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INTRODUCTION

Tests of a variety of conventional urag-embedment anchors have been
conducted in sand at Port hueneme, CA and in mud at Indian Island, WA.
These tests were performed to evaluate the performiance and suit,.,ility
of several Navy and commercial anchors and to provide data to enable
anchor selection for various applications,

The tpsts were sponsored by the Naval Sea Systems Comamand (NAVSEA)
and the Na al Facilities Engineering Command (NAVFAC). Specific purposes
of the overall test program were:

1. To define the performance of the Two-Fluke Balanced Anchor
currently in use on some Navy submarines.

2. To define the performance of the MOORFAST Anchor, currently in
use on the Navy TATF.,

3. To provide comparative performance data for the Navy SfATO and
MOORFAST anchors in sand to guide anchor selection for the McCann Sabmarine
Rescue Lhamber mooring system.

4, To provide performance data for selected high efficiency anchors
that could satisfy -be requirements for higher c~pacity Navy fleet
mooeings,

This report briefly describes the tzst procedures employed at Port
Hueneme and Indian Island, provides dca plots of each anchor test, and
includes a preliminary analysis of che data.

These data and data from previous test programs conducted for
NAVFAC and NAVSEA (Ref I through 4) are being more thoroughly analyzed
under an ongoing program to develop procedures to predict anchor holding
capacity as a function of seafloor engineering properties.

TEST PROGRAM

Locations

Port Hueneme. The seafloor material at this site consisted of a
poorly graded dense sand (SP classification) with an approximate bulk
wet density of 130 lb/ft 3

, Grain size curves for samples recovered
with a diver held core sampler are provided by Figure 1.

Indian Island. Previous anchor tests (Ref 1, 2, 4) had been con-
ducted at this site in Puget Sound, Washington. The site was selected
for this series of tests because site surveys and soil analysis data
were available, considerable anchor test data were available for com-
pauison, and floating support was again available from the WashingLon
State Army National Guard. The seafloor soil is a normally consolidated



organic silty clay of high plasticity, The soil shear strength increases
almost linearly from 0 at the surface to 1-1/2 psi at 22 feet or about
ID psfjft of depth, The strength profile is plotted as Figure 2.
Figure 3 presents the grain size curve which shows almost equal distribu-
tion between silt and clay size particles.

Anchors

The following anchors were tested.

Nominal Weight,
Locatien Anchor lb (kg)-

Port Hueneme

Two-Fluke Balanced 8,000
MOORFAST 3,000; 6,000
STATO 3,000
BRUCE Tiin-Shank (500)

indian Island

Two-Fluke Balanced 8,000
MOORFAST 6,000
BRUCE Twin-Shank (500)
PRISMA with Cutter 1,895
STEVFIX (5,000)
WISHBONE 25; 60

Appendix A provides dimensions of all tested anchors,
The 8,000-pound Two-Fluke Balanced Anchor was tested both with and

without ball guide. This anchor was developed by the British Admiralty
and was designated the AC (Admiralty Cast) submarine anchor. The anchor
with its ball guide is shown in Figure 4, The ball guide, which weighs
1,800 pounidis, is needed for proper anchor storage in the submarine hull,
The ball guide carriEs a spigot which is arranged to correctly orient
the anchor just before its entry into the hull. The anchor is pulled
until the anchor crown is flush with the hull. The ball guide adds
considerably to the 3nchor weight and undo.ibtedly reduces the penetrabi-
lity of the anchor. For other than submarine applications, the ball
guide may not be needed; thus, it was tested both with and without the
ball guide.

The MOORFAST anchor (Figure 5) is being used and is proposed for
use by the 14avy fGr various other applications, The MOLRFAST is similar
in appearance to the STATO, but for equal weights, the HOORFAST anchor
has about half the STATO's fluke area, MOO•FAST anchor performance is
advertised as similar to the STATO; however, with the large differences
in size, this would be unlikely. Two sizes of MOORFAST (3,000 and 6,000
pounds) were provided by BALDT, Inc,, for trials in sand and mud seafloors,

A 3,000-pound STATO was tested to evaluate the effects of a stabil-
izer modification on performance, For a possible application in the
Submarine Chamber Rescue System (Ref 5), the anchor may be free-fall
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deployed. The standard, tapered, folding stabilizers shown in Figure 6a
would probably not survive free fall. The STATO in Figure 6b was
modified to accept a clamped-on 5-inch OD tube. Both the standard-tapered
and pipe stabilizers provided an extended anchor width of 12 feet. In
addition, the STATO fluke angle was reduced to 32 degrees in accc,:dance
with the results of previous tests in sand (Ref 2). The sand tests are
described herein; tests in mud are described in Reference 3.

The three anchors tested for possible application with high capacity
Navy fleet moorings were the BRUCE Twin-Shank, PRISMA, and the STEVFIX.
The 500 kg BRUCE Twin-Shank with adjustable fluke angle shown in (Figure
7) was tested previously in coral sand at Guam (Ref 3) and a 340-kg
BRUCE Twin-Shank with fixed fluke was tested in mud at Indian Island
(Ref i), The PRISMA anchor is a new adjustable fluke mooring anchor
manufactured by Vrijhof Anchors, It was designed to be control-lowered
to the seafloor and to achieve deep penetration because of its streamlined
shape. The twin shank, hollow fluke design provides a large flake area
per unit weight. The PRISMA anchor shown in Figure 8 was provided with
a cutter to allow deeper penetration and recovery by chain chaser. The
anchor alone weighed 1,420 pounds and with cutter weighed 1,875 pounds,
A 5,000-kg STEVFIX was also provided by Vrijhof for testing (Figure 9
shows a smaller version of the SIEVFIX). Two small boat WISHBONE anchors
(25- and 60-pound noi :.nal weights) were provided by NAVSEA for testing
in mud. As shown in Figure 10, these anchors were quite small and
required a different testing procedure than for the larger ship anchors,

TEST PROCEDURES AND EQUIPMENI

The test setup used at Port Hueneme is shown schematically by
Figure 11, A slightly different retup was used a', Indian Island. At
Indian Island the test mooring leg "was comprised only of 2- and 3-inch
chain, and the back anchor was a 300N propellant-embedded aachor fluke
(not a 9,000-pound STATO anchor as shown in Figure 11).

Each anchor tested was instrumented to determine anchor depth,
anchor shank pitch, anchor roll, and anchor load (see Figure 12). The
load cell is the slender object attached between the end of the shank
and the mooring chain, The instrument package 4s located on the shank
and contains a pressure transducer to measure anchor depth, inclino-
meters to measure shank pitch and anchor roll, all signal conditioning
equipment, and the load cell amplifiers. A hose attached to the pressure
tra~iducer was buoyed off to ensure that its bitter end remained in the
,ýal-r coLunn to prevent false depth readings. The anchor measurement
-,~em was connected to the instrument shack onboard the YC barge via a
1,000-foot-long, six-conductor electrical cable. Mooring line load and
n,ooring line angle at the barge and barge displacement relative to a
fixed spar buoy were also recorded. These data are needed to calculate
true anchor drag distance as well as to determine the contribution of
the bottom resting chain to mooring capacity.

Anchor loading was accomplished by a 100-tin hydraulic cable puller
that pulled the YC test barge toward the restraint mooring anchor. The
test anchor was pulled at about 2 ft/min to peak load, until the anchor
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became unstable or until anchor load reached 110,000 pounds in mud at
Indian Island. Above 110,000 pounds the barge crane could not break the
anchor out of the mud seafloor, In sand, breakout loads were small,
typically less than 30% of anchor load, thus anchor stability controlled
test termination.

The test procedures used h.ive evolved during a 3-year period. In
general, the data recovery rate has improved, but problems still occurred
with the depth measurements, particularly at Indian Island where good
depth data was recovered in only 2 (note tests 5 and 12, Appendix C) out
of 10 tests. The pressure transducer line continually became kinked or
blocked with mud. Final anchor depth was recorded for one other test
(note test 2, Appendix C) after the pressure hose apparently became
unkinked.

At Port Hueneme, depth measurements were recorded; however, a few
seem questionable (note tests 6 and 7 of Appendix B where the shank tip
moved above the seafloor). The seafloor did have an average slope of
1:50; and this could have varied locally, causing some of the sudden
anchor depth changes that were recorded. The depths are referenced to an
initial value taken by depth recorder and by leadline for backup. A
1:-0 slope line is drawn on each test plot in Appendix B to provide a
better reference for anchor depths..

The test procedure and equipment for the WISHBONE anchors were
substantially different than for the larger ships' anchors. Total deck
load was the only measurement taken during testing, A 100-foat length
of 3/8-inch wire was placed between the anchor and the 1-inch winch wire
to ensure that embedment was not inhibited.. The test anchor was pulled
away from the test barge by a small boat and lowered to the seafloor.
Sufficient wiie was pulled off the winch drum to prevent any uplift of
the anchor shank at peak load, A minimum 8.I scope was used. Each
an-:hor was pulled at about 10 ft/min to peak load.. Only two tests could
be performed with each anchor because of time constraints.

PORT HUENEhIE TEST RESULTS

Chain

Chain resistance was approximately measured during each anchor
test, Just prior to the anchor's beirg loaded, measured deck load is
totally attributed to chain resistance. Chain efficiency (based on
in-water weight) determined for each anchor test varied from about 0.95
to 1.8 with an average value of 1.4, Large variations were also noted
at San Diego and Guam (Ref 1, 2, 3) and could be due to seafloor surface
density and strength variations, chain leg straightness, and to some
uncertainty as to when the anchor was first loaded. In addition to the
combined anchor/chain tests, the chain leg alone was pulled while total
deck load and line angle were recorded. The static chain efficiency
based on in-water weight was 1.88. With drag, efficiency decreased to
as little as 1.27 and averaged 1.4. The chain was left overnight and
puled the next morning. Static efficiency was 1.7; efficiency again
decreased to an average of 1.4 during drag. It is clear that the-e is
no unique chain efficiency for Port Hueneme sand or, undoubtedly, foi
rther sands. The maximum efficiency recorded during the chain test was
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comparable to the chain efficiency determined from the first anchor test
conducted each morning, Calculations of anchoring efficiency, which
include the resistances of anchor and buried chain but excludes the
chain lying on the seafloor, assumed a chain efficiency of 1.4, Use of
the lowe.t recorded efficiency of 1.27 would have resulted in higher
estimates of anchoring efficiency. Results are shown in Table I for all
Port flueneme tests,

The substantial effect of chain on total anchoring resistance was
noted previously (Ref 1 through 4). This effect is illustrated in
Figure 13 where total load at the deck is plotted against load at the
anchor. The difference in load is attributed to chain on and in the
seafloor. The interesting feature of the plot is that the data for Port
Hueneme sand, San Diego sand, and Guam coral sand all plot within the
same general scatter band even though the weight of chain on the sea
floor during tests and the anchor types and weights were substantially
different.

All Port Hueneme data are plotted while only a few typical tests
from San Diego and Guam are plotted, All the tests from Guam and San
Diego fell within the same range,

The right side of Figure 13 lists approximate chain weights for the
three sites as a function of total load, Referenced to the plotted
45-degree line, its apparent that the chain resistance increases with
anchor load even though chain weight on and in the seafloor decreases.
This indicates that the resistance of that portion of the chain that is
buried by the downward force of the anchor shank is substantially greater
than would be anticipated, baseJ upon simple chain drag tests. For
example, at about 70 kips total load, 3,000 pounds of chain at San Diego
prouuced 30,000 pounds of resistance, 5,000 pounds at Guam produced
25,000 pounds, and 13,000 pounds at Port Hueneme produced 28,000 pounds.
Chain resistances are comparable, yet weight of chain in contact with
the seafloor varied by more than a factor of 4.

At first glance, the data scatter of Figure 13 seems large; however,
the scatter is reduced considerably when the resistance of the chain on
the seafloor is subtracted from the total load to get anchoring load,
Chain resistance is determined by mnultiplying the calculated weight of
chain lying on the seafloor by the average measured chain efficiency at
that site. Maximum effective anchoring load is shown encircled for the
various tests plotted. The lower limit of anchoring load (anchor and
buried chain) versus anchor load is described approximately by anchoring
load = 1.28 anchor load. Stated another way, the chain seems to hold
about 20% of the total anchoring load. This simplified relationship was
checked against San Diego tests to total loads of 140,000 pounds, and it
remained valid, This relationship is being evaluated further before it
is incorporated into any empirical predictive scheme. Data from ongoing
model tests and a more thorough analysis of the field test data will
enhance the understniding of the chain effect.

Performance of Anchors

Performance data for the 15 anchor tests in sand are summarized in
Table 1. Principal items listed in the table are the efficiency of the
anchor alone (load at the anchor/anchor weight) ard the anchoring effi-
ciency (anchoring load/anchor weight). Performz,tce of the various
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anchors tested is described in more detail in the following paragraphs.
All reduced test data, in the form of data listings and data plots, are
provided in Appendix B.

Two-Fluke Balanced Anchor. Test results for the 8,000-pound Bal-
3nced anchor with and without ball guide are presented in Figures 14 and
15, respectively, and then combined in Figure 16. The duplication of
results for each series of tests was excellent. The total horizontal
component of mooring load and the load 3t the anchor are plotted versus
true anchor drag distance, The large and consistently increasing contri-
bution of the chain to total mooring load is indicated by the vertical
distance between total and anchor load curves. Data for the two tests
of the Balanced anchor without ball guide (Figure 15) were recorded for
only 20 feet of drag when linearity problems occurreýd with the instrumen-
tation. Unfortunately, this was not noted at the time. However, based
upon the shapes of the curves, the ultimate capacity of the anchor was
being approached.

As snown in Figure 16, the behavior of the Balanced anchor with and
without ball guide is similar. Maximum anchor capacity is achieved in
30 to 40 feet of drag and is about 50,000 pounds for the anchor with
ball guide and is projected to be similar for the anchor without ball
guide. The interesting difference in the curves is that the chain
effect appears to be greater for the anchor without ball guide. The
ball guide minimizes the ability of the anchor to depress the chain into
the seafloor and thus increase the frictional resistance of the chain,
Although anchor behavior was similar and total mooring loads are approx-
imately similar, the holding efficiencies, as recorded in Table 1, are
not similar because of the high added weight of the ball guide, Effi-
ciencies based on tital weight averaged 8.6 for t'.e anchor without ball
guide and 6.4 for the anchor with ball guide. Based upon the expected
increase in anchor load to about 50,000 pounds, projected maximum effi-
ciency for the anchor without ball guide would approach 10 in sand.
Based on nominal weight of 8,000 pounds for the anchor with ball guide,
efficiency was 7.9. The Balanced anchor (AC-17) was tested by the
British Admiralty (Ref 6) in a mixture of sand, shingle, and clay.
Average anchoring efficiency for the anchor without ball guide was 8.5,
which agrees well with the recent NCEL test results.

In sand the Balanced anchor was stable with drag, developed holding
capacity rapidly, and achieved approximately the same ultimate capacities
with and without ball guide. However, where in-hull stowage is not a
requirement, the ball guide contributes to weight and anchoring efficiency
penalties and should not be used,

MOORFAST Anchor. Results for the 3K and 6K MOORFAST anchors are
presented in Figures 17 and 18., Total horizontal mooring load, anchor
load (3K anchor only), and anchor rotation are plotted versus anchor
drag resistance. The 3K test results are almost identical. The anchor
began to roll at about 5 feet of drag and never fully embedded. Results
for the 6K anchor were similar. Measured efficiencies were about 8 for
the 3K and 6 for the 6K anchors. Based on previous experience, both
anchor sizes tested performed as if the fluke angles were too large.
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For this situation, penetrating resistance exceeds anchor penetrating
force before the anchor flukes are fully embedded. With continued load,
the anchor drags horizontally with no further embedment, A smail pressure
variation on the flukes can produice an unbalanced moment, which causes
the anchor to rotate until the anchor stabilizer contacts the seafloor
(see Figure 19). The anchor will continue to drag in that position.
Discussions with civilian users of the MOORFAST anchor have indicated
similar problems in hard soils. A reduction in the fluke angle from 34
degrees to about 28 degrees for a 45,000-pound MOORFAST in conjunction
with a stabilizer length extension led to substantial anchoring improvement
for a recent hard soil anchoring situation off Alaska, For Navy use, a
reduction in fluke angle to about 28 degrees is recommended and is
easily made by enlarging the wedge insert provided with each anchor-
Added discussion on fluke angle requirements is provided later 1, the
Penetrating Angle in Sand and Tripping Angle sections.

STATO Anchor. Results for the five tests conducted are plotted in
Figure 20. Results fcr each test are very similar, Anchor efficiency
was about 8, and anchoring efficiency was about 12. In each case, the
anchors ceased penetrating and began to rotate after a few feet of drag,
All test anchors had a 32-degree fluke angle and extended stabilizers,
The test results show that this fluke angle was excessive and resulted
in performance similar to that described for the MOORFAST anchor. At
first, this was surprising, bit after comparison with the previous
results of tests at San Diego, it became apparent that a further reduc-
tion in STATO fluke angle was necessary for satisfactory performance in
dense sand.

San Diego results are presented in Figure 21, Except for test 4/14,
the beihavior of the STATO for all the tests at San Diego is very similar
to the behavior of the STATO in Port Hueneme sand. Peak anchoring resistance
was in the 50- to 60-kip range. The one exception was test 4/14 where
the STATO anchor had a 32-degree fluke angle, extended stabilizers, and
achieved a peak anchoring resistance of 100 Kips. For the next test
(5/15) the STArO had 32-degrees fluke angle, normal stabilizer and
showed the same instabilities noted with the STAfO with a 37-degree
fluke angle and normal stabilizers, Based on this limited data, it was
tentatively concluded that both the 32-degree angle and extended stabilizc-s
were needed for good STATO performance in sand. The Port Hueneme results
suggest that that conclusion was premature. It appears that for the
3,000-pound STATO the 32-degree fluke angle was very close to being
suitable; in test 4/14 it was, in test 5/14 it was not, and in all Port
Hueneme tests it was not.

These results, except test 4/14 at San Diego, are all in contradic-
tion to previous results reported by Towne (Ref 9). In T-wne's tests,
there was no evidence of instability or inability to fully penetrate,
based on the smooth and continually increasing load-drag distance curves
reported. In an effort to understand whý Towne's results differed from
those of the present tests, his test procedures were studied. It was
noted that all of Towne's tests in sand were conducted in deeper water
(> 70 feet) than the present tests (30-50 feet) off the west jetty at
Port Hueneme. Due to wave action, seafloor sand density should increase
as water depth decreases. Further corroboration that the soil density
was less for Towne's tests than fre the recent tests came from the
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results of chain pull tests, Towne's tests showed an average chain
efficiency of 1.2 compare'; to 1.4 for the recent test. Sand density is
directly related to the soil friction angle and therefore soil strength,
As soil strength increases, the anchor fluke angle needed to enable full
penetration decreases, Thus, it is concluded that the differences
between Towne's and the present tests were due to seafloor soil density
differences, Fluke angle recommendations for the STATO and other anchors
are included in the section entitled Penetrating Angle-Sand,

BRUCE Twin-Shank Anchor. The BRUCE Twin-Shank anchor was pulled
twice at Port Hueneme without the instrument package; therefore, only
deck load and wire angle were recorded. Results are plotted in Figure 22
along with the previously unpublished results of a single test conducted
in corally sand at Guam. At Guam the anchoring efficiency was 44, and
the anchor efficiency was 31; at Port Hueneme the tests were stopped
after 30 feet of drag at anchoring efficiencies of 13 to 14. The excellent
performance at Guam occurred on the second try at embedment. In the
more dense sand at Port Hueneme, the anchor did not penetrate. Subsequent
to these tests, the manufacturer reduced the fluke angle for sand by 5
degrees to correct the penetration problem. Trials with this modification
are scheduled for early 1982 in Europe,

Penetrating Angle in Sand

The penetrating angle as defined here is the external angle subtended
by the anchor fluke and the seafloor and is the minimim penetration
angle above which complete anchor fluke embedment will aot occur (see
Figure 23). Penetration angles for various conventional anchors are
plotted versus anchor weight in Figure 23 for the standard fluke angle
settings for the various anchors in sdnd.

The variation in the STATO curve (Figure 23) shows that the STATO
design is not exactly geometrically similar. The practically straight
line plots for the STEVFIX, STEVDIG, LWT, and Danforth show geometric
similarity, Above 6,000 pounds, the actual penetrating angle for the
STATO is among the largest of the available high efficiency anchors.
The 1,000- to 6,000-pound sizes deviate from this and show penetrating
angles which reflect a need for reduced angles as anchor weight decreases,
With increasing anchor size the pr• sure exerted on the soil by the
anchor fluke increases as (weight) Therefore, the critical penetrating
angle should increase as anchor weight increases, The STATO was developed
through field trials, and modifications to each anchor were made as
necessary to optimize performance for the soil conditions at the test
site. This empirical development method did appear to be closing on the
'xcvrrert solution.

Wien the 3,000-pound STATO was recently tested at Port Hueneme, it
had a 32-degree fluke angle (61.5-degree penetrating angle); for this
situation, the anchor did not fully penetrate before becoming unstable,
The same anchor was marginally satisfactory at San Diego: at 62 degrees,
the 1,000-pound STATO performed poorly; at 65 degrees, the 6,000-pound
STATO was marginally suitable, The 200-pound STATO with a 69-degree
penetrating angle was replaced by a Danforth anchor on the NCEL dive
boat because the STATO did not function ronsistently in Port Hueneme
sand conditions.. BoLh the 3,000- and 6,000-pound MOORFAST anchors
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penetrated ',H-:Y 1:- Port Hueneme sand. The 2,200-pound STEVDIG was
borderline sat;sfactory in San Diego sand. The STEVFIX generally per-
formed satisfactorily in sand at San Diego but did experience some
initial penetration difficulty, The lightweight anchor types (LWI' and
Danforth) are considered Lo be good sand, hard soil anchors; their low
penetrating angles coupled with narrow, sharp flukes are key reasons for
this behavior.

Additional guidince is provided in the literature concerning anchor
behavior as a function of fluke angle, Reference 10 shows that a smooth-

fluked anchor wili penetrate and thus hold better than a rough-fluked
anchor, In addition, the optimum fluke angle for a rough fluked anchor
will be 5 to 7 degrees less than for a smooth-fluked anchor. Reference 11
shows through model studies that a ribbed fluke gave lower holding pull
than a smooth fluke, Towne (ref 9) was aware of this but the requirement
to use mild steel in the design necessitated ribs on the STATO for
structural strength.

With this as background, it seems clear that the STATO, MOORFAST,
and very likely the smaller sizes of OFFDRILL anchors should be modified
to display lower penetrating angles for good sand behavior, This can be
accomplished by slight fluke length reductionz; coml-'ned with fluke angle
reductions or by fluke angle reducticns alone. In .!ddition, for the
STATO, the flukes could be tapered more near the end and the full sides
of the flukes beveled to improve penetration. Minor changes to the
STATO anchor are needed to improve its behavior in sand. It appears
that a reduction in penetration angle to about 59 degrees for sizes to
15,000 pounds should be suitable, Table 3 lists existing and modified
STATO fluke lengths to achieve the above penetrating angles using a
standard 29-degree fluke angle for sand, The table shows small fluke
length changes with the reductions in fluke and penetrating angles. The
changes could be neglected without sacrificing performance, Tests of
small STATO anchors in dense submerged sand should be performed to
substantiate the above recoramendations on STATO modifications.

To improve MOORFAST performance, a reduction in penetrating angle
to at least 62 degrees appears justified based on its performance, fluke
shape, and fluke roughness. This could be accomplished by a simple
reduction in fluke angle to 28 degrees or by combined changes in fluke
angle and fluke length.

Tripping Angle

The tripping angle is the angle the anchor fluke makes with the
seafloor as the anchor lies on the seafloor, The angle depends 4pon
fluke length and the height of the anchor crown, For example, see the
STkTO anchor with attached mud palms in Figure 6B, The mud pdlms raise
thie crown end of the anchor and increases the angle (tripping angle)
that the anchor flukes make with the seafloor. In the prior section on
penetrating angle in sand, anchor penetrati3n was discussed in terms of
anchor penetrating angle. However, in hard soils, unless the anchor
flukes bite into the seafloor and cause the anchor flukes to open or
unless the flukes are partially or fully pre-opened, fluke angle reduc-
tion alone will not guarantee good anchor penetrability,

9



If the anchor flukes do not trip, as evidenced by anchor ca. ýies
near anchor weight and the anchor cannot be control-lowered to tuC
seafloor in a pre-opened configuration in shallow water, the soil ath
the anchor flukes could be jetted out or, preferably, the anchor a
could be extended by a lightweight pipe or plate construction. T%

would increase anchor fluke tripping angle regardless of the anchv.s
deployed orientation,

INDIAN ISLAND TEST RESULTS

Chain

For this series of tests, measured chain efficiency (chdin iesistance/
chain in-water weight) was reasonably consistent and averaged 0.7. This
was about 25% lower than the average for the 1980 Indian Island tests
(Ref 2). Load cells were recalibrated on site and in the laboratory at
the conclusion of the test program and all load cell calibrations were
still correct, thus the data are felt to be accurate, The difference in
chain efficiency can be attributed to the amount of time the chain was
in contact with the soil. This series of tests was conducted during a
2-1/2 day span compared to 9 days for the 1980 tests, Typically, the
chain was left on the seafloor for substantially longer periods of tine
during the 1980 series of tests which probably caused consolidation and
strengthening of the soil in contact with the chain. This would result
in larger values of static chain friction and therefore larger chain
efficiency,

Performance of Anchors

Summary data for the twelvw- large anchor tests at Indian Island are
listed in Table 2. The listed values are self-explanatory except for
some of the values of anchoring efficiency. Values of anchoring efficiency
in Table 2 were computed by subtracting the resistance -f the chain on
the seafloor (chain weight x 0.7) from peak horizontal mooring load and
dividing the result by anchor weight, In several instances, the anchoring
efficiency computed was less than the anchor efficiency; for these
cases, the larger value of anchor efficiency was listed, This apparent
discrepancy can be explained if the chain sliding efficiency is less
than the measured static efficiency of 0.7; this was not directly measured
but would be typical for any seafloor soil, For a chain efficiency less
than 0.7 the computed chain resistance would decrease; thus, the load
attributed to the anchor and buried chain would increase, resulting in a
larger calculated anchoring efficiency. Use of static chain efficiency
in the calculation of anchoring efficiency is admittedly slightly conser-
vative, All reduced data for the Indian Island tests are provided in
Appendix C.

Two-Fluke Balanced Anchor., Results for the four Balanced anchor
t .s plot similarly in Figure 24. The presence of the ball guide
ai arently had little effect on the performance of the anchor, Anchor
effi-iency varied from 2.5 to 2.9. The anchors were stable with drag
but penetrated poorly into the seafloor - about 3 to 4 feet penetration
measured to the end of the shank. Compared to the behavior of the basic
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St-c~less anchor, this could indicate that the anchor flukes did not
trip. Forerunners of the Balanced anchor (AC-17), the AC-1l, -12, and
-14 experienced burial difficulties in very sof' mud seafloors (Ref 12),
Plotted foi comparison on Figure 24 are the results of 1980 Stockless
anchor tests at Indian Island (Ref 2).. The 9,000-pound Stockless anchor
is similar in size to the 8,000-pound Balanced anchor. The diifereuces
in behavior were notable particularly for the Stockless anchor with
fixed fluke, It held 50% more than the Balanced anchor, Even the
stabilized Stockless anchor with movable flukes held 18% to 20% more
than the Balanced anchor., Load at the anchor for an unstabilized
9,000-pound Stockless anchor with movable flukes was unavailable, but
based on total mooring load comparisons, the basic Stockless anchor in
mud was about 15% less efficient than the stabilized Stockless anchorý
A 15% load reduction in the lower Stockless curve would result in a
curve similar to that for the Balanced anchor. The conclusion drawn
previously for the Stockless anchor was that the an-hor flukes opened
partially or not at all during drag. It appears that the same conclusion
could be drawn for the Balanced anchor for soft mud, Darticularly in
light of the very shallow burial.,

The Balanced anchor appears equal to the Stockles.3 anchor in mud in
performance. Its primary advantages for submarines aplear to be its
stowability and consistent behavior in the more competent seafloors
(sands, clays).

MOORIAST Anchor. Two tests of the 6,000-pound MOORFAST anchor were
conducted, The consistency of the results suggests that this was suitable
to evaluate behavior. Anchor load versus drag distanre for the tests
are plotted in Figure 25. For comparison purposes, results of 1980
tests (Ref 2) of the 3,000-pound STATO anchor are piotted. The MOORFAST
anchor resembles a cast version of the STATO; however, for equal weights,
the STATO anchor has substantially more fluke :rea. The 3,000-pound
STATO has about 10% more fluke area than t!he 6,000-pound MOORFAST anchor.
If the curves of Figure 25 were r,'&.tualized by anchor fluke area, they
would be quite similar.. For like anchors, it appears that performance
is directly related to anchor fluke area. The similarity in the MOORFAST
and STATO curves also shows that the MOORFAST anchor did trip and penetrate
into the seafloor, Peak measured anchor efficiency based on the nominal
6,000-pound anchor weight was 5 (5.5, based on actual weight of 5,400
pounds), This translates to about 30,000 pounds of peak capacity f'r
the 6,000-pound MOORFAST compared to a projected 41,000-pound capacity
for the 3,000-pound STATO (based on nominal weight, anchor efficien~cy = 13.7).
This capacity difference is higher than can be simply explained by f.uke
area differences alone. The performance advantage for approximately
sized (not weighted) MOORFAST and STATO anchors can be explained by the
differences in anchor bearing areas. The thicknesses of the major parts
of the cast MOORFAST (e.g., fluke, shank) are larger than those for the
fabricated STATO, thus the higher bearing area and reduced penetrability.
The projected capacity of the STATO was determined by first extrapolating
the normalized *embedment curve for the STATO (see Figure 26) to peak
embedment depth of 3.1 x fluke length, or about 18-1/2 feet to the fluke

*Normalized by anchor fluke length.
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tip. Then, the capacity at that depth is calculated according to the
accepted equation for predicting the capacity of embedded plates in
cohesive seafloors (Ref 13):.

