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by P. E. Snodgrass

ABSTRACT

The Mark IX, Nodel § shore wave recorder is the last of = series of
wave reocrders developed by the Wave Ressaroh Laboratory, University of Calif-
ornia, Berkeley. It is ths one in mcat genersl use at the present time. Units
have been installed at several locations along the Paocific Coast of the U.S8., at
Guam, M.I., &% Florida, in the Great Lekes, at the Barbados, B. W.I., and
at Denmark. tails are presented on the design and meanufaoture of the under-
water pressure head, the power supply and the bridge unit. Details of aotual
installation and maintenance of the oomplete units are alsc given, as is in-
formetion on the analysis of the wave reocords,

INTRODUCTION

The Mark IX shore wave recorder system is designed as a general purpose
instrument for permenent installations. 1Its prinoipal oomponent ig the Bourns
differential pressure potentiometer, whioh is used as the unit transducer. The

movement of the pressure-sensitive bras: bellows is magnified by a potentiometer-

contect lever whioh (in normal position of zerc differential pressure) divides
the resistance of the potentiometer windings equelly. Variations of differen-
tial pressure cause the pctentiometer contaot arm to move across the potentio-
meter windings. The position variation of the potentiometer arm is oconverted
to a proportional current by the bridge ciroult and is recorded by the re-
cording milliammeter.

The low impedance (750 ohms) and high power dissipation (1 watt) of
the transducer potentiometer enables the pressure head to be used with preo-
tically any type reocorder available. An Esterline-Angus recording milliammeter
sonnmoted in a 24=volt Wheatstone bridge circuit, of which the pressure head
forms two legs, is used by the University of California as a standard recording
system. Other equipment has been designed f£cr use with this system, includings
(1) a telephone telemetering system whioh provides telemetering over standard
telephone oircuits, (2) an ordinate distribution analyzer to provide automatic
analyses of wave height and (3) an amplifier (now being developed) with a
hyperbolio frequenoy characteristic to sonvert the pressure reoord to a sur-
face wave record.

GENERAL DESCRIPIION OF THE COMPLETE SYSTEM

A differential-pressure transducer was selected as the basic component
arcund whioh the system was desigred. This transducer (see Figure 1) is built
by the Bourns Laboratories located in Riverside, California, and can be pur-
chansed complete, with calibration, read;: to be installed in the pressure head.
The transduoer ocan be obtained with any sensitivity normally required in ocean-
ographic studies (full scale deflectiors of 1 to 20 feet of imter) with lin-
earity and resolutior of one percent of full scale. Life tests in the Bourns

* fThis report supercedes a previcus report on an earlier model Mark IX

(Rofereance 8)




2.

Laboratory indicated no fatigue or wear failure after 6 million ovuies. Field
tests of an instrument oporated at Elwood, California, for a period of slightly
groater than ons yoar also indioated the transducers have long lifw.

The Bourns transducer, oalled a Model £EO3 Differential Pressure Gage, 1s
2% inches in diameter and zﬁ inches in length with two pressure izlets at one
end and throe elecitrical terminals at the other. One pressure port connests to
the inside of & bellows while the second port connects to the inside of the pres-
sure-tight oase, and thsrefore, to th» outside of ths bellowe. The bsllows is
connected through a simpls levor system to the arm of a potentiometer. As ths
Qirferential pressure varies, the arm is moved along & resistancs winding approx-
imately 1/2 inch in length. One electriocal terminal is conneocted to esch end of
the petentiometer winding and one to0 the potentiometer erm. Thi potentiometer

is rated at 7650 ohms with 1 wntt power dissipation.

A brass casing houses the tranzduoer, provides a water-tight cable con-
nection, and by means of a slow leak and comple.cent shamber, provides an average
or static pressure which is applied to one pressure port of the irancdncer. The
second pressure port of the transducer is sonneoted direotly to the dynamio
underwater pressure through a ribber bellows, Details of the complasent chamber
cable conneotion and bellows &re discussed under "Prccaure Head Desigh?®

Arrored submarine cable is used o connect the prsusuirs head to the shore
recorder which consirts of a power svoply, a Wheatstone bridge, »~© a pen re-
corder, The power supply can be dry or wet cell batteries connectod for a total
output of 24 volts, or an electronic power supply operated from a standsrd .

330 volts a-c or d-s powsr source. The Wheatstone bridge i1s mounted in the
power supply unit and is a conventional cirocuit exocepi for special calibration
potentiometers. '

BRIBGE CIRCUI! DESIGN

The problem of designing a Wheatstons bridge using a 0.5-0-0.5 milli-
ampere recording milliammeter in the galvanometer circuit was primarily the
problem of selecting oircuit constants that provided a reasonable compromise
between the conflicting requirements of the oirouit. The requirements of the
olrcuit wers as followss

e. The damping resistance of the oircult should not overdamp the re-
oording milliemmeter.

be Sufficient ocuwrrent should flow in the legs of the bridge to prevent
errors greater than 1 peroent in the recording curreat.

6e & minimum of power should be supplied to the circuit in order that
dry cell operation of the bridge unit is practiocal.

Frequency response tests indicated that a damping resistance of not less
thaa 10,000 chms should be connected aoross ths Tsterlire-ingus recording mil-
liammoter. Considering this rscistance to be entirely contained in the meters
series resistance, g, (ses Firure 2) the voltags aocross the bridge had to be
20 volts or more. 24 volts was seleocted for tue bridge voltags so that four
batteries of 6 volts esch could be used as a power sourcs,.

A value of 760 ohms was selected for the resistance of the pressure head
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potentiometer since the Mark IIX pressure head, which this unit replacss, coa-
tained a 760 chm potontiomster. Equipment designed to operate with the Merk III
pressure head tharefore cculd be used with the improved pressure head without
mocification. The Bourns Laboratories designed a transducer with a special
potentiometer that met these specifications {(i.e., 750 chms, 24-voit, l-wait).
Precision resistors of 500 chms each wvre sslected for the remaining two legs

of the bridge circuit,

The equivalent damping resistance and the accuracy with which the po-
sition o¢ the potentiometer arm is recorded by the recording milliameter are
disoyassed in the following two sections of this report.

Sensitivity AdJustment

Under aotual cperating conditions of the cirouit, the exact resistance of
the pressure head potantiometer will net be 750 ohms; the calibration of +the
pressure head transducer (ohms per foot of sea water) will not be exactly the
desired values, and the resistance of the submarine cable will vary from nearly
zoero to several hundred ohms reosistance, depending upon the length of cable re-
quired. By adjusting the curreni in the pressure head to a value of 32 milli-
amperes, the effect of the cable resistance was minimized. If a cabdle of
high resistance i3 used, the vcltage across the bridge is increased, maintain-
ing the 32-milliampere current so that 24 volts always appears across the
750-chm pisszure head potentiomster. By adjusting the resistance in series
with the recording milliameter so that full scale current will flow at the
desired full scale differential water pressure, the variations in potentiometer
resistance and transducer calibration can be compensated. The method orf making
these adjustments and the error of the adjusted circuit is as follows:

The current that flows in the Esterline-Angus recorder is given by the
general bridge equation

; E(be-ad) (1)
Igy = ab(od)Fbo (a b Fgla+tb)(c+ad) J

where &, b, ¢, and d, g are the circult resistance definec in the simplified
diagram (see Figure 2) and E is the applied voltage.

Reducing the equation to eliminate b,d, and E ty substituting the con-~
ditions of the cirocuit (see Figure 3) a =b, E = I _{(oc+d) and d = (c+d)-¢c,
an equation involving the known constanis of the oircuit Ip, a, g, and (o+4d)
and the independsnt wvariable, ¢ can be formed.

- . o+d ]
o% a
0= =g t+ > +8

Since the potentiometer arm 18 at the mid-position of the potentiometer
when zero pressure is applied tc the pressure head, the indopendent variashle is
usually thought of aus the displacement of the potenticmstsr arm frem this po-
sitien. Let y be the resistance between the zero pressurs pnsition of the arm
and tho position of the arm when a pressure, p, is applied to the pressure
head. Then ot

y= -z " (3)

. (2)




and : '
@z —gFEk— s 1-orr (4)

where a is the per unit displacement (with respect to ths oirouit constant

(o+d of the potentiometer arm. The independent variable nmow can be expressed

in terms of the per unit deflecticn of the arm and the resistance (o+4d)

= cTd )

c - —2-—(1-(!) (5)
ang s+ d
I, a R
=
B %3"02%5*“%*'&

. (6)

A further ocndition of the oirocuit is that full socale current will flow in the
reoording milliammeter when the deflection cf the potentiometer arm is equal
to some value, qa = K; the circuit will be adjusted so that a given pressure
will oause the recorder to register full scele. The system will then be cali-
brated snd the chart width will represent a known total pressure variation.

The necessary resistance of the recording oircuit, g, to satisry the
condition that full scale ourrent, Ip , = 0.5 x 10-3 emperes, will flow when
the portentiometer arm is ip the position @ = X and the impressed volitage is such
thal I © 32 milliamperes, oan be found from Equation (6):

+ L1
. 32 » 1073 Kk S '

0.5'10- = + e+ d a (7)
-4—-° d _ g2 T+t THE )

- o+d 2 s*+ad o+ d a
g ° 64Kk —3 +kK°* —Jj— - —7— -3 . (8)

The values of the constants in Equation (8) ocan be definsd in Serms of
the known oirouit values as follows;

(1) o+4+d = Rp+2 Ro (9)

RP < resistance of the Bourns potentiometer ohms

R, ® resistance of oable between the bridge and the
pressure head; ohms/conductor.

(2) & = resistance of the fixed leg of the bridge = 500 chms
= Y ges,
(3) E = —57 (10)
&

where ye, g » resistance between the zero setting position of
the potentiometer arm and the full soale position

L I i ca 11 7
te® = ¢ | (11) .
p
where Rp = totsl resistanoe of the Bcurns poteniiometer ‘
C, = sensitivity of the Bourns potentiomoter in feet of watux

4
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cd = desired full scale calibration of the chart in feet of water.

K ocan also be computed directly by substituting the formula for
Y f.s, Bquation (4) in the equation for K, Equation (3).
Ca
K = —i— o (12)
o+4d Cp

Knowing the ocorrect resistance of the recordiug cirouit, g, as oomputed by
Bquation 8, the resistance of .the "sensitivity potentiometers™ can be computed

as fcllows
Byow = 8low = 15,000 = Ry - Ry, (13)
where R;gw = resistance of the low sensitivity potentiometer in ohms

resistance of the cable between the bridge and the

R =
o =

pressuse head in ohms/oonduotor

Rpp, = resistance of the Esterline Anzu- reoorder in ohms

total required resistance as in Equation (8)
18000 = fixed resistance in the oircuit.

(1]
"

Sinoe the dial is celibrated in 100 divisions and the total resistance of
the potentiometer is 10,000 ohms, the dial sstting on the low sensitivity range

is RLO"
ede { ; - - o .
D.S. {low) 15,000 100 (14)
The high sensitivity dial is set by ocomputing g, Bquation (8), using the
correct "desired full scale ocalibration™ Cq in Bquation (12) to compute K,
and using the following equations:

REI = 8hi — €,000 - Rc = RE&- T
R py
D.S. (hi) = 5— 100.
’

Sample Calculations for Seusitivity Potentiometer Settings

Given values

Sites Golden Gate, San Francisco
Bourns potentiometer No. 687
Cp = 10.2 feet sea water full scals
Rp 746 ohms
Cable resistancss Ry, ® 10 ohms/condustor

Esterline Angus resistnace = 1325 ohms

Desired Calibrations Cq (low) = 10 fi. (+5 ft.)
Cq (high) = 5 ft. (x 2.5 ft.)
Low zensitivity dial setting
(1) o+d =R, + 2 R, = 746+2(10) = 766 ohms
(2) a=b g ohms s
(3) _ d _ 746 10 .955
Bow = G¥ay 6, = Tes 1oz
c+d 2 ct+td _oc+d _ 8
@) Elow.= T IE 1 z 5
766 766 _766 500 . czq140

=

64(0.955) = + (0.955)% o= - = —p—
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(8) Ajow = &low - 15,000 - Bg - BRga.
23142 - 15,000 = 10 - 1325 = 6807 ohms

(6) 2.8, (ow) = m%-ﬁme ‘m €8.0 divisions
Oigh sensitivity dial setting:

(1) o+d =R, 2r = 746+2(10) = 766 ohms

\&) 8 = 00 ohnE
(5) B s s s e

Epr * GG+ad) o, 766  10.2

+d c+d c#d 8
(4) &y = 64k 2F= 235 T~ T
756 768 _ 768 _ 500 - ;
a 64 (0.473 + (0. 2 i8S _ 766 _ 800 - 3130
( ) =o—=+(0.478) z % 2% = 11306 ohus
(6) Bgz * g, =6,000 =R, =Rp ,

