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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 to enable the devel-
opment of an empirical procedure to predict the behavior of typical Navy
drag embedment anchors.

BACKGROUND

Stockless Anchor

host of the Navy's existing fleet moorings use the sto(kless anchor.

This anchor was never intended for use as a pertarientt mooring anchor;
its primary purpose was as a ship's bower anchor for temporary mooring.

The Stockless anchor was nut designed for high etficiekcy (high holding
capacity to weight ratio). It was designed to be easily -,towed in a
ship's hawse pipe and to be easily recovered after use; deepi penetration
was not desired. Efficiencies of this anchor type are reported (Ref 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 fleet. weighed 30,000
pounds, the maximum capacities would be 60,000 pound,; in mud after

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 fleet moorings have a soft
mud seafloor to the maximum expected anchor burial depth or soft 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 into 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 increase.s 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 capa.,city of two anchors can be less
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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 govern 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
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these sites would provide a cross section of sealloor 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 Coiinand. These data
were provided to CEL, and they indicated that Guam would be a suitable
third test site. Anchor tests at Guam have been completed and results
will be published in a subsequent report.

The locations of the anchor tests and cores at San Diego and Indian
Island are shown in Figures 1, 2, and 3. For reference, the typical
orientstion 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 )f underway acoustic
subbottom profiling using a 5-kHz sound source and a hydrophone array
and recorder, and coring using a 10-foot piston corer aTd 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 recor,,,.. Fortunately, the
vibracorer provided a rapid and easy alternative means to as esb soil
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 ]idian Island
due to significant sample disturbance. It is planned to retin to both
sites with an in situ test device with cone penetroneter ,iid vane shear
capability. Twelve vibracores were taken at Sari 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 few 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 loc.ition.

Briefly, the primary test site (location 1) at San Diego (Figure 1),
is a very uniform fine sand both areally and vertically. Figures 4 and
5 illustrate this with grain size curves of cores taken several hundred
feet apart. Indications are that the seafloor is very dense, based on
frequent extraordinarily high chain resistance during testing. As
mentioned, this will be determined at a later date to enable eventual
development of a predictive scheme. Additional data fkr San Diego
Harbor are provided in Appendix A. Figure 2 shows a beconto ".te
(location 2) described as a dense clayey sand. It is a very dense
fissured seafloor in which only six tests were performed to evalkate the
behavior of two particular anchors in a very hard seafloor.

The Indian Island site shown in Figure 3 consists of a gassy, soft
silty clay with shell fragments. Table I lists of soil properties for
core 3 at Indian Island. The gas in the soil caused soil expansion upon
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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 lb (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)

STEYMUD 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.
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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.

6
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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 development 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 exclusively 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. Two 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 0.019/0 or 38 lb/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 consile. The
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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 LCN-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 LCI-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. I 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
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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 crowm 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 crane 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.
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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.
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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 Anchor (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
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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
becau.se 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
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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 Atermined 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
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but high efficiency anchors are typically scaled as a direct function of
anchor weight. Anchor dimensions are normally scaled according to
(anchor weight) I ; however, as can 1  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, and 99,000
pounds maximum, respectively. At these loads - in fact at far less than
these loads - .Il 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.
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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. In 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
Works assets ind 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. In 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
Frmncisco 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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I igure 14. Cast BRUCE anchor.
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Figure 15. Welded BRUCE anchor.
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Figure 18. STFVMUDT anchor.
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Figure 19. STEVFIX anchor without mudi extensions.
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Figure 23. Spar marker referencc buov.
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a. San Diego System

1). Indian Island Svstem

FigzUrc 24. Undcr-watcr portion of tcst mcasurcmcnt sNystem.
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Figure 25. Test deck layout showing cablc pulling system and prerigged tcst wire.
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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-i 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 i.nsight 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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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-i. Location of Instrument Package on Anchor Shank

Anchor Centerline of Package toShank Tip, in.

Name Nominal San Diego Indian Island
Size

STATO 1,000 lb 18 19-1/4
3,000 lb 44 34
6,000 lb 50 34

Stockless 5,000 lb 45 42-1/2

9,000 lb 29 32

STEVFIX 640 kg 16 58
940 kg - 58

STEVHUD 500 kg -

1,000 kg -

STEVDIG 1,000 kg 21

BRUCE 340 kg - 38
600 kg 38 33

1,000 kg 30 18

Hook 560 kg 29 43
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K4 __

NomlInal An~chor Oirnensions (in.)

(Ibl A B C D E F G H- I

500 29-3/4 26-7/8 37-1/4 7-5/8 B-1/2 - - --

1,600 43 38-3/4 53-5/8 11 12-1/8 - - -

3,000 54-1/8 48-3/4 67-1/2 13-7/8 1"-38 11 30 112 13
6,000 64-1/8 67-3/4 90-1/8 16-1/2 18-1/4 13 36 1/2 16
6,000 67-7/8 62-9/16 85-1/16 17-3/8 19-1/8 14 36 1/2 16
7,000 71-116 65-7/8 89-9/16 18-5/16 20-1/8 15 36 1/2 16
9,000 78-1/16 70-3/8 97-1/2 20 22-1/8 16 36 3/4 16

10,000 60-/2 74-3/16 100-7/8 20-5/8 22-11/16 17 36 314 19
13.000 87-7/8 79-1/8 109-3/4 22-1/2 24-7/8 18 40 3/4 19
14,500 W07/8 83-3/4 114 23-1/4 25-5/8 19 40 3/4 21
13,000 90-3/8 90-3/8 122-3/4 25-1/4 27-3/4 20 45 121
20.000 101-7/S 91-3/4 127-1/4 26-1/8 28-7/8 21 45 1 21
25,000 109-3/4 96-7/8 137-1/16 28-1/8 31-1/8 22 48 1 22
30,000 1 16-6/ 107-1/4 145-5/8 2913/16 33-3/16 24 50 1 23
40,000 127-3/4 117-13/16 160-1/16 32-11(16 36 27 36 1-1/4 26

Figure B-1. Dimensions of standard Stockkess anchor.
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F

V -
T -s

)A A

200 23 25 10 42 2 9-1/2 23 6 59
1.000 28 43 75 80 -. ... 28 - go
3,000 41-1/2 69 IS 129 4 19 41-1/2 13 109-1/2
6.000 55 82 24 1"4 5 21 55 15 143
9,000 62 96 27 62 16 170

12,000 69 108, 30 186 17 30 69 18 197
15,000 76 121 33 206 a8 32-3/8 176 20 224

Nominal Ticknes of Planhs (in.)

Weight- _"

(Ib) 1 2 3 4 5 7 8 9 10

200 1/4 1/2 1/4 1/4 1/4 1/4 1/4 114 x 4 114 112
3,000 1-1/4 1 1/2 1/8 58 /9 5/8 12 x 6 6/ 5/8
6,000 1-1/2 1 M 3/4 3/4 3/4 3/4 808 x 7 3/4 3/4
9,000 1-34 1-1/8 61/8 7/8 718 7 8 78 3/4 x 7 718 7/8

12,000 2 1-114 5/8 2 1 4 1 34 x 7 1 

15,000 2-1/4 1-1/2 68 1-1/8 1-130 1-1/6 1-18 34 x 7-1 2 1-I/8 1-1/8

Figure B-2. Dimensions of Navy STATO anchor.
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B c

A

BRUCE ANCHOR CABLE DEPRESSOR DIMENSIONS
Nominal Wight Nominal Weight

A B C
lb Ac lb MM- mm mm-

800 1320 120 264 521 1061 696
1000 2200 200 440 720 1200 830
3000 6600 606 1331 1040 1735 1196
6600 14300 13W0 2970 1355 2265 1555
9000 190 '1910 3962 1600 2600 1725

Figure B4. Dimensions of BRUCE cable depressors.
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Appendix C

STOCKLESS AN~D 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 (piL'- ch, and anchor transverse rotation (roll) are plotted as
functions of trite anchor drag distance. Presented opposite each data
plr1o: is a digltal 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 Indian 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 occu-red 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 dimensions listed in Appendix B and anchor shank angles listed in
Appendix C. Listed on most Appendix C tables is an embedment depth 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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# 88 SAN D IEGO HARBOR 1500PT. SOUTHEAST OF BUOY 49
t No. - 1stockLess SOODOb. no stabLLLzers 46 deg. moy, fLukes

t Ser-Les No. - 4 fLne sand bottom. depth 11-12 ft. mILL'

2.0
2.0 LEGEND

15.0 o - Crown Penetrat-Lon
10.01 - Shank TLp PenetratLon

-5.0-
0~~~~~.......................... - ............................................. ..... - .... .

5S.0-

10.0$

10.0 LGN

30.0 Tases oa~nq

50.0-

10.0)

.0-

3.0 1

0.- Cha..n WeLght on Bottom

.0 V7- Deck Force

.~- . .....

0.0 5.0 16.0 15.0 20.0 25.0 30.0 35.0 40.04Anchor Or-ag D~stance



SOOPT. SOUTHEAST OF BUOY 49
OOLb. no stabLLLzerrs 18 dog. mov. f Lukes

ttom. depth 11-12 ft. mLLw

.............. -1......... ............................ ... ..... ..... ...... ...... ...... ....... ......

30.0~rj~ s .o 0.065.0 70.0

25.0 3 3S. 0 4o.00 A j.3 005 0. 507.

v~ V- -- 9

2L ) 00 50iO04. 50.0 550 6.0 6 .0 70.0

Anchor- Drag OLstance 95



T est N o. o2

Test Ser.es No.
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-88 SAN DIEGO HARBORP 1500 FT. SOUTHEAST OF BUOY 41
No. 2 stockLess 5000Lb. n~o ;tabLLLzers 46 deg. may. fLukes
Ser'%es No. 4 f~.ne sand bottom. depth 11-12 ft. mLLw

0

o LEGEND
oo- Crown fenetratLon
o ~ -Shank TLp IenetratLon

--0- ----------------------------------------- ------ ------- ---- ---- ....... .........

0

0

0

0.0 S.0 10.0 15.0 20.0 25. 0 30.0 3S.0 10.0 150

0 LEGEND
0 N- Transverse RotatLon

a V - LongLtudLnaL
0

o: - -7 .... ..... .. ....... ...... ....... ..... .... .
0
a

0

0.0 5.0 10.0 1 .0 20. 0 2S.0 30.0 3S.0 40.0 45.0

0*
LEGEND

0- ChaLn WeLght on Bottom
-Anchor Force

o Deck Force

0.0 5.0 100 15. 0 20. 0 25. 0 30.0 35.0 40.0 4S.0

Anchor Drag OLstance



FT. SOUTHEAST OF BUOY 49
b. no stabLLLzers 48 de . -may.-fLukes
*depth 11-12 ft. mLw

................. ................... .................... ...................... ... ....... ........

5.0 30 0 3S.0 40.0 15.0 50.0 55 0 60.0 6S.0 70.0

.0 30.0 35.90 40.0 45.0 50.0 55.0 60.0 6S.0 70.0

9nchor Orag D',taince



DOS *-88S
Test No. - 3
Test Ser-Les No.-
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- 88 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 41
No. - 3 stockLess ,500OLb. no stabLtLzers 48 deg. mov. fLukes

SerLes No. - 4 fLne sand bottom. depth 11-12 ft. mLLw

.0 LEGEND

.0 o- Crown PenetratLon
. Shank TLp PenetratLon

.0

.0

.0

.0

.0

0.0 5.0 1.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
$

.0 LEGEND
10 Transverse RotatLon 9 -

- , , ,,-Lt ~ XT.-R5 , . ,, . ..... .. ... , - ... . _ .. ............ ......-- -- - --.....-

.0 LEEN

,,0

0-I I I I I II

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 10.0 15.0

0 LEGEND

- ChaLn WeLght on Bottom
-Anchor Force

V- Deck Force

0.0 S.0 10.0 IS.0 20.0 2S.0 30.0 35.0 40.0 IS. i

Anchor Drag DLstance



J FT. SOUTHEAST OF BUOY 19
b. no stobLLLzers 48 deg. mov. fLukes

n. depth 11-12 ft. mLLw

I ;I I im I i I I I I

25.0 30.0 35.0 10.0 45. O 50.0 55 .o 60.0 65. 0 70.0
$

........... ..... .. . . ........................ ................. ........................... .......... .......

S1I I I II

25.0 30.0 3S. 0 40. 45.O. 0 50 55. 60.0 65.0 70.

; . .. I"a. "" .I V

25.0 30.0 35.0 40.0 45o. 50.0 55.0 60.0 65.0 70

Anchor Drag DLstance 99



Oo -89
Test No.
Test SerLes No.
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0O0) -10. 0

0
-20.0-

-30.0

-40.0-

-50.0+I
0.0 5.0

100.0-
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0

80.01x

70.0

60.0-
0- 50.0-

40.0-o
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- 89 SAN DIEGO HARBOR 1500 FT, SOUTHEAST OF BU
est No. -1 stockLess 500OLb. stab'AKzers-6OOLb. /p-'. 35 d4

est Serues No. - 5 fIne sand bottom. depth 11-12 ft. mLLw

-25.0

-20.0 LEGEND

-10.0 o- Crown PenetrotLon
-10.0 - Shank T..p PenetratLon

-5.0

10.0
S 5.0
10.0

15.0

20.0

25.0-
0.0 5.0 10.0 15.0 20,0 25.0 30.0 35.0 40.0

.$
50.0

40.0 LEGEND

30.0 - Transverse RotatLon

20.0 - LongLtudLnoL RotatLon

I 10.0-
",. 0 L - Y M XN .. ................ . .. .......... .......... .. . . . ......
L 0.0)
'0 -10.0

-20.0

-30.0
-40.0
-50.0*

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

100.0 - LEGEND

0.0 0 - ChoLn WeLght on Bottom80.0- x- Anchor Force
70.0 - Deck Force
60.0-

50.0.

40.0 "-

30.0

20.0 , ' x-

0.0

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 10.0
9nchor Drag DLstance

mamn



FT, 3OJ6TjEAS'T OF BUOY 49
* 't~bL~e!s-6GOLtb. /2L L de. f Luke

dlepth 11-12 ft.

25. 0 360 350 40. o 45.0 50.0 55'.0 60.0 65. 0 70.0

25.0 30.0 35. 0 4.9 4.o 50. 55.0 60.0 65.0 70.0
9tnchor Drag Distonce

101
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89 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 49
- 2 stockLess SOOOLb. stabLtzer6OOLb. !pr. 35 de. fx. fLuk

Lee No. - 5 fLne sand bottom. depth 11-12 ft. rnLLw

LEGEND
o- Crown PenetratLon
i- Shank TLp PenetratLon

|I I I I | I I I

.0 5.0 i0.0 Is.0 20.0 25.0 30.0 35.0 40.0 45.0

LEGEND
- Transverse RototLon

7- Long tudLnaL Rotat Lon

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 4.

LEGEND
o- ChoLn WeLght on Bo-t.om

- Anchor Force
7 -Deck Force /

7/

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 10.0 5.0

nchor Drag DLstance

---------------------------------------------



O0 FT. SOUTHEAST OF BUOY 49
IOOLb. stabLLLzers-60OLb. !pr. 35 deg. fx. fluke
, tom. depth 11-12 ft. mLLw

N I N I I I m

! 2.0 360. 35.9 094 . O 5 06 . 70.0

lo $ Lo6.i6

2.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0

$

-y--

25.0O 30.0O 35.0 400 5. 50.0 55.0 60.0O 65.0O 70.0O
.9nchor Dra 9 DLstance

103.
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No te A 1ho 01911 1 Lt~ -f' -1I-- J f T T30.0
ofn; dralg .ri ;rre ...-. 1 n1 T. ; r.. I. .. .. .... n _ . , I F "rr,,1 Tl TIFF4^TT" AT 2-;0.9F

,p rtriO .f sho2n ... n;0 .. ... ... n . 0 0

; M . :1 ..1 .0 In .. 0 .... 0
N OIF lr ALI P LrrL l'r NClVS 5nF IT I l;OF

* ?11A . 1) ...P 0.01 A.. IP0In?4 ... 0... ... l.

N14-LL U(LLfwr&me' r~tpp; IFFR I nw T I.11 CFTd) 10.09-
n~qT~CE AQGF RAVELFO " 0 -0.0

_30 509

centrl- f shr~k t 30. 0

20.0 .

90.0

80.o0
70.50

/) 6.



92 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 4
o. - 3 stockLess ,5OOOLb. stabtLtzers-6OOLb. /Pr. 35 deq. fx