HA = Nc(AS) (S)

where HA = anchor capacity

N = anchor holding capacity factorc

A = anchor fluke area

S = average undrained soil shear strengthU

The value of N determined from the 1980 STATO tests (Ref 2) using known
soil strength,ccapacity, and anchor depth and orientation data was
approximately 13.

According to the data, its apparent that the STATO has a perfor-
mance advartage over the MOORFAST for fleet mooring applications where
the anchors are deployed under controlled conditions and rough handling
is not the norm, However, in temporary Navy moorings, where rough
handling is possible, the structural advantages of the MOORFAST are
obvious. This is the primary reason why this anchor type has enjoyed
wide use in the offshore industry where rough handling is often encountered.

BRUCE Twin-Shank Anchor.. Results for the two 500-kg BRUCE Twin-Shank
anchor tests were reasonbly consistent and are plotted in Figure 27.
Peak measured anchor efficiencies of 10 to 11 are slightly less than the
12.4 recorded in 1980 for a 340 kg BRUCE-Twin Shank and three to four
times that recorded for the cast BRUCE anchor in mud at Indian Island
(Ref 0, Anchor capacity was normalized by anchor fluke area in Figure 28
for the two sizes of BRUCE anchor. These results show the constancy of
behavior for the geometrically scaled BRUCE-Twin-Shank anchor in mud,
Geometrically scaled anc•i9s are sized such that anchor dimensions are
proportional to (weight) •. This shows that the anchor embedment
trajectories are similar for the two anchors even though the same chain
size was used for 500- and 340-kg anchor tests. Both of the anchor
sizes were tested with 2-inch chain and the maximum anchor capacity is
certainly affected by the type and size of the ground tackle. The test
chain mooring line was certainly oversized based on the actual measured
capacities of the BRUCE Twin-Shank anchor; however, the lines were sized
according to larger anticipated capacities. The anchor efficiencies
determined from the three BRUCE tests should be conservative. With wire
or smaller-sized chain, the anchor would continue to embed until the
anchor burial and chain uplift forces came into equilibrium. A more
thorough understanding of this process is underway with the development
of a mathematical model describing anchor behavior as a function of soil
engineering properties.

PRISMA Anchor, The PRISMA anchor with cutter was tested twice
without the instrument package on the anchor due to time constraints.
Total anchoring load, line angle, and barge displacement were the only
data recorded. Anchoring efficiencies for the two tests listed in
Table 2 were 6.4 and 7.4 and were calculated using a chain efficiency of
0.7 and total weight of 1,895 pounds for anchor and cutter. Ps mentioned
previously, sliding chain efficiency is probably less than 0.7 and more
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likely closer to 0.5 which would result in a 20% increase in "3Iculated
anchoring efficiency, A 33% additional increase would result if the
weight of the cutter was not included in the calculation. In mud, it is
doubtful that the cutter had a significant influence on anchor pene-
trability.. As with the BRUCE-Twin-Shank, 2-inch ch3in wps used which
turned out to be much larger than required; however, chain was sized
according to much larger anticicpated loads. This probably has a some-
what negative effect on anchor performance, but in comparison to tests
of a similar anchor, the HOOK, the data show that the PRISMA was not
behaving as expected& For example, a 1,250-pound HOOK anchor with
2-inch chain and with substantially less fluke area than the PRISIA was
tested in 1980 at Indian Island (Ref 1); it penetrated about 20 feet,
and exhibited anchoring efficiencies of more than 20,

The two tests of the PRISMA by NCEL were the first tests conducted
on this new anchor. Before any real conclusions can be drawn regarding
the general effectiveness of the PRISMA, additional trials would be
needed. Although anchors appear simply configured, their behavior is
very sensitive to slight changes in configuraticn, and it would be
impractical to believe that an effective anchor design could be devel-
oped without experimentation and modification,

STEVFIX Anchor. Results for the tuo tests of the 11,000-pound
STEVFIX anchor are plotted in Figure 29. The STEVFIX with movable
flukes (test 11) failed to trip in the soft Indian Island mud. The
tripping behavior was not unexpected. The same tripping problems occurred
during the previous Indian Island tests with a 1,408-pound STEVFIX
(Ref 1), With the flukes in the standard movable fluke condition, the
anchor dragged along the seafloor surface, With the flukes blocked
open, the anchor rapidly penetrated the seafloor, This tripping problem
is not typically encountered in offshore c-mmercial practice because the
anchors are deployed such that the anchor fluke is down and the anchor
is being pulled horizontally as it encounters the seafloor, This type
of deployment is not practical for most Navy applications; therefore, it
would be necessary to partially pre-open the flukes prior to deployment.

The load-displacement curve for test 12 of Figure 29 is annotated
with seaflcor chain angles. There was not sufficient chain to maintain
a zero chain angle at the seafloor surface. The data seem to indicate
that the anchor behavior, at least up to 80 feet of drag (8-degree chain
angle), was not affected by the non-zero angle. Previous results (Ref 9)
have shown 5% to 38% reductions in total anchoring efficiency in mud
when chain pull direction changed from horizontal to 12 degrees above
horizontal. It is probable that a large percentage of the recorded
reductions was due to reductions in the resistance provided by the
buried chain rather than reductions in the capacity of the anchor.
Figure 30 normalizes anchor load by anchor area for tht 11,000-pound
STEVFIX and the 1,408-pound STEVFIX. Again, the similarity of behavior
for geometrically-scaled anchors is evident, The slo'pes of the curves
for the two anchors during embedment are similar, indicating similar
embedment trajectories. Chain angle remained at 0 degrees for the
1,408-pound anchor and exceeded 0 degrees beyond 55 feet of drag for the
11,000-pound anchor; yet, the slope of the curve did not change until
chain angle exceeded about 8 degrees. The change beyond this point
could have been partly due to anchor rotation which had reached 33 degreesI at 95 feet of drag.
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The normalized *embedment of the STEVEIX anchor was plotted with
the STATO data on Figure 26. The STEXTIX embeds at less than half the
rate of the STATO and penetrates deeper, Projected embedment for the
STEVT'TX is 3.5 to 3.75 x fluke length (L) compared to 3,1L for the
STATO. Maximum drag distance for the STEVFIX is projected to be 28L
compared to 8L for the STATO. This is significant for Navy fleet moorings,
where anchor setting distance must be short to avoid slack moorings,

Another interesting differepce between these anchors is their
capacity as a function of soil strength. As shown previously for the
STATO, the nondimensional anchor holding capacity factor (N ) for the
STATO anchor was 13; the value of N calculated from all Insian island
tests of the STEVFIX anchor is abouf 6.5 (HOOK anchor is similar), This
lower value of N is characteristic of the deeper burial type conven-
tional anchors.. CThe deeper burial anchor embeds with the anchor fluke
at a shallow angle (8 to 10 degrees) to the embedment trajectory angle.
The STATO anchor flukes exhibit a substantially greater angle (20 to 25
".egrees) to the trajectory angle and therefore projects a much larger
area to the direction of travel. Resulting holding capacity per unit
area for the STATO is twice that of the STEVFIX for the same soil shear
strength., STEVFIX anchor fluke area is 70% greater than the STATO and
the anchor embeds 12% to 20% deeper; thus, projected capacities of
similarly weighted anchors in a normally consolidated soil are approxi-
mately equal. Projected peak anchor efficiency of the 11,000-pound
STEVFIX would occur at a fluke tip embedment of 32.7 feet (3.5 x 9.33-foot
fluke length) in the mud at Indian Island and would equal 14 compared to
13.7 for the STATO. Total anchoring efficiencies would exceed these
values, however, the procedure for properly accounting for the mooring
line contribution has not yet been finalized., Initial indications are
that buried chain can contribute 20% to 50% (larger increase for smaller
anchors) of total anchoring resistance. Use of anchor-alone efficiency
for design would be conservative.

WISHBONE Anchor. Only two tests each of the 25- and 60-pound
WISHBONE anchors were conducted because of time limitations, The 60-pound
anchor behaved consistently, holding 550 pounds on test 1 and 480 pounds
on test 2. The 25-pound anchor held 125 pounds on test I and 25 pounds
on test 2, indicating that the anchor fluke did not trip for the second
test. The surficial soil at Indian Island is weak, and for this situation
it would not be uncommon to pull a small bor.t anchor several times
before tripping and holding.

SUMMARY AND CONCLUSIONS

This report provides the test results of conventional temporary and
permanent mooring anchors in dense fine sand at Port Hueneme, CA, and
normally consolidated silty clay at Indian Island, WA. These tests
provide data that can be used to quantify anchor capacity, to guide
anchor selection, to improve the understanding of anchor behavior, and
to guide the formulation of empirically and theoretically founded schemes
to define anchoring capacity. Although the number of tests performed on
each anchor during the recent anchor tests in sand and mud was limited,

*Normalized by fluke length.
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the repeatability of the data was excellent, and correlations with
previous NCEL tests (Ref I through 4) provided added insight into the
specific behavior of the tested anchors and into the general behavior of
anchor and chain, Inferences and conclusions concerning specific and
general anchor behavior follow,

Chain

1, Based on data from San Diego, Port Hueneme and Guam, that part of
total anchoring resistance provided by the chain embedded in a sand
seafloor by the downward reaction of the anchor shank is directly related
to anchor load and independent of chain size and sand properties. The
embedded chain held about 20% of the total anchoring load. Further
evaluation of this simple relationship is justified; however, it certainly
leads towards the development of a simplified empirical predictive
scheme for defining anchoring capacity in sand seafloors,

2. The efficiency of surface dragged chain for Port Hueneme sand averaged
1.4 (based on in-water weight) with a high of 1.88 and a low of 1,27.
It is clear that there is no unique value for chain efficiency for Port
Hueneme and other sands.

3. Static chain efficiency in Indian Island mud was reasonably consistent
and averaged 0.7 compared to 0.9 for previous Indian Island tests.

Two-Fluke Balanced Anchor

1. In sand, the Balanced anchor was stable with drag, developed holding
capacity rapidly (peak capacity in 30 to 40 feet) and achieved approxi-
mately the same ultimate capacity with and without ball guide. Based on
nominal weight of 8,000 pounds, anchoring efficiency in sand of 8 is
recommended.

2, In soft mud, maximum anchor and anchoring efficiency varied between
2.5 and 2.9 for the Balanced anchor without ball guide. The ball guide
did not have a noticeable effect on performance. The anchor was stable
with drag; however, the data indicate that the anchor flukes did not
trip and penetrate which was similar to the behavior of the standard
unstablized Stockless anchor in mud, From a performance standpoint, the
Balanced anchor is about equal to the Stockless anchor in mud.

3. The primary advantages of the Balanced anchor for submarines is its
stowability and consistent behavior in the more competent seafloors
(sands, clays),

4. Where in-hull stowage is not a requirement, the ball guide contributes
to weight and anchoring efficiency penalties and should not be used,

MOORFAST Anchor

1, In sand, the MOORFAST anchor achieved anchoring efficiencies of 6
and 8 for the 6,000- and 3,000-pound sizes, respectively. The low effi-
ciencies are attributed to partial penetration caused ty excessive fluke
angle. To correct this problem, a fluke angle reduction to about 28 degrees
is recom, nded for competent soils, which is done by simply enlarging
the wedge insert provided with each anchor.
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2, JT iii-.d, based on nominal weight of 6,000 pounds, HOORFAST anchoring
efficiency was 5.2. The anchor was stable with drag, 3nd the anchor
fluk~s did trip and embed in the soft mud, developing peak capacity in
about 5) feet of drag,

3. The MOORFAST anchor resembles a cast STArO anchor but for equal
anchor weights, the STATO is somewhat more than twice as efficient, It
is apparent that the STATO has a periurmance advantage for fleet mooring
applications where anchors ate deployed under controlled conditions,
However, in Navy moorings where rough handling is possible, the NOORFAST
anchor is structurall'y superior and would be recommended,

STATO Anchor

1, In Port Hueneme sand the 3,000-potnd STATO with 32-degree fluke
angle and extended stabilizers achieved anchoring efficiences of about
12, This efficiency is less than half that achieved with the same STATO
in sand at San Diego and is attributed to partial penetration in the
dense fine sand. To correct the problem, a fluke angle reduction to
9 degrees is recommended,

2ý It is also recommended that the fluke angle modification be evaluated
with the 200-pound STATO in dense sand.

BRUCE Twin-Shank Anchor

1, In Port Hueneme sand, the 500-kg BRUCE Twin-Shank anchor achieved an
anchoring efficiency of about 14 compared to 44 in coral sand at Guam,
The light anchor was unable to penetrate the dense Port Hueneme sand.
Fluke angle has been reduced 5 degrees by the manufacturer to enhance
embedment.. This reduction should be sufficient to enable anchor penetra-
tion in the more dense sand seafloors.

2. Recorded anchor efficiency for the 500-kg BRUCE Twin-Shank anchor
with 2-inch chain in mud was about 11. The welded BRUCE Twin-ShanK
anchor is 3 to 4 times more effective in soft mud than its predecessor,
the cast BRUCE anchor,..

PRISMA Anchor with Cutter

Recorded anchoring efficiency for the PRISMA anchor with cutter and
2-inch chain was about 7; neglecting the weight of the cutter, efficiency
was about 9, Only two tests of this new anchor were performed in mud.
Before any conclusions can be drawn regarding its effectiveness, additional
data are needed.

STEVFIX Anchor

1. The STEVFIX anchor flukes failed to trip in the soft mud at Indian
Island. Tripping palms are undersized, and the anchor flukes needed to
be pre-opened to enable embedment, For fleet mooring applications, the
anchor should be placed horizontally on the seafloor with the flukes
down and fixed open.
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2. Projected maximum anchor efficiency for the STEVFIX anchor in mud is
14 and is approximately constant fer stzes to at least 5000-kg. Total
anchoring efficiency, including chain resistance, would exceed 14, but
the percentage diminishes with anchor size and could be conservatively
ignored until a method being developed by NCEL to account for chain
resistance is completed.

WISHBONE Anchor

Because of time limitations, only two tests each of the 25- and
60-pound WISHBONE anchors were done, One of the four anchors failed to
trip, but this is not uncommon for small anchors in soft mud. Peak
capacities were about 500 and 125 pounds for the 60- and 20-pound, sizes
respectively.

Anchor Penetration and Tripping

1. Anchor penetrability can be defined more accurately in terms of
anchor penetrating angle rather than anchor fluke angle. Penetrating
angle is the external angle between anchor fluke and seafloor. Anchors
with similar fluke angles can have vastly different peaetrating angles.

2. The MOORFAST and STATC anchors exhibit the highest penetrating
angles of any high efficiency anchors, Reductions in their fluke angles
to 28 and 29 degrees, respectively, from the standard 34-degree fluke
angle are recommended for the MOORFAST and STATO, to promote penetration
in hard soils.

3. Reduction in fluke angle -- and therefore penetrating angle -- can
be an expedient field fix for anchors that trip but do not fully embed
in competent seafloor soils.

4. Expedient field fixes for anchors that do not trip in hard seafloors
are to place the anchor with flukes pre-opened, to extend the crown
which increases tripping angle, or in shallow water to jet benLoah the
anchor flukes to open and fully embed the flukes without dragging.

Anchor Behavior in Mud

1, For the Indian Island tests, for similar anchors (e.g., MOORFAST,
STATO), behavior (embedment trajectory and capacity) was directly related
to fluke area.

2. Embedment trajectory and anchor efficiency for an anchor type that
is a geometrically scaled design appear to be consistent, at least for
the normally consolidated silty clay at Indian Island.

3. Empirical projections of anchor holdiing capacity as a function of
anchor drag distance can be developed for the anchors tested during this
program. This effort is on-going.

4. Embedment trajectory can be a more significant selection criteria
than maximum anchor capacity in selecting an anchor size or anchor type
for a Navy fleet mooring. Drag distances and embedment depth to peak
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load can vary si-nificantly between anchor types, Excessive drag dis-
tances can cause slack moorings unless installation methods are devised
that allow anchor pre-setting prior to total mooring hookup.
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Table 3. STATO Fluke Length Variations as Functions of
Fluke and Penetration Angles

Fluke Angle 34 deg Fluke Angle = 29 deg

Weight Penetration Fluke Penetration Fluke
(lb) Angle Length Angle Length

(deg) (in.) (deg) (in.)

200 69.4 26 59 25
1,000 62.5 43 59 47
3,000 62.3 69 59 75
6,000 65.1 82 59 84
9,000 67.7 96 59 94

12,000 66.0 108 59 108
15,000 67.1 121 59 118

24



.LHO13M AG dJ3S8VOO IN3O3i3d

4 0

J

"ol o

10C -- l

6o

I- i'

c o90

;'TT

_J E

LL

-j ccO~~

DI5Z



0

N
shear ;trength

10 60°/min rate •... •approximate shear

00

shearengtheprofiK

C) 6°/min rotation rate

gE)

15K

200

25 i I I
0 0.25 0.5 0.75 1.0 1 25 1.5

Shear Strength (psi)

Figure 2. Vane shear strength profile for Indian Island mud.
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rZ

Figure 4. Two-fluke balanced anchor with ball guide.

Figure 5.. MOORFAST anchor.
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(a) With standard stabilizer.

(b) With pipe stabilizer.

Figure 6. STATO anchor.
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Figure 7. BRUCE twinl-shank anchor,
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-

Figure 8. PRISMA anchor with cutter..
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Figure 9 STFVFIX anchor.

Figure 10. WISHBONE anchors (25 and 60 pounds).



0 0tU

C :3

u -0

Icu

E Ec

uC

CLC

C _cu

CLC

u

0

E

0 C0

CLC

0)0

32



C)

0

0

0

C)

U,

-C

0

C)
C
U,

C)
H

C)

33



80... , -- r 4

00

0 SAn Diego

7 Port IHueneme 13 I70 A u 
3

k Corrected AnLhoring IOAd 1
0 /

,o o ee l I. , .,60 /II1h,
I 14

5 08

0 158

00/
S400

Oe'/
/ ~ ~ _ //Apouaelwrlmt

-16

00
- -10 5 ~

30*

o '0 Z,/ 450el

Anchr Lad~kps) - anhorIF~ 12

10 ~Approximaite lower limit,6

total vs. anchor load

Approximate lower limit,• anchoring vs. anchor load
for sand

0 L I
0 10 20 30 4.0 50

Anchor Load (kips)

Figure 13. T(,tal load versus anchor load for anchor tests in sand.
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Figure 14. Load-drag distance relationships for 8,000-pound two-fluke balanced anchor
with ball guide in Port Hueneme sand.
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Figure IS Load-drag distance rlcationships for 8,000-pound two-fluke balanced anchor

without ball guide i Port Hueneme sand.

36



,. v • -

10o

Total Mooring Load
• l'• • An•.hor Load

80 _ ,12.£3.,13//
o•.0-°

60 - l•r /
It I

£-

I

40- •n ,

f i"! Test2 • --

0 1 I I I I I
0 10 20 30 4,0 50 60

Drag Distance (ft)

Fxgure 16. Load-drag distance relationships for 8,000-pound two-fluke balanced anchor
m Port Hueneme sand.,
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Figure 17. Test results for 3,000-pound MOORFAST anchor in Port Hueneme sand.
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Figure 18. Test results for 6,000-pound MOORFAST anchor in Port I-luenemne sand.
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Figure 19. Anchor behavior with excessive fluke anglc (after Ref 7),
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0 Tst tailiers20

P c
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Figure 20. Test results for 3,000-pound STATO anchor in Port Hlueneme sand.
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Figure 21. Test results for 3,000-pound STATO in Sdn Diego sand (from Ref 8).
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Figure 25. Anchor load vcrq.s drag distance for 6,000-pound MOOR FAST anchor in mud.
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Figure 26. Normalized embedment of STEVFIX and STATO anchors in mud.
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Figure 27. Anchor load versus drag distance for 500-kg twin-shank BRUCE anchor in mud.
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Figure 28 Anchor load normalized by fluke area versus drag distance for

twin-shank BRUCE anchor i rnu.
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Figure 29. Anchor load versus drag distance for 11,000-pound STEVFIX.
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Appendix A

DIMENSIONS OF TESTED ANCHORS
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B

"0 •Plan

cEnd View

Elevation

Anchor Dimensions, in.
Weight,

lb B C D E F G

550 52 18 27 38 65 10-1/2

1,100 65 22 34 48 81 13
1,650 73 25 37 54 91 14-1/2
2,200 80 27 42 59 100 16
3,300 92 31 50 67 115 18-1/2
4,400 101 34 53 74 126 20-1/2

5.500 109 37 57 80 136 22

6,600 i16 39 61 85 145 23-1/4

8,800 127 43 67 93 159 25-1/2
11,000 137 46 72 101 172 27-1/2

15,450 153 52 81 113 192 31

19,850 167 56 88 122 209 33-1/2
26,450 184 62 97 135 230 37

33,050 198 67 104 145 248 39-3/4

44,100 218 74 115 160 273 43-3/4

55,100 234 79 123 172 294 47-1/4

Figure A-5. BRUCE twin-shank anchor.
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Appendix B

DATA FOR PORT hIUENEME TESTS
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Appendix B

DATA FOR PORT HUENEME TESTS

All data for the anchor tests performed at Port Hueneme are included
in this appendix, Data are presented as plots and digitized listings of
anchor performance. Anchor and deck tension, anchor crown penetration,
chain weight on bottom, anchor shank pitch and anchor roll are plotted
as functions of true anchor drag distance, Presented opposite each data
plot is a digitized listing of all plotted data plus additional descrip-
tive data that may be useful during data analysis. When data were not
recovered due to instrumentation difficulties, straight lincs with zero
ordinates were plotted.

The lower block of all data plots provides anchor tension, deck
tension, and chain weight on bottom, The difference between both tension
measurements is attributed solely to chain drag both on and in the
seafloor, The center block of the data plots provides anchor/shank
roll. Shank pitch is plotted as a positive angle when shank tip is
below shank crown, Both shank nitch and anchor/shank roll are limited
to about ±45 degrees due to inL inometer limits, Anchor crown penetra-
tion is plotted in the top block versus anchor drag distance.

Some of the depth measurements shown seem questionable (note tests 6
and 7 where the shank tip moved above the seafloor). The seafloor did
have an average slope of 1:50 and this could have varied locally, caus-
ing some of the sudden anchor depth changes that were recorded. The
depths are referenced to an initial value taken by depth recorder and by
leadline for backup, A 1:50 slope line is drawn on each Lest plot in
this appendix to provide a better reference for anchor depths,

Of the tabulated data presented opposite the data plots, fluke tip
depth, (item 13) should be used with caution. In sand, fluke opening is
obvious; there is a sudden increase in shank angle associated with a
gradual increase in anchor tension.
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so.0 )4 - Shank RolL

100.0, LlitN

820.0 1 nho oc

630.0-

-40.0-
50.0

0.0 5.0 10.0 15.0 20.0C 25.0 30.0a 3i. 0 40. 0 45.0 a0. 55.0

8Ancho Drago Distanc

700/oc oc



Tmflq FLUKE ANCHOR TEST

TEST G.Ai L 303
TFST z.

TEST \f,1. 2

TFST .
TEST .r- aLST JETTY - PORT HUENEPE
STA' T-F&, 1 4ý 11C0' - 1117
SEAFLZO.- TVPr_ POT rHUENEME- SANG
INCH,), TvPt TwC FLUKE
t\rCh( At It.47T 9a00.00 LB.
FLUI( #Nt,Lt-TYPEf, 40.00 O.JG. - 0 OMMOV I-FIX
M1CC•I%½•. LL',," .1..)LkjI'TJ ]\ 52 FT - 2.-5 IN CHAIN, t34 FT- 2.

110 FT - 2.875 IN CHAIN, 34 FT -

S. t)CfG •IS!ANOE 5. J.14TIG% A' 0LL 9. CsAIN LENGTH ON BOTTOM

? ?. -- CTkSA A" N S LL 10. CHAIN *EIGHT ON 8OTTO"
3 . 7.c-, TL'UV. 1. "I'-' Ns?. A-OL- 11. ANCHOR CRoN DEPTH

4, F¶CaK'b: .J:r1•i ,•. ;" -.V2. t*]Cr 12. ANCHOR SHANK TIP DEPTH

I1 5 6 1 8 9 10
P!FFT A* 'p ( IS FtT Lk . , o, c KIPS FLET LBS

CA .b 'D 4 A,.t.; I5 1. ad. 644.0 19215.0

2.0 'A.1 6.? 4,, 13. -.z 5.7 1i4.t1 441.4 17916.4

4,.! I e.'i " .3 - 6 6.t 12.4 439.0 17901.3
7. 17. 0 •. 1•'.i ) :,•, -' 5.7 16. .i 39t..6 17629..3

,Q.3 1,4., 19 .• 3•. 1., -1.3 E.i 19*4 332.8 17220.1

100. 3te i's.1 '16.5 11.b -i1.4 S.c 30.0 303.2 1626429

4 . 7 51- •• •I. lO L• . i1 273*5 11#28,.0

15. .61,47-5.3 , t. 17.2 3.1 5.1, 61.4 259.3 13334.9

1?.? 62.o -39.1 ý4"oý9 1)?. 7 4.d 5.o4 62.4 260.9 13446.5

20.6 h'. 3 39.. . 47.1 13.4 5.7 to5.z 64.1 261.4 13477.8

22.7 67*6 42.1, '7.3 12.3 5.6 5.3 67.3 255.6 13095.3
24.7 614.14 2.1 5.7. v. 5 n5.3 690! 252. 127 t29.49

26.1 71.t 4,1.' 4 7.1, ' 5..4 5.3 /1.3 249.9 12715.9
2P.7 73.0, '>.i 'u.S V.1 5.4 .3 73.3 246.9 12515.6.