= 11,308 - 6,000 = 10 = 1325 = 3971 ohms

(6) DuSe (hi) = e 100 = % 100 = 79.4 divisions
’ » —_—

Bridgg Circuit Error

Substituting the value of g obtained from Equation (15) in Bquation (13)
the recording current for apy position of the potentiocmeter arm ca « be ex-
pressed as a funoction of the desired full scale position of the poteaviometer

arm and the independent variable, » Whioch represents the potentiometer arm
position

IE'A' = 0.5 .10-3 uqﬁ ¢ (16)

x+ 3G

Assuming that the position of the potentiometer aim varies linearly with
differential pressures, the recording ocurrent should vary linearly with the
position of the potentiometer arm, @ , being equal to 0.5 x 10-% amperes

when a = K, Letting I'Ea.be the ocorreoct resording ocurrent, we oan express
the above as

3

iR

Ih o = .Deb ¢ 107

(a7)

The error in the recording ourrent, expressed as a percant of the full soale ocur-
ront, therefore, is

4
0.6 * 10032 . 0,5 - 107° 2z Z
e " T a 100 J K +
= =

T (18)

) 0.5 + 1073
- %’ 1 - 1

% Brror = T-{a/K)e (19)

14K 75—

The maximum error for this circuit is less than 0.5 perocent, as shown in the
following table, and therefore is unimportant in comparison to the uncer-
teinties of the interpretation of wave records.
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PERCENT ERROR AS A FUNCTION OF THE FULL SCALE
CALIBRATION R AND THE POSITICN OF THE POTENTIOMETER ARK

4 !x-0.25 | K=0.50 | E=0.76 | K=z1.00
0 0 0 0 0
0.2 0.038 0.077 0,115 0.167
0.4 0.068 0.134 0.202 0.269
.6 0.078 0.166 0.231 0.308
0.8 0.086 0,115 Cel74 0.232
1.0 0 0 0 0

POWER SUPPLY DESIGN

Regulated d-o voltage for operation of the bridge unit is derived from
60-oyole a=-o input voltage by passing it through a full wave reotifler, a
choke input filter and a voltage regulator (see Figure 4},

The voltage regulator is a serles-shunt type having a8 a reference
a 223-volt battery. A regulator oirocuit functions in such a way as to main-
tain a given ratio between the output voltags and the reference voltage.

™o reference battery operates without load current and consequently
has a life equal to the shelf life of the battery. A second battery, used as
o bias in the grid oircult of the series tube, also operates at zero load.
These batteries should be replaoced approximately once each six months or when-
ever the ourrent adjustment oontrol on the front panel can no longer ts set
to provide the oorrcot bridge current.

The circuits of the power supply and reéulator are of conventional design
and therefore will not be disoussed in regard to the theory of operation.
Several spscial features have been included in the design, however, and these
details will be disouscad, as will the various contrcls and methods of oper-
ation

Resplation

Tests weres oonduoted to determine the effectiveness of tns regulator
oircuit. The reaults of these tests are shown inFlgwes & and 6 « The
cperating range of the regulator is shown in Figure 5 and is indlcated by the
area belcw the 6Y6 G = O bias (90 v. a-o input) line and the 65SH7 zerc bias
(130 v. a-0 input) line. Within this arsa the regulator is &perating; with
the cutput of the regulator adjusted to 24 v. d-o,regulation 1s obtaired
with load ourrents as high as 100 mililamperes. Reguletion within this
areca was found to be of suoh a degree that variation in output voltage eould
not be deteoted without a Jirferential voltmeter. As this reguleation ex-
ceedsd the required regulation, no attempt was made to determine the output

arror voltsges.

Figure 6 indicates the regulation with oonstant ourrent loads apainst
power line voltage variations. The output of the regulator first was set
at 38 volts (with lcads of 80 to 180 ma.) and the input voltage decreased




nntil the reguletor became inoperative., As the output voltage decreased, the
load was adjusted to maintain the givean load ourrent. Thesr testc ware then
rapeated with the regulator output adjusted to 24 v. d~c«. The output voltage
is shown as a straight line when the regulator is within the operating range
since no differential wvcltmeters were used.

These tests indicate that a wide raange of load currents san be supplied
with large varlatloms 1o lapu% powsere at the normal operating load condition
of 24 v. d~o and 56 milliamperes, an extremely wide range of power line volt-
ags (75 v. a=0 to 130 v. a-0) oan be regulated. This is desirable since many
shore sitea, suoh as lighthouses, fishing piers, sand plants and oil piers,
have very poor voltage regulation.

The power supply is intended to be operated from 110 v, a~c, 60-cycle
powsr, but also cam be vperated from 110 v, d-c power. The powsr supply trans-
formsr has been built speoially so that the input voltage to the regulator is
approximately 110 v. d-c with 110 v, a-c¢ applied st the power transformer
primary. Thus, if only 110 v. d-o power le available (as is often ths case at
lighthouses, wheie the gages are sometimes installed) the power line oan be
connented to the input of the regulator with minor changes in circuit wiring,
and the cirouit functions normally except for the program timer.

The filaments of the regulator ciroui+ tubes have been oonnected in
series so that & minimum of power will be dissipated in the necsssary series
resistor when the cirouit is operated from a 110 v. d-o power source. A 25-
volt winding is supplied on the power tranaformer so that the series connec-
ticn is also used when operating the eircuit from 110 v. a-g¢ power.

Series connection of the filament als> has the advantage of protecting
the pressure head in the case of tube feilure. For example, if the shunt tubs
(6SH7) should fail, the bias on the series <subes would be lost and the output
voltags wounld dnarasza. With the series filament oonnection, th: shunt tubes
also will be made inoperative by failure of the 6SH7 filament, preventing any
damage to the bridge connected to the regulator output.

OPERATION OF THE POWER SUPPLY AND ERIDGE

Front Panel Controls (Fisure 7)

Sangamo Timers The timer, driven by a self-siarving, ogachronou: motor,
is connected direotly across the a=-o input line. hence it is in continuc 's
operation regardless of the power switoh position. The programming dial can
be seen through the window provided in the case. The proteotive case coer
may be removed for adjustment of ths programming cams. Iwo ocams are used in
fixing the duration of the fast and slow speed runs. Eaoh of these cams has
four arms spaced S50° apart to provide 6-hour intervals; (other intervals may be
obtained by outting cams with more or less than the four arms)(see Figure 8).
The duration of the fast run may be fixed to a minimum of i6 minutes by ocareful

They are securely clamped in place on the shank of the hub by a knurled nmut.

In addition to autometio prograrming of the chart speed, a manual speed
shift lever is provided whioh extends through a elot in the cover of the
timer. This lever will shift the chart to the fast speed during any portion of
the slow spesd interval for additional fast sampiing during storm periocds. This
lever should not be operated if the next fast-speed run is scheduled in less
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than two hours {minimum off %ime, 2 hours).

T™e 23zl of the timer may be set for the time of dey by rotating it
clockwise until the correct time is olizncl .ilh {he red pointer located
just below the dial,

Power Switoh: With the power switch open, the only element in operation
is the Sangamo timer. The rest of the circuit ius inoperative including the -
chart movement, the power to the measuring circuit, the shift mechanism and
the werning circuit. When the power switoh is olosed, the unit will opoerate
according to the programming selected (see “Programming Switches™).

Selector Switoh; The Model III bridga and power supply unit provides
for two pressure heads installed at different locations, or at the same lo-
cation with one unit as a stand-by. Either pressure head may be operated in-
dividually. The selactor switch is provided to bring one unit or the cther
into the bridge cirocuit. The two pressure heads (i: two are used) are wired
tc the bridge cirouit with one conduotor common.

Bridge Current Controls To adjust the bridge ocurrent, the potentiometer
ocntrol Eﬁo; Ts tarned (Bw'for increasing, "ocw" for decreasing) until the
bridge current is 32 ma. The bridge milliammete is loocated just above this
potentiometer control kacb on the front panel. The purpose of this adjust~

ment i8 to provide the correct ocurrent in the Bourns differential pressure
poteatiometer. The output voltage to the bridge circuit is mede suftiocient

by the above adjustment to compensate for the line drop in the cable from the
bridge to the pressure head. The “ourrent adjustment" is actually an adjusiment
of the regulated d-o sutput voltage of the regulator,

Sensitivity Switchs Two measuring sensitivities are built into the bridge
cirouit. The range switch may be placed in either of two positions corres-
ponding to high or low sensltivity.

Chassis Controls (Figure 9)

Sensitivity Adjustments As seen in the cirocuit diagram, Figure 4, po-
tentiometers are connected in series with the range switch. The purpose,
location and application of these potentiometers are given beluw. Hereafter,
their operation wili be referred to as sensitivity adjustments.

The dial-skirt knobs connecoted to the sensitivity adjustment potentio-
meters are located within the Bridge and Power supply cabinet. By varying
the resistance iun seriss with the renge resisteors, fine adjustments are made
to correct fors (a) the change in sensitivity of the bellows-potentiometer
transducer due to the air dame error, and (b) variations in the manufacturer's
specification of the potentiometer. The setting ol the sensitivity adjustments
has been discussed uader that section "Bridge Cirouit Desigr". A method of
calculating the dial setting for the conditions of the installation was pre-
sented in this section.

The advantage of this adjustment is that regardless of depth of in-
stallation, potentiometer resistance, transducer ocalitration,and cable re-
pistance, full scale calilration of X 5-foot and +10-fcot pressure variation
can be obtained. There will be slight variations in the correct sensitivity
se.uing caused by variable tides, but this error is well below the expected
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experimental error in analysis of the subsurface pressure records.

P?ogsammiqg Switchess These switchac ave locsated within the ocabinet.
Switch S is the power programming switch, and Switch S2 is the chart drive nro-

Sroililag L .bolie

B

b,

Ce

Normal propramming; In "normal®™ programming, the Sangemo timer ac-
tuates only the mmgnetic speed shift of the recorder chert drive.
With the S, switch in position "N", power is bsing suppiied to the
bridge circuit continuously as shown in Figure 4. The rezulting
record consists of a series of fast speed and slow speed intsrvals
showing the time history of the wavs action during both speeds. As
mentioned before, the time durations of these fast chart speed runs
and slow chart speed runs depend upon the pesitioning of the timer
cams in the Sangamo timer.

Power programming with ocontinuous chart movements The power 1is
programmed in that it is being supplied to the measuring oircuits
during the fast speed purtion or the record only. The record ob-
tained using the power programming with ocontinucus chart movement

is satisfactory for determining wave height and period, but uoes not
enable a dstermination of storm arrivals.

Normally, a complate and oontinuous record is desired for analy-
sis purposes. Formerly, the reason for this type of programming was
to extend the life of the potsntivmeters used in the Mark III type
pressure gages. Thir was accomplished by shutting off the power to
the potentiometer eaad allowing the contact arm to wip:s the windings
"clean". The potentiometer used in the Mark IX is a more rugged model
than the one used in the Msrk III, and this procedure shculd not be
necessary solely for attempting to extend the life of ths potentiometer.

The switching neocessary to effect this type of programming is as
followss S9is pleced in position "P" so that the power will be sup-
piled to the bridge circuit according to the timer schedule; S, is
placed in pcsition "N" which gives continucus chart movemant (when
the main power switch is on). The resulting record consists of a
series nf fast chart speed intervals with the recorded time history
of the wave action. During the sl ow chart spesd portion, a straight
line sappears centered on the chart record.

Power rvorramming with discontinucus chart movements This &l terna-

tive method of programming is essentially the same as the one men-
tioned above except that the cloock chart drive is also programmed.
The chart 1s driven only during the fast speed intervel. The switch-
ing necessary to effect this type of programming is as followss The
8witch 8, is placed in position "P", Switch 83 in position "P". The
record conslsts of a series of fast speed runs giving ths time
history of the wave action during this period only.

SWITCHING SUMMARY OF RECORD PROGRAMMING METHODS

Power 81 S, |
Item desoription Switch [ N | P N P
(1) Formal programming on v v
(2) Powar programming with on J1v
ocontinucus chart movement
(3) Power programming with dis- / /
ocatiruous chart movement = v
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Fuses; As noted in the circuit disgrem, one 2-amp. and three 1/16 -emp.
fusas provide overload protection. The 2-amp fuee provides pretection te the
input circult, and the l/is—amp fuses, looated in each line of the bridge oir-
cudt, groesds protonioion Bo €7 proroure hoacd,

Terminal Board Wiciag {Figure 7)

All external ccnneotions to the bridge and power supply ars mede on ths
main terminal board at the back of the cebinet, Five terminals are previded
for the pressure head cables with the "-" lead common. The pressure head's
fusite terminals are stampecd with " 4" and "-" and "CT" (Center Tap) so thet
with oclor coded subtmarine cable there should bs little confusion in meking
the correot connections between the pressure heads and the bricge unit.

