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INTRODUC YION

In the summer of 1952 the University of California Waves Research group
installed three shore wave recorders offshore from Orote Point, Ylig River, and
Tarsgue Beech, Guam, M.I. (See Figurss 1-4). It was later found that air in
the neoprens bellows of the pressure heads was being lost by diffusion through
the neoprene, and thet some modifioations were necessary to improvo their opera-
tion. A sontrect amendment was written providing for the necessary modifice=-
tions and for routine maintenancs cf the recorders Auring 1963.

On 31 Desember 1952 Typhoon Hester (Figures 12 and 13) pessed 80 miles
south of Guam and two of the recorders (Ylig and Tarague) became inoperative.
Tests indicated that either the electrio cables between the pressure heads and
shore wers broken or that water had leasked intoc the pressure hesds. The
maintenance task thus became complicated by the possibility of having to repair
wderwater bresks in the cabls.

Although no data on the waves were available for the typhoon, some idea
of the severity oan be gained from & knowledge of the damage done along the
reefs. At Ylig River, the sand beach and vegetation is protected by a coral
reef sbout one thousand feet wide, at an elevation of zerc feet MLLW; however,
ths waves and wind tide destroysd all of the underbrush to a distance of 200
feet inland to an elevation of about plus ten feet (Figure 10). Comparable
though less severe demage wes observed at Tarague Beach, where the beach ia
steeper and more protected. <Several miles south of Ylig River a one-quarter
mile section of newly constructed highway was also washed out during the storm.

Enginears from the University of California arrived in Guam in February
1953, one remeining through March and April. It was found that early spring
was & particularly bad time for an operation of this sort, as the weather on
Guan was unsatisfactory for working at sea. During this period easierly trade
winds blew almost constently over the area. These trade winds generated swell
bigh enough %o meke working with divers end smell vessels on the East side
(windwerd) of the island nearly impossible. Evidently it is only during the
sumer months that the winds and swell decrease to a workable level for many
days at a time. Even then sudden squalls sometimes cause trouble.

PRESSURE HEAD MODIFICATION

The changes in the Mk IX, Model 4 (Figure 7) pressure head, resulting in
the Model 5 (Figure 8), were suggested by axperiments whioch indicated that the
¥odel 4 wis losing uir by diffusion cf the air through the nsoprens bellows ex-
posed %o the sea., One change was the specification of butyl rubber instead of
naggrens for the bellows, the butyl rubber having a much lower diffusion constant
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than the necprens. Another modification was the substitution of 29 cu. in.

of liquid in the lowser bellows in place of air. Although under pressure scme
of the air in the transducer dnme tends to dissolve in the liquid (in this case
a silicone oil with a viscosity of 10 sentistokes), the diflusion rete of air
into the liguid, from the liguid through the butyl bellows, and out into the
wator, is much slower than for eir direotly through the bellows. The liquid
in the bellows also made it possible to¢ 2liminates the diaphragm whioh wes ne-
cessary to hold the oil in place in the transducer of the Modsl 4. The trans-
ducer oil was conreoted direotly to the oil in the lower bellows by a redesigned
mounting bracket. The only other modification was an eanlargment of the filter
rastriotion.

1952 INS TALIATION

A detailed descristioh of the original installation has been presented
in & previcus repo¥t;(1 , however, a brief summary iz pressnted herein.

In Figuras £ and § are shown diagrams of the pressure head mountings, Z
which were placed in 40 feet of water, approximatsly 500 feut seaward of the
reef edge., Although minor modifiocations were made, the psneralized sketches
present & good picture of the installations at all three locations. The holes
for the feet of the twenty feet high tripcds wsre made with air chipping hem-
mors at Orote, and hy blasting with shaped cherges {40 pound, MK III) at
Tarague eand Yligs The Navy divers who did the urderwater work rsported tkhe
holes to be 3 feet deep and 2 feet in diemeter at Orote and Ylig, and 2 feet
dsep and 4 feet ixn diametzr at Taragus. The tripods were made secure by
soetting the fest in ths holes and then filling the holes with burlep bags of
wat concrete mi “re. Reinforoing rods were to be driven through the bags
for strength; however, this was not done at the Ylig site.