0.17 7?.7 45.3 4t.t e. 5.4 :5.2 72.4 50.8 127fl.'5

327.ý 7et . 1 5.1 i .&4 7.1 4,7 5.1" 7 .8 249.5 12689.3

34.7 77,4 45.5 45.V t.5 4.6 -5.1 77.1 245•1 12344.5

36.7 if.3 ',t.- 't,,9 . ,7 1.3 5.2 78.3 243.7 12499.4

?P.7 79. 4t3 *. a . 5.3 3.3 5.? 79.5 241.6 12161.2
*C.7. 7'7tA? '.i.2 'ib 4,7 Z.8 5.2 78,4 243.2 12268.O

OISTA'Cb. ,4<E TAVt.Li.L; 40.0A
C. *,C.- ;4v-cLt, 40.7

S, - - ,, , I - I - -



FLtKE ANCHOR TEST

Y - PORT HUENErE
17
E Mf SAND

LS
- 0 O=MOV i=ý-Ix

IN .25 IN CHAINt 64 FT - 2,185 IN CHAIN
2.075 IN CHAINt 34 FT - 2 IN WIRE ROPE

AN etIN LENGTH ON BOTTCJM 13. ANCHOR FLUKE TIP DEPTH NOTE POSITIVE SHANK
4AT HAIN .,CI(HT UN 80TTOM 14. 4ATER DEPTH ANGLE INDICATES
TT ,rCi'o C$,Ovt DEPTH 15. TOTAL BOTTOM wEIGHT SHANK TIP BELOW

NCHCHR SHANK TIP DEPTH CROWN

9 10 11 12 13 14 15
r IPS FEtT LBS FEET F'.ET FEET FEET LBS

r 1  * 644.0 19215.0 45.4 4,,.4 48.2 45.4 29015.00
41.1 441., 17916.4 45.6 45.6 48.4 45.4 27716.4
2.4 439.0 17931.3 45.9 45.8 48.6 45.4 27701.3
£.j 39t.6 17629.3 46.1 46.1 48.9 45.4 27429.3

9,4 332, 17220.1 4b.3 46.2 49.0 45,4 27020.1
5 0.0 303.2 16262.9 46.5 46.4 49,2 4'5.4 26062.9

? b. 76.6 14492.9 o).7 46.7 49.4 45.4 24292.9
7 i. 273.) 14284.0 446.7 46.8 49.4 45.4 24084.0

1.4 259.3 13336.9 46.5 46.9 49.4 45.4 23138.9
2.4 260.9 134'46.5 '.6.6 47.1 49.o 45.4 23246.5
'..1 261.4 13477.8 46.8 47.3 49.8 45.4 23277.8
7.3 255.6 13095.3 46.9 47.5 50.0 45.4 Z2895.3

L 9.ý 252.7 12898.' 47.1 47.7 50.Z 45.4 22698.9

1.3 Z49.9 12715.9 47.3 47.8 50.4 45.4 22515.9
3.3 Z46.9 12515.6 46.2 46.7 49.3 45.4 22315.6

2.4 250.8 12770.5 46.3 46.8 49.*4 5.4 22570.5
3.8 249.5 12689.3 46.5 47.0 49.b 45.4 22489.3
7.1 2,t5.1 12394.5 46.6 47.1 49o7 45.4 22194.5
-•. , 243.7 1229-.4 t6.7 47.0 49.7 45.4 22099.4
9.5 241.6 12161.2 47.4 10.77. 50.4 45.4 21961.2

a.4 Z43.1 12268.0 4b.4 46.7 49.4 45.4 22068.0

B-4

1-4ll H uini nI l N g l l•ii l i Il



Doa g - 303
Test No. - 3
Tent SerLee No. 0 WEST JETTY - FORT HUENEME

moorfuot 3000 Lb. 31 degree movable fLukes
port hueneme sand

5|0.0

40.0, LEGEND
-6,. - Crown FenetratLon

S-Shank TLp PenLtratLon

6v 2Shank--------------

10.0-

-1.0-

10.0"
-30.0

50.0,

0.0 5.0 10.0 I=S.0 20.0 25.0 30.0 35.0 40.0 415.0 50.0 55.0

40.a- LEGEN D
80.0- M- Shank RoLL
0. V- Shank PLFor-e--

0.0-

-20.0,

-40.0-

-50.0,
a . 0.0 IS.0 20.0 .0 30. .. 0 4;5.0 50.0 E5.0

O0.0

IM.0. LEGEND
90.0-o- ChaLn WeLght on Bottom

8c.0r 
rD- Rnohor tarce70.0/ Dock rorce

M• 60.0-

50.0-

Rlnchor Drug OLstance



M09RFAST ANCHOR TEST

TEST DATE 303
TEST No. 3
TEST RUN 0
TEST AREA iEST JETTY - PORT HUENEME
START-END TIMES 1405 - 1417
SEAFLOOR TYPE PORT HUENEME SAND
ANCHOK TYPE MOCRFAST
ANCHOR mEIGHT 3000.00 Li.
FLUKE ANGLE-TYPE, 34.00 DEG. - 1 O-MOV I-FIX
MOORING LINE DESCRIPTION 62 FT - 2.25 IN CHAIN, 84 FT -

170 FT - 2.875 IN CHAIN, 34 FT

o.0 5.0 1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM
2. DEC( TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM
3. ANCHOR TENSION 7. WIRE ROPE ANGLE 11. ANCHOR CROWN DEPTH
4. PACKAGE DEPTH S. UtCK 40RIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10
................... FEET K IPS KIPS FEET DEG DEG DEG KIPS FEET LOS

0.0 11.3 .4 42.2 -. 7 7.b 8,4 17.1 311.4 16803.3
2.0 30.3 3.4 42.3 -5.i 7.5 6.6 30.1 296.7 15827.6
4.1 33.4 10.6 42.6 -3.,j 9.0 6.6 33.2 291.6 15491.7
6.1 35.7 12.9 4Z.8 -4.4 8.5 6.5 35.5 289.0 15312.8
7.7 43.8 16.8 43.1 -7.3 9.4 5.3 43.6 288.7 15298.1

.. 0 9.6.8 I3.8 19.9 43.1 -13.2 13.5 5.6 43.6 285.7 15097.4
11.b 45.7 18.0 43.2 -20.9 16.b 5.6 45,5 Z82o6 14887.9
13.7 36.3 12.0 43.0 -35.6 21.) 5.7 36.1 295.3 15736.5
15.9 36.9 12.0 43.1 -39.6 22.3 o.2 36.6 289.9 15376.4
19.9 37.3 11.? 43.4 -44,0 25.0 6.1 37.1 289.9 15377.7
21.9 36.6 11.7 43.7 -43.8 22.1 6.0 36.4 291.8 1550Z.7
23.b 40.3 13.6 44.0 -42.8 21.1 5.3 40.1 293.0 15582.8
Z5.p 37.3 9.9 44.1 -41.4 20.Z 5.9 37.1 291.4 15475.9
27.8 38.3 11.0 44.5 -40.0 19.5 5.8 38.1 291.6 15491.7

0 55.0 DISTANCE BARGE TRAVELLED 28.0
DISTANCE ANCHOR TRAVELLED 27.i



FA ST ANCHOR TEST

y - PORT HUENE4E 7

17
EIE SAND

L O-MOV 1-FIX

•2o IN CHAIN, 34 FT - Z.185 IN CHAIN

- 2.1 1 IN CHAIN, 34 FT - 2 IN WIRE ROPE

HAIN LENGTH ON BOTTOMi 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK
M 3 I IAIN WEIGHT ON BOTTOM 14. wATER DEPTH ANGLE INDICATES
I M 14 NCHOR CROWN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW

15 NCHOk SHANK TIP DEPTH CROWN
4

S9 10 11 12 13 14 15
IPS FEET LBS FEET FEET FEET FEET LBS

F 7.1 311,4 16803.3 41,4 42.4 44,4 42.Z 19803.3
4 .1 296.7 15827.b 41.6 42.6 44.6 42.2 18827.6
4 3.2 291.6 15491.7 41.7 42.9 44.8 42.2 18491.7
, 5.5 289.0 15312.8 41.9 43.1 45.0 42.2 18312.8
4 3." 288.7 15298.1 42.1 43.4 45.2 42.2 18298.1
4 3.6 265.7 15091.4 41.8 43.5 45.0 4Z.Z 18097.4
' 5.5 282.6 14887.9 41,7 43.8 45.0 4z.2 17887.9
4 6.1 295.3 15736.5 41.2 43.6 44.3 42.2 18736.5
4 .' 289.9 15376.4 4L.5 43.7 44.4 4Z.2 18376.4
4 7.1 289,9 15377.7 41.7 44.0 44.4 42.2 18377.7
4 .4 Z91.8 1550Z.? 42.2 44.3 44.9 42.2 1.8502.7
4 .1 293.0 15582.8 42.5 44.5 45.2 42.2 18582.8
4 7.1 Z91.4 15475.9 42.7 44.6 45.4 42.2 18475.9

.1 291.6 15491.7 43.0 45.0 45.8 42.2 18491.7

B-5
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Des 0 303
Test No. - 4
Test Series No. -0

WEST JETTY -PORT HUENEMIE
moot-fast 3000 Lb. 34 degiree movabLe -fLukes

9 jort hueneme sand

-6.0 0Crow.n ?enstrotion
-40A -Shank Tip Penetration

4 .0
0.0

9. .0 3.0 3.0 20.0 25. 0 30.0 3i. 0 40. .0 50.0 65.0
50.0-

40.0- LEGEND
M.0E H- Shank RoLL

20.0-v- Shank Fitch~ -- v ---

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

-20.0-

-30.0-

0.0 5.0 16,0 35.0 20.0 25. 0 30.0 35.0 40. 0 45.0 50 55.0
301.0-

80.0- LEGEND
00.- 0Chain lieight an Bottom

70.0 - hot- rorce
70.0- Deck Fat-ce

U,60.0-
a-

4~ 0.0.

20.0-A

10.0-I

30.0 ...-4 -- N--

0.0 S.
00 50 0. 150 26.0 2i.0 30 35. 0 40.0 ---. 0 50.0 55.0

Anhr(ogOsac



MOORFAST ANCHOR TEST

TEST DATE 303
TEST NO. 4

TEST RUN 0
TEST AREA WEST JETTY - PORT HUENEME
START-END TIMES 1541 - 1548
SEAFLOOR TYPE PORT HUENEME SAND
ANCHOR TYPE MOORFAST
ANCHOR WEIGHT 3000.00 LB.

FLUKE ANGLE-TYPE, 34.00 DEG. - 0 0-MOV I-FIX
MOORING LINE DESCRIPTION 62 FT - 2.25 IN CHAIN, 84 FT - 2.18

170 FT - 2.875 IN CHAIN, 34 FT - 2

1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13.
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14.

5.0 3. ANCHOR TENSION 7. WIRE ROPE ANGLE 11. ANCHOR CROWN DEPTH 15.

4. PACKAGE DEPTH 8, DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 1]
FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET LBS FEE
0.0 33.5 1.4 40.6 -7.2 6.4 5.6 33.4 300.2 16064.4 40.
2.0 32.3 3.5 40.6 -6.3 6.4 6.0 32.1 298.8 15970.1 40.

3.9 33.7 6.1 40.6 -5.8 10.4 5.8 33.5 -298.4 15938.7 39a

8.1 50.3 19.3 11.4 -8.0 11.1 5.5 50.0 276.4 14k78.4 40m

10.1 45.2 13.9 41.5 -10.8 12.8 5.b 45.0 282.9 14908.1 40.

12.0 47.9 16.0 41.5 -17.2 15.0 5.4 47.7 281.2 14796.9 40.
5.0 14.1 43.b 13.0 41.2 -35.3 19.6 5.6 43.4 285.0 15047.6 39.

15.9 43.1 11.8 41.3 -39.0 20.8 5.4 42,9 288.4 15278.3 39.
17.9 35.0 6.8 41.5 -44.1 23.0 5.6 34.8 298.0 15914.0 39.
20.0 39.8 9.2 41.7 -44.0 21.6 5.6 39.6 290.7 15426.0 40.

DISTANCE B.RGE TRAVELLED 20.0
DISTANCE ANCHOP TRAVELLED 20.0

•.0

rA



ANCHOR TEST

RT HUENEME

ND

0-MOV I-FIX
CHAIN, 84 FT - 2.185 IN CHAIN

5 IN IN CHAIN, 34 FT - 2 IN OIRE ROPE

IN od

ENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHAN(

ANC EIGHT ON BOTTOM 14. WATER DEPTH ANGLE INDICATES

WAT CROWN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELaW

TOT SHANK TIP DEPTH CROWN

9 10 11 12 13 14 15

FEET LBS FEET FEET FEET FEET LBS

300.2 16064.4 40.0 40.8 42.9 40.6 19064.4

.0 298.8 15970.1 40.0 40.9 42.9 40.6 18970.1

298.4 15938.7 39.6 41.0 42.7 40.6 18938.7

6 Z76.4 14478.4 '.0.3 41.8 43.5 40.6 17478.4

282.9 14908.1 40.2 41°9 43.4 40.6 17908.1

2 281.2 14796.9 40.1 42.0 43.3 40.6 17796.9

1 285.0 15047.6 39.7 41.8 42.6 40.*6 18047.6

288.4 15278.3 39.8 41.9 42.6 40.6 18278.3

8 298.0 15914.0 39.9 42.1 4Z.6 40.6 18914.0

290.7 15426.0 40.1 42•. 42.8 40.6 18426.0

1-

B-6-

Q)

9|
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Daq - 304
Tees. No. - 5
Test Sc- Iss No. -0

WEST JETTY - PORT HUENEME
moorfast 6000 Lb, 34 degree movabLe fLukes
port hueneme sand

-0.o -LEGEND
-.- 0 - Crown PenetraotLon

• -2.0o.

== oo _ _ _,, _ _ _ _ __,. __ • _ •_•.,__ _ _..__ _ _... ....__....._ _.._......

8.0-

.0.0 0. 20. D 25- 0 3i.0 40.0 45.0 S0.0 SS.0

30.0 - S o40.0o LEGEND
0. 0- k- Shank RoLL

20.0 ShD nk PLtohS100, -1. ---- v. ---.. v ---.-'v"----

420.0-

0.0 

... 

. .
-20.0°
"-30.0-
-40°0-

30.0 6.0 10.0 .5.0 20.0 2. o.
0  

35.0 i0.a0 4.0 50.0 65.0

10.O

reAncho Dra Rnchoanore



MOORFAST ANCHOR TEST

TEST DATE 304
TEST NO. 5
TEST RJN 0
TEST AREA WEST JETTY - PORT HUENEME
START-END TIMES 910 - 924
SEAFLOOR TYPE PORT HUENEME SAND
ANCHOR TYPE MOORFAST
ANCHOR iEIGHT 6000.00 LB.
FLUKE ANGLE-TYPE, 34.00 DEG. - 0 O-MOV I-FIX
MCORING LINE DESCRIPTIO% 62 FT - Z.25 IN CHAIN, 84 FT - 2.185

170 FT - 2.375 IN CHAIN, 34 FT - 2 1

1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13.
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14.ss. 3. ANCHOR TENSION 7. WIkE ROPE ANGLE 11. ANCHOR CROWN DEPTH 15.
4. PACKAGE DEPTH 9. OECK HORIZ. FORCE 12, ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11
FEET KIPS (IPS FEET DEG DEG DEG KIPS FEET LBS FEE
0.0 21.3 4[*** .0.3 3.6 7.2 7.5 21.1 307.6 16554.3 39.
2.0 26.1 *** 40.4 2.9 8.5 7.7 25.9 296.6 15820.0 39.
3.8 29.5 4 40.6 3.0 10.3 7. Z 29.3 294.1 15655.0 39.
6.2 47.0 4'*** 40.8 2.0 9.0 7.0 46.7 263.1 13589.7 39.
8.2 47.9 *** 41.3 1.6 10.0 6.9 47.6 262.3 13540.4 40.
9.9 47.2 **** 41.4 1.1 11.6 6.6 46.9 268.2 13928.9 40.

12.0 49.6 ** 41.3 -.2 12.6 6.7 49.3 262.8 13573.4 39.
13.9 43.1 ***#0 41.4 -4.2 16.0 6.7 42.8 273.7 14299.3 39.-
16.0 4t6.2 * * 41.'• I -8.1 17.9 6.7 45.9 268.2 13928.9 39.
18.0 43.1 ***** 41.6 -12.7 18.7 6.8 4Z.8 270o7 14231.3 39.'
20.0 42.7 **** 41.7 -17.0 19.3 6.8 42.4 273.5 14285.7 39.
21.9 36.0 *#* 42.1 -19.5 17.9 6.9 35.8 284.2 14994.6 40.
24.0 40.6 4Z** 42.2 -19.3 17.5 6.9 40.3 Z76.1 14456.6 40.
26.0 43.1 *** 42.3 -19.2 17.3 6.8 42.8 272.4 14209.7 40.,

DISTANCE RARGE TRAVELLED 26.0
DISTANCE ANCHOR TRAVELLED 26.0

9>



mO3R FAST ANCHOR TEST

JETTY - PORT HUENEME
- "24

UENEME SAND
AS T
0.00 L5.

DEG. - 0 O=MOV I-FIX
I4 C, - 2.25 IN CHAIN, 84 FT - 2.,189 IN CHAIN
4IR T - 2.375 IN CHAIN, 34 FT - 2 IN WIRE ROPE

41C40 . CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP OEPTH NOTE - POSITIVE SHAN(
OATER CHAIN WEIGHT ON BOTTOM 14, WATER DEPTH ANGLE INDICATES
TOTAL 1. ANCHOR CROWN DEPTH 15. TOTAL BOTTOM WEIG'iT SHANK TIP 8EL3,J

* ANCHOR SHANK TIP DEPTH CROWN

r 8 9 10 11 12 13 14 15
KIPS FEET LBS FEET FEET FEET FEET LBS
21.1 307.6 16554.3 39.5 40.6 4Z.8 40.3 22554.3
25.9 296.6 158ZO.0 39.5 40.7 4Z.9 40.3 21820.0
29.3 294.1 15655.0 39.4 40.9 43.0 40.3 21655.0
46*7 263.1 13589.7 39.8 41.1 43.3 40.3 19589.747.6 262.3 13540.4 40.1 41.6 43.7 40.3 19540.4
46.9 268.2 13928.9 40.1 41.8 43.7 40.3 19928.9
49.3 262.8 13573.4 39.3 41.8 43.6 40.3 19513.4
42.d 273.7 14Z99.3 39.6 41.9 43.5 40.3 20299.3
45.9 268.Z 13928.9 39.5 42.1 43.5 40.3 19928.9
42.8 272.7 14231.3 39.5 42.2 43.4 40.3 20231.3
42.4 273.5 14285.7 39.6 42.3 43.5 40.3 20285.7
35. 284.Z 14994.6 40.2 42.6 44.0 40.3 20994.640.3 276.1 14456.6 40.3 42.8 44.1 40.3 20456.6
42.1 272,4 14209.7 40.4 42.8 44.2 40.3 20209.7

B-7



Dag n 304
Test No,, - 6
Tes S No. -

0WEST JETTY PO RT HUE NEME

moorfast 6000 Lb, 34 degree movabLe fLukes
port hueneme sand

510.0....... ...

-0.0. LEGEND-S.- o- Crown Penetrotton

A - Shank TLp PenetratLon

-2.0- '

4.0-

6.0-

8.0

10.0

). 0 .0 O. 35.:.0 .0 2.0 36.O 3;.0 40.0 4S.0 50.0 55.0

.. 0
40.0- LEGEND
M.G-• Shank RoLL
2 0 .0 - -S h a n k c • - . .

0 -10,0 . .- - -. v . •

-40.9 ~

0.0 0 16.0 15.0 20.0 25.0 M.0 3.O 4O.0 45.0 . 0

S1=9.o ..D LEGEND

80.0 0- ChaLn WeLght an BottomS• .0 .K - Anchor Force
70. Q- v Dock Force

'3.0 s;o .o 1s.0 20.0 W. .0 35.0 ~ .9 0• o• .
Alnchor Drag DMstvnce



MOORFAST ANCHOR TEST

TEST DATE 304
TEST NO. 6
TEST RUN 0
TEST AREA WEST JETTY - PORT HUENEME
STAsýT-ENO TIIES 957 - 1007
SEAFLOOR TYPE PORT HUENEME SAND
ANCHOR TYPE MOORFAST
ANCHOR WEIGHT 6000.00 LB.
FLUKE ANGLE-TYPE, 34.00 DEG. - 0 O-MOV IwFIX
MOORING LINE DESCRIPTION 62 FT - 2.25 IN CHAIN, 84 FT - 2.185 IN CHAIN

170 FT - 2.875 IN CHAIN, 34 FT - 2 IN WIRE ROP

I. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCHOR FLU
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14. WATER DEPT
3. ANC4OR TENSION 7. AIRE ROPE ANGLE 11. ANCHOR CROWN DEPTH 15. TOTAL BOTT
4. PACKAGE DEPT4 8. DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11 12
FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET LBS FEET FEET
0.0 18.5 **** 34.3 1.6 6.5 7.2 18.4 314.7 17024.2 38.6 39.6
2.0 23.7 **** 39.6 -. 4 6.4 6.6 23.5 308.2 16591.3 38.8 39.8

3.9 23.9 *** 39.6 1.7 9.9 6.'A 23.7 309.3 16665.7 38.5 40.0
b.0 42.' 5 *** 40.0 .7 7.9 5.6 42.3 287.1 15192.6 39.1 40.3
8.1 56.7 ***** 40.4 -. 5 10.7 5.6 56.5 266.9 13844.0 39.1 40.7

10.0 39.7 4,*** 40.4 -4.1 14.9 5.7 39.5 290.6 15422.0 38.7 40.9
12.0 44.7 ** 4* 40.3 -18.0 21.3 5.6 44.5 2cd3.3 14935.5 38.1 41."
13.8 28.7 **** 40.2 -25.9 22.6 5.7 28.6 306.2 16461.1 37.9 40.
16.0 37.3 **** 40.4 -29.8 24.2 5.8 37.1 292,6 15553.3 38.0 41.0
17.9 33.0 *** 38.4 -29.4 21.1 5.8 32.8 299.1 15988.3 36.4 39.0
20.0 37.0 *9*4 39.0 -28.5 20.7 5.8 36.8 293.7 15626.6 37.0 39.6

22.0 39.4 **4* 37.9 -25.5 19.7 5.8 39.2 289.7 15365.4 35.9 38.4

24.0 41.0 **9 41.1 -24.4 19.5 5.8 40.8 2b7.4 15I212.6 39.1 41.7

DISTANCE BARGE TRAVELLED 24.0
DISTANCE ACHOR TRAVELLED 24.0



TESI

ME

1 FIX
84 FT - 2.185 I11 CHAIN

34 FT - 2 IN WIRE ROPE

E BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHAN<
BOTTOM 14. 4ATER DEPTH ANGLE INDICATES

W PTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BEL3W

P DEPTH CROWN

F 10 11 12 13 14 15
LBS FEET FEET FEET FEET LBS

17024.2 38.6 39.6 41.9 39.3 23024.2
16591.3 38.8 39.8 42.1 39.3 22591.3

16665.7 38.5 40.0 42.0 39.3 22665.7
15192.6 39.1 40.3 42.5 39.3 21192.6
13844.0 39.1 40.7 42.7 39.3 19844.0
15422.0 38.7 40.9 42.5 39.3 21422.0
14935.15 38.1 41.0 42.0 39.3 20935.6
4 ,16461.1 37.9 40.9 41.7 39.3 22461.1
15553.3 38.0 41.0 #1.8 39.3 21553.3
15988.3 36.4 39.0 40.0 39.3 Z1988.3
15626.6 37.0 39.6 40.6 39.3 21626.6

5365.4 35.9 38.4 39.6 39.3 21365.4
15212.6 39.1 41.7 42.8 39.3 21212.6

I

B-8



Daog a-304

7est No. - 7
Teat SerLee No. 0 .WEST JETTY - rPORT HUENEME

stato 3500 Lb, 32 de qree movabLe fLukes
port hueneme sand

-10.0

-8.0 -LEGEND
-6.- - Orown PenetratLon

A- Shank TLp PenetratLon

-2. 0 -

S. 206- .01 ,=

6.0.,0 ,9j

n.o 6,0 36.0 l.i. 0 .0 2S.0 300 .0 0 1&.0 5. SO.O 0 S.O
50.0.

o0.0o LEGEND
30,.0 W- Shank RoLL

.0 -v - nchShoank e

"210.0-

-30.0 -
-40.0-

m. o -LE•GEND
o00 - Chatn WeLght on Bottom

.50.- 
nh 

- Anchor Force
70/o- 9-/ k Force

€/ 40i. O0

30.0- #. W . . .,,. ,i.••W .

20.0-

Anchor Drag Distance



STATO ANCHOR TEST

TEST DATE 30,
TEST NO. 7

TEST RUN 0
TEST AkEA WEST JETTY - PORT HUENEME
START-END TI9ES 11t6 - 1157

SEAFLOOR TYPE PORT HUENEME SAND
ANCHOR TYPE STATO
ANCHOR ,EIGHT 3500.00 i B.
FLUKE ANGLE-TYPE, 32.00 DEG. - 0 OMOV 1=FIX
MOORING LINE DESCRIPTION 62 FT - 2.25 IN CHAIN, 84 FT - 2.185 I

170 FT - 2.875 IN CHAIN, 34 FT - 2 IN

I. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. AN
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN wEIGHT ON BOTTOM 14. WA
3. ANCHOR TENSION 7. aIRE ROPE ANGLE 11. ANCHOR CROWN DEPTH 15. TO

4. PACKAGE OEPTH b. DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11
FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET LBS FEET
0.0 37.5 13.0 '41.0 3.0 6.3 7.5 37.2 275.8 14437.1 40.0
2.0 39.2 14.5 41.4 4.6 7.0 7.2 38.9 275.8 14435.4 40.4

3.6 38.0 14.0 41.7 4.9 6.9 6.5 37.8 285.0 15046.4 40.7
5.3 46.4 16.0 3,.4 6.2 10.5 5.7 46.1 279.8 14701.9 37.9
7.2 72.2 27.b 41.9 9.2 9.3 4.9 72.0 257.0 13185.2 40.6
9.1 61.2 29.2 42.2 10.5 10.8 4.9 60.9 271.1 14127.7 40.7

11.4 47.4 22.6 39.5 22.8 12.8 5.8 47.1 276.9 14510.6 37.8
13.3 4. 5 eI.0 39.4 26.7 12.d 5.8 44.2 282.4 14675.2 37.8
15.3 52.9 2b.O 42.0 28.0 13.6 5.5 52.6 273.2 14264.2 40.3
17.4 50.0 23.7 41.0 29.b 14.3 5.7 50.3 273.6 14288.4 39.2

19.4 48.d 23.0 '11.3 32.2 15.2 5.7 48.6 276.3 14472.3 39.4

DISTANCE BARGE TRAVELLED 20.0
DISTANCE ANCHOR TKAVELLED 19.4



CHOR TEST

ENEME

MOV I-FIX
CH N, 84 FT - 2.165 IN CHAIN
I RE AIN, 34 FT - 2 IN OIRE ROPE

iHER ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHAN<ER ON BOTTOM :!. WATER DEr 4 ANGLE INDICATESAL DEPTH 15. TOTAL BOTTOM WEIGIT SHANK TIP BELJW
TIP DEPTH CROWN

10 11 12 13 14 15
F LBS FEET FEET FEET FEET LBS

14437.1 40.0 41.4 43.6 41.0 17937.1
14435.4 40.4 41.8 44.0 41.0 17935.4
15046.4 40.7 42.1 44.3 41.0 18546.4
14701.9 37.9 40.0 41.7 41.0 18201.9
13185.2 40.6 42.5 44.3 41.0 16685.2
14127.7 40.7 42.9 44.5 41.0 17627.7
14510.6 37.8 40.2 41.• 41.0 18010.6
14875.2 37.8 40.1 41.' 41.0 18375.2
14264.2 40.3 42.7 43.9 41.0 17764.2
14288.4 39.2 "1.7 42.8 41.0 17788.4
14472.3 39.4 42.0 43.0 41.0 17972.3

B-

13-9



Dao g " 304
Test No. - 8
Test SerLes No, 0 WEST JETTY - PORT HUENEME

stato 3500 Lb, 32 degree movgabLe fLukes
port hueneme sand

-e~o.LEGEND
-6.0 a- Grown PenetrotLon

-4~~ 0 "a Shank TLp PenetratLon

0.

1.• • 0 •

0 5.0. -. 0 2i.0 0 .0 1.0 i.3 5L.a 5.0

50.0,

10.0- LEGEND
20.0 -- Shank RoLL
20.0-V Shank PlLtch

0.0 ..............
-10.0

or.o LEGEND
80.0 0- ChaLn WeLght on Bot~tom

80.0. 11 - Anchor Force
70.0. v- Dock Force

40. 0

10.0.

20,0- . .• .le'•

10.0

""60nchor Drag 0r6tance
700!-Pc oc

60.

i 0.

S/0.



STATO ANCHOR TEST

IEST DATE 3014
TEST NO. 8
TEST R•UN 0
TEST AREA WEST JETTY - PORT HUENEME
START-END TIMES 1222 - 1232
SEAFLOOR TYPE PORT HUE14EME SAND
ANCHOR TYPE STATO
ANCHOR WEIGHT 3500.00 LO.
FLUKE ANGLE-TYPE, J2.00 DEG. - 0 O-MOV l-FIX
MOORING LINE DESCRIPTIO4i 62 FT - 2.25 IN CHAIN, 84t FT - 2.185 IN

170 FT - Z. 875 IN CHAIN, 34 FT - 2 IN WI

1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCý
2. )LCK TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14. WATE
3. ANCHlR TENSION 7. WIRE ROPE ANGLE 11. ANCHOR CRODN DEPTH 15. TOTA
4. PACKAGE OEPT" 8. DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11
FEET KIPS KIPS FrET DEG DEG DEG KIPS FEET LBS FEET
0.0 35.8 14.0 '40.7 6.0 7.0 6.4 35.5 289.3 15333.1 39.7
2.0 39.4 1% .5 40.8 1.3 6.3 b.1 39.2 286.4 15145.9 39.9
3.9 39.7 16.0 4*0.9 -. 8 6., 5.8 39.5 288.9 15307.7 39.9
6.0 41.0 1be6 41.1 -. 7 6.i 6.0 40.8 284.5 15019.3 40.2
7.9 47.9 19.0 41.3 -3.5 8.7 5.6 '47.7 279.7 14697.9 40.1
9.8 149.1 26.0 41.9 -5.0 6.1 5.5 4d.9 279.0 14647.3 40.9

11.9 59.4 30.7 42.2 -7.7 9.0 5.t 59.1 265.3 13740.5 40.9
14.0 s7.8 29.it '2.3 -10.6 10.0 5.6 57.5 265.2 13731.4 40.9
16.0 60.4 30.7 42.4 -15.4 11.4 5.6 A 261.6 13493.8 40.9
17.9 58.7 J0.2 41.3 -19.17 i2.) 5.5 5-,4 265.5 13750.0 40.7
20.0 60.2 30.6 42.5 -22.4 12. 5.5 • 9 263.3 13607.2 40.8

DISTANCE BAQGE TRAVELLED 20.0
DISTANCE ANCHOR TRAVELLED 20.0

IT



ANCHOR TEST

PORT HUENEME

SAND

8.

0 O-MOV I-FIX

CHAI IN CHAIN, 84 FT - 2.185 IN CHAIN
[RE R 75 IN CHAIN, 34 FT - 2 IN WIRE ROPE

IOR F N LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHAN(

-R DE N WEIGHT ON BOTTOM 14. WATER DEPTH ANGLE INJICATES
fL B0 OR CROWN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELJo
OR SHANK TIP DEPTH CROWN

12 9 10 11 12 13 14 15
FEE FEET LBS FEET FEET FEET FEET LBS
41. 289.3 15333,1 39.7 41.1 43.3 40.7 18833.1
41. 286.4 15145.9 39.9 41.2 43.4 40.7 18645.9

41. 288.9 15307.7 39.9 41.3 43.5 40.7 18807.7
41. 284.5 15014.3 40.2 41.4 43.8 40.7 18519.3
41. 279.7 14697.9 40.1 41.8 43.8 40.7 18197.9
42. 279.0 14647.3 40.9 42.3 44.5 40.7 18147.3
42. 265.3 13740.5 40.9 4Z.7 44.6 40.7 17240.5
42. 265.2 13731.4 40.9 42.9 44.7 40.7 17231.4
43. 261.6 13493.8 40.9 43.1 44.7 40.7 16993.8
43. 265.5 13750.0 40.7 43.0 44.5 40.7 17250.0
3. 263.3 13607.2 40.8 43.2 44.6 40.7 17107.Z

B-i0



Doaý 304

Test Nor.s N- . -
Test e N o, 0 WEST JETTY "- PORT HUENEME

stato 3500 Lb, 32 degree movdble fLukes

port hueneme sand

-e~o.LEGEND
.0. - Crown PenetratLon

-o.0. .- Shank 0Lp Pen0tr0tLon

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

0.D 50 1. 0 20. 0 25.0 W0.0 ii.0 0. S&. 500 65.0

tl.0-

I ,O

40./- LEGEND
30.0- •"Shank RoLL
20.0- - Shank PLtch

a• 1.0 , . 6 9. . -. . .. 4 . .,- • .4

"A 20.0 -

-40.0-

8o~o.LEGEND
0- ChaLn goLght on Bottom80, .0 F -Inchor Force

70.0. - Dock Force

30• ' .O.,/ • q " .