Two othsr sets of terminals include the plus and minus recorder terminals
connected to correspcading binding posts on the Esterline-Angus reccrdisr, and
the auxiliary 24-volt d-c¢ terminals. The latter may bte used in either of two
situations)

. In case of anaveilability or failure of a-c power source, the
bridge power may be supplied by dry cell batteries. The only drain
on the battsry supply would be the total bridge current (56 ma.).
When batteries are used, the regulator circuit is inoperative, since
the filsmsnis of the tubes are not being supplied with power.

b. It may be desirable to use additional capacity of the power supply
to operate a complementary instrument (such as the direction indi-:
cator). Current msy be drawn from the power supply through these
connecticns (100 ms. maximum), in addition to that required by the
pressure head.

The shift, oclock and a~-oc common terminals are ocnnected toc corresponding
terminals on the BEsterline-Angus recorder with an a-c oommon conmnection to cne
post of each cirouit.

ESTERLINE-ANGUS RECORDER

The instrument used to construct a graphic record is the Esterline-Angus
resording milliemmeter. The metering element of thic izstriment iz a perme-
nent magnet, moving~coil typs. The instrument is housed in a portable case.
The writing pen is supplied with ink fed to the point by capillary action. A
center =27y calibration is used, the range being plus and minus 0.5 milli-
amperes.

S8tandard chart drives are available as followsg

a. Slow and rapid speed 8-day spring clock giving all speedss 3/4, 1%,
3, 6 and 12 inches per hour and inches psr minute.

b. Slow and rapid speed synchronous motor clock giving all chart speeds
3/4, 1%, 5, 6 and 12 inches per hour and inches per minute.

For use in conjunotion with an automatioc programming timer, a magnetio
gear shift can be obtained to change chart speed, With this device, the shift
from hourly speeds tc minute speeds and vioe versa may be controlled
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automatioally according to the programming aschedule. In eddition to the magnetio :
vear shift, a manual ocontrol s availasbla for shifting the ohart =naad.

Frequenoy Response

In the standard Esterline-Angus recorder the metal bobbin on whioh the
moving coil is wound is construocted tc aot as a shorted turn and cause the
instriment o be oritiocnlly demped. Conneoting any external oircuit to the
recorder further inoreases the damping with the result that the high fre-
quencies are attenuated. At a very nominal extre cost, Esterline-Angus recor-
ders oan be purchased with speoial high resistance bobbins mede of niokel-silver
which ocause the reoorders tc be underdamped. These special recorders beoome
critically damped when shunted with & resistance of 15,000 chms.

The damping resistance of the bridge oircuit is for all practical pur-~
poses the resisternce of the galvanometer series resistance, g, as defirsd inp
Figure 2. Examinsticn »f the ocirocuit diagram shown in Figure 3 indiocates
this resistance will vary between 12,000 ohms and 24,000 ohms for the various
operating oonditions of the oircuit. The frequeansy response of bcth ihe standard
and the special type reoorders, therefore, was measured to determine the reocor-
der error at various frequenoies. The results of these tezts are shown in
Figure 10.

Since the shortest period normally encountered in ocean wave messurements
i1s about 5 seconds and the average period is normally betwssr 8 and 15 seoonds,
the frequency response of ejther the special or standard reoorder with damping
between 12,000 chms and 24,000 chms is satisfaotory. However, if the recorder
is wussd to record waves of shorter pericd, such rs in lakes, special oonsidera-
tion must be given to the damping of the recorder. In this case cnly the
special recorder ocan be usedy If an optimum damping resistance is connected to
the rsoorder, wave periocds as short as 1.6 seoonds per oycle can be reoorded
with little error. ‘

BRIDGE UNIT FOR SPFEEDOMAX RECORDER

One advantage of the Mark IX pressure head is that it oan be adepted for
use with any stendard reccrder. By connesting the potontiometsr in a bridgs
oirouit with low voltage applied ( 10 millivolts, approximately), standard
thermcocouple recorders, or millivoltmeters, such as the Speedomax or Brown

recordsr csan bs ussd.

One such modification was made for a Speedomax with a +5, 0, -5 millivolt
rangs. The circuit diagram is shown in Figure 11, together with the necessary
mounting bracket and other small modifylng parts. A photograph of the unit
alsc can be seen in Figure 11,

UNDERWATER FRESSURE HEAD

The Mark IX differential pressure gage is one of several underwater-type
instruments that have been designed to measure wave heights by recording sub-
surface pressure fluotya;;ons. The Mark IX. Model §5 is essentiaily a modifi-
cation of the Mark III'\5) instrument which has beer used by the University of
California since 1947. The Mark IX employs a potentiometer cocupled to a
pressure-sensitive brass bellows as the electro-mechanical transducer that ‘
translates subsurface pressure fluoctuations intc a prcportional ocurrent that
can be racorded by oonventionel reocording milliammeters. The manufactdring

Supersoript numbers in parentheses refer toc Referencves at and of report.
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and assembly drawings are appended (Appendix II).

Pressure Potontiometer

The prancipul oompounest ol tue Muwg 14 iz the Bouras diliusediilil pressure
potentiome’ier, whioh is employed as the unit transducer. Ths movement of the
pressure~-sensitive brass bellows, contained within the potentiometer case, is
magnifisd by a potentiometer~-contact lever which,in the normal position of zsro
differential pressure, divides the resistance of the potentiometer windings
equally., Variations of differsntlel presssure cause the pulentiometer contast
arm to move across the potentiometer windings. The variation of position of the
potentiometer arm is converted to a proportional current by the bridge cirouit
and rocorded Yy the recording milliammeter.

Pressure Head Constructiong

The poctentiometer chamber acts as a weiter tight inoasemeat surrounding
the potantiometer unit, A silver soldered separation disc, provided with Fusite
hermetically~-sealed terminals, divides the connection chamber and the potentiometer
chamber. The lower flange of the potentiometer chamber is sealed against sur-
rounding water pressure by an O-ring gasket.

When the instrument is submerged in a given depth of water, the static
pressure at thls level will act on the rubber bellows clamped on the shoulder
provided on the hottom of the mounting flange. The rubber beilows are filled with
a silicone fluid (DC 200) and this fluid is forced to flow throughstwo inlets to
the potentiometer chamber.

The first of tkcse inlets is fitted with a "slow leak" tha‘ restricts the
fiow of silioone fluid. Normally the screw is adjusted sc that the time constant
of flow into the transducer is about ocne minute (see air dome calculations).

When the unit is installed in the sea, fluid will flow from between the rubber
bellows and the transducer chsmber until the preszsure within the chamber is
equal to the average pressure of the sea. The pressure of the aix in the cham~
ber acts on the inside of the bellows in the transducer.

The second inlet is connected directly to the outside of the transducer
hellows with no impediment to the flow cf fluid from ths rubber bellows. The
dymemic pressurs scaussd by the acticn, in addition to the static gpressure of the
sea., therefors acts on the outside of the transducsr bellows. The differsence
in the pressures on the two sides of the bellows (the dynamic pressure fluctua-

e

+ion caused by wave action) causes the bellows to be displaced.
Yy A p

Cable Connsctions The electrical cmable is connected tc the insivument
in a chamber located at the top of the pressurs hcad. Since the inside 4f the
electrical cable is at atmospheric pressure, the shore end teing open to the
atmosphere, the.connection chamber will also be at atmospheric pressure. The
ohamber, therefore, must be sealed against the pressure of the sea. Stendard
packing glands were found to be unsatisfactory as pressure seals when an in-
strument was to be installed for long perlods of time, due to the plastic flow
of the usual syntuelic rubbers in the cable., A cable connection, therefore,
was developed which has a olamping ring inside thn connection chamber for me~
chaniocal strength, and a rubber tape seal between a smsoth cable nipple and
the electrical oable external to¢ the chamber. Tape seals of this type have
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been found to be satisfaoctory for periods oif two years. ’

Transduocer Mountings The Bourns transducer has been mounted in the
pressure head with the inlet ports at the top. #ith the transducer installed
in this position, the unit -an be tilled with fluid to cool anC lubricate the
potentiometer., The transducer is filled with fluid by opening the transducer
cagse before the transducer is installed in the pressure head. It is not neces-
sary to completely £ill the transducer or the pipe leading to the transduosr,
sinoce it is neocsossary that the fluid cover only the potsntioneter wirding.

Fusite Insulators; The fusite iasulators which provide a pressure ¢
tight electriocal oconnection between the cable oconnection chamber and the trans-
ducer chsmber were mouzted in soft copper pedestals. This Lreveniz the glass
seals from breaking during the soldering operation when assembling the urit.

Rubber Ballows Chamber: An "0"ring seai nas been provided in the flange
of the rubber bellows chamber sc that the rubber bellows chsmber ocan be pres-
surized for calibration purposes. A simple plate with a gasket seal and ap-
propriate rittings oar be olamped against the bottom of 'the chamber by bolts
through the mounting flange for this operatioi.

The inside of the rubbsér bellows chamber has been so shaped and di~
msnsioned that the rubber bellcws can be pressurized before installation.

Slow Leaks A loose fitting sorew in a tappsd pipe plug is used as
a slow leak iu preference to a capillary tube. The sorew type leak oannot be
plugged from dirt and foreign vartiocles in the fluid as readily as the single
hole of a capillary tube. .

Tilt Indicetor:s A tilt indicator has been installed in the ocon-
nection ohamber as a safety featute. The pressure head will operate satis-
faoctorily at moderately large angles of tils, but will not operate properly
if the fluid in the transducer ohamber does not cover the slow leak. The
primary purpose of the tilt indicator :s to indicate whether the tripod is
upset during installation, which would cause the instrument to lay on its side.

AL “A.‘a TNa ol ae

e e
; TYeeita  An air space is necessary in the transducer chamber

'wt

to prevent hydraulio looking of the transducsr bellows,and a sufficient air volume
must be provided to prevent excessive pressure variation of the air volums due

tc variation in volume of the transducer bellowe, As the bellows is daflected,
its volume must necessarily vary in order that work be done or the systemg this
variation in bellows volume causes an equal variation in air dome volume. The
variation in air dome volume in turn causes a pressure variation of the air vol-
ume that opposes the dynamic pressure variation causing the bellows to be dis~
placed and thereby reduces the sensitivity of the instrument.

Assuming that a negligible flow of fluid through the slow leak ocours dur-
ing the relatively short period of the wave generated pressure fluctuations, the
differential pressura aoross the bosllows is equal to the instentaneous sea pres-
sure less the instantaneous air volume pressure.

(P+py ) = (P+Pa) =Pw =~ Pa (20)
where P » averagvu absolute water pressure at instrument .
By = hydrodynamic pressure of waves

pressure in the air dome due to the transducer bellows ex-~
panding,

‘Pa
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The displacement of the bellows and the reading of the instrument is
proportional to the differential pressure aoross the bellows, while the correct
reading is proportional to p, . The per unit instrument error is, therefare,

E:h_;‘(:?.u__‘ﬂ.%f 21)

The change in volume of the transducser bellows, which is equal to the
volume change of the air volume . v, is a funotion of the differential pressure

aoross the bellows and the bellows spring oconstant o

Va = 01 (Py “Pa) = 01Pw(1-E), (22)

Also the pressure change, pg, and the bellows volume change, vy, are
related by the gas law and ocan be expressed to the first approximation as

P i V- v, n ~ - a va
F¥p, =( vL) =i - (23)
where n, is the polytropioc expansion oomponent. Now
= J pa
Va = T Ta P (24)
and equating BEquation (22) and Equation (24), we hc-
v Pa
%] Pw (I'E) = n -s-a——.-P . (25)

Equation 25 can be solved for the instrument error as a function of the bel-
lows spring oconstant and the pressure and volume of the air.
R, (26)
T o1+ Y 26
o} n

asouaming P + p, = P,

For the Mark IX pressurs head ths v:-lums of the air space cannot he lass
than 11 cubic inches nor greater than 22 oubic inches, w.th an optimum working
volume of 17 cubic inches (see Pressurization of the Pressure Head). The

+ 3.3 psi ( £ 7.5 feet of sea water) Bouras transduceéer bellows sxpands 0.1
oubio inches for full deflection and therefore has & spring oonstant of 0.1/7.5
cubic inohes per foot of sea water pressure. Further, assuming n to be equal
to unity for the long period pressure fluctuations of the waves, the instrument
errcr can be ocaloulated for the normal working depths.

) 1
B = 1+ T °
OlP
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For ¢ = 0.1/7.6' = 0.0133 ou. in/ft of water Vv = 11, 17, 22 ou.in.

Depth of Absolute Peroent decrease in sensitivit
instrument Pressure. E B g

in feet ft. of water 1 17 22
0 33 3.8 2.5 1.8

26 68 6.5 44 3.4

50 88 10.6 6.4 6.1

76 108 11.6 7.8 6.1
1ce 133 13.8 9.4 7.6

The decrease in sensitivity of the pressure hend can be compensaied by
adjusting the sensitivity ocontrols (see Adjustment of Sensitivity Controls) for
a correspondingly greater sensitivity. The correction can be made by assuming
the Bourns pressure transducer to be correspondingly less sensitive when cal-
oculating the sensitivity ocontrol settings. Thus if a transducer with a sensi-
tivity of 750 ohms/is feet of water is to be installed in 50 feet of water, a
sensitivity of 750 ohms/1.064 x 15 ft. would be used in the ocaloulations.
Regardless of the final volume of the air dome,within the working range of the
bellows the recorder sensitivity will be correct within & few percent.

