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ABSTRACT
>-
0... Current measurements were made in four separate locations at
~~~ various depths in support of the WILKES Norwegian Sea Oper-C..) ations in July through September 1974. Measurements from the
u_i two locations in the Northern part of the Norwegian Sea will be

~~~ 
‘
• ~~.j reported on in this publicat ion. Speeds at both locations were

~~~ low to moderate with maximum values of 39 cm/sec being recorded.
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INTRODUCTION

In July 1974, the U.S. Naval Oceanographic Office implanted four tautflned
arrays of se lf—contained current mecsuring instruments in Support of Exercise
WILKES — NORWAY. Only Arrays 3 and 4 w ill be discussed here (Arrays 1 and 2
wi ll be discussed in a later report). Arrays 3 and 4 were boftom anchored in 413
and 345 meters of water respective ly on 28 July 1974 and retrieved on 4 September
1974. The two arrays consisted of four current meters each. Usable data records
numbered four for Array 3 and two for Array 4 (see section on Data Processing for
discussion on malfunctioning of two meters for this array.). Implantation and recov-
ery were accomp lished from the USNS WILKES (TAGS-33) . The geographic loca-
tion of the arrays is shown in Figure 1.
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Figure 1. Geographic location of Arrays
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CURRENT METER ARRAY COMPONENTS AND HARDWARE

Current measurements were obtained using eight Geodyne Model A—1O1 type current
meters manufactured for NAVOCEANO by EG&G International. The phys ical charac-
teristics of the current meters are shown in Table 1.

These instruments are self-contained, di gital recording current meters . All data
were recorded on a 38 meter (125 ft) reel of 16 mm Kodak 2496 RAR (Estar—AH Base)
film in the form of light pulses photographed from the data light platen. The se-
quence timer on each meter operates on a one hour cycle. A four lobed cam was
attached to the one hour sha ft; the peaks of the lobe actuate a micro—switch which
commands the electronics to flash the strobe lights. This results in a samp ling in-
terva l of 15 minute s . When a pulse is received from the micro—switch the strobe
lights in the compass and vane assemblies are actuated, and a long with the data
from the rotor and inclinometer, are carr ied by light pipes to the data light platen.

American Machine and Foundary (AMF) Model 322 Acoustical Underwater Trans-
ponder/Release devices with a shipboard Range/Bearing Acoustic Relocotor (AMF
Model 301) were used to locate each array and release the mooring clump from each
array upon command . These self—contained underwater units were also used, in the
transponder mode, to determine their positions (slant range and bearing), w ith respect
to the ship, prior to and after transmitting the release command. This feature contri-
buted to the successful recovery of the arrays . The physical characteristics of the units
are giver, in Table 2.

Positive buoyancy for the arrays was maintained by use of Danko—Arlington Aluminum
alloy subsurface buoys. Each buoy is 109.2 cm (43 inches) in diameter, has a positive
buoyancy of 453.6 Kg (1000 pounds) and a maximum operating depth of 914.4 m (3000 ft) .

The arrays were constructed using various lengths of 6.35 m (1/4 inch) 3 X 19
construct ion, ga lvanized, improved plow stee l wire rope; 9.4 mm (3/8 inch) galvanized,
proof—coi l weld link chain; 1 4 3  mm (9/16 inch) 2 in 1 construction, braided white
ny lon line; 1363 Kg (1 .5 ton) Miller Boll Bearings Swivels , and NEWC O synthetic
thimbles. Each array was moored by two 55—gallon barrels filled with heavy density
concrete and interlocked by two lengths of 7.6 cm (3 inch) iron pipe. Each clump
had an approximate in air weight of 1020 Kg (2200 pounds) . A 40.6 cm (16 inch)
diameter Coming glass sphere (with a polyethylene hard hat) was connected to the top
of the subsurface buoy by 9.1 m (30 ft) of 12.7 mm (1/2 inch), green braided poly-
propylene pennant . This pennant was used to facilitate recovery operations . Figures
2 and 3 are schematic representations of Arrays 3 and 4 respective ly.

IMPLANT AND RECOVERY PROCEDURES

The arrays were implanted using the “anchor—last ” or “free—fa ll” technique.