orLee No. - S fLne sand bottom. depth 11-12 ft. mLLw

LEGEND

o- Crown PenetratLon
- Shank TLp PenetratLon

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 4S.0$

LEGEND

- Transverse RotatLon
v- LongLtudLnaL RotatLon

~~~~~ ... .... .................. - -- ..
.U 9 It N I N I N Ml ...N

Jri I I I I I!r-

.0 50 1.0 1 0. 20.0 2S.0 30.0 35.0 40.0 45.0$

LEGEND
0 -ChaLn WeLght on Botto-.-

- Anchor Force
" Deck Force./ .. A"

A\V



FT. SOUTHEAST OF BUOY 49
stobLLLzers-60OLb. /pr. 35 deq, fx. fLuke:

depth 11-12 ft. mLLw

| I I I I

S5.0 30.0O 35.0 s00 450 5. O 55.0 60.0 65,.0 70. O

$
- .-..... .............. ............... .. ... ... ... .. .. ....... .. ...

Z5.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0

$

w -IIIII 
I

25.0 30.0 35.0 40.0 45.0 so.0 55.0 60.0 65.0 70.0

Anchor Drag DLstonce 
105



Oo # -92 S
Test No.
Test SerLes No. -

I;TAT A £0C*P TEST -25. 0

TvtT DTE 9?-20.0

TEST SERIES 6 1.)
TEST LFA oto nffn., HAP000 3000 FT. SnAJTUFAIT AF 011T 49
5ART.EN0 TINES As4 14
SFAFIEIAT TYPF r n~o BATTON. 330000 I33 Fl, "LL*
ANCORO TYPE 9VAiD .30010. - IN !34. 070L3PFO% 'g nor. nv.rl.s '10.0
ANCHOR "FIGHT 307.nA 3. .. If .0
FL UKE *MW. TVP. .;.no 000,.-0 .OV3E*50
Ali. a MT TV F
Atli: Lm4C.000 WEIGHT M.n 30.
"AIft-AU LCHOP 5 PAAyO 0 FrFT ) 0.
IWO 146 LINE OE0C11

0
0304 WHCOP IA .;00 '3.Ol I , CNAlo TO 4FE ?I-. WIPE PnDF .

0070 INITIA1 06*0.. nFPTM ?E.AF TO 00FF?~r NF&4;11Pf3 W-Tr.AflP.5.

DRA00G flJ0TANCE 0. ROTATIONj *IFi 9. rmAI.v LFNOTH AN RATTAN 11. 0SCMAG F13 i@VF FTIPAf .,OM" n%53TWv I.. 1.0
M.ICNN TNSIO A.W . .50F0 AN."E "0. a03 C. 200 .N0'. 1. T,&RTT AN 34.GH 9LO 00064W TNI WT0

ipsT 0305 s 015FE ~. OF 0 35rE 0FEET f'T 7ET FE 0 25.0
1,f. . 11.9 -17.0 30.0 130 110 070.4 '1..., 1%. 1%.,, 5.0

6.0 16. 6. 3.0-3.00. 54 7".1 4 347 '5. 3." 1'.0
6.0 20.0 7.0 16.) -32.0 34. ;0.9 45.2 47. 14,., 31. I7. 36."6610. 11.0 " 15 3:.0 34??70 7.1 ?460.4 -14.1 T0. 170.q 10.00. 1.1 2. 10. 3. 73. 3.0 14.0 1905:.q I".. 5.0

I2 1 .' . 1 5.. _40 .0 :: 0. S33.4 *p4 3I. ,
13 6. .0 35 . -434.0 24.C - 05 M34. 4406.01 36.m co.

-UTi';rakfd PRUGE TRAVELLED 13.0
D0TONCf ANCOR TRAVELLgED 33.6 30.0

20.0

0)
L 20.0-

4)-10.0-

-40.0-

-50.0'
0.0 5.0

100.0-

90.0-

80.0-

70.0-q
60.0-

0- 50.0-

S 40.0-

30.0-
20.0-

10.0-

0.0'
0.0 5.0



Daj - 92 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY
Test No. - stato lOOOLb. 16 Ln. stabLLzers 35 de. m,

Test SerLes No. - 6 f.ne sand bottom. depth 11-12 ft. mLLw
-25.0

-20.0 LEGEND

-15.0 o- Crown Penetrat-Lon

-10.0 - Shank TLp PenetratLon

-5.0

15.0

20.0

25.0-
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 0.0

50.0

40.0 LEGEND
30.0 )- Transverse RotatLon

20.0 V- Lon rd4 UaL RotatLon

o 10.0

L 0.0 .
U)
e -10.0

-20.0

-30.0
-40.0
-50.0-

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

100.0
90.0 LEGEND

80.0 0- ChaLn WeLght on Bottom
70.01 X- Anchor Force

70.0 -Deck Force

60.0

50.0

40.0

30.0-
20. O...---

10.0

0.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

flnchor Drag DLstonce



00 FT. SOUTHEAST OF BUOY 49
OLb. 16 in. stobLL~zers 35 deg. mov.fLukes

om. depth 11-12 ft. mLLw

........... ..................... ............ ............................ ...............
1 i i I • | -

2S.0 30.0 35.0 40.0 4.0 50.0 55.0 60.0 65.0 70.0

25.0 30.0 35.0 40.0 45.0 50.0 SS.0 60.0 65.0 70,0

$V

23.0 350 40.0 45.0 sO.0 5S.0 60.0 65.0 70.

Anchor Drag DLtance



DoW#-9 , WVA

Test No. -1
Test SerLec No. - 13

STOCKiroo ANCOOO TES 57.0

r l t P a rr0 0 0 0 i fl t ~ r r F N O , o - 2 0 . 0 a -
ST000..FNA TI"FO 114 -1
IF0Fttl ToPS F *4N 1 OtTOO"F. 00, I-;IFt. ,"ILP -10.0 -
ANc=0 MFIClO! 11370.0nl L.*Ftu4,m5a.rIF-Typr. IR.no 054I. - I 0.00 I.Ff% 5 .0
4-. LOICOO TYPF
Ill P000 IF I .7 0.00 IA.
A I,, A -IO SFPAARI0,. 0.0 FiF0a
nfo05 nlZNn;.lOFC.r..TnT&L WT. n - -' 0. (D. 0.0 -

000014 I r OECIPTF 0000 'to %NCHOP 71n 4 40t -1 % ~In t 40SF ?IN10. WI05 0045 ~ s
10.0

I.005 31.. 4*OtAl '"'I,15 0 "llN~ :lF,600 oN 001100I I*. l4r00 1,01 ,, 0 OFOFO* 15.0
0. ~ ~ ~ ~ ' n~' 5< *401 06F I. rOSI oIO~ O6TN -MTT

0 0  
It. 05005

n* 0.00TFN4'N 1. Wl05 0005 A-4 it II A.0 , nW. OF.?" IS. TTl AAVYOS wf1rOt
1: 0050065F nF-Ti- n.FCW 0001?. FOCF I;'. F4COIO0 00*40 TIP oFPTH 20.0

FFI0 -10- OfON T550 05 5 011 . I , IC F5? O5FTm FF 5F IFF F I IF5
0. 0 4.0 14.0 .1 1* 0.0 'A.. 7. I n 0. 1 .. 7 17 14.4A 14. 70. 0.0 501. . . 14. -. I. .0 1.0 . ? -JN., 14.7 11.9 17.? 14. 147-~.,

1. AF .1 17.0 1. 1. 0. 4 .0:, 00.0 0;.7 4001.? 14.0 15.: 1.: 14.0 F41.
I.0 A A.q %N.. 14. -. A S1. . 40.. 14.9, 000.5 IZ.!: 1'7.' 10.0 14.. 14404.4
A.!1 74.0 A1.0 14. '10 1. .4 7N.0 77.0 44. 1.0 70 00 4. 1.10

I4. A0. 30 -. 0 73.- 4.) 40.0 78.0 4073.0 1 .0A I. )A.' 14.- 1044.0.0;1.4. A 4* n IS.% -0.0 7. 4.;,4.a 110.0 078A7.3 1'.1 16.7l 7.0. 14.0 4 7000N0.0 4.0 I S4 -. 0n 7 4,1 Sq.0 170.0 4001.0 13.0 14. 17.4 14:.0 " 4071.0 A T
P4.0 %4.0 40.0 1* . 4.R 4. 4 40 1 P.4A 400?.. 13.1 IA. 4 1 7. A 4. 144.I7A.0 41 44.0 10.7 -S.0 30.0 4 . 0. 10. 0074.1 13.0 16.4 1. 1 11040.0.A*0. 0 74:.n I1S.% -1.0 ;,~ 4.1 44.0 10S7. M 4000.0 I ?.0 14.3 I 0. I4. I * 20..
In. 40.0 0p.0kI 1 -S.0 70 .,0 4.5 40.0 90.R 4447.1 17.? 16.1 1. 14. 1 017.:1 01)1.0 40.0 017.0 10.7 -0.0 70.0 A0 1 .9 17 4004.0I I ?. I IA 14 1 1.1;J 14.. 14044.00.0U4.0 40.0 31.0 10.4 -7.0. 74~ 4.5 47.Q0 S4..; 4470.46 1 3. 14.0 17'.4 14. S 10A...1. \ 1
00.9 400 10.4 .% 7 7.0 4. A 44.0 147.? 4407.4 10.0 16.> 17.4 14.0 14A040q.4 (300 44.0 31.0 10S.4 -3.0 70. 4.7 40.0 142:1 4S007:4 13.1 ;6:' 17:., 14.: 14004 L 0.0'4

44.9 l 40 0.0 IS.? -7.P 00 48.0 05 14. 4 1 110 1.4 17 14.A 1007.0, 0) 00'47. 00.'0 08.0 15.0 -7.0 I0-' 4.0 14.0 170.0 0074.1 131.0 16.4 17.0 14..0 ;14.0.40. 1 . 07.0 1 0. 7.0 20. . 4 44.1 14. . 7 4110.4 13.5 1.4A 17.0% 14.- 14S00.A I
0. 5.0 33.0 .0 -7. 27 4.4 0.8 1 13. 40. 1 144 17. 4.. 1"740.9 -20.0

DI0S0C RSi 0AoL- 0.*I0 OC4 ICF.TOAV5ILtlS 1.. -30,05 qT ICE HOWI. AFL-E 000
AlOO - 0001lvr 00.

00N0 710 Or! 00 -50.0.Mm0.0 5.0

100. 0
90.0 -0

80.0 -) m
70.0-
60,0

S 40.0-

30.0 4 11
20.0

/1

10.0
0.0b

0.0 5.0



3S - 95 SAN DIEGO HARBOR 1500 FT. SOUTHEAST Of BUOY 49
set No. - 1 stockLess 9000Lb. stabLtLzers-670Lb/pr. 35de. fx. fL

get SerLes No. - 13 fLne sand bottom. depth 11-12 ft. mLLw _ _

-25.0 
l

-20.0 LEGEND
-15.0 0 - Crown PenetratLon

-10.0 a- Shank TLp PenetratLon

-5.0
0.0 -- ----- .... - - - -- - i- L - - "- -'"J" -- "

5.0

10.0

15.0

20.0
25.0-

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.9 is. 0

50.0

40.0 LEGEND
30.0 - Transverse o
20. 0 V- LonqLtdineda Lon
10.0 "

10.0 ' I

-10.0-
-20.0

-30.0

-40.0

-50.0l
0.3 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

100.0 LEGEND
90.0

o0.0 0- ChaLn WeLght on Bottom
o x - f)ncMfQr Force

60.0 v -OckPFl'.e

50.0 -.-- *- .

-~ - ..M.%

30.0-

20.0

10.0

0. ;0 20. 0 25.0 30.0 Is.0Rnchor Dra 9 DLetmce



FT. SOUTHEAST OF BUOY 4q
stab LL Lzers-67OLb/pr. 35 deg. fx. fLukes

depth 11-12 ft. mLLw

........ ......................... ......

.030,0 35. 0 40.0 45.0 50.0 55.0 60. 0 65.0 70. 0

00 30.0 35.0 40.0 45.0C 50.0 55.0 60.0 65. 0 70.0

.0 30.0 35.0 4010 45.0 50.0 55.0 60.0 65.0 70.0
Anchor Drag DLetonce10



Test No. - 2

Test Series No. -1

07co~V0 4000IF!-2S. 0

.4-01 700! qS -20. 0
y, F V 2,,3

Fb t V0 "?or 044 - 11,, 3V0.0

bib. n FP.,0000 aV OF.

. 1, IN F r VFI TITN *INC000 TI 3]-VT 73.0Yt4 03 VVV'7I.wo 0V0

nfPT-IL 5.0 T F.r

10. 0

flCV
4

C 000JO O"IV , .434 r.3.O ~'0- Tc -Ii 0VO VF1,O TI. IF~V 15.0
.- C- -O TVINOI' 7N . VIOV OVIOF -41. 331. VNrmVO 0000 V OTO 14. FITOI l TV 01.02 .
0I.(AGF nFPTO W.OV)CV H0017. V0OrF 3?. AMC000 074000 TIP VIVOTO 0

FVT o'I-- 0300 rVVVT 030 Ono. Ir" , 10 rFT '0 FIT V1"F 0VV FV FV 11 1- 2S. 0
7.0 7V.V 0.0 34.1 *0 -. 7.1 'a.. A3. 0100, :4.0q 313:. 7' 371 0.0 5.0

4.7 710 .V 4. 70 . 70 7.A A7. 040 4 4. 7 14. 1 IS 3.- 0V

330 00 00 *4 7.' 19 0, .1 10.0 1. 344 0V 10. 340.4

3 7.4 1. 34 7.0 ?1.- . 7. 170.0 q 103. .3 14 36. I7.0 30.. 107 1 0.

711 4. 34.0 7V ?7. 1.N 41.9 30,4.0 4000. 7.1 31.4 4N.0 30. 1V7 30. 0
71.4 44. m5. 7.0 70,V 3.7 q 40 7.7 41.0 37.7 300 7, 3,;.0. 4V1,

PS0.0 4.390 70 7 47 40q 170. 107. 31.7 36. 17.0 0.0 301 -

27 .4 0..0 3. 7.0 74.V 1 .9 04 321.01 0077.0 31 IN.,1 37.7 10. 3740. 20. 0
10. 00.0 0.4 3.7. 3.6 I 4 00. 7004.4 1. 34.7 37.4 100 347.

1. 774 3.4 7.? 7, 1 7.1 9. 1100.4 11. 34 IT3.4 0.0 149044 '
111 070 1.0 30.1 7.10 70.I 1.5 06.0. 36. 4030 3.7 34.3 30.0 300 11.P W 1 .

10.4 63.0 47,V 34. 70 P 7?., . 40.0 176,0 4n1.5 37.3 1. 3..N 10.0 3044

317.4 40.0 34.0 4 7.5 27.0 4 .. 4.4 300.3 4010.7 37. 30. 367 3. 6.7 0
30.5 1.5 4.0 107 1.0 20.q 4., 3 :41. 337.0 1703 1.0 37.0 360 3.10. 07.;C. 00--

41 . 090 480 15.1 0 2. 4 . 4. 9 3. 10. 170 3. 3.1 300 30)~ -9

OIOTbNJC! _AbGV T000!LVO 47.0T 0) -10. 0

- 20. 0

r, Ic-10.0

-50. 0
0.0 5.0

100. 0

90.0 0-

80.0(

70.0 7

60.0
a. 50.0

30.0

20.0

10.0

0.0 5.0



Dc #-95 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUD1
Test No. - 2 stockLess 19000Lb, stab ,-Uzers-67OLb/pr. 3S de

Test Ser.es No. -13 f'\.ne sand bottom. depth 11-12 ft. rnLLw
-25.0-

-20.0 L[GEND
-15.0 o- Crown Penetration
-10.0 b- Shank Tibp Penetrat..on

5.0

10.0-

15.0

20.0
25.0-

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

50.0-

10. 0 LEGEND

30.0 Transverse FRotat'-on 9 -

20.0- 9 Long& u-frL -%- &

10.0

0. 0-

-10.0-
-20.0
-30.0
-10. _

-50.0- 1I

00 51.0 10.0 15.0 20.0 25.0 30.0 35.3 40.0

100.3~

90.0 LEG[END

80.- 0Cho' .n We',.ght- on BottomV

6.0-7-Deck 
V~rc

60.0 ./.-~K7

30.0
20.0-

10.0

0.0- Ir

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
A9nchor Drag Oi-stonce



FT. SOUTHEAST OF BUOY 49
kb. stabLLLzers-67OLb/pr. 35 deq. fx. fLukes

depth 11-12 ft. mLLt

| I I I I I|I I

25.0 30. 0 35.0 40.0 4.5. 5. 55. 0 60. 1 65.0 70.0

$

V-A

.0 30.0 35.0 io. o 1s.0 50.0 s.0 60.0 65.0 70.0
Anchor Drag DLstance



Dasn#- 95 SAN
Test No. -1
Test SerLec. ND. -14

STATO ANCHOR TEST-2 
. -

TEST DATE 95 Cr00
TEST NOTET- .1S -15.0 -o - C
"TFTAECA DIE.- .*80 200 FT. SoLTITHF*T AF Aly4
ST APT-ENO TI"ES 1337 - I1150 -10.0 - Sh
SEHELOP TYPF FINE SANn BOTTOM. GEPTH 11-1P FT. RtLW 1 .
ANCHOR TYPE ST aTO * "00G10. 37 VG6. -nv. ELOPES
AN CHORA'i EIGFH-MT 3000of.00 to. -5.0
FIIP *NtETPF. 17.00 TEC,. - 0 O.HTO I-FI. .I

LIII AN Io GOlAFA 1
Aol ANHR E 0.00 FI.d

-AIN-AiIAx ANCOOP SEPARATIN0. FEET .... U..-- -....-
0ErSS0RSo.Nn..WT.FA HTOA L AT. fl - 0. - 0. LP. d)
OORING LINE OESCRIRTION ANCHOR TO IHOET 21N. %Ti.;, IN. C-1IN 10 44AFT ?Ip. HIA FOF- 5.

NOTE - INITIAL cHANK OFOTH ?fOoFO TO RFLECT HEASIHETD WAFOFHOH 10.0

1 OAl nISTANCE R. HOT*TJOA ANIIF 9: ;,N LENGTH ON4 HOTaln II NCHr~nAlU E TOp 'I nFPTH O

7. TNCH TENSION A. HANK A.OIF JO CHI HIOT NRTOR . AE OFH
.ACHOR, TENSION 7.WP OEACI I NORCONAR; 1. TTA HoFTO EGT2

4.PCKG EP06 H OFC' MA.l?. FORCE 1.1. ANCHOR cmHANK T IP TEPTm 0

1F K ac 4 7q A 7F H 9, IFr, A I I I? FF IA 14 25.0
FEE . If KI P FEE Ic OC TE ~ I8 FET LO. FT FEFE ET M

0.0 1. 0 4.5 - 3. 3. 994 IA. c;I FS 545. FF1 4T 17.9IT 1R 44 0.0 5.0
4.0 04. n . IS.n -3. 3.4 8. 3R I:34H0T 1. S? 189 I. .

5.8 75.9 .0 IS.~ 3 3. 7.7 74.4 IN. 4.4.9 I. 1. 11 1.' 749

7.. 30. 7. 15.8 -3.5 .1. 99 l0H 47. S ~ 2. IS.? 24.1 749".9
9.7 104?2. 30 3o 71 1. 4. 4440.9 2c;: 61 I~C I. 74.0 50.

122.1 31.0 H.T 1S.4 _3.S 1. . I:r 3. 11~ 39 IA? I. 41 09.

13.6 4.01 4 186 I.? -35 17. :, 6 .2 4.? 1II.A 439.4 1 4A I7o 9104.043
-S. 4.0 70.0 267 -. 0n 59 48.7 02.32 3754.8 14. I.0 9? 1. 7441 .139 7. 7.0 16. -3.9 1. 295 1 4 82 7 763. I. I.' 91 11 4 41.293 5. 3.0 166 .S 15' .1 R~.7 792.0 37-I3N4. 7 I.n 19.4 24.1 .?".1a711 6. .0 0 430.0 .0 4.9 1 49.8 99. 3IA7 14.0 I 7H 19.0 14. AlA'. 3 00-

079 340.0 0 . 4 7. 1 1. 4. 37 9 98A 409. 4O .4 IH. 241 R
4

60. 130 27.0 1 4.0 -10.0 0.o . 9 c4. 55. 4937.0q 14. 3917.

If , ",§ *2 9: 4 :9: 7:n: 20.0 v L
706. S07. 14.1 900. 0 10.

37.8 2411.0 4.0 126.? -44.3 30o . 9 10.8 193.8' A .? 24.3 R.?

s37.8 24.0 6.0 24.7 -44.3 48.0 8.9 178100 03. 4.7 1 .0 . 00

DISTANCE BARGE TRAOELLEOD 400R m) -1 .
TISITANCE ANCHOR TRAVELLEn 34.8-0.0

PA TTTVF-20. 0
CHAIPTIPRECH-30.0

-40.0

-50.0--

0.0 5.0

100.0

90.0- -C
80.0-
70.0-

60.0-
a. 50.0-

i 1.0

30.0-
20.0
10.0
0.0

0.0 5.0



~Qa -95 SAN DIEGO HARBOR 1500 FT. SOUTHEAST 'BUOY 4!
1est No. - 1stato 3000Lb. 37 deg. mov. f Lukes

ITest SerLes No. - 4fune sand bottom. depth 11-12 ft. mLLw

20 0 
LEGEND

-0.0o- Crown PenetLrat-,%on

-10.0 a- Shank TLp PenetratLon

-5.0-

5.0 - -

10.0-
15.0-
20.0-

25.0 -II

0.0 5.0 10.0 15.0 20.0 25.0 30.0 3S.0 40.0

50.0*
40.0 LEGEND
30.0 ~ -Transverse Rotat Lan
20.01 7 LongLtLudLnaL Rotat Lon ...

* 10.0 I JU

0.0x....

-10.0
-20.0-

-30.0-
-40.0

6.0 5.0 10.0 15.0 20.0 25.0 30.0 35. 0 40.0

100.0 LEGEND $

90.0

80.0 0- ChaLn WeLght on Bottomn
70.0 1 (- Anchor Force

0.0- B eck Force

50.0-

50.0-

30.07

20.0
10.0-

0.0-.
0.0 5.0 10.0 15.0 26.0 25'.0 30.0 35. 0 40.0

Anchor Drag OLstance



1J500 FT. SOUTHEAST OF -BUOY 49
,3000Lb. 37 de ., may. f Lukes

bottom. de th 11-12 ft. mLLw

o~6. 65.0 307 S. 0. SJ

55.0 60.0 65.0 70.0

25030.0 35.0 40. 0 .0 5006.36.



Oa.9 95 SAN
Test No.-2
Test SerLec No. - 1C

OTAY-2 .0 i0~60 V~

-20.0-
o - Cr

trav.' 0 TYPE0 'I0 - FIAT'

aC-10 TIPF 'Tarn, .14o0 A7 ff6. 'V. 56605
FTCHT osoo 3ft()*00 . '5.;

g . *C.. Fyfc,", 0.00 . (
*A6N-a6-0 W.A.n q0PAOATImm0 0.0 F 065 0

An960 I 14 l00IINIC-0- TA I-4ST I6. O I.-~ 690 1 6*I V 41.0F, 766.. 0605 0765~s

NOTIF - N A -4-10 nE000 flor, so n TO aOFI sy mi0,-orn oGvrooior 10. 0

7: 600; T5IIICI I* P0T411Jfl O 1i . (060tiC$0 I n IA.11 61 . rOO "., TI0 P 7600 1 .

1F- a AC In .at 1(,. 7s Pn 10 : Ill. I? 66 IA 025 0
665 . O,00 600.In 5556 P E'7. flft . %m raaww nfP51 T 95u -u I -T 5 20

7 .0 70.5 f- 9.0T 13.5 -7.5 11.0r.C . NC9. ..7. TV. 1 1. 0 6. I0i 14 71

4.I 0 0 1 .' I A . - 7. 1 7. I.l -9. 140. 4 7 15. IV ? 7 7071 .

7.5 1.0 13:,- 1,,., o-n .o I, 9 f 9. 60.9 17709 I'' 6. 74 641 07* 0S. 50 1. 4. 40 ~ . .1 54.0 67.6 . 1 974.1 14.1 1
111 770 140 110 195 70 4.66 70. 06.5 0017?.1n 1 6"4.1 50.9*

1.4 . . 15 4. 50 41 6. .4 4 Q090. a4~ 99. 40. 0
1 A. 17.,A 7.6 91.4 4..0 "1 .3 6.9. 4. 01. 14.1 91I1A.I

qT-CF H VLA s.20.0 Lo
.Nelli F 0i 0676Vi . to 4- -'0

VT.6 a)6I'o~ 10. 0

L 0.0.m
0) -10.0

-20.0

-30.0

-40.0

-50.0-,
0.0 5.3

100.0
90.0-0-C

80.0- - fi

70.0-D

60.0-

5C 0.0

S 40.0/

30.0 , w-

20.0

10.0

0.0-
0.0 S.0



LEGEND
0o- Crown PenetratLon
A- Shank TLp PenetratLon

................................................. ........

*5016.0 15. 00 25.0C 30.0 35. 0 10.0 5.

-Trans erse RotatLon
'7-Lon dth-&RvotatLon

5.3 10 15.0 20.0 25. 0 30.0 35.0 10.0 45.0 50.0

LEG END.
0 -Cha'%n We~.9ht on Bottom

-Anchor Force
'-Deck Force

-- >1

/9



2503.0 39,0 15.0.0 5 .0 066.0 650 700

Anchor Drag DLetonce153



Doa# - 99
Test No. - 2
Test SerLec No.-

-20.0

7,.1-15.0 0-
TEST 8.74 684 DIFF, "hoAn. 1600 Ff. OnUjTHF4OT MF AlIn'

f;..It .T.. "to; :K3kP: FY. 8  9 IL -10.0
If. roionj Ir 2611? nV. 

11

0t3ll-Fv
NCIMS, T1. A O. ty Ijo rAITS ?A nto. I7.q I2:Cm vFTGH 018 *.- 

5.*cl 
py F1" I fyn rrT2 .088rA1 kFOTI &Wro F1087 FOt" .&,.0 
0151 11

A l l & W 30 4Y I a )j7 A 92 1 I l I A ~ SA l .7 C 0 " A.0 o l 6 r E 7 . f".i t r l s r E 6 o I T c r o y i F y

2 2 .A12 1 1 11 1 7 . 1 1.0 3 7 1 1 0. 1 . 81 F 8: 4 7T F T M.1 4 7 8 7 .0F t I- I 2 4p . 1 1 7 8 .
0. 211.11 6.0 2 . 23.' 20.5 1 1. 9. AA9y. 2.6 ."8. 4 .0. 0

23.0F 20PT . 5 C 211. F .0 1. I . A0. 04111. 
24S .44 1.

76.9 ,o AIp r E6.1 0.0 A3. r,. 24.1 7.0 25.1 004.7 70.? 24. IFI 10171 
.9. 4. 10.0 2.0 7.0 7. 9. 1 1. '2. 1019246 

68. i
I.*.oo P1.880 1.4 1O to ." 31.1 11.2 7 . 11: 1 A 1I .

L;. 0.00
1 ;:4 AI-10.01.7 w 7. 0 A rt I'o I.

6.0 1 .4 3.0 1 1 130.0
IA.G A. 140.0

30.0 14.nA:: A . 1, 1:0.0P

?.0 1 : q A,,9 0 .0160. 62.1. 17F14.0 . 0 3 F P3.0 1 pg 9 S RA650.0.
nIT4~f PRGE TAVELE0.0

20.0

130.0

0.00

0.00



0o5- 99 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUO
Test No. -2 .stato ,.lO00Lb. 26 Ln. stab~t~zers 35 deg.

Test SerLes No. -6 fLne sand bottom. depth 11-12 ft. mLLw

-25.0

-20.0 LEGEND

-15.0 
o- Crown Penetrat.Lon

a- Shank TLp PenetratLon
-SO,0

-5.0

10.0-

25.0-15 .0 -

20.09
2S.0, ',,,',

O.O 5.0 10.9 15.0 20. 0 25.0 30.0 35.0 40.0

50.0

o.0 LEGENO

30.0 x - Transverse Ro
20.0- Longtud..n ,otutLon

2 0.0a 10.0 7O.

-20. O

-30.0

:: -40.0o
-50.0O,,,,

0,0 5.0 10,0 15.0 20.0 25.9 30.3 35.0 40.9

1 0 0 ,0 L E G E N D
90.0

. -Cho.n WeLght on Bottom
70.0 Anchor Force

70.0 V - Deck Force
60.0-

S50. 0

30.0-

30.0

20.010.0 ,-~ ,*~ , , , - " .

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

Anchor Drag OLstance



"T. SOUTHEAjSf OF BUOY 49
26 Ln. stabLL!%zers 35 deq. mov'. fLukes

Iept 1112 f. rLLW

I30 0 35.0 40.04. 0355.0 60. 0 65. 0 70.0

I30.3 35.0 40.0 4.5.0 50.0 55.0 60.0 65. 0 70.0

flnchor Dr-ag D1%stance

117



-Ct 100 SAN,
Test No. -3
Test Ser-Ler. No. -14

-;TAO A.~nP fqT-2S.0 -
1XINo. no PARTDATE-20.0-

TmW IM3F% 014 nJM&tn At Q1 .0 -0-15.o aa-CI"
ALCM9O TOt ....0 A10 0. 00 00. 0 11-'00T. 11 0*00 -10.0

0V00000.0.00000000 00.' n0 l I 0.0V I 0.5 0
41L.. 5.0~

MA14-161 INC00 ;F '*Tn no,'! 00000 .0cn ...o0r ....00

-T I ~ n P. t-.0.0