e
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4 small tripod was mounted on top of each of the large tripods, and the
preéssure hsed was mounted on the smell tripod. Armored electric cable which
connected ths pressure head with the power supply and recorders oa shore was
fastenszd by clamps welded to one leg of the tripod. Seventy~-five feet of 3
cable, with the armor removed, was wound around two horns at the top of the
large tripod, end the end of this light "pigtail™ wus fastened to the small
tripcd and connected to the pressure head, This arrangement was to allow the
small tripod, with the pressure hesd mounted on it, tc be unfastened by divers
and lifted tc a small boat on the surface for servicing.

ol

No mearker buoys were used for locating the positions of the tripods, for
in pood weather the units could be seen easily through the clear water.

oty

(1)
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"Guam Shore Wave Recorder Instellation: I," by F.E. Snodgrass, University
of Celifornia Institute of Engineering Research, Technical Report: _
Series 3 Issue 363, July 1953 3
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SERVICING OPERA TION

Orote Point Site:

Since the Orote shors wawe recorder was operating, and because it was in
the most sheltered location, it wems sslected as the first unit for modification.
Ax initial attempt was macde on 20 February 1955 using en LCM and Navy divers
from the Ship Repair Facilityy however, high winds hindered ths maneuvering
of the craft, sand the tripod was not located. Arrengements ware made with
the U.8. Geolcgical Survey to use their glass-bottomed boat to locate the in-
strument, and from which skin divers could work(2), on 28 February 1953, with
fair weather and waves three fesat high, the instrument was located and the
pressure head brought to the surfase (Figure 11). The modified instrument was
inetalled on the small tripod, and the divers (using aqua-lung diving equip-
ment) took it down again, but ran out of air before the small tripod could be
mounted on the large tripod. After going back to the dock for more air, the
divers again went down end completed ths job.

it was necesseasy to replace a section of the cable running across the
rsaf at this irstallation as the existing ocable was old sable left from a
previous installation. This was performed by Guamsniean labor furnished by the
Wavy Publlic Works Center, Telephone Group, under the direction of the Univer-
sity Bngineer, on 30 March 1953. :

Ylig River Sitegs

This eite Ze loscated 40 miles by sea from Apra Harbor. Because of the
length of time necessary to get a vessel to the site, and because it is located
on the weather side of the island, it was not possible to get a vessel to the
site end perform the nscessary work during the few mornings when the waves
were low enough to allow working, uniess & high speed oraft could be made
available. Beceugse of operational and maintenance diffisulties, use of either
of the two high speed orsaft at Guam was not possible. It was pecsssary to
make uss of & Navy Fleet Tug (ATF), carrying a 40 foot launch. The large
vessel was nesded because Navy regulations precluded the sending of a slow
smell oraft toc an area where the seas might get high before the oraft could
get to a sheltsred location. It was 24 March before all arrangsments could be
+ completed, and before conditions were such that diving could be performed eof=-
fieicatly. The wind wes eignt to ten knots and the waves were two to four
feet high on the day the operation was undertaken. Considerabie difficulty
was experienced in lowering the launch, due to the waves. "he launch was
anchored at the intersection of ranges merked by flags erected on shors, fh&s
position being the location of the 1952 triped installsation. The cGivers 5
equipped with agua-lung gear could not find the tripod, even though visibility
under water was well over one hundred feet. The mooring cables used during
the initiel installation in 1962 were found, however. The divers searched
until their air was exhausted, then leaving the diving equipment on the launch

(55 The diving was done by M.A. Hall, University of Cslifornia, G.H. Fisher,
Naval : Reseerch Laboratory and 8.0. Schlanger; U.S. Geological Survey.