The various lengths of wire, rope and nylon line for each array were stored on wooden
reels, in a prescribed sequence, so that the first required length was the last length
stored on the reel. The reel containing wire rope was placed on a reel stand and
lashed into place. Launching operations commenced by deploying the g lass sphere
with pennant, lowering the subsurface buoy and first current meter into the water and

2
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TABLE 1

A-101—1 CURRENT METER PHYSICAL CHARACTERISTICS

• Length (including bails) 1.85 m (72 inches)

Maximum Diameter 21 .59 cm (8.5 Inches)

Material Aluminum (7075—T6)

Weight in Air 50 kg (110 pounds)
Weight in Water 16.4 kg (36.5 pounds)
Operating Depth (MAX) 5394 m (17, 700 feet)

TABLE 2

AMF MODEL 322 TRANSPONDER/RELEASE DEVIC E PHYSICAL CHARACTERISTICS

Length 1.29 m (51 inches)

Diameter 29.21 cm (11 .5 inches)
Material Aluminum (7075—To) Stainless Steel
Weight in Air 60 kg (130 pounds)

Weight in Water 31 .8 kg (70 pounds)
Operat ing Depth (MAX) 6096 m (20,000 feet)
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then activating a quick—release hook which was secured to a lowering line through
the ship’s sta rboard u—frame. In order to expedite dep loyment of the mooring line,
the ship was occasionally maneuvered away from the floating subsurface buoy.
Mooring line tensions were kept low and manageable by secur ing inflated PVC floats
to the line. The attached anchor was lifted outboard and released by a quick—re lease
hook after deploying the current meters, acoust ic transponder/ release device, and required
lengths of mooring line. Positions for the ship and each array were obtained by sate llite
navigat ion.

Recovery was accomplished by using the underwater transponder/ release device with
the AMF shipboard command system .

DATA PROCESSING

After recovery, the current meter cameras were unloaded and data films were devel-
oped at the Nava l Research Laboratory (NRL). The developed films were then processed at
NAVOCEANO by an in—house developed Optical Digita l Analog Computer (OPDAC).
OPDAC transfers digital data from the film onto IBM magnetic tape and also generates a
mult ichannel strip chart ana log trace of this data . A summary of current meter data is
shown in Tables 3 and 4. The number of frames listed for each current meter (last
column in each of these tables), is based on the number of data frames read by OPDAC .

Based on a record length of 923 hours and 18 minutes (meter sta rt to meter stop time)
and a sampling interva l of 15 minutes, the maximum number of frames for any meter in
Array 3 should be 3693. If, however, the clock used to sta rt the sampling is off (plus
or minus a few seconds) then the actua l number of frames will be higher or lower (by a
small number) then the calculated number of frames . This is evident with the instruments
at 1 00, 200, and 401 meters . The filmS-advance mechanism of meter N—273 stopped
functioning after the meter had recorded only 2904 frames of data . The resulting record
was thus short by some 789 frames (197 hours) of data .

The maximum number of data frames possible for the meters of Array 4 is 3673 (for
a record length of 918 hours and 17 minutes and a 15 minute sampling rate). Meter
N—290 had 3586 frames, due again to a faulty f ilm—a dvance mechanism . Approximatel y
87 frames of data (22 hours) were not recorded . The cam in meter N—434 was not aligned
proper ly causing the data to be recorded off—track. The film from this meter cannot
be OPDACed and will therefore have to be hand—read . The rotor on meter N—320 stuck
causing the instrument to record mostly zero speeds and therefore rendering this record
unusable.

RESULTS

Fi gures 4 through 9 are computer printouts of the bivariate distribution of speed
(3 cm/sec intervals) and direction (15° intervals) for each meter of the two arrays .
Each printout is based on half—hour averages consisting of 2 data frames.

Data for printouts of Array 3 are for a 38—day period from 0000Z on 28 July through
0000Z on 4 September 1974, with the exception of the printout for meter N—273 (short
record). Speeds were low to moderate and decreased only slightl y wit h depth frbm a

6
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maximum of 39 cm/Sec at 100 meters to a maximum of 33 cm/ sec at 401 meters.
Currents throughout the water column exhibited an east by northeast flow pattern.

Data for printoubof Array 4 are for a 37 - day period from 0000Z on 29 July
through ‘1200Z on 4 September 1974. Speeds were low to moderate and decreased
with depth from a maximum of 39 cm/sec at 100 meters to a maximum of 27 cm/sec
at 333 meters . It should be noted that this conclusion is based on observations from
only two instruments at 100 and 333 meters beck se the instruments at 200 and 300
meters failed to operate properly. Currents at both levels showed two distinct trends
of flow . At the 100 meter level, the flow pattern was south — southeast and north —
northwest . On the 333 meter level the pattern shifted somewhat to an east — southeast
and west — northwest flow.

Appendix A contains a cumulative speed distribution graph for each array.
Appendix B contains graphs of current vectors as a function of time for each meter of
each array. Each plotted line represents a vector which was averaged over a 60
minute period. The distance between the long tick marks covers a period of 24 hours
w ith each of these time periods being divided by a shorter t ick mark representing 12
hours. It should be noted that north is to the readers right. Array 3 shows a current
flow pattern to the east — northeast that is prevalent at all levels with little tidal
influence . Array 4 shows a current flow pattern that appears to be influenced by
tidal conditions as is evident by a change in flow direction every 5 to 6 hours at
both recorded levels.

7
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