1.000 0000'o 0 n 107 00 T.'I,, 0. 00000 00,7,07 -Fl , o ' 1., .?,' -1" 1 .

1.r 000 Y.F 10 0*000*0in 01 . ,C .0 0,40 o004,' Pl - OV 
5 .0. 

0y O 0

.nOOF 00Th t lg n,0~ Ioo0 . r.j0. .00 I .T 0, 20.0 T

4:0 0. 0 1'." 0. no. 20. 0.1 0. 11o. 101. 0.0.00.
0.. 700 4.1 00.4 10. m 70 10 0. 1. 10. 00 4 .

017 0*l #00 00 0. 0. 00 00 7. 44.40.00n.
1.7 71.0 1 . 00 0. 0 ~ 4? 0. 0. 00* 0o 0,

n o~ ..o 0430..0. . 0. 0.- op4000 o,

17. 0 17. 1.0 0. 47.0 17. ,0.0 00.0 10. 0040 (D 00 4
4. 1. 4.0 1 5 4705 ;10 1:4 0:0 10. 401.7 000 01.2 .

"1. 400 P.0 0. 47. 1 . 4.?10601 0400. 00: ~ 1 .
4. 1. 1 .0 0. 40t.1 4. '.4 0.4 001 04. 00 04.

00 000 000 0.0 47.0 0.0 4.0 04. n7. a4440. 440 0) '"10.0
00.9 00. 00. I0. 47.0 00.0 4.0 17.0. 0. 000 00 04

.0 100 10.0 10. 47. 70. 0. 00. 040. 47400.0 0. -20.0
07.0 4 1. 70?.0 I0. 4.0 1.0 0.0n 47.0 047.0 4041.0 00. 700. -30. 0
A4.0 40.0q 74.n0 .' 47. ;,1.0 4.7 1 001 .0I 4700.0 00. 770~
0.0 30.9 00S. 0 05.1 47.0 PS0. 4., 00.4 000.0 00009.0 '0 0.

OW.4 44.() 77P.0 0.4 47.0 ?0.0 7.4 41.0 A7.0; 7474.0 00 0744- 0

900TAfjdrf PRGE TRAVELLED 6800. S
0 1ST MC! OOCOOP 090000LL00 69.4 S .

0.0 S.0
AN00 -000010 000,

.100. Ooolfoo

90.0-0

80.0

70.0

U) 60.0
a. 50.0-

30.0 20.0-
S 10.0

20.0

0.0 5.0

I w1r



# - i00 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 49
Fest No. - 3 stato ,300OLb. 18 Ln. stobLLLzerext. 37 de. mov.
rest SerLes No. -14 fLne sand bottom. depth 11-12 ft. mLLw

-2S.0

-20.0 LEGEND
-iS.O o- Crown PenetratLon

-10.0- - Shank TLp PenetratLon

-5.0

0 .0 ............................ . .. ..... ... .... ... .... ... .... ..... .... .... .... .. ..... .. ... .. .. ... ..... .. .. ... .. .............. .. ..............................

5.0
10.0

IS.0

20.0

2S. 0 r-

0.0 5.0 10.0 1s.0 20.0 2S.0 30.0 3S.0 o.0 IS.0
$

SO.0

10.0
30.0 ------- V-

20.0 -----. @n -4o.tno L RotatLon

10.0
0.0

-10.0

-20.0-

-30.0

-40.0

-50.0 ,
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 is.

100.0L 
N

90.0 LEGEND

80.0-0- ChaLn WeLght on Bottom
x - Anchor Force

70.0 o r c
60.0

50.0

10.0 . v- -. -

30.0 ..-

20.0 . -. W" \ -... ....-

10.0
0.0- , I m Ol

0.0 5.0 10.0 1S.0 20.0 25.0 30.0 35.0 4O.0Anchor Drag D stance



00 FT. SOUlTHEAST OF BUOY 49
10OLb. is in -+ ak;LLzerext. 37 deg, mov. f L.ukes
-0m. depth 11-12 ft. mLLw

25 030.0 35. 0 .0 1 .0 50.0 55.0 6 . 5 07 .

25. 0 30.0 35. 4 . q'.0 50.0 S5.0 60.0 6S.0 70.0

~*~* .- ~ . -- -- *- -
--

4.

15.0 0. 3S.0 o0. 45.5.0 SS.0 60.0 65. 0 470
9nchor Dr-ag OLet..ce 

119



Doi ~ 100 SAN
Test No- -3
Test Series No. - 14

SlATO ANCICA TFIo -25. 0

TEST 6*orE lIT -20. 0
179 %I V CAN , DiF~n ((Aonn 130t FT, -0tPT(F ACT VF (tt-1.tC0 -

SrTA.1T.FN( TIMES 930 - I Tll T
lEALit roA( oWE' SANT, OTTO.. OVPl" ItlI? F*n
ANCMQC TYPE (1*0I .lnkAt A. in 1C. TIM[, IlFofgy. 17 (VS . F1 (9KIFC 10 S
LOCM* W IA rO" 3000.0 tAkII.1 0

Att.-I A N.5413A lO F -5.011 11
Otto.F~n (4 . (l FCI.CC3 I T.,.

TVOVCO4.0..wjAH.13A I1 0N r -O 0,1 .AF ?1201,% r-' - 0. 0

'3311 INITIAl 3..A.V 1F.00 7 3 10 Pf 4111- COT S..., 0 5747.,

10.09

*.3.3n 704410 a. r,.O I0( ti, . Nr0(n. -0-3. '1'"1

4.At(~ 13' 3 3C .(I*130 'I .C(4~~. T1 33.3 307. 2'. 1.

'0 13. 4~ 6 4 S.0''3. 0 
1

t~C(I.'3350

'91 (S , cO ( n' C 4 .0 5

992 3'. '1. 3 '3 2. .. . 7, 7 C 30.9 --
94 bc '3 I ~ (. 03 4C (. '2 o(. .o 3 -
99 LC 0

1
21. t . 43 '3't~ c ~ 2.

9' 1*3 ' 5 ~ .; 3 (1 C~3~ 4 , 4 0. '( 4

0 5o
'3' 10.0 3- 4 ~ ~ 2. . 40 . 4433. 0

1 13 .': I'.! 4. .':1. 42, :4,0 441.' '...
'2'1 41.4 '4.7 4S.0 m2. 1174. (~ 4.0 -20V.0 -

121 (j.*4. jt 4.0 ?1.' , . 7. (0, S' ((,

29- ,3.n 4.0 I. p0 3* . 3Q 7, 03004, -30.0
356 2,.n . l. 42.0 3Q.3 4. J3.0 71.3 C4 Q~(4C (0, 0

1 391 7 27.n R.0 14.0 43.0 (0.' 6.2 P6. . 0 (7 CI.C '0,.

OISINNOtF MARGE TRAVELLED 70.0 0.0 5.0
I1TANCV ANCHORA TAAVVLLEO1 .;.7

33377crCV.'100.9

I .3I07o90.0 - o C

60.9
70.0 -D

U) 60.0

30.9
20.0
10.09 A
10.0

70 7S



100 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 49
-0 3 stato 3000 Lb. 18 Ln. qtab'.L Lzerext. 37 deg, may. f LuA

erLes No. 14 fLne sand bottom. depth 11-12 ft. rnLLw

LEGEND
o- Crown Penetrat&.on
A- Shank TLp fenet-ratLon

0.9 S.0 10.0 15.0 20.0 25.0 30. 0 35. 0 4;. 9 is.0

LEGEND
-Transvtrse RotatiL

'LongL+tudLnW--Rr~--v-~

0.0 5.0 10.9 15.0 20.9 25.0 30.0 35.0 4o.09s

LEGEND
o Cha 'n We - ht on Bottom
.- Anchor Force

v Deck Force

75 80 5 9 95 10010 110 115

Anhr rg .tac



00 FT. OUTHAST OF BUOY 49

torn. depth 11-12 ft. rnLLw

25.0 30. 0 35.0o jo. i'S.0 o0.0 S5.0o 60.0 65.0o 70.0

2S.0 30.0 35.0 503 S.3 ss.0 60.0 65.0 70.0

M ,~~- . .....El

95 lo105 110 11o 22 25 130 135 140
flnchor Orag DLstance12



Do~ # 100
TestLNo. - 4
Test Series No. - 14

STATO ANCHOR TEI.T -25.0-
TEST DATE t00 -20.0-
TEST No .4

TEST SERIFS I C
START-I0 TIMES 2004 -L W00

SFoR 7yl INE "FN BOTTOM. OPH11.1P ET. 01
ANCHOR TYRE -TA TO .3000LB I0 IN. OT AIL2OEFOfT. 1ISEhH Fm~ 1.
ANCHOR Br IGHT 3000 o
rub', AMNrF.TYRE .0G. fi.. ).00IFI-

Atilt. AUC4OR TYPE

RAIN.JUO ANCHOR 0ERARATION 0.0 EVvH)
OERRVOSqoRS.O..BT.ACI-TOTAL Wt. A 0.0 0.1.

ROORINO- ONE~ OEOCRIPTION NopO 00 j0OET ?IN. S T "; IN' CWATS TO 400ET p0I,'. ol.F OPE a) 04

NOTE -INITIAL tl' 0(0 OEH fMoFO TO AFFLFCT mFoS;IboED WA0FrOH l 5.0

10.0
1: n-GoAD IIO0CF CAOTiOn AN~tE 0. in-Alo L FNGTH 

0
F 00101mM 1t. ANC~moA Eui Io I10 nrPym

,nrcw TENSION A11 SH4rP ANS1I F In. cHAIN wFIGmT ON RfTYM 14. 1Ar GEOT. 15.0
I1. *CH0 TION111 7. olor 1Porit' 0 1,1:I ANCHOR CR0.N YlPPI' 11. TOTAL ROPTOM AEIOOT
4.0AGE 0ERP 1 0, nr MAI . rowe i. ACHO I404 " TI GE.,WT00

1 4 4 1 0 I C i~2.
EFFYT s FIO 010 FEE O. P~r E .105 IFY I.- rFFY FET rIF, rrrFT Ii

00 1. 0. .1:-00 1:, 0.0 0Q. Ill.? 007. 1.0 14. 17.1 14. 0070.4 25.0
.0 1.0 1.0 14. -0 3., A. ;09.0 1. 000T.4 ;4:4 IS.o 17.q 14.0% 00. . 5. 0

A.2? 4.0 4,0 1.7? -0.0 1.' 4. 0. 170 1 040 A 1. )..0 7.7 1 4. 0600.4

10.0 000 ? .-. 0.0 4. .0 170. 1 SI3413. 0 15.S:4 ;7.7 24.0 .41104
1A. 00.0 037.0 10. H4.1 4.0. 140.011 0~ 1.1 A 00 2.9 70q o

11.9 00.0; 10.0 14.0 -00 0m.H 3.0 .4 1 33.4 40144.7 1.P 1t6.4 100 4. 7044.7
0. 0 .0 34.0 20".1 0.0, 7.' 3.0 44.0 100.0 4070.3 10.4 10i.0A 10.1 1 4.0 7H,7.0 0.

10.0 0, a.0; 40.0 I1. , . 0.0 I. I H~ 100.: 1 011. 14.4 14.1 )O4 14.0 411.0
1.7 040 4.0 1.4 -00 it., 3. :3410. 10. 14. 1. 10. 4 40.

0 ~ ~ ~ ~ ~ ~ ~ ~ :r 010 4. 00 0 0. . 00 141 104. 14. 14.1 10. 4q 40-7.7 3.
1I.7 7..0 40%.0 10. -7.0 .0, 30 740 13. 4. 24 1. 10. 14 77q .

1.7 01.0 61.0 17.1 1. 1.' 0.0 0.0 jOO.0 0t 3 0. 17. 10I.7 ..4.004. 6 10.0
37.:7 07.0 44.0 20.2; -1.7n 10.4 .0 M4.9 134.7 1000.0 20.0 1 1. 10.4 14.0Z 1411
10. 00. 570 1. 0 0. Q0.. 13. 104 20.0 27.0 10.1 1.0 404; Asir - - -

61. 700 00 760 40 17.0 0p.0 7.4 121S.1 4400.0 14.0 27.4 10.4 2.0 S 4~ L 20. 0
11OTNC AAn 44O~o4.0 1, -100. ?

co1m7I.7 0 gs o Al 30.0'a 49 11 . 1109 1. I 'a
ST n 1".. 1 A.,-a) 0.0 -- 9

oo.6 olprS050.S1 0.00,287.4 18S411.1 4 7. .A 4 404

OlDTACI OLAP t TDVIto 5?00.0

NoteAmhrdeot at d -0.0

_ _hM iftak at 30. 0

-Agy~vr 30.0

20.0

90.0- )-C

60.0<

30 0. 0

20.



-100 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 49
No. - 4 stato P300OLb. 18 Ln. stabLL-zerext. 31.Sdeq.,nov. fLukes

SerLes No. -14 fLne sand bottom, depth 11-12 ft. nLLw

0

0- LEGEND
0o o- Crown PenetratLon

o Shank T"p PenetratLon

0 - - -: . £ _ _ _ _ . _ £.' _ :_ ... ........ .. .. ... .0-

0-

0-

0- 0*I I I I I I C

0.9 5.0 1. 15. 0 20.0 25.0 30.9 35.0 40.0

0$

LEGEND
- Transverse Rotat Lon
- LongLt udLnaL Ro "at Lon

0- I 1 IIII- I

0.9 5.0 iO0 15.9 20.9 25.0 30.9 35.3 0 45.0

LEGEND
0 -ChaLn WeLght on Potto:- -" .

- nchor Force
V - Deck Force

• -~ (* . -, 4 * "" - " "-

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
Anchor Drag OL,-st nce



.1500 FT. SOUTHEAST OF BUOY 49
'3000i.b. 18 Ln. stobLUzerext. 31.Sdeg.rnov.- f Lukes

ottom. depth 11-12 ft. nLLw

3S. ~oo S.0 0.065.0 70.0

30.0 30.0 65.0 10.0

finchor~ Ora9 M. 123c



DOS~ 100 SANE
Test No. -3

Test SerLec No. - 14

-25.0-
STAVO ANCHoOR TEST

-20.0-
10:1 -.515.00 C-

100 1 8 lo;3(f 004 110.1 l4 V.AL -10.0Sh
AmCm I RE 139 N710 .3018 1098 STARIL1IF"O 11.AnFr.A.OV. FVI.198
ANCOn I GHT108 3 000.011 (A.
111188 A..t8.100F. It.0 f3re, Al ..00 I.F11 -5.0
Ail.. ANCOIIC 1001

Alit. AmC4IAQ WFIr,? M.A I. .
M aIN-AU A ANCOIOP cFPAAATIO.. 0.0 FFFT

no I A I E c8 O CAI IN C. 00l 1n IAOfT ?IN1 I11011 CAIN Y1 A.1F 1. ATOF APT 0A- .0 -
08 8 O AO N . 1 ACO I' l llt. -& - nFP .0 -Fnf IiQ j r10.0 8

10.0
2.AC, FI*N A 0AJ nIL 17 'HAIN 141,1y n0 An000 11. 1. - Fit)0 A F T IPn

j* ~ ~ ~ ~ " AA147 AN~n 7. 14.' iff At.I II FNOO 0H F. n £070 ' FIIFI. I A'1Li G-T N -nyl-20.0
4. 0HC, AOV 0FPT .. 08C" mnil. FnoCE 17. ANCwnQ lANA TIP nFPTw

1 0 4 0 A ? A 9 In 11 17 1,% I4 11 25.0 0
FFT88P j ? FE OFG nr OV. vIA; rF I FFFrT FFCT F, rrr I

0.8 A~. 0. 60 .9 10. 7.8 17. 91. 4 8. 17 I. Ir. A.?0.0 0M.: 1. 00.0 0:O -4.0 &0.' 6. 1. 4 6. 4 66.:.:. 74 10' '~.
.83: . 0 041 .0 15.4 -4. 1.' 5.3 18.8 141.4 '489.1 14.1 1 6. 741 0' 68,

0.8 I0. 0.A07 - . 1 5.0 "4:9 = :, .0741 .1 14.4 IA.' Is 1., 74
7 .6 1 . -0.n . , 0 . 1 0 .3 17.8 1 c;4. 1 4781.0 14.0 34.4 IA.A I0. 77a 4 *9.6 40. 0*l.0 -. , 1 ' . 4. I3A 79. 47 60 1.0 . 7 70.A5 0-;. 40.A 0.A 10. 10 I. . .1 )7.h 30A4.1 IA.7 17.'1 8. IS., "0A1.1

11.4 . A. 16.7 -11. I A. 44 .6A 121.1 191.10' 9 .64 0
MS' . A s. , 15. 4.0 IA., 0.5 04.4 113.7 896l.A4 40. 894.4

OIqTAOCF "AG . Av08 F 700100 3.0 0.
0 1ATANI'8 111C"0O 9001 AWI. 10.4

20.0Le
'000 TP AII0 0 10.0 --- v

L 0.0 ..................-
t)
0) -10.01

-20.0
-30.0J
-40.0

-50.011 I
0.0 5.0

90.0-
80.0-)
70.0-

60.0-
0- 50.0-

S 40.0-

30.0
20.0

10.0
0.0- 1 1,

0.0 50



- 100 SAN DIEGO HARBOR 1500 FT. SOUTHEAST OF BUOY
t No. - stato ,300OLb. normaL stabLLLzers 31.Sdeq. mov

t SerLee No. - 14 fLne sand bottom. depth 11-12 ft. mLLw

-25.0

-20.0 LEGEND

-15.0 o - Crown Penetrat Lon
-10.0 6- Shank TLp FenetratLon

-5.0
0.0............................................................ ..........................................................0.0 11 -"ll 

-;  
- - - -

5.0
10.0

15.0

20.0

25.0 , , ,

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 is.
$

50.0

4o.o LEGEND
30.o - Transverse Rotat Lon
20.0 V- LongLtudLnaL F otatLon
20.0-10.0 L- -, -, - 9 --- - - - - ' ' -

0 .0 ............ ...... ............... .. ................. ...................................................................

-10.0

-20.0-

-30.0-

-40.0

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 i5
$

100.0 LEGEND
90.0-

80.0 0 " hChaLn WeLght on Bottom
M Anchor Force

70.0 V - Deck Force

30.0-
30.0-

20.0

10.0
0.0

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 10.0

Anchor Drag OLstance



,FT. SOUTHEAST OF BUOY 49
.L normaL stabLLLzers 31.5deg.mov. fLukes
6depth 11-12 ft. mLLw

.0 30.0 35.0 10.0 45.0 50.0 55 .0 60.0 6;. 0 70.0

.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65 .0 70.0

.0 30.0 35. 0 10.0 15.0 50.0 55. 0 60.0 65. 0 70.0
Anchor Drag OLstance 125



'Fest No.
'Test Ser,,.es, tc)

*1 STATII A.JCHSR TEST-2 .

-lot --20.9-

TEST &of&NA DIED" maLODO ISoT FT. SOUTHFAT OF OTI10Y 49 -15. 9
S T .451_I~S10 - It"?

;=fKO8 TOES AN. @A1 OTTON. DEPTH 1i-I?1 FT. 0110.

.. C".S Ty"( -TATO *40041N. 400"A, STA. tLI7 as 1? TIE. mov. rtLUNF -1090
17.00c .16 0 T..0 I.fII

A ux. AwcHVI TYPE -5.0.
A&jO. AwCm,,D wFI~b 0.0 .1.

mOlAiJO ANtCIw. SPAPATION 0.0 F;FT
F 00S55.O.WT.EAC.TTA wT. 0 - 0 . 0 Lf

Db!SI.U SCPIPTION ANCHOp TM I-OFT ?.. WTft.N rHAIN Tn 340r! 214 WIPE ROPE f .

N6TE INITIAt <HANK TEPTH 7FP )FII TO OFrLFrT wFA43LEOD VATEPTIEPTH .

19.0

I.,GDITANCE 4.ROTATION AN'4F 9. CHAIN IPNOTM ON AMO" .- ACT ,10 TIP 0(0T 15.

4. POCWAKOS EPTH 0. 01ECR 00917. FOCE 12. ANCOOIL qHANX TIP DEPTH 20.09
1 y 3 4 A 9 1(T IT I IT ' I

EFET KIPS .LIS FET 06 C. r. Ot, .1P4 .EfT t A- IFFT FIE' FT' FFT L- 5.
iur .5 - 4. -. 1 4. 40 A. I'9 .9 ?t.1 1..? 1. 10. 15.1 J..I1.

0 4. 1. 1. .. 3 3' .6 4.1 115.. 404. A 4 141 1.4 1. 1040 . 0

- 9. 1. 1.0 ?. 0.;: 93 10. A40. I .? 1 .4 I. 41 74.

* V.1 19. 15.5 15. -7.4 o S4 44.0 130.6 4541 39 1. 1..4' 14.

9.7 000 3.5 141 -. 4 7.' *. '.-k 039 70A.1I 14.4 t. 10. 5 1 71

11. 107. :14 1. S 79 39 101. A'.1 4748.A414., 1".- 10.9 4 . IT4. 0 9
1156 00 6. 151 -. 7. 3.7 107.0 04.4 4730 1 4.5 10.11.1 1. 10 4.

15.5 10.0 000 15.4 -2.5 .n 3. 19. 77.4 1000.6 14.4 16.1 1. 41 99.

17 14.0 Me. - .5 .35 9n 34 1 0 7. 02 4 14. S4. I. A. 90 4 40.
I3lT3I.7~1115o-4510~ 3.190 49.7 1494:. ;4A 14:1 19. 14.1 9454.0

71.5 137. 93:0 14.6 -6.0 10.1 3.3 In. 1.9 14T7. 14. 1, . S9. 11 9607.9
73.5A 1). 4. 54 -0 1. 3.3 110.0 71.1 14 1. 16. IA.? 11 96445 0.~.r-isr~-iS5.u r.5 -101 1:. 3.3 119,1. 12.0 1147.0 1. 01 1. 54 55.

[192 :S. S -3 z , 4.3 372.11S.1 977.A.3
____:___ 11.1 -07.5 17.0 3.? 110j.0 93.2 4675. 15. 107.1 20.9-~~~~~ 0: (15. -1. 15. lee.?0 4. 77.

Mir -0. MA 79--7- ci)
10 0

.fNdra m ATd -30.90

0.05.

0-
120.0 -

105.0 v-

C 90.9

S 60.9

30.0

10.0T

0.



SAN DIEGO HARBOR 1500 FT. SOUTrHEASTf OF BUOY 49
stato .6000Wb. nor-maL stab'u' zers 32 deg.- may. fLukes.

i 19 f:>-ne sand bottom, depth 11-12 ft. mLLw

LEGCEND

a - Crow'n Penetrat Lon
Shank T 'p Penetrat La..n

L. 1.150 20. 0 25.0 30. 0 35.0 10. 0 15.0 50. 0

LEGEND
m Transverse Rotat Lan /
7 - Lin9g..tud InaL Rotat.an W

5.0 1. 50 20.0 25. 0 30.0 359.0 10. 0 is. 0 .

0 -Cha~n Weh OJP* -L-e

- 9nchor Forqv-~~

5.0 101.0 20.0 25'.0 30.0 35.0 10.09 49.3 50.0

9rchor Drag D"-stance



FT. SoJTrHEHST OF' BUOY 49
SnormaL stabLzers 32 de g. may. fLukes

depth 11-12 ft. rnLLw

.0 30. 0 35. 0 10.0 i5. 0 50.0 55.0 60.0 65.0 70.0

.0 30.0 35.0 10. 0 is. 0 50.0 55.0 60.0 65. 0 70. 0

3003.. 1.o O3 5 j6 .06 .07.

9nhrDa DKsac
.12



Pesti No. 2
Pre-st Ser'les No.

5*0 ANC.OO TEST 2S.20
TET aylo -- 20. rivr

T4000.0'N JF, AR I SOO F-5. --.. rRi- 4

0!A flcm . O..o .1A....A. 4.. - t 0.0

00,20290 u" sfO nFI .24 GttN.Coso .n074ooF Do . .. --. r

A 7%A. INCC" OSInP. *. *00040 0 AI T9~00 ~TS .nr m

71. - .O'1 T.sIO 7. WIC -O~ ,-a MAL .NC1. c O .L- 0.lw I. O0 070 r
00 411. LN P KOf~c tT 0000 lA.r 00c S027 mc ;~ A9C'1 DLAN 1 . CHAT N Tn 24r I lf

0 .. 0 .5 . 1 . 1 0. S.p .A Qi * NC A 4 . 9 Lol . 4 IS . 07 1 A IS. 9 Tn" 1 2 .0 '0 1. 2 .

5. 6 5.0 13. 2 9.T 0 1 . 4. 4- . q . 5 9 1 . 17. 2 . 1 1 2 9. 1 1 0 1.
7ET.I I r9. ().0 24. T.) I. A. 1 00.2 S ' l 'IF, '~4 IF.? 29.0 24702S.
9.0 09.0 0.4 1. 1.0 l. 4 Q.4~ 99. S1. 1. 29 .' 2. 2.0 50.5 2

13.: 110.0 70.5 1 7 3.0 21. 1.4 1T. 91.4 447. 1.0 25. 1"S.In 25:. 206%'77.
05.4~~~~~ ~~~ 000 3. 91 3. 29 38S. 9 14600 1. 90 2. 50 26001

73.? 990 7 31102..4. 54 0 I.9 49.2 11.. 19. 67 2. 79.
n7 20 250 1 - 7. 29.9 4: 60. ''. 1077. 11.0 S.o 26.61 2.9 17.

27.0, 50.0 23.0 11.9 -22. 00:6 4 S?9.0 24S2.0; '209.9 25I I10. 20. 2 a-
nIe *S 10. 234 3 00 29. 4. 44. ,46.0 7167 25.0 231. " Sc1c0' 1s

19.osC 64.CC 3S o6t1fD 30.0 1~ q.12.200 .1. I. S ?f s(

M?~L 0.202. 3

DISTNCE AW TAVELED 3.020. 0

06t( O fICOF -3 .

a -10. 2

""s 0p.2ft5.-0.

90.2

80.0

70.0 9

L11 60.0

a-. 50.0/

30.0

20. 2

10.23

0.2
0.0 5.2



j 1  SAN DIEGO HHRBOR 1500 FT. SOJFHFH5I' OF BUOY 4
ct No. -2 i9 tato ,SOOOLb. normryaL .scL~~ 32 de.m.
bst Ser',es No. i9f"ne sand bottom. depth 11-12 ft. -rnL W

p20.0 ECEND
15.0 - o C!rown Penetrat' 0 n
10.0 - L - Shank T'p Penetrat~on

-5.0

5.0
10.0

is. 0
20.0
25.0 -

0.0 5 00 15.0 20.0 25.0 30.0 i5. 0 i0.39 45.0

50.0 $
10.0 - EGEND

30.9 - Transverse Rotot' In
20. 0 4 7 Long' tud'.naL ~t~~--.q~
13.0

10.0

20.0

30.0

10.3

0.3 5.3 10.3 15.0 20.0 25.3 30.0 359.0 40.9 45.

80 - Ch "i'eghto a- ottorn
'4- nco- Forc

70.0 7/Deck Fqe V
50.3-

10.0

0O. 0

0.0 5.3 3.15. 0 20.0 25.0 30.0 3r, 0 10 0 I

9%ichor Drag~ DU.tance



FT. SOuYFiLH@ F O B U@OY 49
,nrmal l Q tC, !D e 32 deg. mo v. f'ukes

depth I! - I I_2I

.0 0 35.0 4o.3 45.0 so. 9 5.0 60. 65.0 70.0

.0.3 340.3 45.0 50.0 5S.0 60.0 65.0 70.0

-4

.3 0 60 3 6.0 70.0

9richor [ra 0 DDtonce
.Q



Test No. -3
Test SerLes No.-

ANCHO TEST-20. 0-
TE .ST DAOFS 1031-0
TEST 40. -15.
TEST VRIES ,9. OIEGM 000000 14;00 FT. SOUT.F--00 OF 0140 9 - 0
!fAFLO TYPE ONAO070.DPO1-7E.O

N0040 TYP T77 .6000"j;.DNOONAtl;0TA0lIC40 I" 076l 1.r;f' I E. Rev. rjwv -10. 0-
ANCOw IGHT00 6000.00 10.

A20 *.C00 E 000..VI. -5. 0
AU . -%C=06 WE GMT T.00 +6.
NAIN-.AUX £0CHOP3 '0EP0000106 0. o. o70fp0Nrq00.N..0,;T.EAC0.107*L WT. 0C TOW F. T r.1 T.0 31F0.-W-F-
MOORIN1GW LI NE SECPTPTIO14 *6C0 OP IRAF S.1.00110 oI 03.F ~000 OF0 00 - - - - - -

MATE -NTA m0701~ Avw nflEA 7F011Fn Tn PEFIFrO MF00rjF11 wA7707207

10. 0
I ng0.0 010769NCF 0: 000*106*6TIO A .N,,,O~ 66070 1.*900F rF00070 5

7. 070 FNO106 0. 00n r"0 F G0 rl- OT AN4 A00 K. 0TF. OFf?
3.: *6700 T7600I A . lAF A' F .60 II ""oT A00 L77 . 0* MOTTO" 0716147

4. PACKAGE rIFATA DECK 001. FnDCE I7 C67nO 00*60 TIP 07070 20. 0
FEFT KIPS KIPS FEE' 07 Op E . 1 11T7 0 F0 rF, F? FFFO 140 25. 0
a. 700 00 40. .00 00 01 07 0. 170.l I 1.3 100 I7. 14. 37

7. 0.0 4 40 00 00 07 3. A6. 00.4. 533..01. 00 01.

4-.. 0 1;..% 14.1 .q S6 .6 10 053.7 799.1 419 1. 73 1. 0.

?I86 0. 10.1 13.7 000 790 4. 49 0.3 0.0 l6. 4.qo~ 30I.
22. 40. 170 17 6 .0 A0. I.' 4 .9 1 770. 14. 170

4~ 10.0
Nog AO6O 000100 124. 6,) 0 .

54; A 1 4L 0.0 1 . :. 1- 7S,

', 0: W T 3OO 3.. 1.
,9 00010.

WON RAVELED j.A90. 0
Note Al- ow,80. 0