10.0 - t"" i" " "" " sk -N "-

0 . 0 r"
0.0,o 6.0 10.0 i 2.o Z.o.O 30.0 36.0 0. 0. S.& 0.a

Anchor Drag DMstance



STATO ANCHOR TEST

TEST DATE 304

TEST NO. 9
TEST RUN 0
TEST AREA WEST JETTY - PORT HUENEME

START-END TIMES 1917 - 1925

SEAFLOOR TYPE PORT HUENEME SAND
ANCHOR TYPE STATO
ANCHOR WEIGHT 3500.00 LB.

FLUKE ANGLE-TYPE, 32.00 DEG. - 0 0OMOV L-FIX

MOORING LINE DESCRIPTION 62 FT - 2.25 IN CHAIN, 84 FT - 2

170 FT - 2.875 IN CHAIN, 34 FT -

1. D4AG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM

2. DEC( TENSION 6. SHANK ANGLE 1O. CHAIN WEIGHT ON BOTTO4
S.c 3. ANCHOR TENSION 7. WIRE ROPE ANGLE 11. ANCHOR CROWN DEPTH

4. PACKAGE DEPTH 8. DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 iO

FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET L3S

0.0 23,5 ***** 35.1 -2.7 3.9 6.6 23.3 308.7 16623.7

2.0 33.1 6.0 34.6 -2.8 3.8 6.4 33.6 Z43.1 15589.7

3.9 31.9 14.0 34.8 -2.8 4.0 6.2 31.7 297.8 15900.9

5.9 32.1 14.4 34.5 -3.1 5.0 6.2 31.9 297.5 15883.7

8.1 45.3 20.5 35.4 -7.9 6.7 6.1 45.0 277.3 14537.8

10.1 59.0 27.0 36.2 -12.9 7.1 5.8 58.7 259.7 13366.2
ss.O 12.0 57.4 27.0 36.5 -20.1 9.5 5.5 57.2 266.0 13787.2

13.9 5Z.6 25.5 37.6 -24.4 11.2 5.5 52.4 274.1 14326.6

15.8 49.9 24.0 36.7 -28.0 11.8 5.4 49.7 Z78.8 14636.4

17.9 42.4 21.0 36.4 -27.3 10.2 5.7 42.2 2Z5.7 15094.3

19.9 52.0 25.0 37.1 -2b.9 10.0 5.4 51.8 275.2 14397.9

DISTANCE BARGE TKAVELLED 20.0
DISTANCE ANCHOR TRAVELLED 19.9

Q.o

(7

I



ANCHOR TEST

RT HUENEME

ND

185 0-MOV I-FIX
2 IN CHAIN, 8t FT - 2.185 IN CHAIN

IN CHAIN, 34 FT - 2 IN WIRE ROPE

3. A
4 ENGTH ON BOTTOM 13. ANCHOR FLUKE TI? DEPTH NOTE - POSITIVE SHAN<

5. T EIGHT ON BOTTOM 14. WATER DEPTH ANGLE INDICATES
CROWN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW
SHANK TIP DEPTH CROWN

11
FEET 9 10 11 12 13 14 15
34.6 EET LBS FEET FEET FEET FEET LBS

34.0 308.7 16623.7 34.6 35.4 31.9 35.1 20123.7
34. 3 243-1 15589.7 34.0 34.8 37.4 35.1 19089.7
33. 297.8 15900.9 34.Z 35.0 37.6 35.1 19400.9
34.4 297.5 15883.7 33.7 34.8 37.2 35.1 19383.7
35.2 277.3 14537.8 34.4 35.7 38.0 35.1 18037.8
35.2 259.7 13366.2 35.2 36.6 38.7 35.1 16866.2
36.1 2bb-' 13787.Z 35.2 37.0 38.8 35.1 17287.2
35.2 274.1 14326.6 36.1 38.2 39.7 35.1 17826.6
35.1 278.8 14636.4 35.Z 37.3 38.7 35.1 18136.4
35.8 285.7 15094.3 35.1 37.0 38.6 35.1 18594.3

275.2 14397.9 35.8 37°b 39.2 35.1 17897.9

B

IB-li

- -11I



Day o - 304
Test No. - 10
Teat SerLes No, 0 WEST JETTY - PORT HUENEME

otato 3500 Lb, 32 deqree movabLe fLukes
port hueneme sand

-8.0o LEGEND
-6.0 o- Crovn PenetratLon
-. "- Shank TLp PonetrdtLon

-2.0
1 0 .0 . 0 s . - -.-0 .. . . .. . . .. . . .. . . .. .

8.0-
50.0-

40.0o LEGEND
30.0- '- Shank RoLL
20.o. Shank PLtch

0 10.0-
S-20.0-

-40.0,-0.0.

0.0 5.0 10'.0 15.0 0.0 3;. 00 35.0 10.0 1..0 50.0 55.0

90.0 oLEGEND
0.01 o0- ChoLn WeLgh. on Eottom

k - Anchor Force
70.0 v- Deock Force

U)60.0-
a_ S0.0 ,

10.0 ..

0.01

0.0 S.0 I0. 5. 0 25. 00.0 35..0 0. 4; .0 50.0 ;5.0
Rnchor Drag OLsiance



STATO ANCHOR TEST

TEST DATE 304
TEST NO. 10
TEST RUN 0
TEST AREA WEST JETTY - PORT HUENEME
START-END TIMES 1619 - 1631
SEAFLOOR TYPE POPT HUENEME SAND
ANCHOR TYPE STATO
ANCHOR *EIGHT 3500.00 LB.
FLUKE ANGLE-TYPE, 32.00 DEG. - 0 OMOV I-FIX
MOORING LINE 'JESCKIPTI9N 62 FT - 2.25 IN CHAIN, 84 FT - Z.185 IN

170 FT - 2.875 IN CHAIN, 34 FT - Z IN WI

I. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCH
2. DECK TENSIJN 6# SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14. WATE
3. ANCHOR TENSION 7# WIRE ROPE ANGLE 11. ANCHOR CROwN DEPTH 15. TOTA

PACKAGE DEPTH 8. DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11
FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET LBS FEET
0.0 17.2 2.5 41.9 2.6 4.6 9.3 17.0 307.4 1654Z.4 41.3
2.0 Z6.9 8.C 41.9 2.8 4.6 7.2 26.7 298.9 15974.3 41)?
4.2 29.5 14.0 42.8 3.6 5.u 7.3 29.3 293.0 15579.6 42.1
b.Z 31.5 15.0 42.8 3.6 5.0 7.2 31.2 290.2 15394,3 42.1
8.0 33.7 17.0 42.6 3.5 8.7 6.7 33.5 290.2 15395.3 41.3
9.9 51.4 Z6.0 44.3 3.3 7.0 5.9 51.1 269.5 14021.3 43.3

11.9 57.5 29.0 44.5 5.0 8.6 5.9 57.2 260.5 13417.9 43.3
13.9 55.1 29.7 45.1 6.7 11.1 5.8 57.3 260.9 13449.1 43.5
16.0 59.4 30.7 4b,.3 6.3 13.5 5.9 59.1 257.3 13204.1 44.4
18.0 60.1 30.4 46.1 8.8 14.4 5.9 59,7 Z56.2 13136.0 44.0
19.9 51.7 25.0 43.9 9.0 12.1 6.0 51.4 Z68.3 13935.4 4Z.2

DISTANCE BARGE TKAVELLED 20.0
DISTANCE ANCHOR TRAVELLED 19.9

"A



NCHOR TEST

HUENEME

O=MOV I-FIX
CHAI HAIN, 84 FT - 2.185 IN CHAIN
RE R CHAIN, 34 FT - 2 IN WIRE ROPE

OR FL GTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHAN<
:R DEP HT ON BOTTOM 14. ,WATER DEPTH ANGLE INDICATES
L BO O.N DEPTH 15. TOTAL BOTTOM mEIGHT SHANK TIP BELOW

ANK TIP DEPTH CROWN

12 10 11 11 13 14 15
FEET T LBS FEET FEET FEET FEET LBS
42.2 7.4, 165'42.4 41.3 42.2 44,7 41.9 Z0042.4
42.1 8.9 15974.3 41.2 42.1 44,.6 41.9 19474.3

43.1 3.0 15579.6 42.1 43.1 45i5 41.9 19079.6
43.1 0.2 151-':.3 42.1 43.1 45.5 41.9 18894.3
43.1 0.2 15395.3 41.3 43.1 45,1 41.9 18895.3
44.7 9.5 14021.3 43.3 44.7 46.9 41.9 17521.3
45.0 0.5 13417.9 43.3 45.0 47.0 41.9 16917.9
45. 0.9 13449.1 43.5 45.8 47,4 41.9 16949.1

47.1 7.3 13204.1 44.4 47.1 A .8. 4 41.9 16704.1
46.9 6.2 13136.0 44.0 46.9 430 1 41.9 16636.0
44o6 8.3 13935.4 42.2 44.6 46.1 41.9 17435.4

731



-I

Dog # - 304
Test No. - 11
Test Sep Lee No. " 0 WEST JETTY - PORT HUENEME

stato 3500 Lb, 32 degree movabLe fLukes
port hueneme sand

-a o- LEGEND3
-6.0 o0- Crown lenetratLon

50.0,
2.0. - - A_-E
10-

6.0-

- k ~10.0

o S.0 , 0 1 S.0 20.0 25.0 30.0 305.0 40.0 45.0 .o 0 5S.0
SO.O -

40.0- LEGEND3
30.0- m- Shank RoLL
20.0- v- Shank PLt~ch

10 0

L 0.0 4

a 10.0-
A-20.0 -

-30.0.

-40.0O

-50.0 a I I 
I ,0.0 .0 0.0 1S.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0

9o~o.LEGEND
90.0-o- ChaLn WeLght on Bottom

oD.0- 
ADnchor Force70.0- - Dock Force =

• " 4 0 .0 --9

20.0

10.0 / t' " • -- i - -

4 .0 s.0 16.0 1 .o 20.0 2.0 3o.9 3S.0 4o.o 45.0 s0.0 5.0
Anchor Drag 13Let, nce



STATO ANCHOR TEST

iEST )ATE 30'
TEST NO. 11

- TEST RUN 0
(EST AREA WEST JETTY - PORT HUENEME
START-END TIMES 1639 - 1651
SLAFLFOOK TYPE PORT HUENEME SAND
A',C4OR T'PE STATO
ANCHOR 4EIGHT 3500.00 LB.
FLUKE ANGLE-TYPE, 32.00 DEG. - 0 O=MOV I=FIX
MOORING LINE DESCRIPTION 62 FT - 2.25 IN CHAIN, 84 FT - 2.1ý

170 FT - 2.875 IN CHAIN, 34 FT - 2

1. ORAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH •N 3OTTOM 13
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN oEIGHT ON BOTTOM 1455.0 3. ANCHUR TENSION 7. OIRE ROPE ANGLE Il. ANCHOR CROWN DEPTH 15

4. PACKAGE DEPTH 8. DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

z 2 3 4 5 6 7 8 9 10
FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET LBS F
0.0 20.5 44**# 42.9 .2 6.3 7.3 20.4 310.1 16720.? 4
2.0 29.2 i4.3 43.7 -. 2 6.4 6.7 29.0 298.5 15947.5 4
4.2 32.5 14.0 41.0 -5.0 l!.i 6.8 32.3 291.3 15470.0 3
5.9 45.b 21.6 42.1 -8.9 8.4 5.8 45.3 280.7 14766.0 4
5.2 o1.3 27.b 43.2 -11.0 11.1 5.9 61.0 254.8 13039.0 4

10.0 52.4 23.0 42.3 -Z2.d 15.7 5.9 52.1 269.1 13994.5 4
11.9 34.3 1?.0 41.6 -33.0 19.0 6.0 39.1 287.9 15239.9 3
14.1 39.0 17.0 41.5 -3q.0 17.8 6.4 38.7 284.1 14987.7 3
16.1 41.1 17.6 41.7 -32.8 16.8 6.2 40.8 Zb2.2 14a66.5 3
1i.1 44.3 19.0 42.2 -30.7 15.9 6.2 44.0 277.1 14526.4
20.1 47.6 21.0 42.5 -27.1 14.7 6.1 47.4 273,6 14292.9
22.1 52.2 23.0 43.0 -26.6 14.9 5.9 52.0 268.1 13924.4
24.1 50.? 23.0 43.6 -28.1 16.1 5.9 50.4 270.8 14104.5
26.2 50.0 23.0 4.4.b -28.9 16.t 6.1 49.7 269.0 13985.9

DISTANCE BARGE TkAVELLED 26.0
ss.0 DISTANCE ANCHOR TRAVELLED Z6.2

1k



ANCHOR TEST

'T HUENEME

*D

OxMOV 1-FIX
CHAIN, 84 FT - Z.185 IN CHAIN

IN CHAIN, 34 FT - 2 IN WIRE ROPE

AN NGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK
WA IGHT ON BOTTOM 14. WATER DEPTH ANGLE INDICATES
TO CROWN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW

SHANK TIP DEPTH CROWN

I 9 10 11 12 13 14 15
:ET FEET LBS FEET FEET FEET FEET LBS

310.1 16720.7 4c.0 43.3 45.6 42.9 20220.7
98.5 15947.5 42.8 44.1 46.4 42.9 19447,5

).3 291.3 15%70.0 39.3 41.7 43.3 42.9 18970.0
2.9 280.7 14766.0 40.9 42.6 44.6 42.9 18266.0

L.6 254.8 13039.0 41.6 43.8 45.5 42.9 16539.0
).Z b9.1 13994.8 40.Z 43.1 44.1 42.9 17494.8
.4 ?-o.9 15239.9 39.4 42.5 43.1 42.9 18739.9
4.4 284.1 14987.7 39.4 42.3 43.0 42.9 18487.79:.6 2b2.2 14a66.5 39.6 A2.5 43.3 42.9 18366.5
0.2 277.1 14526.4 40.Z 42.9 43.9 4Z.9 18026.4
0.b 273.*6 14292.9 40.b 43.3 44.4 4Z.9 17792.9

1.0 268.1 13924.4 41.0 43.7 44.8 42.9 17424.4
1.6 Z70.8 14104.5 41.6 44.4 45.4 42.9 17604.5 j
2.5 69.0 13985.9 42.5 45.4 46.3 42.9 17485.9

B1
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Day 4 - 305
Test No. - 12
Test Seres No. -0 WEST JETTY - PORT HUENEMhE

bruce tvLn-shonk 1100 Lb. fixtd flukes
port hueneme sand

-e.0 LEGEND
-6.0 - Crovn PenetratLon

A- Shank TLp PenetratLon

.a.. -2 .. ...

S2.0-
4.0-

6.0-

6.0o

10.01

01 51 j 01 1y; . j0 200 250 .0 35.3 40.0 is0 a so 55.0
40.0 C LEGEND
W0.0 )- Shank Roll
2n.o- 

h-DShank PLtch

10.0-

-20.0 -

-30.0o-

-t0.0.

o.o s'a 1o.0 15.0 2o.0 2s.0 30.0 35.3 10.0 is o s0.0 S5.0

s.90,- LEGEND
0- ChaLn WeLght an Bot~tom

eo, . •-Anchor Force
?0.0- v-Deck Force

o9 60.0 -

o 405.0.

30.0, ,, . "--v ,, .... - q .-. '" . .,.

10.0.- -'

Anchor Drag OLstance



iRUCE ANCHOR TEST

TEST DATE 305TEST NO. 12
TEST RUN 0TtST AREA WEST JETTY - PORT HUENEMESTART-END TIMES 812- 824
SEAFLOOR TYPE PORT HUENEME SAND
ANCHOR TYPE BRUCE
ANCHOR WEIGHT 110,.0 LB.
FLUKE ANGLE-TYPE, **** DEG. - 0 O-POV I-FIXMOORING LINE OESCRIPTIUN 62 FT - 2.25 IN CHAIN, 84 FT - 2.185 IN

170 FT - 2Z.75 IN CHAIN, 34 FT - 2 IN WI

1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. ANCH2. DECK TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14. NATE3. ANCHOR TENSION 7. WIRE RODE ANGLE 11. ANCHOR CROWN DEPTH 15. TOTA4. PACKAGE L)EPTH 6. DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 6 9 10 11FEET KIPS KIPS FEET DEG DEG DEG KIPS FEET LBS FEET0.0 24.1 ***** ***** ##*** ***** ***** ***** 294.1 15654.1 *-It*2.0 22.4 ***, ****# **** **** ***** ***** 299.9 16041.4 4*1 03.9 31.4 
Z**b# *e**# **b** * ***** ***** 286.9 15173.7 *****5.9 35.1 ***#* ***** ***** ***** *#** ***** 282.2 14865.8 ****,7.8 35.4 *#*** ***** *,,,, *,#€ ****, ***** z82.2 14863.3 ***9.7 32.3 **** ****$ **,,€ ***,, **** ***,* 288.8 15301.6 *6**11.6 30.4 ***,, ,**** ***** ,*** *4€,, ,**** 292.3 15537.5 ****13.9 31.5 * ,,, ,**€ ,**** ***** ,**** 287.3 15202.8 *****15.8 32., **5*, * ** , **** 8***.* ,,**, 27.0 15180.3 ****17.3 32.9 ****, *)** ***** *** **,** ***** 286.3 15138.2 *19.8 32.6 ***** ***# ***# *#* **** ***** 2?,i7 15164.1 *****21.8 34.2 *#* ***** ,,*$* ***** ***** ***** 284.1 14990.9 023.7 31.• #*#** ***** **** **** ***** 265.2 15060.4 ****25.5 30.2 ** #* ,* ,*, ,#t,, **,,, *,,*, 294.9 15710.5 $27.7 34.2 ***2, *e** ,*,#, **** ,,#,* ,*, 286.6 15157.9 *•**

DISTANCE 8ARGE TRAVELLED 28.0
DISTANCE ANC40R TRAVELLED 27.7



ANCHOR TEST

RT HUENEME

ND

O-MOV I-FIX
CHAIN, 84 FT - 2.185 IN CHAIN

IN CHAIN, 34 FT - 2 IN WIRE ROPE

ENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK
EIGHT ON BOTTOM 14. WATER DEPTH ANGLE INDICATES
CROWN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BEL3W
SHANK TIP DEPTH CROWN

9 10 11 12 13 14 15
FEET LBS FEET FEET FEET FEET LBS
294.1 15654,1 ***** *** **** *** 16754.1
299.9 16041.4 ***** ***** ***** **4 17141.4
286.9 15173.7 ***€ ***** *4*** **#** 16273,7
282.2 14865.8 *** #** ** ** 15965.8
282.2 14863.3 *** *** ** ** 15963.3
288.8 15301.6 ***** ****$ ***** ***** 16401.6
292.3 15537.5 ***** * ***** **.*• 16637.5
Zd7.3 15202.8 *** ** ** 16302.8
287.0 15180.3 *** *$ ** 16280.3
286.3 15138.2Z *$ ** ** ** 16238.2
286.7 15164.1 *** *$* ** ** 16264.1

1 284.1 14990.9 *** ** *$ 16090.9
,2b5o2 15060.4 *** *** $* 4* 16160.4
294.9 15710.5 *** *** ** ** 16810.5
286.6 15157.9 *** *** s* ** 16257.9

B-14
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Dau g - 305
Test No. - 13
Test Ser ~s No. - 0 WEST JETTY - PORt HUENEME

bruce twLn-shonk 1100 Lb, fLxed fLukes
port hueneme sand

LEGEND
0- Crown PenetratLon

"A-- Shank TLp PenetratLon

10.0 '5.0,20. 2.

5 0.0 .

40.0 LEGEND
0.0- k- Shank RoLL

20.0- v- Shank Pltoh

-20.0-
-30.0-

* -40.0-

00.D Anchor Force
70.0 - - Deck Force
-0.3

5Q0.0

*J0.0 LEEN

1 0.0)

0.0 5. 50.0 15.0 20.0 2S.0 20.3 35.0 40.0a 45. 0 60. 5.0

fincror Drog D'.stance

1-
I.

I



BRUCE ANCHOR TEST

TEST DAT? 305
TEST NO. 13
TEST RUN 0
TEST AREA WEST JETTY - PORT HUENEME

START-tND TIMES 836 - 850

SEAPL0 o TYP0 PORT HUENEME SAND
A'CHOR TYPE BRUCE
ANCHOR 4EIGHT 1100.00 LB.

FLUKE ANGLE-TYPE, ***** DEG. - 0 0=MOV 1-FIX

MOORING LINt DESCkIPTION 62 FT - Z.25 IN CHAIN, b4 FT - 2.1f

170 FT - 2.,75 IN CHAiN, 34 FT - 2

1. DRAG DISTANCt 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13,
2. OECK TENSII)N 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM 14,

•S.O 3. ANCH40 TENSION 7. mIRE ROPE ANGLE 11. ANCHOR CROWN DEPTH 15,

4. PACKAGE bEPTH b. DECK HORIZ. FORCE 1Z. ANCHCR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10

FEET KIPS KIPS FEET OEG DEG DEG KIPS FEET LBS F

0.0 Z4.5 #V*; *4* #44**4 4*4* **4*4 ***** **4** 245*4 15141.8 *

2.0 30.1 44*40 *4*4* **4* *** *4* ***** Z91.1 15453.8 **

4.0 36.3 V#*44 4#*4* *4*** ***** 4*i*ý 1 2St.9 14908.1 **

5.8 35.5 ****# **4** *4*4* ***** **44 *4* 286.0 15117.3 *4

7.8 31.9 ****44*4 *44* #444* i***4 ***0* 290.6 15422.5 *4

(.4 32.5 ***** *4*** ***,4 ***4 *4*4* *4444 298.1 15924.2 *Z

1i.9 35.4 4*A49* 4*4 *4*44 *4444 4*44* 4444* 264.8 15037.2 *4

13.o 33.3 4444* 4*4*4 4*4* *4*4* 4*44* *89.Z 15330.2 ÷

15.8 35.Z **** , **4*4* *44 *4* *'*4* Z86.? 15161.4 *

17.3 34. 7 #4*44 *444 •,•4, ***** 2**4* **44 296.9 15839.0 *4

19.8 35. 444*** ,#4** 44444 Z**44 ***4* 4444* 2d6.6 15155.3 *4

21.6 37.,4 444*4 ,*4 *4*4 *444* **4 ** 288.o 152d88.1 *

23.5 33.6 *4•44 **, *4*4, 4**4, **44 *4Z44 294.1 1565b.( 3 *

DISTANCE 6A,4GE TRAVELLED 4.0
DISTANCE ANCHOR TRAVELLED Z3 5

L



ANCHOR TEST

RT HUENEME

Nu

0ZMOV 1-FIX
CHAIN, b4 FT - 2.185 IN CHAIN

IN CHAIN, 34 FT - 2 IN WIRE ROPE

ENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHAN<
EIGHT ON BOTTOM 14. 4ATER DEPTH ANGLE INDICATES
CROWN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELL)*
SHANK TIP DEPTH CROWN

9 10 11 12 13 14 15
FEET LBS FEET FEET FEET FEET LBS
295.4 15741.8 **** ***** ***** ***** 16841.8

291.1 15451.8 *** ***** ***** ***** 16553.8

262.9 14908 1 ,**** ** *# ***** 16008.1

286.0 15117.3 ***3' ***** 1*3** **.** 16217.3

290.6 15422.5 **** • **** ***** lb5z2.5

298.1 15924.2 **** **** ***** ***** 17024.2
2d4.8 15037.2 ***** ***** ***** **4** 16131.2
289.2 15330.2 ***** ***** **#** $**** 16430.2

286.7 15161.4 *9, *** *** *** 16261.4
296.9 15839.0 444 44* 44* *4* 16439e0
2d6.6 15155*3 **4 **4 4* 4*4 16255.3 -

288.6 15288.1 **4 *4* 44 444 16388At
294.1 1565b.2 *444 44444 **44 ***** 16756.2

B-15



Do9 x 305
Test No. - 14
lest Ser.es No, 0 WEST JETTY - PORT HUENEME

tuo fLuke baLanced w/o ball guLde 8000 Lb, 40 deg mc, flukss

port hueneme sand

-8.0- LEGEND
-6.0 o- Crown PenetratLon

A - Shank hRp PenetratLon

2.0
1.0
0.0 U 1L. 1.2--.;a

6_ 2.0-
4.0-

6.0-

10.0,-M.0-

-50* 0.0 5~~~~~~.0 10.0 15.0 .0 20 50.0 3. 00 ~ 00 5.

51000

40.0- LEG EN D
o.o. - Sh ank RoLL
00 v-cShank Pitch

20.0= .0

- Drng co
a' 130.0.3. 1.

-- 0.0.

0 0.0 5. 1.0 1. 2.0 .o4. S 50

•.0-nchorcDrag Distance

*.- -DekFoS

/ _5.-7

S-C--" . •- ,



T14' FLU,<X ANCHOR TEST

TEST GATE 305
TEST NO. 14
TEST RUN 0
TEST AREA mEST JETTY - PORT HUENEME

STAkT-ENO TIMES 05AN- 1D2
SEAFLOOR TYPE PORT HUENEME SAND
ANCHOR TYPE TWO FLUKE

ANCHOR WEIGHT 8000.00 LB.
FLUKE ANGLE-TYPE, 45.00 DEG. - 0 0-MOV I-FIX
MOORING LINE DESCRIPTION 62 FT - 2.25 IN CHAIN, Bi4 FT - Z.185 1'i

!?O FT - Z.875 IN CHAIN, 34 FT - 2 IN WI

1. DRAG OISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON 8OTTOM 13. ANCO
2. DECK TENSION 6. SHAK ANGLE 10. CHAIN. WEIGHT ON BOTTOM 14. mATE
3. ANCHOR TENSION 7. wIR. ROPE ANGLE 11. ANCHOR CROWN DEPTH 15. TOTA
4. PACKAGE DEPTH 8. DECK, HtW'IZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11
FEET KIPS KIPS FEET DEG DOE DEG KIPS FEE( LBS FEET
0.0 19.3 ***** 46.5 -,3.3 -7.8, 7.7 19.1 310.4 16739.6 4h. 9
2.0 28.6 7.0 43.8 -b.9 -6.2 6.5 ?8.,t 300.- 1b106a.3 44.3
3.9 30.8 14.0 44.1 -9.1 -9.2 6.2 30.6 299.3 15998.9 t44.7
6.0 41.4 18.7 44.4 -9.3 -9.1 6.0 41.1 284.9 15043.2 45.0

8.1 52.9 23.4 44.6 -9.4 -10.1 5.8 •2. ? 269.1 13987.8 45.3
10.0 60.3 27.5 45.7 -9.2 -10.1 5.4 60.1 263.4 13610.1 46.3
12.0 64.0 30.4 45.9 -9.3 -10.7 5.( 63.7 258.4 13278.1 46.6
14.0 77,3 35.8 46.2 -9.Z -10., 5.2 77.0 243.9 12314.0 46.9
160.0 81.9 38.0 46.5 -9.2 -10.8 5.1 31.6 240.6 12093.7 47.1

18.0 85.2 40.0 46.6 -9. -10.9 5.1 84*.9 236.Z 11801.2 47.3

DISTANCE BARGE TRAVLLLED 18.0
DISTANCE ANC,-tik TRAVELLED 18.0

0



i

HOR TEST

ENEM¶E

-MCV I-FIX

_HA IN, 34 FT - 2.185 IN CHAIN
(E HAIN, 34 FT - 2 IN ,IRE ROPE

H ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHAN(
k T ON BOTTOM 14. ,ATER DEPTH ANGLE INDICATES

N'DEPTH 15. TOTAL BOTTOM .AEIG4T SHANK TIP BELOK
K TIP DEPTH CROWN

1O It 12 13 14 15
LBS FEET FEET FEET FEET LBS

4- 16738.6 46.9 46.2 4g.b 46.5 Z4736.6
9 16106.3 44.3 43.5 46.9 46.5 Z4106.3

4 3 15998.9 ,T4o? 43. 47?.2 46.5 23998.9
4 9 15043.Z 45.0 44.1 41.6 f6.5 23043.2
4 1 13989.8 45.3 44.2 47.8 46.5 21989.8
4 4 13610.1 46.3 45.3 48.d 46.5 21610.1
4 4 13278.1 46,6 45.5 49.1 46.5 21278.1
4 9 12314.0 46.9 45,8 49.4 46.5 20314.0
4 6 12093.7 ,47.1 46.1 it9. 46.5 20093.7
4 2 11801.2 47.3 46.2 49.7 4b.5 19801.2

B-16
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Doý 4 - 305
Test No., - 15
r•est SerLes No. - 0 NEST JETTY-- PORT HUENEME

two fLuke baLanced w/o boLL quLde 8000 Lb. 40 deog mov flukes
port hueneme sana

-10.0*

-e.o -LEGEND
Cro- wron Fenetrot~u-

A- Shank TLp Penetration

-2.0

1.0
6.0l
8.9

.:-so I5.5G .0 1;.0 lso 20.0 0. 36.0 3;.G 4;.o0 4g.• so3 5;-G

40.0- LEGEND
M. 0.- •- Shank RoLL S20 

0- Shank PLtch

10.0-

30.0-

-10.01
-20.0-

-0.0
-50.0 0.0 .. ,. 100 •. 200 -. -0. -3-.0 100 1.0 5=

100.0
90.0 0- Chain LEGENo
80.0- - Anchor F -
70.0- V- Deck H•ce
70.0-

50.0 -
y- 40.0--,.