Slow Leak Desi;é_

The purpose of the slow leak is to seal the air

chamber aguinst tne pressurs fluctuations generated by the waves, but at the

seme time to allow a sufficiently rapid flow into and out 'of the air chamber 3
to prevent the instrument from recording tides. Considering viscous frioction

as the only factor restrioting flow, the flow of fluid through the slow leak

is proportional to the pressure across it; that is, -
dgq .
TE © 2 (Pw - Pa) (27}

where q = quantity of fluid in the air dome (in.3) i
in.53/sec
2 ps )

Py ® Pressure of the water (psi)

s

slow leak constant (

Pe. = pressure in the air dams (psi)
t time (sec.). i

If the prarawrs head hes been pressurited ancording to the procedure out-
lined in "Pressurization of tns Pressure Head"™ of this report, the air volume in
the transducer chambers, V, will be 17 cubic inches with the instrument installed
in the sea., The absolute pressure in the chember, P, will be equal to the ab-
sclute pressure of the water,and a' quantity of fluid, q, will have been forced
into the chamber. If an additioral quantity of fluid, q, is forced into the
chamber. the pressure in the chamber will be

PV
Pa * "V-q - (28)
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Therefore . "
gAY - Pa (29) 1

PV ' . 1

-g% S'ism— d_p‘_ (30) i

P2 at
and Equation (27) can be written

;_:z ;%5 ® 0 (Py = Pa)- (31)

A general solution of Bqueticn (31) ocaunot be found easily but the
zpecial case which ocovers the normal operating oconditions of the instrument oan
be solved readily. In this special case the assumption is made that the
pressure fluotuation in the transducer chamber 1s small relative to the pressure
fluotuation irn the sea due to wave aotion, and therefore +thes fluctuation in the

|

ohamber is wvery small relative to average pressure. The pressws, p,, {
then oan be assumed equal to P and Bquation (31) can be written |
vV dp |

¥ T = Pw-Pa- . (32) ?

AR 2w ]

If py = P+ p' siz where P is the average pressure and p'sin

iz the pressure fluctuation due to oocean waves of period,T , Bquation (32) can
be solved for the response of the instrument whioh is equal to
Pressure variation reoorded by the' instrument
Actual pressure variation due to wave antion
1

v
): F—— where ¢, = 503 (33)
1+ mo) . ’ S

The above results oan be obtained by assuming that the pressure head
ocan be repleaced by the equivalent eleotrioal oirouit

Air \slume
Capacity
o— I+ 1 Xo)
c
SEA PRESSURE R S SlowLeak  RECORDED PRESSURE
Resistance
o= — 0

Several interesting oonolusions ocan be made from the above results, as
follow; -

o
!
e’

The slow leak oan be adjusted for a greater rate of flow than would be
intuitively thought possible. The time oconstant of the instrument oan
be adjusted to be equal to the longest wave period to be reoorded without
loss of sensitivity. This means that normaliy %, * V/o3P osn be ad-
Justed as low as 15 seoconds without jeopardising the operation of the
recorder, sinoe a wave of fifteen sscond period will be recorded with
only a one percent loss in sensitivity. A frequency test on'd Mark IX
Nodel 2 instrument showed olose agreement between Equation (33) and the
operation of the recorder.

s S e
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' Adjusting the slow leak to as rapid a flow as possible is desira=- .
ble since it will permit the pressure head to be lowered during instal- |
lation et a faster rate. Also, the slow leak 1s less suijsot to plug-
ging with the more rapid flow rates.

(2) The equation for the inatrument time constant suggests a simple way to
adjust th. slow leak, The flow rate o,, of the slow leak ocan be measured
direotly and the tims constant of the iamstrument computed for the con- .
dition of the installation. Any attempt to perform “step tests® or
"frequency response tests"™ undsr conditions equivalent to the final in-
stallation would be diffioult and the inatrument would have to be dis-
assembled to readjust the slow leak screw setting.’ |

(3) After final adjustment of the pressure head, the dynamisc operation of H
the head ocan ta studiod at atmospherio pressure and the sotual sheraster-
istios ocomputed for the final installation pressures.

FRESSURIZING THE PRESSURE HEAD UNIT EEFORE INSTALLATION

General Procedure

The total volume of the rubber bellows when expanded under pressure to
the full extent of the lower dome has been measured and found to be equal to
24 oubio inches. If the pressure head contains 20 oublo inches of fluid, 3
and the pressurs head then is pressurized,this entire volume of fiuid will be
foroed into the expanded rubbdber bLellows. The volume of fluid is not suffi-.
oient to completely f£il11 the bellows, however, and an sir pocket will exist’
above the fluid. -

The air pooket in the pressurized rubber bellows has heen provided to
simplify the pressurizatiun prooedure as follows: (1) the slow leak between
the air dame and the rubber bellows will not restriot appreoiably the flow
of air between the two ohambers, and' therefore will permit rapid pressuri- i
zation of both chambers without damage to the Bourns transducer; (2) the
f£luid in the rubber bellows will be in direct contmot with the air wmd will
reach an equilibrium betweer the air pressure and the amount of absorbed air
in the fluid in a relatively short time.

The following procedure oan be ussd to pressurize the pressure head

units '

a., Twenty-four hours before insiallation, pressurize the unit to =
pressure equal to iuv depth of the proposed installation. The
f£luid will then absorb air trom the air=-pocket above the fluid until
it 1s saturated for the condition of the final installation. The
pressure in the pressurs head should be ohecked svsry fsw hours,
and repressurised if necessary, until equilibrium is reached. A
slight seepage of fluid past the rubber bellows seals may oococur
at this time, but this seepage will not ocour under the conditions
of the installation.

ot KN G S A Bt

be At the time of the installation, 4hc aztual depth of the pro-
posed installation should be checked and the ausolute pressure
in the pressure head unit reduced to 0456 x (absolute pressure
of the installation depth) or to the pressure oaloulated in the
following seotions. The air in solution in the silioone fluid

Aot B A AT . B A i Sl
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v will not be able to escape dwring thiz readjustment of the pressure.
The readjustmeat of the pressure ocan ke dvne any time after equi-
librium, asz desoribed in part (a), has been reached. It is best,
howewrer, to wait until the rressure head has been spliced to the
oablo and is ready for 1uh11&tion.

Caloulatica of Initial Fressure

Tha initial pressurq must be adjusted so that the rubber bellows will
collupse to the correot working volume, and the air dome pressure will in-
oraase to the average or statio pressure of the water. when the pressure head
walt iz installed in the sea. The caloulation of the initial pressure is
besed, therefoie, on: (1) the final pressure, (2) the initial and final sir
volumes within the pressure head unit and (3) the initial and final tempera-
ture sorresponding to the air teomperature and the sea temperature. Nots that
the calculatione do not allow for absorption of air by the fluid. It is as-
sumed the fluid is pre-saturated as desoribed in th2 previous section.

Ve T,

Piz vai t

where P; = absolute initlal pressure

Pp = absolute final pressure
S fipal air volume within the pressure head unit
V4 ® initial air volume within the pressure head unit
= absolute temperature of the air
Tw = absolute temperature of the waisr,

The initial air volume within the pressure head isg {

._;1
]

e

T, = Vg+ V' - 20 T 27+ 24 - 20 = 31 ou. ‘in.

where V4 = measursd net volume of the air dome = 27 ou. in.
Vp'= total voluuwe of the pressurised rubber bellows = 24 ou. in.

20 = total volume of fluid in the pressure head in cubio inshes,

In order that the rubber bellows will not affeot the insirument reading,
the final air volume within the pressure head must remain within a given maxi- |
mm and minimum volume., If the rubber bellows has collapsed too far, or re- i
mains pressed against the walle of the lower dome, the pressure within the |
bellows will not be the same as the sea pressure and an orror will be intro-
duced ip the instrument reading. The maximum &€d winlmum allowavie final ailr
volume as determined by the maximum and minimum rubber bellows volumes are
as follow;

(V€)gax = Va+(Vp)max = 20 = 27 + 16 - 20 = 22 ou. in,
where V4 = not volume of air dome = 27 ou. inm.
(Vb)pax = measured meximum working volume of the rubber t':»ellows = 15 ou.in.
(Ve)atn ® Va+ (Vy)uip -20 = 27+ 4 - 20 = 11 ou. in. |
where 74 ® net volums of alr dome ® 27 cu. in. ‘
("h)gin ® messursd minimum working vcliume of ta~ rubber hellows = 4 ou. in. !
i
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If the optimum working volume of the rubber bellows of 10 cubic inches
is used, and the difference in absolute temperature of the air and water is
mall, ths initisl pressure can be computed as follows;

Vot (V) e = 20

17
Py = P y
: Va + Vpi = 20 " Te3L M O0S6Pp
or
where .
(Pi)S‘SO S optimum initial gage pressure in psig
£ = depth of instrument below swrface of water in feet
38 = atmospherio pressure in feet of sea water
.44 = psi/foot of sea water.

After ocomputing the optimum initial pressure, the extremes in finel pres-
sure dus to tide variations, and the extremes in water temperature variations ]
should be used to caloculate the final bellows volume to be sure the volume re-
nains within the allowable range under all conditions.

Initial Pressure for Shaliow Working Pepths

Approximately 1.5 psig is needed to expand the rubber bellows to the
full volume cf the iower dcaw. With an initial pressusd of 1.5 psig, the
optimum working depth is about 34 feet and the miniwmum depth is 18 feet.

If the unit 1s pressurized to force all the fluid into the rubber bel- .
lows but without forocing any air into the rubber bellows, the following oon-
ditions will be found to exist:

1. Only about i7 oubio inches of f£luid will bs fsrced into the
rubber tellows due to the height of the slow leak opening in
the air dome.

2. The pressurs required.to expand the rubber bellows to a volume
of 17 ocubic inches will be approximately 0.25 psi, which can be
negleoted when considering the initial air dome pressure.

3. The initiai volume of air will be V4 - 3 # 24 ou. in., and the
initial pressure will be atmospheric; the instrument therefore
will operate satisfaotorily for 7 .p>ths between 3 and 30 feet with
an optimm depth of 14 feet.

The procedure for pressurizing the head will be the same as before, exocept
that the final pressure will be adjusted to atmospherio.

1. Twenty-four hours in advanoce, pressurize the unit to & pressure
equal to the depth of the proposed installation.

2. At the time of installation, open the valve in the air dome and
‘allow the pressure in the air dome to decresse to atmasvheric.
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Any air trapped in the lower benws will esocape quiokly through the slow
ieak leaving the rubber bellows f£illed with siliocone fluid without an air
pocket. The val.e should romin .epen npprox"-*'-‘.y 10 gaooads.

Equisment Necessary to Prnsuriu Unit

By udding a prassure gage to s standard bioyole pump, nnd stteching
an che-meter to the fusite terminsls of the pressurs head, (see Figure 12)
the following proocedure will prevent de==ge to the transducer;

1, Increase the pressurs in the air dome until the chm-meter indicates
gerc or 750 ohms (the limit of the potenticmeter) and disconneot the

tire pump.

2. Allow several minutes for the prsssure to equalize between the air dome
and the rubber bellows as indicated by the ohm-meter reading returning
to RP/Z obms (usually atout 373 ohms).

3. Repeat (1) end (2) untii all poscible siliocone fluid has been forced
from the air dome into the rubber bellows,

4, Pressurize the unit to the desired pressure. The ohm-meter will in-
dicate & value near RF/Z at all times during this operation, sizce the
slow leak will be insffective. Alsc the check valve in the pump will
be ineffeotive if the pump handle is moved slowly and the pressurs in
head can be inoreased or decreased as desired.

INSTALLATION OF THE PRESSURE HEAD

Introduction

» oInstalimtion of wave recorders can be oclassified undez two genersl
headings, “temporary installations” and “permanent installations®. Temporary
installations of wave recorders would probably be made in order .that wave
height and period could be measured for a short period of time, seldom nore
than a few .days. Pormanent installations of wave reocorders would probetly be
made o ltudy waves aoﬁng at wvarious situ. to dntomiu “wave olimate® in

the rop.onl of intereat.