\
(3) See Foctnote (2)



swam on the surface for a wider search. As the triped still was not losated,
the launch was moved to within two hundred fsast of the reef edge, and & sesrch
was made for the eleciric cable, but it was not losated, After more searshing,
the work wes disocontinued and the crew returned to Apra Herbor,

Considering that the Yiig aite was less proteoted from Typhoon Hester
than the Tarague site, and the great dammge later found at the Taraguas site, it
appeared that the equipment at the Ylig installstion wks completely washed
awWRYo

Tarsague Bsach Siteg

Torague Beach was similar to Ylig in regard to exposure and distance
from Apre Harborg hence, the ATF was used. On 7 April 1953, the ATF went %o
Tarague Beach, Winds were from fifteen to twenty-five knots., Upon arrival
the skipper of the ATF decided that the wind waves (about four fset high)
were toc large to risk lowering the lsunch from the ATF, so the vessel returned
te port.

Arrangsments were made with the Cormending General, Anderson Air Force
Base, Guem, M.I, for the use of & BZS air-sea rescue boat, This boat was
34 feet long, equipped with 2 4 oylinder inboard engine, and had removabl
wheels, which made it possible to tow it by truck to the site in a short time
(Figure 9). All arrangements could be made within eight hours for use of
the boat, compared with the two weeks nctice necessary with the ATF. Thus,
if waves were forecast to be low for a twelve hour period, the boat could be
towed by truck to the site, launched, and driven through the Tarague Channol
to the instrument with enough time for the divers to work,

On 25 April, the easterly trade winds shifted to the southeast, leaving
Taragus Beach in the lee of the Ysland, so arrang.ments were mmde to use the
Air Force boat, Considerable difficulty wes encountered in towing the boat
over the sand to the channel; however, no difficulty was experisnced after
that, even though thers was & swift leteral current behind the reef. A boat
was tisd to a mooring which remained from the 1952 instelleticnm, After a
swimmer hed loczted the tripod, ancthsr line was tisd to it by divers. A
detaile? %napection was thsn made of the remains of the insteallation by the
divers, (%

The instellavion was found to b3 nearly completely destroyed, and as
such it was diffiocult to determine the caume of failurs, The trirod head
broken loose from its footing, and had been moved into & crevice about 50 feet
to the west of its original position, The armored csble clemps which had been
welded to the tripod had been pulled loose and were still attached to the cable.
The section of the cable passing over the sdge of the reef was in serviceable
condition. The pigtail section of the cable was broien awsy from thes small
tripod, as was the pressure head, No trace of the pressurs head was found.
The holes inco which the fest of the tripod had been placed and anchored with
secks filled with oconorete and reinforsed with iron rods, ecould not be foundg
however, Judging from the position of the main cable end scme of the debris
left from the original installeticn, the holes were assumed to bs those found

(4) See Footnote (2)



5=

on & ocoral ridge to the east of the tripod, which were filled with loose coral
dabris. T™he legs of the tripod were not bent, indicating that perhaps the
concrete footings failed easily. A clump of the concrets was found, and the
individual bags seemed solid enough, but the reinforcing rods did not extend
into them & sufficient distance. These observations suggest that the failure
may have been made nasier by improper installation of the reinforcing rods.

CONCLUSIONS AND RFCOMMENDA TIONS

l., Thoe damage to the wave recorders at Ylig River and Tarague Beach, in
all probability caused by Typhoon Hester, was such that completely new in-
stallations are necessary. This work is beyond the scope of the existing
paintenance contract.

2. The fact that the sections of the armored ecable passing over the
reef edge, at both Ylig and Tarague, were in serviceable condition, despite
the severe damage done to the tripods, shows that the method of archoring
was goode it is resommended that any future instellation of this type employ
this proven method.

3¢ It is evident that a more reliable method must be used in anchoring
the tripods. It is suggested that the base be anchored to large expansion
bolts placed in holes at least two feet decep, drilled into the coral forma-
tions. It is further recommended that o emsller tripod be used.