30.0-"

0.0 S.0 ;.O a •. i.0 25. 0 36.0 IL. 00 4i. 0 s;. c Si.a
Rnchor Brag DLstance

,.g 1.



TAO FLUKE ANCHOR TEST

TEST DATE 305
TEST %0. 15
TEST RUN 0
TEST AREA OEST JETTY - PORT HUENEME
START-END TIlES 1123 - 1134
SEAFLOOR TYPt PORT kUENEME SAND
iNCHOR TYPE TAO FLUKE

CHOk oEIGHT 8000.00 LB.
FLUP•E ANLE-TYPE, 45.00 DEG. - 0 0=MOV I-FIX
•9k'RING LINE DESCkIPTION 62 FT - Z.25 IN CHAIN, 84 FT,

170 FT - 2.q75 IN CHAIN, 34 FT

1. DRAG DISTANCE 5. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN WEIGHT ON BOTTOM
3. ANCHOR TENSION 7. wIRE ROPE ANGLE 11. ANCHOR CROWN DEPTH
4. PACKAGE DEPTH 8. DECK HORIZ. FORCE 12. ANCHOR SHANK TIP DEPTt

1 2 3 I 5 6 7 8 9 10
FEET KIPS KIPS FEET OEG DEG DEG KIPS FEET LBS
0.0 16.9 *4*** 45.6 1.9 -1.6 6.2 16.8 376.1 17498.0
2.0 2.56 13.8 45.b 1.6 -2.1 6.0 28.5 304.7 16358.8
4.1 33.0 16.5 46.? 2.0 -4.1 6.1 32.a 297.0 15847.3
6.Z 37.5 18.2 16.5 2.4 -4." 6.0 37.3 290.3 15405.3
3.2 49.9 23.5 46.4 3.2 -4.4 5.6 49.7 276.4 14474.6

10.2 66.4 30.0 45.O 3.4 -2.Z 5.4 66*1 256.2 13130.7
12.2 74.9 34.0 * 6.7 3.9 -.4 5.1 74.6 Z48.7 12635.1
14.3 81.4 37.0 It.6 3.9 .d 5.2 81.1 238.9 11981.4
16.3 85.6 38.8 46.b 3.3 1.3 5.2 85.2 233.4 11617.9
18.3 56.4 39.3 46.1 2.4 2.d 5.2 86.0 231.9 11517.6
20.3 8b.3 40.0 46.5 2.Z 3.3 5.2 86.0 232.9 11584.0

DISTANCE BARGE TRAVELLED 20.0
DISTANCE ANCHOR TRAVELLED 20.3

0.0 55.0



ToJ FLUKE ANCHOR TEST

JETTY - PORT HUENEME
- 1134
HUENE?'E SAND
LUKE
0.00 L8.

'EG. - 0 O-MOV I-FIX
- 2.25 I: CHAIN, 84 FT - 2.185 IN CHAIN

T - b.g75 IN CHAIN, 34 FT - 2 IN WIRE ROPE

9. CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK(i. CHAIN WEIGHT ON BOTTOM 14. WATER DEPTH ANGLE INDICATES1. ANCHOR CROWN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW, ANCH3k SHANK TIP DEPTH CROWN

3 9 10 11 12 13 14 15KIPS FEET LBS FEET FEET FEET FEET LBS16.1 376.1 17498.9 4r- 45.8 49.0 45.8 2 5 4 9 8.u2-.5 304.7 16358.8 45.7 45.5 18.7 45.8 24358.832.d 297.0 15847.8 46.5 46.0 49.3 45.8 23847.8
37.3 290.3 15405,3 46.8 46.3 49.7 45.3 23405.349.7 276.4 14474.1f 46.7 46.2 49.5 45.8 22474.666.1 256.2 13130.7 45.1 44.9 48.1 45.8 21130.7
74.6 248.7 12635.i 46.7 46.7 49.8 45.8 20635.181.1 238.9 11981.4 46.5 46.6 49.7 45.8 19981.485.2 233.4 11617.9 46.5 46.7 49.7 45.8 19617.986.0 Z31.9 11517.6 46.5 46.8 49.8 4,5.8 19517.686.0 232.9 11584.0 46.3 46.6 49.6 45.8 19584.0

I
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Appendix C

DATA FOR INDIAN ISLAND TESTS
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Appendix C

DATA FOR INDIAN ISLAND TESTS

All the data for the anchor tests conducted at Indian Island in mud
are included in this appendix. Refer to the introduction of Appendix B
for a general description of the data plots and tabularized listings.

Problems occurred with the depth measurement. Good depth data was
recovered in only two (tests 5 and 12) out of ten tests. The instrument
package was not used for two of the tests presented. The pressure
tranducer line was continually becoming kinked or blocked with mud.
Final anchor depth was recorded for one other test (test 2) after the
pressure hose apparently become unkinked.
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DcS # - 207
Test No., - 1
Test SerLes No. -0 INDIAN ISLAN

two fLuke baLanced w/o boLLquLde
sLLtiq cLo_

-10.0
-e.o LEGEND
-6.0 - Crown PenetrOtLon
-4.0 - hank TLp Fene,.ratLon

-2.0

2 0.0-

4.0
6.0-

1:0.0 1 ... 1 1 ""' 1 1 1 1' 1 9

00 10s.o o i 15.0 20.0 25.0 30.0 35.o 40.0 45.0 50.0 55.0 ,o. 0 75.o 70.0

50.0-

40.0- LEGEND
30.0- x- Shank RoLL
20.0v- hnk P:ch

-10.0-
L 0.0 "-

5"u. 0 '"
0.LEGEND
90.0- o- ChoLn WeLght on Bottom

80.0. - Anchor Force
70.0- DoFlck Force

-2 60.0-
5-30.0.

-40.0

30.0-

10.0 -

0.0 S.0 10.0 1S.0 20.0 25.0 30.0 35.0 a 40.0 4;.0 50.0 55.0 60.o 65.0 70.0

0cnchor Drag hrstonce

"". 9 ek oc
60.



T qj FLUK' AItNCHk ItSr

TST Tt 207
T§¶ST ,-.* 1

TrST ....

TANT- j T 1 1616 - 1640
SFAFLj,, 7 ;: SILTY CLAY
A'.Vif]' TY= Tw" i-LUKE iALANCEU ,,/O BALLGUIH

IK'-] - -T 800Ou . 0 0 L ý.
L, "F A', Lc-TY , 40.GO L.G. -0() 0=MOV 1=FIX
"CQ!X., LF, - CIVPTI,', i3 FT - 2.0 IN CHAIN, 270 FT

I. U.A T,> : . -'l UT T In A %ISL. " 1. CHiAIN L ENCTH ON i3OTT:],O
•.~~~~l C > . •.S,,-•L 0. CHAIN AE IGHT C;N 80O1TOV

C. ;,. r,; I• 1 z: I. I~ t ,-;t'¢ G:,Lt i !I. ANCH•U1 -PýCiN UiPTH

4. tPU- R. lC .K H J-I k. F<C[ 1?. A NCH'i t S2PNK TIP DEPTH

L It I a 6 1 10
FECT •,lP• <j5 A.Is bEG 'IPS FEET LBS

.0 t* 4.-#; 4**, , ****4*#
4.C - ,- i.J ,' i. - *74( *4* *4*4* **94** Q*Q*44*

8.O € i2.u C* V.5 -17.6 q*4# V***O ****# 4******V
j00 #€, •."'1 -••** -j7*,•.g~ *04**#Q ,*4 *,*¢

;!. *,€• 12.', •o, l.5 -1i.t €*;*0 #**** **#*** *****4`o
13.) t*'#4*' t/.' 1 .a( 1.? -1,. f **4* * **4****** ,q:*#**

17~.C ,, i3 :.• iv .P -1c$.4 ***0*** 4#'~* *#*,** **4o***o

"?3.0 ).? i .. q*;* 2.1 -1•.0 '.1 17.2 215.5 315.6

17 .5 Ct) 2'. '* .1 ? 1.~4. id 231 d4.

22.0 36. 14. *- 2.4 - 1 4. 3 40.3 . L 17. 210s.1 79130.1

23.7 2.7 3 1 2 , 4*' - f.4 -14.4 42. 17.5 225.5 9035.4
25. 7 2 . • 9 1 4*0*<* 2.5 -!I .0 1) 42 .• 17.5 225.4• 9032.3

27.7 23. " u.1 *4 q c- 2.5 -11.4 42d. 17.5 2 25.4 9032.3
2 E. •1. I . *.** -3 2.3 -1 . 41.1 124. 2 15.5 8353.6
3C.- ? . ]. i. -11.4 1.0 13.. 2 190.P b56b.5
32, i 'j.• ! .? • 1. -it. "•.0 1 .• 2 14.9 b 270. 3

3 f . 5 -3 1 . 4 .C .3 t! li. 2 13..1 d714 3 .7
3,0.2 2,,,. 3 11. * * . 5 -'A. v 3 4,G .o 20.0 2 12.5 illoz.1I
40.1 ? -). 7 14. 3 ** * 1 - i14. 1 ,0.3 20., 14 10m. 1 7930. 7

4,1.2 21.7 21.j ?3 -A. -13.4 3• j . / ?.,4 2C0. 1 7203.7
413. 1 29.1 2:j l 1 * * -3 .3 -1 ).4, 3d.6 22. 7 1 q . 7 7107.5

4 .,.1 2S. 1,.e *€***T -3.J -1-1)-. -L. 2Z.5 199.. 7134.4
4e . 7 4 . 2.j') - * -3. 3 - i . -; 0 23*f I 4 * 6795.d

30. ]i. i 7 ' 2=ý* -3.] -3. 3 7 - 24.• d It:o .7 6388. 3
')6. 2 1.• 1 /d 3 4• € -3. -7 . z. 24.6 IoS . 8 6397.0
59.4 3 4". 1 2 e .. 4 4 4 -3.3 -14.,) 3 7. 5 ? . 4 190.5 6514.5
&Oý . 4 3.-.? ,7 .I • • -3 3 - ?0.!1 3 7.b 14.4 190.6 6523.8

•" 2 1 2 ], €*3-., L•. 7.e 24*. L6 F8 .p 6392.6
1• . 4'. )ý. I = -3 . -2; •) 2i. 25.• i 1t!z.9 59t)5. 5

P IS T ýN Ct , t T A V L F ) L. .L



tfý c i rj RI I c -- T . .. .. . II I•

ANC't •ri'f leST

&NCERI ,,/, BALLGUIDE

0=MOV 1=FIX
IP CHAIN, 270 FT - 3.0 IN CHAIN

ULN6TH ON 60TTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK
AL IGHiT C. 8OTT 'o 14s. *ATER DEPTH ANGLE INDICATES

. CgCN DiFTH 15. TOTAL BOTTOM WEIGHT S14ANK TIP BELOW
, SaNK TIP DEPTH CROWN

'1 10 11 12 13 14 15
FEET LBS FEET FEET FEET FEET LOS

4'** •*# *€s*•* *s*(** ***** $'**•** 88.0 *******

~**4* **,*,**,•#*,, **# * ***** ***** 88.0 ,****
**#*4, * ,4 ~##,,**** 4e* **,4* *,**,, 38.,0 *w*****#

;4l#4•* #**,#*# *****€,,•* ****, **4, 88.0 *****
** #44.{ **,, ****# 4,#w ,* **4*** ***** 88.0 *******I
* •,•*, **44#**,* *,,** ***** *4'** * 88.0 ,I** *I,, *

#*4*#4* ,,*#**# 4, ,*,** ***** *4*4*# 88.0 *4*4*4*,

ZE*** "13* *444 #*4** {*4*4* *4*,4.* 88.0 *4*4*4* ;4*4*4* 4*4*4 *##*4' *4*44 *4*4*,I 88.0 4*03*4**4*44* 4*444* **4* 4*4*4 *44*4 88.0 *444

22b.9 9134.1 *4* 44* 4** 88. 17134.1
2 25. 5 9035.4 **8 4* ** 8800 17035.4
225.4 9032.3 #* 44444 *4, 88.0 17u32.3 4
225.4 9032.3 *4* **4 *444 88.0 17032.3
215.5 8315.6 *** ***4 4*44* 88.0 16315.6

214.8 e266.'4 *** 4,,4 4,*** 88.0 16266.9
214.9 b270.3 *44 *** ***4* 88.0 16270.3

213.1 d145.7 #*€€* *1** **4** 88.0 16145.7

212.5 i102. 1 4#** * *4444 88.0 16102.1

210.1 7930.? *4*** * * 88.0 15930.?
2C0.1 7208.7 **** *** *4* 88.0 15208.7
1 (ib. 7 7107.5 *** *44*4 *4*4 88.0 15107.5
199.l 7134.4 *44* *44* **44 88.0 15134.4

194.' 6795.8 ** *4** *.* 88.0 14795.8

1so.7 6388.3 *** **44 **4w* 88.0 14338.3

168.8 6397.0 U #**** 44*** **e g 88.0 14397.0
190.5 6514.5 #* * *, 4*' 88.0 14519.5

190.6 6523.8 * *•** *. * 88.0 14523.8
Lbb.5 6392.6 .***4 *44* 4*** d8.0 14392.6

I•s.9 5965.5 444** *** **** 8d.0 13965.5

C-3

AO



DcS- 208
Test No. - 2
Test Ser~es No. -0 INDIN ISLAND

two fLuke baLanced w/o baLLcuLde
s.Lt4 cLcN

LEGEND
0 - Croan Penetratlon
"A- Shank TLp Penetratlon

- 2.0

4.0-

6.0-

0.0 ! i10.0 s. o .0 1.0 .0 6.3 .o 46.0 45.0 0.0 ss.0

50.0-

40.0 LEGEND
30.0-- Shank RoLL

Sa- Chain PW ttch

60.0~~~1 H4fnho oc

-20.0- -V-- D---k --o .. ce .

-30.0o
-40.0-

-530.0,,,,

120.0
so 0.0 

S; 000 5.0 10. u 5. 20.0 25.0 30.0 3L. 400 16a 45.0 .0 50

90.0- LEGEND
a- Cho~n NeLght on Bottom

A-n- cornchor ForceD i
70.0- V- Dock Force' 60.0-

. . 5 0 .0 -
4,0.0-
30.0-

0.0 0.. . .1-,. 0•N . 0. 1;'N - . .0 2.. . 2. 0 " " 6. 46. 15. 50. S.0 . .

Rnchor Grog U~stonce ,



TA iLUYE ANCH U k TEST

T' _T T. 2
•LT T u"

T,. , INGIAN ISLAND
ST4-, T-1\O TIM') i0¢2 - 1025
S 'tL"',.t 1YPt SILTY CLAY

*Ch;E TYv TAC tLUKE aALANCED i/b BALLGUIDE
N r t-::-, Lr l14• oC 9 0.

LUj N ý L -TYPt , c.od .iG. - 0 M=MOV 1=FIA

L'-I', LI' S'_ý icri7TI1N 14 FT - 2.0 IN' CHAIN, 270 FT - 3.0 IN

1. 1% iIT•.CL h. t']T4TI ;'. A•,GLt - 0tiAIN LENGTH ON 60TT13" 13. ANCI

* w, >., T..' -'. •-. • A• ,iLE I.. CH" IN sE IGHiT LN *GTTOM 1'. WAT!

3. • ", ?. tI ' P A.GL" I . ANCrH, Q CPCv\. CEPTri l . TOT
4. P C A T -VxI Z. Li I,. •NCH53 SHNK TIP DEPTH

17 'i10 11
.1 FEE

( S FJEI I ..EG pIP F FEET LBS FEET
C.: " 1 2 .6•• (* b t 2.5 51.0 10.2 275.1 12610.Z • *

4 . C !-.• 2. . -11.3 5C. 10.3 274.3 12550.4 *****

5.4 11.:h 1. -: 3 -1 3 53 G '.6 i0.5 271.5 12350.0 **

6.3 7.4 . I 1- 4. -1. 11. A, 236.8 118 . ,_** b
.'-* . '.' -:÷ -2.0 -11.4 47 12.5 C-0.2 6 1 1.:1 60. 4 ***

73.. k7,1 7 •' 2.1 -3.37 37.2 12.7 251.9 I.37t2, .6
i3.I 2i.2 li.- •** -2.1 -) .7 31.4 13.2 2(35.7 7I113., *w**

'6.'•1 i'." ?. - -2.3 - 3.1 36.. 13.5 2254 19. 5 111.Z **5.*

70 , 31.J i.. , .- i -2.7 -7 1 4 4.33 15.0 Z19.6 10880. 88.1
1 ... .-1, .... 241.7 10200.8 * •

•C, 2. !-. 4* . 5 - .0 c 43 .• U 1 .4 238.0 9-434.7 ,Ig,

2 2.• 22 ' Z • *• * . 15 . 5 '2." 16 . f 236.15 9 b3 3. 1 . ,1

2 j.• 3 •. ?,. 7' * 1. -If).3 4 .1 . ild. 226.,1 907b.a * *

27. t.' .•. 4*+ -. 4 -! .C d I .5 2 2'1 .5 675 1 . 0 * *

•,. .- •. ) -, " ' ;•=• - .i -1 7., 0,. 1'. 5 221.5 8751.0 •* *

3 ,1 2-. 1. -•:' - . -17 .1 40.2 19.) 221.5 6751.0 • • 1

3 3.J 1•, .- 7* - . -11. 7G { , I0 1 .7 2 20. 5 6676.9 0 41

I.. .'., I1. = • - .) - 1(.4 39 .3 20.6 2 15.8 d337. 7 *

-•ý -.' 4t. i.. .• - 0. -17. 4 321 . 1;. 20. 8 2 1 f-.1 8290.6 ' •

35.2 27 . '. 1'** -2'3-1..,• 7 21.4 2ý2 . 1 13068.4 *' •

30.2 2T~ 7' . 1, ,e=;: -2.1 - .3 3 .2 2"L. 3 2 17. le 3,37.4 * *

4I. 1' .• 7 '•* -2. -i3.b ý .9 22.5 207.0 7704,.6 * *

43.1- 2'1. 2 11.4, c ;z -2.1 -lo.6 31.4, 23.2 2 03. t 7460.6 '* g

45.2 i ; . 1 ) i € * ' - . 1 . 37. 1 23.7 201.3 72107.1 • ,*

46.4 ~ .-, ."" 4 *, -2 .• -9 i 3t.• 24. 3 146.4 b9liO.O ** *

4o 0 3 1 ,; . 3, - . -I,1.2 36.3 25 .0 1 l5. 3 6860. 7 8801

P I ST A.C• k 'J, T• . CL r > .0



ANtHCk TEST

CED ,,,u BALLGUIDE

Q=mOV 1=FIx

HA CHAIN, Z70 FT - 3.0 IN CHAIN

IOR INGTH ON, BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK
ER JIGHT G'U t TT0M 14. WeATER DEPTH ANGLE INDICATES
CPCC'. CEPTri 15. TOTAL BOTTOM WEIGHT StiNK TIP BELOW
S1-,,K TIP UEPTH CROWN

1 10 11 12 13 14 15
F FEFT LBS FEET FEET FEET FEET Les

:275.-1 12610.2 *Z#** *(*** **** 83.5 20610.2
Z77.3 12550.. ***** ***** **** 83.5 Z0550.4
271.5 12350.0 ***** **** ***** 83.5 20350.0

264.8 11866.6 4*** **4* *** 83.5 19868.b
160.b 11ý60.4 *t** **4* *** 83.5 19560.4

?t3.6 11781.'. 4 **4 **4 *** 83.5 19781.4

Ztl.7 i1643.3 ***, **4* **4* 83.5 19643.3

4* .258.9 !144'2.6 6*4** **4* 444** 83.5 1944Z.6

Z255.7 11213.4 *44* **4* **4 83.5 19213.4

25'4.5 11125.7 **4* ****4 4.*4* 83.5 19125.7

* , .6 10480. ) ***** *** **4 83.5 18480.9

241.7 I0200.3 4*44 **4 *4*4 83.5 18Z00.8

238.0 9434.7 **4 *444* **4* 83.5 17934.7

236.5 9 833.1 **** *** **4 83.' 17833.1
226-.l 907c.6 *44* ***** 444*4 83.5 17076.8

221.5 6151.0 **4, 444*4 **4 83.5 16751.0
221.5 8751.0 *44* *44* **4 83.5 16751.0

* 221.5 8751.0 *44* *** *4* 83.5 16751.0

220.5 6b76.9 *44* ***4* 4*440 83.5 16676.9

215.8 d337.7 *444* *44* *44* 83.5 16337.7

2 215.1 8ZI0.b 6 **4 **4* *44 83.5 16290.6

S 212.1 db8.4 4**4* 4*4** 44*4* 83.5 16068.4
217.2 e437.4 *44** **4* *44* 83.5 16437.4

C7.0 7704.6 4*4* *44* **4 83.5 15704.6

S 203.t 7b60.6 *4444 *44 *44 83.5 15460.6

S 201.3 7297.1 **** *4* *4444 83.5 L5297.1

1 1ib I,4 b940.0 83.5 14940.0

195.3 6860.7 88.1 86.2 83.5 14860.7

C-4

3Z



OcS # 208
Test No., - 3

Test SerLes No. 0 IN I N I L N

11

moorfNso 6000 Lb, 50 deg mov fLukes

S8.0- LEGEND
60 - Crown PenetrctLon

S- Shank TLp PenetrotLon

. -2.0 - _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

e .00 -- - : - •.. -- O S E•.O a.• -=--• T .= •

b_ 2.0

4.0

6.0

8.0

10.0-10.0 5 . . .... ' . .oo s.0 10.0 15.0 20.0 25.0 :0.0 35.0 40.0 45.0 0.0o. 55.0

0.0 5.0 10.0 15.0 20. 0 25.0 30.0 3i. 0 40.0.0 0 0.0 5.

30.0

90.0- LEGEND
8.0. H- Shank RoLL
0.0- V- Shc.k PLtch

-20,.3

-0.0

-50.0

0.0 50 10.0 15.0 20.0 25.0 30.0 3;. G 40.0 45.0 .0 5.

130. GLEGEND
00 o- ChoLn NeLght on Bottom

80.0- R Anchor Force
70.0- v- Deck Force

V) 60.0-
o_ 50.0-

Anchor Drag OLstance

/



MOBRFAST ANC HR TEST

TEST T Tt 208
TEST 3
T<SI ", c I,0I ,°" I L N

ST:AKT-'.., TI"'-S 11.41 - l21i
TY,• " T '. -31LTY CLAY

A\C ,j T Yt- t ICCdFAST .00'J LB, 50 t)LG M0V FLUKES
"" ,\C-•- I .1,H T 6009.0.90 L

FLLF AGLI-Ty':, 50.00 ci-EG. - r 0=M;V 1=FIX
'42Cr"i1 LI•iE { •I PTI :;N Sl0 FT - 2.0 IN CDAIN, 270 FT - 3.0

1. J•A., DisTAN. •. ',3T4TIJN ANGL; 9. CHAIN L5NGTH ON BOTTOM 13.
2. tCK T:_NS!�"� 6. SHAYK A44GL; 10. CHAIN otIGHT GN BOTTUM 14.
3. ALNLjo T '.SN 7. oIKL ?0PE ANGLE ii. ANCHOR CQC0N UEPTH 15.

t A3 ,_- )A l'< b. TJtCK 1u IZ. FOkCE 12. ANCt ;, SHANK TIP JD PTH

4 9 10 11
sso FcT 4ý. G.]) _ JG DKIPS f-FT LtS FEE., .O 1.i , .4.. O@ 12082.4 ***4

2. 17. . 5.•1 3.. 4,'J. 7 11.3 2-?.6 11t53.1 ***4
2., 17.i 1.t, 7-e' ,. 3.0 4 9.'4 11.6 262.5 11722.94 *4*4

48 :• ". •* -. 2 .• •3.3 3 2.211307.2 ***4
~.?. i?.'. 5.~ # *'' 1,.? -3.0 'g.9 11I.2 2•5.1 11890.'. #*

1. 1I. C 1 10.) -3.'4 4 ý(. 0 11.8 21b.3 ib615. 2 ***4
i1.3 It.2 -.n' •- 11. -. I 4td.l 12.0 26Gc.1 1i527.O *?.0
12.2 1v': 7. 4. i * 2. 1).9 -6 .D 47.0 13.3 251.9 10938.6 . **

10.3 -8.5 45.7 14.3 246o2 10528.3
14 . 4 2 1 1 1')..4 1* lu .2 -9 0 • 3 15.5 239.0 1 0004#5 * *

15.c 23.0 12., *;*,• 9.5 -i.7 43.0 16.3 232.1 9506.2 *
sz7.2 3J.7 14.." *** •.'i -ii. 4 42.4 17.5 228.0 9219.0 #*4I

-j*-' ;..7 **,** 3.7 -12.4 4'2.3 17.6 227.4 9173.1 *444
1C.1 2-. ) 1.3 6**4 •.3 -13..0 4C.8 19.3 z2I.8 8551.3 4*41

21.. 21 17."1 . i1.4 -1 .5 38.6, 21.9 2C5.3 7584.8 ***4
12,. L'•.6 4 1 *'* 7.1 -14,0 3r6. 4 22.4 203.5 74,54.7 *7**

, . >*4 44,#, 6.1 -14'. 3d.2 22.? 202.0 7343.ý o
1; , .i 1-,-, -f ,• 6.5 -i' ., 39.1 2 2. I 2cc.5 7236. 3 , ,,

J7, i.'.4 23.3 '*)* 5.7 -14.?7 37.2 24.2 194.8 o8d26.* 6 *
; 31.. ?i.' * s5.3 -1,.. 7 3et.6 25.2 190.2 6491.7 *41

31.-, 32.1 C2.0 ;*,•* 5.2 -1..4 36.2 25.9 186.4 b223.5 **4-
J2.' 3i.1 /. ;3.? * 4.5 -12.) 35.3 27.5 1 79l.2 5735.8 **4
3 3 .3 3 . f-, 2/1.. 4.1 -7.1 3 .3 21?. 4 to.7 51,3.b .,
3t..i 3t.? 2t.' 4.1 -17.3 34.0 30.0 155.1 4962.5 **4
31.3 . ,-2. 1 4 .! -17.5 33.7 30.s 15 .3 4808.5 ***5

, ?.2 27.? 4.3 -:7.7 33.5 31.1 144.1 4b612. *. *
I.. 31.2 eh., * 't.0 -1 a. 1 33.1 32.0 134.9 4316.6 *4*4

. 2i.7 .*0* '.0 -18. 3 32.5 33.3 125.0 3999.9 *
½.. 40.3 2"3.7 3 ** ,.9 -18.'4 32.2 34.1 11#.6 3731.0 ,
4 .4 C 4().3 25.6 4 *4) 3.5 -it.• 32.2 34.1 117.2 371*8.9 **9

CISTAP C t o A,,G; T 'AlV.1_LtC fG ...)
C 'A '3 ACt A\C.inll T V~LL tt 4'4. 1



A'T ANCHtUk TEST

>")•o L8, 50 OLG MOv FLUKES

S- 0 O=M;V 1-FIX
j.) IN Cl'AIN, 270 FT - 3.0 IN CHAIN

IN

AIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE POSITIVE SHANK
ANC AI N vIGHT TO BOTTOM 14. wATER DEPTH ANGLE INDICATES

,A T 4 CkC%;i DEPTH 15. TOTAL BOTTOM W4EIGHT SHANK TIP BELOWi
TOT SHANK TIP Dt-PTH CROWN

9 10 1l 12 13 14 15
PS f-EET LbS FEET FEET FEET FEET LBS

T 2 f 27.8 12082.4 **4 **4 *44* 86.0 18082.4
,.3 2t4.6 lo53.3 **4 4444* **4** 86.0 17853.3

.s• 22.e 11722.9 #444* *Z*4* **4 86.0 17722.9
4 .3 25c.2 113u7.2 *8** **4* **4 66.0 17387.2

.2 2f5.1 11890.4 *44* *44* **4* 86.0 17890.4
S ..- 2E1.3 i!615.2 *444 **44 **4 86.0 17615.2

~. 26C.1 11527.0 444*4 #444* *4* 86.0 17527.0
.3 251.9 10938.6 *444 44*4 *** 86.0 16938.6
.3 2Z6.2 10528.3 * * **4* **4* 86.0 16528.3

.5 239.0 10009.5 -44** *4*4* *4*4* 86.0 16009.5
?. 232.1 9508.2 *z*4* *** ** 86.0 15508.2
228.0 9219.0 *4444 **44 *444 86.0 15219.0

.5 227.4 9173.1 4**#4 **4 **4 86.0 15173.1
.3 218.8 8551.3 **'* *44 444*4 86.0 13551.3
•.1 2C5.3 7564.8 **•44 *44* **4 86.0 13584.8
S . 203.5 7454.7 **** *444* **44 86.0 13454.7 -4

1 202.0 7343 . ýf *444 *444* *44 86.0 13343.9

.' 2CC.5 7236.3 *** *44 *4* 86.0 13236.3

.2 194.8 682d.6 6 **** 44444 *444 86.0 12828.6

.2 190.2 6491.7 ***** *444 *4444 86.0 12491.7
4 .4 18C,4 6223.5 **4* **4 **4* 86.0 17223.5

* .5 1 79.2 5735.8 4'*•4 **4 444** 86.0 11735.8
4 .' io.? 5143.b * **A * 9*4*4 86.0 11143.6

•.0 155.1 4962.5 *444 44*4* **** 86.0 10962.5

.' 150.3 4808.5 ***4 4*44* *444 86.0 10808.5

.1 144.1 461Z.3 4*444 444*4 **44 86.0 10612.8

.0 134.9 4316.6 *4* *4 , *444 86.0 10316.6
!. 125.0 3-99.9 *4449 **4*44 **4 86.0 9999.9

, 116.•6 3731.0 *444 *4*4* 444*4 86.0 9731.0

L.1 117.2 37',8.9 *** *44* *'*4* 86.0 9748.9

C-5

i --•- ... --



Dc s - 206
Test No. - 4
Test Ser~es No., 0 INDIAN ISLAND

moorfast 6000 Lb, 50 deg may flukes_

sýLtmj cLa4

-8.0- LEGEND
0 C-uwn Penetrat;.on
A- Shank TLp PenetratLon

-0.0 1

-2.0-

4.0-

6.0-

6.0,
.0.0

0.0 5.0 10.0 15.0 20.0 25.0 T' n 35.0 40.0 45.0 50.0 55.0

L 0.0 .-

110. LEGEND
30.0. - Shank RoLL

20.0 9V- Shank PLtch

20.0-

-30.0-

-40.0 0

0. .00 I. 00 2. 00 35.0 40.0 45.0 50.0 5.

