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INTRODUCTION

A program has been initiated for improving the Navy's fleet mooring
capability through tests of existing fleet moorings and a range of
conventional anchors in use and projected for use. These tests by the
Civil Engineering Laboratory (CEL) are being performed in seafloors
typical of Navy fleet mooring sites in conjunction with Navy Public
Works Centers (PWC) where possible. In addition to the gathering of
data on mooring and anchor behavior, anchor installation and proofing
procedures are being evaluated to determine those most effective within
the capabilities of PWC personnel and equipment.

Ultimately, the test data generated can be used: (1) to simplify
and refine anchor selection and sizing, (2) to enable stipulation of
anchor/mooring installation and proofing procedures, (3) and to improve
the Navy's confidence in its moorings.

This report presents the results of site surveys and of instrumented
anchor and mooring tests in the harbor at San Diego, Calif., and at
Indian Island, Wash. Test data on Navy Stockless and STATO anchors are
presented for immediate use by the Navy for selection and sizing of
these anchors for sites typical of San Diego sand and Indian Island
silty clay seafloors.

Test data are presented primarily as plots of anchor penetration,
holding capacity, shank pitch, and shank roll as functions of anchor
drag distance. These data allow complete isolation of anchor behavior
from mooring behavior and will ultimately enable the development of an
empirical scheme to predict anchor behavior. This task is underway and
is scheduled for completion during FY81.

PROGRAM OBJECTIVES
The following are the specific program objectives:
1. To determine the capacity of selected existing moorings by

proof testing to establish mooring limit.

2. To determine more accurately the capacity of the Stockless
anchor at typical mooring locations.

3. To determine a means for efficiently using Stockless anchors in
tandem and thus expand the use of the Navy's current anchor inventory.

4. To evaluate the operational practicality of using the Stockless
anchor with welded open flukes, since tests have indicated higher capac-
ities for the anchor with this modification.

5. To determine the capacities of high efficiency anchors in
seafloors typical of Navy sites.
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6. To gather site and anchor performance data Lo enable the devel-
opment of an empirical procedure to predict the behavior of typical Navy
drag embedment anchors.

BACKGROUND

Stockless Anchor

Most of the Navy's existing fleet moorings use the stockless anchor.
This anchor was never intended for use as a permanent mocring anchor;
its primary purpose was as a ship’s bower anchor for temporary mouring.
The Stockless anchor was not designed for high etficiency (high holding
capacity to weight ratio). It was desiguned to be easily stowed in 4
ship's hawse pipe and to be easily recovered after use; deep penetration
was not desired. Efficiencies of this anchor type are reported (Ket 1, .
2, and 3) as approximately 2 in mud and 4-1/2 in sand after setting.
Since the largest Stockless anchor available to the fleel weighed 30,000
pounds, the maximum capacities would be 60,000 pounds in mud atter
proper setting in sediment deep enough to accommodate expected penetra-
tion (20 feet to fluke tips) and 135,000 pounds in sand.

Many of the sites at which the Navy has tleet moorings have a soft
mud seafloor to the maximum expected anchor burial depth or sutt mud
seafloors overlying stiff clay, sand, or coral. This latter condition
could cause very poor anchor performance because proper anchor embedment
might be prevented by the harder substrata. Embedment i1nto the more
competent sediment substrata is unlikely if it is significantly stronger
than the surface mud or simply if it is granular, thus requiring a
reduced fluke angle for embedment at this interface.

Stockless anchors are currently used in up to class AA moorings.

In a mud seafloor a single 30,000-pound Stockless anchor is suitable for
mooring class F and marginally suitable for mooring class E. This
suitability is contingent upon proper setting and sufficient sediment in
addition to the acceptability of a minimum safety factor for mooring
class E. Because of equipment and procedural limitations, lack of
funds, or lack of personnel training in anchor use, mooring anchors are
typically not preset, and the existence of sufficient sedimeat for
proper burial is often marginal or unknown.

The Stockless anchor is in great supply in Navy inventory and
replacement funds for new, higher efficiency anchors will come slowly;
thus, it is important to make use of the inventory. To do this, however, .
some operational complexities will necessarily be introduced. Tests
(Ref 1) of the Stockless anchor in mud with flukes free-swinging and
with flukes welded open show significant increasesx in efficiency for the .
latter condition, 4 versus 2, indicating that the anchor flukes did not
open completely or at all for the free swinging (usual) condition.

Towne (Ref 1) briefly experimented with Stockless anchors in parallel
(side-by-side, attached to a single pulling point through a length of
chain). Results showed that the anchors tended to come together, and
that load equalization was of concern. Once the anchors come together,
they will not re-embed, thus losing the safety advantage of this basic
anchor type. Use of anchors in tandem (series) is an alternative to
enable more effective use of the Stockless anchor. However, unless the
anchors are properly rigged, the capacity ot two anchors can be less

b3
¥
{
i




than that for a single anchor. Laboratory experiments (Ref 4) have been
performed to determine an appropriate rigging technique for tandem
anchors. The laboratory tests suggest rigging methods for tandem fixed
and movable fluked anchors that appear feasible in practice. Both
possibilities, welded open flukes and tandem anchors, would introduce
additional installation complexity but could expand the use of the
existing Stockless anchor inventory.

STATO Anchor

Limitations in the use of the Stockless anchor may still exist even
if the approaches suggested previously can be successfully utilized.
For some mooring classes other higher efficiency anchors may be required.
One such anchor, the STATO anchor, was developed by the Navy to effi-
ciently fulfill a variety of Navy anchoring needs. The STATO is recog-
nized as the forerunner of a new breed of high efficiency anchors.
During its development, it was tested exclusively in two types of sedi-
ment, San Francisco mud and Port Hueneme sand (Ref 3). Its design and
rated capacities (20 to 1 in sand and 13 to 1 in mud at 50 feet of drag)
were established for these two seafloors. The behavior of the STATO in
other seafloors will be different; the differences for the Naval sites
of interest could be slight, but without verification higher factors of
safety would have to be employed at "unknown'" sites.

High Efficiency Anchors

Many new high efficiency anchors have been developed and are avail-
able; however, performance data are limited to advertising claims.
Advertised data suggest extremely high anchor efficiencies. If these
data can be verified then these new anchors have the potential for
significant cost savings to the Navy.

TEST PROGRAM

To resolve uncertainties in mooring capacity, anchor selection,
sizing, configuration, and installation procedure, prototype testing at
Navy sites with typical seafloor conditions is underway. In addition to
the prototype tests, development of a predictive technique which depends
on those engineering properties of the soil that govera soil reaction to
loading by the embedded anchor and chain will be needed. Engineering
properties are not a factor in presently used prediction schemes; capacity
is always stated in terms of holding capacity to weight ratios and is
usually based on a few tests in idealized soils (a sand or a clay).
Relating capacity to engineering properties has the potential of enabling
more accurate sizing of different or larger anchors or anchors used in
seafloors in which they have not been tested.

Locations

After a lengthy pre-selection process which evaluated such things
as available site boring logs, geologic charts, and site support, three
sites were selected for detailed site surveys: San Diego Harbor, Calif.,
Indian Island, Wash.; and Subic Bay, Phillipines. Indications were that




these sites would provide a cross section of seatloor types typical of
Navy fleet mooring sites as well as very uniform soil deposits to avoid
confusion in data analysis. The surveys verified the suitability of San
Diego and Indian Island sites; the Subic Bay survey results were incon-
clusive. Fortunately, a survey of Apra Harbor, Guam was being performed
by Chesapeake Division Naval Fac.lities Engineering Command. These data
were provided to CEL, and they indicated that Guam would be a suitable i ]
third test site. Anchor tests at Guam have been completed and results i
will be published in a subsequent report. ]

The locations of the anchor tests and cores 3t San Diego and Indian
Island are shown in Figures 1, 2, and 3. For referenve, the typical
orientation of the test barge (shown to scale) during tests of anchors
and moorings at San Diego is shown. The lay of the mooring legs is also
shown for San Diego moorings.

Site Survey -

The site survey at each test location consisted of underway acoustic
subbottom profiling using a 5-kHz sound source and a hydrophone array
and recorder, and coring using a 10-foot piston corer and an Alpine
vibracorer for cores typically to 20 feet. One 40-foot core was attempted
at Indian Island; 28 feet of core were recovered. The acoustic survey
was performed to rapidly assess vertical and areal uniformity to aid the
site selection process. The profile did not prove effective at the
shallow water (10 to 15 feet) tine sand site at San Diego or at Indian
Island where gassy sediments caused confused records. FYortunately, the
vibracorer provided a rapid and easy alternative meauns to assess s0il
properties at probable test locations.

Each core was cut into 5-foot sections and transported to CEL for
determination of the engineering properties. Usable soil strength data
were not obtained from the cores taken at San Diego and Jadian Island
due to significant sample disturbance. [t is planned to retinn to both
sites with an in situ test device with cone penetrometer siad vane shear
capability. Twelve vibracores were taken at San Diego and six were
taken at Indian Island. Not all these cores were completely analyzed;
this can be done at a later date if need arises. A ftew cores were
thoroughly analyzed with spot checks made on other cores to determine
similarities. For example, the cores at Indian Island were extremely
similar; thus, only one was analyzed in detail from that location.

Briefly, the primary test site (location 1) at San Diego (Figure 1),
is a very uniform fine sand both areally and vertically. Figurves & and
5 illustrate this with grain size curves of cores taken several hundred
feet apart. Indications are that the seafloor is very deuse, based on
frequent extraordinarily high chain resistance during testiung. As .
mentioned, this will be determined at a later date to enable eventual
development of a predictive scheme. Additiona! data for Sun Diego
Harbor are provided in Appendix A. Figure 2 shows a second ~ite
(location 2) described as a dense clayey sand. It is a very dense
fissured seafloor in which only six tests were performed to evaluate the
behavior of two particular anchors in a very hard seafloor.

The Indian Island site shown in lFigure 3 consists of a gassy, soft
silty clay with shell fragments. Table 1 lists of soil properties for
core 3 at Indian Island. The gas in the soil caused soi1l expansion upon




core recovery, disturbing the samples and making undisturbed shear
strength data meaningless.* Typically, the Indian Island mud was almost
evenly distributed between silt and clay sized particles. Figures 6 and
7 show the grain size distributions for core 3V. The curves are almost
identical with depth to 10 feet; spot checks showed minimal areal vari-
ability. Indian Island soil is classified as an organic silty clay of
high plasticity. The liquid limit and water content values are relatively
high and approximately equal, varying little with depth to 28 feet.
Values range from 110 to 160 for water content and 117 to 142 for the
liquid limit. The liquidity index (ratio of the difference between
natural water content and plastic limit and the plasticity index) for
the mud varies between 0.88 and 1.65 which can indicate either a compar-
atively soft or firm but sensitive soil. For liquidity indices in the
above range, soil sensitivities could vary from 5 to 25. Anchor and
chain performance suggests that the soil is quite sensitive; in situ
strength measurements will be made for verification.

Test Anchors

A variety of test anchors were gathered from the Navy and private
industry and are listed below:

Nominal Weight,

Anchor 1b (kg)
Stockless 5,000
Stockless 9,000
STATO 1,000
STATO 3,000
STATO 6,000
BRUCE (twin shank) 748 (340)
BRUCE 1,320 (600)
BRUCE 2,200 (1,000)
STEVMUD 1,100 (500)
STEVMUD 2,200 (1,000)
STEVDIG 2,200 (1,000)
STEVFIX (sand) 1,408 (640)
STEVFIX (mud) 2,068 (940)
Hook 1,232 (560)

*Immediately prior to printing this document, shear strength data for
Indian Island mud became available. The seafloor is normally consoli-
dated and shear strength measures almost linearly from zero at the
surface to 1-1/2 psi at 21 feet. See Figure A-11 in Appendix A for
the data.




These anchors are all shown on the deck of the Army National Guard
barge (Figure 8) used at Indian Island. Dimensions of all anchors
tested are provided in Appendix B.

The Stockless anchor is depicted in Figures 9, 10, and 11. It can
be modified by the addition of stabilizers to slightly increase capacity
and improve roll stability. The Stockless anchor typically has a 45-to
48-degree fluke angle which is appropriate for mud seafloors. In sand,
the angle should be reduced to 32 to 35 degrees for maximum performance.
The Stockless anchor was also tested with welded-open flukes to evaluate
speculated performance improvement and operational difficulties and
advantages. The welded-open Stockless anchor was also used in tests of
anchors in tandem (also called piggy-back).

Three sizes of the STATO anchor were tested to evaluate individual
anchor behavior as well as to provide data on size effects. The STATO
is shown schematically in its sand (34 degree fluke angle) and mud (50
degree fluke angle) configurations (Figure 12). Figure 13 shows the 6K
STATO ready for testing.

Two types of BRUCE anchors were made available to the Navy. Figure 14
depicts the standard cast BRUCE anchor, which is designed to be lowered
or dropped to the seafloor without concern for its attitude upon contact.
Upon dragging (setting), the anchor rotates to its fluke-down orientation.
A new welded version of the BRUCE anchor (Figure 15) was provided for
tests at Indian Island. It was not fabricated in time for San Diego
sand tests. The welded BRUCE anchor looks like the cast anchor but
employs a twin plate shank and a hollow fluke section to allow increased
fluke area. In fact, the 340-kg welded anchor had about the same fluke
area as the 1,000-kg cast anchor. BRUCE cable depressors (either singly
or multiple) are designed to attach to the shank (see Figure 16) between
the anchor and chain to "depress" the chain, cause increased anchor
penetration, and produce higher anchor holding capacity. Nominally, a
depressor adds 20% to total system weight.

Four other types of high efficiency anchor were provided for testing,
the STEVDIG, STEVMUD, STEVFIX, and Hook. The STEVDIG (Figure 17) is
typically used for competent seafloors. Note the "claws" at the tips of
the anchor flukes; they were placed to aid in digging into the dense
sand and overconsolidated clay-type seafloors of the North Sea. The
STEVMUD (Figure 18) is a single-purpose anchor developed for anchoring
in mud. The STEVFIX, however, was designed to be used in sand and mud
seafloors. Figure 19 shows the STEVFIX without bolt-on plate and sta-
bilizer extensions for mud application. Fluke angle is adjusted for
sand (50 degrees) and mud (32 degrees) by the removal (burnout) or
addition (welded) of a small insert in the anchor crown.

A movable fluke, pick-type anchor, called the Hook anchor (Figures 20
and 21), was also tested. This anchor is designed primarily for mud,
but is usable in sand by restricting the fluke angle to 32 degrees. The
Hook is shown with and without auxiliary flukes on the shank and was
tested in both configurations.




TEST PROCEDURES AND EQUIPMENT

The basic test setup showing component layout and instrumentation
locations is shown schematically in Figure 22. The layout for the
tandem Stockless anchor tests is identical except that the instrument
package is located on the outboard anchor. The inboard anchor is
uninstrumented.

For this test effort, an instrumentation system was devised to
isolate anchor behavior from test mooring behavior. It was felt that
isolation of anchor behavior was critical to the eventual developm<nt of
a scheme to predict anchor size effects on capacity and to understand

and predict the behavior of conventional anchors as a function of seafloor

engineering properties.

Measurement System

Data gathered for all single and tandem anchor tests included load
at the test vessel, load at the anchor, anchor depth, anchor longitudinal
rotation (shank pitch), transverse rotation (shank roll), mooring line
angle at the test platform, and barge displacement. By knowing barge
displacement and accounting for test mooring line catenary changes,
anchor drag distance is readily calculated.

Spar Marker. Initially, barge position was to be recorded primarily
by means of a portable range-range navigation system with a spar buoy
reference system used as a backup. The spar marker system proved to be
much simpler, more accurate, and more reliable than the navigation
system; thus, it was used exclusivelv during the test effort. The deck
of the YC test platform was marked off in 2-foot increments for 100 feet.
At the beginning of each test (identified by test anchor movement) a
spar buoy (Figure 23) was placed on the bottom at the corner of the
barge. Barge motion was recorded in 2-foot increments directly on the
oscillograph and digitape-papertape records. At San Diego, a 20- to
35-foot length of gasoline-filled plastic pipe (depended upon test site)
was weighted at its base and used as the spar marker. At Indian Island,
water depth approached 100 feet; thus, the spar marker was modified to
be less sensitive to current. A 30-foot segment of tube was attached to
a subsurface taut mooring comprised of a 1-1/2-ft diam float, 85 feet of
1/8-inch wire rope, and an anchor clump.

Instrumentation System. Figure 22 is to be referred to for the
overall measurement system layout. The underwater portion of the system
is shown in Figure 24 for San Diego and Indian Island. The instrument
pack was further streamlined for Indian Island. The load cell is the
slender object attached directly between the anchor shank and chain; it
measures load at the anchor only. Included in the instrument pack shown
strapped to the anchor shank is a pressure transducer to measure water
depth from anchor to surface, two inclinometers to measure shank angle
and shank/anchor rotation, all signal conditioning equipment, and
amplifiers for the load cell. The load cell was connected to the package
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by an 8-foot electrical cable. A hose connected to the pressure trans-
ducer at the package was connected to a buoy (shown in Figure 24) to

ensure that the bitter end remained out of the seafloor. The underwater
system was connected to the surface barge by a 1,300-ft-long, six-conductor,
underwater electrical cable.

The surface system consists of a deck load cell to measure load
between pulling barge and test anchor, a cable inclinometer to measure
cable angle at the barge, signal conditioning equipment, biasing and
voltage calibrator unit, and recording equipment. 7Two methods were used
to record the data: (1) an analog-to-digital recorder recorded data
every 10 seconds and (2) an analog oscillograph was used to record
continuously during test.

All transducers (load cells, inclinometers, and pressure transducers)
were calibrated before each series of tests and rechecked afterward and
found to be within specification of calibrations.

All load cells used for measurements on anchor tests were calibrated
at the CEL on a Baldwin load machine with an accuracy of 0.303% of full
scale.

Repeatability of the load cells was:

No. 1 underwater cell - 0.4%
No. 2 underwater cell - 0.4%
No. 1 deck load cell 0.35%
No. 2 deck load cell 0.35%

The underwater load cells were checked for temperature drift and found

to change 0.019/° or 38 1b/deg; this is a positive temperature coefficient.
Pressure cells used for depth measurement were calibrated with a

deadweight tester and have a built-in signal conditioner and amplifier.

Repeatability of pressure transducers was:

No. 1 pressure transducer - 0.005%

No. 2 pressure transducer - 0.0045%

The pressure transducers were checked for temperature drift and found to

change 0.139 ft/°®; this is a negative temperature coefficient. This

change occurred within 60 seconds; therefore, relative changes in depth

were correct during testing. Actual recorded depth could be as much as

1-1/2 feet too high, considering the temperature difference between deck -
and water. Inclinometers were calibrated and found to have an accuracy

of 0.2-degree resolution.

Single Anchor Test

The test procedure was the same at San Diego and Indian Island;
however, equipment did differ somewhat. A YC barge about 120 feet long
served as the anchor pulling and data recovery platform. Photographs of
the actual deck layout are given by Figures 25 and 26. A 100-ton-capacity,
hydraulic cable puller was provided by the Supervisor of Salvage for the
test effort. The cable puller basically consists of a fixed and a
movable 2-inch cable gripper controlled through a remote console. The




grippers are alternately actuated and deactuated to haul-in or pay-out
the 2-inch hauling line. About 4 feet of movement occurs at each cycle
at rates from 0 to 17 ft/min. Each anchor was pulled at about 2 ft/min
primarily to agree with previous controlled anchor tests. The cable
puller operates as a load-controlled, rather than a strain-controlled,
system; it is felt that, even though loading is briefly interrupted
during a puller reset cycle, the loading is realistic. The cable puller
pulled the anchor and its fixed-length mooring line toward a restraint
mooring comprised of one preset 9,000-pound STATO anchor, 2-1/2-inch
chain, and a peg-top buoy.

The YC barge was not heavily loaded during mooring or anchor testing;
load was transferred from the restraint mooring through the cable puller
(which simply rests on the deck) to the test anchor and mooring by a
heavy duty padeye fixed to the YC. The padeye-deck attachment had to
withstand only the environmental forces on the barge. Barge orientation
was maintained during testing because both test and restraint lines
passed through open chocks welded at opposite ends of the barge.

A crane barge was used to install and recover all test anchors at
each site. The orientation of test barge and crane barge for Indian
Island tests is shown in Figure 27. The crane barge was attached to the
test barge by a 5/8~inch wire from an 8-ton salvage winch. At San
Diego, wind proved to be a formidable problem in controlling crane barge
location. Two pusher boats and an LCM-8 were barely able to control
crane barge position. During the latter phase of San Diego tests, a
stern anchor was placed to help control position in addition to helping
restretch the test mooring after completion of a test series. The
Figure 27 setup was a further refinement of the test procedure. This
setup allowed the crane barge to move back and forth between its stern
anchor and the test barge with help from its pusher boats.

For each test location, an attempt was made to minimize the number
of times the restraint and test moorings had to be readied and deployed.
The barge was layed out as shown in Figure 28. The 400 feet of 2-inch
hauling wire was attached to the preinstalled restraint mooring buoy,
and the wire was stretched out. The test mooring wire was subsequently
stretched out using the crane barge. Two to three shots of chain were
then attached to the test line and stretched. This configuration was
typical for the beginning of each test day. At this point the LCM-8
would pull the 5/8-inch wire to the test barge and then return to the
barge crane with the floated electrical line which would then be connected
to the test anchor attached to the test mooring chain.

At San Diego the test anchor was lifted and lowered directly to the
seafloor through the crown wire. The tug was released and the anchor
pulled. After at least 50 feet of anchor drag the anchor was lifted,
hosed off and relowered for another test. Three to four tests could be
performed sequentially in a single line before the 2-inch haul line had
to be pulled back through the cable puller while the test mooring was
restretched. The test mooring was then layed 50 to 75 feet counter-
clockwise for the next series.

At Indian Island, crane lift height was not sufficient to lower the
anchor directly to the seafloor (about 100-foot depth); therefore, a
large sheave was connected to the no. 1 hook. A 160-foot crownwire
shackled to the deck at one end and attached to the anchor at the other
was then placed in the sheave. With only a 50-foot crane lift, the




anchor was easily lowered to 100 feet through the two-part line. This
approach was simple and should be useful to the PWC's where controlled
anchor lowering in water depths between 80 and 180 feet is required.

Tandem Anchor Tests

Three tandem anchor arrangements with the Navy Stockless anchor
were evaluated. The first method, referred to as the shank-to-shackle
technique, and described by Figure 29, proved effective during a brief
model study performed in Holland (Ref 4). In the shank-to-shackle
method, both Stockless anchors were stabilized and had welded-open
flukes because the model tests (Ref 4) showed superior performance with
these modifications. A length of chain somewhat in excess of water
depth was placed between outboard anchor shank and a padeye welded to
the top of the inboard anchor's shank near its shackle connection. It
was believed that this aft connection would allow the inboard anchor to
function properly. During deployment, the chain would be lightly lashed
over the crown of the inboard anchor to prevent fouling.

Figure 29 also shows the second tandem arrangement evaluated
(crown-to-shackle technique). It was similar except the joining chain
was connected to a padeye attached to the top of the Stockless anchor
crown. Again, the flukes were welded open; otherwise they may have
closed as soon as any load was applied to the crown by the outboard
anchor chain. Figure 30 illustrates the third tandem test arrangement,
the ground-ring-to-shackle technique. In this approach the inboard
anchor is placed first and then the outboard anchor is lowered and the
chain stretched. Welding the flukes open for all three tandem tech-
niques also ensured that both anchors would penetrate immediately, thus
insuring a taut mooring.

In addition to evaluating anchor system capacity, installation
difficulties were also assessed. The best anchor system could be one
that can be installed reliably with PWC assets even though it did not
prove to be the highest capacity arrangement. Figure 31 describes the
procedure used at Indian Island to install the shank-~to-shackle and
crown~-to-shackle tandem anchor systems. This procedure is similar to
that which could be used with fleet moorings, except the mooring would
be laid off the bow of a Navy rrane barge and chain length between
anchors would depend on water depth.

Mooring tests were performed only at San Diego. During these
tests, barge displacement, deck load, and line angle were measured. The
direction of pull was established to ensure that load was being applied
to a single mooring leg. Mooring leg layouts were defined by Reference 5.
Load was applied to the test mooring until the rate of barge displacement
increased and load dropped off. The test was then abruptly stopped to
avoid excessive barge moor displacement and a requirement for leg reposi-
tioning.

Two test setups were used (see Figure 32). Pulling one mooring
against another was a timesaver because it eliminated the need to install
a restraint mooring; however, this could only be done if the mooring leg
layouts were suitable. For a dual test setup, the spar marker reference
buoy was placed midbarge. By monitoring the direction and displacement
rate of the barge relative to the spar, it was possible to determine
which of the test moorings yielded.




RESULTS AND DISCUSSION

Anchor Test Results - General

Fifty single and tandem anchor tests and three mooring proof tests
were performed at San Diego; twenty-five single and tandem anchor tests
were completed at Indian Island. These tests are summarized in Tables 2
through 4. Results of all Navy anchor (Stockless and STATO) tests are
described and significant results provided. Each of these anchor tests
is further described by a data plot and a data tabulation (see Appendix C).
The results of all commercial anchor tests are the subject of a later
report.

One data summary is described for guidance. Seven parameters are
plotted as functions of true anchor drag distance in Figure 33. In the
bottom block, horizontal force at the pulling barge, anchor tension, and
chain weight on bottom are plotted versus drag distance. The difference
between tension measurements is attributed solely to chain drag both on
and in the seafloor. As shown by Figure 33, the contribution of the
chain to total mooring load is substantial; this was typical for all the
tests. At anchor tension equal to zero, the deck force reflects only
chain drag. The 20,000 pounds of chain on bottom caused almost 30,000
pounds of drag resistance in the silt at Indian Island. At 58 feet of
drag, roughly 10,000 pounds of chain (about 250 feet) in contact with
the seafloor causes about 50,000 pounds of drag resistance. The 3,000~
pound (nominal) STATO (actual weight 3,500 pounds) provided about 37,000
pounds of resistance at 58 feet of drag. A safe capacity of this anchor
in Indian Island silt is 37,000 pounds. With information on the amount
of chain in contact with the seafloor, capacities in excess of the basic
anchor capacity could be assumed.

In the center block of Figure 33, anchor shank pitch angle and
anchor shank roll angle are plotted versus drag distance. A positive
pitch angle indicates shank tip down. As shown, the shank assumes a tip
up (negative angle) orientation of about 10 degrees as the anchor ap-
proaches peak capacity. During drag, the anchor appeared relatively
stable, remaining within 6 to 10 degrees of horizontal.

The top block of Figure 33 presents anchor crown and shank tip
penetration as functions of drag distance. In the future, only one
depth will be plotted for clarity. Penetration leveled out at about
15 feet to the crown, which translates to 19 feet to the tip of the
fluke. It appears that the anchor is still penetrating but at a very
shallow angle.

Table 5 is an example of the tabulated data for each anchor test.
The table lists the data plotted in Figure 33 in addition to various
other pieces of data that may be of use in the eventual analysis of
these data. Item number 13 is anchor fluke tip depth; it is assumed
that the flukes are completely open. For fixed fluke anchors this is
valid but for movable fluke anchors the number must be used with care.
In sand it is usually obvious when the fluke is open; there is a sudden
increase in shank angle associated with a gradual increase in anchor
tension. In mud it is not as obvious but is assumed to occur if anchor
penetration is initiated and continues.




Tests of the many anchors in various configurations produced results
which are grea’ly, but not totally, dependent on the testing media, San
Diego fine sand and Indian Island mud (silty clay). Six tests were also
run in overconsolidated silt at San Diego. Overall results would have
been somewhat different (degree of difference unknown at this time) with
different mooring line, type, or size. The differences would most
likely occur with anchor and deck tension readings and anchor penetrations.
Pitch and roll of the anchor would probably not be as sensitive to
changes. In selecting chain size, an attempt was made to size it accord-
ing to previous performance data or to advertised data. Often, the
anchors would hold less than expected, thus chain size could have been
less. Since the behavior of anchor and chain were isolated in these
tests, it is felt that mooring line effects on anchor behavior will
eventually be understood and quantified in a usable prediction scheme.
Until then, care should be exercised when extrapolating these data to
other sites, anchor sizes, and mooring lines.

Stockless Anchor (Single)

This anchor was tested in its normal use condition (unstabilized
and with movable flukes free to open to 45 to 48 degrees relative to the
centerline of the shank) at both San Diego and at Indian Island. These
tests were run for confirmation of previous results (Ref 6) and to
illustrate problems with using the Stockless anchor in this configuration
for fleet moorings; results were similar. Behavior in sand was erratic
for the 5K size (efficiencies of 3 to 5) while behavior in mud was
consistent but poor. In comparison, the performance of the stabilized
Stockless anchor with flukes welded in the open position at 35 degrees
for sand and 48 degrees for mud was quite good.

In sand, anchor behavior was consistent with an average anchor
efficiency of 5 to 6 for the 9K anchor and 10 for the 5K anchor. Most
significantly, these efficiencies were achieved with minimal drag distance
which would result in very taut moorings. Tests were not run with a
stabilized anchor with 35-degree movable flukes in sand, but previous
data (Ref 7) show that the flukes will eventually dig in sands of low to
medium density; the improvement due to the reduced fluke angle could be
as much as a factor of two. In dense sand and stiff clay seafloors the
probability of the Stockless anchor flukes digging in is very low.
Welding open the anchor flukes should greatly increase the probability
of suitable anchor behavior in these more competent seafloors. Care
should be exercised in comparing the mentioned efficiencies with pre-
viously reported data because the above values are for the anchor alone.
Previous researchers attempted to determine true anchor capacity by
separating the chain effect determined through chain pull tests. As can
be seen from the results in Appendix A, the chain effect often increases
as the anchor is dragged, and the shank forces chain into the seafloor.
This effect will be different for different seafloors. The chain effect
is real and is part of the total anchor resistance, but, particularly in
sand and until it is better understood, the anchor tension alone provides
a conservative estimate of expected performance.

In mud at Indian Island, each of the three configurations (i.e.,
standard, stabilized with movable flukes, and stabilized with fixed
flukes) of the 9K Stockless anchor behaved sufficiently different to
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clearly show the advantage of fixing the flukes in the open position in
mud. Anchor penetrations at comparable drag distances were greater,
anchor tensions were greater, and most importantly, mooring tensions
were significantly greater. At 41 feet of drag, deck tensions for the
above three configurations were 48,000, 50,000, and 67,000 pounds,
respectively. Also, the first anchor appeared to have reached peak
depth, the second increased slightly to 53,000 before peaking, and,
based upon relative shank angles between two and three, option three
would probably penetrate further. To put these differences into proper
perspective, the effect of the chain laying on (not in) the seafloor is
subtracted to show the "true" difference in capacities for Indian Island
mud. The values then become 26,000, 30,000, and 50,000 pounds which
translate, according to previous methods of figuring anchor efficiency,
to 2.5, 2.6, and 4.4, respectively, for the nominal 9K anchor (true
weights were used in determining efficiency). A possible reason for
these differences is that the anchor flukes stabilized at a partially
open position. Previously reported differences (Ref 1) for San Francisco
Bay mud show the same relative differences - 2 versus 3.7 to 4. The
lower overall values are explained by the reported lower chain drag in
San Francisco Bay mud.