1-61.ncrKP L 70.0 ...

OFF OSITVE Rj~j ) 60. 0

'VOW" -0.0
-30.0

240.0

150.0
0.00

.0 5.



- 1o SAN DIEGO HARBOR 1500 FT. SOUTHEASr OF BUOY
s- t No. 3 stato ,600OLb. normaL stabLLzers 32 deg. m
est SerLes No. - 19 fLne sand bottom. depth 11-12 ft. mLLw

-25.0

-20.9 LEGEND
15.0 Crown PenetratLon
-. 0 - Shank T Lp PenetratLon

0 . --4- - .... -.-.--.... . . . .. .

20.0

5.0

10.9

15.0

20.9

25.0
0.0 5.0 10.0 15.0 20.0 25.0 30.9 35.0 40.0 4

50.0

40.0 LEGEND
30.0 x- Transverse RotatLon
20.0- - LongLtudLnaL ft -

10.0 -

0.0

-20.0

-30.0-

-40.0-

50. 0 , F
0.0 5.3 10.0 15.0 20.0 25.0 30.0 35.0 ,0.3 is

100.0' " \
90.0 LGEND\

80.00 0- ChaL eLht BottomX- Anchor Force
70.0 - Oeck/orce
60.0-

50.0-
40.0-I
30.0 , "-

20.0
10.0 A -

0.0
0.0 9.0 10.0 1S.0 20.3 25.0 30.0 35.0 iO.A

9nchor Drag !0.sl.Once



FT. SOUTHEAST OF BUOY 48
normaL stabLX.zers 32 deg. mov. fLukes

depth 11-12 ft. mLLUw

I 

I 
I 

I II 
I 

I I

I .0 30.0 35.0 40.o 45.0 50.0 55.0 60.0 65.0 70.0

~$

i .... ...... 
. .. 

................................ 

. ... . .. 
. . . . . .. ... 

.

I 

I

.0 30.3 35.0 402. 45 1 50.0 55.0 60.0 65.0 70.0
nchor Drag 0J.s.once

.--

j



'fecL No No.

7 ST No. IN

CA11a N '7r1HRAV110F. SOTM- Or n S.A 9 ;' CrowS7A"v.Ofl 7l-ES 9 - . I7
SCAFLOT0 TIR FINE %AN- 80770.. Otrlit 177 1-11 ff. Sho

ANHO Yve STOOP-Lf%' qoftotel. TANIOOC 4.&w.YOOeC-1 IS orIG. 11f. FLMIF4 L 5.a

A8M. AWU R 44F0700 %.snA007154
0(00 50.11 A N TVtC0401 VTI Fe.ll .070

7. ~ ~ ~ ~ ~ .f 070 TaIS . OneaI . .A wI n iTS 80770 .. wra07o: 0

1 . 'o& n 7 f N OT IN 4~ j 4 , rm I L _ T 70An y II- h 07 *O t TI P IAPT I
7.0 OT. 77 7.0N .7.4F 6.? N. F.? ON AT.I I..W' I ' .

2.0 AN4.0 TFqO 7 . . 7* .? IF. -70.? N 2 1 %. lT. 0. 0t .n wr,.
3.0 A 37. O .F Pt .F0 17 F5no 1. 79.0n -7. 0 7 7 I[. TO-4

471 00 ." .0 4. 1. 7 0.4 0 7 1. 2o7£.

R.0 7.,0 : ::: 1. . :l.n . 1 4.7 ; IA 114:1 f5. .................. I7 "9~.

17.8 47.o 21S ... . 0 . 0 4" .. . 91n F7 75. ..... 71 0 709.7 0
09.0 00.5o 07.0 .. :3 .0R I~ A?4 .9. 1. a 4 . . . ..... .I 04.

71.0 12. 40 .7.0 2., 4.7:II I. 174. 7.0 :::::..... . I~ 74004,0 0rc
14.. 03.0 741 888 .0 48 .9 7.0 27 720...... 0. 15277.7 ?%1 9.6.

17.6 044.1.n . . 0.0 4.0 6. s~ N7 29 . . . . 0. 79.4 2h:7~ on~

DIS.ZC 10 CO.0 TOAVbO 2.0 O 10.
II dtq6 4 96.4l

tg4T 0 .0403 7 8e. -22. ,

of~~~ drag 0~s e -

%OVI ANNITIVF SH~i120.03

0..0

120.0 - v - .(~

60.0

S. 0



f-ne -sandc bato. eiP-J i I I~ -

LEGF.ND
5 -1 Fenetr-t-on

Sh-ank F pPenetrat' on

T T I

0010.0 is. 0 20.03 2S.3 3. is. 3

LEGEND
ci- -fra e. 7,se o t a t Or

7LQn"g tudVnoL Roftat'.on

-9- -V -7-- - V -- 7

0.3 ~. 03 1K 0 S.3.3 49.9 9

LEGEND7

Delcllk F-ce

7 tz --- 4or e.--q

9,)ch 3D Dr-n 9 D !-tnnfce



FE 5OJFhiFIAS'Y OF BUOY 49
Lcvndeq, !cvmktosH; akLe 35 die?. Lues

dlep th 11 2 f- L mL.

5.0 3O. 3 .3 .3 io0.0 is. 0 . 0.0 S5.0 60.0D 6S5.0 70.0

.0 :3 9so i~ 49.0 S0. 0 3506. 65.0 70.0

.0 .3 j0 4.0 0.0 5K 60 0 65070.0

AflTh.'-~[Jri 9 D'rnc



Daj nt
Test No.
Test_ Ser'-esNo

STOCxIENS ANCHOR TEST22

YES? AREA qA DIEGO HARMOR 1%00 Fy. SOUTHTA%? OF ROOT 49 0 5.
START -END TIMES :N5 - I r1I1

Iri~~dm~PtFINE SAPO ROTTO.. DEPTH 11-12 FT. WILLM

AXIOMq TYPE STOCKCLES9 050660. TANDEM SHAIAITOSHAC"Lf IS nfG. XX. FL-12.

5.0DEC. - I 040 101

LAiN.,ANCHnR TYPE 900OLM 5TnCRI.ESS ANCHOR 5
AU!. ANCHOR WEIGHT oooL.
Ui17 -0 IWOMSEPAATI of 45.0 7FF?
DEPOISSON-00O.-IfT.EACH.TOTAI. WT. 0- .0- 0. IR.

USORHO INE ESCIPTIN ACHO TO 4SFT YIN. STO~ INKC CHAIN TO AUX ANCHOR TO lAFT ~ .
-- .SIN %7I-fLtN IMPHAIN YO 34OFT ?IN. WIRE KOPF

S. ROTATION ANAAE 9. CHAIN LrNOTH TIN P0100W 13. ANCHOR PIONF TIP TOEPOH
3:W O . SHANK ANGL.E Io. CHAIN mFIGHT ON BOTTOM IN. WATF0 OF-TH

TVISION 7. WIVE RPW A.GLF 11. ANCHOR CROWN DEPTH IS. TOAL ROTTOM KFIOHIiL
4. PSE12UET P I. DECK NORM7 RpEr I?. ANCHOp SHAmw'O TIOP Tm

6.0 26. 0.$ 11.0 -1.5 -0. A 8.1 ?I.0 ,01.0 9256. 7 ft. plm .,' 20.0
M. 3%.9 Us 1Z.3 -1.5s 0. 7.3 13.7 0. ~0l1. NI.

S.~0 r; 29-13 I 6.9 .7 067..6 25.. 1. 197.

10.1I 21:2 i. 2:1: ". I~~: -ii Ii I -0. 0..0

3.01 1 3. -1. _I.. 7. .7 920 a,1. 11.1 '156;.?

11.1~~~~~1. 12.S'RH13y 4: 01,;93.

SIti~ 88.3 TRAVE4lE 13e 30.2

jjS101AW 41O IRAVELCO ?.1

20.2
NWT. Ancho.depth .1 And

of drag ,Wored -

wtwo,c of vw2nd at 12.2

R*TV. OMTTTW qHm L 0.2 0
asa0A.f IODICATFS V)
qHAMW TIP NOI.00 a) -10. 0

-20.0

-30.0

-40.0

-50.2-

150.0

1359.0-
0-

120.0- K
105.0 v

90.0-
a_ 75.0

S 60.0 gO

30. 0

15.0

0.02

0.0 5.0



Doj # o SHN DIEGO HARBOR 1500 FT, 5OJFHSYT OF
Test No, 2 qtock~ees 150OOb. Landem shonktoshack Le 35
Test Ser*-e.,s No. 20 f' .ne sand bott-om. depth 11-12 ft. mUL-'

. 2S.0

--20.9 LEGEND

- 1,.3 0 Crown Pen e tr at , n
-10.9o - Shank lp Penetrat',on

20.0

10.0
15 .0 0 . 0 . 0 . ..

20.0

i 2. 0 - LEEN

30.0 -- Transverse Rotat-Lon

20.0 17 Long..tud'knaL RotatLon

10) 0 ---

a)
Cl

-20.0

*30.0

-10.0

-50.0 I II

0.0 5.0 10.0 15. 0 20.0 25.0 30.0 35.0 i0.

150.0 LECE$

130.0 -0 - Cho: We 'ght q o-tn

120. Anchor Fo~rp

c 90.0-

~7.5.0-
S60.0- 4

30).0 -

30.0- -

0.0 5.0 10. 0 15. 0 20.0 25.0 30.0 3;. 0 .
91nchor Drag D~.stanc



FF UFL.SJH[LHS- OF BUOY 493
Lcindem shc!-ktjqhnckLp- 35 deg. f>. lukes.

depi-h 11>12_LnK F___________

.0 30.0 M.9 o.90 50.0 5S. 0 60.0 65.0 70.0

9nchor- Drc,9 Dstance



.1Do #-P 102 S N
Test No,-
Test Seriess No, 21

STOC-IFY9 ANCHOR TFST -2S.0
TEST DATE -20.0
TEIS T WO .I

Tf9 LE a. TIS W-00 Koh0 VAIP T 60LT'4P09 (fO Of11 49-1 . -
%T607.EN" I' ; 02N - 040(

SE ELOOP IYP yVI NE SAN. ROTOO. nFPT01 11-1P FT. 011* Shd
61C19 TE NOC*LESq *8"01.11 7. T ndwV* APWf~0CtV1 E.'. I'1

ANCOR " 60 S90.40 10.

CHO PA" 4.0 IFT0.0................
IOPPSN*NNO.P.ECOT TAL WY1. 11- - - 0 LO,

I071d INE OESC*IOTIONl ANCOR in 44;T 1. TOINK CHAIN T0 alix *07000 TT .000 0)
'.S10NO.00110* (0*1 000I In Ov 14F IN. W100 *0000 L(

1. naa flINY..CF 9. ROTATION AN"L1 Q. rm*19 LVNGTm ON a00,00 11. SNC"(0* Fir0 0 0 P T n
;1 OcK TENSION X. SHANK *90,.0 In. '-&IN Wt 16"ON *OTTn- 14. WAYVO nEOT. 10. U

1. ANORl IF "nIn 7. WIPF POIPE lllftr It. A9C70
0

(00* rP O PTW I. 
0
nYA 9000010 WFIrMT

4.OtOSOSPT- . n*FECv H0017. VOOrf P. #4C.O 0~0 YIP 000T 15.0
IF 

I R I in '470 
901 I ? IEEET 0100 9109 4EY 441. 007, nFEO I , %,0 pOT 09 lET IF IET F lEF 0tr

0.0 P1.0 I. ... -7.' TF, 00. A1. 70. ... .... 0 1g:.3 20.0
7.0 31.5 I. ... 7-.0 '.. A.4 11 1.0 O.. . .... A I": 'A.0 n'.1

39q. 0 17....-?.a 1 7. 7.6 44. 1 49.9 11 73~. .. . . I p 0.0
11.3 100.0 43... ?p.0 17.p 3.' 4 . 139.6 6171. .. . . 1.0 100.

IT7.7 17. 41. -70 Il. 7.0 17. 4. 7 to* 010O5.0....
n9. A8. 4 9 3 .0 1 .1 1c t14.' .9 1 S.. :3.16:7' . 79.

7 137.0 7 ?,.9 -7.p 1 4.0n 2.9 'if..0 1 10.2 970A7.1 16.q 70.
73.7 17408. -?.0 14.. 3.0 1 71.A 119.1 A4S4.8 18.9 A*0. 0. 0,9.2 139.0 46.3 -7.0 1',:' 3.0 119.1 1 7:. 16.7 17719 .
?7.7?I 110.0 49.0 -7.01 1 3.0 19. 13?17.9 , 94 16.0 n7. 30.r70.7 170.0 87.9 -7. 1 3.n 3.0 11. 43.7I NI90., 30.0W70.

0TINTONCE MAR6ERTPAlVElf tE 30.0 L
D ITANCE ACmnP TOAOE. LET) ?9.? 20. 0

NtAnhrdep1h at 000d 10. 0
anchor0 crown .250,80,i. L 0 . 0

m~
a) -10.0-

G OS11*P0.j -20. 0

-30.0

-10.0

-50. 0 *1AAA

0.0 5.0

135.0 0-Cl

120.0 x-A
10S.0-v 1

-)

S 60.0

30.0

15.0
0.0

0.0 S.0



-102 SAN D IEGO HARBOR 1500 FT. SOUTHEAST OF BUOY 49
No. - 1 stockLess ,5000Lb. tandem crowntoshockLe 3Sdo. fx. fLuke,
Series No. - 21 fLne sand bottom. depth 11-12 ft. mLLw

oa LEGEND
0 o- Crown PenetratLon

0- Shank TLp PenetratLon
0

.0

.0

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 1;.0 45.0

.0 LEGEND
.0 Transverse RotatLon
.0-V- LongLtudLnaL RotatLon

I Id*I 1 ~ I. I I C

0.0 5.0 10.0 15.0 20.0 25.9 30.0 35.0 0.0.
$

0 ... LEGEND _ V

o 0 - ChaLn We L - on ktom
0 X-Anchr)6rce "v'

o V - De Force

°°t ~~~-A -T- -.. -

4S.

0.0 S.0 10.0 1S.O 20.0 2S.0 30.0 35.0 40.
Anchor Drag il-stance



0 FL. SOUTHEAST OF BUOY 49
Lb. tandem crowntoshackLe 3S e.f. Fue

i.de th 11-12 ft. rnLt

25.0 :36.0 35.0 10 .0 5 0.0 55.0 60.0 0 70.0

3.0 Jsso 490 9. 50.0 55.0 60.0 65.0 7.

* 0 03 5 . 4 S .0 S O 0 5 5 0 6 .0 6 5 0 7 .0
Alnchor Dro9 Olstance17

-.- Nam
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of* 110.0 01.d Tt , - . 01 P? '001. 10. ___________

.30.0

O1STAE P~l! T00ELLE PP.

0t~o0'OgsAA- w 10.0

wow~U7 -
9mqqmL 0.0

320.0

30" 0



9F N qDP WO HPOh 'L 0J PT CrJfjC ;9 BUOY 49

ULCND

II
LFC-END

-7 7 77 q 9j q --q

LEGEND S

SChcn- We.'4A.gh~l Bon 'uj
9n r

33.

9nchor r- D'-,t;Lmnce-



r r OJrTKLIUf OK BUOy 49
~~cici~~~~'~~ -) c 3 ej'. fukes

60. mc. oj0.

.. 45.0 SO.0 55.0 60.0 65 .0 70.0

.... S7 -- 7

5.0 3c,. .0.0 55.0 60.0 65.0 70.0

I I0 I I
l  

I

.0 i0.0 34) i:9 'cs. 50. 0 55. 0 60.0 65.0 70. 0

9lnchor Drag DLc-,ce



Tes~t No.
'Y c t S e !_> e N 3 .
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1OL AN DKOO KH~O LLJJ K~F UOY 49

S er -ec N,). _ _ _k

LEGEND

LECEND
x ci nv ere e.Roui a -- ,-

17 -)q ong dn Lo.i

17 1 ~7 -7 V7 7

LEFCFND -.

7 D~ e

-. 4-

0.0~~ C;. 9. .0 O. 0 1 330 5

IJn jl



I Kb ~OrBUOY 49
b. _ .j~:§'~:i ac&~35 jecl K .Fuke

-U. 9 SI. 6006.07

'V~. ~ ~ 0055.0 60.0 65.0 70.0

433 j ~ 0 0 550 60.0 65.0 70.0
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.. ( -. j



Daj 106 SAN
Test No. NO1
Test SerLes No. - 24

Nc~npTFST-25.0.

Tf-;T nTF 106-20. 0
TEST N77
TF T 4IVSF 

-s -o

STAOO -IN" VT-A 777 - 1140
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1
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0 0.0
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0.0 5.0-
100.0

30.0-

20.0-

60.0

_j '0.0

0.0 S.0
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106 SAN DIEGO HARBOR AT BUOY 21
- I -Stoto .300OLb. 18 Ln. stobLLLzerext. 31.5 de .mov.fLu

rLes No. - 24 1-3 ft. mud over dense sand depth 35-38 ft. mLLw

LEGEND
o- Crown Penetraton

- Shank TLp PenetratLon

.......... ........ ....... I -- ---- ------. .. . .. .......... ... ....... ......

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
$

LEGEND
X- Transverse RotatLon

- LongLtudLnaL RotatLon
- - - - - - - - --7.:- - 77. .- .. ...................... ... ..... ... .. ............................. ........................................................................ .. ....... ..

0.0 5.0 10.0 IS.0 20.0 2,5.0 30.0 35.0 40.0 45.0
$

LEGEND
0 ChaLn Wetght on Bottom

- Anchor Force
V- Deck Force

I~X .- -"" . .........

0.0 S.0 10.0 Is.O 20.0 25.0 30.0 3S.0 46.0 IS"O
Anchor Drag OL-tance



BUOY 21
Lb. 18 Ln. stoibLLLzerext. 31.5 de .movnfvues

dense sand depth 35-38 ft. mL~w

.. . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . .. . . . .. . . . .

25.0 30. 0 3S. 0 40.0o 4S.0 50.0 55.0 60.0 65.0 70.0

-. 0 300 35. 0 40.0o 45 .0 50.0 ss.o 60.3 65.0 70.0

.0 30.0 3.400 45.0 50.0 55.0 60.0 65.0 70.0
Anchor Dr-ag DLstance 143 
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106
Test No. -2

'reSL Ser~es No. 2
STATO ANCNOB TEST -25.0
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TEST "D.
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0 10.0-
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-20.3

-30.0

-40.0
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90.3
80.0-

70.3-7

U) 60.3-
o. 50.3-

40.3 /
30.03

20.3

10.3

0.0~
0.3 .



- 106 SAN DIEGO HARBOR AT BUOY 21
0. -2 stato0 .3000Wb. 18 ' n. stob'L..zere:t. 31.9 deg.,nov.
erl-es No. 24 1-3 fTu. 'nud ov.et- dense sand depth) 35-38 ft. mLLw

o- Cro-.'n Penetrat'on
-Shank T' p Fenetrata.on

o LEGEND
-Transverse Rotat - a,

-7 Long .tud1naL Rotat'..on

0.0 5. i.3 i5.0 jO0 ~ 53. 3c5.0. 40.0 45i.0

0 - Cho..n We...ght- o n PE aT- uor
14-Anchor Force
-7 - For ce

00.0 10.3 15.0 20.0 ;6.03 30.0 3.0 40.0 44.0

9nechor Drag D',stance



SoY 
21

18 'n. stb'JLtzerext. 31.% deq.qov.Lukes
ense sad depth 35-38 ft. nLLw

.. .... ... .. .. ... .. ... .

3..) .55.0 4.J i50.0 SO . S $. O 60. •0 65.0 70.0

I I / I I I I

.30.0 3 3 40.0 45.3 SO.0 9.5.0 60.0 65.0 70.0
$

333.3 3.35. 40.0 5. 0 S0.0 55.0 60.0 65.0 70.0

9nho- Drng Dt .nce
145



Oa9 #- 106 SAn
Test No. - 34Test Ser~.es No. -24

-20.0

-15.0 I A -,? 0 C
ye arn 11.1 ;1 OTI-n, 110000 AtS110) .Alloy 151
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-20.0

a)30.0-

L A0. 0

-520.0 -

.0 5.

100.0
90O.0

800. 0

100.0-

90.0

8 0.0

7 0.0-
30.0

20.0-

10.0 -

o ~0.0'-

0.0 5.0



106 SAN DIEGO HARBOR AT BUOY 21
- 3 stato ,3000Lb. 18 Ln. stabLLLzerext. 31.5 deg.rnoy.

Les No. -24 1-3 ft. mud over dense sand depth 35-38 ft. mLL

LEGEND
o- Crown Penetrot-Lon

- Shank TLp PenetratLon

.- -. . . . . . . . . ............ ........ .

5.0 0.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
$

LEGEND
x Transverse RotatLon
V- LongLtudLnaL RototLon

0.0 5.0 10.0 '5.0 20.0 25.0 30.0 35.0 10.9 '5.0

$

LEGEND
0 - ChaLn WeLght on Bottom
A - Anchor FoqK. e
7 - Deck ..Fce V

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
Anchor Drag DLstance



OY 21
18 Ln. stabLLLzerext. 31.5 deg.,nov.fLukes

ense sond depth 35-38 ft. mLLw

h. . .. . . . . . . .. . .. . . . . . . . .. . . . . ... . . . . . . . . . . . . . .

.O 30.9 3S.0 10.9 4S.0 50.9 S5.9 60.9 65.0 70.0
$

I !I!I I I I

2.0 30.0 35.0 40.0 4S.0 50.9 55.0 60.9 65.0 70.9

2S.0 30.0 3S. 0 40.0 45.0 50.0 SS.0 60. 9 6S. 0 70.0

Anchor Orag DLstonce
147.. .



oj # - 170 [ NO
Test No. -
Pest SerLes No, 0

SAO ANCHOR TElS -es.0

,21,7, -20.
TEST R ; a0ClAN ISLNO WASHINGTON

IRS!17C -OE 0* 1 72*8 -is.0TSIR.EEDOES I70 - 1o20 -5. 9O - Cr
$0L1.00 TYPE SItl ?q

8CI-a00 TPE ST0D . IOOQL. 16 IN. SVA&OL|120S 50 DEC. NOV. FLUKES - 0 Q 51
LECIam NElT 1010.00 L11;6.
LURI ANGLE -1PE. SO.00 DEC. - 0 - 0-FIx
L'. AOCho TYP5t*60. ORCEDI hEIGHT o.OO Is. -S

'* 10-0*0 450606 EPA RAID N 0.0 f E l"

ICIPRISSORS , .- *T.EC -TOTAiL .. 0 - 0.0 - 0.0 ). 0..
PCORING LINE DESCRIPTION 90 FT. 2 IF.. C.0S 36C F. '.5 IN. CHAlk 400 FT. 1 5/0 IN.

[0C ROPE. 346 FT. • 2 IN. 1000 ROPE a)

. G "ACDEINCE . OTA IIN 010L 1: C.1l 111E.C, 0 ON lOT 13. ANCHOR FLUKE TIP DEPTs
,2. DECO ESIOR 6. klANK 0NCLE 10. CHAIN WEIGPI 0 BOT10 Ii. WATER CEPTH
3. ARCO. 7ENSION 7. b0E ROPE ANGLE I, A NCHOR CROWN DEPTH IS. TOTAL 00700 0 0. TG 0 
9. PACNiGE DEPTH 8. OECK MONTI. FORCE 12. ANCODO 106K TIP IEPTH

2 2 3 9 E 6 9t 10 1 12 is. 09 05
FEET XIPS KIPS FEET DEC DEC DEC DIPS FEET LIS FitI FOIT FOOl FEET 005

C.0 09.0 .6 89.4 1.7 -9.4 1t.4 13.4 4.1 Z0773.9 09.7 80.1 92.2 R6.4 2093.9
2.0 13.1 2.2 09.5 1.? -9.3 11.1 12.5 449.3 20001.3 09.0 00.8 92.3 06.9 2L910.0 20. 0
4o. 14.6 2.9 89., 1.3 -9.b 104 140 993.0 20609. 9.0 0.0 9. 06.9 9'IF.9
9.9 06.3 2..609 . -7.1 1.1 4939. 20300.2 89.9 09.1 92.. 66.9 20991.4
6.0 09. 3. 19.9 2.9 ?19.1 00.7 932.1 20000.0 90.3 19.0 92.6 06. "1C88. 25.0
0.0 i9.3 9.9 90.9 3.1 -13.0 19.2 10.' 931.. 20C1. 9.0 9.9 90.2 06. 2,C0.

109 1. . 910, 2 .0 -1.3 19.0 19.2 929.9 19003.0 91.5 09.9 93 .6 06.9 09. 0. 0 5
02.0 22.0 S. 91.0 3.1 -00.1 13.5 21.k 43.3 19S?9.6 92.1 90.9 99.2 06.4 1.,9.6
14.6 9.7 6. 92.0 3.1 -0.0 03.0 26.0 915.6 19192.9 92.5 90.0 99.6 86.9 022.9
10.3 2.2 0.9 92.9 3.0 -16.4 12.9 29.9 903.9 0 " 1"00..2 92.9 9.2 9.0 06.9 2019.
1i.1 26.3 0.6 92.5 3.6 -17.5 12.S 25.6 412. 1904q.1 q3.0 91.2 95.1 86.. 20 19.1 50. 0
20.9 20.9 10.0 93.l 3.6 -09.3 02.3 27.9 409.0 10063.3 93.7 91.7 95.6 06.9 9033.3
22.3 29.6 10.9 93.0 3.3 1 .1 2.9 90.4 8524.2 99.9 92.2 96.3 06.9 19990.0
29.2 30.6 10.6 94.s 3.3 -34.8 11.9 . 9 00.2 1641.0 9s. qz.0 6.5 86.4 190.0 0.0
20.0 31.6 11.2 3.3 -36.4 11.0 30.9 397.9 1630b. 86.4 09306. 2
20.9 32.2 11.9 99.3 3.6 -36.6 11.5 31.5 390.6 00291.6 96.3 92.7 97.2 06.9 19001.29.9 3.9 01.0 99.9 9.2 .33.9 10.9 32.7 S33. 10090.9 96.3 92.9 97.4 66.9 09060.9 30. 0 - Tr.
30.0 30.0 11.6 99.3 9.3 -29.6 1. 1.9 399.9q* 1003.0 96.0 93.5 90.? 6.9 19953.033.9 33.6 12.9 9S.3 3.0 -30.6 10.9 33.0 393.3 10039.6 96.2 93.1 97.9 06.4 16.6

33.6 33.0 02.4 99.3 7.3 -30.1 10.3 32.9 399.0 00000.3 96.3 93.3 97.0 86.9 19000.3 20. 0
33.6 03.9 12.9 93.9 0.3 -27.1 00.3 33.3 393.1 10063.6 96.? 93.9 96. 0 6.9 09033.6
39.9 39.0 03.0 90.0 0.9 -31.2 01.3 39.0 190.0 37990.3 96.0 93.9 97.9 06.9 19018.1 091.0 39.6 03.2 99.9 9.0 -39.0 01. 33. 2 101.D 96.8 93. 9;.9 :6.9 19009.0 ' 1 0
93.9 39.9 13.0 99.9 9.0 -33.1 D1*1 33.0 393.0 |000.5 96.9 93.9 97.0 06.9 19059.19'.3 39.9 D9.0 99.0 9.9 -39. 9 00.9 31.8 392.2 0101.1 96.90 3.2 97.0 06.9 09C0 0
0.9 3.0 19.6 96.9 9.9 -36.0 10.9 3.2 31: 0 .0 1 6.7 97. 93.0 90.3 06.9 0 6.0 L 0.6 9 : L

011C R 9*80e 90 L3 o6 0.0 ....00 - ------
01?.:TR . .C1 TRV.LLED 97.9 -. .a1

607, - POSITIVE s .. -20.90
ANGLE INDICATES534.6 IP RELO9 - 0 0

CO. : 9.-3 . 1 9 . 1 00 .9089 . 9 . 6 A ' C

-10.0
-50.0 , .

0.0 5.0

100.0

90.0

80.0

70.09-J

60.0
11_ T0.0

30.0

20.0
10.0
0.0 - -- - -

0.0 5.0

NOT POTTR HN



170 INDIRN ISLAND vJSHINGTON
No. - ltoto 1000Lb. 16 Ln. 3tab'LLzef3 50 deg. rov.

SerLes No. - 0 sLLt

:3 LEGEND
) o - Crown Penetrat Lon
:A - Shank T'p PenetratLon

:E9

-A 3.. ... -X .-. ......... . .... .. . .
) , , , , , I

0.0 5.0 io.0 i5.0 20.0 25.0 30.0 35.0 40.0 4..0

LEGEND
~- Transverse Potat..on

7- Longt:udWLaL ootatbon

. . .. . . . .... . -

I 
I 

II

0 .0 15.0 20.0 25.0 30.0 355.0

LEGEND
J:-Cha~r, We~,.ght on Bottom

- o'1-.0,- Force

1 I 
Ir

eO. O 25.0O 30.0 3.5.0 0 4.5.0O