100.0-LEGEND
gQ.0. o - ChaLn NBLght an Bottom

8n.0. 
o- Anchor Force

710.0- v- Dock Force
V) 60.0-

o- 50.0.
S40.0-

30.0.1

0 .o 0~ 1.l.0 1;.0 "2n.o A5.0 '3n.o a 35'.0 40O.0 45.0 . Si. 0

Anchor Drago DLstance



f U'J ik AS T ANCH.R TEST

T ES ýT .),aTt
T! ST \,..
T• ST <,N.' C
TiT .".) Il, ISLAND
5TA . \, - I22ý - 1255

S AFL]3, T y' iILTY CLAY
A,, - f? M (UC,<FA3T V0Of] LE, 50 0EG MOV FLUKES
A i -T. r Gj-OT0 , .
FLUK -\L.•-TYt: , -0,u J. -G 0=MOV l-FIX

ic- !'T ;1 1d') ;T - 2.0 I'N CH•AIN, 270 FT - 3.0

0. 1>,, :I;T Z.> .CuTATI` N A\GLL 4. CHAIN LENGTH 5N 30)TOM 13.
2. [>C T '. )H1r < L 10. CtHAIN ,E IGHT UN 6OTTOM 14.

T p 7. 11. 0•CO- RP.CAN DEPTH 15.
L , .'. t< T-4 I.JjIL. FU.CL I. A NCHO]k SHANK TIP DEPTH

2 ', 1 8 9 10 1
ss. F ET G<I<, 1),I •)cG E GEG KiPRS FEET LeS FLI

. , 1 7 " . , € ,1 . - 2 . 1 5 G.. • 1 1. 2 Z F2 , . 7 1 1 7 1 6 . 0 * •*4
2.0 . 5., 4*" 12.7 -2.2 44. 11.5 zFG.- 1.1584.4 **#4
5.• "z. 3 '.3 * 13.1 -2.2 Z,(.2 11.'i 25B.I 1138',.t ***.
t.5 O 0 13.q -2.5 4 c.2 i2.7 253.3 11036.0 **4

n,. -. 7.2 13.4 2 48.2 10667.5 *4

!1 5 c.> 4Z •; 16.4, -11.2 4tC. 3 14.*2 2414z." 10319.2 '*
i.u. toI 1 €4* 1. 1 -11.) 4 5. . 14.4 243.0 10298.9 *,

1G.3 2.. 11.1 .-- , -12.1 44.6 15 7 235. 5 97.2.6 €
15.i] oL .4e . 13.3 -12.j 4,,.1 16.2 1Z .5 9542.0 ***•

ss. 17.7 Z .(. 12.7 -!3.1 43.c 16.7 z29.7 9338.8 **
1~ .3 11.4. -13." .2.( 17. 7 2214.6 8970.4").3 2?.-. -•-- 1 -13.• 3;.7 21.1 2C5P8 7619.1 *

2C.r 2 .?I 1 .3 . - 1 •.i . •2.1I 200.2 7212.6 *f *22.6 2A.', 17.7 44.-4 o,6 -15.4, 38.7 2 2.5 19ia 7114.7 **
2?.2 ?.. -4 . €;** ,•.C -15.7 3d.O 23.6 1 94.2 6783.5 *
25.i 31.1 /1.1 = 7.5 -1b. 1 37.2 24.I Ib9o 1 b14.3 *. *
2 7 .2 32 . 1 Zl .• 4 * • 7 .? - --. b 3 t.. o ? t).U "' I d . 4 t)0 79 .2 • '

3.-4 3 .).2 2 , 1 + b€ h. 7 - 17.1 3t .0 2 u. '-i 177 .5 5680. 3 •*
30.7 33,." 23.1 1).** 6.7 -1.1 3).6 27.2 175.4 5613.'4 ***

"3'. 3 I. " 3. 2 1 , 6.2 -17.3 31.3 Z .1 16I•.4 2 5154 I 0*•
ss034.1 35. 2 c) . 4 *,• -v 1 -17.,4 34.11 24. 1 15b.pl 5017.0 €

35.4 3 t.4 25.3 3 -17.7 34.3 30.1 147.0 4703.0 *3*.
3 7 .5 3 7 . ' : 7 .• 4 v • -ý ;. 7 - 1 7 . 1 3 3. -1 "11.2 1 3 15. 1 '43 5 5 . Z *

3'9.3 3•..1 7.• •) :; .5 -17.d j3.5 31.8 131.0 4193.4 **
41.1 ,9.U 7. 7 * 5.5 -1,.1 33.1 32.? 122.1 3907.7 4*4
43.0 2 . ; ..; V. 5. -13.3 32.7 33.6 111.6 3572.8 6 *2"," .O . "I-• ')-.) - 18. 7 3 2 . 33 . t4I1 0 .7 354 1.4

SISTA' C t ,<1, T v LVLL, ;,. 9

Copy oivogable to DTIC does not

-... fxego



ANCHGR TE ST

B, 50 DEG MOV FLUKES

0=MOV I'FIX
CHAI?¼ 270 FT - 3.0 IN CHAIN

NGTH 5N 30TTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK
IGHT UN 6OTTOM 14. WATER DEPTH ANGLE INDICATES
RCN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW
hANK TIP DEPTH CROWN

1 10 11 12 13 14 15
ELT LdS FLET FEET FEET FEET LBS
,,.7 11716.0 * **** ***** 88.0 17716.0
tO.'9 11584.4 **# ** ** 88.0 175844.4
58.1 1136.. ***** **i*l .*3** 88.0 17384.8
53.3 11036.0 ***** ***** **** 88.0 17036.0
4.8.2' 10667,r,~ *# *** ** 88.0 16667.5
44.2 10379.2 *** **s ** 88.0 16379.2
4/4.2 103/9.2 ***** ***** **** 88.0 16379.2
"43.0 10298.9 *$*** ***** ** 88.0 16298.9
'5.5 9752.6 **** ***** ***** 88.0 15752.6
32.5 9542.0 **$4 *** * 88.0 15542.0
ý9.7 9336.8 9**** **** ***** 88.0 15338.8
24.6 c3970.4 *** $* *** 88.0 14970.4
C,5.b 7619.1 *#* *$ ** 88.0 13619.1

2C0.2 7212-6 *9*** *$** ***** 88.0 13ZIZ6.
i9.ý 7114.7 **# ***** ***** 88.0 13114.7
194.? 6763.5 *0,0* *t*¢4 **** 88.0 12783.5
'b9.1 w414.o3 ***4* 4**** ***** 88.0 12414.3
id'.14 bO79.2 *** #**** **** 88.0 12079.2
177.5 5680.0 3 **** **** **** 88.0 11680.8
175.4 5613°4 **** ***** *** 88.0 11613.4
64.2 5254.1 *~*** **** ***** 88.0 112541•

156.6 5017.0 ***** * ** 88.0 11017.0
147.0 4703.•4 **** ***** 4*@** 88.0 10703.4
136.1 4355.2 **** **€* *,** 88.0 10355.2
131.0 4193.4 ***9* ***** **,** 88.0 10193.4
122.1 3407f. .7 *** *.*7 **#0* 88.0 9907.7
111.6 357Z.8 *** ** ** 88.0 9572.8
110.7 3541.4 88.0 9541*.

c-6



Da9 g - 208
Test No. - 5

Test SerLes No.; 0 INDIA N I SLAND

two fLuke baLanced w/baiLguLde
s.Lt4 cLa4

-0.0. LEGEND
-a.. - Crown PenetrotLon

a - Shank TLp PenetrttLon

-2.0

L 0.0. - A_ .Y_1. i

a.n

- .0-

o .0

50.0

40.0- LEGEND
30.0. - Shank RoLL

MA-v- Shank PLtch

-40.0-10.0

S-20.0 -
-30.0 -

-40.0 -

-50.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 0.0 45.0 S. 5.0

LEGEND
0.0. 0o- ChaLn WeLght on Bottom80.0. Anchor Force

70.0 - Deck Force

60.0.

0_ 50.0,

Y.~ 40.0

30.0

*10.0 .....- #,-T-- . . . .0 c c• • - c c . , s

DA0.0 . 1 ' 0 0
0.0 s.0 10.0 15.0 20.0 250 . 5.0 40.0 45.0 50.0 5.0

Anchor Drag DLstance



TwO FLUKE ANCHCR TEST

T E1ST .. T L 208

T[ ST •L. 5

T[ T "u.4 0

T''T E A INDIAN ISLAND

S'A T-iND TIMES 1' - 1424

SF AF L1.GP TYPt SILTY CLAY

A:,CHG. IYTPE TWC FLUKE 5ALANCED W/BALLGUI)E

SLNChIJ ,"f 1'HT 9800.00 LH.

FLL•i ,N6LE-TYPL, '0.00 DeG. - 0 0--'UV L-FIX

"C Id.Nj' LI DESCRkIPTI!T1 180 FT - 2.0 IN CI'AIN, 270 FT - 3

1. 0 -AG i)ISIACc 5. cLTATI]N ANGLE 9. CHAIN LENGTH ON BOTTOM I

S2. •a.Cx TISI CL. •HA'K A>NGL& I0. CHAIN wFIGHT ON BOTTOM 1
3. -,-CNJT IN•Si "1 7. • ROPE ANGLE 11. ANCHOR CRCmN DEPTH 1

.. rAC.(Aut JLtPTH 5. J,-CK •IJKIZ. FOKCE I. ANCHO;R S -IANk TIP DEPTH

i 2 5. 5 6 , 9 10

UtES KI." r•S i LT J C OLG DEG KIPS -EET LBS

55.0 0.0 7.. 1.' il.e 2.7 -6.4 46.9 13.8 245.1 10450.7

4.0 2.8 .3 67.b ?.5 -b.6 46.2 14.4 241.5 10187.,

5. n ?1.3 i..7 ;7.7 2.3 -7.2 45.6 14.9 23b.6 9981.7

7.3 e 1.7 1, 1 j1.7 2.1 -7.- '5.2 15.3 236.1 9802.3

9.9 21.0 9.3 0.•. -1.) -14.2 46.0 14. b 240.2 10093.9

11.3 21.z .9 i'i.3 -1.1 -14.2 45.8 14.8 238.9 10001.5

13.5 21. 10.4 ,i9.5 -1.4 -14.3 '45.3 15.3 235.d 9775.7

15.Z 4e d 11 . 69. 7 -2.2 -1i4.6 4'.9 15.6 234.3 9670.8

17.0 2Z.2 11.7 u. 0 -2.6 -14.7 44.7 15.8 233.1 9584.6

18.7 22.' 13.1 )0 .5 -3.1. -15.2 '.4.3 16.1 231.7 9485.7

21.0 22.2 12.t 90.7 -3.3 -125.4 4,4.7 15.8 233.1 9584.6

ss. 22.1 23. l't. 3 i2.9 -3.7 -16.1 t3.5 lb1.) 227.3 91b4.3

23.7 i4. 2  1.5.0 u .3 -3.4 -1(.5 42.1 17.8 ?22.0 5765.I

25.5 2-.f- 14.7 Lt1.7 -4.4 -17.3 4,2.3 18.2 219.9 d631.2

26.9 2 !. i6.3 9 1 . -4.3 -17.3 41.7 18.9 216.4 3382.9

28.8 2D.6 15.3 42.1 -4.4 -15.1 '4.1,4 19.2 214.7 8257.0

3C.1 .1 1'.9 92.7 - 4 .A' -13.3 40.5 20.3 209.4 7873.9

3!.5' 2-,.i 1I.2 ? 91.? -4.- -19.1 34.' 21.7 2C2.0 7345.1

33.5 2 .1 !. 73 12.9 -1.3 -1 V. 3 39.4 21.8 2CI.4 7300.6

34.3 2g.r Ili.7 43.C -I.l -19.3 38.3 23.4 193.7 6746.9

36.5 29.9 i8.2 j3.0 -,.3 -19.-3 38.2 23.5 193.2 6709.b

39.i 't.. L4.1 93.5 -5.7 -1z.2 38.3 23.4 193.3 0751.0

5.s.. 0.l 24.0 43.6 -S.3 -19.3 36.1 23.7 191.9 6b19.0

4',7 34." 2u.1 03.7 - 1.9 -19.5 37.9 24.0 190.5 6513.2

4,.4 3u.I 1 1.1) '43?.'9 -0.3 -19.9 37.7 2z,.3 189.1 6417.6

•ISTA;.Cl dAK<,uc 1AVLLLD )c.0
rTVt• I IkAVLLL0 t 4.5D



LU'<E ANCHCR TEST

ntLANCED W/BALLGU IOi
LH.

-O=AUV I-FIX
.0 ýN CHAIN, 270 FT - 3.0 IN CHAIN

AIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK

AIN ,WEIGHT LN BOTTOM 14. ýwATER DEPTH ANGLE INDICATES
CH,'< CRCmN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW

CH3 SHANK TIP DEPTH CROWN

1 0 11 12 13 14 15

PS FEET LBS FEET FEET FEET FEET LBS

,8 245.1 10450.7 88.0 87.4 90.5 89.0 Z0250.7
.4 241.5 10187.4 88.0 87.4 90.5 89.0 19987.4

,9 238.6 9981.7 88.2 87.4 90.6 89.0 19781.7
.3 236.1 9802.3 88.2 87.4 90.6 89.0 19602.3

b 2140.2 10093., 90.1 88.7 92.0 89.0 19893.9

.• 238.9 10001.5 90.2 88.8 92.1 89.0 19801.5

.3 235.d 9775.7 90.4 89.0 92.3 89.0 19575.7

.6 234.3 9670.8 90.6 89.2 92.5 89.0 19470.8

• 233.1 9584.6 90.9 89.5 92.8 89.0 19384.6

.1 231.7 9485.7 91.5 89.9 93.3 89.0 19285.7

233.1 9584.6 91.7 90.1 93.5 89.0 19384.6

.) 227.3 9164.3 91.9 90.3 93.7 89.0 18964.3

. ? 222.0 3785.4 92.3 90.7 94.1 89.0 18585.4

.2 219.9 e631.2 92.8 91.1 94.5 89.0 18431.2

.• 216.4 3382.9 93.0 91.3 94.7 89.0 18182.9

. 214.7 b257.0 93.2 91.4 94.9 89.0 18057.0

".3 (l9.4 7873.9 93.7 91.8 95.3 89.0 17673o9

.7 2C2.) 7345.1 93.9 92.0 95.5 89.0 17145.1

2 2C1.,4 7300.6 94.1 92.2 95.7 89.0 17100.6

• 193.7 67746.9 94.2 92.3 95.8 89.0 16546.9

.5 193.2 6709.b 94.2 92.3 95.8 89.0 16509.6

.4 193.3 b751.0 94.7 92.8 96.3 89.0 16551.0

.7 191.9 6b19.0 94.8 92.9 9b.4 89.0 16419.0

•9) 190.5 6513.2 94.9 93.0 96.5 89.0 16313.2

.3 189.1 641?.6 45.1 93.2 96.7 89.0 16217.6

I
C-7 I

i

- 1



Dao *- 20 6
;est No., - 6

Test SerLes No, 0 INDIAN ISLAND

two fLuke braLcnced w/baLLcuLde
sLLt4 cLaq

-20.0

-8.0 oLEGEND
-6.0-- Crown PenetratLon

a- Shank TLp PenetrotLon

-2.0-

4.0-

6.0-

8.0-

10.0
0.. 0 0 ILL.t 15.0 :20.0 25. 0 30.0 35.0 40.0 15.0 50.0 55.0

SO.0O
4o.0o- LEGEND

30.0- - Shank RoLL
20.0- v- Shank PLtch

S0.0-

100.0-
90.0-LEGEND0L- Chan WeLght on Bottom

80.0 H- Ainchor' Force
70.0-vDeck Force
60.0-

-50.0-

-40.0.

S30.0 -

3.0- o -ia n N ~ h n B t o

0.0 ; 201.0 15'.0 20.0 25. 0 i0.0 35. 0 40.0 45..1 50.0 55. 0
SAnchor Drag ALrtance

/ oo -Dc oc

uI600



Tog FLUKE AlCHCR TEST

TEST T•ATt-
TCST !,,.
TE ST ý*w I
T TEST Aq[L INbIAAN ISLAND
STAA T-T,-.L TI t Is '14 b - 1602

S( AFL~i. IYp SILTY CLAY
A•Ct'iO TYPt T,,( FLUKE BALANCE WP/BALLGUIDE

FLU'<r V,tLt-1YP., '•.Cu )EG. - 0 0=MUV 1=FIX
N, , i IN b tC• PP T N ItC t i - Z.0 IN CHAI , 210 FT - 3.0 1i

i. S ciSTAC' •. CcTATIj% A\,,,Li 4. CHAIN LENGTH ON BUTTO, 13. A'

0, O T,: L;', 0 •4 ':iA AN,,Lr: I§. CH-1AI, mEI GHT ON :JTTO M 14. .ii

3. ;- % C t-I'I K. ItI,% A . uPE A4GLE 11. ANCH0,' Ck t-v DE$TH 15. TI

'.. PACý<AGr T' ,i z. j:C( -•W•IZ. tCKL.E 12. ANC rI0 SHANK TIP DEPTH

1 2 3 - 5 7 9 10 11

FEET SIP, .IPS s tT U-j% trc DEG SIPS FEET LbS FEET
C.0 1S.. ,. - • 6.• '..• '7.7 13.3 247.1 10592.3 ****

2.C )i.0 t.7 4** 7.2 ? ,.7 4t.e 14.5 239.5 10043.0 *

4.0 2-C i.- *I -4 f 13.2 -3.0 46.2 14.5 239.5 10043.0 't *

6.0 21.0 ,.7 = 13. 1 -3.3 4t.2 14.5 239.5 10043.0 o**

7.3 1 '., ./I 1 7. 5 - 5. 15.5 233.6 9616.5 -

.1 22.? 11. 1 4 1'b.3 -1.17 44. 15.7 232.4 '9529. 7

10.7 V. I 12.2 4- -,1 -. r) 4#4..
3  16.2 229.8 9346.0 •

!2.5 23.0 11. 1 17.S -13.3 4 L. lb.5 228.1 9222.9 •

14.7 2?_. 1 11.'4 1- - ! . -It.j q4.3 10.2 229.'s 9346.0 •
Ilt. 7 22 . 7 11.4 4• *. 1, - 114. - .3 ý41. 3 1 .2. 2 29.8 1031,f . 0 0 *

1 . ' c . " A4 . 4 ,* 4• . - 1 4 t . . 0 I . 2 Z . 9 2 2 2 . ' • *

20.3 2 .z 12.- i . -15.) 4f3.5 l.7 227.0 9142.3 *€3

22.2 23.5 1!.-i . * 1.. -15.7 43.5 11.0 225.2 9011.d ***¢e

23.2 25).2 15.', * 12.0 -It.- 'f2.0 16 . 215.8 8336 **4 *.

25.1 ;t.3 1., . * 11 .d -It. 7 41.I lei.1 215.4 8310.4 *4 **,

2(-. - .Z-. I ' pi. 7 1 l.C -16.7 '.1.5 19.3 212.4 8090.9 -

2e.d 21.-1 10.Z 4*** iu.' - .. 7 41. 4 14.4 212.o0 065.2 *Q***

3C.e 25.9 17.3 ** , #.441 -1',.,P 4,1.4, 19.4 212.1 6072.0 ****T

32.4 .5 1..0 . ** ** -. ! -16.5 4.0.9 20.0 2C9.3 7866.4 *

3 4.C 27.7 1.7 0 4q d.d -16. s 4c.1 21.0 203.8 74 71.9 *

35.) 29.6 19.0 * 7 .9 -It.5 39.3 22.1 198.2 7073.7 ****

36.• b i.? 14.? ' 9 1 V 2 -ls.5 38.5 23.2 193.3 6719.4 *****

39.8 Z . 7 i, 4..3 -1b. 38.5 23.2 193.3 6114.4 ,

40.• 3j.. 20.2 . 5.5 -16.5 39.2 23.7 190.4 6507.5 €

42.2 1. 3 21., * 3.9 -10.6 37.5 24.8 115.7 6167.'t ***

44.2 3 . .2 3.4 -16.U 37.2 i5.3 182.8 5960.5 4****

DIS T L'C ,a ; .A, L r '• )

SlS T '.1 C. ,'i1, T t v , Lt- D 441.2



A'.CtCR TEST

NCEO PlBALLGUIDE

0MUjV 1=FIx
N CHAIV, 210 FT - 3.0 IN CHAIN

LENGTH ON BUTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK
AEIGHT ON ýj)TTJM 14. mATER DEPTH ANGLE INDICATES

CkC~ti DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW
SHANK TIP DEPTH CROWN

9 10 11 12 13 14 15
FEET LbS FEET FEET FEET FEET LBS
247.1 10592.3 ** 4*4* *4*4 89.8 20092.3
239.5 100143.0 **44 *44* *444 8Q-8 19543.0
239.5 100(3.0 **4 *4* *4* 89.8 19543.0
239.5 10043.0 0*** **4* *444 89.8 19543.0
233.6 9616.5 *** *44 ** 89.6 19116.5
232.4 9529.7 **4 *4* 4*44 89.8 19029.7
224.8 9346.0 4*4 *44 *4* 89.8 18846.0
228.1 9222.9 *4*4 *444 *4** 89.8 18722.9
229., 9346.0 *4** *4* * 89.8 18846.0
2?9.8 113116.0 444 *** ** 89.8 18846.0
228.1 9222.1 **4 **4* *4* 89.8 18722.9
227.0 9142.3 8*94* *444* 4*4*4 g89. 18642.3
225.2 9011.d **4* *4444 **4 89.8 18511.8
215.8 8334.6 **4* *4444 444* 89.8 17834.6
215.4 8310.*4 ****4 *4* **4 89.8 17810.4
212.4 8090.9 **4* **4 *444 89.8 17590.9
212.0 6065.2 **4 *444 44444 89.8 17565.2
212.1 8072.0 o *44* *4*4* 4*4** 89.8 17572.0
2G9.3 7866.0 *444* **4 **4 89.8 17366.9
2G3.8 7471.9 *4*4* *44* **4 89.8 16971.9
198.2 7073.7 **4 **44 **4 89.8 16573.7
193.3 6719.4 *444 *444 4444* 89.8 16219.4
193.3 671-.4 **4* *44* **4 89.8 16219.4
190.4 6507.5 **44 *4* *4* 89.8 16007.5
1t5.7 6167.'q 4*44 **4* *1344 d9,8 15667.4
182.8 5960.5 4*4*4 ** * 89.8 15460.5

C-8



Day # " 208
'Test No. - 7

Test 5erLes No. -0 INDIAN ISLAND

bruce twLn shank
sLLt cLa4

-8. 0 LEGEND
-6.0 o Crown PenetratLon
-1. 0a - Shank TLp PenetrotLon

0 0 51.0 10. 15.0 2i.a 2;. 0 !0.0 35.0 40'.0 45'.0 50.0 55.0

50.0

40• -.0-LGN

10.0
50.0

20. 0 J LGEN

210.0 '--,S hn ~c

0.0 -G--.- T - --------- "- *.. % - --- -----

ý9 -20.0
-30.0-
-40.0-

0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 15.0 50.0 .

100.0-900.0 oLEGEND
80.0. 0 - Chain WeLght on Bottom
80.0. - Anchor Force
70.0 v - Deck Force

60.0-D.. 50.0.

40.0.

- 10.0-

0.0 5.0 10.0 IC.o .0 25.0 30.0 35.0 40.0 457 S6.0 Ss.O

Anchor Drag DLstonce

/

I



dRUCE TWIN ANC HO k TEST

TLST OATF zod
TEST 'j. 7
TEST ,<UN 0
TEST A., INCIAN ISLAND
ST'PT-UN.) TI.LS 1703 - 1720
SEAFLI)JR TYPtE SILTY CLAY
ANChOIR TYPE .RUCL TIN SHANK
ANCHOR "EIGHT 1100.90 Lý.
FLUWF ANGLE-TYPE, **4** DEG. - I G=IGV I-FIX
"CORING LINE JtSCR'PTI,,N 1l8G FT - 2.0 IN CHAIN, 210 FT 3.0 IN C

1. U~kAG 015 Th\Cr_ ' 0TAT1% ANSLE 9. CHAIN LENGTH ON BOTTOM 13. ANCH
2. D'-LK ,TE"SIU, t. SHANK ANGLE 10. CHAIN ,EIGHT ON BOTTOM 14. WATE

3. ANkHdR T112,l '. 1. mlkE RGPE ANGLE II. ANCH{O CPCý,N DEPTH 15. TOTA
4. PALKIt(,L ,rt'Tri b. DECK H0KIZ. FORCE 1Z. ANCHOk SHANK TIP DEPTH

1 2 3 4 6 7 6 f I0 II
1-ElT ,I P & I P t T 1;EG JE G oEG KIPS tEET LBS FEET
c .• u IC!.O ?. 3 4, 4' 4 -3.2 21.4 4, 9. c 11.{) 2 59. 1 11451.7 * *

f.10 11,.3 3.½ ; * -0.2 1 .7 48.0 12.9 250. 10857.3 $***
3.i 1 .5 r.,: ****4 -4. 7 .4 47. t 13.1 249.4 1075,.3 ***3*

5.7 1 . 5.1 * *.: -4..7 2.4 47.5 13.3 248.3 10675.6 **$l*

7.6 14 . ýo .,' 4 -4.) 1.0 47.3 13.5 246.9 10575.2 $
9.3 20.2 1? .) 0 -3.9 .2 4(.9 13.3 245.1 10450.7 *7 **

11.0 2 .0 6... . -3., -. 1 46.5 14.1 2413.5 10329.8 *****
12.3 21.4 b. 1 *** -3.3 -2.1 s 5.5 15.0 238.0 9936.4 ***
1.4 . 21.2 7* . **** -2.5 -2.1 ',5.7 i4.8 239.3 10027.3 **$
15.9 2i. 3 I. ,i *4** -2..- -1. 4o5.o0 15.4 235.9 97d 5.1 *1 $
It.0. Z 'A.L ., *.*1 -2.2 -2.3 45.1 15.3 236.5 9824.0 **$$€

2C.3 21., i.'. **1.* -2.2 -2.3 4 5..4 15.1 237.4 9691.4 **$**
21.•- ) . '. J ****.- -2.2 -2.2 45.0 15.4 235.9 9785.1 ****$
23.7 2.2 i.'. .Z**q -1.8 -2.1 44.6 15.ý 233.5 9b12.2 *Z**
2 9.d 22.9 . *6*4 -1.4 -2.7 It4 .d 15.6 234. 7 9698.0 $
21.3 22.'• 4.2 -1.0 -3.i 44.0 16.4 230.0 9361.8 *****

?9.4 12.1 i.?i *;*4 -1.0 -3.2 i4.7 15.7 234.1 9t55.0 0
33.3 ?2.. , *#** -1.0 -3.2 44.0 16.4 230.1 9367.5 **4**

3"t.7 e3.• i,.7 ** -. 7 -3. 4 4 3.e 17.2 225.8 905-47 * 7
37.3 12.Y 1 .1, *04** -. 5 -4.1 43.9 16.5 2 '2. 4 9315.3 *
41.3 22. 1")0.7 **-4.43 4 3 39 16.5 229.3 9312.5 *****
i - . i, 23.7 .;. -. 0 - 4. 4ý 13.1 17.3 ?25.2 9015.5 ****$

o 44 . 23.- lO.t **- # 1 -4.9 43.3 17.1 226.0 9071.3
I . 23.5 11.3 € . -•.9 43.3 17.I1 226.2 9069.2 ***

"CISTACf. dAKGt T.kAVELLtD 0O.
"ýISTAN.Ct . . T-(AVELLAU 4 '.t. 8



bRuCE TWIN ANCHOR TEST

7o
D IAN ISLAND
03 - 1720
LTY CLAY
UCL TilN SHANK
jII0.90 L•.-
H *A * DEG. - I O=MGV 1-FI9(
o FT - 2.0 IN CHAIN, 270 FT - 3.0 IN CHAIN

4OR
ER 0 9. CHAIN LENGTH ON BOTTOM 13. ANCHfl1 FLUKE TIP DEPTH NOTE - POSITIVE SHANK A

10. CHAIN 4EIGHT ON BOTTOM 14. WATER DEPTH ANGLE INDICATES
11. ANCHOR CRCWhN DEPTH 15, TOTAL BOTTOM WEIGHT SHANK TIP BELOW

E 12. ANCHOk SHANK TIP DEPTH CROWN

FE 9 10 11 12 13 14 15

EG KIPS FEET LBS FEET FEET FEET FEET LBS

9.r 11.6 259.1 11451.7 ***** ***** ***** 8808 12551.7

8.0 12.9 250.8 10857.3 *4, *,*** ,** 8808 11957.3

7 ., 13.1 49.*4 10754.3 ***. **,** *1*•e 8808 11854.03

7.5 13.3 248.3 10675.6 *** ** * ,, 8808 1175.6b

,7.3 13.5 246.9 10575.2 ***** ***** *,**1 88.8 11675.2

E .9 13.8 245.1 10450.? * **,, *,€*, ***** 88.8 11550.7

* 6.5 14.1 243.5 10329.8 ***** 8*8** 1,m,, B8.8 11429.8

5.5 15.3 Z38.0 9936.4 **4** ***** **** 88.8 11036.4

* 5.7 14.8 239.3 10027.3 ***** ***** * 88.8 11127.3

5 5.0 15.' 235.9 9785.1 *,* ***** 4 88.8 10885.1

5.1 15.3 236.5 9829.0 ***** ***** ** 88.8 1092900

5.,1 15.1 237.4 9891.4 **1** ***** 4**** 88.8 1099104

* •.0 15.4 235.9 9785.1 ***** , **,* *,**• 88.8 10885.1

It.6 15.ý 233.5 9blZ.2 ** ***** *4*** 8808 10712.2

14 0.d 15.6 234.? 9698.0 - ***** **,* 6808 10798.0

* 4.0 16.4 230.0 9361.8 , ***€1 ** 88.8 10461.8

4.7 15.7 234.1 9655.0 €*€* 4, 41, 8808 10755.0

4.C 16.4 230.1 9367.5 ,**€* * 4 8808 10467.5

3.e 17.Z 225.8 9059.7 *,*€* *,*** ***** 8808 10159.7

3.9 16.5 2z9l.4 9315.3 , , 8808 10415.3

3.9 16.5 229.3 9312.5 4 *** **** 88.8 10412.5

.3.1 17.3 225.2 9015.5 44*9* 44*4* 4*4* 88.8 10115.5

3.3 17.1 226.0 9071.3 1 ***** *,, €, 88.8 1017i.3

3.3 17.1 226.2 9089.2 1 ***1 , 88.8 1018902

C-9

-.-.-



DoS a - 208
Test No. - 8
Test Sertes No. -0 INDIAN ISLAND

bruce t1Ln shonk

aLLtU4 cLoy
-10.0 -

-8.0- LEGEND
-6.0- - Crown PenetrtLaon

A- Shank T Lp PenetratLon

* -2.0,

- 2.0-

4.0.