Stockless Ancher (Tandem)

In sand, three methods of rigging tandem anchors were tested (see
previous section for descriptions). In terms of performance each was
satisfactory; there appears to be a slight performance advantage for the
shank-to-shackle rigging arrangement. The outboard anchor carried the
instrument pack and outboard anchor performance paralleled that of the
single anchor. The performance of the inboard anchor is inferred from
the difference between deck tension and anchor tension. Based on the
differences, the inboard anchor was functioning at least equally to the
outboard anchor. Of the three techniques, the shank-to-shackle and
crown-to-shackle techniques were equal in terms of installation ease.
The ground-ring-to-shackle approach was also effective but somewhat more
difficult to install in shallow water at San Diego. In deeper water at
Indian Island, installation would have been significantly more difficult,
thus it was not tried there. Model tests (Ref 4) in sand of both shank
and crown-to-shackle techniques showed superior performance for the
shank-to-shackle technique; attachment to the crown caused rotation of
the inboard anchor. Prototype tests in sand and mud with the Stockless
anchor with welded-open flukes, showed no indication of inboard anchor
instability, inferred by overall mooring capacity. Attachment of chain
to the crown rather than the shank does simplify installation in deeper
water and does not seem to degrade overall performance.

The techniques found suitable for the Stockless anchor in fine sand
and soft silty clay will probably be applicable to the vast range of
intermediate soil types.

Use of these rigging techniques with higher efficiency anchors has
not been proven at prototype size. Higher efficiency anchors need to
penetrate deeply in mud and their light weight in relation to their
capacity makes them more sensitive to external forces caused by tandem
chain attachments. Tandem anchor chain attachment to the inboard anchor




shackle or chain would seem to limit rotational influences on the inboard
anchor and, as long as deployment technique is not compromised, may be
the safest alternative for higher efficiency anchors at this time.

STATO Anchor

Three sizes of STATO anchor (1K, 3K, and 6K) were tested in sand at
San Diego and mud at Indian Island. The 3K STATO was also test-pulled
in a dense clayey sand seafloor at San Diego.

Initially, three sizes were to be tested to get some idea of scale
effects and to provide a good basis for comparison with other high
efficiency anchors. However, initial results in sand were unexpectedly
poor, and sufficient scale data were not obtained. Slight modifications
to the STATO were required to bring performance back to its expected
level. The chronological test sequence which leads to what appears to
be necessary changes to expand STATO utility to a broader range of soil
types and strengths is described in the following paragraph.

The 1K STATO was first tested in sand and at 5 to 6 feet of drag
the anchor rotated out after a peak load of only about 6,000 pounds, far
less than expected. This rapid instability would normally indicate that
the anchor was improperly stabilized. Stabilizer width agreed with that
listed by the drawings (16 inches); however, it did not agree with that
projected from a plot of anchor width versus anchor weight for all other
STATO anchors. The 1K STATO had not been fabricated previously, thus
this problem had gone undetected. '"Normal" stabilizer length should
have been about 26 inches. While new 1K anchor stabilizers were being
fabricated, the 3K STATO with normal stabilizers was tested. It also
proved unstable after achieving an anchor load of about 30,000 pounds.
The effect of the mooring chain on anchor stability was insignificant
beccuse in the two tests performed, the anchor rotated in opposite
directions. The 1K STATO with normal 26-inch stabilizers was tested,
and it reached about 10,000 pounds before becoming unstable. Its behavior
paralleled that of the 3K STATO with its normal stabilizers. Extended
stabilizers were fabricated for the 3K STATO with the intent of shorten-
ing them sequentially to determine their minimum allowable length. With
18-inch stabilizer extensions (Figure 34) (143-inch total anchor width),
the anchor was pulled again. It built up load initially to about 40,000
pounds and then rotated out. Through 140 feet of drag it did not improve
and continued to try to embed as evidenced by the fluctuating shank
angle. Anchor fluke angle was checked to verify that it was 35 degrees
as intended; it was 37 degrees. A 2-degree reduction in fluke angle was
not considered adequate to improve performance. Therefore, it was
reduced from about 37 to 31-1/2 degrees (by the addition of a 1/2~inch
plate between shank and wedge insert, Figure 35), and the anchor was
retested. A 30 to 32-degree fluke angle is currently used by the majority
of anchor manufacturers for competent seafloors. The anchor built up
load gradually until reaching 65,000 pounds. The load appeared to
stabilize. On later examination of the data it was noticed that the
anchor was beginning to rotate. To determine whether both the fluke
angle reduction and stabilizer extensions were necessary, the normal
stabilizers were replaced on the anchor and the anchor re-tested. The
anchor rotated at about 12 feet of drag. Apparently, both modifications




were necessary. Since it appeared that the 18-inch extension was a good
first guess based upon the slight tendency for rotation, smaller exten-
sions were not tried.

The 6K STATO was then tested using its normal stabilizers. Speci-
fied fluke angle was 35 degrees yet measured angle was 32 degrees. This
tolerance error was fortunately in the right direction for the San Diego
sand. Three tests were performed, and the anchor held 105,000 pounds,
72,000 pounds, and about 60,000 pounds. Anchor rotation was again a
problem. When fitted with normal stabilizers, all three sizes of STATO
anchor behaved in a similar fashion. It appears that the lengths of
stabilizers determined as adequate in Port Hueneme beach sand are not
adequate for the denser, more uniform, finer grained sand of San Diego
Harbor. As of this writing, accurate soil density measurements in San
Diego sand were not available; they will be taken shortly. Based on the
behavior of all anchors tested and the large chain resistances recorded,
it appears that San Diego sand is of high relative density; the need for
STATO fluke angle reduction further substantiates this.

Results of tests in mud at Indian Island were in reasonable agreement
with previous results reported for San Francisco Bay mud (Ref 3).
Recorded efficiencies, for anchor alone, of the 1K and 3K STATO anchors
at 50 feet of drag were 14 and 11, respectively; while total efficiencies,
including the effect of buried chain were 20 and 17 respectively.

Anchor tension for the 6K STATO was not recorded, however; total effi-
ciency near 50 feet of drag was 14. The 1K and 3K anchors appeared to
be nearing their peak load while the 6K anchor load was still increasing;
however, the 6K anchor was steadily rotating. At 41 feet of drag the
measured maximum rotation of about 45 degrees was recorded and the test
stopped to avoid electrical cable failure. Longer stabilizers would
probably have limited rotation. The extended stabilizers on the 3K
anchor did not seem to noticeably inhibit anchor penetration or degrade
performance; stability was apparently helped.

The three tests of the 3K STATO with extended stabilizers in a
dense clayey sand were in a designated anchorage area in San Diego
Harbor. These data were probably the most interesting. In each test
the anchor dug in and increased to peak load rapidly and then pulled
out. When recovered, soil was packed between the shank and flukes which
would prevent further embedment.

Based on tests performed to date on the STATO it is possible to
make some general recommendations for modifications to expand utility of
the STATO to a broader range of soil characteristics. For specific
applications, perhaps these changes should be made only if performance
is less than expected or if data indicate a very competent seafloor.

For general utility, the following changes are recommended prior to
further usage.

1. For use in sand, measure the fluke angle with the wedge insert
in place; if greater than 32 degrees, insert a plate spacer or fabricate
a new wedge to achieve the needed fluke angle.

2. For sand and mud, extend the stabilizers according to the
recommendations of Figure 36. Existing and projected curves of anchor
width versus anchor weight are provided. Obviously, extrapolation on
the basis of a single data point can be considered highly questionable




but high efficiency anchors are typically scaled as a direct function of
anchor weight. 17§chor dimensions are normally scaled according to
(anchor weight) ; however, as canlyg seen from Figure 36, STATO scaling

differs. A line proportional to wt , straight line on a log-log plot,
is drawn through the single data point available (3K STATO with 18-inch
stabilizer extensions). The reason for this deviation from normal
geometric scaling was structural limitations due to required use of mild
steel (Ref 8). Using geometric scaling with the single data point, the
200-pound anchor seems suitably stabilized and the 15,000-pound STATO
seems reasonably close. However, until additional data are available,
the upper curve which parallels the actual data and amounts to about a
35% increase in anchor width should be used to provide a conservative
estimate of required anchor width from which stabilizer length can be
determined.

3. Use of mud palm extensions in sand does not seem to degrade
performance. Reference 3 supports this contention; therefore, unless
the STATO will be used exclusively for competent seafloors, the mud palm
extensions should be included as a standard part of the anchor.

Stockless Anchor Moorings

All moorings tested at San Diego were class B riser~type moorings
with a design load of 125,000 pounds. The principal soil type at each
mooring location was fine sand. Standard, unstabilized, 20,000-pound
Stockless anchors with 45~ to 48-degree fluke angles were typical of all
the tested moorings. Each anchor was jetted in until flukes were fully
open in the down position. Based upon the data gathered at San Diego,
it was determined that the anchors in their standard condition probably
would not have embedded during normal dragging. Each mooring was pulled
in only one direction, and care was taken not to displace the mooring;
thus, load was increased to the onset of slippage and loading was stopped
immediately. Moorings 17, 18, and 51 held 118,000, 115,000, aand 99,000
pounds maximum, respectively. At these loads - in fact at far less than
tbese loads - .11 chain was off the seafloor. These loads reflect true
anchor capacity for the above described conditions. Continued dragging
of the anchors, as could occur during storm activity, would probably
have caused them to come out of the seafloor, with low probability of
re-embedment. A fleet mooring anchor should continue to sustain near
peak load with drag to minimize catastrophic damage. The reduction in
fluke angle to 35 degrees and the addition of stabilizers will produce
this type of desired behavior. If anchors are to be jetted into sand or
stiff clay seafloors then these modifications should be made. Also, by
welding the flukes open, the principal advantage of jetting (achievement
of a taut mooring) can be realized without the need for diving support.

SUMMARY AND CONCLUSION

This report provides the results of anchor and mooring tests in
fine sand and dense clayey sand at San Diego and in mud at Indian Island.
Tests at a third site with a clay seafloor are planned for early 1980.




Anchors typical of fleet moorings, Stockless and STATO, as well as a
variety of new high efficiency anchors potentially useful with fleet
moorings, were tested under controlled conditions to: (1) provide
immediate use data for the Navy and (2) provide the basis for the eventual
development of a scheme to predict the behavior of anchors as a function
of seafloor engineering properties. A great deal of data was gathered,
and the implications of these data are not fully understood at this

time. Care should be exercised in using these data to specify the
performance of larger sizes of the tested anchors in similar or different
soils than those of the test sites. The tests clearly provided surprises
in anchor behavior and illustrated the great dependence of anchor behavior
on soil characteristics. An effort is underway toward a more complete
understanding of the data and toward the development of an anchor behavior
predictive scheme. Results will be reported at a later date. 1In the
meantime, some tentative conclusions can be drawn and guidance given
concerning the use of the various anchors tested.

1. In sand, the stabilized Stockless anchor with welded-open flukes to
35 degrees was often 2 to 4 times more efficient than the standard
Stockless anchor. It also held its load more uniformally with drag and
developed its peak capacity within a few feet of drag.

2. Tandem anchor arrangements using Stockless anchors with welded-open
flukes were found that could be reasonably installed with Navy Public
wWorks assets and that appeared to develop individual anchor efficiencies
at least equal to those achieved when pulled singly in sand and mud.

3. In mud, the efficiency of the stabilized Stockless anchor with
welded-open flukes (fully opened) was approximately twice that of the
stabilized or unstabilized Stockless anchor with freely moving flukes.

4. The standard STATO anchor performed poorly in San Diego sand; however,
an increase of about 35% in anchor width (stabilizer extension) and a
reduction in fluke angle to about 32 degrees for the 3,000-pound STATO
corrected penetration and stability problems and increased anchor effi-
ciency from less than 10 to greater than 20.

5. 1In mud, STATO performance was in relative agreement with previously
reported data; however, some rotational instability was noticed, partic-
ularly in the 6K STATO, suggesting the need for an increase in stabilizer
length.

6. Previous STATO tests were concentrated in Port Hueneme sand and San
Francisco Bay mud. The STATO was designed on the basis of tests in
these seafloors. The recent tests were performed in seafloors which
expanded performance data to a more dense sand and to a softer mud;
these tests suggest anchor modifications. To expand the utility of the
STATO to a broader range of soil conditions, stabilizers should be
extended. When used in sand only, the standard fluke angle should be
32 degrees rather than 35 degrees.
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Figure 1. Test and core locations at San Diego Harbor - location 1.
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Figure 2. Test and core locations at San Diego Harbor - location 2.
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Figure 8. Barge crane with all test anchors.
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Figure 9. Navy Stockless anchor.
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Frgure 100 Ny srandard Stockless anchor.
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Figure 14, Cast BRUCE anchor.




Figure 15. Welded BRUCE anchor.
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Figure 17. STEVDIG anchor.




Figure 18. STEVMUD anchor,




Figure 19. STEVFIX anchor without mud extensions.
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Figure 23. Spar marker reference buoy.
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a. San Diego System

b. Indian Island System

Figure 24, Underwater portion of test measurement system.
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Figure 25.

Test deck layout showing cable pulling system and prerigged test wirc.
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b. Dual mooring test pull.

Figure 32. Mooring test arrangements.
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Appendix A

ADDITIONAL SAN DIEGO HARBOR SEAFLOOR PROPERTIES

Twelve vibracores were taken at San Diego. Of these, only eight
cores were analyzed. Principally, San Diego Harbor consists of medium
to fine sand with up to 2 to 3 feet of overlying mud in the dredged
areas near the moorings (refer to Figures 1 and 2). The shallow area
located primarily south of the dredge channel shown in Figure 2 is a
uniform fine sand with no detectable surface mud layer. Grain size
curves for cores SDV5 and SDV6 (Figures 6 and 7 in the main text) show
the extremely uniform nature of the area.

Grain size curves for the remaining six cores are presented as
Figures A-1 through A-6. Cores 1, 2, 3, 8, and 9 were taken near pro-
spective moorings and typically show medium to fine sand at expected
anchor fluke embedment depths. Cores 10, 11, and 12 were taken to
locate an expected soft mud site; however, one was not located. Core 12
was a very uniform, fine-grained sand to 20 feet; it was not analyzed in
detail. Cores 10 and 11 showed a very competent strata at 3 to 4 feet
below the mud surface. This layer is practically impenetrable to standard
ship anchors, yet it is classified as the anchorage area for commercial
vessels. The 45- to 47-inch increment of core 10 (Figure A-6) represents
the dense clayey sand.

Also provided in this section are plots of accumulative time versus
vibracorer penetration depth for several apparently distinct areas
(Figures A-7 through A-10). These curves are probably meaningless much
below 5 to 7 feet, but they do offer Insight into the variability,
relative stiffnesses, and sensitivities of certain areas. In particular,
Figure A-8 should be noted for cores 5, 6, and 7 at the fine sand test
site. The curves are practically superimposed, lending further credence
to the uniformity of the fine sand test site.

Figure A-11 provides recent vane shear data for Indian Island mud
gathered with a bottom-sitting platform. Shear strength increases
almost linearly from zero at the surface to 1-1/2 psi at 21 feet.
Remolded shear strength readings were taken at only two depths. These
data show a relatively insensitive soil where the ratio of undisturbed
to disturbed strength was 1.6 at 7 feet and 2.1 at 10 feet.
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Figure A-7. Vibracorer penetration depth versus time for cores 14 - San Diego Harbor.
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Figure A-8. Vibracorer penetration depth versus time for cores 5-7 - San Diego Harbor.
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Figure A-9. Vibracorer penetration depth versus time for cores 8-9 - San Diego Harbor.
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Figure A-10. Vibracorer penetration depth versus time for cores

10-12 - San Diego Harbor.
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Figure A-11. Vane shear strength profile for Indian Island mud.




Appendix B
DIMENSIONS OF ALL TESTED ANCHORS

General dimensions of all the anchors tested are provided. Also
included is a tabularized listing of the location of the instrument
package on the shank relative to the shackle end of the shank.

Table B-1. Location of Instrument Package on Anchor Shank
fenterline of Package to
Anchor Shank Tip, in.
Name No;?nal San Diego Indian Island
ize
STATO 1,000 1b 18 19-1/4
3,000 1b 44 34
6,000 1b 50 34
Stockless 5,000 1b 45 42-1/2
9,000 1b 29 32
STEVFIX 640 kg 16 58
940 kg - 58
STEVMUD 500 kg
1,000 kg -
STEVDIG 1,000 kg 21 -
BRUCE 340 kg - 38

e ek mn dr rm C A—a  NAERS r m  —c m ©




Nominal

Anchor Dimensions (in.)

Weight

{ib) A 8 c D € F G H '

500 203/4 | 26-7/8 371/4 | 758 81/2 - - - -
1,506 43 383/4 s36/8 | 1 12-1/8 - - - -
3,000 54-1/8 | 48-3/4 67-1/2 | 13718 15-3/8 1 30 172 13
5,000 64-1/8 | 573/4 80-1/8 | 16-1/2 18-1/4 13 36 12 16
6,000 87-7/8 | 62-9/16 85-1/16 | 17-3/8 18-1/8 14 36 12 16
7,000 7171116 | 66-7/8 89-9/16] 185/16 | 20-1/8 16 36 1/2 18
9,000 78116 | 70-3/8 97172 | 20 22118 16 36 3/4 16
10,000 80-1/2 | 743116 | 1007/8 | 2058 2211116 { 17 36 3/4 19
13,000 871.7/8 | 79-1/8 109-3/4 | 22172 24-7/8 18 40 3/4 19
14,500 907/8 | 833/4 114 23-1/4 256/8 19 40 34 2
18,000 983/8 | 9038 122.3/4 | 25-1/4 27.3/4 20 45 1 21
20000 | to1.7/8 | 913/a 1271/ | 28-1/8 28-7/8 21 45 1 21
%000 | 109-3/4 | 98.7/8 137-1/16 | 28-1/8 3118 2 48 1 2
30,000 116-6/8 | 107-1/4 1455/8 | 29.13/1¢ | 33-3/16 24 50 1 23
40,000 | 127-3/4 | 117-13/18 | 160-1/16 | 321116 | 38 27 ) 11/4 2

Figure B-1.

Dimensions of standard Stockless anchor.
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Nominal Dimensions of Anchors (in.)
Woeight
{tb) A B8 [ D E F G H 1
200 | 23 251 10} 42 2 81/2 23 [ 59
1,000 | 28 43} 718 80} - -—— 2 - 80
3,000 | 411/2 69| 18] 129 4 19 41-1/2 { 13 1 109-1/2
6,000 { §5 82} 24 | 144 5 21 55 15 | 143
8,000 | 62 96| 27]160] 6 27 62 161170
12,000 | 69 1081 30| 186 7 30 69 181 197
15,000 76 121 ] 331205] 8 32-3/8 6 20 | 224
Nominal Thicknass of Plates (in.)
Weight
{ib) 1 2 3 4 5 8 7 8 9 10
200 1/4 172 14 1/4 1/4 1/4 1/4 1/4 x 4 1/4 1/2
3,000 1-1/4 1 172 /8 6/8 /8 /8 1/2x86 5/8 5/8
6,000 1-1/2 1 12 3/4 J/4 3/4 /4 6/8x 7 3/4 3/4
9,000 1-3/4 1-1/8 6/8 778 78 718 8 J/4x? 7/8 1/8
12,000 2 1-1/4 6/8 1 1 1 3/4 x 7 1
15,000 2-1/4 1-1/2 B8/8 1.1/8 t-1/8 1-1/8 1-1/8 J/4 x 71/2 1-1/8 1-1/8

Figure B-2. Dimensions of Navy STATO anchor.
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BRUCE ANCHOR

Nominal Weight

W B

600 1320
1000 2200
3000 6600
6600 | 14300
9000 19800

Figure B-4.

CABLE DEPRESSOR DIMENSIONS

Nominal Weight
0] o
120 264
200 440
6806 1331

1380 2970

1810 3982

A
mm

521
720
1040
1368
1500

8
m
1081
1200
1736
2265
2500

Dimensions of BRUCE cable depressors.

87

mm

L
830
1186
1656
1728
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Appendix C

STOCKLESS AND STATO ANCHOR TEST DATA

All test results for the Stockless and STATO anchors are included
in this section. Anchor and deck tension, chain weight on bottom,
anchor shank tip and crown penetrations, anchor shank longitudinal
rotation (pi*:h), and anchor transverse rotation (roll) are plotted as
functions of true anchor drag distance. Presented opposite each data
plo: is a digital listing of all plotted data plus additional descriptive
data that may be useful during the eventual analysis of the data. When
data .ere unavailable either through instrumentation difficulties or
because the instrument pack was not used due to time constraints (this
occurred at Ilndian Island), straight lines with a zero ordinate were
plotted. There were several instances at San Diego where partial shorts
at the load cell electrical connector occurred during testing. The
anchor load cell was particularly sensitive to these shorts since its
output, exclusively, was amplified at the anchor and transmitted to the
vessel. When this occurred, all data but anchor load cell were recorded.
At the fine sand site in San Diego Harbor, problems often occurred with
the pressure transducer; these did not occur at the deeper dense clayey
sand site at San Diego and at Indian Island. Apparently, partial kinking
of the pressure transducer hose was sufficient to restrict water flow
into the hose. For those tests where depth readings were obviously in
error, columns 4, 11, 12, and 13 on the data summaries are absent.
Also, anchor shank penetrations are not listed or plotted for the Stockless
anchor even when package depth (column 4) is listed. An error was
detected in the specification of package location on the shank. The
correct location is listed in Table B-1. Shank penetrations can be
calculated directly using the correct location in conjunction with
anchor dimensjons listed in Appendix B and anchor shank angles listed in
Appendix C. Listed on most Appendix C tables is an embedment deptia of
the centerline of the anchor shank at the crown end of the anchor. This
depth was recorded by crown wire measurement at the end of the test.
This value reflects only the condition of the anchor at the end of drag
and not necessarily peak anchor embedment.
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by & - 88
t No. = ]

pst Series No. - 4

AN D

——
————

IEGO HARBOR 1500FT. SOUTHEAST OF BUOY 43 |

stockless ,5000Lb. no stabilizers 48 deg. mov. fLukes

fine sand bottom. depth 11-12 ft. mllv

125.0
20.0 4
15.0 1
10. 0
~S.0 |

0.

5.0 1
'10.0
£1S. 0 -
.04

LEGEND

0= Crown Penetration
s = Shank Tip Penetration

EX

0.0

S.0

LEGEND

* = Transverse Rotation
V- Longi.tudi.nol, Rotat ion

-’
-’

0.0 - LEGEND
'9_ 0 = Chain Weilght on Bottom
'0_ % = Anchor force

v = Deck Force

30.9 35.0

Anchor Drag Distance
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1500FT. SOUTHEAST OF BUQY 489
S000Lb. no stabilizers 48 deg. mov. flukes
ottom. depth 11-12 ft. mllv
T 4 r - Y T L ! f' 0
2.0 30.9 35.9 4.0 45.0 50.0 55.0 60.0 65.0 70.0 |
%
_--v~‘°"‘°"*'V~--—V~~-V~-~#___v.__,,-,47--—v~--V-—~‘7'-—-‘7
ﬁx 3¢ :‘a*__kz‘a,‘ Nk WA ‘
' i ‘ ‘ ) : .0
rr 25.9 30.9 .0 4.9 45.9 50.9 §5.9 60.9 65.0 70
%
Bl Rl DI
30.9 3.0 .0 4.0 50.0 §5.0 60.0 65.0 70. :
Anchor Drag Distance 95 j{




Doy # - 88
Test No., = 2

Test Series No.

STOraLFSS AnCHOR  TEST _25 . 0

TEST DATF L] -
TEST wO. 2 20.0 T
TFST SFRIFS 3
TEST apfa <N DIFGN wadROD 1San FT, SNUTHFAST OF RONY 49 'lS 0
START-FND TINES 1824 - 1838 °
SFAF) AR TYPF FINF SAND ANTTNu, DFPTH 1112 FT, MW
ANCHAR TYPE STOCKLESS 25000 R, NO STAARILIZFRS &8 NFG, WAV, FLIKFS _10 0
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FLIKF aNG F.TYDF, A, N0 DER, - 0 Ozeny I1sFlx
MK, ANCHAR TYIF _s 0
AuE, ANCHAR WF IGHT .00 .
MATN-AUS SNCHNR SEPARATINN
DEPRFSSNOS N, -WT FACH=TNATAL »T, 0 0
MANRING LINE DFSCRIPTION ANCHOR TN QAFT 1. 12SIN, RIFLOCK CHATIN TN JAAFT 2,018 STHIN. .
1 INK CHAIN 1O «nOFT 21N, WIBF RNnpF
5.0 1

NRAG NISTANCF S, SOTATION AnngF Q. FHAIN | FNGTH NN AATTINM |3, SNCHOR FriKF Y10 NFPTH

nECx TENSTON SHANK ANGLF 10, FHAIN WEIGHT AN BATTIM )4, WATFO NFOTM 10 0 d
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OACKAGF nFPTy. DFEX wNRL7, FASCE 17, SNCWNR SHANk TIP NFPTW
1 > < & 7 e 1o 3] 12 13 1e 15.0 4
FEFT 3L OFe nEg NEG cFET L 8% FFFY FEFY FEFY Lac

n.h 7.0 =-1%.0 7.9 11.9 Lbb .8 7R2R . sesse . 11178, 20 0 y
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-

o
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17.9 28,0 =100 P?an 231,72 %473, 10829, 5 50 0

19,7 24,0 10,0 21,8 261,7  San?,2 s> .
111624
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. . 11676,0 10. 0 <
1N1m,)
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- 88 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUQY 49

 No. T 2 stockless ,5000lb. no stabilizers 46 deg. mov. flukes }
t Serles No. = ¢ fine sand bottom. depth 11-12 ft. mllw
L0
.0 LEGEND
L0 - 0 = Crown Penetration
D - 8 = Shank Tip Penetration
04 4
4 o b
0
X
P
.0 -t T T T T T T T Y T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.9 45.0
0 A LEGEND
0 - ¥ = Transverse Rotation ;
L0 - v = Longitudinal Rgi.at‘iom_w-v-w*V”V““"V"V——“"”‘V'“*"V“-V-"“’"‘V"q"' ]
T T ' Y
30.0 35.9 40.0 45.0

0- 0 = Chain Welght on Bottom

- % = Anchor Force

1 v = Deck force

i‘l - M" J

e e e ame SN B : :
35.0 40.0 15'0_
Anchor Drog Distance




FT. SOUTHEAST OF BUOY 49

no stabilizers 48 deq. mov. flukes

depth 11-12 ft. mbiv

b.

. ' ' ‘ M ), ' 3.0 65.0 70.0
5.0 30.0 35.9 40.0 45.0 0.0 55.0 60.0 . .
%
. V_.__--Q., .‘/g\_.
S = S S - a S O S = = ©
T T ' 0.0 65.0 70.0
.0 30.0 35.0 40.0 45.0 $0.0 5.0 60. : :
Anchor Orag Distonce
27 ’3>
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‘ Test Series No. -

N -
3
- ¢ [ Lt —25‘ 0
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1.7 26,7 176.2  WAeA.) 12.0  anna,) 20.0 +
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- 88 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 49

No. = 3 stockless ,5000Lb. no stabilizers 48 deq. mov. flukes]

Series No. - ¢ fine sand bottom. depth 11-12 ft. mllw :

0

.0~ LEGEND

.0 - o= Crown Penetration

.0 - s = Shank Tip Penetration

.OT

04 S - R . .

.01 :

.0+

.0 -

.04

0 Y T T T T T T T T
0.0 S.0 10.9 15.0 20.0 25.0 30.9 35.0 40.90 45.0

.0 $

.0 - LEGEND

.0 *= Tronsverse Rotation _ . _ e PP AN

0- v =Sorfgttbdtnal Rotation ¢ o %TTT oS

o 1 1 1 1
0.0 5.0 10.9 15.0 20.9 25.0 30.0 35.0 40.9 45.0
b )
[}
0 - LEGEND
0- 0 = Chain Wetght on Bottom
0 - X = Anchor Force
v = Deck fForce
o-
0 -
01 S~
g .
o - v—
0 - ¢7’ — Se—
01 / o c : N
I e e e e
0.0 5.0 10.9 1S.0 20.0 25.0 30.9 35.0 40.90 45.0

Anchor Drag Distance

- R d . LUCE R oS SACRLS S e i ik irasisedY s A BYPRPRPPRSIRERE LR YA




J FT. SOUTHEAST OF BUJY 49

Lb. no stabilizers 48 deq. mov. flukes
n. depth 11-12 ft. mlilw
WM mew N N Grm s A fm % - m el R T e C o camEE AwEemeen. MG EeEEE A NP E AR TET G cu e mtE e E e m s e m - - .-J
T L T | T 1 1 1 1
25.0 30.90 35.0 40.9 45.0 S0.0 SS.0 60.0 6S.0 70.0:
$
-2 -G --Q-g . g - FF
Pt M 3¢ ——X
T 1 ) T T ¥ 1 i T
25.0 30.0 3S5.0 40.9 45.0 S0.0 ss.0 60.3
9
" . ] g ] T A
25.0 30.9 15.0 40.9 45.0 S0.9 S5.0 60.9
Anchor Drag Distance o

EE———— . omne




K100k FSS 4nCnnNR  TEST

TEST DATFE a9
TEST w0, 1
TFST sFOTFC

s
can PIFAN HARANG 1&nn FT, SOUTHEASY nF AH0Y (9
110t - 1119
FINF SANN ANTTAM, NEPTH 1112 FT, W ¥
STNCKLFSE «SNNN R STARIL [7FOS-ANALA, /PR, 18 NFh, Fr, FItKF
598,00 (A,
A8 N NFR, -}

TFSY aofa
START.FNA TIWES
SFaF nn YYPE
ANFHAD TYDE
ANCHAD WFTGHT
FLUKF awry F-TYPF,
1N. ANCHND TYDF

LETLUAREI SR

M, ANCHAR WF IGMT n.0n 18,
MATN-AIIL ANCHOR GFPARATIAN 0.0 FFFT
DEPRFSENAG oNO. =T ,FACH-TATAL WY, n . LIY, e Nen LGB,

ANCHOD In QOFT 3 126N DIFLNCK FHATN TH [RAFT 2,A1M STIIN-
LINK CHATN TO GANFT PN, wlRF PNOF

wonR NG | INE DEScalPTION

NOTF = INITIM ¢MBux NEPTW P2FRAFN 10 PFFIFCT MFASHDEN wATERNFRTH

1. 708G NEgTANCE S. QOTATINN AN~ F Q, FHAIN {FNOGTM AN BATTAM 17, ANCHAR FiiwF TIP NFpTH
3, DFCY TENGTON &, QHANN ANCY F 10, FHAIN WwFIGHY NN RATTAM 14, wATFO NFoTH
. INCHOR TENSIPN T, WIRF ROPF sufy F 1. ANCHNR rROWN NFOTH 18, TATAr ANTYAN wF 16WY
6. PACKAGE NFPTR &, DFCw WNRIZ, FNOCF ]2, SMCHAR GHANK TIP NFPTH
1 > 3 . = 5 7 A 9 " t 12 " 14
FFFY x10S§ LTI FFET LA nFe LiZd w [PS FFET tAg FFFT FFFY FEFT FFEY
"o 11.0 Nn L LEN} 1.5 -4 218 12.1 200.2 hGRb, Y 1A, n
7.0 18.0 a0 1¢.4 .0 Ter 2044 15,0 17%.% 194 ,% 18,0
4.0 2%.0 16,0 18.9 5 Q. 16.8 23,9 123.5 ?2165,9 16,0
A0 V4.0 Pt 1.0 «5 1 16.2 .6 0.0 2045,.9 18.n
NOTF- A1 PHLL | TRF AND CHATN IS nFy ﬁﬂV'f"‘ AY &afh FFFY
A.n Lh, 0 ?27.0 17.% 9,c 13.) UL Beh 72065,9 186,08
NOTE- atr PULL LINF AND CualN |< 0Ff unvrnu AY a,0 FFFT
10.0 4A.0 2n.0 17.5 .S . 11.9 45.0 0.0 45,9 | L
NOTE- ALL PULL LINE AND CHMAIN 1S OFF nn'vau AY n.0 FEFT
12,0 S4.0 35,0 17.7 .S 9.8 12,5 52,7 0.0 045,99 14,1
NOTE. ALl PULL Llﬂf BND CHAIN IS OFF AATTAM AY 2.0 FFFY i -

