1278 
Meter: A-2822 
Latitude : 33-24-10 N 
Long) tude: 118-32-10 W 
Tirrle I l~Le~.val. 1.0000 IIours 

Array : 1 
Depth : 214. M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1978 

CURRENT VECTOR DIAGRAM 

S - 
I I I I I I I 

365 368 371 374 377 380 383 386 389 

Time (Julian Days) 

Scale: , 30.0 c m J ~ c c  , 

File: AA1278 
Meter: A-2617 
Latitude : 33-24-10 N 
Longitude: 118-32-10 W 
Time Interval: 1.0000 Hours 

Array : 1 
Depth : 244 M 
Deployed : 30 DEC 1978 
Recovered: 24 JAN 1979 





. . .  

progressive Vector Diagram 

. . East-West Displacement (Kilometers) 

* Every 24 Hours Starting AT 0000. Julian Day 366 
File: AA1278 , Array' :  1 
Meter: . . A-2731 Depth : 61 M 
Latitude : 33-24-10 N Deployed : 30 DEC 1978 
Longitude: 118-32-10 W ' .  Recovered: ' 24 JAN 1979 



Progressive Vector Diagram 

: * Every 24 Hours s tar t ing AT 0000. Julian Day 366. 
Fi 1 e: AA1278 . Array : . ' 1 
'Meter:'. , . . A-2821 : Depth : 92 M 
Latitude' : . 33-24-10 N Deployed : 30 DEC 1978 

. . . Longitude:' 118-32-10 W Recovered: 24 JAN.  1979 



. Progressive Vector Diagram . . 

East-West Displacement (K i.lometers) 

* Every 24 Hours Starting. AT 0000, Ju l ian  Day 366 
File: AA1278' Array : 1 
Meter: ' ' A-2715. Depth, : 153 M 
Latitude : 33-24-10 N ' ~ e ~ l o ~ e d .  : ' 3 0  D E C  1978 
Longitude:' 118-32-10 W ' , Recovered: 24 JAN 1979 



Progressive Vector Diagram , ,  

. . . . 

. . 
. . . . 

' 

* .  Every 24   ours Starting AT 0000. Julian Day 366 
. ' Fi1.e: AA1278 ' A r r a y  : - . ' 1 

Meter:' ' A-2939 Depth. : 183 M 
Latitude : . ,33.-24-10 N Deployed : 30 DEC.1978 
Longitude: . 118-32-10 W . . 

. . Recovered:. 2 4  JAN 1979 



'Progressive Vector Diagram . . 

* Every 24 Hours Start ing AT 0000. Julian Day 366 
File: ' ~ ~ 1 2 7 8 '  Array : 

, , 

1 
Meter: A-2822 Depth : 214 M 
Latitude : ' 33-24-10 N Deployed : 30 DEC 1978 
Longitude: 118-32-10 W Recovered: 24. JAN 1979 

0 
Sn 

n 
0) 0 ,  
L &-I 
Q) 
3 
.Q )  ' 

E 
0 .  

1 I 

100 

375 

East-West Displacement (K ilometers) 

.- 
0 2- 

I 'rf 
2 
' 0 .  
vl 

I 
.G 
4 

k g- 
2 '  

0 
V ) .  
I I I 1 -1 

0 20 40 60 80 



. - Progressive Vector Diagram 
. . 

* Every 24 Hours Starting AT 0000. Julian Day 366. ; 
File: 

. . AA1278 ' Array : ,. 1 
Meter: . A-2617 Depth : 244 M 
Latitude :. 33-24-10 'N Deployed : 30 DEC 1978 
Longitude: 118-32-10 W Recovered: - 24 JAN 1979 



. . 

. . 

APPENDI'X E 

. , 

. . . . 

NORTH-SOUTH CURRENT SPECTRA 
U-COMPON ENTS 



CURRENT SPECTRUM 

cyc les/hr 
Variable : U ArraK :' 

1 
File : AA1278 Dept : '61 M 
,Meter : A-2731 Deployed : 30 DEC 1978 
Lat. : 33-24-10 N Recovered : ' 24 JAN 1979 
Long. : 118-32-10 W 



CURRENT SPECTRUM 

- - 
- 

n 
0, 
4 - - - - - - 

- 
. N 

0- 
c"! 
P, - 
0 

- .  

\ - 
N 
n - 
& 
C-:' 
' E - - 
0 - 
w - 

. . 

aOo, u . 4  - 
G. - 
cd 

- - 
.d ' . 

k 
- 

(d - 
p i  

0- 
+I= - - - - - 

- 
N 
I 
0- 
4 z  - - - - - 

- 
0 
I 
0 
4 . I I 1 1 1 - r r  I I 1 1 1  1 1 1  I 1 1 1 1 1  

1 bO. 
cyc les/hr 

Var.iable :. U 1 . . 