6.0-

8.0-

10.0-
0.0 5.0 10.0 15.0 i.0 2.0 20.0 35.0 40.0 45.0 50.0 55.0

50.0 50

40.0. LEGEND
70.0 9- Shank RoLL

20 0,-- v - Shank PLtch

60.01 -T

~ 0.

20.0-

-20.0-

1-30.0-

- ~ -0.0~

-50. 0.

0.0 5.0 10.0 l1.O 20.0 25.0 i0.0 35.0 40.0 45.0 50.0 55.0

1000-LEGEND
90.0- 0- ChoLn WeLght on Bottom

An0c o Dranchor Force
70.0- Dock Force

u• 60.0-I

5 0.0-

40.0-

20.0,

0.0 .nm

0.0 .a 1.0 1.0 2.0 25.0 .0 3i. 0 40.0 a S. i
Rnchor Drug DLstonce



BRUCE TOIN ANCHOR TEST

TEST u•Tt 208
TEST NJ.
T; ST :<o,,
TEST A ,ýr-A INDIAN ISLANDSTE,!kT-A -,N Tmý-4 1733 - 1746SEAFLi,.4 TYPE SILTY CLAYANCHC., TYPtj o;JCL TaIN SHANK
AFCHUk tIGHT 1100.00 LB.FLUKE ANt;LE-TYP, ***** DEG. - 1 0=PO' 1=FIAMflORI%6 Ll%;L DESCkIPTIUN 180 FT - 2.0 IN CHAIN, 270 FT - 3.0

L. 0,AG 3ISTANCE 5. kOTATION ANGLE 9. CHAIN LENGTH CN BOTTOM 13.
2. JLC( TENSIJ3 b. SHANX A,'GLE 10. CHAIN WEIGHT ON BOTTOM 1't
3. A ",dC k T 'T 7. 7, IQE ROPE ANGLE 11. ANCHOR CROWN DEPTH 15."- •A'G"t 9PTH H-:):C•)HQ!Z. FJPCE 12,. ANCHOR SHANK TIP DEPTH

1 3 ,. 6 7 8 9 10
550FEET 1(I1Ps 'lips EfT DEG DE KIPS FEET LBS Ff

0.J I?.i .. 1 *4*91 6.8 19.4 49.9 11.5 26C.9 1158t.4 *2.C in.?7 5.0 4** 3.4 1S.2 46.b 12.4 255.2 11172.9 **'4.i I•. 1 5.7 -1.:4 10.0 43.6 12.1 255.2 11172.9 ,6.0 ig. 1 5.1 4*44* -7.9 5.3 48.6 12.4 255.2 1117Z.9 **'

7.8 l -,./ 5.4 • -4.0 4.4 48.3 12.6 25.00 11086.3 *
9.4 14 . 4 . b *9 - 9 .i 4,.1 47.7 13.1 250.7 10851.2 4*11.2 At. t .6. *) * -10.5 2.3 47.4 13.3 Z49.6 10772.5 •'

13.2 19.5 6.5 *v*** -11.2 2.2 47.5 13.2 250.3 10823.1 *416.6 23.0 7 / -16.2 3.2 46..1 13.7 247.2 10596.8 *
18.3 10.7 . 4* -1.6.2 3.5 tbo 14..4 242.8 10284.6 *

55. 19.9 21.2 .5 -16.2 3.5 •s5.5 14.9 240.0 10079.1 **21.4 el. 7 9.1 44**4 -16.2 3.t 4ý.9 15.4 237.3 9882.6 *423.6 11.5 .4 •**, -16.2 3.0 A5.1 15.2 238.5 9470.7 **
25.4 21.1 '4.d **; -15.2 2.4 44,. 15.ý4 237.3 9382.6 *4
27.2 22.1 '9 . €*4 -15.2 2.4 4.5 15.8 234.9 9709.9 4,
29.3 22.0 10.', ,**** -15.1 2.4 . 15.7 235.5 9752.6 *
33.1 22.1 10.4 *** -14.8 1.8 .4 15.9 2341.3 9667.5 **
35.0 21.s [0.0 ,*,4 -14.5 1.4 W.- 16.2 232.5 954Z.0 4$36.6 23.0 11.4 #*s#* -14.0 .9 3.6 16.7 229.7 . 9338.8 *4
38.t 23.1 11. -) **4 -13.5 -4 .5 16.8 229.2 9299.0 *
40.6 23.1 L?.2 *4*** -13.0 -. 1 .5 1.6.7 229.0 9287.3 *4
42.1 1J.j 1.2.6 9*4* -13.0 -,7 1 17.5 225.4 9026.2 ,4.0 43.6 l4.4 12.3 *9*4* -13.0 -1., .4 18.1 222.5 8819.5 *4

1.,, 1.5 * -13.0 -1.7 .2 18.1 222.5 8819.5 *4

OISTA;4Ct T••G ';AVELLtG 50.0
CISTAO.CL ANCHOR T.,AVULLEO 45.b

Copy avtidobic to DITC dos "wt

-,,,= hflay ur nv Us

. 5



UCE TdIN ANCHOR TEST

ISLAND
174,6
LAY
mIN SHANK
00 LB.
EG. - 1 O=PGV 1FIX
- 2.0 IN CHAIN, 270 FT - 3.0 IN CHAIN

CHAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK
CHAIN WEIGHT ON 8OTTOM 14. WATER DEPTH ANGLE INDICATES
ANCHOR CRCW4 DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW

ANCHOR SHANK TIP DEPTH CROWN

a 9 10 II 12 13 14 15
KIPS FEET LBS FEET FEET FEET FEET LBS
11.5 26C.0 11584.4 $4"$$ $$,1.$ 4',*$ 88.0 12684.4
12.4 255.2 11172.9 4"$$$ $$$$* *$$*4 88.0 12272.9
12.4 255.2 1117Z.9 *$$$$ **$$$ $$$$$ 88.0 12272.9
12.4 255.2 11,171.9 ***$$ **$$$ $$$4" 88o0 1222?.9
1Z.b 254.0 11086.3 $$$ *$$$$ $$$$$ 88.0 12186.3
13.1 250.7 10851.2 *$*$$ $$$$$ $$$$$ 88.0 11951.2
13.3 249.6 10772.5 *$$$4 *t$$$ $$$$$ 88.0 11872.5
13.2 250.3 10823.1 $$$t$ ***$$ $$$$4 88.0 11923.1
13.7 247.2 10596.8 $4*** 4*$$$ $$$$$ 88.0 11696.8
14.4 242.8 10264.6 *6$$4 $$$$$ $$4** 88.0 11384.6
14.9 2A0.0 10079.1 $$ $*$$$ $$$$ 88.0 11179.1
15.4 Z37.3 9882.6 *$$$$ **$$$ $$$$$ 88.0 10982.6
15.2 238.5 9470.7 $$$4" $***$ **$$$ 88.0 11070.7
15.4 237.3 9a82.f *a*** **$** *$* 88.0 10982.6
15.8 Z34.9 9709.9 $$4"$ $$$$$ *$$$$ 88.0 10809.9
15.7 235.5 9752.6 4"$4" $$$$$ $*$$$ 88.0 10852.6
15.9 234.3 9667.5 4*$4 $**** **$$4 88.0 10767.5
16.2 232.5 954Z.0 $$$$* **$$$ $$4"* 88.0 10642.0
16.7 229.7, 9338.8 $$$$$ $$$$$ $$$$$ 88.0 10438.8
16.8 229.2 9299.0 *$$$4 $$$$* $4",$ 88.0 10399.0
16.7 229.0 9287.3 ***** $$$$$ $$$$* 88.0 10387.3
17.5 225.•4 9026.2 *,,," $ $ 88.0 10126.2
18.1 222.5 d819.5 **,$$ **$,$ , $ 88.0 9919.5
18.1 222.5 8819.5 **$$$ $4*** $4S** 88.0 9919.5

C-10

5:



Test NO. - 9
Test Set-Les No. -0 INDIAN ISLAND

1 prLama wLth cutter
s.LLtq cLoa

-10.0•.
4-e.0, LEGDJD

0 - Crown PenstroatLon
- "- Shank TLp PonetratLon

-2.0,

4.0,

"6.0.
8.0-

0.0 i.0 0. 15.0 20.0 2.0 i. 0 35.0 40.0 I. 0 50.0 56.0

SIG0
40.0 LEcGNo- Shank RoLL
20.0 - Shatn PLtch

L 10.01

* -lr.O0

- -20.0,

-50.0 " iI

0.0 5.0 10.0 1.0 2i.0 .0 O 3i.0 .0 45.0 .0 • 5.0

0 - ChaLn WeL-,ht an Bottom
0.0. I•nchor rorce

70.o, '- Deck Force
S0.0O

" 0 40.01
20.0.

|0.0.

00O 5.0 10.0 15.0 20. 2S.0 20.0 O 36.0 40.0 45.0 50.0 5.0

fPnchor Drag DLtance



i RI SMA ANCmOK TEST

TEST DnTL 209
TEST N•J. 9
TEST RIJN 0
TEST t.,LA INDIAN ISLAND
START-Eo TIILS 1009 - 1027
SEAFLOOR TYt SILTY CLAY
ANCHOR TYPk PRISMA vITH CUTTER
ANCHJ.% A^i!GHT 1895.00 LB.
FLUXý 4,GLt*-TYP'-. 50.00 DEC. - I OMYJV I-FIX
MOvING Li•t Zo C.'IPT',N 180 FT - 2.0 IN CHAIN, 270 FT -3.0

G WT•, TA C c . <j1ATAIj LN:GLE 9. CHAIN LENGTH OtN BOTTOM 13.
2. ¶)F'< Tz' I ,A *. ..; , •GLE 10. CHAIN wEIGHT ON BOTTOM 14.
3. A\'Cij T- -. *I Zl lt;PE ANGLE 11. ANCHOR CkGCN DEPTH 15.

A. P •Au. LL: d Tt- h. ,0 CK `31Z.. ) kCE- 12. ANCHOR SHANK TIP DEPTH

I Z 3 6 1 9 10 1
FEET 1I( 1 gt K I P k. DEGG KI pS FELT LBS FE

5.0 1i.t $.¢-- '•• ##* '47.1 12.1 264.8 11865O *5
5.) 47~~ ; .1. lz.6 261.8 11b4a*0 **
7.3 11.7 4 .- *e 12.8 260.7 11568.3 $$*
9.3 18 ? **444 e , 4 '.7 12.9 260.0 11517.9 **

12.9 19., *'- , * •, •( # 47.1 13.3 251.6 10915.4 **
12.8 11.,3 4 3# •4 **#5 €*44 "6.0 13.4 257.2 11316.7 *7 *
1 1 4**** 6.0 13.4 257.2 11316.7 **
It,5 ]9.7 •*. r- , , 45.5 13. 8 Z54.8 11149.0 *4*
ie.3 ?').!; x- ** - *1-4* 55.2 14.1 Z52.9 11008.6 **-
114.9 24.) 1; *s**; ,a 14 #. t, 14.6 250.1 10805.9 4*
22.C 2.).3 4-#- 1,,•* ,*4** 44.5 144.' 251.3 10895.9 *44

44.5. 14.4 251.3 10695.9
1. 1, 43. t 15*5 245.0 1044Z.1 4*

26., f, -*- , ** 2i " '.2.s 16.3 Z40.4 10107.9 **4
?g~ L1 • - , ÷ .,= r, 4 ,-, ••, 3.1 1,. 0 2,42.1 10133.5 *4 -0

3C. - 22.1 *44v** 4Z.9 16.2 241.3 10170.2 **4
32.2 "3. " - ••€" 4=4*4* 411. P,, 17.3 235.I 9748.5 *04
34,.4 ?3. . ,*'v 44**," ,*** ****4 ý42.0 17.1 236.1 979d.1 *44
36.2 23.2 *444 #** •*4# ***** 4 41.e 17.3 Z35.4 9751.5 0*1
37.4 23.6 44t ;#4.=': #.*** 41.4 17.7 233.3 9599.2 *44
3'ý.'. 4,.6 1 * , **4,** 40.5 18.7 228.1 9220.3 **4
41. 5 Z4. *•*•4 q* *4r** * 40.b 18.6 228.6 9259.3 **4
43. ' ? 2.~ v*v pg #4 4t 4*4*4 * *4 40.o 1U.6 228.7 9269.0 **1
.. 5.4 . , 44-* i4**** 40.6 18.6 Z2b. 7 9269.0 **4

C IS T A C• 0R,' .-• t i Q:0.



CHOR TEST

TER

=MfiV 1-FIX
INv 270 FT - 3.0 IN CHAIN

H ON BOTTOM 13, ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK

T ON BiOTTOM 14. WATER DEPTH ANGLE INDICATES

N DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW

K TIP DEPTH CROWN

10 11 12 13 14 15

LBS FEET FEET FEET FEET LBS

~811865.5 *** ** ** 82.0 13160.5
.~11865.5 *** ** *4~ 82.0 13760.5

.8 116,48.0 ***** ***** ****# 82.0 13543.0

7 11568.3 ***** ****S ***** 82.0 13463.3

.0 11517.9 ***** ***** #*** 82.0 13412.9

.6 10915.4 ***** ***** ***** 82.0 12810.4
2 11316.7 ***** ***** ***** 82.0 13211.7

2 11316.7 ***** ***** ***** 82.0 13Z11.7

.8 11149.0 ***** ***** **** 82.0 13044.0

., 11008.6 **** **$** ***** 82.0 12903.6

.1 10805.9 ***** ***** ***** 82.0 12700.9

.3 10895.9 ***** ***** ***** 8Z.0 12790.9

.3 10895.9 ***** ***** ***** 82.0 12790.9

.0 () 10442.1 ****# ****$ * 82.0 12337.1

.4 10107.9 ***** # ***** 82.0 12002.9

.1 10Z33.5 , ***** ***** 82.0 12128.5

.3 10170.2 ** ** ***** 82.0 12065.2
.4 9748.5 ***** .**** ***** 8200 11643.5

.1 9798.1 *c*** ***** ***** 82.0 11693.1

4 9751.5 ***** **t*, **** 82.0 11646.5

.3 9599.0 2 * * * * 82.0 11494.2

.1 9220.3 ****t ***** trite 82.0 11115.3

.6 9259.3 *4*** ***** *4*.. 82.c 11154.3

.7 9269.0 4 82.0 11164.0

.7 9269.00 *** *** 4* 82.0 11164.0

i

C-11 _



Dog a -209

Test. No. -10
Teat Series No. 0IN JN SL D

eCLama with cut.ter
aiLtu ciou

-41.0 LEGMI
~00- Crown Penetrat ion

A -Shank TLp Penetration

2.0-
4.0-
6.0-
6.0-

10.04
0.0 5.0 200 150 3.0 2i. 30.i0 35.0 4000. .0 55.0

50.0 -

40.0 LEGMN
30.0 M.Shank RoLi
20.0- 'Shon Pitch

*10.0-
L

-330.0

-40.0
-W0.0

0.0 5.0 10.0 15.0 20. 2i 3.0 3i.0 40.0 495.0 1.0 o5.

100.0 LEGMN
Wo. 0 ChoLn WeLght on Bottom

60.IfN- fincho Force
70.0 Y Dock Force

50.0-

300

0.0 5. 10.0 15.0 io o n 60 M 50 M0 S.

Rnchor Drag IDiatanc*



P ISMA ANCHOR TEST

* 209
TLST ,",. ()

T",T 14 . II 4? I SLA i
ST'-1-,., I! 't -T135
SF.FLYJ' TY, SiLTY CLAY
a 4 1 -C Tv; PYIdiA WITH CUTTER

%CL . .I• T I ,', 3 .UO LB-
FLU'( K GL If'Y.-,, 0.00 uEG. - I O0MU(V Isf-IX

1C., ,1,iPTi. ld0 ,T - Z.0 IN CHAIN, 270 FT - 3.0

I. ,). t IT"C ;. 1 TC T T ANGLF 9. CHAIN LENGTH ON BOTTOM 13.
?. .kCK I•.)l j' 1. 4'1it&,K ANSGLc 1O. CHAI N WEIGHT ON BOTTOM 14.
3. I.d T-: r, /. 'i t -I t '.,rL VGLt I1. A JCHUJ,< CROWN DEPTH 15.
.. • (.-<'.,, :t T,, J. kLc" I rJK C 1?. ANCH1fj SHANK TIP OEPTH

•L•T •I% .'!t, ,c.T 2.S ;rG ;G I.1P?5 FEET LaS FEE
17.- 1.5 21.9 o .d 1454

-~~~~ 7.4 1-,. ?'4 .'-4~ o.. 261.5 11626.0 44*4

?. 't. ý). -1= • =• ', *'* • . 13.6 25,1.5 11196.5 * *

7 ,.4 '• , • 1.i 14.3 251.3 10891.5 44*4
.. ',w •- • .• '• • • •* =# *:v 1.5. 3 149 1 252.6 10964.0 * ,

L. '*,-.• -,-• -i , * '.5 iý. 1 Z53.5 11053.4 *
• 7 4'x ý .•• -1 14,, v:= l i .3 251.3 10{191.5 * *

4 4.7 14 f3 249.7 1u780-.4 *44

A;. -F , •, ,4 4,3.#- 15.$ 244.0 10365.0 *44
0I. 4,. *~e t•- ev • 3. 1 16 . 1 241.1 10162.4 *4*4

Z•,. ' •; f,+ 4+* •••€ • • 3.11 16.1 241.3 10173.6 * *

.4 ' • 42.6 16.6 238.4 9961.6 4*4

*7.- 21" ~ ~ **~ '3.2 16.0 241.8 10208.4 44
,.., 2. • 4 * -* 4#' 1'*** '3.0 16.2 240.7 10127.8 *44

S 2,. - --- ~ ~#~~ 42.3 1f). 9 236.9 9855.3 *4

32.-i 2,". -* € * *** ##*•* '42.3 16.9 236.9 9858.3 *4
4.. Q v;4 -p * * • 4,9 V 4 4, 41.7 17.5 233.9 9639.7 *

} .1 4•, #*t 4*t , 0.9E 18., 229.3 9312.3 *-

, ,-- 4* -0.3 19.1 225.2 9016.9 44*4

Qg 4- ,,1. 40~~ .6 16. # 226.8 9129.2 4444
43-- 44*#V. j.0.1 1-4.4. 223.9 8920.6 44

.0 -,. . '. . -V VC,- f**t* it t^V. 1 1i.'i 223.7 6907.1 **4

71 . 7  19.9 221.3 8737.1 4444
4 ,.4 - 4. Q.: - *'4 39.7 19.9 221.2 8723.3 *

. ,' ,4 41 3'.4 20.1 220.6 8686.5 *4
5l :,in o': .:;4" ' 20.0 220.6 bb83.-444.

T,



HOR TEST

mOv I-F-IX

C N, 270 FT - 3.0 IN CHAIN

ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE POSITIVE SHANK
ON BOTTOM 14. WATER DEPTH ANGLE INDICATES

TER DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW
TIP DEPTH CROWN

10 11 12 13 14 15
LBS FEET FEET FEET FEET LBS

ij6•5.. *4*4* *444* *4 82.5 13550.8
11626.0 *4* *44 *4* 82.5 13521.0
1149P.4 *4*44 *4444 4*4*4 82.5 13390.4
11196.5 4*44* *44*4 4*444 82.5 13091.5
10891.5 * *4 *44 82.5 12786.5
109d4.o 44*4* *4** ** 82.5 12879.0
11053.4 4444* 444*4 44*44 82o5 12948.4
10o91.5 4*444 4*4*4 *44 82.5 12786.5

* Iu 7 80.4 4%4*44* 44* 44444 p2.5 12675.4
S1035'5 9 tt .tt !)t 82.5 12454o5

10365.0 * * *4*44 *,*4 82.5 12260.0

* 10162.4 4*44 4** *44* 82.5 12057.4
* 10173.6 **4 444*4 **4 82.5 12068.6
* 9961.b *644* *4*44 4*444 82.5 11856.6

O102Od-4 4* * 4*4* 4 , 82.5 12103.4
* 10127.8 4*4* *4*4 *444 82.5 12022.8
* 9855.3 444*4 4*44* 44*4* 82.5 11750.3
* 9858.3 *4*4* 4*44* *444* 8Z.5 11753.3
* 9639.7 82*4* * *4* 82.5 11534.7
* 929b.2 4444* 444*4 *4*44 82.5 11191.2
* 931Z.3 ***** t44, *4*4* 82.5 11207.3

9016.9 *4*4* *4*44 *4*4* 82.5 10911.9
* 91?9.2 *4*4. 44*44 ** 82.5 11024.2
* 8920.b 4*4*4 4444* 4*4*4 82.5 10815.6

6907.1 444* 44*4* 4*44* 82.5 10802.1
* 8737.1 *4*44 44*4 4,444 82.5 10632.1
* 8723.3 444*4 44444 4*44* 82.5 10618.3

8686.5 44o4* 4*44* 4444* 82.5 10581.5
8683.d 4*4*4 *,*4* 4*4* 82.5 10578.8

C-i12

t -J 32X



Dos a -209

Test No. - 11
Test SerLes No. 0 INDIAN ISLAND

stevfLx
sLLt•. clao.

-10.0

-0- 0o- Crown PenetroaLon
-2.0- A- Shank TLp PenetratLon

2.0

4.0-

8.0-
10.0

0.0 5.0 10.0 15.0 20.o 3s.0 3).0 25. 40.0 4s.0 50.0 55.0

40.0. LEfENO
30.0- H- Shank RoLL
20.0 '- Shank PLtch

S-0.0

C3

- -30.0-

-40.0.
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STEVFIX ANCHOR TEST

TEST V;ATE 209
TEST NO,. 11
TEST RU% 0
TEST AREA INDIAN ISLAND
START-END TIMES 1328 - 1338
SEAFLOGU TYPE SILTY CLAY
ANCHO..i TYPE STEVFIX
AhCht,0. ,sEIHT 11000.00 LB.
FLUKE A,%GLt-TYL, 50.00 DEG. - 0 0=MOV 1=FIX
M'OORING LINE ULSCRIPTIGN 90 1T - 3.0 IN CHAIN, 180 FT - 2.0

270 FT - 3.0 IN CHAIN

1. 1.-cA DISTANCE 5. 'ýOTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13.
2. OLC, IcNSICN 6. SHA%' ANGL. 10., CHAIN WEIGHT ON BOTTOM 14.
3. ANC1-J9 TENSION 7. %IkE .RPE ANGLE Il. ANCHOR CREON DEPTH 15.
4. PACI, AGk DLPT- 6. OECK HORIZ. FJRCE 12. ANCHOIR SHANK TIP DEPIH

1 1 3 b 6 ? 8 9 10 1
FELT <Pi,) IP5 FcLT ) DEG DEG KIPS FEET LBS FE
.1.0 2u.# .0 Z;** 2.4 7.• 45.0 14o8 334.7 16901.5 *

0.0 4.3 **04, 2.4 7.5 45.1 14.7 335.4 16946.5 *4*

3.z 21.9 '., 8 2.4 7.5 43.9 15.d 329.1 16494.5 *4*
5.3 ZI.'5 5.1 *4*4* 2.4 7.5 44.0 15.7 329.7 lb53b.4 a *4

2.9 22.5 6.4 0*44 2.4 7.3 43.3 16.4 325.7 16249.1 *4-
11.4 1.6 5.9 21 .4 6.4 44.2 15.5 330.9 16621.Z
13.5 ?1.1 1.Q 4* 2.4 6.4 44.3 15.4 331.4 16664.1 *4*
15.2 22.0 7.0 44*4* 2.4 6.3 43.8 15.9 328.5 16452.9 *44
16.8 22.b 6.0 **$** 2.4 b.0 43.2 16.5 325,2 16215.0 ***
1 1. 7  22.c o.1 Z*** 2.4 5.? 43.0 16.7 324.1 16136.3 *4.
20.5 23.1 -.0 *4-*• Z..4 5.5 42.7 17.0 322.5 16017.5 *44

5.022.2 2. ?.s 9.2 Z** 2.4 '. *.4 42.2 17.5 319.7 15818.2 *4
25.1 22 .0 4.7 2*4• 2.9 d.0 43.6 15.9 328.7 16466.7 €
29.1 22.) 4.- ,v4*4 2.7 7.9 43.6 15.9 328.7 16463.9 *4
31.2 21" 1 . 7 *4* ?.2 7.9 43., 15.8 329.1 16494.5 *4
33.2 22.1 4.2 4**;V 3.0 10.7 43.7 16.0 327.8 16400.3 0*4
39.2 Zi.1 4.-, 4*v** 3.*0 10.2 43.7 16.0 327.8 16400.3 4*44

DISTA'NCE 3.AWGt TkAVtLLE. D 40.
DISTANCI ANC•,uk Ti'.AVELLED 39.2

55.0



FI •( ANCHOR TE ST

LAND
3 8

.- 0 O-MOV 1-FIX

.. 0 IN CHAIN, 180 FT - 2.0 IN CHAIN
3.0 IN CHAIN

HAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK
HEAIN WEIGHT ON BOTTOM 14. WATER OEPTH ANGLE INDICATES

3TA NCHOP CROWN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW
.%CH.T C SHANK TIP DEPTH CROWN

9 10 11 12 13 1 15 4
IPS FEET LBS FEET FEET FEET FEET LBS
4.3 334.7 16901.5 *44* **4 *** 85.0 27901.5

5.!s 329.1 164#94.5 *44 *4* 44* 8. 27494.5
5. 1 3Z9.7 16536.4 **4* ** 4 *4.4* 85.0 27536.4
6.4 325.7 16249.1 **4* **, *,,,* 85.0 27249•1
5.5 330.9 16621.2 *4* ***** **4 85.0 27621.2
5.4 331.4 16664.1 4** *4* *44 85.0 21664.1
5.4 328.5 16452.,9 4*4 ,,*4* *44 85.0 27452.9
h.5 325.2 16215.0 444** 44444 **4* 85.0 27215.0
tL. 7 324.1 16136.3 *44 *44 *44 85.0 27136.3
7.0 322.5 16017.5 **4 *4** **44 85.0 27017.5
7.5 319.7 15818.2 **4 *44 4*444 85.0 26818.2
5.9 328.7 16466.7 *44 *4444 4444* 85.0 2746617
5.9 328.7 1b463.9 **4 4,*,, **44 85.0 27463.9
5.8 329.1 16494.5 *444 *444 4444* 85.0 27494.5
6.0 327.8 16400.3 **44 4,*,, 4*,44 85.0 27400.3
6.0 327.8 16400.3 *4444 *44* *44* 85.0 27400.3
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Do 209-

Test No. -12

Test. Series No. - N IN ILN _ _ __ _ _ _ _ _ _ _ _ _ _
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STEYFIX ANCHOR TEST

U SATE 209
OUST No* 12

TEST RUN 0
46T AREA INDIAN ISLAND
"tWART-ENO TINES 1548 - 1636
USIPLIMI TYPE SILTY CLAY
ANuu TYPE STEVFIX
ACHIIOR NEIGNT 11000.00 LB.
FLUKE ANGLE-TYPE, 50.00 DEG. - I O-MOV I-FIX
NUWING LINE DESCRIPTION 90 FT - 3.0 IN ClAPA. 180 FT - 2.0 IN

270 FT - 3.0 IN CHAIN

1. DRAG DISTANCE S. ROTATION ANGLE 9. CHAIN LENGTH ON BOTTOM 13. A
2. DECK TENSION 6. SHANK ANGLE 10. CHAIN i.EIGHT ON BOTTOM 14. V
3. ANCHOR TENSION 7. WIRE ROPE ANGLE 11. ANCHOR CROWN DEPTH 15. 1
4. PACKAGE DEPTH 8. DECK HDRIZ. FORCE 12. ANCHOR SHANK TIP DEPTH