“DTSTANCE WARGE TRAVELLED 12.0
DISTANCE ANCHOR TRAVELLED 4.2

MATF o on&ITIVF guanx
ANGLF INRTCTFS
enine TI® aFtNw
roNwN

1e
1 8¢
ALY |
LLTTI
7909¢c,9
7005, 0

7908 ,9
790%,9

79a<,9

Doy & = 89
Test No. -
Test Series No. =

-25.0
-20.9
-15.0 o
-10.9 s

5.0 -

0.0 4 - eeeeeenes .-
5.0 J
10.0
15.04
20.90

25.0 Y
0.9

Feet

1

S6.0
40.0
30.0
20.0
10.0
0.9
-10.0
~20.0
-30.0
-40.0

-50.0 T
0.9

L4
b 4

]

]

Degrees

]

100.9
90.9
80.0
70.90
60.90
S0.9
40.90
30.0
20.9
10.0

0.9
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= et T A MBI I g ARSI 1, 4 LT

oy « - 35 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF B8uUd

est No. - | stockless ,5000Llb. stabilizers-600ib. /pr. 35 de
,‘,est. Series No. = 5 fine sand bottom. depth 11-12 ft. mllwv
-25.0
~20.9 - LEGEND
~15.0 - o= Crown Penetration
-10.0 4 5 = Shank Tip Penetration
) -5.0
:g D.0 e e e
L s.0-
| 10.90 4
150+ ]
zo.ow
é 25'0 1 L) 1 1 L T 1 1 #
0.0 5.0 10.0 1S.0 20.0 25.0 30.0 35.0 40.90 ‘
. 50.90 3 %
3 40.0 LEGEND
" 30.0 4 % = Transverse Rotation
i 20.0 - v = Longitudinal Rotation
¥
'“8 10.0 4 I b ahhel SEbh ShEl
“L 0_0 e /R e aanman: . sennse: T R e R 4
o 4
® -10.0 +
D 3
}‘ -20.0 +
' -30.0 -
~40.90
=-50.0 ¥ T T 1 ¥ 1 1 ! ﬁt
0.9 S.0 10.9 15.0 20.0 25.0 30.0 35.0 40.9 E
100.9 % d
LEGEND 3
90.9 - o=k J
0 = Chain Weight on Bottom v
80.9 4
20.0 ¥ = Anchor Force
-~ v = Deck Force
60.D -
S0.0 - e
1 40.9 A /v_ "
30.9 - ,,/v JURp o
20.0 - kT
»
10.9
0.9 ! £ ' T ' ' ™ Y
0.9 S.0 10.0 15.0 20.9 25.0 30.90 35.0 47.9
Anchor Drag Distance




FT. 30UTHEAST OF BUDY 49
h. stab.l.zers=B600Lb. 7pr. 35S deq. fx. fluke
depth 11-12 ft. ~llw

1} 1 R T T T ] L ¥
25.0 30.3 35.0 40.0 45.0 50.9 55.0 60.9 65.0 70.9
$
¥ L T 1 | ¥ 1 T
25.0 30.0 35.90 40.90 45.0 50.9 55.0 60.9 65.0 70.0
“ $
) 1 Y Y T 1 1 L] T
1 25.0 30.9 35.0 49.9 45.0 50.9 55.0 60.0 65.0 70.9

Anchor Drog Distance
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0.9 5.9

100.0

90.3 A

O =
80.0 -
70.9 - 7 -
60.9 4
50.90 -

KIPS

40.0 A
30.0
20.9 +
10.9 + .

L




89

SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 49

stockless ,S000Lb. stabLLLzers*GOOLb./Pﬁ 3S deq. fx. fluk

fine sand bottom. depth 11-12 ft. mllw

LEGEND

0= Crown Penetration
s = Shank Tip Penetration

88— G%W

* = Transverse Rotation
7 = Longtitudinal Rotation

T L T v
0.3 5.3 1.0 15.9 20.9 25.9 30.9 35.9 40.9 45.0
$ ,
LEGEND ;
0 = Chain We.ght on Bottom 4
% = Anchor force =
7 = Deck Force pd




500 FT. SOUTHEAST OF BUOY 49

ngb. stabilizers-600lb. /pr. 35 deq. fx. fLuke
dom. depth 11-12 ft. mllw

T T L ™ T T ni T -
25.0 30.90 35.9 40.9 45.90 50.9 5S5.0 60.9 65.0 70.0
%
%R R
J T T Y Y T m Y Y
25.9 30.9 35.0 40.9 45.0 50.9 55.9 60.9 65.0 70.9
$
e g V-9
F Pj Tt 1 |
25.0 30.90 35.0 40.0 4S.0 S0.0 558.0 60.9 6S.0 70.0

Anchor Drag Distance

103
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e AMCHND TENGION 7, WIDF PADE Al ¢ 11 ANCHOD rROWN NFDTH 15. TATAL ANTINMG WFIANT
4+ OACKARE NFOTR a, NFCx MNRTZ. FAOCE 12, ANCHND cHbsr TIP NFETH
[ > hY 3 L 7 A Q 1n 12 1] 14
FFFT L2513 ” 1% OF R nFe NFa w PR cFET 1 ac FFFY FEFTY
2.0 7.1 0.0 0N L) 2.6 L 17241 S675,8 15,0
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&, SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 49

o. - 3 stockless ,5000Lb. stabilizers-600lb. /pr. 35 deq. fx.
eries No. = 5 fine sand bottom. depth 11-12 ft. mllw |
]
- LEGEND
0 = Crown Penetration
- s = Shank Tip Penetration
l’q ...... 4 ﬁ ﬂ s a a Q —'° .................................................
-
-
0.0 5.0 10.9 15.0 20.9 25.0 30.9 35.0 40.0 45.0
$ %
1 LEGEND |
¥ = Transverse Rotation
v = Longltudinal Rotattion
------ ——— R B R —F— R —R S SEITTEroppo
0.9 5.0 10.0 15.0 20.0 25.0 30.9 35.0 40.9 45.9
$

0= Chain Weight on Bottom..
* = Anchor Fogce )’_ -\

v = Deck Force / \\,./-v A




'FT. SOUTHEAST OF BUQY 49

. stabilizers=600lb. /pr. 3S deg. fx. fluke
depth 11-12 ft. mliw

@ o il
}
) ' ) : . ! Y T
- - e - .9 S0.9 55.0 60.0 65.0 70.9
%
i——*——a&——a
h ) - . ’ ' T T T
25.0 30.0 35.0 40.0 45.0 50.90 55.90 60.90 65.0 20.9 i
= 3 |
]
I
- - o Ll Y Y Y Y ' .
1 25.0 30.0 35.0 40.9 45.9 50.0 55.0 60.9 os o 0.0

Anchor Drag Distance




TEST DATE
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TESY aofa
START-ENN TIvES
SFAFLOOR TyPr
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FLUKF ANGLF-TYPF.
AU, ANCHOR TYPF
AUN. ANCHOQ WF I1GHT
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MONRING (INE DESCRIPTION
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s DFCK TENSTNN L

Yo ANCHOR TENSION 7,

& PACKAGE DEPTH a,

1 2 3 4

H FEET xipg (3823 FEET
§ 0.0 113 q.0 15.9
2% 113 2.0 15.6

b0 16.4 a0 15.5

6.8 205 7.0 16.1

8.0 18,8 8.0 1%.0

10.0 1%.3 2.0 155

12.9 10.3 1.5 15.4

T 76,y to 158

DISTANCE RARGE TRAVELLED
DISTANCE ANCHOR TRAVELLED

DESRESSINS N0 . ~uT ,EACH=-TDTAL WY,

NATE = INIYIAL

ANTATION AnrtF

SHANK ANGLF

WIRE POPE anGiF
DECK HORLZ, FNRCE 12.

3
0fG
~12.%
-17.0

6
ot6

St
1a.a
10.0
16,0
1h,5
21.8
22.0
24,%

cMANvK NEPTH TERNFD TO RFFLFCY MFASURFD

SYatoh ANCHNR  TEST

92
1

[
<aN NIEGA HapRno LS00 FT, SOUTHFAST oF Auny &9
1056 = | 246
FINE SAND BOTTOM, DFPTN 11-12 FT, M Lw

<TATO 1000t Re & IN. STARILIZERS 15 NFA, MnV. FIINFS
1070,00 LA,
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0.0 FFFY

- ned = |

n o0 LA,
SNCHOR Tn JANFT 2IN, STUNL INC CHAIN TO «OAFT 21n, W{OF ONPF

WATFONFPTH

9, rHaTy LENGTH AN ANTYAw 1Y, ANCHAD FrimF TIp NFPTM

10, FHAIN YFIGHT ON ROTTOM 14, wATFO NFOTW

11+ ANCHOR (ROWN NEPTH 15. TOTaL ANTTOM WFIRHT
ANCHOR SHANK TIP NFPTH

? L] ° 1" " 12 13 1e
nEG (3 L0 FEEY | A FEFY FEFT FEFY FFFY

12.6  11R.5 7172, 15.) 1S4 17.8 1hon
12.5 11l.0 II2.0 16.4 15.% 7.1 t6.n
15.4 7.3 b0, 16,7 15.7 17.1 18,0
19.3 45,2 1479, 16,0 161 17.8 16.n
17.8 7.7 24A0.4 14.1 15.8 17.n 18.8
12,6 124,68 1949.9 14.0
9.7 153, LY T T 16,0
.8 4496, 18,0

141,3

nOTF - DASITTIVE SHaww
ANGIF INNTCATFC
SHEWK TTP RFLMW
ronwn

1
(L1
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S

Day & = 92

Test No. = 1

Test Series No. =
-25.0
-20.9 4
~15.0 4 O =3
-10.9 -

Feet

0.0

Degrees

0.0




oy « - 52 SAN DIEGO HARBOR 1500 FT. SQUTHEAST OF BUOY]

Test No. = stato _1000lb. 16 in. stabilizers 35 deg. movi
Test Series No. = 6 fine sand bottom. depth 11-12 ft. mllw ‘
-25.0
-20.9 - LEGEND
-15.0 - 0=~ Crown Penetration
- -10.9 s =~ Shank Tip Penetration
| o
¥ o ......................................................................
: ©
i
T 1 LA L T 1 1
10.90 1S.0 20.0 2S.0 30.90 35.90 40.9
S0.0 3
40.0 4 LEGEND
30.0 4 x = Transverse Rotation
20.0 - ‘7; l:gpgtvtudwal. Rotation
| ® m.ow_,_v“-vv"
@
C 0.94
o
® -10.9
(e ]
~20.9 -
-30.90 -
. -40.0-
1 -50.9 Al T LS L] 1 L T !
0.0 S.0 10.90 15.0 20.9 25.0 30.0 35.9 40.0
100.9 $
90.0 - LEGEND
80.9 4 © = Chaitn Weight on Bottom
3 2.0 * = Anchor Force
1 v = Deck fForce
60.0 4
S0.9 A
40.9 +
30.9 4
20.9 - g
10.0 R —v<
0.9 Y — e ' . : : :
0.9 S.0 10.9 15.0 20.0 25.0 30.9 35.0 40.9

Anchor Drag Distaonce




00 FT. SOUTHEAST OF BUOY 49

POLb. 16 in. stabil.zers

35 deg. mov.flukes

Rom. depth 11-12 ft. mllv
e
E
T v . -
25.0 30.9 35.9 4.9 45.9 50.0 55.0 60.0 65.0 70.0
%
— ; ' r ' : s. 60.0 65.0 70.9]
5.0 30.9 35.0 40.0 45.0 50.0 55.0 - |
rg $
v v Y Y ! . Sg 0 63,0 65.0 70.0
2.0 30.9 35.0 40.9 45.0 50.0

Anchor Drag Distance




TESY DArF

TFRY wun,

TFSY SFalFs

TFSY aofa
START-FNM TIwFg
SEAFLNNR TYPF
ANCHNO TYDF

ANCHAS WF IGHT
FLUNE ANGI F=TYDF,
A, AMCHAR TYPF
AlX, aNCHNR WFIGWY
MATN-AIIX ANCHOR SFPARATION

PEPOFRENAS NN auT FACH-TNTAL WY,

MAARTRG | INE NESCRIPTINN

NATF -

1. "na6G DS .
2. NECK TFN:

HOR TENT ey 7,
s CACMAGE NFOTH a.

1 * a o
FFFT w198  «[PG  FFFT

.0 17,0 4dh 1443

2.0 2n.0 T.0 14.8

12 V.0 17,0 1507
.5  Sa.n  W.n 16,3
7.1 AR, “s.n 16.%5
Q.1 A0 SE,S (kLA
NeA  KALN SRR 16,3
4,8 Ssa,n 15.9
15,9 61,0 15.5
1A.8  An,0 15,46
20,8 SA.8 5,6 15,4
P2.A S2,0 W0 15,7
26,9 4,0 4n,n 15.7
26,9  A1,0 sh.0 15,7
20,8 65,0 24,0 5.5
w.e 49.0 32.0 1S.1
2.8 42,0 27.0 15.2
V4.9 an,0 I.n 15.4

6.9 45,0 156
38, A0 3t.5 15.4
40,9 42,0 “T.0 1S.6

43.0 S0.0 13.0 16.7
.9 47,0 0.0 1S.A
47.0 58,0 8.0 15.0
8.9 86,5 7.0 15.9
50.9 %i.0 33.0 15.5

DISYANCE AAQGE TRAVeLLED
BISTANCE ANCHOR TRAVELLED

SNTE -« oNCTTIVE QHaar
ANGIEF TantCarre
cMaNK TID Rr) Ay
ronwN

ROTATION AnAlF

ILAAET)

SHANK ANGHF
wIPF POPE se-fy 11s ANCHAR r@0WN NFPTH 18, TATAL ANTTOM
DFEx WARIZ, FNOCE ]2, ANCHND SHANK TIP NFPTH

G
[Ad
-1
-3
~l.0
-1.R
“1.8
=18
“1.A
-3, 0
-a,0
-2,0
-A.0
-h,N
-~ .5

-8,0

52.0
50.9

6
OF G
14,5

1.¢

9.1
1.5
15.¢
17,4
EL
P30
P70
27,=
Pa,4

7?5,
30.n
PN
2R,
28,0
28,5

STOrXLESS  ANCHOR  TEST
s
1
1
cAN DIEGN HMARRAR 1SN0 FT, SNUTHFASY nf Riiny w9
1814 - 1832

EINE SAND BATTON, NFPTH 1]<]2 FT, MLy
STOCKLESS +Qnng Re STARTE 1ZERS-ATALR/OR, 1§ NFG,
11370.0n A,
16,00 NER, - | Namny FeFIY
f.0n AR,
0.0 FeFY
n - LY. [

Fr, FLINMFS

ofh 1P,
ANCHOR Tn 1ANFT 2IN, STURL [Mx Cualn TN ANFT 21N, WIPF RAPE

cHAuK NFOTH 2FRNFN TN PFFLFrY MFASIIOFN wATFONEOTH

Q. CHATY LENGTH AN BATTNAW 1Y, ANCHAD F)tinE
Ihe CHATN welGHY AN RATYIOW 14, WATFD NFOTH

? a e 1n 1 12
nEn «1PC  £FFT 1 RS FFFT FFFY
9.0 1hR 177.0 €&12,2? 12.7 16,7
A5 19,8 67,7 S115.6 14,7 14.9
A WA 1&R,T Sh5),7? 16,5 1S.%
5.7 4,8 104.5 15,6 15.1 16.#
Sl hb,R LAY ELEL 15.1 17.9
Y TSN 77.7 ELTY Y 15.0 17,2
3.9 AT.8 115.7 ALV UL V6,8 1.9
4.1 SRR 128.0 “n73, 13.8 1645
&, LY N 119,0 A7RT.D 12.9 16,2
4.0 €9,.,4 175, 4nn) 2 13,0 16,1
4.l 85,8 13,7 42a?,7 12,8 16,1
4,1 81,9 143,7 w8737 1,2 16,4
“.3 €5, A 17R 6 4nQp A 13.3 16,4
4.2 ROLR 120,37  mp4,1 13,0 16 .4
4,2 44,9 187,00 4995,9 12.9 16,1
4e5  WRLA 1I9,R 0 4ke?,) 12,7 1641
4.5 41,9 1ST7,n 499k,1 12,7 16,1
4.5 47,9 142,27  4525.4 1.0 16,2
boh Lb 9 16?,2 LLY NS 1.0 16,2
(X% 45.8 16241 4522.4 13.1 16.2>
“s7 49 152.4 ARS0,? 3. 16,2
4.7 WI.R 131.A “194,7 13,4 16.5
6.6 4b6.R 142.]  4R?2.1 17,5 16,4
4.5 LN 125.0 I9TH. 13.5 1604
hob Ré,1 129,2 L1106 13.5 16,4
LY S0.R 137.6 AVIR,9 13.1 16.4

Tio NFpTw
WFIGHT

1" 14
FEFY FFEY
1A, & 14,0
17.7 la,n
17,9 14,P
1A,a le,2
17,9 14.9
19.0 14,0
R4 la,0
18,0 14,8
17.3 16,8
17.6 14,0
17.> 14,8
17,5 14,0
17,4 14,0
17.5 16,
17,1 16,8
17,2 14,0
171 14,8
1.4 te,.n
V7.4 le.m
17,6 16,0
17.6 le,n
17.7

17.8
17.8

17.R
17.5

1=
| Bc

1raa3,2
1670K 4
14621,
1660C, 4
1190«
IRLRTIN
LU
15667,
18187,
15371 ,8
1687, Y
18941, 7
18642 &
151041
1K Q
1SA1T7,}
1604, 3
15R0C, A
1A03, A
18RQ2,4
1622n0,2
16566.7
15RQ3, 3
15344,
184006
15744,9

Day # = 95
Test No. =

Test Series No. = 13

SA

1

-25.0
-20.9 4
-IS.OJ
-10.0
~5.0 1
0.0 ¢-=
5.0
10.0
15.0
20.0

yi

Feet

'l

o= Cr
s = Sh

- -'i,'?

25.0
0.0

50.0
40.0 -
30.0 -
20.9 4
10.0 4™,

0.0
-10.9 1
-20.0
-30.0 -
~40.9

Degrees

~50.0
0.0

100.90
90.9
80.90 -
70.9
60.9
S0.9
40.0
30.0
20.9
10.0

0.0

KIPS

1

0.0

5.0




SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 49

ay # - 95
st No. = | stockless ,9000Ub. stabilizers=670Lb/pr. % deg. fx. flg
sst Series No. = 13 fine sand bottom. depth 11-12 ft. mllv
-25.0

-20.9 4 LEGEND

-15.0 0 = Crown Penetration

~10.9 - s = Shank Tip Penetration

v - Long_l.’t;adi,ne L-Rotation
-
g----9"

100.9
%0.9 - LEGEND
80.9 - 0 = Chain Weight on Bottom
’ * = An %orce
70.0 a < Ck .%
60.0 - — i :
J \4..\7—-.}/ -’v\
50.9 ¥ N ]
“_/x\ “— ﬂ\v/v\q___'_.*/. )
)("-——w' \\\ ”x\\ ‘x /x--—*"a
Se” T "esgp” ]
—_ S S 6 S 8 S S S S o - . 5 o
| L ] -~ |
0.0 5.0 10/5 15.0 20.0 25.0 30.0 .0 ) 45.0
Anchor Drag Digtgnce




FT. SOUTHEAST OF BUQOY 49

. _stabilizers—-670lb/pr. 35 deq. fx. flukes
depth 11-12 ft. mllw

v v L T ¥ T J 1 1
5.0 30.0 35.0 40.0 45.0 50.0 SS.0 60.0 65.0 70.0
3
r—”v""v"‘V““V“-V---V---v--—v--——v—-v-—-ﬂ---v-——‘V
............................... RS E T OOy DTy T OO U OSSP
x * il — ral ray >¢ >¢ ol ral ral r'al ral
i 4 T L 1 1 | 1 LJ
.0 30.9 35.0 40.90 45.0 S0.9 55.0 60.0 65.0 70.90
$
A N g :
AN T e
RN Sl - . —’u-")( -7 oo
_OdH——H__e_e__e_e_-e—-—e——e—-—e
— Y Y r Y L T R ¥
0 30.0 35.0 40.0 45.0 S0.0 SS5.0 60.0 65.0 70.0
Anchor Drag Distance
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1334
TERY
TF&Y <FRlfs

TFSY aofa

CYARYFNN flufg

SFaF|L ANk TypF

ANCHND TYOF

ANCHAQ W TRHT

FLIKE AR F=TYOF,

[} AnC~ND TYOF

BX, ANCHAD wF [GAT

MaTN-AI(F ANCHAQ CFOARATINN
NFORECRNDS NN ~WT FACH=TATAL WY,
MANR NG + INF NESCRIPTINN

NATF
N,

NATF - IMIT1Ap cka

T Noan A1eTanCE &, @OTATIAN Anc(F
3, NFCx TENGTAN A, SHBNK BNGYF

4. 8NCHAD TENSIAN 7. WIOF RARF auhy
o OACWAGE NFPTF &,

1 2 h L < A
FFFT wiD< LE =4 FFET g nEr
fa 19,5 A0 1.8 ) -9,
2.0  2n.n S0 l4el W& =b.s
Y A W LI TP 7.0 .
Aaf 00 11.S 1560 2.0 Ton
7.8 ws,.n 1%.5 2.5 1¥an
LI an.n 15.7 2.5 19,n
1.5 78,0 15.8 2.8 Plen
13,6 Ta.n 15.7 2.0 ?%en
15.6 74,0 15.% 2.0 2%.n
17.6 T1.0 15,7 2.0 200
19.1 &S0 16,8 2.0 25en
21,3 Se.b 1e.2 2.0 27,0
?1.6  AALn iSen 2.0 28,
26,5  An.n 15.5 2.0 2540
27.4 65,0 15.4 7.0 24.r
29.4 AS.0 15.6 2.5 2S.%
M5 7.8 15.4 2.5 ?%.a
3.3 S7.6 .0 1861 2.8 24,
IS8 610 2.0 14l7 2.5 2fen
37.4 49,5  da.n 14.A 2.5  27.=
39,5 63.5 eA.0  15.? 1.0 25.8
1.6  SS.0  40.0  15.7 1,0 25.a
O1STANCE RARGF TRAVELLFD 2.0
OTSTARCE “ANCHOR TRAVELLED 4lea

PAKTTIVF CHAw
ANGEF TuNICAYFe
cHEAr TP AFL AW
rONWs

“OTE -

DECK HART?, FARCE 12

STNreLFSS ANCHOR  TFSY
a5
2
13
caN DIFGN wARARNG 1&NH FT, SnutwFasy nfF Anny o4
1864 = JAND
FINF SAND RNTTNM, NERTH 1112 FT, M w
<TOCKLFSS Qa0 Ae STARL [ 7FRS-aTn A/PO, 1R nfrn, Fi, Ffpuxfc
11170,00 1A,
A,00 AFA, - ) fAzmay 1zF 1t
a.on g9,
0.0 FEFY
A - nen ~ ALn Lk,

ANCHOR T 1RAFT 2N, CTONp faw Chaln YN «nnFY 2le, wTOoF @noF

wk NEPTH ZFONFN TO DEFI FCT WFAS IOFN weTFRNFP T

Q, rHAlN | FaBTH AN BNTTAW 13, ANF4AD F)(KF TIP NFOTH
10, FHATN WFIGHT AN GNTYIAY (4, wATFO NFOTH
3 11+ ANCHAB CROWN NFBTH 1€, TNTAL RATTNM wF [AHT
ANCHNQ cHANK TTP AFPTH

7 R Q 0 1" 12 11 14

NF A wiog cFEY tas FFFY FFFTY FEFT FFEY
7.1 19,1 193,85 &A11,8 14,k 1.8 16,0 15,89
7.1 19,4 183,98 c76n, 1 14.5 13.9 17.n 15,8
7.0 22,8 172.5 GuAALA 16,7 te,n 17,4 15,9
Aot 29,8 185,58 4047,% Ta, 18.2 17,7 16,8
.2  ek,f 12,4 4217, 14,3 15.9 18,1 15.0
4.5 cQ,R 112.h VAL la,.0 1A, 2 19,0 15.2
1.9 Te.2  10A.1 1190.S 11,9 thoi 18,0 15,9
3.7 ~9.0Q 118,.A 176, 1. h 1hee 7.9 15,9
3.7 75.8 1064 3287,1 13.% thel 17.7 15,8
kY .9 120.5 ALRE PR 17,6 1hete 17.r 16.°
3.6 K40 132,71 62102 1.2 14,2 17.5 15.9
EIL 3,9 154,.0 49nn,9 12.% 18.4 1R, 7 15,2
3.7 ARG 1P6,T  WhIP.S 12.7 18,9 17,0 15,9
4,2 c9,A 122.% 1897, 1.7 1642 17.€ 16,8
1.9 YL 128.¢ TN [ Y 1he 17.7 15,0
.6 AL, R Q2.8 PO84 .4 13.0 1663 17:4 15.9
1.8 7.7 99,2 N85S, 8 1%.0 102 17.6 18,9
3.5 6.9 161.2 GR11.R 12.7 11 17.2 15.8
4.0 &N.9 176,9 anlh,s 12.1 15.8 1hah 15,9
4ol 49,4 152.1 4R 7 12.3 15.4 16,7 15.R
&1 £3.7 117.9 78] .S 12.R 160 17,2 15.9
4.1 €4,9 3t 43597 12.9 16,1 17.1 15,R

1
| ee
17184, 8
17128,
16AC0 &
VAT, 6
18881,
149841
145&n, &
18144,
1aT87,1
16207,8
16Can, >
1£278,9
18482, &
18267,
18240,k
1613646
14578, 4
1AIRY, P
18606, 8
VAPAR,T
18121,
16730,?

Feet

KIPS

Degrees

SA

Day # = 95
Test No. = 2
Test Series No.
=-25.0
~20.0
-15.0
-10.0
-5.0
0.0
S.0
10.90
15.0
20.0 1

25.0 T
0.9

i

50.90
140.90
30.90
20.0
10.0
0.0
-10.0
-20.90
-30.90
-40.9
-50.9

100.3
80.9
80.9
70.9
60.0
S0.90
40.9
30.0
20.90
10.9




SAN DIEGO HARBOR 1500 FTI. SOUTHEAST OF BUD

Day # = 9SS
Test No. stockless ,9000lb. stabilizers—670lb/pr. 35 deg.
Test Series No. = 13 fine sand bottom. depth 11-12 ft. mlly
-25.0
~20.0 LEGEND
~15.0 - 0= Crown Penetration
-10.0 - s = Shank Tip Penetration
: -5.0 ~ ~ n . R
© 0.9 R~ i St e SR L e
- S.0 S
10-0 -9 E
15.0
20.0
25'0 1 A k] A A 1 1 1
f 0.0 5.0 10.9 15.9 20.9 25.0 30.90 35.0 40.9 4
- 50.9 3 :%
'; 40.90 LEGEND |
30.0 ~ ¥ = Transverse Rotation e Gm
, \ PG g G T - g -V
20.0 - V- Long&;udaﬂﬁt—ﬁbtcitbﬁ ¥oom¥ew
"p‘"
™ T Y Y Y T ™
10.0 15.0 20.0 25.90 30.9 35.0 40.0 :
$ .
100.3 -
LEGEND =
0 = Chain Welght on Bottom //V\\V
* = Anchor rce,ik\nﬁ\\ .
v = Deck Fbrce’ 9. ' \\
v ~ ~ | q‘\v/v\v
/' ‘\t“"x"’ .“X\‘?(
" v .‘x’/
%
S =) "‘:—Gie Ic vww
5.0 10.9 15.0 20.0 25.90 30.9 35.9 40.9

Anchor Drag Distance




FT. SOUTHEAST OF BUOY 49

b. stabilizers-670lb/pr. 35 deq. fx. flukes
n. depth 11-12 ft. mlilw !

9 g—o—0o——6—8——o 9o

Sty R O - ik - St bt et TN

25.0 30.9 35.90 40.90 45.3 S0.3 58.3 60.0 65.3 70.9

N\, |
\/V\

» %

»

——0—6—9g——O6——p—0 : : : : .

T
.0 30.9 35.0 16.0 45.0 $0.0 SS.90 60.0 6S.0 70.0
Anchor Drag Distance




Py—

TEST DATE

TEST NOe

TEST SFRIFS

TFST AQEMR
STARY-END TIMES
SEAFLONR TypE
ANCHOR TYPE

ANCHN® WF IGNT
FLUKF ANALF-TYPE,
AUX, ANCHNR TYPE
AUX s ANCHOP wFIGNHT
MAIN-AUX ANCHOR SEPARATINN

DEPAFSSNRS (NN, ~WT FACH=-TNTAL wT.

MOORING L INE DESCRIPTION

STATO ANCHOR  TEST

95
1

16
AN DIEGN HARRNR 1500 FT, SnUTHFAST oF AunY o9

1337 - 1150
FINE SAND BOTTOM. DEPTH 1]1=12 FT, M (LW
STATO 4300018, 3T NFG, WOV, FLUXKES

Inon.0n (A,
17,00 OEG, - O fAazuav 1=F1x
f8.00 A,
0.0 FFFT
n - Nal =~ 0.0 LA,
ANCHOR Tn 1RAFT 2IN, STUNL INK CHaIN TO &AnFT 210, wiRF RNPF

NOTE = INTTIAL SHANK NEPTH ZEPAEN TO PFFLFCY MFASIRFD WATFONEPTW

1, NRAG NISTANCF g,
2. DECx VENSINN Ae
s ANCHAR TENSION 7.
4o PACKAGF NEPTH A,

1 ? 3 “
FFFY X105 KIPS  FEET
0.0 17.0 S 14.5
“.0 26,0 20 15.%
5.8 25.0 3.0 157
7.8 In.0 2.0 15.8
9.7 N.n Sent 16.1
1.7 2.0 R.0 154
13.6 “bo0 16.0 167
15.5 49,0 20.0 16.2

17.5  S7.0  25.5 6.6
193 65.0 31,0 6.4
Plel 60,0 30,0 16,5
7.9  38.0. 20,0 16.4
25.1 35,0 17.0  16.9
26.6 15.0 3.0 15.7
29.7  15.0 3.0 15.3
31.8 15,0 4.0 1545
13.6  15.0 3 1641
W0 15.0 3.0 16.1
37.8 14,0 S.0 16,2
\39.8 1.0 6.0 1647

DISTANCE RARGE TRAVELLED
DISTANCE ANCHOR TRAVELLED

HATF = PASTTIVF SHAMK
ANGIF TaNTCATFS
cHMANK TTP RF) rw
rRAYN

ROTATION ANA|F

SHANK ANG( F
wIRE ROPE AnGI F 11. ANCHOR CROWN DFOTH 15, TOTAL ANTYINM WwF ANt

OFCK MORI7Z. FNOCE §2. ANCHNR SHANX TP DEPTM

s

1240
12,
12.n
12.8
15.a
20,8
19,.n
26.n
1h.0
16.2
18.1
20.0
20.0
3.0
4040

9, CHAIN LFNGTH ON ROTTNM 13, ANCHAR FiUxF TP NFPTH
10, CHMATN WFIGRT AN RATYAM  j4, WATFR NFDTH

7 R Q ta n 1?2 ty 14
nEr [ L.13 FEET 1as FFFY FEFT FFFT FFFY
9.k 16,8 171.5 LA 16,1 Va7 17.0 1.1
8.1 2.8 154.3 4910.0 5.1 15,7 18,9 6.7
T.7 24,R 155.3 49%1.9 15.3 15.9 9. 16,7
7.3 ?9.R 140.R “L19,7 15.¢ 16.0 19.2 16,1
7.1 0.8 140,2 LLLLI 15.7 16,7 19,8 14,1
7.0 U.A 13,0 419] 9 1%.9 16.2 18,4 14,7
6.2 w37 11.2 ISV, A 14,4 17,6 9.1 1.1
S.9 “R.T 102.3 1254.8 16.7 17.0 19.2 1.7
‘BT R&,7 R2.7 2830.6 14.R 17,2 19.1 1.1
S.1 ,a,T 79.0 ?%13.5 16,7 17.5 19,4 LT
.9 RQ,R 99.5 I166.6 t&e.n 17,8 19,1 14,7
“.9 7.9 158.4 Sh6S.A 16,0 17.8 L) 1601
545  .R (55,2  4917,.0 16,2
S.6 14.9 1516 AR27,9 e,
8.9 16,R 218,08 S970.9 14,7
8.9 1S.R 193.R RR1K,D 16,1
A7 V16.R 226,0 ANP2,7 14,1
Qele 14.R 197.8 SR&el.T 1.1
8.9 1S.A 193" GRJA,? 14.1
8.5 17,8 177,00 S63).0 16."