Solootins the Sites

The 5onorn1 1ooaticn of a wave gage depends upon the purp: se for whioch
it is intended. 'If data are needed to compile ctatistioal infor wtion de~
soribing the gemeral =27y aobiocn along & section of coastline, tie gage should
ve located so that it 1s well exposed to the open sea. Thaere should be no
islands, bars or prominent points to interfere with the waves before they.
reach the instrument. In this oase, the mcat sunitable sites are along atrtigxt
bedches and st exposed pointi. If data aro needed for a beach ot ,u-mcm :
1nteréit, the racorder’ lhmim-bo ooatod nou ‘that bemchs = - s it

The wave data obttinod from gages ixpoud éo the open sea oan be used.

to estimate the arplitude of waves aoting at & particular sits along the
same seotion of the ccast, if the wave direotion is alsc known. Wave direction
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maet be determined by visual ussrvaiion, or by the study of weether maps,
since no satisfactory irstrument haas been devised to memsure and record this
faotor. Visual observation i1s cften msde diffioult by looal wird ohop, which
hides the more importeant swell coming from distant storms. Weathsr maps are
employed to determire the location of the stcrms which genersted the waves,
thereby determining the direotion from whioh the waves must have approached
the shore. The saloulation cf wave helight at a partiocular asite oan then be
mide providing the following information is known:

. le The wave height, period and direotion in deep wmieis,

2. The contours of the bottom over whioch the waves must pess to remoh
this site.

These caloculations are based on the principles of rsfiraotion and dif-
fraoction of ocean waves, and will not be discussed herein. The effectsof off-
shore islands, irregular ocactiline sontours and interfering points ususlly can
be determined with reasonable accurasy. These ocaloulations normslly are not made
to oompile data desoribing the wave action at a particular site, but ares mads
tc determine possible oritical wave conditions that cause convergence of the wave
energy at a partioular site.

Gages installed to study the wavas soting at a harbor entrance, at a
pler, or along & breakwater should be looated near the site. Careful attcn-
tion should bs given to the local refraction to detsrmine the relation betweer
the waves at the gage and the site being atudied. Often within a few hundred
feot a noticeable difference in wave aoticn oan be observed. Gages not exposed
to the open ses are seldom used in estimating ths wave conditioms offshore.

Pler Mounted Gages

Piers provide supporting struotures from which gages can be installed
easily. Unfortunately plers are seldom built im locations z=posed to the sea,
rather, they are located in protecied regions such az ooves, bays or where
sheltered by offshore islands. At the same time, many piers can be found +to -
provide suitably loocations for gages to study local wavs action. For example,
wave reoorders have been located off piers at Bl SBegundo and at Huntingtca
Beaoh, Caiifornis,by ths Beach BEpction BRoard, Corpa of Englneers. U.2. Lizy,
and the data obtained from them have been used to determine ths wave aoctioan
along the coast of Southern California. When piers are available, & surfuce
tipe g2ge, such a2 the Baach Ernsion Board Ster Resistance Gage, czn be 13'-
stalled, which records the aotusl variation of water swrface olmtion( .
Surfsoe fluotuations caused by tides and local wind chop are recorded, and
in many oases may be desirable in the record.. Pressure type wave reéocorders,
suoh as the Mark IX (Figure 13) also can be installed easily off piarc. By
suspending the pressure recorder close to the water surfaoce; pressure reoords
oorresponding slosely to the surface profile can-be obtained. This has deen
done at Devenport, Californis, by the Wave Research Laboratory, University of
Californis, Berksley. DPressure type gages that either do or do not reocord
tides oan be uzed. The extent to which tho pressure recorder will reproduce
the looally generated short-period waves oan be oontrolled ty adjusting the
depth at whioh the gage ir installed below the surfeoce.

In some looations oft‘shori gil well structures have been built: that
pravide mountings for waye gages'®). Also, an installation has been completed
at Cape Henry, %.n-ginin, 10J in whioh a step-rosistance gage was attached to a
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pile speolally driven for the purpose cf installing the gage. The pile, 60

':f‘ut in lsngth, was driven 25 feet into the sand bottom at a site 2500 feet

from shore; +the water depth was 20 feet., The gage was connectsd by armored
oable 4o recorders located at the shore station. A zimilar installaticn has
been made by the author, for the University of Toxas, off Bakers Bsach, 8an
¥rancieco, Californie,

Surfaee type gages, although requiring oleaning at taree to four menth
intervals, can be operated for several years without major repair. Several
pressure type gages are also available that provide continuous service ivr
at least one year without repair or msintenmnse. Bither type gage should be

“installed at least three pile diameters from the noarest pils.

Tripods for Subsurfece Pressure Heads :

Pressure type gagss, supported by small tripods resting on the oeean

. bottom, provido s praetioal method of recording the wave aetion where there
are no piers. The tripods vary in design déperiing upez the material awvailable,

the equipment available for handling the tripod during installation, the size
and type of marker buoy to be used, sand the sixe and shape ¢f the pressure
head. The two primary rsquirements of the tripod are as followss

1, The tripod should have sufficient weight to keep it in place on
the bottom, and should be stable 30 that wave motion or ourrents
oan not tip it over. Ms¥ker buoys, when seted upcn by heavy seas,
may exert a considerable upsetting fores on the tripod if the marker
buoy eable is sttached to the top of the tripod. Also, the elee-
trical eable usuelly attached to the base of the tripod may tend to
drag the tripod when the oable is acted upon by -longshore currents.
Normally tripods weigh ‘etween 260 1bs. snd 2000 lbs. depending pri-
marily on the marksr buoy sisze and the equipment availabls for hand-
ling the tripode’

2, The tripcd should have suffieient height to prevent the "sanding
down® cf ihe pressure hesdg sediz=snt =covement is known to ocowr
sonsiderable distances offéhore, often changing the bottom eleva-
‘tiom by several feet. Thie is ospeeially true of the seasomai
movement of sand réshore during the summer months and offehore
during the winter months.

The Woods Hole t;ripo’d(u) (Pigure 14a) has a speoial design featurs.
whieh allows the irsirussat to be detached from its conerets Lmse in osse
the unit becomes covered with sand and cannot be lifted without possible
breaking of the lifting line. This tripod is made in two parts; a oonorete
base weighing approximstasly 300 pounds and e pips framework whieh supporte
the pressurs head, A shear pim, whose sirength is lees than itnat of the
1lifting esble, but of sufficlent strength to lift the aonorete base, holds
the two seotions of the structure togetker. i lifting line of $/8-inch wire
rops is attached to the tap of the pips framework and to & marker buoy. If
an attempt is made to 1ift the tripod #hils it is eovered with sard, the
shear pin will fail and only the pipe framework need be 1lifted to reeover
the instrutent. The eonorete base of the Woods Hole tripod is provided wita
& ocavity direstly below the tripod in which oable san be ooiled. A suffi-
eient amount of cable is stored in this eavity to reaeh the surface of the
water, allowing the instrument to be removed and reéplacemsnt eonneeted

R e e - — - - e it

____.ﬂ_._______._*-_-,-..__...._.._...-___.,‘_...W S "
aeiniia vl e

—c g




24,

wichout pulling off the bottom any cakle whioh might also bts ocwered with sand.

In'Figure 14~b the standard University of California tripod 1s shown.
Its main feature ia the olroular dbase., designed for maximm stability. The base
is constructed of 3~-inoh 0.D. black iron pipe, in which saveral holes have been
drilled to avoid buoyanoy.

In Figure 140 are shown two other tripods used by the Wave Resaaroh Group
of the Univerasivy of vaiiforuia. Thess tripods ars wsuwally five 4o savan faat
in height with s imsirument located four to five feet abovo the base. Sorap
metal or oast oconoreteo blocks are used to inoreass the tripod weight. The lift-

ing oable is attached hetween the top of the tripod and the marker buoy.

Marker Buoys for Subsurface Pressure Hsaads

In the past the methods of attaching the 1lifting line and marker buoy hed
beea unsatisfactory. Usually the tripod was lowered to the bottem by a S/8-inch
to 1/2~inch wire rope and & buoy attached to the lifting line after the tripod
was in place on the bottame To provide working oable to pass ovor the hoist-
ing frams and attach to the winch, the lifting oable length was normaliy msde
twioco the depth of the water. 8everal difficulties arose from this type of
installation. The ocorntinual working of the oable dus to the buoy following tha
surface waves weakoned the cable and eventually oaused failure. To reduce this
action, a small buoy with buoyanoy just suffiocient to remain afloat under the
woight of the oable was used. Thess small bucys would still brsak the oable
under the action of large waves, sspeoially after several months of exposure of

the ocable to the salt water.

Marksr buoys installsd annording to Coast Guard Speoifioations, using
ohain between the anchor and the buoy, osrtainly would lest a longer time, but
would require larger boats to make the installatisn, and & larger tripod to
serve as an anchor. Typioal Coast Guard SBpecifications for a small open-sea
type buoy would be as followss 3rd clasz special nun bwoy, 556 lbs; 3/4-inch
ohain; meximur water depth 14 fathomsy ohain lensth 2-} times water depth;
2000-pound concrete blook anchor. An installation of this type should be ser-
viced once each six months (paint buoy and check chain). The ohain should last
betwaan cne and two years depending upon the amount of wave aotion.

Greatest wear of the ochain ocours between the links that touoch bottom
during wave troughs at low tide and the links that are lifted off bottom during
wave orests at high tide. This wear is due to the rotation of each link as
it 1s lifted. Additional chain may be lifted off bottom during storas and
high winds, but the percentage of tims is small and the wear cf these links is
not as oritioal as that oaused by normel wave aotion.

Using a ohain whose entire lengih cannot bs 1lifted by the buoy aliows
the use of & relatively smill anchor. The anchor serves only to prevent the
ochain from being dragged along the bottom during large storms. 4 long ohain
also prevents any snapping sotion oaused by the buoy lifting all the slaok
out of the 1ins., This snapping eotion 1s probably the greatest ocause of
cable failure when small round buovs are used with wire oable lifting lines,

. The inoonveniences of haniling larger anchors, buoys and oables, as
normally used bty the Cfoast Guard, have prevented their use. A small, light,
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marker-buoy system that is proving to be more satisfactory,is coxprlsed of g
short liz= and & spar type buoy. The basio idea bshind this schesme is to pro—-
vide a buoy that holds the short lins taut at all timss to prewent ocontinual
working of the line and to orevent failure by smapping aotion. Une such

schems used by tho Beach Eroaion Board employs & wocden spar buoy approximately
five feet in length whioh 1s comneotsd to a S /B-inch wire oable. The length
of the oable is adjusted ecoording tc the water depth as that the buoy is
exposed only at low tids . A positive net buoyance is assumed at all times
axcart nossibly during trougka of iarge waves at low tides.

A second example of the short-line spar-buoy cschems is provided by am
installation made at Point Pinos, Californie,by the Wave Research Group of the
University of California (Pigure 15). This system employs a 30-foot metai spar-
buoy,six inches in diameter, and a five<foot length of chain. The ohain is
connected betwesn the top of a six-foot 1600-pound tripod ead the buoy. The
length of the chain is adjusted so that the top of the buoy is exposed at low
tide. A net positive buoyance exists at all times and is equal to 150 pounds’
at the oconnection between the chain and the tripod when the buoy is sompletely
submerged. This installation was checked after five months of service and was
found t» be in good condition; very little wear of the chain bad taken place.

The dissdvantages of the short-line spar-buoy system are twofold,

1) Special provisions mst be m=de to lower and 1lift the instrument, and
2) The replacement or clesning of the buoy requires 1ifting the instrument.

The first diffioulty is easily overocome, the instrument oan be lowsred by a
separate line attached to the tripod by a hock which will free itself when the
instrument reaches bottom. The instrument can be lifted by lowering & ohain
noose sround the buoy to contaot the buoy chain near the top of the &ripod.
When the noose is pulled tight by the lif+iisg line, the iwo chalzs inter-link
8o that the tripod can be raised.

The seoond disadvantage of the short-line spar-buoy system, the incon-
venience of lifting the instrument for periodic ocleaning of the buoy, ocannot be
overocome simply. Periodic oleaning must be done to prevent exceszive zea growth
on the buoy. If the growth is allowed to acoumulate, the downward drag foroce
exerted by the motion of the water may be sufficient to overcome the net
Busyauoy with the result that saapping astion sould take placs.

A third scheme ocombining the festures of the short-line spar=buoy type
merker and the Coast Guard buoy type marker, has beyn developed by the
Universicy of California (see Figure 16). This system utilised; o
(1) o medium sized spar buoy (15 feet long, 7 inches in diameter, 149 pcunds
total weight); (2) & small ochain (3/8") conneoting the buoy to & section.of .
large ohmin (i) which aots as a “variable anchor®; (3) a lifting chain (3/8%)
between the one-inch ohain and ths tripod; and {4) a 1200-pound tripod. fGhe
‘buoy sise is determined by the amount of chain to be supported which inoludes
a geotion of the large ohain. The system is designed so that at a =1 foot tide
the buoy is exposed two fest; at a 4-foot tidej the buoy is totally sub-

rged. The large ohain, therefore, saots as a "variable anchor” in that it
rsduces the motion of the spar buoy, meintains tension in the buoy ochain, and
prevents shapping aotion in the chain.