File : . . AA1278 . .92 M 
Meter : . , A-28U . . Deployed : 30 DEC 1978 
Lat. -: . . - .  33-24-10 -N Recovered :. 24 .JAN 1979 
Long. .: 118-32-10 W 

. . . . .  

. . 
.. 95. %. . . .  t 

. . / 
. . K ,  Mz 

f 

.' I 



CURRENT SPECTRUM 

Variable : U 
File : . AA1278 
Meter : A-2715 
Lat. : .33-24-10 N 
Long. : . 118-32-10 W 

- - 
- 

0 
I 
.O 
4 

Arrax : 1 
Dept : 153 M 
Deployed : . .30 DEC 1978 
Recovered : 24 JAN 1979 

. . 
K, M2 , . 

f 

I 1 1 1 1 1 1  1 1  1  1 1  1 1 1  1  1 . 1 1 1 1 1 1  

. lo-? '11,'&-2 10-1 l 1  1b0 Ibl 
cyc les/hr 



CU'RENT SPECTRUM . . 

- 
(3 
I 
0 
4 I I I 1 1  1 1 1  I .  I I 1 1  1 1 1  I I I I I I I I ~  

. . 10-1 I b - ~  I b-. 1 1  1  1 1  1 1 1  I  1 1  1 1 1 1 1  

. 10-I lbO.  lbl 
. . cycles/hr : 

Variable : U Xfcg i 1 
' . - File :. . AA1278 183 M 

, . Meter : A-2939 : l.oy$d : 30 DEC 1978 
Lat. : 33-24-10 N ' ' . Recovered : 24 JAN 1979 

. . Long. : 118-32-10 W 



CURRENT SPECTRUM 

. . cycles/hr . , .  . . 

1 Variable : U ArraK : File : . AA1278 Dept . :  214 M 
Deployed : 30 DEC 1978 Meter : A-2822 

Lat. : , .33-24-10 N Recovered : 24 JAN 197'9 . . . 

118-32-10 W Long. : 



CURRENT SPECTRUM : 

cyc les/hr . . 

Variable : U Arra3: : 
' 1 

File ,: AA1278 . . . .  Dept : 244. M 
-Meter : A-26l7 . . Deployed : 30 DEC ,1978 . ' ' 

Lat. : 33-24-10 N' Recovered : 24 .JAN ,1979 . . 

Long. : 118-32-10 W . 



APPENDIX F 

EAST-WEST CURRENT s PECTRA 
V-COM PON EN TS 



CURRENT SPECTRUM 

cyc les/hr . . 

Variable : V 1' 
File : AA1278 g3' 61 M 

, Meter : A-2731 ~ e ~ l o ~ e d  : 30 DEC 1978 
Lat. : 33-24-10 N Recovered : 24 JAN 1979 
Long. : 118-32-10. W 



CURRENT SPECTRUM' . . :  

- - 
- 

0 
I 
0. 
4 

K, M2- . . 

f - 

I 
1  l l  l I l l 1  I 1  1  1 1 1 1 1  I 1  I I l l  ' 1  I 1  1 1 1 1 1 1  

lo-' . . : . lo-' 12 
. cycles/hr 

Variable : V Arra a ' . '1 . . -  

AA1278 DePd i File : 92'M 
.Meter : A-2821 Deployed : 30 DEC 1978 
Lat : . 33-24-10 N Recovered : .  24 JAN 1979 

. . Long. : 118-32-10 W 



CURRENT 'SPECTRUM 

- - - 
- 

. D  
0- 
4 . z  - - - - - 

- 
(V 

0, 

. G-.: 
a - 
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'\ 
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w . -  
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2: 
\ 2 
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. . 0 . -  

w - 
Go, z4: 
(d - 
.A 

k ' 
- 

. ta - 
>I' 

0, 
4 - - - - - - 

- 
N 
I 
0, 

' ' 4 -  - - - - 
. . 

- .  

K, M i  
- 

C )  
I 
0 
4 

lo-= lb-.. . . lb-l lb. . . y0l 

cyc les/hr 
Variable : V 1 
File : AA1278 ;&?{ : 153 M 

. ' Meter : ' .  A-2715 Deployed : 30 DEC 1978 
ht. : '. 33-24-10 N Recovered : 24 JAN 1979 
Long. : . 118-32-10. W 

f 
I . . 