1€
) ac
LLYIN
79160
T961.9
7470,7
Tesn.n
7191t A
AS19, 4
APS6 A
SAIN &
&R11.8
RIAR &
ANgLE, B
7937,.0
LLER AN
R"RQ?A, 0
ARTA,?
NI, 7
ang,?
anys,>
RATY N

Day # = 95
Test No. = |
Test Series No.

=25.0
~20.0
~15.0 4
~10.0 -
-5.0 1
0.0
5.0
10.0
15.0
20.90 -

25.0 T
0.0 5.0

0.0 —

40.0 1
30.9 1
20.0 1
10.9
0.94 3¢
-10.0 1
-20.9
-30.0 A
-40.0 1
-50.0 4

0.0 5.0

.

o= Cr
s = Sh

Feet

Degrees

100.9
90.9
80.9
70.0 4
60.0 1
50.07
40.9 1

:5(). (J 9 “‘—‘?_ .___"_,—-‘

o=C
x=-f
v=0

KIPS




Of BUQY 4!

oy s -95  SAN DIEGO HARBOR 1500 FT. SOUTHEAST (F BUOY 4!
TOSt N°'I' ! stato ,3000Lb. 37 deg. mov. flukes -
est Series No, = 14 fine sand bottom. depth 11-12 ft. mllw o
-25.0 ———
~20.0 4 LEGEND
-15.0 4 o= Crown Penetration
-1&04 s = Shank Tip Penetration
o 5.0
8 Y SN - SR PSR- o SRR
L 5.0 i it Sty
' 10.0 4
15.0
20.90 A
zs'o 1 1 4 LI T L 1 ’T
0.9 5.0 10.0 15.0 20.0 25.0 30.0 35.9 4.9 1.
S0.0 ) —
40.0 LEGEND 9
30.0 A x = Transverse Rotation K
. 20.0- v - Longttudinal Ro’c,c’c,i.or\_‘,qx__ﬂ__,“‘;,___v _____ q_muv—-vmuwv/
9 10.0 ,x"““‘“‘"”’"""’"w
o 0,0¥ '''''' VDA VR U N
=-10.0 -
-20.9 -
~30.0 -
~40.0 1
-50.0 Y Y T L) 1 { 1 { ‘
0.0 S.0 10.90 15.0 20.9 25.0 30.0 35.0 40.9
9 o
100.9
90. 9 LEGEND
aagj o = Chain Weight on Bottom
760 % = Anchor Force
.0 -
7 = Beck force P
60.0 A / 7\
S0.0 - e _
40.0 - ya N,
30.0 e e L N \
/v..—-v/ /".* \* 5
20.9 e "o Y s G - —
10.9 g h
0.0 R ,%”"%——e ----- . ER. o - ‘ I
. - 1
0.0 5.0 10.0 15.0 20.0 25.0 10.0 35.0 10.9

Anchor Drag Distance




1500 FT. SQUTHEARST (f BUOY 43 I

e e N A e e S
. 3000ib. 37 deq. mov. flukes

_bottom. depth 11-12 ft. mily

‘ Y 70.9

‘ ‘ , 65.9 70.9




TFEY NATF

TFSY NO,

TFET <Fotec

TFey safa

QTIOVENN TIMFg

<FAF N TyPE

AMCHAD TYOF

ANCHNAQ WF TGMT

FLUKE AR F-1YPF,

AUX, ANCHNR TYOF

Atv, CHNE  wF [GHY
MATN=AHT ANCHOD SFPAGATIAN
NFERFECNDC NN, awT FACHTNTAL ¥T,
»ANRTLE | INE NFSCRIOTION

RTATO ANCHOR  TFSY
5
?

14
<M DIEGN HARRAn 1800 Frv, SNUTWFacRY
1608 = Ju]S

aF Auny &9

FINE SAND AATTAY, NEPTH 11-17 FT, uilw
ctarn 000 Re 3T NFG, Y, FLwFS

Ingo.nn R,

AT, 00 OFR, - 0 LECLUBET SR

A.00 A,
fN.n FEFY
LI LY. IR M0 1M,

ANCHOR Th 18AFT PIN, ST INe CHaIN

NATE = [NITT81 cHAnvw NERTH 7FRAFN TO QFF| FrY wf Aguofn

1, NOAS NISTANCE B, POTATIOM AN~ F Q, CHAIN LFNGTH N RATING 11,

2, "Flx TFNETAN AL SHANY ANGLF
T, ANCHND TEMSIAN 7. WIDPF PNPE

10, FHATN wEIGHT NN RATTNAG (4,

oy - 114 ANCHNG rOQWN NFDTM 16,

4o OACKAGF NFOTH A, DFCw MNQT?, FNARCE 7. ANCHMNG cHiur TIO NFOTH

1 k4 3 3 < -
FFET LALLS L3 {13 FFET oFr [
0.0 1Al Sen 1een =15 .8
2.0 28,0 9.0 13.5 =75 1%.n
a0 1,0 13.0 4.2 =?.0 170
S.6  Sl.n 28,0 4.5 [T ) P
7.5 AN 5.8 Ja.k LI T
9.7 88,0 .n et ]8RS
1.t 27,0 l4.n 1%+ 19,5 21,4
1.4 28,0 Q.0 13.5 LN ) PSen
15.6 17.06 Ta0 134 LY} 25.1
NISTANCF PARAF TOAVFI LED 16.0
NIGTANCE ANCHN® TOAVF| LEN 1S5.4

SATE - PASTITIVE Quenn
ANGILF IMNICRTFC
cHaMY TID RFY AW
Lol 1ol 1Y

1Tn &4anFT 210, wiof Bnps

WATFONFDTH

AMCUNB F| UNE TP NFDTM

waAtFp fform
TATAI ANTYINN wF lawy

7 " Q mn 11 1?2 LR 14
nEn vieg cFET 1as FFFY FEFY , 6FFT FFEY
a.5 V6.0 21l.1 Q24,4 1.0 14,2 17.4 16,1
7.8 19,0 175,13 68771 1.9 16, 14,4 14,7
LYY} 29.4 148.9 ©739.5 12.7 1S.n 17,2 16,7
Sel |0,.A 118.1 IISA,0 1% 15.* 17,8 1.7
4.8 =9,8 102.8 3210,9 13,a 18,8 17.4 14,1
4.5 125.0 974,12 16,7
a.b PR,9  22T.8 £032,1 1o,
b3 19,9 217,64 &0G4,9 16,V
7.3 16,9 263.0 A131.8 16.7

Day & - 95
Test No. = 2
Test Series No.

SAN

= |

-25.9
-20.9
-15.0
-10.9
“5.0 A1

1 |

1

Feet

S.0 -
10.9 A
1S.0
20.9

]

]

o= Cr

s = Sh

0.0 2 3%

25.0

0.0 S.9

50.9
40.9
30.90
20.0
10.9 1
0.9
-10.9
=-20.9 4
-30.9
-40.90

1

1

1

Degrees

'

x=Tpr
v- Lo

-50.90

0.3 5.3

100.90
90.9
80.90
70.9
60.90
50.90
40.9
30.9
20.9
10.9

1 1 1 1

KIPS




LEGEND

o= Crown Penetration
s - Shank Tip Penetration

"""" 1
]
|
' v 1 T v ' J
20.0 25.0 30.0 35.0 0.9 45.9 0.9 |
3 |
=
. ]
x = Transyerse Rotation
4 9dtr8L Rdiatlon j
i
Y T T Y Y
20.9 25.0 30.9 35.0 40.9 4.9 0.9 |
9
LEGEND
0 = Chain We.ght on Bottom
% = Anchor fForce
v = Deck Force
T T ;ﬁ




EOO FT. SOUTHEAST OF BUOY 4y
Olb. 37 deq. mov. flukes
tom. depth 11-12 ft. mllv
b v v v T T Al T Ly Y
- 25.0 30.0 35.0 1.9 4.9 50.9 §5.0 60.0 65.9 70.9
| - $
25.0 30.9 15.9 0.9 4.0 50.9 55.9 60.9 65.0 70.9
F& $
|
|
25.0 30.9 5.0 g0 4.0 50.9 §5.0 60.0 65.0 0.0
Anchor Orag Distance :
2 11s 3
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GRS AR T AT ERRT O s o T mEE e e

TESTY OATF

TESY woe

TEST GFoiFs

TFEY anfa
START.FNN 7TIMEG
SFAF) NOR TyPE
ANCHND TYOE
ANCHAR WF [GHT
FLUNF ANfy F-TyoF,
AR, aNCund TYDF

sYarn

L0
2

[
AN DIEGN HADAND 1SN0 FT, SAUTHFAST nF Alny &40

ANCHAR  TEST

1018 = 1AY)
FINF SAND ANTTOu, DFPTH 11=12 FY, Mty

cTATO

W100M R 26 1M, STAAT) 17608

1000,.00 (A,

AE, N0 NFR, - N0

dxwnv 1sFlx

ANY, ANCHNAR WETAHT a.008 R,
WAINLAUN ANCHNG GFPARATIAN 0.0 FrFY
NEPAFESNOS NN, =T EBCHaTATAl wT, a - he ~ h.a @,

MANRING 1 INE NESCRIST NN

5 nFh6,

“ny, FrimFe

ANCHOR TN (ROFT 2im, STINL INe CHAIN TO 4anfFT 21w, WIOF ANPF

NOTE = [INITIAl sHAux NEPTH PFONFN TO RFFLFCT wFASIIRFN WATFONFDTHN

1. Noan DISTANCF <,

Pe NFCx TENSTON L)
e ANCHNQ TENSINN 7
4. OACKAGE NFPTR A

>

wiog
la.n
19,5

.

FEET
the
1hon
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Day # - 99
Test No.
Test Series No. = 6
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SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY

stato . 1000lb. 26 in.

stabilizers 35S deq.

fine sand bottom.

depth 11-12 ft. mllw

-25.0
=20.9
~15.0 A
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LEGEND

0= Crown Penetration
5= Shank Tip Penetration
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LEGEND
0= Chain Weight on Boitom
¥ = Anchor Force
v - Deck Force
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Jau » - 100 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 49

fest No. « 3 stato . 3000ib. 18 in. stabilizerext. 37 deq. mov.
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SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 48

No. - 1

stato

,3000Lb. 18 in.

stabilizerext. 37 deq. mov.

fLulg

erLes No. = 14

fine sand bottom. depth 11-12 ft. mllw

. LEGEND
0= Crown Penetration

s = Shank Tip Penetration

T 1 Bl 1 L 1 1 T !
' 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.9 45.0
%
- LEGEND e S Yo PN
. x = Transverse Rotati g
1 v = Longitudip®l -ReyaRio¥ -9 ¢ o .9 -" VGeigo oo
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i!” ......................................................................
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H
1
; T T T Y ! T Y T :
0.9 5.0 10.9 15.0 20.9 25.0 30.9 35.0 40.9 45.9
$ ]
LEGEND |
0 = Chain Weight on Bottom
% = Anchor Force
v = Deck Force ?
2
v——-"'_'v\v_.—/v/
S = S __9.——9———9——"5"?:'91,”
¢ 1ju-‘: " e iy
105 110 115
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?29.6 95,0 59.0 15.9 2.0 10.n 246 9 125.1 19R2.1 146 16,4 18,5
36 68,0 LL I 16.6 =70 10.0 28 Ab.9 1h0 LR S1l6.4 15.2 17.08 19.1
1.7 ar.n 4.0 16,4 =?.0 10,5 3.1 0.9 122.9 W11,.? 15.5 17.5 19.5
A, 7T 9.0 61,5 17,1 1.5 12,» 2.8 00,9 20,9 IR, 15,6 17,9 19,7
T, T 95,0 Ae,0 17,1 3.0 13,0 2.8 94,9 4147 50,9 15.5 17,0 19,4
9.7 89,0 ST.0  17.0 8,0 15,0 2.A  AR,9 123,9  9e,0 15,0 17.8 19.1
a1.6 79,5 50.5 16.8 14,0 17.8 2.8 19.4 138.5 LYY L) 1.7 17.4 LY
NISTANCE QaRGE TRAVEI LFOD 42.0
NISTANCE ANCHOR TRAVELLEN ble6
Note Anchor depth at end
of drag measured ~
centerlne of shank at
anchor crown = 18 inches,
SNTE - ONSTTIVFE QMAs
ANGEF TONTCATFe
SManr TID RF) Ny
LLLIY
- antibaiiiiiibinalinaitisminesiion

1€
t ae
[LEE 0%
92n .0
ARAT, A
RE9A, &
asr1,Q
aul, 6
TLEE &
T766.7
INTR,LY
SALTS
(LIRS
anoc, 4
“9ur.7
T72R1.T
#515,9
«982,.1
LYo
Q11,2
6RLA
&480 0
(984,00
T40R .0

Day # = 100 SA

Test No. = 4

Test Series No. = 14
-25.0
‘Z0.0ﬂ
-15.0 4

25.0 e
0.9 5.0

50.9 e

40.0 A ‘

30.0 4 % = Tr

20.9 v=La
$ 10.90 1 .
) RS-y - B
AR e A
o
o —10.0w
a

-20.9 1

-30.9 -

-40.0 1

~5G.0 '

0.9 5.9
100.9
90.9
o = Ct

80.9 4 x = A

7[). :J ﬂ 9 = [J‘
~ 0.9
E: 50.9 1
¥ el

43.9
30.90
20.9
10.9

0.9

5.0
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s - 100 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 48

No. = 4 stato ,3000lb. 18 in. stabilizerext. 31,5deq. mov. flukes
Series No. = 14 fine sand bottom. depth 11-12 ft. mllw N
0

LE LEGEND

0 0= Crown Penetration

o a = Shank Tip Penetration

0 T T | p— Y T T Y 1 V c
0.9 5.0 10.0 15.0 20.90 25.9 30.9 35.0 9.9 45.9

Y %

0 LEGEND

L0 - ¥ = Transverse Rotation

v = LonthudLnaL Rolation

0_
. -
g#-——?---q_-_q R A AL b PR, SR -—v-»—--i*‘/’j"://
0 NIRRT P VSN VLLLIT Y REEEA VLT VINCILE YIRS VI  SELEIC VSN Y SRRV S S ™
o+
,0-
9-
O-
9 |l I T 1 i T T Y 1
0.9 5.0 10.9 15.0 20.9 25.9 30.0 35.9 .9 45.0
9 %
LEGEND .-
9 - 7 A NS
5 0= Chain Height on Jotto@/ﬂ —*. . s N
‘ ¥ = Anchor Force / \ -
91 7 = Deck Force ) ,/
e B R N
FYRAMA N R
_x.-’ > b
S _—o o O oo o o2 —
1 T Y ' 1
25.0 30.9 35.0 40.9 5.0

Anchor Drag Distance

—— -




1500 FT. SOUTHERST OF BUOY 49

;_;SOOOLb. 18 in. stabilizerext. 31.5deq.mov. flukes
brgttom. depth 11-12 ft. sllv

= )

}
3
I
:
{
?
!

) 35.9 40. l &5.0 S0.0 55-0 60~O 65‘0

5.0 70.3
55.0 60.0
45.0 56.2
)]
‘ ' 5.9 70.9
4 ' : ] 0 56.0 SS.0 60.9 6
HSO.O 35‘0 *0.0 *Sn
T
-




TEST _DAVE

TEST 0.

TESY SERIFS

TESY ARES

START.ENN TIuFS

SEAFL O0R TYPE

ANCHOR TYPE

ANCHOR WF IGHT

FLUKF ANGLF=TYPF,

Alit. ANCHNG TYOF

Afike ANCHAR wF [GHT
MATN-AUX ANCHOR SFPARATIAN
DEPRFSSNRSING . YT FACH-TNTAL WY,
MAORTNG | TNE DESCRIPTION

NATE - INTYLAL

STATO ANCHOR  TEST
100
5
14
SAN DIFGN WaRAND 1&Ap FT, SNUTWFAST
1830 - tada

FINE SANN ROTTOM, BEPTM 11-17 FT, MLLW

<TATD +I000| A, NNRUAL STAR[LI7EPS
3000.00 R,
.50 NER, . 0 faunv JaFTX
0,00 (&,
0en FFFT

6 - oH - n.0 LR,
ANCHO® Tn LROFT 2(N, STUNLINC CHATN

cHANK DFPTH JFONEN TO REFLFCT WMFAQOFN

Day = = 100
Test No. = §
Test Seriec No. - 14
-25.0
-20.0
~15.0
-10.0
-S.0
0.0
S.0
10.0
15.0

OF RunY 49

I .SNEG.MaY. FLIKES

TN ANRFT 2IM, WIDF QNPF

Feet

WATFONED TH

'

1+ NoAG DIQYANCF &, ROTATIAN ANAIF 9, CHAIN LENGTH AN BATTNAM 1, AMCHAD FLURF vip NFPTM
2. NFCx TEMGQION Ko SHANK ANGLF 10 THATN WEIGHT NN ROTTAN (4, WATFO NFOTH
e ANCHN? TENSINN 7, WIRF POBF Asfii & (1o ANECHOP rROWN NFOTH 1S, TATAL RATTON yF [AHT 20 0 .
4+ PACKAGE NEPTHM o, DECK HARLIZ. FNOCE 172, BNCHOR SHANK TIP NFPTW M
1 > R “ 5 3 ? n ° 1o " 12 11 14 ‘& Zs 0
FFFY x1P< L3I FFET 0FG NFG nEG vieg FFFY | AS FFFT FEFY FFFY FFFY 1B 4 1
0.0 18,0 B.h 4.8 =4.5  }p.E T.B  17.A 19R.9  SAeA.T 1%.2 15.2 17,1 16,2 aaun, 7 o 0 5 0
2.0 2.0 N0 15.0 ~6,5 10,7 6.5 2R 168.7 “4hR9, 1] 13,7 154 17,4 15,2 Taka, | i .
3.6 9.8 0.0 15.4  =6.5  10.n 5.3 WA 14T.6  4RA9,1 1.1 16.0 1R 1 15,3 Tama, )
S.e 15,9 B0 15.7 =4S jn.e 5.0 W9 |A&.T  S241.1 16.6 1601 19,6 15.2 LPTRI
7.6 1.9 Bef 1SR =45 100 S«3 7.8 1503 4T7ATLS 14.5 16,6 18,8 15,2 7,8 50 o]
9.5 4s,0 n.o L) 6,5 10,7 Sel YL 13,9 “?9].6 16,7 166 LS 18,2 ¥2Q1,4 , .
11.5 A6,.0 n.n [ LIRS =1.0 3.7 4.5 LN 12,5 AL, 14,7 17,2 tR,9 15,2 aS0g 1
13,4 57.0 N0 16,7 =11,R 1A ol SR A 1231 1918, & \5,2 (IS 10 0
154 28.5 0.0 15,6 =36,5  j8.a 5,6 24,6 2137  S9s3.6 15.2 PRI U
- ]
DISTANCF AS0GE YoaVEH{ED 14,0 30.0 1 * TP‘
DISTANCE iNCWO® TRAVFILED  15.4 U= LG
20.0 1

uNTE = oAGTTIVE cMAuw
ANGE TunICAYFe
SHANY TIP A NW
renyn

10.0

0.0 ¢
~10.0
~20.9
~30.9
-40.0
-50.90

S R e L

Degrees
) .

4

'

0.0 5.0

S T

100.0

90.0 0
80.0 % =
70.9 - 9 -

o 60.9 -

Q@ 50.9

X -

40.0
30.9 T
20.0
10.0
0.0

5.0

b A A )

T T Ty e T i




y* =

oo SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY

et No. = § stato ,3000Lb. normaL stabilizers 31.5deq. movi
)t Series No. - 14 fine sand bottom. depth 11-12 ft. mllw
=25.0
" _20. o N LEGEND

-15.0 4 0= Crown Penetration
-10.0 s=Shank Tip Penetration

=5.0 -

10.0
15.0 1
20.0 -

- 25.0
' 0.0

. S0.0
40.0 A
. 30.0 A
 20.0 -+

[l 10.0 $---¢--9--F---¥---9-"

L 0.0
 ~10.0 -
-20.0 -
-30.9 4
| -40.0 -

LEGEND

%= Transverse Rotation
V- LonthudLnoL f_(qotat.ton
9~

-

. -S0.90
0.0

| 100.0
' 90.0 A
I 80.0 A
- 70.9 4
60.9 -
| 50.0 -
40.0 -
30.9 A
b 20.0
10.0
0.0

0.0

LEGEND

0= Chain Weight on Bottom
*= Anchor Force
v = Deck Force

/9\.
7N\
-

A~

': ‘ ] 1 A
5.0 10.0 15.0 20.0 25.0 30.0 30 0.0
Anchor Drag Distance




te—
- normal stabilizers 31.5deq.mov. flukes
L depth 11-12 ft. mllv
S L LT T U UR RO
L Y Y T T \ v T
30.0 35.0 40.0 45.0 S0.0 SS.0 60.0 6S.0 70.90
%
T 1§ T T Y 1 Y Y 3
30.0 35.0 40.90 45.0 S0.90 SS.0 60.0 65.0 70.0 :
s ;
1 v L J | | | L} ¥
30.0 35.0 40.0 45.0 S0.0 SS.0 60.0 6S.0
Anchor Drag Distance 125




it A o it e S bt S s S P S

W

———
£
sy gate
Y W0,
TEST SERTES
TESY AREs

START-END TIMES
SEATCooh YR
ANCHOR TYPE

Al wEanyY |
TPLUKE WG ElTYRE,
Aylt. AMCHOR TYPE

Xe ANCHOR wE1GNT
WATN-AUL ANCHMOR SEPARATTON

OEPRESSORS NO 8T (EACH-TATAL WwT,

NOTE = INITIAL <HANK DEPTH ZERNFD TO REFLFrY wFASHRFD

1. DRAG DISTANCE s,
2. DECx TENSION .
T Y. MNCHON TEWSTON
6. PACKAGE OEPTH

1 TFOTTY Tk
FEFT  x1eS FEET
h 0.0  20.0 (14,9
i T 8T MY 14.9
I . 14.9

14.4

15.0

151

15.9

15.9

15.8

15,5
T15.6

Note Anchor depth at end
of drag messured —
centeriing of shank at
anchor crown ®t-15} inches.

NOTF - BASTTIVE SHaw

ANGLE INNICATES
cRaRR TTP FLOW
rRowN

ROTATION ANALE

SHANK ANGLF

Y. VINE ROPE AuwGLF
A, DECK mOR1Z. FOOCE 12,

L)

<TATO ANCHOR  TESTY

1ol
1

19
<AN DIEGN WARAND 1500 FTY, SOUTHFAST OF RIDY &9
1101 - 122

FINE SANN BOTTOM. DEPTH 11212 FT, MLLW

<Tato +A000LBs NORMAL STABILIZERS 12 NEG. MOV, FLUKES
5000,00 M.
12.00 OFfi, o 0 NasnV 1sF 1Y
0.0n A,
0.0 FFFY
o - 0.0 - 0.0 L

R,
ANCHOR TN 1AOFT 2.5IN. STUDL INK CHAIN TN J4O0FT 2IN WIRE ROPF

WATERNEP TH
1.

16,
15,

ANCHOR F1IuxF TIP DFPTH
wATFP NEOTH
TATAL BNTTAM WFIANY

Q. CHATN LFNGTH ON RATTNN
I10e CHAIN wFIGHT DN RATTNM
11« ANCHOR CROWN DEPTH
ANCHOR SHANK TTP DFPTH

y ] 9 10 n 12 13 14
nEG viee  cEfT L AS FFFY FEFT FFFY FFFT
7.3 19,n 172.8  BRaS 1 16,2 15.1 18,8 15,7
5.8 A,1  145.9  ?T\S,7 14.4 15.2 10.4 15.1
.6 4k 136.9  AAReLN 14.5 15.1 10,4 15.1
S.4 9.3 130.6 6560, 0 13.2 15.4 18.0 15.1
“.9 LYY 112.7 Ch86, 1 13.9 1S.46 tA.8 15.1
“.3  79.4  101.Q0  Spam,d 16,4 15,8 1.9 15,3
3.9 101.R RS,1 42484 14,6 15.R 1R,9 15,7
3.7 1n7,.A 84,5 “236,9 16.5 16.1 19,1 15.1
1.5 119, 77,4 38R0,6 16,4 16.1 19.0 15,1
J.e 123,m T76.8  IAS2,.4 14,3 16,2 19,0 15.1
3.6 129,48 69,7 1408, 6 16,2 16.% 19,4 15,9
3.3 131, 1.9 07,9 14,2 16,1 9.0 15,3
3.3 10,A 73,1 1665 ,% 13,8 16,2 18,7 1S.1
3.3 19,8 62.8 47,67 11.5 16,1 18.3% 15.8
3.2 1.8 74.) 3726,3 15,1
3,2 116,80 93,2 4675,3 15,3
4,0 4%.9 59.5 7997.§ 15.7

1€
Lo

1eARE, |
J131K,7
12884,0
17548,0
11684,
11208,y
10260,
12,9
LLIT Y
[LLE I
Q40K A
LTYS Y
L LI

SIRT. 6
9726,3
10875,
13997,8

Day = = 10j
Test No., = |
Test Series No. - ¥
-25.9 .
~20.0 4
-15.0
-10.9
=5.0 A
0.0 §=—=B—R-T 2"
S.0
13.07
1S5.0
20.9
25.0

I ¢
:3 (=)

1

Feet
y

1

1

0.9 5.0

50.9
49.9 .
30.90 4 * = 1}
20.9 V=
10.9
0.9
~10.9
~20.90
-30.9
-49.9

-50.9 T
0.2 5.0

Il

1

-
...__v_____?.—’

'y

150.9
135.9 4
120.9
105.0
90.9
75.0 4 1
60.0
45.9
30.9
15.0
0.9

o= O
X = (A
vV =

KIPS

N

1 ..~




SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUQY 489

stato ,6000lb. normal stabilizers 32 deg. mov.

fLukes

p. = 19 fine sand bottiom. depth 11-12 ft. mllw

LEGEND
0= Crown Penetration
s~ Shank Tip Penetration

SSRGS (S S E T SR G 4

|
— Y T T T T ™ Y T Y j
S.0 10.9 15.0 20.90 25.0 30.0 35.0 40.0 45.0 50.0
LEGEND j
¥ = Transverse Rotation N
v = Longttudinal Rotation 7#’ i
A
B A e G W - g g - ¥
.
MM 3¢ 3
|
Fr T ) ¥ T 1 ¢ Al 1 L] 1
5.0 10.90 15.0 20.9 25.90 30.0 35.0 40.0 45.9 50.90
h )
[; .
LEGEND S~
: . A e —g
0= Chain Welght qg,Bokté% AN
¥ = Anchor Forgeg " y 7\
¢~ F o %
Deck  9ﬁﬁe [ .\
s e 0\
e o :
. >
’/7 . \\X'
. x \
\
x
% X
t"H—%ﬁrg < 2 R aa—" IM r ' Y T
5.0 10.9 15.0 20.9 25.90 30.9 35.0 40.0 45.0 50.9

Anchor Drag Distance




FT.

——

SOUTHEAST OF BUOY 489

_normal stabilizers 32 deg. mov. flukes
depth 11-12 ft. mllw
—
— T T L 1 1 1 1
.0 30.0 35.90 40.0 45.0 50.90 55.0 60.0
%
—
v
e
I
T ¥ T 1 1 T |
0 30.3 35.9 40.0 45.0 50.0 55.9 60.9
)
-
%\\q\\
" ~ \
%\
A
LN
b
‘.\
M
T T T T Ll T Ll
0 30.9 35.0 40.0 45.0 50.2 55.0 60.9

Anchor Orag Distance




TEST DATE

TEST ~O.

TEST SERIFS

TEST AREs

START-En0 TiwEs -
SEAFL00R TYPE

ANCHOR Tyof

ANCHOR wF IGNT

FLUXE ANGLE=TYOF .

Aut, ANCHNR TYPF

AUX. ANCHNG WE [T
MAIN-AUN ANCHOBR SFPARATION

OEPAFSSORS N0 =T JEACH-TATAL WY,

MONRING L INE DESCRIPTION

. NNTE

1. D286 NISTANCE .
2. OFCK TENSINN .
e ANCHOR TENSION 7,
4o PACKAGE OEPTH™ 2,

1 > L] “
FEET xies <1PS FEFT
0.0 29,5 X Thet

2.0 9.5 12.5 14,5
3.9 39.6 10.6 14.7
S.8 65,0 13.8 16.8
T.1 79,0 s, 0 1ee
9.8 A5.0 L 14.9
11.6 107,80 680 14.9
-13.6 110.0 12.% 18,7
60.0 1.0 14,7
59.5% 3. i4en
[T 5.0 10.1
57.0 28,8 1).4
55,0 28,8 13.7
51.0 25.0 13.6
$0.0 23,8 11.S
45,0 18,8 1)es

DISTANCE RARGE TRAVELLED
OISTANCE ANCHOR TRAVELLED
Note Anchor depth at end

ot drag measured —

centeriine of shank at

anchor crown ={-24} inches.