By adjusting the length of the buoy ochain to a length equsl to the water
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depth (at MLLW) luss 18 feet, the s=ount of one-inch anchor ohain lifted off
tha bottom will be sufficlent to submerge the buoy at a +4-foot tide.
This can be shown &3 follows (with reference to Figure 18);

Buoyant foroe of the spar buoy (B) = 17.2 1, pounds

Weight of the anchor shain x 9.3 1, pounds
- Welght of the buoy = 150 pounds
Woignt of Luoy chmim (iz air) = 46 pounds.
Therefore
17.2 1, «9.3 1, + 190 (s34)
and
L, +1,+1, = (M1W) + T. (s5)

If the buoy submerges, 1; will be equal to the length of the buoy
(15 feet) and the amount of anchor chsin lifted will be;

17.2 (15) - 190
12 = g.s) - = 7.3 feeot. (w.)

By adjusting the length of the buoy chain the buoy will be sub-
merged at the desired tide state of four feet. Equation 2 now becomes;

1, = MUIN +4 - 15 - 7.3 = MLLW - 18.3
1, = MLw - 18. (37)

The length of anohor chain lifted uff bottom for any water level can now
be determined from Equations 2 and 4.
1) + 1, = MUN + 7 - (MLLW-18)
= T+ 18 (s8)
and
.12 T 0.649T + 4,14, : ($9)

Bquation 6 indiocates that the water lével must bs shout 6% feet below
MLIW to cauzs all of the anchor chain to rest on bottom.

3pocifio#t\iona for Submarine Eledtwical Cable

. A ocable that has been used aiong the Pasoific Coast for several years
and has proven satisfactory exoept under very unfavorable conditions has
spenifications as follows;

Simplex Wire and Cabla Company

Anhydrous 8.A. Neoprene galvanized armor; Jjute covered submarine oable,
Condustors #14 - 7 strand $22 tinned

5/64" wall inhydrex 8 A colored cotton braid oable, £ill waterproof jute
$ape, 6/84" neoprene

Tape waterprcofl, Jjute serve

#10 BNG galvanized armor

Waterproof Jjute serve
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These oables have shown only slight wear over a period of ome to two
yoars. One oable which was oontinualiy exposed at the uprush of a oobble
teach failed in approximately four mohths. The oombinaticn of the alternate
exposure of the cable to the water «nd air, and the abrasion by the ocobbles
oaused a rapid removai of the armor and the subsequent cable failure.

The most suitable ocable &vailable on the oommeroial market for -in-
stallations where the oabie may be subjeoted to abnormal abrasion and large
tension foroes is built by the Simplex ¥ire and Cable Co. The specifioations
of this oable are as foliowss '

Y

Y

Anhydrex S8A Neoprene galvanized armor
Neoprene Jacketed submarine aable

Conduotors #l4- 7 stracds §22 tinned

5/64" wall anhydrex SA colored cotton braid cable- fill waterproof jute
tape

6/64" wall neoprene

Tape waterproof jute serve

#10 EWG galvanized armor

5/64" wall neopremns

Two serves seine twine

7/64" wall neoprene

Approximate OD 1.66 inches, 2320 1lbs/1000 ft.

Installation of Submarine Eleotrical Cables;

The installation of the submarine eleotrical ocable between the offehore
tripod and vhe shore station is & rolatively simple task undsr favorabls oon~
ditions and with prcper equipment. Favorable oonditions inoluae a straight
sandy beach without reefs and a sand bottom from the beaoh to the izstrument.
Under these conditions an armored ocable oc&n be iaid along the bottom without
anchors or additional proteoticn and little or no oable wear wilil take plaoe.
The cable will quickly “sand d>wm" so that it is not exposeu tc the turhulent
‘aotion of the surf zome or to vurrents that may exist at times parallel to
the beach. After a few months the oables usually will be oovered by sand to

such depths that they oannot be recoverad.

The "sanding down™ tekes pleoe for two reasons; first, ths fluidity
of the sand (especially in the surf zone) will allow the cable to settle
until it is oovered to a depth of a few inches or more; and sooond, the
movement of sand bars--the movement of sand onshore and of fshcre and the
movement of sand slenz the shore will alternatsly underout and bury the
oable until it may be sovered to a depth of zeveral feet. During the swummer
when the sand moves toward the beach, the offshore oable may be very near
the sand surface, or actually exposed. Directly under the summer berm on
the beach the cable may be buried as mmck as ten feet. Conversely, during
the winter the oable may be near the sand surface in the surf szone while
offshore it may be buried several feet. The oable seldom, if ever, will
be exposed along its entlre length.

The greatest danger to the ocable exists during storms when the waves
approach the shore et a sharp angle. The waves may out a soarp sevaral
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feet high (see Figure 17) which will expose the ocable to the turbulence and
littoral owrrents c¢f the surf Zzone during the storm.

Under fayorable conditicns the armored ocable need be used only +o oross
the surf zone. Unarmored cable san then be spliced to the armored ocable and
laid along the bottom to the instrument site. The splice normally does not
have the full strength of the oable and care must be teken to prevent tension
at this point. Anchoring the cable near the splice will reduce the tension ol
the splioce instaiiation of t“his Uyps was mads Uy wisgsl ot Qcoanside,
Californi&t , Whioch was desoribed as follows

*L two thousand foot section of four-conduotor arwored cable was used
through the surf zone,with thres thousand feet of two conduotor demo-
lition ceble,spliced to the end of the armored cable,for the remainder
of the distance. The armored ocabls was faksd, ixn the shape of a figure
8 into the carge compartment of the DUKW, with the bottom ten feei left
stioking up aloangside of the oraft’s gunwale. This was spliced to the
top end of the demolition cable which had been faked into the ocargo ocom-
partment of a second UKW, The bottom end of the demolition cable then
was splioced to the Mark V, No. 1, which,mounted in an iron stand, was
placed in the second DUKW. All splioces wsre completed while the oraft
were s8till on the beachs The remaining thous:t1d feet of armored cable
was laid out on the beash and & bLight taken ¢ .t with a rope whioh was
attached to the DUKW, This remaining cable was to be pulled out to sea
by the DUKW as it went through the surf. Ir order that there would be
no tension on the splice, the demclition ocatle had been doubled back for
about three feet and securely bound to the armored ocable."

When reefs exist along the beach (see Figure 17) or the bottom offshore
is ocovered with rock, the ocable ocannot sand-down and speocial anchoring of the
cable is necessary to hold the cable in place. Anchoring prevents wear of
the oable on sharp edges of rocks and prevents excessive tension in the oable
dues to long lengths of ocable being exposed to underwater ourrents. The problem
of rooky bottoms of fshore oan be dealt with effectively by having a deep sea
diver walk the ocable, laying it around and between the rooks and peraaps
anohoring the cable periodioally with conoreis blooks set on top of the oable,

At Guam, the prObI?%)Of laying a cable over a reef was solved by the author

in the following manner
"By installing the ocables in the orevices, which extended across the reef
face, the cable was not reguired to withstand the direot foroe of the
breaking waves. However, they were required to withstand large foroes due
to the turbulence ocaused by the waves and due to the surge ourrents
present in the orevices. The weight and strength of the armored elestrical
cable was not oonsidered sufficient to withstand the foroces. Both weight
and strength were added by lashing the electriocal cabls to 1&-inch chain
(18 pounds per foot) as shown in Figure 18 a and b. The armored ovole
first was attaohed to the chain with rings made of 3/8-inch diameter iron
rod and then tightly lashed with seizing wire. The iron rings were used
to bind the chain and cable together and the seizing wire prevented ths
eleotrical ocable from being snagged on the bottom during installation.
Three hundred and sixty feet of chain was used to reinforoe the cable
along the seotion tha: extended 100 feet shoreward and 260 feet seaward of

the reef face."
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"The day of' the instullation ol the oseble, buoys were brought to the recf
and attached to the chain and vable. Fifty-five-gallon buoys were attached
at sevsuty-five-fiot intervals to support the eleotrical oabla &nd three-
hundred-gallon buoys were attached at saventy-five~fiot intervals to sup-
port the chalm, as, shown schematiocally in Figure 13c. The small bucys
were tied to the sleotrical calle with manille rope that was ocut to free
the buoys after the cable was pulled into position. The large buoys were
attached to the chain by steel cable strups wilch first were passed
through the bottom eye of the buny and then attached to the top eys with

e pelican houk. Whou Une ohaln nad been pulled into position, the pelican
hook was tripped, allowing the strap to run through the boticz aye to free
the ohain from the buoy.

The chain was pulled off the reef by the diving tug as follows (Piguree
18 d and e). A messenger 1line was shot to the reef and was ussd to pull
& 1/2-inch diameter manila line off the tug to the reef. This li.s was
tied to the end of the eleotrical cable and was used to pull the bucyed
cable off the reef. A second line then was shot to the reef and was

usad to pull a four-inch (ciroumference) manila line to the reef. Te
four-inch line was used to pull a 3/4-inch steel cable off the reef to
the tug. The 8teel ocahls, attached to the end of the chain, was used to
pull the chain off the reef with the tug's capstan. While the chain was
being pulled off the reef, the electric cable weae Lapt taut at all times.
This prevented the sections of eable between the buoys from tcuching the-
bottom aid becoming snagged. When all the cable #as pulled off the reef,
the buoys were cut free, dropping the cable to the bottom. ™

Installation of Submarine Eleotrical Cables by DUKWS

The length of cable usuaily installed for a wave recorder varies between
one thousand and five thousand feetdepemding upon how far offshore the desired
depth of water can be found. Cadls-laying ships ocannot be used eccnomically to
install thege short lengths of oable. It is, thereforse, necessary to use small
boats, landing oraft and amphibian vehicles to perform this operation. The
DUKW is used more often than the other oraft, since it ocan be loaded with the
cable, driven to the shore site and used to lay the cable in one operation. The
remarks which follow apply dirsctly to the use of & IUXW to install the ocable,
but should also apply in general to the use of any amall ovaft.

Figure 19 shows ocuble spool holders designed to mount 2500-foot spools of
armored cable in the ocargo compartment of a DUKW. The design includes a foot
brake which sota on the rims of the spool to hold tension in the cable as it is
being laid. Without the foot brake, the spool will spin due to the weight of
the cable hanging in the water and ocable will be unreeled faster than the
craf't progresses.

The cable can also be faked in the DUKW as illustrated in Figure 20. By
faking the cabie {coiling the cable to form a "figure 8%) as shown, the cable
can bs played out without twistimg. A full spool of armored cable (2500 feet)
can be stowed in a DUEW cargo compartment without diffioulty.

The disadvantages of taking vable in the cargo compartmeat are as folliows

1. There is always a possibility of the ocable bescoming tangled and a danger
to anyone attempting to free such tangles,
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2. There is no simple way to hold tension on the cable being laid and
the ocable tends to uncoil %oc rapidly .

S. Cunsiderable work is involved in unspooling and recoiling the heavy
arnored oable,

Atiomoie Lacs bLaan mods o A--s e nnw‘-inn anf tha oahla affrshora from a

spool mounted on the beach. Not more than 1000 to 16500 feet of armored cable
oan be dragged by a fleating DUKW unless floats ars attached to the ocable to
reduce the bottom friotion. The following quotations taken from the field
notes of a DUKW party illustrate soms of these techniq.es and the diffioculties
that oan be encountered

Basoom(2)(Flgure 21), Instellation of & wave recorder at Point Arguello,
California.

"In ascordance with the plan, the DUKWs entered the water at the
Arpguello surf station, moved north the four mlles of water to Point Arguello,
tied up side-by-side and anchorad in the lee of a large roock. Radio contact
was established batween the five men in the DUKWs and the three on the ocliff.,
The DUKWs leunched a skiff with one man aboard. The end of a pilot line
(% inch manila) wes lowersd into the skiff by means of & light linen lims
slung between the two rocky promountories. The skiff tock the pilot line to
the DUKWs. With oconsiderable effort, and help in turaning the ocable spool from
the oliff orew, the end of the suhmarine cable was hauled aboard the DUKW.
About 1200 feet of the cable was then flemished down betweer the two DUEKWs
in the following manners; the cable was too hesvy to pull off the oliff by
maapower; therefore, the DUKWs would tow off aboul 300 to 400 feet cf cable,
the orew would pull it aboard and flemish it down. This would, of ocourse,
pull the DUKWs slowly backward toward ths oliff. When they attained their
original position they would take a new bend on the ocable and tow out a few
hundred feet more to repeat the prooess. When the raguired 1200 feet was
avoard, the DUKWs took a firm grip on the oable; a 656-gallon drum was at-
tached to the oable on the ocliff. Thenceforth, the DUKWs pulled the oable
straight south from he ocliff, stopping at 250-foot interwale for the orew
on the oliff to attach another drum. After the last of the.l0 drums was
attached, the DUKWs oontinued to pull off cable (unbuoyed), swinging about
to the west at the same time, Whnsu another 800 feet of oable was off, the
drun was braked and the uasupported cabls allcwsd tc settle to the bottom.
The DUKWs then headed for the buoys whichi marked the cable course; the float-
ing line of 2600 feet of cable gradually swung around to follow this course.
Whiie tension was kept on the sable, tle float barrels were out free. The
grip on tlLie cable was thon released and the. 1200 feet of oable on the TUKWs
was alléwad to play out over the stern as they moved seaward on the cable
oourse, The exd of the cable was sealed and buoyed with a large round marker
buoy and oast off. The oable served as its own anohor and the buoy wes
piukod up in the same position the next day.™

Bascom(l) (Figure 22): Installation of wave reocorder at Heoeta Head, Oregon.