Hnchor Dra9 Ustance

ee"00



6a D.n 7tab z L'~r -s 50 q mov frnOV

30.09 35.0 '10.0 '15.0 50.0 55.0 60.0 65.0 70.0

30035 .0 '10.0 4.5.0 90.0 55.0 60.0 65.0 70.0

30.0 35.9 .0 0 '15.0 .0 0 5.0 60. 0 65.0 '0.0o

Hnchor Drag OLstance14



I N
Test No. - 7

Test Ser:es No. 0

0c01CLESS 6NCHO6 TEST -25.0
,.. o,. 1,,-20.0

IOS NO.I
lEST 666 0 .

I AST il4a |NCIAM ISLAND WASHINGTON -15.0
SIDE-ONO TIRES 3203 - 1I3D
56*FL008 ITPE SI311

*6(606 TYPE STOCRLESS 9000 LIS.6*ST4S, 40 DOG Fl FLURES '-10. -
AO.C3E6 hEIGT F170 T0.

FLUKE A Gl-lOPE. 46.00 DEC. - 0 0-Rev I-fix
Iol. C11011 TYPE --5. -
:. *6(606 MEIGHT 0.00 L8* .-)

Pi-AU. ANCOR SEPARATION I.0 FEET (.

O,,,ESS.NO.-N,.EAH-TOIL ,,. o- 0.0- 0E.0 L .. 0 1.
P00616G LINE O6SCRIPTIOE 40 FT. 2 IN. CHAIN. 360 FT. 2.3 IN. CHAIN. 400 FT. 1 $18 IN. 0) 0 ..

IwIC POPE. 346 FT. * 2 I.. IWtC ROPE I 5.0

1: 0A0 DIITACE 3. ROTATION ANGLE 9. CHAIN LENGTH ON EOITOR 13. ANCHOR FLUTE II DEPTH

2. AfECK TENSION 6. SHNE: 4 NGLE 10. CHAiN 613GF 0N ED1IO 14. KTI DPT
3. *6Kh60 TENSION 7. SIRE ROPE ANGLE 11. ANCHOR C Oh% DEPTH 14. TOTAL BOTTOM I GM0
4. PACAGE DEPTH . CECK HOlII. FOCE 12. ANCOR SHAh TIP DEPTH

O 2 3 9 4 6 1 8 4 10 13 1 2. 13 34 3 1 .FEET KIPS KiPS FEET DEG .OG OEG KIPS FEET LBS FEET FEO FEET FEET 1s

0.0 18.0 Z.S 19.0 5.4 -11.4 14.0 11.3 471.7 196CG.O 00.6 6.Z a 3.6 78.6 Z0937.0 2.
2.0 23.4 a0.1 4.3 -12.6 14.1 22.6 407.4 1.E* 61.3 . 7 4.1 16.6 3 043.1
3.2 21.b 9.1 0. 6 .3 -I. 14.1 '3 ? 407.6 18193.4 61.8 60.3 64.3 1 .R 19910.,
'.3 25. 10.1 80.9 4.2 -1.0 14.0 24.. 404.4 186313. 81.4 609 864. 7.6 19166.4 _ _is II .&:,:, :0: 4 ,:425.0,6.4 34.3 61.3 3.6 -10.0 53.0 24.3 904.3 10614.1 82.3 60.6 68.6 26v.0 19342.3 "
6.4 29. S.3 3.1 -8.8 13.1 6.0 393.9 16205.1 63.1 61.: 06 16.6 1934230
10.1 32.2 62.3 2.8 -. 0 12.6 33.4 30.9 17601.q 63.1 62.2 61.0 10.8 18140.9 0.0 0
12.7 36.3 63.1 2. -4.9 17.2 33.4 372.5 11031.7 04.2 63.4 66.2 16.6 16166.7
14.1 34.2 22.0 a44 3. -9.7 11.6 36.3 364.6 16e84.8 64.6 69.2 88.9 70.6 1712.6
1t.4 44a0 64.9 1.2 -4.9 11.1 43.3 348.7 14834.2 64.4 S 4.1 64.9 76.6 34412.2
14.6 23.6 16. a6 .9 .8 -3.4 11.4 4S.1 424.3 19010.6 06.4 64.6 90.4 16.8 20638 50.0
19.6 47.0 866 .6 -4.9 11.1 6 4 341.6 13460.4 61.2 66.3 91 16.6 16811.4
22.1 33.1 61.3 .3 6.3 11.0 2. 2 322.1 1433.1 67.9 61.0 11.6 76.6 34032.1
23.6 43.1 31.6 66.1 .1 -6.9 1G.6 42.1 3 47192.* 66.6 61.6 92 10 6 7 14979.4 0.
24.6 36.3 90.9 -. 4 -1.6 SC*6 31.3 312.3 14013.6 91.6 90.6 94.4 76.6 133 .
21.1 39.4 32.6 91.6 -9.8 -7.0 10.3 30.5 313.6 19063.1 9. 93 96. 3 1.6 1322.130. 4 2.7
29.2 61.2 92.3 -1.2 -6.1 10.3 60.2 306.2 13106.4 93.1 91.9 94.6 16.6 14943.4
30.9 60.1 33.1 63 -1.4 -6.3 10.3 39.6 312.1 14034.4 94.0 926 91.7 16.0 33111.6
31.0 64.4 36. 93.1 -1.4 -6.3 1C.1 63.9 300.3 13431.6 93.9 92.7 91.6 7.6 14V68.6
35.1 64.3 37.6 93.2 -1.3 -8.3 MC 4. 290. Iq110-. 99.0 90 91 34.6 54445.4 ( 0
31.1 04.9 93.6 - . 04 IC.1 63.9 296.3 331C.4 94.4 93.2 96.0 16.6 34947.5 Vi)
39.3 67.3 34.9 94.2 -1.4 -6.6 IC.0 163 191.0 12.0. 94.0 93.6 96.0 76.6 343220
41.3 01.3 99.1 -1.3 -6.6 10.1 66.4 269.4 12064.3 94.0 93.1 96.7 11.6 34(C0.3 a) 10.0

a)
OISIASCE lie0E 6AHRLLEO 4.0 .. 0.0
DITANCO ANCHOK IIVELLE 41.3

a) -10. 0 -q
NOTE - POSITIVE SHANK CD

ANGLE INDICATES30*6K If 60106 -20.0
CRON

-30.0
-10.0

-50. 0
0.0 5.0

100.0

90.0 0

80. 0

70.0

(. 60.0
(_ 50.0O

413.0

30.020.0

10.0

0.0
0.0 5.



-172 INIDIHiN ISLAND WIASHINGTON
st No.IesNo stock~ess 9000Lbsrw. stabs. 46 deg f> fLukes

-20.0LEGEND

-15.0 -0 - Crowsn Penetrat Lon

-10.0 -Shank T',p Pevietr'at'on

5.0
10.0

20.0

0.0 5.0 10.0 15. 2 0.0 25.0 .50.0 550 J.

50.0 -

40.0 -LEGEND
30.0 - Transverse fRototLon

20.0 ~ -Long 'Aud&naL Ritatlon
10.0-

0.0 ......

-10.0 - V---V

-20.0

-30.0

-43.0

0.0 5.0 iO. 0 15.0 20.0 25.0 30.0 3S.0 43. 0

100.0 LEEN
90.0-LGN

0 haWn WeLght on Bottomn
.0.0 - AnD ck o Force
70.0 - ek oce--

60.0 - ~- -- -99 '

50.0

43 .0 - - - - - - -A - - - - -

30.0-~

20.0 9 =06 9 -- ) 9 --

10.0 -A- -X

0.0 5.0 10.0 15.0 20.0 25. 0 30.0 35.0 43. 0
Anchor Drag DLstance



tabs 4 8 deg fx fLukes

.. o0. 35.0 o G0o .0o70

.300 35.0 o 0.0 45. 0 50.09 55.0 60. 0 65. 0 70.

030.0 35.0 40.0 45.0 SO.0 55.0 60.0 65.0 70.0
Anchor Drag OLstance



Oa - 172 INId
Test No. - 8

Test SerLes No. - 0
S oc0( Is8 ACO R TEST - 25 .0

-20.0
TEST o 

INCIAN ISLAN WASHIGTON.0
s0.0. TYPES 

1.0 

POW. 

0.00 

1.8

0068503..O' T .8C-'a ST. 0 
10.0- .0I

AN C.L: lieOCKLESS gqoOLB. STABILIZERS, 48 DIG* O*FUE Il

400110011 ......80 a 00 -8 0k -Hl.3, 0-F1..0£.Ci,,400.106 . ' 00 ........F00 00A..'. 6.o *- I-i. -1E 
0000 

-8

&I.X* AN4CHOR bl " I EE

.0. 5.0AATIOA . ro. £18C .,ooz, 0001.0 a.GHToOl, (liGt* --Sct. 0 LCGO0UO IP801

PA|N-AU,.,ANCHO gEAAiA€o F

2. 0ECK TENSION 0. SHANK ANGLE 10. CHAIN Z uO GT 00 3 0110 14 . OCTh
0. LOCPI~ TENSIONe 7. wSIE 0008 0(Ia c R OPES.C08 TOTAL 1OoTOs 2 fI 10.E
4.0*0 080AG 0.TH| OECK Ol* 081. 00081. ANCfOO SHiAk 110 0801'.

2 0 a0 to 1. : : .. '

0.0 2O*9 3.30 o .0~ .1.84.4 20.O* .£. 81004.2 41.2 ao* 40.4 q$ao9.s 20846.2
2.0 20.0 a.6 al*T -i*t -13.0 02.0 21.0 044.7 183aa.o aa~o a0.1 8O2.o 40.6 14038.0 20.04.1 01.8 11.4 46.4 -L. -10 .0 12. 31.0 30I.0 NIL ?.? a.? a?.o 100.0 aoHi ela'.. "
8.0 3.2 12.6 41.4 -. 0 -£0.0 12.6 32.9 314.2 17364.2 aa.2 4A.3 102.0 40.6 £0006.2
.4 30.6 14.1 48.7 -. 1 -83.0 82.F 34.8 30.1 11163.0 100.0 4.1 0E .3 40.6 £0000.0 25.0

00.4 00.0 i .a aa.1 0.0 -14.2 12.0 36. 9 60.1 86000.8 100.0 48.0 103.1 40.0 112 0.
02.4 0.9 11.0 ae.a 0.0 -£4.0 1h. 34.0 361.0 £644L.1 £00.3 40.2 109 . 0 4 6 11 233.0 .0
14.0 41.3 10.1 100.0 0O0 -10.1 1i.6 40.4 360.0 £6400.1 101.0 44.0 0*6 906 11410z
£. 43.1 20. 49.6 -. 3 -10.0 11.0 342.2 04.5 16120.6 101.1 46.4 1042 40.6 1265.6

£0.0 43.2 21.0 £00.0 -. 4 -00.0 11.4 42.3 315.0 £61101 £00.8409.6 £04.4 90.8 £1300.1
2C0 44.6 22.0 100.0 -.4 -£8.0 11.4 43.49. £00 0.2 9. q0. 100.,14. 1 01. 25.0
21.4 40.8 23. 103 ,2 -13.8 11.0 4.0 346.4 17414.6 001.4 9,6 104.4 40.8 160: 2.6 5
24.8 40.1 24.0 101.0 1 -16.4 11.3 40.2 340.0 10608. 102.6 100.3 10.6 1 0.8 1600.0

20.0 40., 24. 100.0 .3 -16.0 11.0 40.6 4.0 1 02. 1 44.0 10 4.8 1."16 .8

36:9~~~1, 0 03S 9:

21.0 46.2 24.0 0._ .4 -16.6 .4 . 00.1 160S.1 101.4 .100.6 1004 40.6 16944. 0
100. 46.0 20.0 100.0 .4 -£6.4 :1£. 40.0 34.4 10318.1 102.4 100.1 10.4 40.6 170C2.6

46'+.0l24.0 10.4... -16.0 11.1 46.0 340.4 10610.2103.0 100.1 £0.0 40.8 16600.2 3. I ,33. 41.6 26.8 101.4 .4 -16.4 11.1 40.. 304.0 1.300.1 100.0 101.2 1 . 40.0 16401.130.6 40.6 26.0 101.1 .4 -16.4 11.0 41.1 3416 10404.0 103.3 £01.0 106.0 90.8 16821.0
31 .8 2. 0 :-6 11.0 40. 36.4 1.244. 103.4 101..1 10. 40. 163084 20.0
34.0 48.1 2.0 002.2 -164 10.4 00.0 330. 1004.0 103.1 01.0 806. 40.0 16044.0
41.4 0.414 0.6 44.4 001.4 10S6.0 100.1 101.4 106.1 4O.6 16400.6 C)
40.8 32.4 :0 02.4 .4 -30.0 0".8 11.4 $0.1 14900. 130.0 302.1 01.0 90. 06048.0
4. 02.824.6 1. -6. 107 01.6 0 S14 3 .1 1 0 03. 101.0 .S 40.8 16020.1 IC ...

47.4 53.3 363 10..600 - . 1C.1 42.4 324. 14000.6 104.2 101.4 107.2 40.8 104 2. Ti
44.4 00.0 30.0 10.0 *. : -16.6 10.6 02.0 30.1 1444.1 104.1 101.0 1.0.1 48.6 164.1 L' 0. 0

ANGA 
INDICA:7

-40.0 060 808L0 0.

Z~~-O 0l 1=:00 10

35 0* ( *0 80 TO V L 44.4 0 .0 1 6 3 0 4 16 Z

400. '0180 .00g -1. O94. :. SS. 0. 0. 0411AS20.0

O.066-500

4, 4 16s t.? 1. 0.. .... 0. 0 5.

100.0

90.0

70.0 -

60.0
n 50.0

S -10.0

30.0

20.0

10.0
0.0 5.0

80.0 was°i
_70.0

600



172 INDIAN ISLAND WASHINGTON
K-e" 8 stockLess 90001.b. stabLLLzers, 48 deg. mov. fLukes
rLes No. - 0 eLLt

LEGEND
0- Crown Penetr'atLon

- Shank TLp PenetratLon

....... .......................................................................... ...............................

.... . .. .. -- - ' ---- '- - - - _

0.0 5.0 10.0 15.0 20.0 25.0 30,0 35.0 40.0 15.0

LEGEND
- Transverse \Rotat Lon

V - LongLtudLnaL RotatLon

I I I I I I I

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 15.0
$

LEGEND
o- ChaLn WeLght on Bottom

Anchor Force
V- Deck Force

- -* 9- 9. ~ - --- -- - -- -- * - - . .-
"IL

-0- -r -14 -. -. - ..X ., * ------- M---X * --- * -- * -- X - - m- - - -

5.0 10.0 1.0 20.0 25.0 30.0 35.0 46.0 1!5.0
Anchor Drag DLstance



;TON,.
b. stobLLLzers, 48 de9 . mov. f Lukes

25.0 30. 0 35.0 10.0 415*0 56.0 55.0 60. 0 65. 0 70.0

5.0 30 .0 35 .0 16.0 15.0 50.0 55.0 60.0 65.0 70.0

o 30.0 3i. 0 i0.o 15.0 50.0 55.0 60.0 6S.0 70.0
Anchor Drag OLetance 153



Da 4 -172 ND I
Test No. - 9
Test SerLecNo. - 0

SIOCKLEI$ ANCHOR TiEl -25.0,
$ S 1 . 9 -2 0 .0 -

TEST RuIN C
ItS *l I tall ISLAND WASHINGTON CraSA.-i40 TaPES 141o - 1,si -15.0 0 -
*4("03 TYPE SICCELISS .9000L0. SiTAILIZESS. 90 DEG. FE. FLURES Sh*000' NEIGh ~1990.00 L." -10.
FLUKE 4NGLE-TYP*. 90.00 CEG. - 0 OROV I-FIX
aM. .HCO: T YPE
Aul. AMCPCt hEIGHT 0.00 LE. -5.0PAIN-SPO ANCHOR SEPARATION '.0 FEET 4
CEPKESSOKS.N0.-|T.EAC-TOTAL MT. 0 - 0.0 - 0.0 Li.
1OO IN NE, O, ,OIPTIS "0 F. 20IN.' CHAIN. 340 FT. 2.9 IN. C.HAI. 400 T. 1 1 , N. 0.0 -- ---

hOIC HOP. 3946 FT. * 2 1lf. 1I HOP A

1. DAG OISTANCE 1. KTATION ANGLE 9. CHAIN LENTI. ON STITOM 11. ANCHOR FLUKE TIP IEPh5
2. EECK TENSION 4. INANE ANGLE 10. CHAIN KEIGI.T ON TT 1 9. *ATEK TEPI T
3. AhCHOE TENSION 1: ,IEt AO.E ANGLE 11. ANCHOR CR044 DEPTI IS. IOTAL NOTIO0H SEIT 10.0
4. PACKAGE OEPTH 0. OCK KI. FORCE 12. ANCHOR SNANK TIP TEPTH

1 a 3 % 9 4 1 0 9 1o 11 02 13 14 £9 15.0
FEET KIPS KIPS FEET OE CEO TIG IPS FEET LOS FEET FEEI FEET FEET LOS
C. 11.1 .2 92.2 24.i -£9.6 11.4 07.9 928*7 £9691.9 9 1.2 9 . * 99.9 92.2 ?9RCI.V
2.0 10.0 .2 92.1 24. 6 -£9.5 1. 1 7 : . 420.6 19040.1 91.1 91.1 9s. 2.1 I 9S1 .20.
1.1 £0.1 .' 6 92. 2 4.4 -19. 11.1 14.2 426.0 19192.6 93.4 91.4 9.6 92.2 SC.49.9 09.0 .4 42.1 24.9 -19. 19.1 10.4 44.4 19149.9 91.9 91.9 ."1 92.2 29E9.97.1 20.2 .0 92.9 24.9 -*9.9 14. 19.9 423.9 '949.9 91.9 9..9 99.7 1 .. 2 9999.9 250 -
9.2 21.1 1.0 92.1 2.0 -19.9 S 4.9 20.9 420.9 1944C.0 9 91.1 5.9 92.2 2S90.0

10.1 21.2 1.2 92.7 23.0 -10.6 14.2 0.1 422.1 19921.2 93.1 91.1 9S.9 12.2 1 2 ?4. 0.0 5011.0 22.4 1.9 93.1 11.1 -1.7 ',.1 21.7 4171.2 1971.3 94.0 92.2 9b.4 922 2923.1 00 2
14. 22.0 0.4 93.2 20.1 -04.9 14.0 22.1 416.2 191.9 99.1 92.1 94.9 92.2 29373.9
1£.0 29.4 2.2 936 17. S -15.? 11.4 1.7 411.3 10934.0 94.7 92.9 97.1 92.2 24914.0
19.1 2.3 23 94.1 11.9 -04.0 13.9 29.4 40,1. 1H0A.7 99.9 91. 97.9 2. 2 2499£.?
2.? 24.7 1.0 934. 9.3 -14.3 13.2 26.0 404.3 I1062.? 99.. 93.0 90.1 91.z ,4.760.
22.0 26.3 4.0 94.9 6.0 -03.9 13.0 27.4 391.4 30319.2 9S. 99.1 90.9 92.2 29lq.
24.9 10.0 S.2 9S.3 1.4 -11.8 12.9 29.2 392.9 00094.0 96.1 94.S 90.0 1 2 4C0.I124.4 32.0 7.0 95.1 2.0 -11.0 121 31.1 300.1 £7011.9 96.0 94.6 98. 421.z 21371.9
28.2 14.0 0.4 94.1 .4 -19.4 12.0 11.1 ,0.4 7311.2 97.0 99.2 99.6 92.2 21,40.2 -30.1 1.4 11.2 94.4 .3 -11.1 0 3. 17.4 347.0 14193.3 91.1 99.0 99.9 9 1.2 22791.1
1.31 . 3 11.9 94.7 .3 -11.2 11.1 17.9 349.4 £4009.0 97.4 94S1 000.22 2115.0 300.1. 42.3 03.4 97.1 .1 -£1.1 11.7 91.2 194.2 16210.0 9'.9 96.4 100.7 92.2 142.0 - Q
31.4 44.2 14.6 97.6 .3 -11.0 11.4 41. 351.9 15991.S 90.? 97.0 101.1 q.2 2194. 20.31.4 45.0 14.0 90.1 .2 -11.0 11.1 4.3 1S0.2 IS914.0 90.7 97.9 101.6 9z.z 2064.02
40.6 42.4 16.4 90.4 -,0 -11.0 11.3 465 340.7 1930.3 99.0 97.0 101.9 9 1 14.36:1
42.S 401 16.6 90.4 -1.2 -11.0 £1.2 47.2 339.9 19194.1 99.2 90.0 £02.1 92.2 1149.1
44.9 10.1 17.0 94.9 -1.3 -0.4 11.1 49.4 332.9 1S099.0 99.2 90.2 102.4 92.2 20499.0 0 10.0
44.4 10.1 13.0 99.2 -1.4 -14 11.0 49.0 331.9 19025.0 99.9 90.9 £02.1 92.2 20979.0 0L
96.2 90.4 10.4 99.9 -1.4 -.111 10.9 49.1 139.0 09343.2 300.2 90.6 103.0 92.2 210.2 0so.) 512.0 16.0 -1.? -10.9 10.9 91.0 329.9 14941.9 301.6 102.2 104:. 92.2 2044.9
02.4 3Z.9 19.8 -2.0 -32.0 10.9 97.0 324.3 14113.4 £01.9 101.1 106.3 2.2 20443.4
39.4 93.9 20.4 100. -2.2 -1.0 10.9 92.6 324.3 14E14.% 101.4 99.0 10,.2 9.2 20 .9 0 -10
40.2 03.9 20.4 101.1 -2.3 -19.9 10.0 92.9 329.1 1499.7 102.3 100.1 104. 1 a-20009.710..
51.3 54.4 20.4 101.7 -2.9 -1. £0 1. 9 131.6 14991.0 102.0 £00.1 109.9 92.2 2091.0

-30.0
€ISI0C RA.GE T.ANELLOO 40.0

ISTANCE ANHOR TR4YELLED 57.3 -10.0

NOTE - POSITIVE SHANK -50.0 1
ANGLE INDICATES
SHANK TIP IRLOK 0.0

100.0

90.0 0-C

8010- -R
80.0

60.0

a.. 50.0

20.0

10.0
0.0 =

0.0 .0

/
~~Lx 7



logo ~~rz

a #- 172 INDIAN ISLAND WASHINGTON
est No. -9 stockLess 5000W., stabLLLzers, 48 deg. fx. f Lukes
est SerLes No. -0 a LLt

-25.0-

-20.0- LEGEND

-15.0- - Crown PenetratLon

-10.0 -6- Shank T~p PenetrotLon

-5.0-
0.0 C -

5.0

10.0

15.0

20.0

0. 60 1L0 20. 0 25 .0 30. 0 3S.0 40.0

50.0-

10.0 -L[GEND
30.0-o - Transverse IRotat Lon

20.0 - 3 1 0-I -L

10.0
0.0 . . .......... .

130.0-

-10.0-

-50.0*
0.0 S.0 10.0 15 .0 20. 0 25. 0 30. 0 35.0 4.

100.0 -LEGEND0

90.0 0 Cha~rWeLght on Bottom
80.01 )- AnhorForce

70.0-- Deck Force
60.0-

50.0-

20.0 - ..- -

30.0- q
-------- --- -09-----------------------

0.0.
0.0 16 ~ .0 15.0 26.0 25.0 36.0 35-0 4.

Anchor Drag Di..stance



GTON
Lb. stabLLLzers 48 deg . Q ~ukes

25. 0 30.0 35. 0 i"o.o5.0 960.0 6L.0 76.0

2.30035.0 46.0 45.0 50.0 55.0 60. 0 65. 0 70.0

25. 300 3. o1. 00 5. 00.0 760.0
9nfchor Drag OLstonce



qynf-Pes F"' .. esn No;

A.C-. l.A6-..

WtOW Iat' CI I" cb 1- :-3.1 l
sam 7. .

1690 I077kC 0AA IN Ant I

yfo? ~ ~ ~ ~ ~ ~ 11FI T-.7i161754 90!0.0

T
3

O.!v7.6 70 7

WAtft 7F!tL

&tj.0l 17CtOj. 
~ o~.o&I lro 000 t 106 

.

9091.0 is

14.0 ~t~ 7 000 .70. 7 *.7 0 ~ .

Sj.6 07 .1 0 o6 4 . z :*10747q 10. COI .I l.q-0 0750 450Iu?7000

Mlq lfvr -a-

-N C r r1tn n 0 0 6 ( 70 . 0 4 7 0 1 0 O I g . 6 , 7 6 0' f , , g

p.? )l5 . 4o 0? 0' it % 04. A. 0. 6T 0040

7.0 ~.1 1.0 7.0 -1% 0< 7~g 47. .1I~ 7.'.7~0 o.' 07.. 00) 0. 040007 >i9.

- -- 00 4.0 . .. o f0 I~.07 7 40 00. 00~. 00 000g

4~~~~~~~~~0~~o 00. 0 -..0' . . "I* - * 0...0 0 0~

7*0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 3 01 7. .. 1. -1. 0 7-. ~ . 0 3 00 0.,~

9.7 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 9 9S4 4?0..-0? 00 I.~0~ 0. 
4

; J. 44 0' 0* ,0~

Ij.~0J. 0. A~. -1.1 ~ 0 I.? 0.0 0gA* I~'A0A Q.*j A'-! og0 9. 0 0004 ~0nJ.0 .
- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . 9- 0. 10 04 0. 1. 1. ?. ?o 44n 7~0I '* 41 0. 0 oo*

---Na7no.'1* ~ * .' ~ . '.4 - 0.0r-- __________



Dos~ 'INe.

a;,)

CD 3 . ',:

33 3..1

433 LZGEND

LU.]e 9111 J IC I ~ . ..

50. 
.- -- -. 9

-50.. 3

3.3~ ~~~~~ ~~~ ice33 .K 33 c 3~. .~3~.



. ... .. ... .

C.50.9 95.9 60.0 65.0 70.0

F. ~ 3~50 50055.0 60.0 65.0 70.0

~c 3 D , -g D -n ce15



Oa #- 173
* Test No. - 1

Test SerLes No.-
SICSLISI AmCISS TIlT -25.0 -

173 -20.0
1011 

lABlIST ASIA INSEA IS:LAD WASHINATON 
1 .SIAST-INI TIEfS Do1- 60 1 .

SLOOK lVIS SILT
£5050 ?IF STCLS .OL.TNo SMANE-SMBCL.STAIS.9 16 FNA #lLURSS-1 0-

hill.CK ANHO SIN?100 LO. & . 10.0

CFLIN 900G T. I cl . ISI OO5.90E.2I. WCSP

memll 5.0La
RE aI DNo SEPARAIO NANL 09. CHI IAI.O.019 II NH FUK I IT

9:1:1.s FAKC AIse .O~ ABS!SZ l 2 NHA SHIN TI t" ISET H ORS.l.AG;,, .a
I 4016 1 0 FT 9 S IG O - IN MOPE * FT' Z 'M' 15.0

IST ID ISAC IS.T AA O ANGL 0 : LIS FETHO L01BS0 IE O FST O F IAT Fl B

DE m Stan 6. S ANK NGL20.02.0~~~~~~~~~ 206 l N 9. -. 1. 96 1 91 2060 1 59.0 TO 1.6 @ 101.1 91. 3200.3.1 21.g tanS 91 : -1 1 -12.0 11: 29.7H 9-2.- 20D.EPTH9. 116 917 32.

13.0 29:.0 3.0: 99.6, -2.1 -9.0 10.,19.1 910.9 1101.1 100.1 99.1 101.2 97.7 2000.0
11.1 9.7 3. 9.9 -. 6 .90 01 96.0 07 0 196 109: 99913 97.1 3212S.6

30. 101 .2 010 -. 1 -9. 9. 1.1 901 199 . 0.9 14 101.8 97.7 39162

29. 6.6 1. 10.1 -3. -. 9 .3 19. 236 191"Z9 910.0 1.3 1061.2 . 7 2S5.1.
2 . 5 69.9 0 132 19 -3.1 -6.1O 1 . 1 3 66. 1110 10.7 1 031.0 146.9 97.7 2I 70300 1.A16 10.l25 -. 1..3 69.1 361. 159. 0 0. 1002 9. 210990.9 30 0 .032. 12 :106 10. -32 -6*.9 7. 3 3 1 11311.1 101. 10. 10. 91. 2721

39. 10.9 1t. 10. -256.Z. 70. 31. 113. 1 0. 10. 146.32 97.1 293.
363 1.:1.,0. 2.1, -6. 10.6 19.9 410.4 16461.1 1001.1 101.1 1090 97.13 23102 .

300 3. 2.0 10.3 -21 6. 01 2. 39. 134.2 106.0k 101.2 109.2 97.1 7 2C90.0 11. 23.2 '16. -2. - 1.6 06. 39. 10.1 110 .3 163 0.1 09197.7 26901.35 .
91.9 76.3 22. 1092 .1.0 - . : 106. 1 399.9l 110. 1061 1011 197 9. 2916U'0

1.0 S30 2.6 107.0 -13.9 -6.6 0.3 1.1 33. 9119 17..0. 11 191.7 69.

13.0 :1. 29.9 10. -1. -6. 0.2 009 389 192. 0. 102.7 10.7 91.7 2.1
,::.a 703 20.6 101 2.9 -6.6 0.1 19.0 339.9 1926.1 0. 0. 1. 17 239. ) 1 . -4.~ -
30.0 160 2. 10. -. 0 -6.6 0.2 61.9 3S3.3 13790.1 100. 0 4. 101. 81.2 97.7 25690.1

2.1 l-6 104. a 1 -20.0
aITA C ANCHO II:6:0S 11.02 L92 : 11:

SHANK TI 7. LO 0..0 1 9.06.44 1.
C SO1 . 4 6 1 6 7 , a - . ." 7 33 . ' 0 . . . ' 0 . . . . . .. . . . . . . . .

49. 5 .9 2S. 070 t-4 -6. 1 1. 33.4 143 .0 10.3 06. IO.S gy~ .-z41:10L 0.0-
3 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~0 0213S311l4.: 1 1 112.9,

334.4 140.0 1

:$STNCE SA6 TRAELLD 620 30. 0
DIST NCE NCH O T R VEL L D 50 0 2 0 .0!

150.0
. N G L I I D I C A T E S0 . 0

90.0 5.OW



173 INDIAN ISLAND WASHINGTON
- 11 stockLess ,500OLb.tand shank-shackLestabs,48 deg fx f

-Les No. - 0 sLLt

LEGEND
o- Crown PetetratLon

- Shank TLp PenetratLon

" ~~~~ ~~ -- - . . ... ... .: --........ ... ........ .. .................. ........... .. .. .. ... . ...... . ....... ..... ............ .

----------------------. ......