1 2 3 4 5 6 7 8 9 10 11
FEET KIPS KIPS FELT DEG OEG DEG KIPS FEET LBS FEET
0.0 19.5 .1 86.1 t.9 8.3 4'7.5 13.2 340.3 17303.1 86.8
2.0 20.0 3.4 86.4 4.6 8.6 46.9 13.7 337.2 17076.8 86.1
4.0 20.0 3.5 86.4 4.6 8.t 46.9 13.7 331.2 17076.8 86.1
5.6 20.6 3.9 86.5 4.6 8.4 146.2 14.3 333.5 16811.7 86.2
8.6 21.7 5.0 86.7 4.4 7.7 44.9 15.4 327.3 16362.6 86.4

10.4 22.0 6.0 86.8 4.3 6.5 44.6 11.7 325.5 16232.6 86.f
12.2 22.4 8.4 87.5 4.0 -2.0 44.2 16.1 323.1 16063.5 87.5
13.9 22.8 8.3 87.6 4.0 -2.2 43.8 16.5 320.8 1589?.1 87.f
14.9 24.3 9.4 87.7 3.8 -2.7 42.3 18.0 312.8 15319.5 87.1
15.2 27.6 11.4 87.8 3.4 -3.4 39.6 ZI.3 295.6 14079.7 87.q
17.0 28.2 11.5 87.8 3.Z -4.4 39.2 21.3 292.3 13849.1 87.ý
01.5 29.0 13.4 88.0 1.4 -6.'# 38.G Z2.7 268.9 13599.4 88.2

19.2 30.2 13.7 88.3 -. 1 -8.0 37.2 '4.0 286.2 13404.3 88.1
21.6 31.0 13.7 88.3 -. 1 -8.1 37.2 24.7 279. Q 12954.7 88.,
22.9 33.0 14.9 88.3 -. 4 -b.2 36.0 26.7 270.5 12273.9 88.,
24.3 34.0 17.9 89.1 -3.1 -9.8 35.3 27.7 763.4 12028.0 89.4
26.4 34.5 19.0 89.6 -4.9 -10.2 35.2 28.2 256.5 11807.8 89."
26.1 35.0 21.3 90.2 -- t.9 -10.4 34.8 25.7 262.8 11690.0 90.1
30.1 36.0 22.7 90.6 -8.8 -10.2 34.5 29.7 240.6 11294.b 90.ý
32.2 37.0 23.7 90.8 -10.1 -10.2 34.3 30.6 226.4 10d45.6 91.1
33.3 40.0 27.2 92.1 -13.1 -10.5 32.9 33.6 109.3 9976.6 92.4
35.2 40.4 26.7 91.9 -14.0 -10.6 32.7 34.0 196.0 9872.1 92.1
36.5 42.0 30.7 92.5 -16.6 -10.6 31.8 35.7 185.7 9541.6 9z.i
39.4 46.0 31.5 92.9 -16.6 -11.2 31.3 39.3 130.0 7761.5 93.;
40.6 47.0 33.3 93.1 -17.5 -11.7 30.7 40.4 128.1 7698.6 93.4

1o.0 o2.9 50.0 35.1 93.5 -18.3 -12.0 30.1 43.2 93.4 b689.4 93.f
43.9 54.0 36.4 92.0 -19.9 -12.4 25.8 47.3 78.9 5681.8 94.3
45.6 61.0 44.6 96.2 -21.( -13.3 27.3 54.2 51.2 3683.5 95.!
47.3 67.0 48.3 96.1 -22.8 -14.5 26.2 60.1 z8.9 2078.1 96.!
49.4 70.0 51.8 96.6 -23.b -15.6 25.8 63.0 16.2 1169.8 97.(
51.0 74.0 55.1 95.5 -24.6 -16.9 25.1 61.0 4.2 3O0.9 95."
52.4 74.0 54.6 96.2 -25.1 -17.? 24.8 67.2 @.6 617.1 96.ý
54.0 77.0 56.3 96.5 -25.5 -18.1 24.2 70.2 1.6 116.9 97.(
55•.9 80.0 57.6 97.1 -26.1 -19.0 23.9 73.2 ****t* 999.9.. 97.f
58.6 84.0 61.5 97.5 -26.6 -19.7 23.7 76.9 9t*tt 9*99999 94.1
60.0 87.0 64.5 98.2 -27.1 -Z0.? 23.2 80.0 o .*9e 00*99** 98.i
61.8 90.0 64.16 93.7 -27.7 -21.4 22.b 83,099*b **9*9*' 99-
o4.1 lOu.0 75.4 V7.9 -29.2 -2'.'4 22.C 92.7 *9*9* ..**... LOD.-
65.? 102.0 76.2 100.6 -29.8 -25.7 21.7 94.8 *9499* *****9 101.;
60.1 105.0 78.0 100.9 -30.1 -26.1 21.7 97.6 9*9*0 *9**99* 101.!

69.7 LOS.5 79.3 101.9 -30.8 -26.9 21.4 98.2 040*99 9.9.9*9 102.1
0.0 71.3 10?.0 60.0 102.9 -31.5 -27.7 21.1 99.6d 09#9*9 9*9999 103.1

73.8 111.0 87.9 103.8 -31.8 -28.3 21.1 IC3.6 90*00 99eeter 104.
75.0 112.0 93.1 105.1 -32.0 -28.4 20.9 104.6 *#'*** #**9 105.4
7?.8 113.0 93.5 105.5 -32.2 -28.3 2G.9 105.6 9*4000 9*999 106.i
79.9 113.5 94.3 106.1 -32.2 -28.2 21.0 106.,0 9..4.. 9*9.49. 106.1
62.1 115.0 95.2 105.6 -32.3 -28.1 21.0 107.4 9t9o * *4*4409 106.!

64.1 117.S 98.Z 107.1 -32.8 -28.3 20.8 109.9 4*99t* *99*999 107.;
66.3 121.0 101.7 107.8 -33.1 -28.6 20., 113.2 *49*99 *t0999* 108.!

86.6 123.5 101.9 108.1 -33.3 -28.7 20.6 115.6 99**** *****9 108.1"90.5 125.0 102.9 106.0 -33.4 -28.9 20.5 117.1 $00 "o 108.i

92.3 126.0 103.6 107.9 -33.5 -29.4 20.3 116.1 ###499 4 909999 108.1
"9.3 126.6 105.3 109.2 -33.5 -29.6 20.3 118.7 *499*0 *999999 109."

SSSTAUCE A8RGS TRAVELLED 106.0

SISTANCE ANCHOR TRAVELLED 94.3



FIX ANCHOR TEST

SE
LAND
36
y

LB.
* - I O-oov L-FIx

.0 IN Cl-Al., 180 FT - 2.0 IN CHAIN
3.0 IN CHAIN

"MAIN LENGTH ON BOTTOM 13. ANCHOR FLUKE TIP DEPTH NOTE - POSITIVE SHANK
HAIN dEIGHT ON BOTTOM 14. WATER DEPTH ANGLE INOICATES
NCHOR CROWN DEPTH 15. TOTAL BOTTOM WEIGHT SHANK TIP BELOW
NCHOR SHANK TIP DEPTH CROWN

8 9 10 11 12 13 14 15
IPS FEET LBS FEET FEET FEET FEET LoS
3.Z 340.3 17303.1 85.8 87.4 91.0 86.0 28303.1
3.7 337.2 1707b.5 58.1 87.8 9t.3 86.0 26076.8
3.7 337.2 17076.8 8Ob.1 87.6 ?103 66.0 28076.8
4.3 333.5 16011.7 66.2 67.9 91.4 86.0 27611.7
5.4 327.3 163bZ6. 86.4 67.9 91.6 86.0 27362.6
..7 325.5 16232.6 86.6 87.8 91.6 66.0 27232.6
6.1 323.1 16063.5 87.5 87.1 92.0 68.0 27063.5
6.5 320.8 15894.1 67.6 87.2 9Z.1 86.0 26099.1
8.0 312.8 15319.5 87.7 07.2 92.2 88.0 26319.5
1.3 295.6 14079.7 87.9 07.1 92.2 68.0 25079.7
1.3 292.3 13849.1 87.9 87.0 92.2 85.0 24649.1
2.? 208.9 13599.4 88.2 86.8U 92.3 86.0 24599.4
14.0 286.2 13404.3 88.5 86.9 92.6 86.0 24404.3
4.7 279.9 12954.7 06.5 86.9 92.6 88.0 23954.7
6.7 270.5 12273.S 88.5 8669 92.5 86.0 23273.0
7.7 Z63.4 12028.0 89.4 67.5 93.3 66.0 23026.0
8.2 25E.5 11807.8 89.9 67.9 93.7 86.0 22007.6
5.7 252.8 11690.0 90.5 88.5 94.3 88.0 22690.0
9.7 240.5 11294.6 90.9 66.9 94.7 86.0 2ZZ94.6
0.6 226. d 10,45.5 91.1 89.1 9#.9 68.0 216•5.5

33.b 199.3 9976.5 92.4 90.4 96.1 68.0 20976.5
"4.0 196.0 987z.l 92.2 90.2 95.9 68.0 20672.1

35.? 185.7 9541.6 92.S 90.8 96.5 68.0 Z0541.6
39.3 130.0 7761.5 93.2 91.1 96.8 88.0 16761.5
40.4 128.1 7698.6 93.4 91.3 97.0 88.0 16698.6
43.2 93.4 b!)9.4 93.8 91.6 97.04 68.0 1589.04
47.3 76.9 5681.8 94.3 92.1 97.6 8860 16601.8
4.2 51.2 3683. 5  

95.5 93.2 98.9 88.0 14683.5
0.1 28.9 2070.1 96.5 93.9 99.7 66.0 1307801

63.0 16.1 1169.8 97.0 94.3 100.2 88.0 12169.8
67.0 4.2 300.9 95.9 93.0 99.0 86.0 11300.9
67.1 @.6 617.1 96.7 93.6 99.6 68.0 11617.1
0.2 1.6 115.9 97.0 93.8 99.9 08.0 11115.9

73.2 '**9*999*99 97.6 94.3 100.4 68.0 10332.5
76.9 *9*9*4 999*9*9 98.0 94.6 100.7 8600 8662.?
0.0 999*9* 9*999*9 98.7 95.2 10L.4 88.0 6476.6

83,0 *9'9** *999**9 99-3 9-.6 U-L-. 6680 7647.0
92.7 *9*9e9 9*4**** 100.5 96.5 102.6 86.0 57O.6
94.8 990e09 9*99*4* 101.2 97.0 103.4 86.0 5032.0
97.6 teeter 9999*9* 101.5 97.3 103.7 8660 3924.7
98.2 *9e9e4 *e,9*et 102.6 98.2 104.6 8660 4185.5
99.6 09*"0* 09'9*0* 103.6 99.2 105.5 8800 4142.9
C3.6 te"9er 0*09904 104.5 100.0 106.4 66.0 2756.5
04#46 *9**, *99or*9 105.8 101.3 107.7 65.0 2?43.6
05.6 9999*9 99999" 106.2 101.7 108.1 66.0 2350.2
06,0 '***'9 •94.*' 106.8 102.3 106.7 86.0 2097.7
07.4 0#00#0 *999*99 106.5 102.0 108.4 68.0 1542.6
09.9 0**00* *so$**9 107.6 103.3 109.7 6600 1031.6
13.2 '4'*9* *9***** 108.5 104.0 11004 65.0 28.1
15.6 *ote**r 40tt00 106.6 104.3 110.6 66.0 -0120.
17.1 s*o*** 999*9*9 108.7 104.2 110.5 66.0 -1116.4
18.1 "'9*9 91*99t9 108.6 104.1 110.4 08.0 -1116.4
16.7 *#*so* 9ooteD9 109.9 105.3 Ill.? 86.0 -1324.9
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DISTRIBUTION LIST

AFB CESCH. Wright-Patterson. HQ Tactical Air Cmd/DEMM (Schmidt) Langley.. VA. MAC/DETL Scott. IL:
MACOS-XOXC (Col Lee) Scott. IL. Stinfo Library. Offatt NE

ARCTICSUBLAB Code 54. San Diego, CA
ARMY 36th Engineer Group AFVK-C (Capt P Topp). Ft Bennming.. GA. ARRADCOM. Dover. NJ:

BMDSC-RE (H McClellan) Huntsville AL. DAEN-MPE-D Washington DC, QTRMSTR Scol (Code
ATSM-CD) Ft. Lee. VA

ARMY COASTAL ENGR RSCH CEN Fort Belvoir VA: R Jachowski. Fort Belvoir VA
ARMY COE Philadelphia Dist (LIBRARY) Philadelphia. PA
ARMY CORPS OF ENGINEERS MRD-Eng Div.. Omaha NE. Seattle Dist Library. Seattle WA
ARMY CRREL A. Kovacs. Hanover NH; Library. Hanover NH
ARMY DARCOM Code DRCMM-CS Alexandrid VA
ARMY ENG WATERWAYS EXP STA Library. Vicksburg MS
ARMY ENGR DIST Library. Portland OR
ARMY ENVIRON HYGIENE AGCY HSE-EW Water Qual Eng Div Aberdeen Prov Grnd MD
ARMY MAT SYS ANALYSIS ACT Code DRXSY-CM (M Ogorzalek) Aberdeen Proving Grnd MD
ARMY MATERIALS & MECHANICS RESEARCH CENTER Dr. Lenoe. Watertown MA
ARMY MOBIL EQUIP R&D COM Code DRDME-GE (Heavy) Fort Belvoir,. VA. DRDME-GS F-uel Tech Br.

Ft Belvoir. VA. DRDME-MR (J Sargent) Ft Belvoir VA
ARMY MTMC Trans Engr Agencv MTT-CE. Newport News. VA
ARMY TRANSPORTATION SCHOOL Code ATSPO CD-TE Fort Eustis. VA
ARMY TRNG & DOCTRINE CMD Code ATCD-SL Fort Monroe. VA
ARMY-DEPOT SYS COMMAND DRSDS-Ai Chambersburg. PA
ASST SECRETARY OF THE NAVY Spec Assist Submarines. Washington DC
BUREAU OF RECLAMATION Cede 1512 (C Selander) Denver CO
CINCLANT CIV ENGR SUPP PLANS OFFR NORFOLK,. VA
CINCPAC Fac Engrng Div (J44) Makalapa. HI
CNM Code 03462. Washington DC. Code 043 Washington DC: Code MAT-04. Washington. DC, MAIr-0718.

Washington. DC. NMAT - 044.. Washington DC
CNO Code NOP-964. Washington DC; Code OP 323. Washington DC. Code OP 405. Washington DC. Code OP

405. Washingtor.. DC. Code OP 414, Washington DC: Code OP 97 Washington DC: Codc OP 97
Washington. DC. Code OP 987 Washington DC. Code OP-413 Wash. DC. Code OP322 Washington DC:
Code OPNAV 09B24 (H). Code OPNAV 22,. Wash DC; Code OPNAV 23. Wash DC. OP-23 (Capt J H
Howland) Washinton. DC, OP-411F. Wash DC. OP987J. Washington, DC

COMCBPAC Operations Off. Makalapa HI
COMDEVGRUONE CMDR San Diego, CA
COMFLEACT,. OKINAWA PWO. Kadena. Okinawa
COMNAVBEACHPHIBREFTRAGRU ONE San Diego CA
COMNAVMARiANAS Code N4. Guam
COMSUBDEVGRUONE Operations Offr. San Diego. CA
COMNAVSURFLANT Norfolk.. VA
NAVSURFPAC Code N-4. Coronado
COMOPTEVFOR CMDR. Norfolk. VA: Code 705. San Diego. CA
DEFENSE INTELLIGENCE AGENCY DB-4C1 Washington DC
DEFFUELSUPPCEN DFSC-OWE.. Alexandria VA. DFSC-OWE (Term Engrng) Alexandria. VA
DLSIE Army Logistics Mgt Center. Fort Lee, VA
DNA STTL. Washington DC
DTIC Defense Technical Info Ctr/Alexandna. VA
DTNSRDC Anna Lab (Code 119) Annapolis MD; Anna Lab (Code 1568) Annapolis MD. Anna Lab. Code

2724 (D Bloomquist) Annapolis. MD: Anna Lab. Code 2842 (Mr Sherman) Annapolis. MD
DTNSRDC Code 1706. Bethesda MD. Code 172 (M. Krenzke). Bethesda MD
DTNSRDC Code 284 (A. Rufolo), Annapolis MD
DTNSRDC Code 4111 (R. Gierich). Bethesda MD
FMFLANT CEC Offr, Norfolk VA
FMFPAC CG(FEO) Camp Smith. HI
GSA Assist Comm Des & Cnst (FAIA) D R Dibner Washington. DC
HCU ONE CO. Bishops Point. HI
KWAJALEIN MISRAN BMDSC-RKL-C
LIBRARY OF CONGRESS Washington.. DC (Sciences & Tech Div)
MARINE CORPS BASE Ist For Scrv Su~p Gru (CSS-5) Camp Pendleton CA: PWD - Maint. Control Div.

Camp Butler, Kawasaki, Japan. PWO, Camp S. D. Butler, Kawasaki Japan
MARINE CORPS HQS Code LM-2. Washington. DC



MCAS Facil Engr Div Cherry Point NC. CO. Kaneohe Bay HI: Code S4. Ouantico VA. Facs Maint Dept
Operation. Div, Cherry Point

MCDEC M&L Div Ouantico VA. NSAP REP.• Ouantico VA
MCRD PWO. San Diego Ca
MILITARY SEALIFT COMMAND Washington DC
NAS PWO Sigonella Sicily
NAF PWO, Atsugi Japan
NALF OINC,. San Diego, CA
NARF Code 100. Cherry Point, NC; Equipment Engineering Division (Code 61000), Pensacola, FL
NAS Dir. Util. Div, Bermuda; PWD - Engr Div, Oak Harbor, WA. PWD Maint Div , New Orleans, Belle

Chasse LA, PWD, Code 1821H (Pfankuch) Miramar, SD CA: PWD. Willow Grove PA; PWO Belle Chasse,
LA, PWO Key West FL, PWO Whiting Fld, Milton FL, PWO. Glenview IL; ROICC Key West FL, SCE
Norfolk. VA, SCE. Barbers Point HI

NATL BUREAU OF STANDARDS Kovacs, Washington. D C
NATL RESEARCH COUNCIL Naval Studies Board, Washington DC
NAVACT PWO, London UK
NAVAEROSPREGMEDCEN SCE, Pensacoia FL
NAVAIRDEVCEN Code 813, Warminster PA
NAVCHAPGRU CO Williamsburg VA
NAVCOASTSYSCEN Code 719, Panama City, FL; Code 772 (C B Koesy) Panama City FL: CO, Panama City

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

NAVCOMMAREAMSTRSTA SCE., Wahiawa HI; SCE Unit I Naples Italy
NAVCOMMSTA Code 401 Nea Makri., Greece. PWD ,: Maint Control Div. Diego Garcia Is ; PWO, Exmouth,

Australia
NAVCONSTRACEN Code 0OUI5, Port Hueneme CA; Curriculum/lnstr. Stds Offr, Gulfport MS
NAVEDTRAPRODEVCEN Technical Library, Pen,.acola, FL
NAVELEXSYSCOM Code PME 124-61,, Washington. DC; PME 124-612,. Wash DC
NAVEODTECHCEN Code 605, Indiar, Head MD
NAVFAC PWO, Centerville Bch. Ferndale CA
NAVFACENGCOM Code 03T (Essoglou) Alexandria, VA: Code 043 Alexandria. VA; Code 044 Alexandria,

VA; Code 0453 (D. Potter) Alexandria. VA;, Code 0453C. Alexandria. VA; Code 0454B Alexandria, Va,
Code 04AI Alexandria, VA, Code 04B3 Alexandria. VA, Code 06, Alexandria VA: Code 044B)
Alexandria, VA; Code 100 Alexandria, VA; Code 1002B (J. Leimanis) Alexandria, VA;, Code 1113,
Alexandria. VA: Momson Yap.. Caroline Is

NAVFACENGCOM . CHES DIV. Code 405 Wash. DC; Code 407 (D Scheesele) Washington, DC: Code
FPO-IC Washington DC; Code FPO-IE, Wash DC: FPO-I Washington, DC;, FPO-IEA5 Washington DC;
FPO-IP/IP3 Washington, DC

NAVFACENGCOM - LANT DIV. Code 403. Norfolk, VA. Eur. BR Deputy Dir. Naples Italy, RDT&ELO
102A, Norfolk. VA

NAVFACENGCOM - NORTH DIV (Boretsky) Philadelphia, PA, CO;, Code 04 Philadelphia, PA; Code 09P
Philadelphia PA. Code 1028, RDT&ELO. Philadelphia PA; ROICC, Contracts. Crane IN

NAVFACENGCOM - PAC DIV CODE 09P PEARL HARBOR HI;, 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. AROICC, Contracts, Twentynine Palms CA; Code 04B San Bruno, CA;

09P/20 San Bruno, CA; RDT&ELO Code 2011 San Bruno, CA
NAVFACENGCOM CONTRACT AROICC., Point Mugu CA; Dir, Eng. Dis,, Exmouth, Australia; Eng Div

dir, Southwest Pac, Manila, P1. OICC. Southwest Pac, Manila, PI: OICC'ROICC. Biboa Panama Canal;
ROICC AF Guam; ROICC, L'iego Garcia Island; ROICC. Keflavik. lc-:,ond. ROICC. NAS, Corpus Christi,
TX. ROICC, Pacific, San Bruno CA; ROICC-OICC-SPA,- N -I,.Ik, VA

NAVFORCARIB Commander (N42). Puerto Rico
NAVMAG SCE, Subic Bay, R.P.
NAVOCEANO Code 3432 (J. DePalma). Bay St. Louis MS; Library Bay St Loot,,. %,1S
NAVOCEANSYSCEN Code 4473 Bays de Library, San Diego, CA; Code 4473B (Tech Ltýf San Diego, CA;

Code 52 (H. Talkington) San Diego CA;, Code 5204 (J. Stachiw), San Diego. CA, Code 5214 (1-1 Wheeler),
San Diego CA; Code 5221 (R.Jones) San Diego Ca; Code 5311 (Bachman) San Diego, CA; Hawvzi, Lab (R
Yumon) Kailua, HI, Hi Lab Tech Lib Kadua HI

N AVPETRES Director, Washington DC
NAVPGSCOL C. Morers Monterey CA; Code 61WL (0. Wilson) Monterey CA; E. Thornton, Monterey CA
NAVPHIBASE CO, ACB 2 Norfolk,. V.-; COMNAVBEACHGRU TWO Norfolk VA; Code S3T.- Norfolk VA;

Dir. Amphib. Warfare Brd Staff, Norfolk, VA; Harbor Clearance Unit Two, Little Creek, VA; SCE
Coronado, SD,CA

NAVREGMEDCEN Chief of Police, Camp Pendleton CA; SCE (D Kaye);, SCE, Guam
NAVREGMEDCEN SCE, Yokosuka. Japan
NAVSCOLCECOFF C35 Port Hueneme, CA



NAVSCSOL PWO. Athens GA
NAVSEASYSCOM Code C132 (Mr J Peters) Washington. DC, Code OOC-D. Washington. DC; Code PMS

395 A 3. Washington. DC. Code PMS 395 A2. Washington. DC, Code SEA OOC Washington. DC;
PMS-395 Al, Washington. DC. PMS395-A3, Washington, DC. SEA 04E (L Kess) Washington. DC

NAVSECGRUACT PWO, Adak AK
NAVSHIPREPFAC Library. Guam, SCE Subic Bay
NAVSHIPYD Bremerton, WA (Carr Inlet Acoustic Range): Code 202 4., Long Beach CA, Code 202.5

(Library) Puget Sound. Bremerton WA, Code 380, Portsmouth. VA: Code 400. Puget Sound, Code 410.
Mare Is , Vallejo CA, Code 440 Portsmouth NH, Code 440. Puget Sound, Bremerton WA, L D Vivian.
Tech Library. Vallejo. CA

NAVSTA Dir Engr Div. PWD, Mayport FL. CO Roosevelt Roads P R Puerto Rico; Code 4. 12 Marine Corps
Dist, Treasure Is., San Francisco CA. Engr Dir, Rota Spain. Long Beach, CA, Maint. Div Dir/Code 531,
Rodman Panama Canal, PWD (LTJG.P M. Motolenich). Puerto Rico. PWO. Keflavik Iceland. PWO.
Mayport FL. SCE., Guam, SCE,, Subic Bay, R.P ; Security Offr. San Francisco. CA

NAVSUPPFAC PWD -ý Maint. Control Div, Thurmont. MD
NAVSURFWPNCEN G-52 (Duncan) Dahlgren, VA
NAVTECHTRACEN SCE, Pensacola FL
NAVWPNCEN Code 2636 China Lake; Code 3803 China Lake., CA
NAVWPNSTA Code 092. Colts Neck NJ
NAVWPNSTA PW Office Yorktown, VA
NAVWPNSTA PWD - Maint. Control Div ,., Concord, CA; PWD - Supr Gen Engr. Seal Beach. CA, PWO,

Charleston. SC: PWO. Seal Beach CA
NAVWPNSUPPCEN Code 09 Crane IN
NCTC Const. Elec. School. Port Hueneme. CA
NCBC` Code 10 Davisville, RI. Code 15, Port Hueneme CA; Code 155,. Port Hueneme CA, Code 156, Port

Hueneme, CA; Code 1571, Port Hueneme, CA
NCBU 411 OIC, Norfolk VA
NCR 20. Code R70, 20, Commander, 30th Det. OIC,, Diego Garcia I
NMCB 74, CO, FIVE. Operations Dept, Forty. CO; THREE. Operations Off.
NOAA (Dr. T, Mc Guinness) Rockville, MD; Library Rockville. MD
NORDA Code 410 Bay St. Louis, MS. Code 440 (Ocean Rsch Off) Bay St Louis MS, Code 500, (Ocean Prog

Off-Ferer) Bay St Louis. MS
NRL Code 5800 Washington. DC; Code 5843 (F. Rosenthal) Washington. DC; Code 8441 (R.A Skop).

Washington DC'
NROTC J W, Stephenson, UC,, Berkeley. CA
NSC Code 44 (Security Officer) Oakland. CA; Code 54 1 Norfolk. VA
NSD SCE., Subic Bay, R.P
NTC OICC, CBU-401, Great Lakes IL
NUCLEAR REGULATORY COMMISSION T.C Johnson. Washington, DC
NUSC Code 131 New, London., CT;, Code 332, B-80 (J. Wilcox) New London,, CT; Code EA123 (R S. Munn),

New London CT; Code TA131 (G. De la Cruz), New London CT
OFFICE SECRETARY OF DEFENSE ASD (MRA&L) Code CSS/CC Washington., DC, OASD (MRA&L)

Dir, of Energy,. Pentagon, Washington. DC
ONR CO (Code 701) Pasadena, CA; Central Regional Office, Boston, MA; Code 481, Bay St. Louis, MS,

Code 485 (Silva) Arlington. VA; Code 700F Arlington VA
PHIBCB I P&E. San Diego, CA; 1, CO San Diego. CA; 1,. CSWC D Wellington, San Diego, CA
PMTC Code 3144, (E Good) Point Mugu, CA; Code 3331 (S Opatolvsky) Point Mugu. CA, EOD Mobile

Unit, Point Mugu, CA, Pat. Counsel, Point Mugu CA
PWC CO Norfolk, VA; CO. Great Lakes IL; CO. (Code 10), Oakland. CA, CO, Pearl Harbor HI; Code 120,

Oakland CA, Code 10, Great Lakes, IL; Code 120C. (Library) San Diego. CA; Code 128, Guam; Code 154,

Great Lakes, IL, Code 200, Great Lakes IL, Code 424, Norfolk,. VA; CO (Code 613). San Diego, CA; Code
400, Great Lakes, IL; Code 400, Pearl Harbor, HI. Code 400, San Diego, CA; Code 420. Great Lakes. IL;
Code 4.,. Oakland, CA; Code 505A Oakland. CA; Code 600A Norfolk. VA, ':ode 700, Great Lakes, IL;,

Code 700, San Diego, CA
SPCC PWO (Code 120) Mechanicsburg PA
SUPANX PWO, Williamsburg VA
UCT ONE OIC, Norfolk, VA
US NAVAL FORCES Korea (ENJ-P&O)
US DEPT OF INTERIOR Bur of Land Mgmnt Code 583, Washington DC
US GEOLOGICAL SURVEY Off. h.fi.me Geology, Piteleki, Reston VA
USCG (G-MP-3IUSP/82) Washington DLc, (Smith), Washington, DC; G-EOE-4 (T Dowd), Washington, DC;

Gulf Strike Team, Bay St. Louis, MS; G-EOE-2/61 (Espinshade), Washington, DC; Lant Strike Team
Elizabeth City, NC; Pac Strike Team, Hamilton AFB. CA

USCG R&D CENTER CO Groton, CT; D. Motherway, Groton CT; S Rosenberg, Groton, CT
USDA Forest Service Reg 3 (R. Brown) Albuquerque, NM; Forest Service, San Dimas, CA



USNA Ch. Mech Engr Dept Annapolis MD, Cv I Engr Dept (R Erchyl) Annapolis MD. Ocean Sys EngDept (Dr. Monney) Annapolis. MD. ENGRNG Div, PWD., Annapolis MDUSS FULroN WPNS Rep. Offr (W-3) New York,. NYWATER & POWER RESOURCES SERVICE (Smoak) Denver, CONUSC Library, Newport. RI