"gea was ciim (Hy = 5', T ® 10") and the day was clear; there was & iight
westeriy wiud. The green DUKW with the spool of cable aboard was backed out
z0 the waters edge. The pressure head was fixed in the triangle and the {ipal
comuvotion made and tested. The #511 submarine oceble was fastened to the
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triangle by means of speolal braockets; the cable was to be towed by the

oable scok whioch was fastened to the saktle about ter feet from the triangle.
The sook was conneoted to the grey DUKW with ten feet of 1/4-inch steel cable.
The grey DUKW hoiated the triangls in its "A® freme and put out through the
surf. The first heave oarried the cable about 1,000 feet nffshore. At that
point the sock slipped on the oable and put the strain on the triargle. To
avold any demage to the instrument, the submarine osils was oubd a2z the DOXW
returned tc the beach. Tha aable was retrasted and ancther splice made. The
groy DUKW then oarried a bight of cable to about 800 feet offshore, dropped it,
and returned for the triangles The prooedure was the same as before, but the
sock was securely fastensd this time. This time the DUEKW got to alcut 1600
feet offshore (30 feet cf water). By this time a rather strong wind had come
up and carried the DUKW south of its course, the triangle was lowered and

buoyed and the party seoured."

Basoom(s)x Installation of wave recorder at Quillayute, Washington

¥ T™e cable was moved out onto ths buach sand set up in the spool frame so
that it would rotate freely. About 1300 feet of the seaward end was flemisied
down in the held ¢f a TKW, and seourad there. The DUKW then put out to sea
towing the oable behind it. It was hoped that enough ocable would be unreslsd
and dragged off the beach to complcts the cable laying in a single operation.
Such was nct the case. After about 1500 feet was off, the DUKW oould move no
more; the line securing the cable to the DUKW was cast off and the 1800 feet
aboard the IUKW was laid out along the course. The empty DUKW came back
ashore, seigzed a bight of the oable and towed about 100 feet more out to sea.
This was a mistake. Apparently uncerwater cbsiructions or rapid sand changes
held it fast, for although the cuter end of the cable was picked up with a
=appling hook, the DUXW was unable to tow any more cavle out to sea. After
landing it wes found impossible to winch any part of the cable back ashore.
This means that about 1000 feet of the oceble is still in a large loop in the
surf zone, probably lost forever. Enough oable was then unlaid from the
reel to adequately complete the shore end. The remaining cable was flemished
down on the DUKW, taken out to sea and the seaward end of the leid cable was
recovered end a splice was made., The rest of the ocable was then laid off

the DUKW and buoyed.®™

Splicing Cable to Pressure Headls

The steps involved are iliustrated in #igure 23.

1. Figure 23a shows the cable inserted in the tapered sleeve and clamped into
position. The conductors have been stripped back approximately %ﬂinoh and
flaxible leads have been soldered to the fusite terminals.

2. Figure 2%b shows ths.éplioed conneotion that joins the oable oonductors to
the fusite tsrminal leads. This junction has been made by using Burndy

#17 Hylug solderless connectors.

3. Pigure 23c illustrates the next step in ‘the procedure. (a) Te Junction
has bean insulated by a short piece of Wasco F 608, gauge #2 spaghetti
bcund in place by eleciriocal splicing twlne. (b) The exces:s length of
fusite leed and cable ocnductors is stuffed into the connection chaxber.
(s) The cable and sleeve have been wrapped with alternate layers of rubber
tape and rubber cement to form & homogensous water-tight seal at the point
of entry of the oable to the oonnactor chamber.




4. Figure 234 illustrates the fimal stscp iz the splicing and insulating pro-
csdures the f£illing of the void remaining in the connecticn chamber with
Duw Corning DC-4 Siliocvne Compound, and wrapping the cable with friotion
tape.

MAINTENANCE

The Mark IX, Model 6 is the most satisfactory instrument developed to date
at the Wave Research Laboratory, University of California. However, in common
with any instrument used in the field, it must be checked at short intervals, and
in case of poor, or no operation, the trsuble must be found and the system re-
paired. Following is the procedure.

Standard Test Proocedure

For mairtenance purposes, it is necessary to use a 750-ohm potentiometer
as & "Dummy pressure head™ in order to test tha shore equipment. Unless there
are two pressura heads at sea counected to the powsr avpply end bridge unit, the
dummy should be connected to the Pressure Head Ho. 2 lugs at the rear of the
power supply and bridge unit,.

When the pressure head is being installied, the power supply and bridge
unit is adjusted =3 cutlined previcusly. Than the dummy head is switched into
the oirocuit and the settings on it to give full scale deflection of the
Bsterline-Angus recorder are noted. It can then be used in trouble shooting

10 Switoh the "pressure head"™ from the pressurs head at sea to the dummy pres-
sure head. This disconnects the sea ocable and pressure head and conneots the
750-ohm potentiometer “dummy pressure head" (which can be controlled from
the front panel)., The bridge current, indicated by the front panel meter
should remain at 32 ma. (normal bridge current). The following tests then
should be made

1.1 Rotation of the bridge current control should oause the bridge current
to vary between 28 and 46 milliamperes. If the bridge ourrent cannot

be varied over this range either the tubes or the batteries are weak and
should be replaced.

1.2 Cheok zero axis setting as followssy 8set ihe pressure nead awiton to
dummy pressure head, and set the dummy pressure head control to the posi-
tion whioh gave a center of soale reading on the Bsterline-Ang:s at in-
stallation.

1.3 Cheok the calibration of the high sensitivity scale by setting the range
switch to High Sensitivity Range and the dummy pressure head dial tc the
position which gave full soale readings on the Esterlire-Angus at in-

stallation. Pull soale reading should be ottained. ‘If full soale
readings are not obtained, a complete check of the shore eguipment must be
made ;

NOTEs The dummy pressure head dial settings will be different for each new
pressure head. The dial settings for a new pressure head can he found by
adjusting the dial for a full scale reading immediztaly after ths bridge
has been adjusted and is known to be correct.
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l.4 Check the calibration of the Low sensitivify range by setting th
range switoh to Low Sensitivity Range and repeating Seotion 1l.2. Half
soale reading should be obtained,

2.7 Discoannect the ssa ocable from the reoording unit and check the oahle re-

sistances as followsy

2.1 All oable lesds should have a resistance of 0.5 megohms or greater

to ground,

2.2 Resistanoe between the " +" and "-" leads should be the sames as
when installed.

2,3 Resistance between the "+™ or "-" lead and the "C.T." lead should bpe

the sames as when installed amd shculd fluotuate with the wave action.

3.0 Visually chaok the lines from the recorder to the junction box at the beach

and the junmction box.

4,0 Visually check ths ssa csable oz the bheach as far as possible,

Trouble Shooting Prooedure

1.0 If the oquipment does not function properly, switoh the™pressure hoad"
switoh from dumny pressure head position to pressure head positiox and
follow the test prooedure to determine whether the trouble iss (1) in
the onshore equivment, or (2) in the sea cable and pressure head.

2.0 Possible difficulties in the share equipmsnt. (Pressure head switoh in
"pressure head"™ position)

2,1 Bridge ourrent cannot be adjusted t¢ correct value (1.0 and 1.1

&

of test procedure) - weak batteries and tubes.

2.2 Bridgs ourrent fluotuates with wave aotion - wlak batteries and

tubes.

2.3 Ko bridge owrrent -
e. Fuses in power supply and bridge oirouit burned out
b. Filewont of a tube burned out (note that the filaments of

the tubes are sonnected in series).

o. Power transformer, choke or filter condenser burne§ out.

2.4 Bsterline-Angus reoorder pen writes at one side of the chart -~
B
b. Dummy pressure head potentiometer burned out.

A 500-ohm preoision resistor in the bridge cirouit burned out.

2.8 Esterline-Angus recorder pen writas only at center of the chari —

-

the reccrder burned out
3. E.A. recorder burned out.

Lead betwssn E.A. recorder and the bridge un’t disconnected
be Precision resistor or oalibration potentiometer in series with

|




3.0 Possible difficulties in the pressure head or ths sea cable.

3.1 Resistanoe tests (resistances of test procedure 2.0 not correct)
give lnoorrect values:

e. Lines between recorder and Junotion box are faulty, Repeat the
resicstansa shzalr af tha sea aahle from the 1unction box between

the sea ocable and the televhone line.

b. Low resistance reading- indicate that the sea ceble has broken
or the instrument hes flooded with sea water. High resistance
readings indiocate that the 750-ohm potentiometer has burned out.
Retrieve the pressure head and test the sea cable and pressure

head separately.

3.2 Recorder pen frequently jumps toward the center of the chart pro-
ducing e Jagged rocord:
The pressure head potentiometer is worn and the arm does not make
oontaot. Replace the pressure head.
Resistance tast of the sea cable between lszds "+ "™ and "C.T."
should read the same resistance as at tho time of installation,
except for suddeam jumps toward infinite resistance.

3¢3 Recorder pen sticks at a given level on the chart -

Mechanically adjust the Bsterline-Angus recorder to a new zero
position. If the recorder continues to stick et the seme point in
the wave record, the potentiometer in the pressure head is wcr

and should be replaced. If the pen recorder stisks at the same
position on the ochart, the meter movemsnt of the pen recorder
should be cleaned '

3e4 Sensitivity of the wave recorder decreases during periods of

high tide:
This trouble is noticed as a decreased wave height being recorded
each time the tide is maximum, or above & given leveli. The effect
will incrcese with tims until the recorder stops completely.
The instrument is losing alr from the air chamber. Raplace the
pressure head.

Reple.oement and Servioing Perts List.

Replacement parts for eleotronioc equipments Vendor
Standard Time Switoch, type SR for 110-volt, Sangamo Bleot. Co.
€0-cycle operation 10€1 Howard St.

Sen Francisco, Calif.

R. W. Cramer Co
120 Main Stret
San Francisco, Calif.

T.B.C. Cramer timer, 110 V. a-c

60 cyoles 30e-min., time range - to
operate for remote sustained contect
SPDT switch '




Power Transformer Eleotrio Engineering Co.
(&) Input voltage: 110 V.a=0, 60 oyoles Berkeley, Calif.
(b) Output voltagess 25 V. 1.5 emperes

§ V. 3 amperes
360 V. 160 milliemperes

Batberies 22§ Vold {2 rsguirsd) - Replece st sivemontk intarvals

JAN Battery BA-2

Navy 19033

80 Order No. 23596-PH-45-7
or

Burgess type 4156

Vaowum Tubes - Replace at six-month intervals

1 - type 6SH7
3 - type 6Y5G
1 = type bU&G

Materiais for underwatur oable splices;

2 8-o0sz. tubes 3M weather stripping cemont ~ Minnesota Mining and Mfg. Co..
8 rolls Okanite cable spliocing compound 3/4-inoh wide - L’kmte Coe.

8 relils Okoprene rubber tape - $/4 inoh wide

& 2-cz. tubes (Okanite rubber cement -

1 Burndy ¥o. 10 Hylug Kit. - Burndy Eleotric Co.

2

Welsco Ho. 608 black insulating tubing (spaghetti) Geugs No. 2.

Materials needed for repair of pressure head

2 quarts DC 200 Siliocome fluid, viscosity 10 centistokes — Dow Corming Co.
6 "O" Ring - linear No. 1866.16 - Boaring Speoialty Co, Oakland, Cali:.
6 "O" Ring - linear No. AN6227-B-9
2 dozen, 1/4 -20 x 3/4" filister head machine sarews
2 dozen 1/4 - 20 hex nuts
2 Rubber bsllows S-inch 0.D. - Goodyear Rubber Co.
2%-inch I.D.

5 oconvolutions
Moulded of butyl synthetio or other material, water resistant and with
low permeability to air.

1. Differential Pressure Potentiometer, Bourns Laboratories

Model 503, with the following specifiocations; A 6135 Magnolia Ave

a. Potentiometer; 750-ohm, l-watt when sub- Riverside, Calif.
merged in silicone fluid

b. Range; plus and minus 3.3 psi

o. Potentiometer is midpositioned with zero pressure applied

d. 1 percent linearity

e. Capable of withstanding 100 percant overload without
more than al percent shift in ocalibration.

2 ot tlnat abeih st

.
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APPENDIX I

AHALYSIS OF OCEAN WAVE RECORDS

The wave recorders are programmed to run at slow-spesed (3 inches
per hour) for 5 hours and 40 minutes, and at fast-speed (3 inches psr minute)
for 20 minutes. When definite and proncunzed increasas in wave smplitudes
(indioating the arrival of wave trains) are evidant on the s low-speed portion
cf the record, the time and date of these arrivals are noted by the anelyzer.
Caly the fast-speed sections of the chort are analyzed for wave height and
pariod. A twenty-minute interval is selected for determining oharacteristioc
wave period and maximxh and characteristic wave heights., Except in cases of
storm arrivels, as previously mentioned, the records are analyzed at twelve-
hour intervals. Records are analyzed avery six hours during storm periods or
vhen the slow speed portion of the record indicates rapidly changing conditions.