I I I 1  1 1 1 1 1  I 1  I l l I l l  I 1 1  1 1 1  1 .  I I 1  1 1 . 1 1 1  ' 1  1  1 1 1 1  



CURRENT SPECTRUM. 



CURRENT SPECTRUM 

cycles/hr ' . . . 

Variable : V ArraK : 
1 

File : AA1278 Dept ': 214 M' 
Meter : A-2822 Deployed : 30 DEC 1978 
Lat. : 33-24-10 N Recovered : 24 JAN 1979 
Long. : 118-32-10 W . 



CURRENT ' SPECTRUM 





ROTARY SPECTRUM 

Var iabl 
Depth : 
Meter : 
Lat. : 
Long. : 

e : U  Variable : V 
61 M Depth : 61 M 

A-2731 Meter : A-2731 
33-24-10 N Lat. : 33-24-10 N 

118-32-10 W Long. : 118-32-10 W 



ROTARY 'SPECTRUM 

CCW 

Variable. : '.u 
Depth : .92 M 
Meter : A-2821 
Lat.. : 33-24-10 N 
Long. : .. . 118-32-10 w 

.Variable : V 
Depth : . .  92 M 
Meter : A-2821 
Lat. : .. 33-24-10 N 
Long. : . 118-32-10 W 



, . .  . . 

. . : ROTARY SP'ECTRUM 

CW 

CCW 

s 3 
a 

a - - 
- 

n 

2 

- - 
- 

(Y 

5: 
- .  - - - - 

. . - 

z-+ 
6-i, 
3 1 
0 - 
1 - 

.m 
k 
In- > s= - - - - - - 

- - 
4: - - - - - 

- 
°I 
4: - - - - 

. Variab1e:V Variable : U 
Depth : 153 M Depth : . . 153 M 
.Meter 1 ' A-2715 Meter ; A-2715 
Lqt. : 33-24-10 N 'ht. : 33-24-10 N 
Long. : . . 118-32-10 W . Long. : 118-32-10 W 

. 

-, 
. . - 

.70  
f 
I 

0 """  1b4 
I 1  1  l r l l l  I I I I T T I  

. . 1b4 ib-I 
I I r I I I I I  12 

I I 1 1 1 1  

Yo' 
. . cyc les/hr 



'ROTARY SPECTRUM 

Variable :- U , .  Variable : V 
183 M Depth : Depth' : 183 M -  . 

Meter : A-2939 . . Meter : 
,Lat. : . ,  

A-2939 
33-24-10 N Lat. : '33-24-10 N 

Long.. : 118-32-10 W . Long. : 118-32-10 W 

. * 
2 3  - - - 

- .  
. .  

- .  

- 
2: - - 

. . . CW 
.. . . - - - - - - - - - -  

. . CCW 

- - 
- 

. N 

53: 

. . 

- . .  . - .  - 

- 
- 
co-, 
A- : < :  
Q) - 
0 .  
C - 
cO - 

.M 

k 
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32, - 

- 
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- - 
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2: - - - - 

- .  
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- 
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5: - - - - - Kl M, 

1;: I ' 7 
2. I I r 1  l l l l ,  I 1  1  1 , 1 1 1  I I l 1 1  I l l  I 1  1  1  I l l 1  

lo-' 
. . . . 0 -  , - 1b4 ib-l . . lbO,  

1 .  1  1  I 1 1 1 1  

lb. 
cyc l'&/hr 



ROTARY SPECTRUM 

* 
24 - 

- - 
e( 

n 

2: - - - 

-. - ... CW 

- - - - - - - - - -  COW. 

- 
- 

U 

2: - - - - - 
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- 
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H 

2; 
- - - - 
- 

70 
&lo-' 

, . - .  

. . 

- .  
. . 

. . 

K, M, 
f 

I '_ ' ' " " lb-. I 1  I I l I l l  

lb* I I I I 1  I '  

1b-I ' . 

1  I r I 1 1 1 ' I  

1 2  
I 1  I I l I T r )  

.loL 
, cycles/hr- 

Variable : U Variable : V 
Depth : 214 M . ' Depth : 214 M 
Meter : A-2822 Meter , : A-2822 
Lat. : 33-24-10 N Lat. : 33-24-10 N 
Long. : 118-32-10 W Long. : 118-32-10 W , 



Variable : U 
Depth : 244 M 
Meter : A-26l7 
Lat. :. 33-24-10 N 
Long. : . 118-32-10 W 

~ a r  iable : V 
Depth : ' ' 244 M 
.Meter :. A-2617 
Lat. : 33-24-10 N 
Long. :. . 118-32-10 W 
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