NOTF - SOSTITIVE SHawk
el E INDICATES
sHaim 1P BeLow
oW

STATO ANCrOR  TEST
101
2
19
can DIFGA HaRRAR 1500 FT, SOUTHFAST OF SHINY W9
tlaf - 1154
CINF SANT BOTTOM. OEPTH 1)-12 Fr, Mi(w
<rafo A000t B. NOPMAL GTARIL 17€0% 12 NEG, MOV, FUKES
&hQo.0n R,
12,00 0FC, - 0 fauny (sf IR
naoe (A,
0.0 FeFY
N - LY 0.0 LR,

ANCHOR Tr JRAFT 2.5IN, STUDLINK CHAIN TN YW0fFT SIN wiDf ROPF

- INITIAL cHAuw NEPTw PERAFN TO DEFtFrT MFASURFD WATFRNFPTw

ROTAT[NN AnnL €

SHANK ANGLF

Q, FHAIN L FNGTH NN ANTTAM |3, ANCHNR £ Unf TP NFPTM
10, CHAIN W IGHT AN RAATTAM (4. waTfo DFpTH

WIRE BOPF AuGLF 11. ANCHOR (ROWN NFPRTW 18, TOTA; ROTYOM WFIOMT
DECY WORIZ, FNQCE 12, ANCHNG CHANK TIP DEPTM
< " b L] 9 10 1 12 13 14
oF6 oF G nfn ER LIS ¢EET (.13 FEFTY FEFY FEFY FEFTY
0.0 Sen bul 39,3 1AD,9 AanT|.A 1e.0 15.0 18,1 15.0
0.0 T S.6 9,1 14b.6  715).9 1ol 16,0 14,2 15.0
0.0 LIS 5.5 MR 168.9  TenA.s 13.6 15.¢ 18,2 15,6
1.0 12.5 4.6 AG,A 119.5 €993.5 12.8 18.4 17.9 15.0
2.5 1an €s2 AR 0B, 8620l 13 15,4 (L 1540
I8 len “.2  Ae.A 99,1 «oa}.? 1.4 15.7 181 15.4
3.0 dlan 3.7 182.a 90.9  4559.4 13.4 15.7 18,13 15,0
3.0 13,0 3.4 1n9,A 91,4 AnA2,7 13,0 15.7 18,0 15.0
3.0 21.7 3.k 69,9 152,% ThaB,. O 11.5% 15,8 17,2 15,8
3.0 21.n 3.7 f9.4  1646,9  7ie6.7 1,2 15.5 16.9 15,0
1,0 19,3 w2 LAY ] 130.0 AE19,? 11.4 18,6 17,4 18,0
AL €5 S6.8  1¥,3 AT3e,? 10,9 15.0 16,6 15,4
3.0 19, .5 S4,A 1374 K9], 1.1 15,1 16,7 15,8
-2.0 19.8 .7 0.4 160.1 T027.5 1.0 1%.0 16,6 15.0
=12,% 20,5 a7 49,8 1818 1109,% 1S,9
«20.0 19.n .9 YL 146,68 762,86 1%.n
30.0
29.8

%
LR
1607) .46
113%1,.9
104N &
119Q91,8
Viean,8
1098y, 2
1h68Q, 4
106R2,7
136480
13368.7
126198,2
127%,?
17289,
13027.5%
tV1ne,s
133872.6

Feet

Degrees

KIPS

b=

5.0

~20.3
-15.3
~10.9
-5.0
0.9
S.0
10.9
15.0
<0.3
5.0

50.9
40.0
30.0
20.3
3.3
0.3
-10.3
-20.9
-30.90
-40.3

~50.3

100.0
90.3
80.3
73.0
60.3
50.9
40.3
30.0W
20.9
10.3




- — - g : iisincer S oikidiy £ saiating T T " > s T
4 A SN o, o . LY

)+ - 10, SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 4

pst No. - 2 stato .6000Llb. normal stabil.zers 32 deq. mov.]
)st Serces No. = 13 fine sand bottom. depth 11-12 ft. =l.w ‘
i25. 70
120.9 LEGEND
15.0 A 0= Crown Penetrat.on
10.9 - a = Shank Tip Penetration
~5.0 A
0.0 =8 B i o S ik - Ating Sl i &
5.0
10.9 4
15.0 A
20.70 A
25‘0 T L T T L 13 T T 1 E
3.9 5.0 10.9 15.9 20.9 25.90 30.9 35.0 43.0 15.0
50.2 3
49.9 LEGEND
30.0 A ¥ = Transverse Rotation
20.7 4 v = LonthudLnoL. Botaoblon, g —g.-ig--w-_g
.q,, __v. --—'V
T T 1 1 1 1 T 1
0.0 5.3 10.3 15.0 20.9 25.93 30.9 35.9 40.90 4S. :
09.9 V/K 3 '
B0.J h ? ght\on Bottom
o rorge -
70.0" /Deck F‘O!*—Ce v \ R
50.9 - BRI
50.9 4 / A/ .v\ﬂ——s].
%0.5 % i v
. ?—9
- S
oot A «
X
FO.D -1 _ a
.o'g t‘é——;\H__g O— <3 Pl o —) L) <) _9
- ‘9____9/" =7 - a— —~ — =
!03 ) Y Y y T T 1 V Ty
0.3 5.3 13.9 15.9 20 90 25.0 30.90 35.0 43 0 ‘.‘ZT
Anchor Drag Distance
.
-




FI. SOulRHEAST OF BdJdY 49
normal stabil.zers 32 deqg. mov. fiukes
depth 1112 fu. 2t .w
= :
-8
.0 55 3 55?5 45 J 4% 0 55.0 5% 0 66,0 5% 0 70.9
)

14 T T T T T T
J 30.3 35.9 40.3 45.0 50.9 55.0 60.90
3
P .
T~
e <
“
G~ D)
i ¥ T Y T I | l . T
9.0 30.9 35.9 47 0 4.3 S0.0 S5.3 60.90

Anchor Orag Distance




TEST DAYF

TEST NOo

TEST SERIFS

TEST AREA
SYART-END TINES
SEAFLOOR TYPE
ANCHOR TYRE
ANCHOR WEIGHT
FLUNE ANGLE-TYPF,
AUX. ANCwnR TYPE
AyR. ANCHAR WE IGHT
MAIN=AUX ANCHOR SEPARATION

MOORING LINE DESCRIPTION

1, NEAG OISTANCE s,
2. NFCx TFNSTON LY
3, ANCHOR TENSION T,
&, SACKAGE NFPTR ",

1 ? 3 “
FEET xfes xies FEET
8.0 ?9.0 [ TL. I T
2.0 35,0 5.0 4en
[ 23] 46,0 12.8 1éel
6.1 S0 13.1 13.6
R.2  SS.0 22.5 13.8
9.9 LL 32.% 14.0
1148 100,80  55.0  Je.?
13.8 110.0 14.1
'1%5.7  80.0 41.3  13.%
17.7 m.0 25.0 13.¢
19.8 60,0 28,8  13.6
21.8 45,0 1.8 13.7
23,8 &S0 17,5 117

. DISTANCE BARGE TRAVEL(LEOD
“"BTSYANCE aNCHOR TRAVELLED

Note Anchor depth at end
of drag measured —
centert:ne of shank at
archor crown = (-6 inches

NNTF - pASITIVE SMank
ANGLE INNTCATES
SHANK TTP 8FLOW
rROWN

DEPRFSSOAS MO ~WTEACH-TNTAL WT.

BOTATION ANAIF

SHANK ANGLF

MIPF PNPE AnGLF 11

DECK HORIZ,

5
[y3d
5.5
5.5
4.5
2.5
=2.0
=20
0.0
S
LI
1.0
3e.n
“n,0
.0.0

26.0
?23.A

[
Df G
&8
4,c
1,<
12.5
12.8
12.¢€
Jeun
1646
21.5
1.5
2607
26,¢<
2h,n

StAYO ANCHOR  TEST
10}
3
19
<AN OTEGN HARANS 1500 FT. SOUTHFAST OF AUOY &9
1210 - 1320
FINE SANN BOTTOM. DEPTN 1112 FY, MLLW
STATO +A0001 B, NORPMAL STARILIZERS 12 NEG, MOv, FLIMES
6000,00 (R,
12.00 NER, - 0 NNV FaFix
0.00 R,
0.0 FFFY

0 - fe0 - 2,0 LA,
ANCHOR T 1ABFT 2.STN. STUDLINK CHRAIN TO J6OFT 21N wWIRF QOPF

NATE = INITIAL cHAuk NEPTH ZEROFN TN REFLFMT MFASURFN WATFRDEPTH

Q, FHAIN L FNGTH ON RATTNAM
10, CHATN WEIGRT ON agTTNM
ANCHNR CROWN NEPTH 18.

1%, ANCHAR FLiF TIp NFPTH
le. WATFO DFRTH
TOTAL ROTTOM WFIGHT

FNDCE 12. ANCHNR SHANK TIP NEPTH
7 R” ] 10 1! 12 1% 14
nEn wip< cFETY L RS FFFY FEFT FEFY FEFY
A.l 28,7 16240 7130, 13.3 1604 17, 14,5
Se2 .9 160.2 ANYe .3 13.3 14,1 17.6 14,5
S§.2  43.8  163.9  7218.4 13.6 16,7 17,7 Jo.%
Se0 46 A 165.3  72R4.4 11.9 14,5 16,9 16,5
5.0 Q&R 127.9 AL)2.9 11.8 s 16,4 14,8
bo? AT,.8 te4.? AD24,2? 1243 1&.9 17,1 14,5
3.6 a9, A 98,3 4927.1 12.3 15.2 17,8 14,5
3.6 1n9.8  AS,T 4299,4 1.9 15.2 17.3 14,5
3.5 79.9 126.1  AI22,5 0.8 15.2 16,5 14,5
3.8 €7.9 146,.8 7362.5 14.5
) |9,.M 137.9  #916.4 16,5
“dl 44,9 159.1% 7989, 0 16.%
' Lh.9 154.6 TT54,0 14,5

1

Lec
13120, 3%
140%.Y
132186
113206, 4
12612,
12228,2
10927,
14299,4
12322.5
11342.5
12914,4
13980, 0
137%6.0

Day = = 10
Test No. =
Test Series No.

Feet

Degrees

KIPS

3

-25.90
=20.9 |
-15.9 1
~10.0 A
-5.0

0.9

S.0 4
10.9 1
15.90 -
20.9 4

)
o
;1

25.0
0.0

50.0

40.0 4
30.0
20.0
10.0

0.0
-10.9
-20.9 -
-30.0 4
~-40.0 o

-50.9
0.9

100.9
90.0
80.90
70.9
60.0
S0.90
40.9
30.9
20.9
10.9

'y

4

A

1

\

O ™
M =
T -
.
PR

0.0 Y=




S0O.
40.
30.
20.
10.

-10.
-20.
~30.
-40.
~S0.

100.

SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BuUQY
,6000Lb.

fine sand bottom.

.5”-101
st No.
est Series No.

32 degq.

normal stabilizers

depth 11-12 ft.

0 = Crown Penetration
s = Shank Tip Penetration

TeE T A AT N - - A

x = Transverse Rotation
v = Longltudinal Retaotwk
R R ok

LEGEND®
0 = Chain
% = Anchor? Force
9 = Deck# orce

.~ N

S

Anchor Drag Disw.ance




e

 FT. SOUTHEAST OF BUGY 49

normal stabilizers 32 deg. mov. flukes
depth 11-12 ft. mllw
S
1 T LI T LI T L) T
.0 30.0 35.0 40.0 45.0 50.0 S5.0 60.0 65.0 70.0
$
T T T T L T R T
.0 30.9 35.0 40.3 45.0 S0.9 55.0 60.0 65.0 70.0
%
o 4 =T ! T Y T Y
.0 30,3 5.0 40.J 45 0 50.0 S55.0 60.90 65.0 70.90

Anchor Drag Nis.ance




;
|
b
i

TESY OATE

TEST NO.

YERT SERIFC

TEST AREa
STARY-END TIwEg
SEATLO0OR TyvOE
ANCHOR TvoF

ANCHOR WF IGMT
FLIME ANRY £-TYPF,
AyR. ANCHAR TYRF
Auls ANCHNG wFIGWT
MATN-AUN ANCHOR SFPARATIAN

DEPRFESORS (NN -yl FACKH=TATAL wT,

#OOR NG | INE NESCOIPTION

STAFKLFSS  ANCHOR  TEST
L3
1
20
<AN DIFfn HaRRAZ 1500 FT, SOUTHFAST oF Runy &9
1600 « 162

FINE SAND ANTTOM, NEPTH [)-12 F?, WiLy
STOCKLESS +&nao A+ TANDF® Suank TNAWACKLF 1§ DEG, FX,
950,00 | A,
6,00 BFr, - L NamOy 1aFpy
SANNLA STNCxg FS ANCHAR
5950,00 A,
«5,0 FrFy
n - .0 - 0.0 LR,
ANCHOR TN GSFT >IN, STUDN INK CHAIN TN AN ANCHAR TO 180FT
3.51N STIDL TaK rHATN IO YWOFT 21N, WIOF Dnpp

FLIMES

NATE « INITIAL cHaux DEPTH JFENFN TO PFFLFCT MFASURFD watFONFD W

1+ NOAG DICTANCE
Ze DECH TENSTON e
Ve ANCHOR TENSTON
4 PACKAGE NFPT™ A,

>
x10S  w
1a.08
24,0
30.0
w.0
7.0
e
st,.n
59,5
719.5
101,90
100,60
1280
129.5
137.0
15%.0

L)
FFET

=

VA= O AN D TN

AT ST

NWLOIPBIBOO —

19.0

51.3

DISTANCE RARGF TRAVELLED

_ DISTANCE SNCHOR TRAVFLLED

Note Anchor depth at end

of drag measured -
cantecine of shank at
anchor crown = 10 inches

NOTF - BOSTTIVE SHAWK
ANGLE TwnIcares
U TS LW
RO

S, ROTATINN anrtF 9, FHAIN _FNGTHR AN AnTTAM

Sramx ANGLF

T. WIRF POPF anfLF Lls ANCHOR rAOWN DEPTH

DECK MORL7,

032330002330
IR

cocoaceodsaS

~
-
.

=3

27.0

"
NEC

7€
«7.8
-5.n

[
>

RADABAND D v N

MR

PP NNNNND LN

1%, ANCHAD FLimF YED NEPTH
tes WATFO DFODTH
1S, TOTAL BATTNU WF IniMY

10, reainN weIGHT AN RATYAM

FOOCE (2. ANCHOR SHANK TIP NFOTH

14 L] 9 ta [kd " 113
nEe v 1PS FFET 1 RS FEET FFET FEES
6.2 1RA,9  244,9  veeses

8.2 2Y,R 200.2 21S.?

Ted 29,8 191.6  B774.4

7.3 P9,R 192,64  ARDE,6

7.1 AL 17ra LULL N

S0 61,7 175,1 7966 &

6,5 n 7 179.9 ¥a37 .0

5.4 &9,2 156.8  70W8,9

S.l 9.2 127.5 §871,2

«,7 1080,7 103,6 83H2.5

4.k 99,7 115.5 4964

G 127,68 2.4 2A18,.1

a.l 129, 83, 79,4

3.9 1%%.7 82.7 1320.2

3.9 154,686 “A,2 2095.9

1=

Lo
226404,
2111%.2
20874,
20704 .4
1998% .1
1988k &
198Q7 .0
1998 9
17671 2
18245 .6
T1&R&A &
14718 Y
18279,.6
1822n,2
1399 .9

Feet

Degrees

¥I1PS

3 O
Q
-
#

5.3
+23.3
~18.0
~10.0
-5.0

50.3
40.0
30.9
20.9
i0.90

-20.9
-33.90
-40.90
-50.0

1580.3
135.90
120.93
195.90
93.93
75.0
€0.0
45.9
30.0
15.3
0.9

ces No. - 20
. 2= Crow

—
L
i
W
J
Q
4

i

[}

3.9 5.0 1l

|

1
'S
1
=
3
Q
3
n

1

]

o0 Chaun
X = Anchoy
v

= Deck |

- |

I

I

¥
!




0. <2 DICEO HARBOR 1500 FT. S0gl-7

: ctocklese 5000Lb. Landen <'ar=rcerco-.e 3% adeg. “x.  fly

e< - - <O . . . . e
f_nme sand botvron, depth li-.< ‘.. ~._.

LEGEND
2= Crowun Penetratilon
2= Shank Tlp Penetration

‘ y - r Y T Y — T T
0.0 =3 10.9 18.0 0.3 2.3 3.2 ez 45.0 45.7
<
$
! JEGEND
: * = Trangverse Rotatilon
: 7 = Long.tudinal Rotatilon
1
; B R e G — e G g g
e e X
g R
. Y 'y T T T Y Y Y v —
0.3 €9 13.0 is.2 0.0 ¢S.0 33.3 35,3 49,9 45.90
i 7 g .
i LEGEND v
; 2 Chaun Ne',ght on BO’LLOTT-/V' -
% : Anchor Force )
7 Deck Force ‘/}'-q/
v < 3
g—F—= 2R I
g % o
7 ~
—9 x
S a8 —5—5 o o . o o .
- T T |l T 1 1 !
0.0 €.z 2.9 i5.9 0.0 25.0 30.9 35.0 4.0 4.0

Anchio- Dtng D etance




FT SOUTHEAST OF BUOY 49 |

Landen shanktoshackle 35 deg. fx. filukes
depth 1112 fi. mliw

i
!
] T T Y T Y Y Y T i
EO 30.90 35.3 40.9 45.90 50.9 S5.0 60.0 65.0 70.9 !
3 |
9. -9
T 1 1§ T T T T T
.J 33.3 35.90 40.9 45.9 50.9 55.9 60.90 65.0 70.9
b )
=
] Y T ' Y T T T Y
.0 0.9 35.9 4.9 ac g 50.9 €5.9 60 0 €5.0 70.9
Archior Urag D stance
133

=




g

QATE
Wer, .
TEST ANEA

START-END_TINES

SEAYL 00N TYPE
ANCHOR TYPE
" verent

~TYPE,
AUR . ANCHOR TYPF
AUXe ANCHOR WEIGHT
“WEATN-ADX  ENCHOR “SEPARAT 10N
DEPRESSONS o NO . ~WT.EACH-TOTAL WwT,
WOORING L INE DESCRIPTION

- ’“T.“mxm 5. ROTATION ANME
2. m 6o SMANK ANGLE

ENS 10N
TEWSION 7. WIRE ROPE ANGLF  1). ANCHOP FROWN NEPTH

STOrKLESS ANCHOR  TEST

101
2
20
SAN DIEGH WARAND 1800 FT. SOUTHFASY OF RUNY 49
1454 - 1511

FINE SANN BOTTOu, DEPTW 11-12 FY, M LW

STOCKLESS +S000_B. TANOEM SHANKTNASHACKWLF IS NFG, FX,.

$950.00 LA,
15.00 OEfi. - ) OsuayY 1=F1x
%000LA STNCKLESS ANCHNR
£950.00 LA,
4%.0 FFET

0 - Ned = 0.0 LR,

FLIMES

ANCHOR TO 4SFT >IN, STUNL INK CHAIN TO AUT ANCHOR TN JROFTY

I.5IN STUDLINK CHATN TO 340FT 2IN. WIRF PNOF

Q. CHAIN LFNGTH NN ROTTOM 3. ANCHOR FLUXF TIP NEPTR

10. CHAIN WFIGHT ON BOTTOM 16, WATFR DFOTH
15, TOTAL BOTTOM WFIGHTY

5, PECKEGE DEPTE A, DECK RORIZ, FARCE 12, ANCHOR SHANY TIP DNEPTH

1 2 3 . S
TKIPS T XIPFS  FEEY  DEG
0.8 11.8 -1.5
N8 12,3 -1
TETWLSTT BT 12,9 -1
12,5 131 -1.0
10,8 12,9  -1.0
AT WS 1.y -l
26.3  13.5  -1.0
__#1.3 13,9 -l.0
330 1A C-Te0
$0.0  13.4 <140
$3.8  1)eh -1.0

- B 8 157 -L.0
2301 i168,0 538 13.4 1.0

DISTANCE WARGE TRAVELLED 26,0
_7°|".ﬁ! ANCHOR TRAVELLED ___23.1

Note Anchor depth at end
of drag messured —
centeriine of shank at
anchor crown = 22 inches.

NOTF - POSITIVE SHAWK
ANGLE TNDICATFS
SHANK TIP AFLNY
Rowe

&
0€G
-9.A

0.0

2.8

6.5

A.n

L3

At

8.1

L PR

L

9.5

A.x

8.t

7 n ? 10 11 12
nEG ®IPS FEET LAsS FFET FEFY
8.1 238 20l.0 9266.7

7.3 3.7 182.3 a318.)

6.7 9.2 178.6 AN29 A

6.1 6,7 151.9 AT91.A

Se3 14,7 130.) s710.5

4.9 a&.7 106.7 4823,.7

4.4 03,7 126.7  S626.7

4.3 11%.7 92.0 1790.8

4.2 12307 87,4 68N

4e0 129.2 88.3 RLLLY.]

8.0 17,7 80,7 12212

4.0 199,2 Thob ?907.3

3.9 led.7 13.2 2044,

1
FEFY

14
FEFT
13,0
1.0
11,0
1.0
1.0
13.0
13.n
13,0
13.n
13.n
13.n
13.n
13.0

15
Lee
2U18A.7
20218,1
19979, 8
[LTIIWY
17610,

« 1547%,7

17324,7
1569n .8
15454, X
16506, R
18121.2
14807,
14746,

Day # = 10]
Test No. = 2

Test Serles No.

5.9
~20.9
©15.0 A
~10.90
~5.0 4

0.04 - e
5.0 4

10.0 1

15.0
20.9

25.0 ,
0.9 5.0

A

Feet

Il

50.9
40.0 -
30.9 - * =
20.90
19.0

0.0

-10.0 4

-20.90

-30.9

-QO'OT

-50.9

-

Degrees
1

2.9 5.0

150.9 —y
135.9 |

O =
120.9 < =
105.9 - .
90.9
75.0
60.9
45.0
30.9
15.9
0.9

1

'l

KIPS




Day # - 101 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF B
IeSF No,‘* 2 stochkless ,5000lb. Landem shanktoshackle 35 i
fest Serles No. = 20 fine sand bottom. depth 1112 fi. mllwv
~25.9
~20.9 LEGEND
~15.0 - 0= Crown Penetration
-10.9 - s = Shank Tip Penetrat.on
~5.0 A
Og O LT L R I T PR R E R LR
S.0
10.9 ~
15.90 <
20.0 A

25'0 T T T 1 T 1
0.9 5.0 10.0 15.90 20.0 25.0 30.0 35.0 40. 0

Feet

50.9
40.0 - LEGEND

30.9 4 x =~ Transverse Roiation
20.0 - v = Longitudinal Rotattion

19.9 1 R e TIEEL A S

0 OI “"‘—3' 3¢ 3 3¢ L 3 3¢ 3 3 e 3¢

. > ral ra ra3 ¢ ral ral ol Ea Ea > ral
/.}

-10.9

-20.90 A
~30.0 4
~-40.9 -
-50.0 Y T =T T T = = Y

Degrees

599 LEGEND g

135.9 4 .
0 = Chaln Weight em6Tton

120.9
T % = Anchor Fopte

105.0 4 7 = DGC}E.@"/CG

90.9 A1

75.0 4 /

60.9 1 / *_‘—_x__._*_,.-é(
45 .0 o / /*._.. ™

30.0 4~ e

15.90 4 .o

KIPS

. L 1 Ll
.0 20.0 25.9 30.9 35.90 49.¢
Anchor Drag Distancd

NS S e Bt e T - .



FT. SOUTHEAST OF BUOY 49

tandem shankioshackle 35 deq. fx. flukes
b depth 1112 i, mily
™ T T T v M ! ’
F.O 30.0 35.9 40.9 45.0 S0.90 §5.0 60.0 B6S.0 70.0
%
L ™ T Bl v ! ! | 0.9
5.0 30.9 35.0 40,9 45.9 50.9 55.0 60.9 65.9 70.
9
! v r A\l 1 ¥ - L
.0 30.9 35.0 9.9 45.0 50.9 55.5 60.9
Anchor Orag Distance
135




- —— e

TEST DAYE
TESY 0.
TESY SFRIFS

St aRFa
START-FNN TINFS
SEAFLOOR TYPE
ANCHOR TYPE
ANCHOR WF TGHT
FLUKF ANG| E-TYRF
Ale, aANCHNg TyoF
A1X, ANCHOR wF IGMT

MATN-AIIX ANCHOR SFRARATION
DEPRFSSOAS NN ~WT EACH-TNATAL T,

MANRING  INE DESCOTPTION

1. NRAG DISTANCF
?, NFCx TENSION
1, ANCHOR TENG NN

4, PACKAGF nFPTe
1 4 3 “
FFFY «ioS  xlee  FFE
0.0 21.0 1.1 eose
2.0 31.5 1.R
1.6 580 18,0
LY T 1105
7.3 A9.,8 13,4
°.3 9%.0 7.5
11,3 109,0  «3.A
13,3 129,80 S2.8
18,2 112,60 k0
17,2 124,60 6&31,A
19,2 13,0 S6,3
21,2 137.0 2.5
23,2 126,0 45,0
25,2 139.8 48,3
27.2 1.0 “S.0
29.2 12n.0 “2.5

DISTANCE RARGE TRAVE|LED

Se
Ko
T.
a

T
-
-

DISTANCE ANCHOR TRAVELLEN

Note Anchor depth at end
of drag measured —
centerhne af shank at
anchor crown = 25 inches,

MWATE « DNSTTIVE Sxange
ANGEF Tun(CaTFE
cHANK TIP AF) NW
roAYn

ROTATION ANALF

SHANK ANGY F
WIRF ROPF 4nGLE  11. ANCHNR COONN NFRTH 18, TAT4 ANTTAM
DECK WNRL7, FNOCE 12, ANCHOR SHAMK TP NFPTH

<
0Ea
=2.0
~?.0

30.0

29,2

“
OEG
7.0
2.<
in.n
t2.n
12.0
12,1
12,n
13,7
12.0
13,1
16,0
14,0
14,5
15,0
13.0
13,0

STOCKLFSS ANCHOR  TFSTY

ALY
]

21
<AN DIEGA HARBOD 1500 FT  GNUTHFAST OF QUNY 49
926 - qaf
FINE SANN ANTTOW, NERTH 11-12 FT. MLLW
STOCKLESS ,5000) R. TANDFW CRNUNTASHaCx F IS NFG,
5950,0n0 (A,
SN0 HFR, o L OzuOv 1=F1x
S00OLR STACHLFSC ANCHAR
ReGA. A0 N,
45.0 FFET
n - N0 - n.0 LA,
ANCHOP T 4GFT 2IN, STUNL INK CHATN TO AlIX ANCHOP
2.51IN STHINL INY CHAIN TO WNFT 2IN, WIRF DNPF

Q. FHAIN LFNGTH AN BATTINM 11, ANCHAD F|itxf
10, FHAIN WFIGHT AN ANTTNAM 14, WATFR NEDTH

7 a 9 10 1?7
nEG wipg  SFET | RS,
T.R 20,8 311.6  QTAR,T
LT M, 19,0 AQn4, ¢t
4.9 LT 174,00 7004
.8 83,8 157,577yl
Ah LLTS 156,46 TeA.S
3.6 Q6 ,A 1695 6RTY,?
J.6 InALA 139,6 A173,9
3,3 127,R 121,85 S270,.1
3.1 N1,A T, 4Say.5
2.8 125,8 145,77 k4RI,
2.9 15,8 131.3 s157,7
2.9 1\h,A 13,2 SINT )
3.0 12,8 119,) hleR A
3.0 19,3 122,9 80376
3.0 129.%r 132.4 SR,k
3.0 N9.n 143,2  A35A,0

Fr, Fpuxfse

T™H (ROFT

TIP AFDTH

WF 1T

17 [

FFeY
14,0
14,9
16,0
16,0
16,0
1A, 8
16 .0
16,8
16,0
1A a8
th,n
16,0
16,8
16,8
16,0
14,n

te
I 9¢
LI}
2nlng, |
19RLn. G
1RQ7y Y
18918, 5
1ARTY P
1a071,9
171741
jasay €
LR LRI
VTRET, Y
17607,
1RALR A&
17217 ,6
17724
1arce,n

Feet

KIPS

Degrees

Day # = 102
Test No, - |
Test Series Mo,

-25.9

-20.9
-15.0 T
-IO'OT

-5.9

2

L

5.0
10.9 1
15.90
20.9

1

'y

0.0 rrrmmmimaraceeens e oeaseneey
]

25.90

0.9

50.90
40.90
30.9
20.90
10.9
0.9
-10.0
-20.9
-30.9
-40.90

-

-50.9

150.9
135.90
120.0
105.90
80.90
7s.0
60.0
45.0
30.90
15.0

0.0




» - 102 SAN_DIEGO HARBOR 1500 FT. SOUTHEAST CF

No. - 1| stockless ,5000lb. tandem crowntoshackle 35 deg, fx. fluke

Series No, = 21 fine sand bottom. depth 11-12 ft. mtlu
.0
.0 - LEGEND
.0 - o = Crrown Penetration
.0 s = Shank Tip Penetration
.0
.0 4
.0 -
.0 -
.0

0.9 S.0 10.0 15.0 20.0 25.0 30.0 35.0 4.9

11

.0 - x = Transverse Rotation

7 = Longitudinal Rotation
-OT 9
.0 - g----" ¢ -v.___v.__.v.‘———-v-—-.q._,,-.v—-—-V——--V———-V——‘"'V'"—--q_._.._v

d T % al ra) Fay Ca) LA ra —x

| i LEGEND — v.
2 0 = Chain Weiglt on Potltom v\/ ad ~
¥ = Anchor force v

01 v - Dec/F&,For‘ce
=

T 1 1
0.9 5.0 10.0 5.0 20.0 25.0 30.0 15.0 0.9
Anchor Drag Distance




0_FT. SOUTHERST OF BUDY 49

Lb. tandem crowntoshackle 35 deq. fx.

flukes

Em. depth 11-12 ft. mllu

| an
i

e i sl Bk | AN e s




Y
3

”

st a2

- ot

]

ANCHOR WEIGMY

FLUNT ANKGLE-TYPF .,

AT, aNCHOR TYPF

AUX. ANCHOR WE IGMT
WATN-AUR ANCHOR SFPARATINN
DEPRFSSORS oNO . ~WT EACH-TATAL W7,
HOORING | INE DESCRIPTION

* 1+ DOAG DISTANCF <
2. OFCK TENSTON 3
Yo ANCHOR TENSINN 7
A, DACKAGE NFOTR A

1 Ed 3 ~
FFEY n{ps KPS FEET
0.0 2%.0 1.9 taen
2.0 34,0 .0 154
4.0 S>.0 a7 5.4
5.9 M50 ?1.5 1808
T.A I02,0 28,8 16,1
A 110,60 37,8 1.
1.7 105,00 IS8 16,5
13,7 1285 45 A 16,4
15,7 13,0 So.0 16,7
17,7 119,58 53,8 14,8
19,6 163,5  S?.S 14,4
21,8 Y610 SA,Y 16,7
23.6 14,0 so.0 14,4
25.6 164,10 56,3 16,4
274 1Yo o8 A 14,0

‘OTSTANCE RARGE YOAVELLED

OISTANCE ANCHOR TRAVELLEN

Note Anchor depth at end
ot drag messured —
canteriine of shank at
nchor crown = 22 inches.

SOTF - SOSTTIVE SEWK
ANGLE TNDTCATE
cHaNK TIP BOLOW

STOCKLFSS  ANCHOR  TEST
102
2
”
CAN DIEGA MARAND 150 FY, SOUTWEAST OF Anay (9
1A07 - 1820

FINE SAND BOTTOu, NDEPTH 11-12 FT, WiLW
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- 105 SAN DIEGO HARBOR AT BUOY 21
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50.0

OISTANCF RaRGF "RAVFLLFD 14,0

ATRTANCF ANCHND TOAVF[ L EN loe? 10 0

WATF <« ONSTYIVF Chaaw 30 0

ANGEF [aDICATFC
cHasy 11D AF) Ay

o 20.0

10.0

0.9
~-10.90
-20.90
-30.90
-40.0
-50.90

Degrees

100.9
90.0
80.0
70.9
60.9
50.9
40.0
30.0
20.0
10.90

KIPS




R i e R T i

.05 SAN DIEGO HARBOR AT BUQY 21

,‘._ 3 stato ,3000Lb. 18 in. stabilizerext. 31.5 degq.mov.
Ltes No. = 2¢ 1-3 ft. mud over dense sand depth 35-38 ft. mlilw

i LEGEND

1 o0 = Crown Penetration

1 s = Shank Tip Penetration

.