~~~--- - - -- - ...... ..... ...------------- -- . A-------- -- _

.0 1.0 15.0 20.0 25.0 30.0 35.0 40.0 4.0

LEGEND
- Transverse Rotat& on
- LongLtudLnaL RotatLon

.... .............. .. ............. .................. ..... ..'. ....... ..................... ... -...... ._ __ _ _ ....... ....... --- .... --......-
X 4 - -- ... ---.V-4-4-----.-- - -

.0 5.0 10.0 1S.0 20.0 25.0 30.0 35.0 40.0 4.0

LEGnEND
0- ChaLn WeLght on Bottom
I(- Anchor Force ._.. - - --
V- Deck Force .

.~ ~ ~ ~ t X._ ._ " --

.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

Anchor Drag D Lstance

S.0.2..0 

34. 4 0 .... .



ltand shank- shock.Le, sta bs,48 dea fx fLu1kes

25030.0 35.0 40.0 4S. o .56.0 55.0 60.0 65.0 70.0

.0 30.0 35.0 40.0 4S. 0 50.0 55.0 60.9 65.0 70.0

.9--9 -V

.0 30.0 3S. ' .0 4S5.0 .56.0 55.0 60.0 65.0o 70.0

9nchor Drag DLstance15



Oo - 17 INDI
Test No, - 12
Test SerLes No. - 0

STACELASS ANCHOR WST -25.0

I t @ a 114-239.0 -
Till Nil. 12
1816 6UN 0O = tr t

Is mNnmCIAN ISLAND WASHNGT ON -o -5.0
IIA,-0 lilac 10TM 1140 a00 - Sho
S 8FLOGR NS "IL 1 0 T
£606C1 16P1 STOCEL SS L:0oLI..10 STAG6SSAC1L0.6T185.46 DEG fP FLUXES ---0Sh

£60808 6110141 3450.00 LI.

FLOI8 £I|-TTPI. 46.:006. -1 08O0v I-F IX
ANN. ARCH*8 TTN -5.0,AI. alCobR 6010991 1460.00 LI. 1-)

9*36-A l 886P6T031.0PElaP,|*-Auk ABC.O SEPRTI|O06 I)OF| ,h

OEPiESSOES.80.-&T.EAC6-IOT 97. 0 - 0.0 - 0.0 Li. 0,0
ROBlING LINE 0SCRIPTION 13687. 2I99 CHIl| ATIO TO MAIN1 8IC6O8 66 . ZZ60Pt.OF 2.la)

(CHI . 400 F T. 1 $1 9 a. [I HC ROPE. 346 PT. 2 IN. I C lO RE 5 .