4, The use of aqua-lung diving equipment by engineerz is recommended;
as it is absolutely necessary that a properly trained person insgect the
finished job.

Bs Whsrs the waves are low for only short periods of time at locations
relatively far from good protection, it is recoumended that a DUKW be used,
A DUEW car drive to the location in a short time, cross nearly any beach
with sase, and proceed to the slite in & minimum of *+ime. In case of squalls,
or a rapld increase in wave huight, it can be drive: out of the weter and
onto ths beach in & few minutes. Purther, it is easily anchorsd, can be
worked in close proximity to a reef, and is large enough that aqual-lung
equipped divers ocan operate from it, yet it has a low enough freeboerd to
allow the divers to board with ease.
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ADDENDUM

During June and July 1963, G. Ho Fisher, Naval Research lLeboratory, did
edditional diving at the Orote Pcint and Ylig River sites. In ardsr that the
history of the Guam recordere be up to date, the following notes on the work done
by Fisher are included in this rsport.

Orote Point Sites

As the wave records indicated that the potentiometer slider in the pressure
head was sticking a little, and that the slow leak was not functioning properly,
(i.e, the pressure pickup unit was following the tidee), it was decided to replace
the pressure head.

The first attempyt, made on 27 June 1953, using the U.8., Geological Survey's
glass=-bottom boat, was unsuooos?fyl, due to & very strong current which made it
nearly impossible for the diver'S! ¢o work under water. As i1t was believed the aur-
rent was a tidel current, a trip was made on 9 July on the Admirslis Berge ( &

68 ft. orash boat) at exactly low tide; +there wes no current. On 1l July a work
party went out at exactly high tide on the Admiral’s Barge to changs the pressure
head. There was no currenty however, by the time the 0ld hemd hed bsen removed
and s new head splioced onto the oeble the ocurrent had started to run to such wn ex-
tent that it was not possible to mount the head on the tripod, so it was lsshed to
the side of the tripod with rops. 0On 14 July Fisher wen% out again at exactly
high tide,in a Peter-Feter ucat,and completed the job.

It is interesting to note that the work was dome during the timss of the
highest tides of the month, and thet the current was running parallel to the break-
water, and toward the harbor entrance.

n1§ River Site;

On 24 Juns and sgeain on 22 July, Fisher did nome aqua~lung diving from a
U.S, Marine Corps rubber boat at the Ylig River site, the rubber boat being taken
through the reef at the Ylig channel. The diving was dore in the morning before the
winds became too strong. The swoll was runaing about three 1o zix feet the firsi
times and two to four feet during the sedond *rip.

A part of ous leg of the tripod was found. It wes pinned to the bottom by
a ocoral toulder about eight feet in diameter. An examimetion indicated that the
leg had been bent, first in one dirsction and then in the opposite direction,
breaking it awey fram the tripod. The cable was still attached with the wire
clamps to the piece of tripod and broken sbove this; apparently where the armor
had been stripped to make the"pigtail“. A shcrt distance away a coral boulder nearly
twelve feet in diameter was found pinning the cable to ths bottom.

On his first trip, whils at the bottom, Fisher ocut the csble with a hacksaw,
then at the surface stripped back about 20 feet of covering to check the cable rcor
resistance and continuity. Before any conclusive cshecks could be made, the wind and
gea picked up, causing suspension of the operation.

On 27 July the cable running frowm the piece of tripod leg onto the reef
wks examined visually to within forty feet of the resf edgs, and apparently there
were no breeks. In saddition, sections about fifty feet long (three pieces were ocut,
toteling about 175 feet) were stripped back end checked for resistsnce and contin-
nity. Thsy wore founc to be sosked with sea water.

L E. W Ghar.
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Fig. 6 - Diagram af instrument instellotion 1n final form
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Mark IX mode! 4 pressure head being replaced by
model 5 off Orote Point, February 28

1953
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