1 1 T 1 1 L T | Y ﬁ’
0.9 5.0 10.0 15.0 20.9 25.0 30.0 35.0 10.9 45.0 |
%
- |
i LEGEND |
< * = Transverse Rotation ]
- v = Longitudinal Rotation
4 v.,__v\
- //' ~‘~..v~ By

Te--g -9

T ¥ T T 1 BN T T Y
0.9 S.0 10.90 1S.0 20.0 2S.0 30.0 35.0 4.0 45.0
%

. LEGEND

i 0 = Chain Weight on Bottom

, ¥ = Anchor F. ce

7 v - Deck ﬁzﬁce v

] J o x

LM Ty
- /1'7‘,
X

] L ) | L} |
25.0 30.0 35.0 40.9 45.0

Anchor Drag Distance




JOY 21

18 in. stabilizerext. 31.5 deq.mov. flukes

dense sand depth 35-38 ft. mllw
]
R | 1 1 1 T 1 1
L 30.0 35.0 40.9 45.0 $0.9 SS.9 60.9 65.0 70.0
)
T L) T T L 1 ] 1
2S.0 30.0 35.0 49.9 45.0 S0.0 SS.0 60.9 6S.0 70.9
h
T t 1 T RN ] 1 T
25.0 30.9 35.0 40.9 45.0 50.9 55.0 60.9 65.0 70.9
Anchor Drag Distance
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VESY OavE
TESY W
TESY W
TESY MaEa

STARY-ERD TVIPES

SEAFLOOR TYPE

MNCFOR TYPE

ANCHOR wEIGHY

FLURE ANGLE-TYPE,

ALN. ANCHOR TYPE

AUX, ANCHOR MEIGHT

PAIR-AyuX ANCHOR SEPARATION
LEPRESSORS yN0.-8T EACH-TOTAL wV.
PCORIAG LUINE DESCRIPTION

1. DRAG DISTANCE S.
2. DECK YENSION te
J. ANCHOR TENSION 7.
4, PACKAGE DEPTH 8.

2 3 L) 5
(313 xirs FEET DEG
14.0 2.8 8%.4 i.7
13.1 2.2 89.5 1.7
14.6 2e4 89,5 Le?
16.3 246 89.6 1.7
19.2 3.0 89,9 2.5
19.3 LT ) 90.5% .1
19.8 s 91.0 2.8
22.0 5.0 9l 3.1
24.7 6.8 2.0 J.8
2%.2 Tos 92.4 3.8
26.) 0.0 92.5 3.8
208.5 10.0 9.1 3.t
29.6 10.¢ 93,8 3.2
0.6 10.8 9. 1.3
1.6 1.2 3.3
2.2 Ll.4 9%.3 3.6
33,4 11.8 95.4 4.2
32.0 1.6 95.3 4.3
3.8 12.4 5.3 5.7
33.6 12.4 95.5 7.3
33.9 2.4 95,9 a.]
34,6 13.0 95.8 8.4
34,0 13.2 95.9 9.1
4.4 13.0 9%.9 9.8
3%.5 14.0 9.8 9.9
5.8 14,0 L LTL) 9.9
CISTYANCE BARGE TRAVELLED 0.0
SISTANCE ANCHOR TRAVELLED 47.4

NUTE =~ POSITIVE SHANK
ANGLE INDICATES
SHANK TIP BELOW
CROwN

ROTATION ANGLE
SHANK ANGLE
wiRE ROPE ANGLE
DECK HORIZ, FORCE 12.

[
DEC
-9.4
-9.3
-9.6
-7.5

~11.7
=~1%.0
~15.3
-1¢.l
~16.8
~l6.4
-17.5%
-19.3
=21.3
~34.8
~36.4
“36.6
~33.9
~24.6
~30.6
-3C.1
~27.%
~31.2
~34.0
~3%.1
~35.9
~36.0

STATO ARCHOR  TEST

170

1

]
INCIAN LSLAND WASHIMGTON
1700 - 1720
SILY
starg +1000LB. 16 [N, STABILIZERS 5C DEC. WOV, FLUKES

1070.00 L8.

90.C0 0EG., -~ O C=MOY §=Flx

0.0 L8.
90 FY, 2 IN, CPAIN, 36C FI. 2.5
LuRC ROPE, 346 FT. ¢ 2 IN. IWRC

9. CHALN LENGTH ON BOTFON
10. CHAIN MELIGHT ON BOTTOM
11+ ANCHOR CROWN DEPTM

ANCHMOR SHANK Y1P CEPTH

7 L] 9 1¢
DEG K1Ps FEET LBS
1¢.4 13.4 7.1 20723.9
17.1 12.% 449,31 20881,)
[T 14.0 443.8 2060%5.4
19.5 15.7 439.1 20371.2
1401 18.7 432.1 20018.8
14,2 18.7 431.9 20010.7
14.1 19.2 429.4 19881.8
13.% 214 423.1 19519.6
1.0 24.0 41%5.6 19192.9
12.9 24,9 A13.5 1908S5.2
12.5 2%.6 412.7 19049.1
12.3 21.9 40%.0 18t61.3
12.1 20,9 402.4 18528.2
11.9 2949 400.2 18418,0
11.7 30.9 397.9 18308.2
11.5 Il 397.6 18291.¢
11.4 32.7 393.8 18097.4
e Il 3199.9 121383.8
11.4 33,0 393.3  18074.6
11.) 32.9 394.0 18102,
113 333 393.1 180616
1143 34,0 390.8 17948,1
11.2 392.2 1601%5.0
11.1 393.¢  18089.9
10.9 Ja.e 392.2 18017.1
10.9 35.2 390.8 17946,.7

IN, CHALNs 400 FT, 1 578 [A.
ROPE

13. ANCHOR FLUKE TIP OEPTH
14, MATER CEPTM

15, TOYAL BOTYDN weloul
1 12 13 14
FEET FEET FEET FEEY
89,7 88.7 2.2 6.4
89.8 88.8 92.3 866
49.8 8e.8 92.3 6.4
89.9 29.1 N 06.4
90,3 89,0 2.0 LIPS Y
91.0 89.4 9.2 86.4
9.5 89.9 93.06 LI
9.1 0.+ 9.2 8.4
92.% 90.8 94. 6 86.a
2.9 9.2 9.0 86,4
93.0 91.2 95.1 Bbee
93.7 9.7 9.6 LITY)
Ya.e 92.2 9.3 86,4
95.9 Q2.0 9%.9 86,4
LLPY)
9.3 2.7 7.2 86,4
9.3 92.9 .4 LIPY)
9.0 9.5 97.7 86,
%.2 9.1 7.4 86,6
96.3 93,3 97.0 86,4
9.7 93.9 9.1 86,4
9.7 93.9 9.9 86,4
9%.8 93.5 97.9 b, &
96.9 9344 9r.8 86,4
9.8 93.2 .7 86.4
9.4 9.8 98.) 86,6

A S
tas
21843,9
219%1.)
2Le¥5.%
21841.2
21Ch8.8
21C80,?
209%1.9
20€49.0
20262.9
201%9.2
20119.)
197)33.3
19%98.2
19488.0
1937642
193¢i.0
19187,
194%3,8
19144,
19317,
191330
19¢18.1
19C89.0
191%9.5
19C87.1
19C16.7

Oay & = 170

Test No, -

Test Series No. = O
-¢5.90
~20.0 A
-15.0 4
-10.0
-5.0 A

|
o
§

(92)]

-

Feet

50.9
40.90
30.9
20.0
10.0

| I }
X
1
—
o

yl

T N

-10.0
-20.0
-30.0
-40.0

-50.0 T
0.9

Degrees
1

1

®» W
o o
o O
i 1

KIPS

o

[Sa]

o
Il




170 INDIAN ISLAND WASHINGTON

No. - stato ,1000Llb. 16 in. stabilizers 50 deg. 'nov.—é
Sertes No, = 0 silt

0

D - LEGEND

3 0= Crown Penetration

7 5= Shank Tip Penetration

)
) T T 1 T T T l T ¥
0.0 5.0 10.9 15.90 20.0 25.0 30.9 35.0 40.9 45.90
J $
) - LEGEND
) %= Transverse Rotation
) 4 v = Longitudinal Rotation
' Wﬁ
. MR R R R MR K KX I S
G g
! L
4 DA i Al S A P
A S g
§ .. T g
- L VP g -
T — T ™ T 1§ 1 1 T
o 5.0 0.0 i5.0 20.0 25.0 30.0 35.0 49.9 45.0
%
LEGEND

i

== Chaun Weight on Bottom
* - nckor Force
s erw Foree

{

- o 4 - >— o S iz oO—-6 o6 ——6—6 S i. o2 ) igape

T i Y aahais N
- - - ‘“"’ﬂ'*ﬁ-*~’* X >*

T ] T 1 1 1

23.0 25.0 30.0 35.0 40,0 45.0
Anchor Drag Distance
r:"-‘}

,‘4“_,,'

—



‘n. stabilizers 50 deg. mov. fLukes

b o L e

pe-——py - — .-
AR G- Stel- SR RN GE LT LSRRV EEEE

o Pant Pt

Pl
< A4 4 o0

M ! T 1 B S— T -1 -r
P 30.0 35.0 49,0 45.0 50.9 55.0 60.9 65.0 70.90
g
W——X
.
V- teng-g
L L T e N T
4.9 45,90 50.0 §5.0 60.0 65.0 70.9
|
|
T T T L . T —— .
30.0 35.0 435.0 45.0 50.0 55.0 60.9 65.9 70.9
Anchor Drag Distaonce
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e -~ i .

g2 — v ;
d
t
Day # = 172 TNG
Test No, = 7
Test Seri 0
: -
esl Jeries No.
STOCKLESS  ANCHOR  TESY -25.0
TEST DATE 12 ~20.0 <
TEST O, !
TEST RUN
TEST AREA INCIAN ISLAND WASHINGTON —15’0 - O o= C
START-END VIMES 1245 - 1320
SEAFLOOR TYPE SILY s =
ANCHOR TYPE STOCKLESS 9000L8Ssu.STABS, 48 DEC FX FLUKES ~10.9 4
ANCHFOR BEICHTY 11370 LS. ‘
FLUKE ANGLE-TYPE, 48,00 DEC. = 0 0=ROV 1=FIX
U, SKCHOR TYPE ~5.90 4
ALK, ANCHOR NEIGHT ©0.00 L8, _'_)
PAIN=-AUR SNCHOR SEPARATION C.0 FEEY a)
OEPRESSORS WNO . -KT . EACH-TOTAL WT. 0 - 0.0 - 0.0 L8. 0.0 &--. . -
PORING LINE DESCRIPTION 90 FT. 2 Ih, CHAIN, 360 FT, 2.5 IN. CHAIN, 400 $T. I 5/8 In. ) . Aen D p
TWRC ROPE, 346 FT. o 2 IN. IWRC ROPE e 1 g 2 A
L .
.
1o DRAG DISTANCE Se ROTAVION ANGLE 9. CHALIN LENGTH On 80TTOM 13, ANCHOR FLUKE TIP DEPTH
2. DECK TENSION 6. SHANK ANGLE 100 CHATN WEIGET On BCTTON L&, WATER OEPTw 10.90 - ]
3. ANCHOR TENSION 7. WIRE ROPE ANGLE 11« ANCHOR CROBN DEPTH 1% TOTAL BOTTOMN WEIGHT M
, 4. PACKAGE DEPTH 8. CECK HORIZ. FORCE 12. ANCHOR SWANK TIP DEPTH
+ -
1 2 3 . s 6 7 s 9 10 11 12 13 14 15.9
! . FEET  KIPS  kiPS  FEET OEGC  OEC  OEC  KIPS  FEET Les FEET  FEET FEET
| 0.6 18,0 2.5 7940 5.4 ~-17.4  15.8 17,3 427.7 198C0.0  80.6  70.2 20.0 4 [
2.0 23.4 00,1 3.3 -12.6 AT 22,6 407.9 18806.7 813 19.5 .
3.2 24,1 9.1 80.0 5.3 -11.2 14.1 23.% 407.6 18791.5% .8 0.3
.3 1001 8009 4.2 -E1.0 14,0 24,4 408.4 18631.5  81.9 80,4 25.0
k b t.9 0.3 3.6 -10.3 1.8 28,9 A0A.1  18615%.1 82,3 0.8 19792.1 M ¥
0.5 62.3 3.1 13.1 28.0 395.9 1820%.1 83.1 19342.1 0 0 5 0
| 10.7 02.5 2.8 12,8 3l.4 183.9 17603.9 831 18740.9 . .
2.4 3.7 24 12,2 3%.5  372.5 17031.7  8e.2 81 1 ?
14.) 22.0 84,4 let 11.8 38,3 365.6 16684.8 84.8 84,2 17821.3
1¢.4 84,9 1.2 11.7 431 340.7 13035.2 0%5.4 ae.? 18972.2 50 g
14.¢ 26,8 85.9 .8 11.6 2%.1 425.3 19€76.8 8,4 85.6 20813.8 .
15.8 86.8 b 1l.1 46.9 Jel.6  15480.4 er.2 86.3 16617.4
2243 7.3 3 11.0 82,2 322.7 14%35.2 87.9 87.0 15¢22.1 0 ]
23.4 3.t LLPYY 1 1C.0 $2.1 I27.9 14792.4 80.0 87.8 15929.4 40,
25.8 90.9 ek 1C.6 7.3 312.3 140136 91.6 90.6 15150.6
27.1 3.6 9.0 -9.8 10,3 38.5  313.0 14085.7  92.5  91.5 1522247 30.0 - XK = T
29.2 92.3  -1.2 16,3 60.2  308.2 136064 931 91.9 14943.4 0.
30.9 331 93.2 =1.% 10.1 $9.8 312.7 14034.6 9.0 92.8 13171.¢ v - ;
3.0 36.6  93.1  -1.5 1€l 63.4  300.7 13431.6 939  92.7 10568.6 q
3.1 3.6 93.2  ~1.5 Ll A4l 298.2 133088 94,0 92.8 1veeiL 20.9 A
7.1 93,6 -1.5 1.1 63,9 298.3 13IIC.5  94.e 932 14447.5 0
9.1 5.9 94,2 -1.% 16,0 66,3 291.8 12985.0  95.0  93.8 14122.0 9
41.3 M.l =1.5 10.1 bb.4 209.4 12864.) 9%5.0 91,7 14C014) (D 10'
o
DISTANCE BARGE TRAVELLED 44,0 - 0.9
CISTANCE ANCHOR TRAVELLED  41.) o
o -10.0
NOTE - POSITIVE SHANK a
ANGLE INDICATES -20.0 A o
SHANK TIP SELOW 2 -
CROWN
=30.0 A
-50.0 T :i
0.9 5.0
90.9 -
O = {J
80. 0 3 ¥ - -
, 70.90 1 v=
)3
i 60.0 1
i Ul)
1 Q- 50.0 1
I _—i
> 40.0 A ‘
30.0 o
0 .*-— .
i 20 0 - o =
] .
e -
0.0 - I Iaiatal
.-

0.0 X '




y» =172 INDIAN ISLAND WASHINGTON B
et No. = 7 — -
8 ’ : stockless 9000lbs.w.stabs. 1
st SePLes No. = O — K ¥ 48 deq e fLUkes
sili
-25.90
~20.0 - LEGEND
~15.0 - 0= Crown Penetration
-10.9 - s = Shank Tip Penetration
e
45,
40.0 - LEGEND
30.0 - ¥ = Transverse Rotation
20.0 - v = Longitudinal Rotation |
10.90 S ,
F—H e - §
0.9 LT s T ¥ M wler s Fr—Ié ¢ ey ¥ ~3¢ X T
-10.0 - ’v_4"m4;_dv,_q—-—*P-’V“*" """ Voo - YRR SR SR I - N R PR A j
-20.0 1~ 1
-30.0 )
¥
~40.0 + f
-500 T T T T T T 1 1
0.0 5.0 i0.0 15.0 20.0 25.0 30.0 35.0 43.0 45
$ i
100.9 .
90. 0 - LEGEND
0 = Chatn Weight on Bottom
1 80. 0
20.9 * = Anchor Force
: v = Deck force e
60.0 1 )“_‘v/,q_,v.
50.90 4 /.. .
3.0 4 . = M e m
; /v/'q/v I e H- - % B
30.0 - e s
] gemmm=mT
20.0 ‘;A; - © —-g o ‘—’N - — a o o o . o a o a A o
10,0 e ®
0.0+ T v Y 1 T T T Y
0.0 5.0 10.0 15.0 20.0 25.0 30.9 35.0 47.0

Anchor Drag Distance




o ~p ﬁm“—m“j
!
.stabs, 48 deg fx flukes
!
]
|
i
i
j
! T T T T T T T 1
g 30.9 35.0 40,0 45.0 50.90 S5.90 60.0 65.9 70.0 1
$ i
i
oo e e e
3
T T T ! T T T T
.0 30.9 35.0 43.0 45.0 50.90 55.0 60.9 65.9 70.90
$
S
—— .
k,__v_a-—- — —%
e M —m
_—— e m = = x_,_x ~
© 0—6 S < -S——b €)
T T T T T T T T
30.0 35.9 42.90 45.0 S0.90 55.0 60.9 65.0 70.0

Anchor Drag Distance




YEST DATE

TEST N0,

TEST RUN

TEST AREA
START-END TIPES
SEAFLOOR TYPE
ANCHOR TYPE

ANCHhOR WEIGHT
FLUNE ARGLE-TYPE,
AuX. ANCHOR TYPE
Mx, CHOR SEIGHT
PAIN-AUN ANCHOR SE

RATION

DEPRESSORS oh0.~NT EACH-TOTAL WT.

PCORING LINE DESCRIPTION

1. DRAGC DISTANCE
2. DECK TENSION b
3. ANCrOR TENSION 7.
4. PACHAGE DEPTH 8.

1 2 3 .
FEET kirs xies FEET
€¢.0 20.9 3.3 91.0
2.0 28.5 9.6 97,7
4.t 3.8 1l.4 9.4
¢t.? 33.2 12.8 97.9
18,7 98.7
15.9 99.1
17.7 98.9
18.7 100.0
20.5% 9.6
21.0 100.3
22.5 100.%
23.% 160.)
24.0 101.0
24.5 100.%
26.0 101.3
25.8 100.8
24,8 101.4
26.8 101,.9
26.5 101.7
27.% 101.0
28.0 102,2
27.3 102.1
43.¢ 92.4 29.1 102.4
4%.4 32.8 29.6 102.2
7.4 93.) 30.3 102.¢
4%.4 $3.0 30.3 102.5
01$TANCE RCE TRAVELLED

BISTARCE ANCHOR TRAVELLED

NOTE - POSITIVE Sramk
ANGLE INDICATES
Shane TIP BELOW
CRONN

S. ROTATION ANGLE
SHANK ANGLE
WIRE ROPE ANGLE
DECK MORLZ. FORCE 12,

. A ingaa,

STOCHLESS

12
q

ANCHOR

TESY

<
INCIAN ISLAND WASHINGTON
1430 = 447
SV

STOCKLESS +9000LB. STABELIZERS,

. 11370 8.
48.00 DEG. - O QeROY 1=Fix
0.00 L&,
Ce0 FEEY
Q - 0.0 - C.0 LB.
90 FT, 2 IN., CHAIN, 300 FT. 2,5
1WBC ROPE. 346 FT. * 2 IN. TuRC
9. CHAIN LENGTR On BOTION
10. CHATN MEIGHY On 80TI0N
Lle. ANCHOR CROWN DEPTH
ANCHOR SHANK T{P OEPTw
7 L] 9 10
DEC (3153 FEET L8%
18,4 20.3 421.9 19%09.2
12.8 2.7 399.7 181394,5
128 3.0 385.0 17657,7
2.9 379.2 17368,2
4.8 I?%.1 17183,5
36.9 3s8.7 ledde.p
11.9 39.0 361.8 16496.1
Li.s 0.4 360.0 16405.)
11.5 4242 354.5 16l227.¢
il.9 2.3 355.5 1el81.1
11.4 43.9 349.5 15880,2
1.3 45.0 346.9 15743,
11.3 4502 34%.0 15651.3
1.2 34%.7 15888,
1l.1 3J408.1 1%00%,7
11.2 339.4 15371.7
ilal 3e%.4 1567C.2
1.1 339.0 153%Q.7
11.0 Jel.6 154840
11.0 336.9  15244.4
10.9 333.1 1%0%57.%
337.4 15268.8
Sle4 330.2 2490%.:
1.7 51.0 330.7 149337
1C.7 52.4 329.1 14085%,.6
10.08 52.0 330.8 14942,)

48 DEG. POV. FLUKES

INe CHALNG 400 FT. L 5/8 1N,

13s ANCHOR FLURE TYIP DEPTH
16, WATER DEPTH
1% TOTAL BOTTOM wElGhi

1t
FEET
9.2
99.0
9.7
9.2
100.0
100.5%
1€0.13
101.5%

12
FEET
90.9
97.1
7.0
97%.3
9.1
8.3
98.2
99,3
9.9
99,8
9,8
9.6
100.3

9.8
100.6
100.1
100.7
101.2
101.0
10t.1
101.%
101.4
101.7
101.%
101.9
101.0

13
FEET
9.4

102.3
103.0
102.%
103.3
103.7
103.%
104.6
104.2
104.9
10%.1
104.9
105.0
10%.1
10%.9
105.4
106.0
106.9%
106.3
106.4
106.8
106.7
107.0
106.8
t07.2
107.1

1%
Les
20e40.2
19%31.%
187947
109Ce.2
18300.%
17975.8
17¢33.1
175621
17264.8
17318.1
17017.2
168082.¢
16780.)
16825%.1
16942.7
165C8.7
160C7.2
164087.7
16621.0
16381.¢
161945
16405.8
16048.1)
16070.7
15992.¢6
16079.1

Day & = 172
Test No, -

15
8

Test Series No. = O |

Feet

Degrees

KIPS

-25.0
-20.0
-15.0
-10.0
-5.0
0.9
5.0
10.0
5.0
20.0
25.0

$6.0
40.9
30.0
20.0
1.0
0.0
-10.0
-20.0
-30.0
-40.9
-50.0

100.0
90.0
80.0
70.0
60.0
50.0
40.9
30.0
20.9
10.0

0.0

- O=-=
- b -

0.9 5.0

1

~
Y

) SR S

"\

1

0.0 5.0

- 3

o= Cl
- % = f
- 7 - .
- ,,__-"' .i




tm INDIAN ISLAND WASHINGTON

.~ 8 stockless ,9000lb. stabilizers, 48 deqg. mov. flukes
ries No. = 0 sLlt
? LEGEND
- 0 = Crown Penetr~ation
EJ s = Shank Tip Penetration
|
= - = & =
T T Y T T T T T Y
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
$
LEGEND
. * = Transverse\ﬁotatton
. v = Longitudinal Rotation
Dainiinieh il AEE RTINS’ SIS M DI SO SRR SR et SEEL EETL SRS SR S
T Y T T T T T T
10.0 15.0 20.0 25.0 30.0 3S5.0 40.0 45.0
$
! LEGEND
| 0 = Chain Weight on Bottom
‘ * = Anchor Force
v = Deck Force
. e — G - B
. v___q.__v_._g..——-H—-——‘v"—-v—‘”‘v-—-H 4
g. —F-
5 ' ' 2%
P ..- ) _ _-—*-—”—-’)‘_-*__*__*__x ________
4’“““-—*——*‘— N
- U L 3 T ¥ LA L \ Y Y
B, 0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

Anchor Drag Distance




STON

b. stobilizers, 48 deg. mov. flukes

M——

I

Pt V2 - L3
Ton el Lo ra3

N LI T T L LI 1 T
30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0
$
G G
_9._—-—--‘—%——-—‘9 —— ¥
e o 3 = P =M= 3= H o P oo = H TN
Y T L | L § L 4 L]
30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0
Anchor Orag Distance
153

\y




Doy« -1 [NDI

Test No. - g
.
'
T -
est SeriesNo. 0
STOCKLESS  ANCHOR  TEST
25.0 4&
TEST OATE 2
1ES) MO, . - -
un : 20.0
TESY AREA INCIan ISLAND WASHINGTON o r
START-END TIMES 1630 - 1637 - - C
SEAFLOQR TYPE $ILt 15.01
ANCHOR TYPE STCCRLESS +5000L0. STYAQILIZERS, o8 DEG. FX. FLUKES A - Sh
SACHOR WEICHT $950.00 L8, -10 0 -
FLUNE ANGLE-TYPE, 48,00 CEC. - 0eROY LeFiX ‘
AUR, ANCHOR TVPE ]
AUXe SNCPOR WEIGHT 0.00 8. ~5.0 4
PAIN-AUR ANCHOR SEPARATION €.0 FEET -+ :
CEPRESSGRS ¢AD.~¥T . EACH-TOTAL T, 0 - 0.0 ~ ¢.0 L8,
POORING LINE DESCREPTION 90 F1. 2 INe CHAINY 360 FT. 2.5 IN. CHAIN, 400 FT. 1 5/8 1IN, o 0.9
Lu8C ROPE, 346 FT. o 2 In. 1MRC ROPE (0] .
. G
1o DRAG DISTANCE S RCTATION ANGLE 9. CHAIN LENGTM ON QOTTOM 13, ANCHOR FLUKE TiP DEPTH 5'0
2« DECK TVENSION 6e SHANK ANGLE 10, CHAIN WEICNT ON BOTTOR 14, uATER DEPTH
3e ANCHOR TENSION 7. wIRE ROPE ANGLE 11, ANCHOR CROWN OEPIM 15, TOYAL SOTION mElGWT 10 0-{
Ac PACKAGE DEPTH 8. OECK MORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH ‘
1 2 3 . s 6 7 [] 9 10 1 12 13 e 18 15.0 -
- FEET Kirs [ 3141 FEET 0€GC CEG DEC (3141 FEET L8 FEET FEEY FEET FEET Les *
C.C «2 92.2 24,86 ~=19.0 1%.6 17.% 198%1.9 9.2 9N.2 9.4 0.2 2%8C1L.9
2.0 2 92,3 24,6 -19.5  13.7 1744 198461 93,3 9103 9.8 2.2 27%6.1 20.9
3. 92.4 2006 -19.5 15,3 18.2 19752.6 9.4 9.4 9.6 92,2 2%1C2.0 ’
9.5 92,9 24.% -19.5 Q5.1 18.¢ 19749,9 93,5 N9 ®.7 92,2  25¢9%.9
7.1 92,5 24,5 ~19.% A7 19.5 19609.9 93,8 9.5 99.7 92,2 29359.9 25.0
9.2 92.7 24,0 =19.% 14,9 20.4 1944C.8 9.7 . 9%.9 92.2 29190.8 ¢ !
10.7 9247  23.0 -18.6 14,2 20.5 19520.2 93,7 .z 9.9 2.2 2947802 S.0
13.0 931 22.1 -17.7  1ed 2.7 192713 9.0 92.2 9.4 2.2 2%223.) 0.9 .
14.9 93.2 20,3 <169 14,0  22.1 19221.4 9,1 92.) 922 23113l E
6. 93.0 17.5 =-15.7 11.8 23.7 18986.0 LT 4 92.9 2.2 24936,.0 3
19.1 9601 13.9 -1a.8 13,9 25.6 10601.7 94,9 91.3 Q2.2 B 4#
2¢.7 4.6 9.3 -14.3 13,2 26.0 18¢2e.7 9.4 93.8 92.2 1 50' 0
22.4 S4.9 6.8 =13.9 13.0 27.8 18339,2 9%,7 94,1 92.2 2
24.5 953 J.4 ~1).8  12.9  29.2 18056, 1 9.1 94,3 %22
26.6 95.3 2.0 ~=12.0 1.5 31.) 17611.9 96,0 94,6 9222 4.9
28.2 96.1 o4 15,6 12.0 33,7 17%37.2 97.0 95.2 022
L 30.7 1.2 9.4 «l -11.3 1.9 3.6 16793.1 9.1 9.8 91.2 x - Tr
32.5 1.6 96,7 3 -11.2 118 I3 1688%.0 9.4 96,1 s2.2 30.9
34.8 13,4 97.2 3 <llil 117 ala2 16212.0 e .6 s2.2 -
Jt.4 14,8 97.6 «3 ~11.0 1.4 43.3 15994.% %2 9.0 01.2 o
0.4 4.8 90,1 2 =11.0  11.3 4.l 15914.0 9. 97,8 loi.6 2.2 20.9
40.6 1604 98,4 -.8 -(1.0  11.3 46,5 340.7 1543¢.3 99.0 92.8  101.9 92.2
42,5 1606 98.6 -1.2 =110 11.2 47.2 339.9 1%)94.) 9.2 9800 10241 9202 4
::.z 98,9  ~1.3 =ll.¢  1l.l 494 332.9 1504%.8 %9.e sa.z 1024 922 o 10.3 1
s 332 -laa -llad 1100 498 3325 13025.0 99,9 98.5  102.7 2.2 [0)]
99,5 a4 -11.5  10.9  49.7  335.0 15148.2 100.2 9.8  103.0 92.2 REUUIEEEEAEE A
36.3 The? =119 1009 31,0 329.9 14894.9  103.6  102.2  10e.4  92.2 C 0.09
$2.4 19.8 =20 =iZ.8 10.9 52,0  326.3 1471).4 3. . : :
32 Toes 100.8 —aiy TS 0.3 320 . o4 103,35 102.1  106.3 2.2 [#2)
Fod 2.4 - 13, . . 32403 14614.5 101,86 9.8 10s.2 92.2  20%64.% -10.0 4
$8:2 3.3 204 :::.; 5.: 19.5  10.8 52,9 32%5.1 1485%.7  102.3 100.1 104.6 92.2  2060%.7 o ‘
. . ¢7  =2.5 -20.6 1003 33,5 3310 14991.8  102.8  100.)  104.9 92.2  20941.0 Q 0 $--§ ¢ --V-
20.
CISTANCE BARGE TRAVELLED  60.0 30.9
OISTANCE WOR TRAVELLED  57.3 40.90
- -
NOTE - POSITIVE SHAMK -50.0 !
ANGLE INDICATES :
SHANK TIP 0ELOW
CRONN 00 5.0

100.9

. 90.9 - 0 - C
80.0 »x - Ad

P 70.9 1 v=0D
60.0
50.9 1
; 40.0 4
30.0 1

20.0 g—=—""V

10.0 -

0.0
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ey -2 INDIAN ISLAND WASHINGTON

Test No.‘u 9 stockless ,S000lb. stabilizers, 48 deg. fx. flukes
Test Series No. = 0 silt
-25.0
-20.0 - LEGEND
-15.0 - o= Crown Penetration
-10.0 - s = Shonk Tip Penetration
-5.0
0.0 3"..'7.".--.-.:'.:" :-.::-..".-- .—-,—.h....... -_ 3 H'—'"‘:'_"_'.::--_:;_:'--:-_. .........................................................................
10.0 - S
15.0 A4
20.9
25.0 ' ' . . ' , . :
0.9 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 4
50.90 $
40.0 - LEGEND
30.0 - x = Transverse Rotation
20.9 4 =X ordC ' otation
10.0 A
D0 oo eem e s DT - 3¢ 3¢ % 3 v OSTIPISI
=10.90 A -9 - S A kel
[P NP~ Tty SN R 3 -
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~-30.0
-40.0 4
‘50.0 T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.90 35.0 40.9
$
100.9
90.0 LEGEND
eao__ 0= Chain Weight on Bottom
’ ¥ = Anchor Force
70.0 1 V= Peck Force
60.0 -
50.90 A g T
40.0 1 - T
30,0 - e
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TE3Y 9ATE
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¥ 1]
SIARV=END TIRES
SEAFLOOR TYPE
ANCHOR YYPE
ARCHOR WELGHT
FLURE ARGLE-TYPE,
AUKe ANCHOR TVYPE
AUXe ANCHOR WEIGHT
RATN=-AUX ANCHOR SEPARATION
QEPRESSORS 0. ~uT
ROGRING LINE OESCRIPTION

e ORAG DISTANCE e
2. BECR TENSION [y
3. AMCHOR TENSION 7.
4. PACKAGE DEPIN L 1Y

2 3 .
wies (3141 FEET
20.0
20.6
2%.4
29.7
29.2
32.5
3%.9
4304
43.8
4.7
46.9
50.8
s
60.6
64.9

10%.2
105.9
105.7
100.0
106.2
106.)
106.7
107.0
23%.6 107.0
28.4 107.2
2%.6 107.4
27.0 107.7

BISTANCE SARGE TRAVELLED

DISTANCE ANCHOR TRAVELLED

NOTE - POSITIVE SHANK
ANGLE INDICATES
SHANKR TIP QELGM
CRONN

. WMWW«“. e

STOCKLESS  ANCHOR  VEST
mn
11
0
INCLAN ISLAND WASHINGTON
1307 -~ 1800
SILY

STOCKLESS +5000L0.TAND SHANK—SHACKLE »STADS 48 DEC FX FLUKES
9950.00 LS.

48.00 DEG. - 1

0sMOV LeFINX

5956.00 LO.
13%.0 FEEY

CH=-TOTAL WV, 0 -

Ls.
139FT. 21N, CHAIN ATTD TO INBRD ANCHOR SHANK.3GOFT., 2.%IN
CHAING 400 FT. L 578 . [BRC WOPEs 346 FT. 2 [N, TWRC ROPE

ROTATION ANGLE 9.
SHANK ANGLE 10
WIRE ROPE ANGLE 1.
DECK MORIZ. FORCE 12.