1: C0Al OISTANCE 6. ITATION ANGLE 9. CHAlk LOTO 09 6019ON 15. iCHO. PLUE TIP DEPTH
2. O0CI ISIOh 6. AARK ANGLE 10. CAIN UEIGHT Oh 811109 14. WATER 1ETH
3. &£hC9oE T06SION . 0111 ROPE &NGLE 11 ,IC-E CREOb DEPTM Is. TOTAL SOTTOR EIGH 1
4. PACKAGE EPTH 8. D C O |EC . O6CE 12. ANCHOR SHA K TIP EPTH15

13 4 S 6 1 A 9 o 1 1 Z 3 ': I 1S.0
POET AP KI S FIT0T1 0 a cg DEC IPS FOI LOS FOET f OET P POEI LS0
0.0 23.4 .4 88888 2.3 -13.8 13.6 23.1 469.0 20661.S "9CO" 98889 938:8 41.1 32463.6
,:C 21. .4 8898 : .3 -14.1 13.6 1. 468.6 21034.3 82.90 8*988 89999 91.? 32q34.32 0
4.2 ~0.1 .4 *8889 2.5 -14.1 14.1 14.4 43.1 21251.3 49384 99r49 88898 43.? 33151.3
f.4 14.4 .4 98898 2.3 -14.1 14.2 14.3 .1 12.8 9 9 e8ts4 331"0. 25.0 -
8. *.1 .4 ..... 2.3 -14.0 13.9 21.. 464.? 2062.0 8I888 88888 99498 41.? 3?162.1

IC.4 2.3 .4 '9989 2.3 -141 133.7 216 466.6 4 05& 4. es2 891 8 8889 41.? 3 ..0 .
1 . 24.4 .4 :,8H9 Z.4 -14.0 13.1 238.6 460. 0633.0 89D:9 98999 88888 41.7 32137.0 0 0
14.2 24.3 .4 988*8 2.4 -1.1 13.0 24.1 416.0 20433.6 999.9 . o.e9 8.... .. .7 32333.6
15.6 23.5 .4 styes 2.4 -14.2 32.4 26.6 43.3 *01 69.7 08889 98888 8 9 41.7 31I9.
13.3 24.6 .4 99988 .0 -14.2 12.2 26.4 446.2 14404.6 88 899e9 88888 4 31604,6 Z. 9: 3
t4.8 .S .4 98888 2.0 -14.2 12.1 28.8 447.4 1462.6 9e8.0 88888 e9ses 41.7 3160
21.4 34.1 .. 88988 *00 -13.9 11.6 33.5 435.2 193531 98889 98998 88888 41.1 )111.1
23.6 37.6 .8 9988e 2.2 4.4 11.3 36.4 4*3.4 1.66.0 98881 99989 9e89s 41.? 30061.0
26.? 31. .8 0888" 2.2 -8.6 I1. 37.1 426.. 1.64.1 9esta 89s8s 88899 41.? 7O0
*/.3 40.. .6 81988 2.2 -6.2 11.0 34.3 416.3 36621.4 9ote9 98888 9899 41.? 38.4Tr24.3 40.6 .6 88888 2.3 -6.3 30.4 40.1 416.6 16424.4 99998 88889 98889 91.? 3032944
33.0 40.3 .6 89888 2.1 A.4 10. 349.6 420.2 18600.1 88888 98888 91.1 3000s. 30.0
32.8 42.6 .8 ee** 2.3 -6.6 10.S 41.9 416.4 19381.9 988 89899 988st 91.7 30281.0 7 -
34.I 44.4 1.0 88889 2.3 -6.6 10.4 43.6 410.4 101C6.6 0899s 98888 88888 41.1 30L06.6 2
31. 0 .2 O . 2 1 8891 3.1 -8.6 10.3 49.4 341.0 1136.0 9o99s 99998 99888 43.7 29.0
30. 92.? 1. 4 00000 3.0 -8.3 V. 12.0 390.6 17332.7 *8888 0984 e 91.7 2912.?
4C.3 62.0 1.6 88888 1.0 -6.3 4.? 62.0 343.2 1246.6 99889 89s99 88889 43. 1 46.6
42.4 53.7 1 1.0 -63 4.7 S2.4 390.z 1706.0 88989 988et 98888 41.7 21440.0 0 -
44.4 631 . 88888 .6 -6.6 4.6 66.3 380.7 16011.7 89988 89888 91.7 28617.7 a)44.6 67 3.2 *see .2 -6.1 4.6 61.1 36.0. 16414.8 ..... 88898 0898s 41.? 2164.8.47.3 02.7 3.6 89999 -. 4 -6.1 4.0 61.4 376.? 16367.3 99988 88989 89988 43.7 26267.3 L 0. 0..
60.1 63.4 5.0 89898 -. S -6.1 4.1 66.6 34.2 15537.7 98898 98999 91.7 2743?.7 C)
51.0 6.2 6.2 88880 -. 6 -6.1 .. 66.3 36?.? 16466.6 88889 88888 98898 91.7 27386.6 Z ._
63.4 30.8 8.0 98888 -. 6 -6.1 8.4 70.0 363.4 16244.4 9 ee 988 88998 41.7 271,4.4
56.6 3S.4 10.4 9o89 * 6 .6.1 8.7 74.6 34*.? 14710.8 89989 98889 99988 41.? 260.6 0 -- - - - - " -.... .- -- -

'3.6 74.4 10.0 88889 .8 -6.1 0.6 73.6 346.4 14441.4 88888 9988s 88889 91.1 26647.4 _ l 0
64.3 74.4 13.0 89888 1.2 -6.1 .. 78.6 341.6 14666.4 -98.9 98898 88899 41.7 26666.4
01.4 74.4 13.2 98989 1.2 -b.1 8.4 70.6 334.4 14646.6 89889 98889 9 989 41.7 26446.6

-30.0
43.4 746 14.2 o98 2.0 -6.6 .4 74.0 337.6 14463.1 89898 8998 89888 41.3 26363.7 0 .0
S6. 83.? 16.4 8988 2. :6 6.3 2. : 330.1 14040.6 88898 88989 98998 41.? 26440.6
6 3. 83.16.4 88888 2.7 -6.6 8.3 62.6 330.3 34040.6 89888 99889 98898 41*7 26440.6
t1* 1.8 16.4 888o8 3.2 -6.6 6.2 80.9 339.2 A1436.4 89898 88889 99 21.7 26436.4 _S .
3.2 6. . 888 3.4 a 31 -6.6 0. 3.7 31.6 34166.6 98998 s9889 89898 41.7 26066.6
73.6 60.4 16.4 89869 4. 6 -8.6 8.4 74.6 636.6 14402.4 98998 88889 89898 41.7 26602.4
76.6 66.0 17.6 89968 4.7 -6.6 8.4 64.1 324.5 13747.4 69889 0898 e 8 91.7 *4.4 0.05.40
13. 66.7 1 8688A 6.2 -. 6 8.1 64.4 326.5 14001.1 999sS 98988 98998 91.7 26401.1
79.6 0 1.2 17.6 80896 8.3 -6.6 6.0 84.3 333.4 34246.3 89889 e889 88998 41.? *6146.5

10.6 86.6 19.6 9888 7.4 -6.6 .9 84.0 336.6 14406.9 98888 89889 8s889 91.? 26306.4
83.1 $9.7 21.0 9 -.. 6 8. 86.6 321.0 13623.3 8e398 88889 89998 41.7 26623.3 100.0
64.6 86.6 2 1.2 9899 6.6 -6.6 1.9 68.0 3*6.? 14007.6 88888 t899h 8989 4 1.S3/10
67.2 69.6 21.4 9 4.0e -6.6 6. 1 6.? 320.0 13676.3 98389 98889 899es 91.7 2S41.3
6.2 .0 2.0 98 9 -6.6o1 6 319.7 1366.5 o9898 89889 88988 41.1? 24sq9 90.0 o Ch
eSITIU oAC E 40v8 LLID 9.0 80.0
ISTAN¢I ANCHOR TRAVELLSD .2 x A n4

70.0 v De
NOE - POSITIVE SHANK

,80A ItOoCA60
SHIN TIP BELOW r, 6 .C D_ 5 0 .0

F'-I

4 03.0

30.0

20.0

10.0

0.0 5.0



INDIAN ISLAND WASHINGTON
12 stock Less .5000 Lb. Land crown-shock Le. stabsA8 deg f x f Lukes
No. -0 s Lt

LEGEND
o- Crow.n Penetrat-Lon
,a- Shank TRp Penetrat'lon

.0.0 0 1.0 20.0 25. 0 30.0 35.0 4005*

LEGEND
X- Transverse IRotat -Lon
V- Long 'A-ud .na L Rotat Lon

5.0 0.150 20. 0 2.4.0 30.0 35. 0 jO450.0.

LEGEND
o - Cha' .n We~ght- on Bottom

)- Anchor Force
V - Deck Force

5. 0 10.0 15.0 20. 0 2.5.0 30.0 35.0 40.0 i.
Anchor Drag DL.stance



TON
b. Land -crown -shck Le stabs. 18 den f" f'Lu1kes

2.9 300 35.0 100 .. 56.0 55.0o 68.0 65. 0 70.0

30035.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0

Alnchor Dr-ag OLetance16



Doi - 74 1 ND
Test No. - 13
Test SerLes No. - 0

S, LLSS ANCHOR HST -25.0

-20.0

10.1 01 -15.0 0 o -0
11s1 ARIA 1011AN ISLAND WASHCNGTONS 1.-.4 ,DS 121S- 1328 6 - .
XLt-m 0 it v - Sha
E.LOGE ,YE SILT -10.0 S
AICIOR TP STOCKL SS SOOLS. WITH STABS. MOVAGLE PLUKES 4 DEG.-
Aldco 6m1094 S560.00 Lt.
FLUME A&L-TYPE. 48l.C DEC -0 OY I-FIX - 0. 01
A:K ::CN6D TY

MIN. ANC Vi 11|0NT O*O. LI.
,-AI A IC R AThIO W. -E - -- 00 -'..

ERPIESIRIS*lO. T.EACM-01AL 8T. 0 - 0.0 - C.O LI. (1)
SCONIRG LIE IESCIIPiIOb 135 .F I. CHAIN.360 FT. 2.5 I. CHAI6,400 FT. I S1i IN.

RINd ROPE. 346 PT. * 2Ih. IaC OPE C. 5.0

1. BRAG OISTANCE 1. ROTATION ANG11.E 9. CHAIN LENGTH ON BOTTOM 13. ANCMCK fLUIE Tlp T.190 10.10
2. DECK 10If 1 A SHAK ANGLE 10. CHAIR 61IGHT 01 lION 04. IATER 0EPTH

3. ANCHOR 111101 OP1. IR A0G1 £11C.1 C11.k DEPTH 15. TOTAL OTOM *RIGHT
4. PACKAGE 0PTH 8. BECK N0i60. 901CE L2. ANCHOR SHARE TIP 01914 15.0

2 3 4 1 7 8 6 10 61 2 13 14 1I
IT, PIPS RIPS FE 6 C DE - KIPS FEET LI POET IET ET FET LE

:.a MI.2 IAPS -S.1 -4 G 14 1 - ?30 21246.4 a7.2 I6.6 90.. 66.9 271:64 20.0
2.0 21.O 67.s -7.6 -1.6 12.6 2s.4 451:.7 20401.7 4,.0 6*11 61.0 566 Z6.19.1
3.4 2:. 8.4 -10.0 -6.0 11.6 27.8 414.1 20001* 8.6 87.6 61.6 66.6 26210.1 25. 0
t.5 30.6 61.1 -10.4 -6.1 I1.? 29. 147.64 1966. 09.1 88.1 6Z.1 66.9 54 0

. 2 1 -10.4 -1.0 11.8 2,.1 414.6 2032.4 66.1 68.5 62.6 86.6 2627.4.5.3 26.2 16.2 -10.4 -11.0 10. 26.6 412.0 2012.4 66.l 6R.6 62.7 89.6 26042.1

1loG 26.1 19.1 -10.4 -11.4 11.6 21: 454.4 20311.2 60.2 88. 63.0 86.6 26260.21.2 30.1 86.E -1024 -2.1 .11L 10.1 448.6 20R1* N 90 .1 1 . 69 213.1
14.4 30. . 6. -1 .0 11.4 21 413 0074 96 86.2 1.4 6.6 0617.4
14.6 32.4 60.3 -12.1 -13.7 10.0 1.1 447.4 1664.1 91.0 64.1 61.7 66. 9 21 604.1 *.

16.0 33.3 90.4 -02.6 -14.2 101 32.7 442.1 19130 1 9.2 86.6 63.O 86.9 21561.3
2 0 . 5 3 4 . 0 6 . 1 - 1 3 . 1 - 1 4 . 2 1 . 6 3 3 .4 4 4 .0 1 7 4 .4 6 . 1 6 . 9 . 0 6 . 9 1 1 4 4 . 4

23.6 30.2 60.7 -14.1 .14.7 : 1 07 34.6 440.0 1964 61.1 86.6 94.0 66.6 21144.i 0
24.5 46 910 -14. -4.1 00. 34.0 442. 0976.1 9.8 902 9.4 69 2666.0

26.6 6.O 91.3 -01.0 -05. 10.4 364 430.3 19104.8 62.1 69.S 94.7 66.6 21014.1
30.S 34.1 91.5 -11.0 -15.2 10.3 33.1 433.4 19196.3 91.3 60.7 94.9 66.9 214.3 30.0
3.5 16.6 1.1 -114 -0152 10.1 39.2 42.1 1904.3 62.3 60.? 49 16.6 42.3 -L

34.5 40.6 61.6 -16.0 -11.2 10. 4 0. 436.9 &8634.3 92* 90.8 91.0 86.6 2 4 60 . 0 T
3I54. 389 91.7 -16.8 -&S.2 10.2 38.3 46.69 15934.S 92.4 90.9 9. 86.9 211.4 20. 0

0)
SI:SANCE 8A60 TAVELLED 36.0 ) 10.0

ISTAS.C ,NC0R TRAVELLED 36.5

L 0 .0 ..............................
NOTE 1 SA- r

,G.E .IoII CAS 0) -10.0 -
SHANl TIP EILON

-20.0

-30.0

-10.0
-50.0*5

0.0 5.0

100.0

90.0 0-C
80.0 - l
70.0 v- O

60.0
n 50.0

30.0
20.0

4. 10.0

0.0
0.0 5.0



~Da~qs - 7I NDIAN ISLAND W4ASHINGTON
Test No. -13 stockLess SOOOLbs. w',th stabs, movab~e fLukes 48
Test SerLes No. -0 sLLt

-25.0-

-20.0 LEGEND
-15.0 o - Crown FenetratLon
-10.0 - Shank TLp IPenetratLon

-5.0-
0 .0. .. .. ... ......

~- 5.0-

10.0-
15.0-

20.0-

0.0 .0 10.0 15. 0 20.0 25. 0 30.0 35. 0 40.0

50.0-
40.0o LEGEND
30.0- - Transverse Rotat Lon

20.0- v- LongLtudLnaL IRotatLon

-310.0-

*-10.0-
-20.0-

-00.0 LGN
-90.0

100.0 LEGENDorc

70.0 vDeck Force

50.0

10.0....

i 20.0 9
10.0

0.0~ 5 .0 16.0 15.0 20.0 25. 0 30.0 35.0 1 0.0Cc

Anchor Drag Dstonce



4IGTDN
Lbs. wLth stabs, rmovctbLe f Lukes 48 deg.

250 30.0 35.0 45.o 50.0 55.0 005.

$

... ... .. ... .. .. .. ... ... .. ... .. .... ............. ..... ... .. ... ... .. ... .. ....I........ ..... ........ ..

11 m

35.0 S60iS05.0 55.0 60.0 65.0 70.0

300 35.0 to;o 50SO.0 55.0 60.0 .07.

Ainchor Drag OLetance 163



Da f - 174 TND I
Test No. -
Test Ser',es No. - 0

STOCKLESS ,NC. ys, -25.0 -

l:S% -20.0
S 11% ICI ISLD WASHINGTON150 - Cro

SIolT-hO TIMES 1331 - Is0
SlAfLOCI TYPE ISI LTS oaiCE TYPE STOCKLESS S00L00. WITH STALE, MOVABLE FLUKES 4 0.EGS
ARCI-I bE|OkT 5400.0 LI.
FkUE A6GLE-IPE. 40.00 DEG. - 0 C.OY 0.I -5.0
AUX*' ICHOI TyP
OLO. AICIOI 11I6H7 0.D0 L L.
PIIN-AU: ANCHOr S.PAIATIOE 0.0 IEET 0.) 00CIPIESSCAS.60.-IT.EAC-OTAO. I. 0 * 0.0 - 0.0 LI.,)

PCONIlG LI6E DESC;IPTIO6 139 PT. Io. C4AIE.360 3T. 1.0 II. CAII.4CO PT. 0 020 INF
uB.C lOPE. 346 FT. . 2 Ik. IMIC ROPE 

S--

i. 01*0 01STANCE 0. IOTATIGN ONOLI 9. CHIl 11N IOITOR 03. ANCHOR FLUME TIP DEPI H0.
2. 01CM TENSION 6. SHANl £NG10 10. CHAIN MIllT 0k BOTTOM It. MAY01 OEPTH
3. AWCHOM TENSION 7. NI ROP NIGLE 1. ANCHOR ClOk OMPIO IS. TOTAL BOTOR IG.Tt. PACKAGE DEPTH 0. CECK NOIZ. FORCE I. ANCNOR SA%0 TIP DOPTO is.0

1 2 3 4 5 6 7 I 9 IC 07 a2 09 11 ISFPET lIPS KIPS F El o CG 0G KIPS PEl E5 EOT FlT FEET Ft tal$.0 22.1 *so** 4:.9 -2.4 -3.9 13.2 22.2 467.0 20944.? 04.2 I.? 92.5 2S .9 Z.q.?
1.0 2.6 .4... 14,0 -3.1 3.9 13.2 .0 64.0 ?0946 It,4 0.9 92.7 84.9 26946.64.0 23.0 0910e 09.3 .3.3 -3.9 127 24.5 460.1 20620.7 09.6 09.1 42.9 80.9 26970.7 7 * _5.6 29.1 00098 90.2 -2.4 -6.6 0.19 26.' 4'1.0 20'41.O 0.6 09.1 93.0 11.9 2604801.2 30.6 ,*M,* 40.0 -3.0 -1.3 11. 30.0 t1l.I 20032. : 41.4 90.3 9'.4 0*.9 2....00 31.3 ": 4 -3. -30.7 441', 10 9 .6 92.1 90.9 90.0 1:9 ..:.9 34.2 401*9 0.0 -3 . -II., II.Z 33.5 4317.8 0943.6 42.3 90.9 9.0 1 .9 2433.6

1.:0 34.2 10000 92.0 -4.0 -12.0 10.4 30.6 434.1 10321.4 92.? 90.3 S., 00.4 20210.4
02.1 37.2 00000 92.2 -4.7 -03.0 10.6 36.0 434.0 19129.3 43.0 9,4 qS. 11.9 2279.3015.0 34.2 19000 92.3 -0.2 -13.0 00.6 8.5 426.? 10q24.2 3.1 90.0 90.1 11.9 24074.2
16.9 39.3 0000 92.7 .. 4 -14.4 10.6 37.6 430.2 0400.3 43.0 90.9 96.2 00.4 20C0O,31q.1 40.0 000 92.? -9.6 -14.4 10.6 34.5 423.6 01161.4 93.0 90.4 96.2 0.9 2410 .4
20.0 34.4 11010 42.4 -6.0 -045 10.3 30.4 424.? 17 0.4 43.7 92.0 96.4 l1.4 20020.9 4 • 0
12.8 41.0 10011 43.0 -6. -40 0 0.2 40.4 420.2 00049.6 93.0 92.2 96.7 1149 24199.6
lt. 3 41.4 00000 93.2 -?.S -19.4 00.3 40.2 426.2 10699.3 94.0 42.4 96.1 066.9 24 . 30.
. 4 .6 off" 93.2 5 10.2 42.0 4 10579.3 94.0 ,4 , 8.9 L2r,

34.9 42. 0000 93.0 -9 . z19.2 10.1 41.6 4130 10749.3 94.. 92.9 97.2 0 . 24004.2 4 CJL
345 4.1oqe150-1* I . 1~ 42.1 14 1.3 16654.2 1.:? 7. ; ?i O~ 216q~ "11 9.

36.0 43.9 of*$0 43.7 -1., -0.2 10-.Z 43.2 416.0 1300.1 94.46 92.I 41.1 00.9 2I336.030.5 43.2 0000 43.0 -2 .20 -09.2 10. 42.1 420.4 1606.0 94,7 92.4 97.2 00.9 24090.0 0 10. 040.7 44.4 80010 43.4 -12.4 -13.2 10.1 44.2 413.4 01292.9 44.0 93.0 97.3 01.9 24232.4 0)

0ISITOCI 1AEGE TRAVELLED 42.0 L-
IITACE AINCHE TIIVLLED 40.? X- .

OTE POSITIV SHANK0.0
ANGLE INOICATES
SOON TIP OELOI

-30.0
-10,0

0.0 5.0

100.0

90.0 o - Ch
80.0 . - Anc
70.0 v - Dec

60.0

50.0
S 13.0

30.0

10 .0

0. 0-! i

0.0 .0



INDIAN 1SLAND WAASHINGTON_
stock~esG 5GOOUbs. wLth stabs. rnovabLe fLukes 48 deg.

0 si

LE GEND
o - Crowin Penetrat'lon

SShank T'%p PenetratLon

i -0 is 0 -.

iO. i.02S0 5. 3.035.0 .0 c:

LEGEND
A- 'Transverse Rotat..on
9- Ljn9Ltud'-naL Rotat-Lon

i.0 i 0.0 i .. 20.0 2S. 3.0 35.0 40.o 0.

LEGEND
0- Cha'ln We~ght on Bottom

- fnchor Force
-Deck Force

o10.0 1.5.0 20.0 2.5.0 30.0 35.0 100.
Anchor Drag D'-stance

mo -



* ON stabs. movabLe fLukes i8 cieq

3F, 30. 0 .. O0 50.0 55.0 60.0 65.3J ?0. 1

30035.0 43.0 .0 .50.3 55.0 60.0 65.0 3 0. j

3..0 35 s4 0.0 55.0 .9 60. 0 65. 0 70.0
9nchor Draq 

165anc
lo165



Oo l # 176 IND
Test No. - 21

Test SerLes No. - 0

STOCKLESS AkCNOB TEST -25. _0-___- ___- ___

, o78 -20.0
IRSl t68 0
TISi mom* ITIEAN ISLAND WASHIGTON -15.00-
,T-E " I:: A - 9"0 . -suml6" " TMS ShS
IAA O f t I L ye STOCKLESS * O OOLE .. o STIA S. .4 0 De . OVA LE FLU E S 0 0

FLU1 A 8. l-TP1. 98.60 0:G 0 0.80V INFIX
AL. ACH 0YPEAki. *C8.01 881614 0.06 Li. --.) 5.0
88IN-AU AIkCH:O SEPARATlol c.O PE0
QEP8ESSE3R.%Q.WT.EACH*-OTAL NT. 0 I .0 - 0.0 Lt.
KOONING LIkE DESCRIPTION 135 FT. 38. CHAIk*360 FT, 2.0 EN. CHAI8.40• FT. I 0/8 IN. ) 0

JUC OFF 346 FT. * It. C mI 4OPE F.-- S.0

1. ••AG OISTANCE S. NOTATION ANGLE 9. CHAIN LENGTH 0: :011089 3. ANCHOi FLUA TIP 1PT.
2. 10E TENSION 6. SHANK ANGLE E0. CHAl WEIGhT O8 300 19. ATh A EPT3. A -CIO I TNI .l lOPE ANGL '1. ANCHOR CE .I EPTH T 11. TOTAL BOTTOM HA117 10. 0
q. PACKAGE DEPTH 8. O ECK 8O t. FORCE 12. CR SHANK TI DEPTH

fEel KIPS KIPS FEET EEG 060 DEC AIPS FEET LBS FEET FEET FEET FEET LIS
0.0 14.9 88888 88818 88888 8 1.8 29.8 993.9 19787.0 88888 48888 88888 89. U0.. 20. 0
2.$ 27.0 88898 88848 o8888 :*AAA 14.6 26.1 * 43*6 19271.6 88888 88888 888.8 5 12031.6 23.3 28.9 84888 88888 88888 88888 19.2 28.0 929.8 19066.0 48o88 AA888 88888 69.1 20136.0

5.0 30.1 88888 84888 18888 8888A 13.9 29.2 426.3 189:0-. S8888 88181 88888 89.0 19979.6 .9 32.1 88888 88888 88888 88888 13.6 31.8 917.9 18982.9 88888 8A88 88888 89.0 19152.9 25.08.9 32.8 88888 88A8A 88188 88888 13.6 31.9 917.8 981.6 88888 88888 88888 89.0 19132.810.0 39.3788888. 88888 .88888 .88888 3.9 33.8 910.3 169.9 88888. 88.88. .888. 89.0 19079.9 0. 0 S. 0
1,.6 39.4 88888 88888 8ee 888 88 8 13.2 33.0 913.6 18267.6 88888 88888 88888 89.0 19337.
12.9 56.7 88888 88888 88888 88888 13.2 30.8 40.0 17789.8 8*88 88888 88888 89.10 8889.0
1,., 36..1 887 8888 8*888 *8ee 13.0 35.8 900.6 1064.? 88888 888 ee888 89.5 109307
18.6 38.7 88888 88888 88888 88888 12.9 37.7 398.6 17S.7 88888 888 88 89.S 18058.7 5.
20.5 39. 0 888 88888 88888 8888 12.8 38.0 396.8 17926.7 88888 88888 88888 89.0 20898.7
22.4 90.3 88888 88888 88888 88888 12.7 39.3 39.9 17304.9 88888 888s8 106374.24. 91. 6 888 88888 88888 888 12.0 0.6 391.0 0710.6 8ee* ge* 8*88 19. 8221.* 40. 0..5 90.7 .8888 88888 88888 88888 12.4 40.7 39.9 17076:. 88888 88888 88888 89.0 18296.8