To standardize praotices used in the analysis of oocsan waves from under-
water ?Ssgsure-head reoords, the following list of definitions has been ac-

oepted

l. Wave heig%t is the vertical distance betwesn the orest of a wave and
the preseding trough.

Charactaristic wave haight is the average height of 3%-1/3 percent
of The hlghest waves,

N

»

3. Wave period is the time interval between the appesrance at a fixed
point of sucocessive wave orests.

4. Characteristioc weve period is tho average period for the weli-
defined series of highest waves recorded.

6., ¥Wave direaction is the orientation of the line of travel of the
largest well-definsd waves.

PROCEDURE FOR ANALYZING WAVE RECCRD3S

The following steps in the procedure for analyzing wavo'reoords‘hnvs
been developed over a period of several years at the University of California.

Receipt of the Reoords

The graphic chart represents the time history of the surface wave action
and should be the final authority in case of future oonjecture as to the validity
of statistical information compiled thersfrom. FHence, a system of logging oharts
is used for facility of future reference. The log of records containss (a) thke
time and date the run began and ended, (b) the nurber of the chart (i.s., its
ohronological sequence) and (c) the date the record was reoceived. Following is
a form which has been used for logging reoords.

LOCATTON START _END REMARKS
(RECELVED ROLL HO. TIME | DATE _TIME

Log for Mark IX Wave Recorder Charts

* Superscript numbers in parentheses refer to References at end of main body
of report,.

R i i A

|
|
|
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Reading the Charty

A, Frequency of teking semples

1, . The weve records are analyzed during the fast-spoéd portion of the
ohart at approximately twelve-hour intervals. Keoorders ere program-
med to obtain fast-speed reoords at 6 A.M., ncon, & F.M., and midnight?

2., danual cperation of the chart speed is provided on all reoords. Ad-
ditional samples may be obtained by the operator during storm periods.
The frequenoy of these semples and the number of the records analysed
15 lef't to the disoretion of the oporator and analyst.

B. BEstablishing the point in time of readings

1. The beginning time should always be marked on the chert when a new
roll is placed in operation, and also when it is removed from the re-

oorder.

2. If possible, time checks should be made on the chart during the reocording
period together with supplementary remarks oconoerning the charaoter
of ths surface waves.**

3. A progressive timc determimation is made assuming six-hour intorvals
between the beginnings of the fast-spsad runs. The time at any point
on the chart oan be determined by mea.suring the chart length (or

scunting divisions) from the known time?*

4. The time of the reading is defined as the mean time of the interval
chosen for enalysis (see ( "Selection of Intarval").

C. Sselection of interval to be analyzed within the fast-speed portion of the chart

The programming of the fast-speed portion of the wave record would logio-
ally be a direot funotion of the average period of waves during that portion.
That is, the aralysis is normally based on a given number of waves, and for equal
numbers of waves measured per interval, ore would seleot short and long fast-
spoed intervals for waves of shorter and longer periods, respectively. While
this would be statistically oonsistent, it would require the impractiocability
of period forecasting and the inconvenisnce of variable programming, or the
use of an exocesslve amount of chart paper. Henoe the {oilowing plan is used,
based on the analysis of a fixed time interval.

1., If the unit is programmed to run at fast speed for a longer time
than 20 minutes, seleot the interval to include Z0 mimutes of the
fast-speed portion and, if possible, seleot thils interval such
thet its mid-point will approximmtely coinoide with the mid-point

PS4 ]

of the fast-speed run.

¥  The Sangamo timer used for programming the frequsmoy of fast runs and their
durstion may be used in a number of combinations.

**  These periodic remarks should inaiude time of observation, direotion of waves,
the stage of the tide, and desoriptive remarks s=boui the character of the
water swrfaoce - such as oalm, rough, white ocaps, eto.

*4¢ Fust chart speed corresponds to 3 inches per minute, slow chart speed cor-
reeponds ¢c 3 inoches per hour.
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2., In the event that this interval cannot be taken (due to the end of
the chart or variation in cem action of the programmor) seleoct as
great an interval as may be possible, centering the interval =o
that at least one minute is allowed at the beginning of the interval
in order for the chari cpeed to reach its full speed (particularly
if the spring wound recorder is used).

A typloal wave record has been analyzed and reproduced here to il-
lustrate the analvais procedure . Notice that the tima of tha ha-"
ginning of the aam,,lmg interval is 0829 ‘whereas the beginning time
of the fast-speed run is at 0827. An interval of 20 minutes has
bsen selected in this fast-speed portion, hence the end of the
sampling interval is 0847,

‘The time of the interval being centered within this 20-minute in-
terval is, therefore, 0839.

D. Detarmination of ths sharaoteristic period

1. Having defined the sampling intervai, the next step is to select

seversl groups of waves, within ths interval, that contain a series
of well-defined waves.

2. Msasure the lenmgth of time from the beginning to the end of each
of the serias of well-definad waves and count the number of waves
included in this series.

3+ Divide the sum of the time-intervals cI ths groups of waves by the
total number of waves counted in all such groups.

Thus T, = &
¢ n

whors t ™ total time interval between the beginning and end
of all well-defined neries of waves,

n ® total number of waves inoluded in all of the series.

To = the characteristio wave period.

From the example, we see that there have been six such groups of
waves seleoted and that the characteristic pariod of this interval
is found to be
_% _ 4 +87 +193 + 75 +103 + 114 _ 616 _ ,, ¢ 6
To =@ = IFEFIBFE TS & ——l=

E. Determination of the number of significant waves to be measured

[

1. Divids ths intsrval by the characteristic wave period to determine
the number of waves within the interwval.

For oxamples

interval {in seoonrds) 5
Per1od (seconds per wave) § number of waves

avep— -

% This was not from one of the Guam reocorders.
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2. Measure the higheat N/3 waves (N3 = 82/3 ~ 27)*

(s) Soan the record seleotinz the highest waves observed until n/3
wavea are seleocied,

(b) Measure the height of the waves in divizions and reoord.
As may be .:'se.en in the sample ;niiysis Data Sheet, the values of the wave haigits
bave Usen rocorded, the remmining parv of the muyall poing To arrive av itne sig-
nifiosnt wave heights from these data.
¥. Determination of significant wave heights
1. Determine the average of the highest N/3 waves as rocorded (in this
oase 27 waves). Since the waves are measured in terms of the ro-
oorder chart divisions, the desigm‘bion of this average is Rj/
From the example, R;/S = 16.9°+

2. Reoord the maximum wave height encountered R,.., in this case 19.5
divisions.

G. Evaluation of wave heights from shert-divisions to wave height in feet-of-
water

1. The following equation is used to obtain the surface wave heights

n=%n (1)

where H
c

wave height at surface ir feet.
calibration faoctor of the instrument in

feet of water pressurs
ohart H;Iagons

K = pressure response faotor based upon depth of the in-
struuent, depth of the water and length (or period)
of wuve being reoorded

R = reading {im divisions) taksn from chart as showa above. .

2., Since the characteristio wave height and the maximum wave oxperience
are the only twc curfacs wews heishts required in compiling the sta-
tistical information, only the values from the preceeding determi-
nation need be used as the value of "R™ in the above equation (1).

* In the example given, the highest 30 waves have been swlected fo: measure~
ment, and after measurement, the three lowest of this group have been omit-
ted from the average. Normally the snalyst need seleot only 1/2 of the
waves for measurement.

i Omitting 12, 12,5, 12.5 {thrss lows=i values of the 30 selected for
measurenent)

pone




A%=5
Examples

R]‘!

15.9
Bys = ~582% 0.078E = 1.48 fest

19.5 3
Hpex * ~0.8522 0.0765 = 1.79 feet
3. The wvaiue of C, 0.0‘755, was dotornined'by laboratory test.

4., The values of X Ior warious comuidiszns of doptk, peor '(65; e

te readily oomputed or obtained from prepared tables
H. Reoording the statistical information

fhe purpose of analyzing wave data is to finally compile statisties
that give a time history of the charsoteristios of surface waves. This in-
formation may be tabulated on a form ss shown below and eventually may be
graphed to a time scale. .
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SAMPLE ANALYSIS--DATA SEHEET ’ !
POINT SUR, CALIFORNIA "5,,,;'#!
R J’.‘ i
ROLL NUMBER 273 e .
DATE ¥ 11, 19860
- TINB OF RBADING €839 i
PERIOD 13.€ ses,
) /L 27 |
“WAVR WO, I WAVR RRIGHT - IN DIVISIONS !
1 14
2 13.5
3 13
4 12.8°
1] 18
7 18
8 17
9 18
10 19.6
11 18
12 14.5
13 18
14 Sel
16 12,6*
16 12*
17 17
18 16.6
19 18
20 18.56
21 13
22 13
23 17
24 17
2b 18
26 18.6
27 14
28 12,6
29 16
30 156
Rnay 19,6 ’
Ry’s' 16.9
K 0.822
Hys 1.48 *¢.,
Heax 1,79 M.
K, the ratio of the subsurface pressure to the surface wave height, was de- i !
tormined for a depth of water of 656 feet and for an average pericd of i -
14,7 seaonds.
* ':hoyu values were not used (see footnote ## page Al-4) = o
| z
f | |
- e b S A AL R i) '
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COMPLETE BRIDGE CIRCUIT
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a. Top view:; program swiiches and sensitivity adjusiments

b. Bottom view; wiring layout

FIGURE ¢
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LOW RANGE
PRESSURE GAGE

'
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STANDARD
BICYCLE PUMP

I

Replace screw type fitting
with press type fitting.
Note - this fitting must have
a tip to open tire valve
when pressed agalnst stem
——

e N\
eckoate /’M
[ owe A

e |
——

Li._ Cut hose fo add tee
and pressure goge

OHMMETER

a:

Connect ohmmeter
tetween center tap
ond 4+ or — jerminadis

PRESSURE
HEAD

EQUIPMENT REGQUIRED TO PRESSURIZE PRESSURE HEAD UNIT

HYD-687I

FIGURE 12
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b Pressure h2ad installed; depth of ¢. Close-up of pressure head.
pressure head is 7 feet below MLLW.

Pier instal!ztion of o pressure type wave recorder.

FIGURE 13




0. Woods Hole pressure gage, tripod and o,

5. Standard 1riped used by the University of Cali-

spar buoy. fornia.

¢. Two tripods built by the University of California.

Tripods for sub-surface pressure gages

FIGURE 14
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0. Prepering to lower the tripod;, spar buoy length= 30 feet.

b. Tripod ir place. Tide stage: 4 feet above ML.LW.

Short-iine spar buoy installation

FIGURE
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T—T—r
4" pzpe_..l 45
1=
9" k-
WW S 0 J\x _ //‘\f
tide=T ' 20
_MLLW 1 i et
i o
b
Buoy.: 12 goge sree/ |
Luoy weight: approx. 150 ibs.
= .::J."_—_.i’._
N}
05
Chain weight: opprox. 40 [bs.
57 f: of 174" chain
39t of 5//6" chain
O7 it of 378" chain
le Mb’ffd o MLLW-18 ft
Toral /sngth adjustead so tat
weight of 3/8% chain + buoy
=190 Jis. e
Tripod mo. * .
15 ft of 1" chain —
ot 105 Ibs/tt \
—_3/8" Itfting chain I
/ length=MLLW+ 18 ft '
[l 4 !

Insiallation diagram for a spar buoy marker with chain anchor
FIGURE 16
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Q.

4 -tont scarp, Oceanside, Calitornic, October 949

s

S—— ot =
Shallow water reets exposed at low tide, Cocoq,
Fiurida.

C.

Cable e..posed on reef.

Scerps and reefs

FIGURE

|7




c. Schematic diogrom of techn:gue
used to install catle

Electrical ccble and chain being puiled aff reef

INSTALLING CABLE OFF REEF

FIGURE 18




_____ 7 | .

a. Spool holdembh-r{fi'nq'_Z_S_O-O#_feet of armor;d cable.

[ 5 =

b. Spool holder mounted in & DUKW.

¢. Spool roider mounted in an LCM.
Cable spool holders

FIGURE 19




c. 2500 feet of armored cable faked in a DUKW.

b. 4000 feet of unarmored cable faked in a DUKW. Pipe framework instalied tc prevent
fouling of cable.

rahle faked in DUKW

FIGURE 20




Fig. 22 — Preparing 10 lay cable at Heceta Hsad,
Oregon. All connections have been made;
aircraft wing tanks between DUKWSs
were used to buoy the cable and re-
duce drag.

FIGURE 21 & 22
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APFENDIX II

MLAUFPACTURING AND ASSEMBLY DRAWINGS FOR

PRESSURE HEAD, MARX iX, MODEL &

ema
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