L] ?
{1 114
=11.1 14,2
=12.0 14,6
-12.0 13.5
=12.0 12.%
~12.0 12.1
~12.0 12.0

.l 1.3
L] 1C.4
-9.0 16.1
«9.0 10.1
-9.0
-9.0

8.4

38.0

CHAIN LENGTH ON BOTTOR 13, ANCHOR FLUKE TIP DEPTH
CHAIN WEIGHT ON BOTTOR 14, WATER DEPTH

ANCHOR CROGN DEPTH 15, TOTAL BOTTCA wEIGHT
ANCHOR SHANK TIP DEPTH

L] ° 10 11 12 (3] 16
xirs FEET LS FEET FEEY FEET
212805 10t.2 9.7
209608.5 t01.8 7.7
2022%.7 101.6 9.7
19722.2 0 .7
20006.4 10 97.7
1939%.7 108, 97.7
19094.9 102.2 7.7
1934401 102.9
1810%.1 103.2
1797%.6 103.5
18133,.1 10¢.1
17496.98 104,53
176061 104,
10%.6
106.2
106.9
100.2
108.3
108.7
109.0
109.2
109.%
109.7
109.0
110.2
110.5
t10.%
110.7
110.9
1374001 .2

28091.4
26422.7
26196.3
25640.1

Doy # = 173
Test No. = 11
Test Series No.
=-25.0
-20.0
-15.0
-10.9
~-5.0
0.9
5.0
10.0
15.0
20.90 ~
25.90

Feet

1

0.9 5.0 3

50.0 4%

10.9
30.9
20.90
10.0
0.9
-10.9
-20.90
-30.9
-40.0

-50.9 —
0.9 5.9

)

¥ =

1 1

L

Degrees

1

100.0
90.9
80.9
70.9
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50.0
40.0
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20,9#&4/—9—9-4

1 1

1
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]
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;s INDIAN ISLAND WASHINGTON

L = 11 stockless ,5000lb.tand shank-shackle, stabs, 48 deg fx f
Fies No. - 0 silt |

LEGEND

0 = Crown Penetration
s = Shank Tip Penetration

Z O—=x S ~——-¢-——3----..p.__,\___ e m e a

[ T T T 1 1§ T T 1

0.0 S.0 10.9 15.9 20.90 25.90 30.9 35.0 40.90 45.0
$
LEGEND

* = Transverse Rotation

v = Longltudinal Rotation
...... S S ey S e g g g g
T v“__v___v”_vk___v_“v___—v———?«?———vu——--v-——v———v———-v———v—-—v———v——~v~——v---1

0.0 5.0 10.9 15.90 20.0 25.0 30.90 35.90 40.0 45.0
$
LEGEND
© = Chain Weight on Bottom 3
* = Anchor Force - q/v\.;/v——v""’/
7 = Deck Force ’v/q,/
)’.

—— 3
—_— o6 __‘_*__*____*.___;(_-—)(—--*—
IR i
e .‘:4-54*"’"*"”?("_*. Y T T ) ! !
0 .0 10.9 15.0 20.0 25.0 30.0 35.0 40.9 45.9
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Day # = 174 INDI
Test No. = 12
Test Series No. = O
) STOCKLESS  ANCHOR  TEST -25.0
st 0ot 17 ~-20.0 4
;uv ne. 1: }
EST AUN C y
TEST AR . INCIAN [SLAND WASHINGTON -15.0 - o= ULro
1 W0 TINES 1003 - 1040
SEAFLOOR TYPE St H = Sho
ANCHOR TYPE STOCKLESS +3000L0.TAND CROMN-SHACKLE+3TABS+48 OEC FX FLUKES -10.0 +
ARCHOR WEIGHY $950.00 L6, 1
FLURE ANGLE-TYPE, 40.00 BEC. - 1 0=NOV 1eFIX
X, ANCHER TYPE -5.0 4
AUN. ANCROR MEIGHT 9950.00 LB. -+~
MAIN-AUR ANCHOR SEPARATION 139.0 FEEY o ‘
DEPRESSORS JN0.~UT,EACH-TOTAL T, 0 - 0.0 - 0.0 LB, 0.0 . . - -
POOAING LINE DESCRIPTION 135FT. 2IN. CHAIN ATTO TO INBAD ANCHOR SHANK,I60FT. 2.51N 0]
i CHAINs 00 FT. L 5/8 1IN, IWAC ROPE, 346 FT. 2 IN. [MRC ROPE " s.g 3
. ‘,
1. ORAG DISTANCE 5. ACTATION ANGLE 9. CHAIN LENGTH On BOTTGM 13, ANCHOR FLUKE TIP DEPTH :
2. OECK TENSION 6 SHANK ANGLE 10, CHAIN MEIGHT ON SOTTOR 14, WATER OEPTH 10.90
3. ANCHOR TENSEOW 7. WINE ROPE ANGLE  11. ANCHOR CROWN DEPTM 1S, TOTAL BOTTON WEIGHT .
4. PACKAGE DEPTH 8. DECK HOREZ. FORCE 12. ANCHOR SHANK TIP DEPTH s 9 b 3
-
2 3 L) ) 6 1 [] 9 10 1 12 14 1% 15,
KIPS  KIPS  FEET  OEG 0EC DEG KIPS  FEET L8s FEET FEET FEET Les
« 23.8 ot 2.3 =13.8 13.5 23.1  459.8 20%6).%5 o 91.7 32483, 20 J
1 21.9 -t 223 -14.1  13.6 21,1 468.8 21034.3 91.7  32934.3 *
20.1 ot 2.3 —l4.1  14dl 19.5  47).1 21251.3 @ 9.7 INSND
19.9 . 2.3 ~lacl  14.2  19.3  &73.1 21250.8 ¢ 91.7 331502 25 0
2241 o 2.3 -14.0 138 21.5  465.7 20002.0 ¢ 9.7 12782.0 ’ '
22.3 ot 2.3 =14.d 13,7 21,6 465.6 20874.2 ¢ 9T 327782 0.9 5.0
24.4 .t 2.4 =14.0 13,1 23.8  460.8 20637.0 ¢ 91.7  32%37.0 : 4 e
25.3 o 2.4 =l4.1 13,0 24.7 456.8 204336 ¥ 91.7  32333.e 1
27.% - 2.4 -14.2  12.4 2648 45301 20259.7 91,7 321%9.7 |
29.6 o 2.0 -14.2 12,2 28.9  446.2 199046 91.7  31004.0 50.90
29.% o 2.0 =14.2  12.1  28.8  AAT.4 19962.6 91,7  310e2.s .
3401 .. 2.0 =~13.9 11.5 33,5  43%5.2 19351.1 91,7 312%4.1
3.6 .8 2.2 ~9%.4  11.3  36.9  423.4 18761.0 91.7  0¢61.0 40.0 -
3t.8 .8 242 ~8.6  1lel  37.1  425.5 18A66.2 1.7 307€4.2 .
4G.) ] 2.2 ~8.2 11.0 39.3 4168.7 18521.9 9.7 J0A21.9 4
40.8 Y 2¢3  ~8.3  1C.9 4041 416.8 16426.4 91.7 303294 30.0 - ¥ - Tr‘ o}
40.3 . 2.1 ~8.4 39,6  420.2 18600.1 91.7  30500,1 .
42.8 .8 2.3 ~8.b 41.9  415.9 10301.8 91.7  30281.8 Qg = LO
[T 1.0 2.3 ~0.6 43,6 410.4 181C6.5 91.7  30C06.% 20.9 A
50.2 1.2 3.1 ~8.5 49,4  391.0 17135.0 9.7 29¢3%.0 .
82,7 1.4 3.0 8.3 52,0  390.8 17112.7 91.7  29€12.7 7))
52.0 1.6 1.0  ~8.) 52,0 393.2 1724%.5 Q1.7 29145.3 16.9
- 83,7 1.6 1.0  ~8.3 $2.9 39042 17096.0 91.7  2099e.0 o .
s?7.1 2.2 8 ~6.8 S6.3  380.7 16617.7 9.7 20%17.7 [0} V) '} 3¢ :
«s 61.9 3.2 2 =6l 61.1  368.0 15979.8 9.7 27079.8 0.0 F o o a:
2.7 3.6 -4 ~bel 61.9  375.7 14)67.) 91.7  20267.) C .
6t.4 5.0 ~e5  ~bel 8646  359.2 15537.7 9.7 27437,7 o
6942 6.2 —e5 8.1 68.3 357.7 15466.06 9.7  273e6.08 o - 0 0 -
70.8 8.0 ~e9  ~bel 70,0  353.4  15249.9 91.7  27149.9 10. - IR - NP , R d
7%.4  10.4 6 ~b.t 74.5  J42.7 14710.8 91.7  26¢10.8 [an]
744 10.0 8 ~be1 73.8 I48.4  14997.9 91.7 26097.9 _29 g
194  13.0 1.2 ~6a) 78,5  341.6  14635.4 9.7 26995.4 .
tlat T%.4 13.2 1.2 ~bel 70.5 339.04 14540.0 9.7 2064408,0 f
337.8 144537 9.7 201%3,7 _40 g -
330.3 14090.5 9N.7 2%990.9 .
;;2-: :A:;O-: 91.7  23990.%
. 4536, 9.7 26436,.9 -
331.0 1416%.9 N.7 0 S0.9 !
336.% 14402.4 9N.?
324.3 13797.4 9.7 290974 0. g S' g

328.3 14001.1
333.4  14245.)
336.6  1440%.9
321.0 13623.)
320.7 14007.5
320.0 1397%.)
319.7 13399.9

9.7 2%901.1
9.7 2014%,3

9.7  2630%.9
91.7  23821.) 100.0
91.7  23907.8

L

22.0

91.7  2547%.3
. M7 23439.9 9004 O - Ch

SiiTance sncon TAAVELLED  e9e2 80.9 * = Ang
70.9 A v = PDe
NOTE - POSITIVE SHanx 3
. Shne 117 SELON N 60.0 A
(<11 1] 0—
O 50.0-
h

47.0 1
30.0 -
20.0 §— =¥~ s
10.07

0.04
0.0 5.0




.,-wﬁ&'_h{@"‘!‘n:. G e Al

_ INDIAN ISLAND WASHINGTON o
b 12 stockless .5000lb.land crown-shackle,siobs,48 deg fx flukes
b No. - 0 silt
LEGEND
0 = Crown Penetration
s = Shank Tip Penetration
5.9 10.9 5.0 20.9 25.9 30.0 35.0 0.0 45.9 50.9
$
LEGEND
* = Transverse Rotation
v = Longitudinal Rotation
TR e e T T & Sy e & Fe B L IEEEI T o FETEy S R RET L S S A TTURE s Prrewr:  vevonca MU et VIR V2 ji—-—;‘---
,—V""V"""'V"“'V“'V—--V————V——--v“q.._.q--——v-"v"'_
R R S SR S R S S A
5.9 9.9 15.9 20.9 25.0 30.0 35.90 9.9 45.9 509
)
LEGEND
0 = Chain Weight on Bottom
* = Anchor Force )
v = Deck Force P
v/’v//g
v
: S
_v__v/-
] ) g v
BT Sedaiio:
VI VI VR VNN VIR VIR VIR VRIS YR PR TR e F S - e o
5.9 10.0 15.0 20.9 25.0 30.0 35.0 40.0 45.0

Anchor Drog Distance

-

-




e R

GTON

Lb.

tand crown-shackle, siabs, 48 deq fx flukes

—&————H——————O6—0—6—F6—

! Y
E 25. ! ng T T ™ Y A
J 30.9 35.0 40,0 45.0 560.9 55.0 60.9 65.0 70.9
$
i o N I VAR SV VB e o I
A e B T At R L e e T e Tt 21 R b
.O 30' ! — T ™ ' v 1
-3 35.0 4.9 45.9 50.0 55.9 60.0 65.0 70.0
b
-—V\. P’v\

13

& = - & & & = S & ’____”.__, = - = Sledor . R - -
_--A(~*-—-"*"*"*
it . T T T T
30.9 35.0 41.0 45.0 50.D0 55.0 60.9 65.0 70.90
Anchor Drag Distgnce
161

i {




Day s - 74 JNDE
Test No. = 13
£, Test Series No. = O

STOCKLESS  ANCHOR  TEST 25'0
;:S' BATE ™ 20. 0 '
ST 13 i
. 0 -15.0 4 o= Crd
N REA INCLAN ISLAND WASHINGTON
! T-EN0 TINES 1299 - 1326 A == Sh .
i SEAFLOOR TYPE SILY -10.0 <
ANCHOR TYPE STOCKLESS 5000L0S. WITH STABS, MOVABLE FLUKES &8 DEG. -
ANCHOR BEIGHT $950.00 L8,
FLUKE ANGLE-TVYPE, 48.€0 OEG. - 0 0=MOY 1=FIX -5.0
AUx. SNCHOR TYPE s ) -¥Y
AuNe ANCHOR WEIGHT 0.00 tB. o 3
na % ANCHOR SEPARATION C.0 FEET 0.9 O e 1rseg e e eeee
DEPRESSORS +h0.-NT . EACH-TOTAL MT. 0 - 0.0 - C.0 L0, [11] . = et - Readdly * wlhed
AOORING LINE OESCAIPTION 13% FT. 2 IN, CHMAING360 FT. 2.5 IN. CHAIN,400 £V, 1 5/8 I, [ o = ~
. INRC ROPE, 346 FT. o 2 1N, TNRC ROPE . S.0 4
1o DPAG DISTANCE  S. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTON 13, ANCHOR FLUKE TIP DEPTH 10.0 .J
2. OECK VENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTON 14, WATER DEPTH .
3. AMCHOR TENSION 7. BIRE ROPE ANGLE Ll. ANCHOR CROWN DEPTH 15. TOTAL SOTTOM wEfGHT
.. NAGE DEPTH 8. DECK HOREZ. FORCE 12. ANCHOR SHANK TIP OEPTH 1S.0
3 5 0 9 10 12 3
nirs OEGC  DEC  DEC - KIPS  FEET Les FEET FEET 20.0 'ﬁ
5.7 =49 14l 19.6  473.0 21248.4 86.6  90.9% .
=749 «T.8  12.6  25.8  AS7.7 20479.7 9.0
“10.0 =9.0 11.9 27,8 4%4.1 20300.1 9.9 25.0
10,4 =%.1 11.7 29,9 e47.4 19964.8 92,1 . '
=10.4 =11.0 11.8 27.8 2.6
-10.4 =11.0 2 2.7 0.9 5.0 ;
-10.4 =1l.¢ 93.0
-10.4 -12.2 9.3
-11.0 -12.6 29.5 93.4
“12.1 =13.7 .8 93,7 S0.90
-12.9 =142 32.7  442.0 19731.) 9.6 93,0
13,7 -14.2 3.4 444.0 197944 9.9 9.1
1401 ~14.7 LYY 19994.0 89.9 9.1 40. 0 1
~14.3 ~14.7 3.0 19716.1 90.2 .4 x T
-15.0 ~=1%.2 n.4 19104.8 v 94,7 -
~15.0 -l:.l :-:1 192%9.3 .9 30 0 i r
~15.4 -1%.2 9.2 19042.3 9.9
3 J1see -1sa2 1.3 192074 " V - LO
3e.3  40.8 -16.0 ~-13.2 40,1 18934.5 9.8  95.0 86.9  24204,5 20.0 4
()]
“ OISTANCE SARGE TRAVELLED 38.0 [1)] 10.9
CISTANCE ANCHOR TRAVELLED 3.5 o
> C 0.0 eeeeemeees v ceeeeneed
NOTE - POSIVIVE SMANK o3 b - - W -
ANGLE INOICATES 0 -10.0 -
SHANK T1P BELON (am]
CROWN 20.0
.0+
» -30.0 4
‘ .
| -49.0 ﬂ
!
; -50.9 T
90.9 A
o=
80.90 M - ﬂ
70.0 - v = De
N 60.9
G- 50.0A
X 40,0
30.04 %
10,0 A
0.9 '

0.0 5.0




Feet

Degrees

0oy« -7+ INDIAN ISLAND WASHINGTON
est No. =
Test Series &2. -0 stlt

stockless S000Lbs. with stabs, movable flukes 487

-25.0
~20.90 -
-15.9
-10.0 4

LEGEND

o= Crown Penetration
s = Shank Tip Penetration

e L TED Cee

0.9 5.9 10.9 15.0 20.0 25.0 30.9 35.0 47.9

LEGEND

% = Transverse Rotation
7 - LongttudtnoL Rotation

LEGEND

90.0 A ‘ .
0= Chain Weilght on Bottom
80.90 A
¥ = Anchor Force
70-9 79 v = Deck Force
60.0
S0.0 -~
40.90 A |
._’—g-'—v-—'_'H..
30.0 S *.—Q\H_v__q__v/,g___q.,__v_—-q_v/ —
KLOﬁk<ig—4}——9—4}—4&—4»——9_-9——9 —————0 6o oo
10.0 +
> l : . v T Y T T
0.0 S.0 10.0 1S.0 20.90 25.0 30.90 15.0 40.0

Anchor Drag Distance




\GTON

————

Lbs. with stabs, movable flukes 48 deg.

1 ¥
. p S 70.9
25.0 30.9 1.0 0.9 45.0 50.9 55.0 60.0 65.0
$
"'""-"—"——"—-——*——M
‘ ‘ ) : 70.9
25.0 30.9 15.0 40.9 4.9 50.9 55.0 60.9 65.0
$
——6—o—6—y9
' ‘ ) S 70.9
E 30.9 35.0 40.0 45.0 50.9 55.0 60.0 65.0

Anchor Drag Distance




TEST DATE

TEST MO,

TEST BRUN

TEST AREA

SVART-END TINES

SEAFLOOR TYPE

ANCHOR TYPE

ANCHOR REIGHT

FLUNE ANGLE-TYPE,

AUX, ANCHOR TYPE

ALX, ANCHOR WEIGHT

AUX SNCHOR SEPARATIOM
SSCR M0 ~-MT.EACH-TOTAL uT.
POCRING LINE DESCREPTION

L. ORAG CISTANCE S+ ROTATION ANGLE

2. DECK TENSION Ge SHANK ANGLE
3. ARCHOR TENSION 7. uIRE ROPE ANGLE il. ANCHOR CROMN DEPTM
A¢ PACKAGE DEPTH 8. DECK MORIZ. FORCE 12. ANCHOR SHANK TIP DEPTM

1 2 3 . 5
FEETY [ 3141 xips FEET  OEC
22.8 00,9  =2.4

22.6 -3a1
2%.1 =3.3
29.1 ~2e4
30.6 =3.0
1.3 =3.9

9.7
93.8 -12.0
93.9 -12.4

4.9

OISTANCE BARGE TRAVELLED 42.0
DISTANCE ANCHOR TRAVELLED 40.7

MOTE ~ POSITIVE SHANK
ANGLE [NDICATES
SHAMK TIP SELOW
CROMN

STOCKLESS  ANCH (133

e
14

(]
INCIAN ISLAND WASHINGTON
1338 ~ 1350
SILY

STCCKLESS 5000LAS. WITH STABS, MOVAGLE FLUKES 48 DEG.

3950.00 LB,

48,00 DEG. ~ O CoMOV L1eFiX

0.00 LS.
0.0 FEET
0 - 0.0 - 0.0 LS.

135 FY, 2 IN. CHARINVISO FT. 2.9
TWRC ROPEs 346 FT, o 2 IN, TwRC

9. CHAIN LENGTH On BOTTOM
10, CHAIN MEIGHT On BOTTON

7 [ 9 1c
DEG xiprs FEET Les
13.2 22.2 467.0 20944.7
1.2 22.0 A68.0 209%8.0
12.7 24.5 460.7 20028.7
11.9 28.5 451.0 201410
11.% 30.0 448.8 20032.%
11.3 30.7 AaB,1  19994.6
11.2 33.% 437.8 19481.0
10.9 3%5.6 A34.7 19325.4
10.6 36.9% 434,80 19329.)
1C.6 38.5 A26.7 18924.2
10.6 3.0 430.2 191¢0.3
10.6 39,5 A23.6 18768.4
10.3 3e.0 429.,7 19076.9
10.2 40.4 425.2 100846¢.6
10.3 “l.2 421.2 18649.0
10.1 40.7 426.2 18899.3
10.2 42.0 A19.7 18%572.3
10.1 4l.6 423.0 18741.3
10.2 42.0 420.1 18594.5
10.1 42.1 421.3 10634.2
10.2 43.2 416.0 1038s8.1
10.1 42.9% 420.4 1860G8.5
10.1 44,2 413.9 10282.9

THe CHAINIACO FT. 1 5/8 IN.

ROPE

13. ANCHOR FLUKE TIP DEPTH

14, WATER

1
FEET
9.2
9.4
9.6
90.06
N.e
92.1
92.3
92.7
9.0
9.1
93,9
9.9
937
9.8
9.0
9%.0
94.0
Q4.0
9.4
Se.7
94,08
9.7
9.8

OEPTM
15. TOTAL BCTTOM wtIGHT

12

13
FEET
2.5
N.?
92.9

14
FEE
8.

1
9

COOOPDLIOCOCOOODP 000000000

15
Les
260894.7
26940.6
26978.7
26091.0
2%982.%
25948.0
25433.8
2%27%.4
252719.)
24874.2
2%650.)
24718.4
25026.9
2479%.6
2459%.8
24049.3
24%22.)
28¢91.)
24%44,5
24604.2
24336.1
245%6.5
24232.9

Day & = 174

fest No, -

14

INDII

Test Series Ny, = O

-25.9
=20.9
=15.9
-13.9
~5.0
0.9
5.0
10.9
15.9
20.0
25.0

Feet

S6.0
40.9
30.9
20.9
10.9
0.9
-10.0
-20.0
-30.90
-43.9
-50.9

Degrees

100.9
90.9
80.90
70.0
o  60.9
. 50.90
X 400
30.9
20.0
0.9
0.9

. o = Croy
J s = Shat
i
1
0.9 5.9 ;
J ¥ = Tr‘
i 7= Lon
1]

0.9

1

'y




F5

r

INDIAN TSLAND WASHINGTON I

stockless 5000Llbs. witih stcbé, movable flukes 48 deg.

silt

. =0

| e

LEGEND

0= Crown Penetr-ation
s = Shank Tip Penetrotion

328
— ™ T T =1 Y T - T ’
3.0 9.0 5.0 25.0 25.9 33.9 35.9 4.9 45.9 53.93
%
LEGEND

* = Transverse Rotation
¢ = LonthudLnaL RotatiLon

.0 0.0 i5.9 20.0 25.0 30.9 5.0 49.9 48,0 50.0

LEGEND

0 = Chain Weight on Bottom
* = Anchor force
v = Beck force

o G T —
PR S,
o006 9 G ——H—O—H—5—0O G BB 55
e e AL S I e e E e NN LA o) e L ) 560
0 10.90 15.0 20,9 25.0 30.9 35.0 40.9 5.9 :
Anchor Orag Distance
.

T B ., S



UN

. with stabs, movable flukes 43 deq—.-

] ! T Y T Y T T T
.0 30.3 35.90 43.9 45,7 53.9 55.9 60.90 65.0 70.0
$
il SR SR SO * RN~ Nt - s
i ] — 1 i L 1 T
.0 30.9 35.9 43.0 as. g 50.9 55. 0 €9.9 G5.9 70.9
%
- —% .. 9— g9 — Y
> ~ -’ &) 5 9
7 oz v o ey B A T T ! T !
3 30.90 35.9 40.9 45.90 50.9 S5.90 60.9 65.90 70.9

Anchor Drog Distance

165




Day # = 176
Test No. = 2
Test Series No. = O

STOCKLESS  ANCHOR  TEST -25.0
TEST DATE 176 -
1EsY No. a 20.9 T i
o e o SLAND INGTON
TEST AREA INCIAN ISLAND WASHIN - -
START-END TINES 810 - 900 15.0 - o Cr
SEAFLOOR TYPE SILY
ANCHOR TYPE STOCKLESS o 9000LBS.o NO STABS., 4% DEG., MOVASLE FLUKES -10.0 4 A= Sh
ANCHOR MEIGHT 10500 L6, .
FLURE ANGLE-TYPE,s 48.00 OEG. = 0 0=MOV leFIX |
AUR. ANCHOR _s 0 |
AUN. ARCHOR WEICNT 0.00 8. 2 . '1 H
RAIN=AUS ANCHOR SEPARATION €.0 FEET i
DEPRESSORS oh0.~MT.EACH-TOTAL T, 0+ 0.0 - 0.0 L8. (0] 0.0 ¥
AOORING LINE DESCRIPVION 135 FV. 2 IN. CHAINGI60 FY. 2.5 IN, CHAIN,400 FT, 1 5/8 IN. o .
3 1NRC ROPEs 366 FT. ¢ 2 IN. IWRC ROPE |
L S.0 S
: Lo DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOR 13, ANCMOR FLUKE TIP DEPTH
2o DECK TENSION 6. SHANK ANGLE 10, CHAIN WEIGHT ON BOTTON L4, WATER DEPTH
3. ANCHOR TENSION 7. MIRE ROPE ANGLE  1l. ANCHOR CROWN OEPTH 15. TOTAL BOYTOR WElIGHT 10.0 +
4. PACKAGE DEPTH 8. DECK HORIZ. FORCE 12. ANCHOR SHANK T1P DEPTH
2 3 L3 s 3 ? [] 9 10 11 12 13 1 1% 15. 0 "
xIPS  KIPS  FEEY DEG  OEC  DEG  WIPS  FEET Les FEET  FEET
, 2449 e 09 sd000 14.0 24.0 43.9 19787,5 ore0e [XIT 13 0000
27.0 e00es 14,87 26.1  43).6 192T1.6 . 9.5 20.0 4
28.9 o000e 14,2  28.0  429.5 19066.0 .
30.1 13,9 2942 426.3  18904.4 .
13.6 1.8 417.9 1 2.9 . 25- 0 1
13.6 31,9  4L7.6 18465.8 .
13,4 33.8  Al0.) 181C4.4 N 0.0 5.0
33,5  413.6 18267.6 .
35.8  A00.0 17784.5 .
35.8 17065.7 o
37.7 17517.7 . S0.0
8.5 17426.7 . ’
39.3 17304.9 o
! a0.6 17158.6 . 10220.6 40.0 4
«0.7 17176.8 . 18246.0
d 2.8 16865.3 » 179381 T
ae.e 16584.5 * 17€34.5 30.0 1 = 1rc
u.: 16521.3 I3 17997.3 v L
5. 16405.8 . 174758 -
47.0 16142.0 . 17212.0 20.90 A or
46.9 162374 . 17307.¢
7.9 16039.0 e 17109.0 7]
42,0 375.2 16339.9 . 17409.9 o 10.0
40,6 367.8 135970.5 preees 17040.5
P2 47.0 37303 182472 preeys 1.2 o
& 0.0
QISTANCE BARGE TRAVELLED  48.0 (o]
DISTANCE ANCHOR TRAVELLED  45.4 o -10.0 4
a
NOTE ~ POSITIVE SMANK "‘20. 0 4
ANGLE [WOICATES
SHANK TH7 BELOW
craoun -30.0 -J
-50.0 T *
0.0 5.0
-

90.0 0-C
80.0

70.0
60.0
50.0
40.0
30.0
20.9
10.0

0.0

L1
4 X
| I |
oD

KIPS

|
g




176 NDIAN ISLAND WASHINGTON

- 21 stockless , 3000lbs., no stabs. 48 deq. movable fLlukes
Les No. - 0 SLLt

LEGEND

0= Crown Penetration
5= Shank Tip Penetration

LEGEND

¥ = Transverse Rotation
v = Longitudinal Rotation

——%— R —— %R —F K%K KR —F—F :




e — R

no stabs. 48 deq. movable flukes

;0 30.0 35.0 40.0 45.0 50.90 S5.0 60.0 65.0 70.9
$

-} R —R—N——R -9 R - e 2 T i
1

‘ 5
i
i

F T | L T T L 1 T

0 30.0 35.0 40.0 45.0 50.0 SS5.0 60.9 65.0 70.0

L 5

4

) 9 P s P G s —— - g
g ¥

—-——6—6—60—0—6—6—6——6—0

N oy Foy P 24

A AR A a ' - ' .

1 ] [ M 4
30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0
Anchor Drag Distance




A4

Day #+ =176  IND
Test No, - p
Test Seriesh, = O

stava ancuoR  TEST -25.0
TEST OATE e -20.90 -
TEST o, 23 .
TEST aun 0 J
TESY anea INDIAN ISLAND WASHINGTON -15.0 o= Cr
START-EAD VIPES ;tlm: - 100 .
SEA . VP L
.:c,:::uu:: t $1A10 + 3000L8S. wITH 10 INCH STABILIZER EXTENSIONS -10.9 - L - Sh
ANCHQR MEIGHT 1300.00 LS. °
FLUKE ARCLE~TVPE, 48.00 DEC., - O QenOV LoFiX
Aux. aNCKHOR TV -S.0 <
A SRCHEOR NEIGHT 0.00 (8. -+ ’
RAIR=-AUR ANCHOR SE AVION 0.0 FEET
CEPRESSORS (AD.~NT.EACH-TOTAL WT. 0~ 0.0 - 0.0 LI, [ 0.9
POCRING LINE DESCAIPYIOM 139 FTo 2 IN. CHMALNG360 FT. 2.5 IN. CHAIN,A00 FT. | 3/0 IN. @ .
1uRC ROUPE, J4b Flo + 2 1N, JNRC ROPE '
. S.0 4
Lo ONAG DISTANCE 5. RQVAVION ANGLE Q. CHMATN LENGTK QN BOTTAR L3, ANCHMOR FLUKE SIP DEPTH
2. OECK TENSION 6. SHANK ANGLE 10. CHALN WEIGHT ON BOTTON 14, WATER DEPTM 10.9
3. ANCHOR TENSION 7. WIRE ROPE ANGLE  L1. ANCHOR CROWN QEPTH 15. TOTAL BOTTOM wEIGHT . T
4. PACKAGE OEPTM 8. DECK HORIZ. FORCE 12. ANCHOR SMANK TIP DEPTH
2 ) L] 6 1 [] 9 10 11 12 13 15 15.90 ‘1
. xtes FEET OEGC  DEGC DEC  KIPS  FEET Les FEET (113
9.5 $40 8.2 131 20,7 A37.8  19870.8 5.7 229198 20.9
20.8 47 6.1 13al 20,0 44l.0 5.9 23182, -
b 6ol 131 . 29.)  435.4 5.8 220%0.)
4t 6el 1249 30,9 429.8 19080.3 .7 22980.) 25.9
606 bl 12,7 33,2 a21.6 18670.) 8.7 221703 . T
et 5.0 12,3 35.0  A18.5 18514.4 o7 22014.4
4.9 3.8 12,1 38,1 40R.8 16026.2 “.0 21926.2 0.9 5.9
$.0 2.1 11,9 38,9  408.1 17990.9 09.) 21490.9
5.3 leZ 1146 AL7  399.4 175533 9.0 210%3.)
5.3 lel 1143 8.8 9.3 20007.4
Se6  =3.1  10.9 373.6 92.9 S0.9
s ~4.)  10.8 356.1 9.e
Te9  =S.4  10.3 333.0 [ 29 17766.2
8.9  =6.6 16.3 321.4 LY 17143.8 10 0 1
:.: -:.a 10.3 330.4 9.0 1759¢.3 T
N =7.8  10.2 317.6 9.8 10952.8 -
3 8.3  ~7.8 10.1 310.7 .2 16¢09.0 30.9 - * -
92.4 10.1 317.5 9.3 16946.6 H
931 1001 303.0 9.1 1621 7 = Lol
93.4 99 298.6 W0 15990.9 20 0 =
9.0 9.7 303.6 127%1.7 %.8 162%1.7 )
9%.0 9.8 293.6 12251.6 99.0 157516
94.2 9.7 305.4 12843.1 99.2 16383.1 ® 10.9 .~
94.9 9.7 268.0 1196%.3  9%5.8 9.1 9.3 15469.) Q |
9.2 9.5 205.2 11020.1 96.9 94.8  100.2 1332041 e
3.0 9.4 94.3 92.6 9.0 [ 0.04
::.: 94 200.7 116334 Q7.1 95.4  100.8 151534 o
. 9.3 11902.6  97.6 9%.8  101.2 15402.6
50.2 37.0  9%.7 9.3 11600.7 971 9%, 100.7 15188.7 ® -10.0 -
a
DISTANCE BARGE TAAVELLED 0.0 -20. 0 1

GUSTANCE ANCMOR TRAVELLED 38.2

-30.9
NOTE = m"zl:to::‘rz‘s

ANGLE INDICA
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Doy # =176  INDI
Test No, = % *’
Test SeriesNo, = O

ANCHOR  TEST -25.0

TEST QATE 17¢ - .
TESY M@, l: . 20 0
TEST RUN

TEST AREA INCIAN ISLAND WASHINGTON __15 0
START-END TIMES 1940 - 16018 .