28.0 93. 88888 88888 88889 88888 12.2 42.8 380.6 ::: 6.3 88888 88888 888 89.0 173601 T
38.0 90.7 88888 88888 88888 88888 1.1 99.6 379.6 1636.0 88888 88888 88888 89.0 1:G33.S 30. 0
31.9 6.1 88888 88888 88888 88888 12.0 4.1 378.9 0602.3 88888 88888 88888 89.0 17597.3
33.9 96.7 88888 88888 88888 88888 12.0 90.7 376.0 18900.8 88888 88888 88888 69.0 07973.0 m L038.1 98.0 88888 88888 88 88 000 12.0 49.0 371.2 06092.8 8ee88 88888 8888 89.0 17212.: 20.0
37.8 97.9 88888 88888 88888 88888 10.9 96.9 373.0 06233.9 88888 88888 88888 89.0 17307.0 ,39.9 99.0 88888 88888 88888 88888 10.9 97.9 369.2 36039.0 88888 88888 88888 89.S 090 . 9 98.1 * 88888 88888 *88 88 11.8 97.0 373,2 163398 8 88888 8888 8.9.0 17909.9 .. I0.
41.8 99.6 88888 *888 8888 8o888 11.0 48.6 367.8 I'970. 88o88 88888 888 8 : 19. 0 7090.0
AS.4 40.8 88888 88888 88888 88888 i.7 47.0 373.3 16241.2 888o* 88888 88888 89.0 307.2

'IOTAICE 3C66 T:AVELLEE 98. O*)EIITAICS ,,CHo, TEAVELLED 90.9 0) -10.0

NOTE POSITIVE SHANK -20.0
ANGLE INDICATES
5..8 TIfa E L -30. 0

-40.0

-50.0

0.0 5.0

100.0

90.0 o - C
80.0 -
70.0 v-O
60.0

0- 50.0

S 40.0
30.0

20.0

10.0
0.0-

0.0 5.0

/



176 INDIAN ISLAND WASHINGTON
- 21 stockLess , 9000Lbs., no stabs. 48 deg. movabLe fLukes

Lee No. - 0 sLLt

LEGEND

0- Crown PenetratLon
-Shank TLp PenetratLon

I II I I

5.0 16.0 1 . 26.0 25.0 30.0 35.0 40.0 15.0
$

LEGEND
- Transverse RototLon

v - LongLtudLnaL RotatLon

N! I I N I N N N N N U------------ ~



no stabs. 18 deq* movabLe f Lukes

M E I N N I IN N E N I -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -

o 30.0 3.0 10.0 15.0 50.0 55.0 60.0 65.0 70.0

300 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0

Anchor Drag DLStance16



Daj # - 176 IND
Test No. - 23
Test SerLes No, - 0

state &O80008 TiST -25.0-
165 018-20.0

EST1 m61; 38838 ISLANWASHI5NGTON -15. 0 0 - Crilist see: I 1 .
s 

sale0- 1100 
-ISt

*4088 40031 5180 Li.PLU~I &64LO-il:i. a80 
S.l 0 

.0 .3
.... .. 80 C iNO H! 0.00 t..t
RUN.83* ARCO 01 "I'm, 10 

0.0 0,8IiSSO40-g1 *CN-118L . 0 00 0.0 L8I. Z5$sIt
I0018 ISi Oi93tO 1 F T. IN:8 CHA33IR P. a . IN. C0838.400 FT. 183.00- -

L.3880;IIO&I% 0P1. 3446 Pt. - 2 3IN. IN80 ROPE0 L.0
.OSG Olt .. a~ll ANGLE 9. &I83 LENGTH a 0i10It s 1. 480*408 PLUKO Tit OEM0

2. 0808N ON18530 4.A 8*83 go4. . 08*1 NE8 861T 0: 807108 14. "T"0 OiFti 03. iI.i ihl , . 0 833 W 1iONLI 1'- 8i1--i C8,0.1. 008t 310 tOEIGHT~ 0.
3 2 Co 4 0 46MN1 OC 1 . ARC 4 10S 12 13 14 1015. 0

FiET KBPS RIPS FEET Oil 000 OilG 8BPS PuFt Ls it il Plt lt LI
0. 2.1 . 8.9 10 .2 131 071 3.8 19479.8 80.8 82.3 0S. 819 22419.a

2. 88 1.0 81.s S.0 4.1 13.0 2i. 44.794. 11 8. 49 8. 39. 04. 012 . 1.8 4.00 4.-31- 2. 3. 91. 30 8. 48 8. 21.4. 11 34 821 44 411.9 10.9 41. S98. 809".34. 09 2140.3 _____________
84 3. 0. 81 4. 4.1 1 2 0 3 .2 12.0 1.. 81.4 z: 83. 8.1 8@9 30. 2 .

240., 10. 18 3. 4.4 10 123 3. 411 18114.41 83.0 83.2 8.1 S 1 . 220. 0. 9
120 3.9 12 8 . 6 4.9 3. 32. 38. 4.8 04. 83.4 84.1 U.7 81.9 2142S.03 it.1 0.4 81.0 1. a . 19 3.9 4 .1 1909 . 8.1 84. 66 1.9 a21490.93. 4.4 30.0 811 1.3.2 4 . 4 .4 11 3. 81. 816 9 . 1.9 21013.3 .0S .118 4.2 3. 81.0 1 30.1 10.3 483 381 1014 8. 8. 13 8. 00.091 1.1 1. 3. . -. 09 033.4 014. 88. 38 92. 3 .9 1491940.

23.0~~~~~~~~~ 4. 248 9. 7. -. 4 0. 4.8 338 4242 0.4 a9.@ 94.4 81.9 Z1014.)
21.4 49.8 21.4 90.4 8.9 4.4 10.1 41. 121.:4 1341.13 91.49 .3 91:4 8.31338 O

2. .12.0 244 919 89 -18 0 1 11. 132. 93. 9.4 94.8 83. 9 491.43321 4. 2.. 42. 8.3 1. 101 1. 1 . 10.04 3. 92.0 91.2 81.9 14409.04U..33 1:4 1. 91.4 3.9 -3.8 10.1 0. 31. 1444 4.19.1 9..1.3 8. 44.302 1. 3 . 93.1 1 .1 -. 3 10. 14 303.0a 1184.4 44.34 09. 98.4 0.9 34*20.Lo1.0 .9.4 3. 4.46 7.1 -. 39 .9 10 . 4 248. 3 2489 9. 30 9. 8. 19. 0
38.4 6q.1 2 . . -8. :: . 1 . 0.4 11.1 10 93:9.-8. 4231 c

4.8 Z8 9 3.2 9421 . -89 1 3 178 31004 1243.1 91.2 1 9 94.2 81.9 3411 Tr0. - --
42.8 8Z . 34.4 2:.: 1 - . .1 80.4 21.2 118528.1 94. 948 60.2 839 132.00.0 31. 93. 8. -. 9.943 9.4 98.0 81.9L 30. 014.47. -84 382 9 .8 it-.9 S 8 3. %8. 112.3 91. 3 . 1 0 11.9 11116.4 U040 84 14 42 9. 94 9. *. 241 11904 974: 1 . 101. 81. 1142.88.2~~~ ~~ 89. 37. 901 90 -. . . 8. 08 .7 9 :.1 903 10 1 :819 1621886 2 0.0
':2t*8 8 * 0 .I8AVL -1 40.8 -20.001 S6 0.0 I

.0 .9 t .$ 0 .0 4 .: 1.: -.,- 3 0 .0.
5888 TIP 1633.0.

94:' Z S :4:: 100. $1. 11 0 0 .03S ~~~~~~9. . o-.C1 -49 2. $. 1:4SS.

VIST:C: A0.10 HVELLG 600 60.0

I C NAILLED 30 0

20.0 .

10.0

60.0-

20.0



INDIAN ISLAND WASHINGTON
-st at o 3000Lbs. wLth 18 lknch stab',Lzer extensLofls-

LEGEND
0- Crown Penetrat..'on
A- Shank T...p Penetrat~t.on

---------------------------------------- --------

.01. 50 20.0 2.5. 0 30.0 35.0 40.0 5O5.

LEGEND
9- Transverse Rotat...Ion
7 - Long'%tud'.naL RoxwarAon

.0 10. 0 15.0 20.0 25.0 30.0 35.0 40.0 5.

LEGEND
0- Ch&..n We..ght on Bottom

Anchor Force.
V-Deck Force

16. 1.0 20.0 25.0 30.0 3s.0 40.0 j.
Anchor Drag DLstnce



OLb6.- gwth 18 Lnch stobLzer extenS ILons

25.0 30.0 35 g 4.0 5.5500.6.0 
70

25;0 s o s o 6 60. 6 .0 70 .0

325.5Q0o

........... 
._....

.03 0 035 o40 04 5 05 0 .0 S 5 .0 0 .0 6 5 .0 7 0 .0flnchor Ora9g DLstance 
169



Dy - 176 INDi
Test No. - 25
Test SerLes No. 0

STAID ANCHOR TEST -25.0

,Is, 0,,f lit -20.0
list 1;. C9

tit*6 ISCIAlt 311*10 WASHINGTON 1 . -o -
I- TINS 140 1

*1A060 vlIF 'I*LO 6000LR. 10t0*1 ITASILIIE*1 90 61. 00. FLUKES -10.0 Sh
AbC*oi i3.G1HT 460 L. *
FLUiE ANGLE-Plpf. SO.00 Dec. - 0 O .OV 1-IX
A t. CN10 1196*63. *6,C66 6161 .0 i -5.0

AUG. AMCkQ NO:b[1HT .. O*.'LI

FAIR-All *60W01 "I'M6la) 0.0 Fi......
O6FiRS.SII.OI.*6T.CH.161*L 61. 0 - 0.0 - 0.0 Li. 0. .
PFOl|hO LINE OEsCRIPTION 13 Ft . I . CMAI.036O f1. j2.5 3. CHAIN.400 FT. I SIG IN. 0.0 ..-

I c ROPE. 346 P1 . * 2 . I mi C aP9- 5 .0

1: DrAG OISTANCE S. IStTAIOR ANGLl 9. CHAIN L-1.0 ON NOTION 13. ANCHOR FLUKE TiP DEPTH
A. DOCK TENSiON 6. KA a ANGLE 10. CHAIN *EIGNI 0O. IGTO1 14. *ALED 0 091

3. *6001 a*OI|ON 1: iEEE ROPE ANGLE" 11. ANCHOR CVEE 0 39PT01* 011 IG06T
4. FACEAGI 00PK N. 31CR HOR.A " FORCE 12. ANCHOR SmANK 139 CR916

I 1 3 4 1 6 1 & 9 10 It 12 13 14 19 15.0

FEEl Kips KIPS FEET 0E 0G OEC KPS FEET LIS FEET FEll 1FET FIT LOS
0.0 34.1 *leO6 69.3 4.2 14.4 13.1 33.6 414. 16309.2 *1.1 90.0 93.9 69.3 14109.0
2.0 31.2 0N~*00 *.9 3.1 10.1 13.9 S 0.4 44.3 1i66.7 t7. A.91 91 6.3 2396.1 20.0
3.0 '2.7 .OO 93.6 S.1 5.3 12.4 41.7 3i7,6 963. 4 93.0 99.1 91.9 0,.3 23411.4
9.4 40.6 *00*0 99.6 7.4 3.9 11.9 46.N 313.6 16 62.2 91.1 91.6 100.8 69.3 22162.2 25.0
1.2 31.9 0*900 96.6 11.3 -. 9 11.4 54.7 349.1 11062.4 96.9 96.6 10.3 69.3 21102.9
4.0 90.6 *66*6 97.2 11.9 -.S 11.3 349.2 31090.1 91.3 91.2 102. 9.3 21940.1O

11.3 61.S *6*00 97.6 13.0 -1.9 11.3 60.3 331.0 14126.2 96.3 97.6 103.3 69.3 2 0626. 0
13.0 11.9 6*~6*~0 9.6 'C.4 -3. 10.9 70.2 30,2.4 12616.1 99.2 96.9 104.2 . 1914*6.
14.1 19.2 SO*C* 99.4 17.9 :4.0 16.6 74.4 2910 12220.3 100.1 99.3 109.0 69.3 1..20.3
16.4 10.1 0*eo 100.4 20.6 -9.3 10.4 16.9 C.9.6 32060.1 101.1 I0.1 109.9 69.3 16960.2 m0
39.6 63.4 *066o I00 21.. -S.7 10.4 02.1 271.4 1133.7 101.5 100.4 106.2 69.31 50l.0
20.4 i.9 40060 101.1 23.6 -6.0 10.3 6).S 269.9 11031.s 102.1 100.1 106.6 69.3 11136.9
22.6 90.7 *eeo0 101.6 29.1 -7.6 10.2 69.3 249.6 10041.1 102.? 01.2 107.1 69.3 16141.7
24.3 92.2 *o666 102.1 26.9 -1.1 iC.O 9O.i 290.0 :0064.2 103.2 101.7 101.6 09.3 166.2 10.0
26.4 91.6 00*e* 102.4 2.1 .. 10.0 96.4 231.7 9141.4 103.6 102.0 07.9 .1 19647.4

.0. 9.4 60 102.9 30. .9 1 9. 1.0 239.7 13487.1 364..1 102.9 106.4 69.3 IS46. Tr
30.1 103.4 00600 103.3 32.3 -9.9 9.1 101.9 220.4 2a 74.4 104.9 102. 106.1 69.3 150

79. 30.0
31.7 IC.4 ..... 103.6 3.1 -10.1 9.6 104.0 221.4 6626.9 104.9 103.1 109.0 69.3 19326.5 L
33. , 109.1 0666e 004.0 36.1 -10. 9.6 104.3 21.9 6SO0.9 109.4 103.9 109.3 69.3 39002.9
39.9 109.6 00161 304.9 36.9 -00.4 9.6 116.0 206.9 7694.3 106.3 104.4 Io.1 69.3 0430121 20.0
37.9 110.0 0*ill 105.1 39.3 -31.3 9.6 106 5. 209.6 76*9.0 106.4 104.6 110.3 9.) 34349.0

39.9 136.6 *000e 109.4 41.9 -11.9 9.4 109.1 IOZ 60V. 1 106.0 104.9 110.6 69.3 14169.1
41.1 334.1 *6e*9 309.1I 42.6 :O - . . 13.1 19S.l 7344.2 107.1 109.2 IiO. il.3 13646.2 0) 0.0 '-
41.3 117.6 0040 309.9 4.6 -32.9 9.4 316.2 166.5 667.e IT) 3 105.4 111.0 09.3 13316.4 0) ..
41.61 lll 0* 306.4 42.6 -32.9 1.4 11 10 16.4 617.4 01.1 105.9 I31.9 69.3 13313.4 L 0.0 ................

IRSl18Cf ANCHOR TRAVELLED 496 ) -10.0

NOE - POSITIVE SHANK -20.0
ANIR INDICATES

CID:: TIP 81LOW -30.0

-10.0

-50.0
0.0 5.0

100.0

90.0 0- C

80.0

70.0 v-
60.0 .

_ 50.0

30.0

20.0

10.0-10.0
0.0 5.0

/



25 st-ato, ,660Lbs. normaL stoabiLLzers 50 deg. may. f Lukes

No. - 0 GLLt

LEGEND
0- Grown FenetrotLon
,a- Shank TLp F'enetratLon

I. 10. 150 20.0 25.-0 30.0 35. 0 40.0 45.0 50.1

LEGEND
x - Transverse Rotat Lon
.v -LongLtudLnaL R

0. 1.150 2.250 30.0 35.0 S

LEGEND
0Cha~n WeLght on o4GW

-ncor Frc~
-Deck For~

S.0 of00 of .0 20.0 25. 0 30.0 35. 0 40.0 IS. 0
10.0IS.020.0Anchor Drag DLstance,



ormaL stabLLLzers 50 deg. mov. fl'ukes

30.0 35.0 0.o 4s.0 so.0 55.0 60.0 65.0 70.0I $ 
,

h

LFi

3 0 .0 3 5 . 4 0 . . ' 's. 5 0 .0 5 5 .0 6 0 .0 6 5 .0 7 0 .0

30.0 345.0 50.0 SS.0 60.0 65.0 70.0

fAnchor Drag OLstonce 171
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414, Washington DC; Code OP 97 Washington DC; Code OP 987 Washington DC; Code OPNAV 09B24
(H); Code OPNAV 22, Wash DC; Code OPNAV 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 STrL, Washington DC
DOE Dr. Cohen
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 (Bloomquist), 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. HI
MARINE CORPS BASE First Service Support Group Camp Pendleton CA; PWO Camp Lejeune NC. PWO.

Camp S. D. Butler. Kawasaki Japan
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MCAS Facil. Engr. Div. Cherry Point NC; CO. Kaneohe Bay HI 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 1i070, 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 Naval 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
NACOMMAREAMSTRSTA PWO, Norfolk VA; PWO, Wahiawa HI; SCE Unit I Naples Italy
NAVCOMMSTA Code 401 Nea Makri, Greece; PWO. Eymouth, Australia
NAVEDTRAPRODEVCEN Tech. Library
NAVELEXSYSCOM Code PME-124-61, Washington DC
NAVENVIRHLTHCEN CO, Alexandria, VA
NAVEODFAC Code 605, Indian Head MD
NAVFAC PWO, Centerville Bch, 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 04B5 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-l
Wash, DC; Code FPO-lIP, Wash. DC; Code FPO-IE. Wash. DC; FPO-I (Spencer) Wash, DC; FPO-I
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 DIV. Code 90, RDT&ELO, Charleston SC
NAVFACENGCOM- WEST DIV. Code 04B San Bruno. CA; 09P/20 San Bruno, CA; RDT&ELO Code 2011

San Bruno, CA
NAVFACENGCOM CONTRACT Eng Div dir. Southwest Pac, Manila, P1; OICC. Southwest Pac, Manila, P1;

ROICC, Keflavik, Iceland
NAVFORCARIB Commander (N42). Puerto Rico
NAVOCEANO Code 1600 Bay St. Louis, MS; Code 3432 (J. DePalma), Bay St. Louis MS
NAVOCEANSYSCEN Code 41, San Diego. CA; Code 4473 Bayside Library. San Diego. CA; Code 52 (H.

Talkington) San Diego CA; Code 5204 (J. 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 (0. Wilson) Monterey CA; D. Leipper, Monterey CA; E. Thornton, Monterey CA
NAVPHIBASE C 0 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
Unit Two, Little Creek, VA

NAVREGMEDCEN SCE (D. Kaye); SCE. Guam
NAVSCOLCECOFF C35 Port Hueneme, CA
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NAVSFASYSCOM (ode (AI(.DG DiGeurge. Washington, DC; Code 0325. Program Mgt. Washington. DC,
Code OOC (LI R O~acflougal), Washington DC; Code OOC4D. Waqhington DC. Codle PM~s 195 3.
Washington. DC. Code PMS 195 A2, Washington, DC; Code SEA OOC Washington. DC

NAVSFC Code 6034 (Libraryl. Washington DCINAXvSECGRLJAC'T PWO. Adak Ai:
NAVSHIPREPFAC Library. Guam, SCE Subic Bay
NAVSHIPYD; Code 202-.4. Long Beach CA, Code 202.5 (Libraryl Paget Sound. Bremerton WA: Cod& 4(K0.

Puget Sound, Code 4140 Portsmouth NH Code 440, Puget Sound, Bremerton WA, L.D. Vivian; Salvage

Supt. Phil._, PA: Tech Library. Valleju, CA
NAYSTA CO Na-al Station. Mayport FL, CO Roosevelt Roads P R, Puerto Rico: PWD (ItFJG.P.M

Motolenich). Pierto Rico, PWO Midway Island; PWO. Keflavik Iceland; PWO. Mavport FL. SCE. Guam.
SCE, Subic Bay, RI'.; Utilities Engr Off (A.S. Ritchie), Rotit Spain

NAVSUPPAC ' C'ode 413, Seattle WA: LTaG McGarrah, SEC. Vallejo, CA Svcurits Offf, San Francisco. CA
NAVSURFWPNCE'. PWO. White Oak. Silver Spring. MD
NAVTECHTRAci-EN, SCF. Pensacola FL
NAVNNPNCEN (ode 2636 (W. Bonner), China Lake CA
NA%"APNSrA Code 0,2. Colts Neck NJ
NA%.WPNSTA PAW Office (Code 119CI) Yorktown. VA
NAVWPNSTA PWO. Seal Beach CA
NAVVI PNSUIP(CEN Code 09 Crane IN
NCBL' 405 O1C. San Diego, CA
NCBC Code 10 Davtsvile. RIV Code 155, Port Hueneme CA; Code 15tb, Port Hueneme. CA
NCR Z0, Commander; FWD 30th CDR Diego Garcia Island
NMCB 5, Operarions Dept ; '74. CO
NOAA Library Rockville. MD
NOkFLA Code 410 Bav St Louis. MS; Code 440 (Ocean Rsch Off) Bav St. Louis MS: Code 51xj. Bay St Lodis.

MS
NRL Code 840 Washington, DC: Code S441 (R.A. Skopi. Washington DC; Rosenthal, Code 8440, Wash DC
NSD SCE, Subic Bay. R.P.

* NTC 01CC. CBIU-401, Great Lakes IL
* NUCLEAR REGULATORY COMMISSION T.C. Johnson, Washington. DC

NUSC Code 131 News London. CT; Code EA123 (R.S. Munn), New London CT; Code S332. B-80 (J. Wilcox),
Code TA131 (G3. 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

Louis, 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. Opalowsky) 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. IL; Code 420,
Oakland. CA; Code 700. San Diego. CA

UCT TWO QIC, 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) Wash, DC
US GEOLOGICAL SURVEY Off. Marine Geology. Piteleki, Reston VA
US NATIONAL MARINE FISHERIES SER~ICE Highlands NY (Sandy Hook Lab-Library)
(IS NAVAL FORCES Korea (ENJ.P&O)
USCG (G-ECV) Washington Dc; (G-MP-31USP/82) Washington Dc; (Smith). Washington. DC; G-EOE-4161 (T.

Dowd), Washington DC
USCG R&D CENTER CO Groton, CT;, D. Motherway. Groton CT; Tech. Dir. Groton, CT
USDA Forest Service, Son Dimas, CA
USNA Chi. Mchl. Engr. Dept Annapolis MD; Ocean Sys. Eng Dept (Dr. Monney) Annapolis. MD: Civil Engr

Dept (R. Erchyl) Annapolts 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 (Nelson)
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. 3R.)
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. 1. 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 iCE 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 MASSACHUSE1TS (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, RI (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. I. 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. Ltd., New Westminster BC; Mem Univ Newfoundland
(Chari). St Johns; Nova Scotia Rsch Found, Corp. Dartmouth. Nova Scotia; Surveyor. Nenninger &
Chenevert Inc., Montreal: Trans-Mnt Oil Pipe Lone Corp. Vancouver, BC Canada; Warnock Herse. 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 0. 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. Pari6
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. 1.)
ITALY M. Caironi. Milan; Sergio Tattoni Milano
LAMONT-DOHERTY GEOLOGICAL OBSERV. Palisades NY (McCoy): Palisades NY (Selwyn)
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), Oslo- DET NORSKE VERITAS

(Roren) Oslo; 1. Foss. Oslo; J. Creed, Ski; Norwegian Tech Univ (Brandtzaeg). Trondheim
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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); I. Boaz, Houston TIX
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,

III)
AL SMOOTS Los Angeles. 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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