4 [IRALS
::(N::n"'i ¢ +6000L8S. NORMAL STABILIZERS 30 DEG. MOV. FLUNES _10 0
6600 .

ANCHOR REICHT to.
FLUME ANGLE~TYPE, 30.00 DEC. - O QemOV LeFIX
UK. ANCHOR TYPE _s 0
AUN. ANCHOR BELGHT 0.00 L. .
nat ux HOR SEPARATION C.0 FEET
0% SSORS A0 .~WT LEACH-TOTAL 4T, 9 - 0.0 - C.0 LS. 0 0
POOAIRG LINE OESCRIPTION K35 FY, 2 INo CHAINGIGO FT. 2.9 IN, CHAINGAOO FT. 1 5/8 IN. .
IMRC ROPEs 346 FT. ¢ 2 IN. INRC ROPE
5.0
DRAG OISTANCE 9. ROTATION ANGLE 9. CHAIN LENGTH ON BOTYOR 13, ANCHOR ELUKE TIP? DEPTH
DECK TENSION b SHANK ANGLE 10e CHAIN MEIGHY O BDTTOR L4, WATER OEPTH 10 0

ANCPOR TENSION 7. WIRE ROPE ANGLE 11, ANCHOR CROWN DEPTH 19, TOVAL SOTTOM MEIGHT
PACKAGE DEPTN 8. DECX NOREZ. FORCE 12. ANCHOR SHANK TIP DEPTH

2 . ? [ 16 1n 12 3] 1 15.0
xtes FEEY 0EG 0€C xirs Les FEET FEET FEET Les
34,9 14,4 131 e 183092 a7.1 90.0 9.9 3 24409.2 20.0
.2 10.7  13.5  30.6 10066,7 87,2 9.9 9.9 25346.7 .
2.7 5.3 12,4  4l.7 16961, 4 9.0 9401 9.9 2)4¢1.4
4.0 11.9 4.0 : 16202.2 95.1 9%.0  100.8 22102.2 25.0
] 1.4 5407 15062,9 9649 96.8  102.) 215¢2.9 .
s6. 11,3 95.9% 15C40,1 97.3 9 102.7 21540.1
61.9 1led 6003 14126,2 98.1 103.3 2062642
1€.9  70.2 12600.7 99,2 104.2 19100.7
10,6 7404 12220.3  100.1 105.0 10720.)
10,4 76.9 1206C.7  101.1 105.9 18%60.7
104 02.1 11337 101.9 106.2 17633.7 50.90
16,3 0).% 11038,  102.1 106.6 17%38.9
10.2  89.3 10042.7  102.7 107.1 16941.7
1€.0  90.0 10064.2  103.2 107.6 16564.2 40.0
0 96.4 42,4  103.0 107.9 15647.4
97.0 9348, 10e.1 108. 4
101.9 8579,4  104.% 108,7 30.0
104.0 0628.5  104.9 109.0 15128.%
104.3 0302.5  10%.s 109.3 150€2.%
100.0 9 7899.3  106.) 110.1 143993 20.9
108.5% 7043.0 108.4 110.3 143450
109.1 806%.1  106.0 110.6 14%69.1
7346.2  107.1 110.0 13846.2 10.0
116.2 878,64  107.) 111.0 13378.4
69734 107.8 1. 13323.4 0.0

CISTANCE BARGE TRAVELLED
CISTANCE ANCHOR TRAVELLED - 10. 0
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DISTRIBUTION LIST

AFB AF Tech Office (Mgt & Ops), Tyndall, FL; AUL/LSE 63-465, Maxwell AL; CESCH, Wright-Patterson;
Stinfo Library, Offutt NE

ARCTICSUBLAB Code 54, San Diego, CA

ARMY ARRADCOM, Dover, NJ; BMDSC-RE (H. McClelian) Huntsville AL; DAEN-MPE-D Washington DC

ARMY COASTAL ENGR RSCH CEN Fort Belvoir VA; R. Jachowski, Fort Belvoir VA

ARMY COE Philadelphia Dist. (LIBRARY) Philadelphia, PA

ARMY CORPS OF ENGINEERS MRD-Eng. Div., Omaha NE; Scattle Dist. Library, Seattle WA

ARMY CRREL A. Kovacs, Hanover NH

ARMY DARCOM AMCPM-CS (J. Carr), Alexandria VA

ARMY ENG WATERWAYS EXP STA Library, Vicksburg MS

ARMY ENGR DIST. Library, Portland OR

ARMY ENVIRON. HYGIENE AGCY Water Qual Div (Doner), Aberdeen Prov Ground, MD

ARMY MAT SYS ANALYSIS ACT Code DRXSY-CM (M Ogorzalek) Aberdeen Proving Grnd MD

ARMY MATERIALS & MECHANICS RESEARCH CENTER Dr. Lenoe, Watertown MA

ARMY MOBIL EQUIP R&D COM Code DRXFB-MR Fort Belvoir VA; F Stora Fort Belvoir VA; Fuel
Hndlng Equip Br.. Ft Belvoir, VA; Mr. Cevasco, Fort Belvoir MD

ARMY MTMC Trans Engr Agency (D F Eichhorn) Newport News VA

£ RMY TRANSPORTATION SCHOOL MAJ T Sweeney, Code ATSP CD-TE Fort Eustis VA; V Quinby Code
ATSP-CPO-MS Fort Eustis VA

ARMY TRNG & DOCTRINE CMD Code ATCD-SP-L Fort Monroe VA

ASST SECRETARY OF THE NAVY Spec. Assist Energy (Leonard), Washington, DC; Spec. Assist
Submarines, Washington DC

BUREAU OF RECLAMATION Code 1512 (C. Selander) Denver CO

CENTER FOR NAVAL ANALYSES Document Center (Darke), Arlington. VA

CINCLANT Civil Engr. Supp. Plans. Ofr Norfolk, VA

CINCPAC Fac Engrng Div (J44) Makalapa, HI

CNM Code 03462, Washington DC; Code 043 Washington DC

CNO Code NOP-964, Washington DC; Code OP 323, Washington DC: Code OP 405, Washington DC; Code OP
414, Washington DC. Code OP 97 Washington DC: Code OP 987 Washington DC; Code OPNAV 09B24
(H); Code OPNAYV 22, Wash DC; Code OPNAYV 23, Wash DC; OP987J (J. Boosman). Pentagon

COMCBPAC Operations Off. Makalapa HI

COMDEVGRUONE San Diego, CA

COMFLEACT., OKINAWA PWO, Kadena, Okinawa

COMNAVBEACHPHIBREFTRAGRU ONE San Diego CA

COMNAVMARIANAS Code N4, Guam

COMOCEANSYSPAC SCE, Pearl Harbor HI

COMSUBDEVGRUONE Operations Offr, San Diego, CA

NAVSURFLANT Norfolk, VA

NAVSURFPAC San Diego, CA

COMOPTEVFOR CMDR, Norfolk. VA: Code 701A. San Diego. CA

DEFENSE INTELLIGENCE AGENCY Dir., Washington DC

DMAHC Code LAL Washington DC

DLSIE Army Logistics Mgt Center. Fort Lee, VA

DNA STTL, Washington DC

DOE Dr. Cohcn

DTNSRDC Anna Lab (Code 1175) Annapolis MD; Anna Lab (Code 1568) Annapolis MD

DTNSRDC Code 1706, Bethesda MD: Code 172 (M. Krenzke), Bethesda MD

DTNSRDC Code 2785 (Bioomquist), Annapolis, MD; Code 284 (A. Rufolo), Annapolis MD

FMFLANT CEC Offr. Norfolk VA

FMFPAC CG Pearl Harbor

GSA Fed. Sup. Serv. (FMBP), Washington DC

HCU ONE CO, Bishops Point. Hl

MARINE CORPS BASE First Service Support Group Camp Pendleton CA: PWO Camp Lejeune NC: PWO,
Camp S. D. Butler, Kawasaki Japan




MCAS Facil. Engr. Div. Cherry Point NC: CO. Kaneohe Bay Hl: Code PWE. Kaneohe Bay HI: PWO Kaneohe
Bay HI

MCDEC NSAP REP. Quantico VA; P&S Div Quantico VA

MCRD PWO, San Diego Ca

MILITARY SEALIFT COMMAND Washington DC

NAF PWO, Atsugi Japan

NALF OINC, San Diego. CA

NARF Code 100, Cherry Point, NC

NAS Code 18700, Brunswick ME: Dir. Util. Div., Bermuda; ENS Buchholz, Pensacola, FL; PWD Maint. Div..
New Orleans, Belle Chasse LA; PWO Belle Chasse, LA; PWO Key West FL; PWO, Glenview IL: SCE
Norfolk, VA

NATL RESEARCH COUNCIL Navatl Studies Board, Washington DC

NAVACT PWO, London UK

NAVAEROSPREGMEDCEN SCE, Pensacola FL

NAVCHAPGRU CO Williamsburg VA

NAVCOASTSYSCEN Code 719, Panama City, FL; Code 772 (C B Koesy) Panama City FL

NAVCOASTSYSTCTR CO. Panama City FL; Code 713 (J. Quirk) Panama City, FL; Code 715 (J. Mittleman)
Panama City, FL; Library Panama City. FL

NAVCOMMAREAMSTRSTA PWO, Norfolk VA; PWO, Wahiawa HI; SCE Unit 1 Naples Italy

NAVCOMMSTA Code 401 Nea Makri, Greece; PWO. Exmouth, Australia

NAVEDTRAPRODEVCEN Tech. Library

NAVELEXSYSCOM Code PME-124-61, Washington DC

NAVENVIRHLTHCEN CO. Alexandria, VA

NAVEODFAC Code 605, Indian Head MD

NAVFAC PWO, Centerville Beh, Ferndale CA

NAVFACENGCOM Code 043 Alexandria. VA: Code 044 Alexandria, VA; Code 0451 Alexandria, VA, Code
0453 (D. Potter) Alexandria, VA:; Code 0453C, Alexandria, VA; Code 0454B Alexandria, Va; Code 04B3
Alexandria, VA: Code 04BS Alexandria. VA: Code 06, Alexandria VA; Code 100 Alexandria. VA: Code
1002B (J. Leimanis) Alexandria, VA:; Code 1113 (T. Stevens) Alexandria, VA; Code 1113 Alexandria, VA
Code PC-21, Alexandria, VA; Morrison Yap. Caroline Is.. PC-2 Alexandria, VA; PC-2 Alexandria, VA

NAVFACENGCOM - CHES Di /. Code 402 (D Scheesele) Washington, DC; Code 405 Wash, DC; Code FPO-1
Wash, DC; Code FPO-11P, Wash. DC; Code FPO-1E, Wash. DC; FPO-1 (Spencer) Wash, DC; FPO-1
Wash, DC

NAVFACENGCOM - LANT DIV. Eur. BR Deputy Dir, Naples Italy: European Branch, New York;
RDT&ELO 102, Norfolk VA

NAVFACENGCOM - NORTH DIV. (Boretsky) Philadelphia. PA; CO: Code 09P (LCDR A.J. Stewart); Code
1028, RDT&ELO, Philadelphia PA; Design Div. (R. Masino), Philadelphia PA; ROICC, Contracts, Crane
IN

NAVFACENGCOM - PAC DIV. Code 2011 Pearl Harbor, HI;, Code 402, RDT&E, Pearl Harbor HI:
Commander, Pearl Harbor, HI

NAVFACENGCOM - SOUTH D1V. Code 90, RDT&ELO, Charleston SC

NAVFACENGCOM - WEST DIV. Code 04B San Bruno. CA; OQ9P/20 San Bruno, CA: RDT&ELO Code 2011
San Bruno, CA

NAVFACENGCOM CONTRACT Eng Div dir, Southwest Pac, Manila, PI; OICC, Southwest Pac, Manila, PI;
ROICC, Keflavik, Iceland

NAVFORCARIB Commander (N42). Puerto Rico

NAVOCEANO Code 1600 Bay St. Louis, MS; Code 3432 (J. DePalma), Bay St. Louis M$

NAVOCEANSYSCEN Code 41, San Diego. CA; Code 4473 Bayside Library, San Diego. CA; Code 52 (H.
Talkington) San Diego CA; Code 5204 (). Stachiw), San Diego. CA; Code 5214 (H. Wheeler), San Diego
CA; Code 5221 (R.Jones) San Diego Ca: Code 5311 San Diego, CA; Tech. Library, Code 447

NAVPGSCOL Code 61WL (O. Wilson) Monterey CA; D. Leipper, Monterey CA; E. Thornton, Monterey CA

NAVPHIBASE C O ACB ONE San Diego CA. CO, ACB 2 Norfolk, VA; COMNAVBEACHGRU TWO
Norfolk VA; Code S3T, Norfolk VA; Dir. Amphib. Warfare Brd Staff, Norfolk. VA: Harbor Clearance
Upit Two, Little Creek, VA

NAVREGMEDCEN SCE (D. Kaye); SCE. Guam

NAVSCOLCECOFF C35 Port Hueneme, CA
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NAVSFASYSCOM Code 00C-DG DiGeorge, Washington, DC: Code 0325, Program Mpgr. Washington. DC:
Code OOC (LT R MacDougali, Washington DC; Code QOC-D, Washington DC. Code PMS 395 4 3,
Washington. DC. Code PMS 395 A2, Washington, DC; Code SEA OOC Washington, DC

NAVSEC Code 6034 (library), Washington DC

NAVSECGRUACT PWO, Adak AL

NAVSHIPREPFAC Library. Guam; SCE Subic Bay

NAVSHIPYD:. Code 202.4. Long Beach CA; Cude 202.5 (Library) Puget Sound, Bremerton WA: Code 400,
Puget Sound, Code 440 Portsmouth NH: Code 440, Puget Sound, Bremerton WA, L.D. Vivian; Salvage
Supt. Phila.. PA: Tech Library, Valleju, CA

NAVSTA CO Naval Station, Mayport FL; CO Roosevelt Roads P R. Puerto Rico: PWD (LTIG.P.M
Motolenich). Puerto Rico, PWO Midway Island: PWO, Keflavik Iceland; PWO, Mayport FL; SCE, Guam:
SCE. Subic Bay, R.P.; Uulities Engr Off (A.S. Ritchie), Rota Spain

NAVSUPPACT Code 413, Seattle WA: LTiG McGarrah, SEC, Valleje, CA: Sccurity Ofir, San Francisco. CA

NAVSURFWPNCEN PWQO. White Oak. Silver Spring. MD

NAVTECHTRACY N SCE. Pensacola FL

NAVWPNCEN Code 2636 (W. Bonner), China Lake CA

NAVWPNSTA Code v42, Colts Neck NJ

NAVWPNSTA PW Office (Code "9C1) Yorktown, VA

NAVWPNSTA PWO, Seal Beach CA

NAVWPNSUFPCEN Code 09 Crane IN

NCBU 405 OIC, San Diego, CA

NCBC Code 10 Davisville. RI; Code 155, Port Hueneme CA; Code 156, Port Hueneme. CA

NCR 20, Commander; FWD 30th CDR Diego Garcia Island

NMCB S, Operations Dept.; 74, CO

NOAA Library Rockviile. MD

NORDA Code 410 Bay St Louis. MS; Code 440 (Ocean Rsch Off) Bav St. Louis MS: Code 500, Bay St Louws.
MS

NRL Code 8400 Washington, DC: Code 8441 (R.A. Skop). Washington DC; Rosenthal, Code 8440, Wash DC

NSD SCE, Subic Bay, R.P.

NTC OICC. C8'J-401, Great Lakes IL

NUCLEAR REGULATORY COMMISSION T.C. Johnson, Washingtun, DC

NUSC Code 131 New London, CT; Code EA123 {(R.S. Munn), New London CT; Code 8332, B-80 (J. Wilcox),
Code TA'3l (G. De la Cruz), New London CT

OCEANAV Mangmt Info Div., Arlington VA

OCEANSYSLANT LT A.R. Giancola. Norfolk VA

OFFICE SECRETARY OF DEFENSE ASD (MRA&L) Code CSS/CC Washington, DC

ONR (Dr. E.A. Silva) Arlington, VA: BROFF, CO Boston MA; Code 481. Arlington VA: Code 481, Bay St
Louts, MS: Code 700F Arlington VA; Dr. A. Laufer, Pasadena CA

PHIBCB 1 P&E, Coronado, CA

PMTC Code 3144, Point Mugu, CA; Code 3331 (S. Opatowsky) Point Mugu, CA; EOD Mobile Unit. Point
Mugu, CA: Pat. Counsel, Point Mugu CA

PWC CO Norfolk, VA; CO, (Code 10), Oakland, CA; CO, Great Lakes IL; Code 10, Great Lakes. IL; Code
120, Oakland CA; Code 120C, (Library) San Diego, CA: Code 128. Guam; Code 154, Great Lakes, IL:
Code 200, Great Lakes IL; Code 220.1, Norfolk VA; Code 30C, San Diego, CA: Code 400. Great Lakes.
IL: Code 400, Pearl Harbor, HI; Code 400, San Diego. CA; Code 420. Great Lakes, fL; Code 420,
Oakland, CA; Code 700, San Diego. CA

UCT TWO OIC, Norfolk, VA: OIC, Port Hueneme CA

U.S. MERCHANT MARINE ACADEMY Kings Point, NY (Reprint Custodian)

US DEPT OF INTERIOR Bureau of Land MNGMNT - Code 733 (T.E. Sullivan) Wask, DC

US GEOLOGICAL SURVEY Off. Marine Geology. Piteleki, Reston VA

US NATIONAL MARINE FISHERIES SERVICE Highlands NY (Sandy Hook Lab-Library)

US NAVAL FORCES Korea (ENJ-P&0)

USCG (G-ECV) Washington Dc; (G-MP-3/USP/82) Washington Dc; (Smith), Washington, DC; G-EOE.4/61 (T.
Dowd), Washington DC

USCG R&D CENTER CO Groton, CT: D. Motherway, Groton CT; Tech. Dir. Groton, CT

USDA Forest Service, San Dimas, CA

USNA Ch. Mech. Engr. Dept Annapolis MD; Ocean Sys. Eng Dept (Dr. Monney) Annapolis. MD: Civil Engr
Dept (R. Erchyl) Annapolis MD; PWD Engr. Div. (C. Bradford) Annapolis MD




AMERICAN CONCRETE INSTITUTE Detroit MI (Library)

AMERICAN UNIVERSITY Washington DC (M. Norton)

CALIF. DEPT OF FISH & GAME Long Beach CA (Marine Tech Info Ctr)

CALIF. DEPT OF NAVIGATION & OCEAN DEV. Sacramento, CA (G. Armstrong)

CALIF. MARITIME ACADEMY Vallejo, CA (Library)

CALIFORNIA INSTITUTE OF TECHNOLOGY Pasadena CA (Keck Ref. Rm)

CALIFORNIA STATE UNIVERSITY LONG BEACH, CA (CHELAPATI); LONG BEACH, CA (YEN); LOS
ANGELES, CA (KIM)

CATHOLIC UNIV. Mech Engr Dept, Prof. Niedzwecki, Wash., DC

COLORADO STATE UNIV., FOOTHILL CAMPUS Fort Collins (Neison)

CORNELL UNIVERSITY Ithaca NY (Serials Dept. Engr Lib.)

DAMES & MOORE LIBRARY LOS ANGELES, CA

DUKE UNIV MEDICAL CENTER B. Muga, Durham NC; DURHAM, NC (VESIC)

FLORIDA ATLANTIC UNIVERSITY Boca Raton FL (W. Hartt); Boca Raton FL (W. Tessin); Boca Raton,
FL (McAllister)

FLORIDA TECHNOLOGICAL UNIVERSITY ORLANDO, FL (HARTMAN)

GEORGIA INSTITUTE OF TECHNOLOGY Atlanta GA (School of Civil Engr., Kahn); Atlanta GA (B.
Mazanti)

INSTITUTE OF MARINE SCIENCES Morehead City NC (Director)

IOWA STATE UNIVERSITY Ames IA (CE Dept, Handy)

WOODS HOLE OCEANOGRAPHIC INST. Woods Hole MA {Winget)

KEENE STATE COLLEGE Keene NH (Cunningham)

LEHIGH UNIVERSITY BETHLEHEM. PA (MARINE GEOTECHNICAL LAB., RICHARDS):; Bethlehem
PA (Fritz Engr. Lab No. 13, Beedle): Bethlehem PA (Linderman Lib. No.30, Flecksteiner)

LIBRARY OF CONGRESS WASHINGTON, DC (SCIENCES & TECH DIV)

MAINE MARITIME ACADEMY CASTINE, ME (LIBRARY)

MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton, MI (Haas)

MIT Cambridge MA: Cambridge MA (Rm 10-500, Tech. Reports, Engr. Lib.). Cambridge MA (Whitman)

NATL ACADEMY OF ENG. ALEXANDRIA. VA (SEARLE. JR)

NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM

NORTHWESTERN UNIV Z.P. Bazant Evanston IL

OREGON STATE UNIVERSITY (CE Dept Grace) Corvallis. OR; CORVALLIS, OR (CE DEPT, BELL);
Corvalis OR (School of Oceanography)

PENNSYLVANIA STATE UNIVERSITY STATE COLLEGE. PA (SNYDER); State College PA (Applied
Rsch Lab). UNIVERSITY PARK. PA (GOTOLSKI)

PURDUE UNIVERSITY Lafayette IN (Leonards): Lafayette, IN (Altschaeffl); Lafayette, IN (CE Engr. Lib)

SAN DIEGO STATE UNIV. I. Noorany San Diego. CA: Dr. Krishnamoorthy, San Diego CA

SCRIPPS INSTITUTE OF OCEANOGRAPHY LA JOLLA. CA (ADAMS)

SEATTLE U Prof Schwaegler Seattle WA

SOUTHWEST RSCH INST King, San Antonio. TX: R. DeHart, San Antonio TX

STANFORD UNIVERSITY Engr Lib, Stanford CA; STANFORD. CA (DOUGLAS)

STATE UNIV. OF NEW YORK Buffalo, NY: Fort Schuyler. NY (Longobardi)

TEXAS A&M UNIVERSITY College Station TX (CE Dept. Herbich): W.B. Ledbetter College Station, TX

UNIVERSITY OF CALIFORNIA BERKELEY. CA (CE DEPT, GERWICK): BERKELEY. CA (CE DEPT,
MITCHELL): Berkeley CA (B. Bresler): Berkeley CA (Dept of Naval Arch.); Berkeley CA (E. Pearson);
DAVIS, CA (CE DEPT. TAYLOR): La Jolla CA (Acq. Dept. Lib. C-075A); M. Duncan, Berkeley CA;
SAN DIEGO. CA. LA JOLLA. CA (SEROCKI)

UNIVERSITY OF CONNECTICUT Groton CT (Inst. Marine Sci, Library)

UNIVERSITY OF DELAWARE Newark, DE (Dept of Civil Engineering, Chesson)

UNIVERSITY OF HAWAII HONOLULU, HI (SCIENCE AND TECH. DIV.). Honolulu HI (Dr. Szilard);
Ocean Engrng Dept

UNIVERSITY OF ILLINOIS Metz Ref Rm. Urbana IL; URBANA. IL (DAVISSON): URBANA, IL
(LIBRARY): URBANA, IL (NEWMARK)

UNIVERSITY OF MASSACHUSETTS (Heronemus). Amherst MA CE Dept

UNIVERSITY OF MICHIGAN Ann Arbor MI (Richart)

UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.)

UNIVERSITY OF NEW HAMPSHIRE DURHAM. NH (LAVOIE)

UNIVERSITY OF NOTRE DAME Katona. Notre Dame, IN
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UNIVERSITY OF PENNSYLVANIA PHILADELPHIA, PA {SCHOOL OF ENGR & APPLIED SCIENCE,
ROLL)

UNIVERSITY OF RHODE ISLAND KINGSTON, Rl (PAZIS); Narragansett RI (Pell Marine Sci. Lib.)

UNIVERSITY OF SO. CALIFORNIA Univ So. Calif

UNIVERSITY OF TEXAS Inst. Marine Sci (Library), Port Arkansas TX

UNIVERSITY OF TEXAS AT AUSTIN Austin TX (R. Olson)

UNIVERSITY OF WASHINGTON Seattle WA (M. Sherif); Dept of Civil Engr (Dr. Mattock). Seattle WA;
SEATTLE, WA (APPLIED PHYSICS LAB). SEATTLE, WA (MERCHANT); SEATTLE, WA (OCEAN
ENG RSCH LAB, GRAY); SEATTLE, WA (PACIFIC MARINE ENVIRON. LAB., HALPERN): Seattle
WA (E. Linger); Seattle, WA Transportation, Construction & Geom. Div

VIRGINIA INST. OF MARINE SCI. Gloucester Point VA (Library)

ALFRED A. YEE & ASSOC. Honolulu HI

AMETEK Offshore Res. & Engr Div

AMSCO Dr. R. McCoy, Erie, PA

ARCAIR CO. D. Young, Lancaster OH

ARVID GRANT OLYMPIA, WA

ATLANTIC RICHFIELD CO. DALLAS, TX (SMITH)

BATTELLE-COLUMBUS LABS (D. Hackman) Columbus, OH

BECHTEL CORP. SAN FRANCISCO, CA (PHELPS)

BELGIUM HAECON, N.V., Gent

BETHLEHEM STEEL CO. Dismuke, Bethelehem, PA

BOUW KAMP INC Berkeley

BRAND INDUS SERV INC. J. Buehler, Hacienda Heights CA

BRITISH EMBASSY Sci. & Tech. Dept. (J. McAuley), Washington DC

BROWN & CALDWELL E M Saunders Walnut Creek, CA

BROWN & ROOT Houston TX (D. Ward)

CANADA Can-Dive Services (English) North Vancouver; Library, Calgary, Alberta: Lockheed Petro. Serv.
Ltd, New Westminster B.C.; Lockheed Petrol. Srv. Lid.. New Westminster BC: Mem Univ Newfoundland
(Chari). St Johns; Nova Scotia Rsch Found, Corp. Dartmouth, Nova Scotia; Surveyor. Nenninger &
Chenevert Inc., Montreal: Trans-Mnt Qil Pipe Lone Corp. Vancouver, BC Canada. Warnock Hersey Prof.
Srv Ltd, La Sale. Quebec

CHEVRON OIL FIELD RESEARCH CO. LA HABRA, CA (BROOKS)

COLUMBIA GULF TRANSMISSION CO. HOUSTON. TX (ENG. LIB.)

CONCRETE TECHNOLOGY CORP. TACOMA, WA (ANDERSON)

CONTINENTAL OIL CO O. Maxson. Ponca City, OK

DILLINGHAM PRECAST F. McHale. Honolulu HI

EVALUATION ASSOC. INC KING OF PRUSSIA. PA (FEDELE)

EXXON PRODUCTION RESEARCH CO Houston, TX (Chao)

FRANCE Dr. Dutertre, Boulogne; L. Pliskin, Paris; P. Jensen. Boulogne: Roger LaCroix. Paris

GEOTECHNICAL ENGINEERS INC. Winchester, MA (Paulding)

GOULD INC. Shady Side MD (Ches. Inst. Div., W. Paul)

GRUMMAN AEROSPACE CORP. Bethpage NY (Tech. Info. Ctr)

HALEY & ALDRICH, INC. Cambridge MA (Aldrich, J: )

ITALY M. Caironi, Milan; Sergio Tattoni Milano

LAMONT-DOHERTY GEOLOGICAL OBSERYV, Palisades NY (McCoy): Palisades NY (Seiwyn)

LIN OFFSHORE ENGRG P. Chow. San Francisco CA

LOCKHEED MISSILES & SPACE CO. INC. L. Trimble. Sunnyvale CA; Sunnyvale CA (Rynewicz):
Sunnyvale. CA (K.L. Krug)

LOCKHEED OCEAN LABORATORY San Diego CA (F. Simpson)

' MARATHON OIL CO Houston TX

MARINE CONCRETE STRUCTURES INC. MEFAIRIE, LA (INGRAHAM)

MC CLELLAND ENGINEERS INC Houston TX (B. McClelland)

MEXICO R. Cardenas

MOBIL PIPE LINE CO. DALLAS, TX MGR OF ENGR (NOACK)

MOFFATT & NICHOL ENGINEERS (R. Palmer) Long Beach, CA

NEWPORT NEWS SHIPBLDG & DRYDOCK CO. Newport News VA (Tech. Lib.)

NORWAY A. Torum. Trondheim; DET NORSKE VERITAS (Library). Osio. DET NORSKE VERITAS
(Roren) Oslo; 1. Foss. Oslo; J. Creed, Ski: Norwegian Tech Univ (Brandtzaeg). Trondheim

o
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OCEAN ENGINEERS SAUSALITO, CA (RYNECKI)

OCEAN RESOURCE ENG. INC. HOUSTON, TX (ANDERSON)

PACIFIC MARINE TECHNOLOGY Long Beach, CA (Wagner)

PRESCON CORP TOWSON, MD (KELLER)

R J} BROWN ASSOC (McKeehan), Houston, TX

RAND CORP. Santa Monica CA (A. Laupa)

RAYMOND INTERNATIONAL INC. E Colle Soil Tech Dept, Pennsauken, NJ

RIVERSIDE CEMENT CO Riverside CA (W. Smith)

SANDIA LABORATORIES Library Div., Livermore CA; Seabed Progress Div 4536 (D. Talbert) Albuquerque
NM

SEATECH CORP. MIAMI, FL (PERONI)

SHELL DEVELOPMENT CO. Houston TX (C. Sellars Jr.); Houston TX (E. Doyle)

SHELL OIL CO. HOUSTON, TX (MARSHALL): Houston TX (R. de Castongrene); 1. Boaz, Houston TX

SWEDEN GeoTech Inst; VBB (Library). Stockholm

TECHNICAL COATINGS CO Oakmont PA (Library)

TIDEWATER CONSTR. CO Norfolk VA (Fowler®

TRW SYSTEMS CLEVELAND, OH (ENG. LIB.), REDONDO BEACH, CA (DAI])

UNITED KINGDOM A. Denton, London; Library, Bristol; R. Browne, Southall, Middlesex; Taylor,
Woodrow Constr (014P). Southall, Middlesex; Univ. of Bristol (R. Morgan), Bristol

WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib, Bryan)

WESTINTRUCORP Egerton, Oxnard, CA

WM CLAPP LABS - BATTELLE DUXBURY, MA (LIBRARY); Duxbury, MA (Richards)

WOODWARD-CLYDE CONSULTANTS (A. Harrigan) San Francisco;: PLYMOUTH MEETING PA (CROSS,
11I)

AL SMOOTS Los Anseles, CA

ANTON TEDESKO Bronxville NY

BARA, JOHN P. Lakewood, CO

BRAHTZ La Jolla, CA

BULLOCK La Canada

F. HEUZE Alamo, CA

LAYTON Redmond, WA

WM TALBOT Orange CA
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