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DISCLAIMER

This report was prepared by the Deep Sea Drilling Project, University of
California, San Diego as an account of work sponsored by the United States
Governments National Science Foundation. Neither the University nor any
of their employees, nor any of their contractors, subcontractors, or their
employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness or usefulness
of any information, apparatus, product or process disclosed, or represents
that its use would net infringe privately owned rights.



THE COVER PICTURE

The two cores shown on the cover are from Leg 64, The Guymas Basin.
Both cores recovered Quaternary sediments, and despite the great
difference in degree of disturbance, the shipboard party concluded
that the upper 152 m is duplicated in the two holes. The following
is an excerpt from the shipboard core descriptions:

Site 479, Core 12 Cored Interval: 98 to 107.5 m sub-bottom
100% recovery

"Uniform, moderate olive brown (5Y 4/4) muddy diatomaceous ooze, and
rare streaks of lighter pale olive (10Y 6/2). Any bedding has been
totally disturbed. No evidence of varves, sand or E^S gas."

Site 480, Core 20 Cored Interval: 95 to 99.5 m sub-bottom
99% recovery

"Moderate olive brown (5Y 4/4) muddy diatomaceous ooze and pale olive
(10Y 6/2) diatomaceous ooze laminae occur together as varve-like
couplets on a mm-scale. A gray sand layer occurs with a discordant,
sharp contact against the varves, but shows no grading. Unconformi-
ties and some cross-bedding observed in the varved section."

Core 12, Site 479 was taken using conventional rotary drilling technique.
Core 20, Site 480 was taken using the Hydraulic Piston Corer (HPC-15).

(Excerpt from JOIDES Journal
Vol. V, No. 2, June 1979)
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INTRODUCTION

This Deep Sea Drilling Project Technical Report No. 12 includes a paper
on the design and operation of the Hydraulic Piston Corer authored by
M.A. Storms, Wil Nugent and D. H. Cameron. Design analyses and detail
drawings are included in an appendix.

The Hydraulic Piston Corer was developed at the Deep Sea Drilling Project
in response to a scientific requirement for undisturbed core of the upper
unlithified section of the seafloor. Conventional coring practice severely
disturbed the soft oozes and clays. The new tool recovered complete and
undisturbed cores greatly improving stratigraphic resolution. The device
also extended by an order of magnitude, the depth capability of piston
coring. Conventional piston and gravity corers were limited to approximately
30 meters of penetration. The hydraulic piston corer, through its repeatable
process, has penetrated sediments in excess of 300 meters below the seafloor.

Operational tests of the 4.5 m Hydraulic Piston Corer conducted on Leg 64
(December 1978-January 1979), obtained an almost totally undisturbed and
complete section from a 152 meter hole along the Guaymas slope in the central
Gulf of California. The Hydraulic Piston Corer fully penetrated sediments
with shear strengths of 1200 grams per square centimeter recovering in
excess of 80% on most cores. Penetration decreased with increasing sediment
stiffness. The maximum shear strength of recovered sediment was 3185 grams
per square centimeter.

Beginning with Leg 80 (May 1981-July 1981), an improved coring system,
referred to as the Variable Length Hydraulic Piston Corer (VLRPC), was
utilized. The VLHPC is capable of recovering cores up to 9.5 m in length.
Recovery has averaged more than 93% with some holes achieving 100%. In
addition, an absolute core orientation system was added and a capability
to measure heat flow in situ.

Piston coring operations are conducted with the wireline remaining
attached to the barrel. This saves the time required to pump down the core
barrel and makes for a more efficient coring system.

The VLHPC recovers core in a standard butyrate core liner. The core bit
used is a special 11.5" O.D. roller cone core bit with a 3.62" core throat.
Coring must be discontinued when the sediments become too indurated. The
VLHPC system is not designed for drilling and coring in hard rock.

A coring system is under development which will be capable of continuing
the penetration on to basement. This coring system, called the Extended
Core Barrel (XCB), will be compatible with the VLHPC bottom hole assembly.
Thus, the XCB will continue coring from that point at which VLHPC coring
operations are halted without necessitating a trip of the drill string.
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HYDRAULIC PISTON CORING
A NEW ERA IN OCEAN RESEARCH

by

M. A. Storms
Wil Nugent

D. H. Cameron

ABSTRACT

In December of 1978, the Deep Sea Drilling Project, International Phase
of Ocean Drilling, deployed the first hydraulically actuated piston corer.
This coring system utilized a hydraulic piston principle. Fluid was pumped
through the drill pipe, activating a piston driven core barrel which was
ejected into the sediment at the rate of approximately 20 feet per second.
This extremely high penetration rate effectively decoupled the core barrel
from the heave induced vertical motion of the drill string. On completion
of each coring operation, the core barrel assembly was retrieved by wireline.
The core bit was then "washed" down to the next coring point where the piston
coring procedure was repeated. Operational tests conducted in 865 meter water
depth during Leg 64 obtained an almost totally undisturbed and complete section
from a 152-meter hole along the Guaymas slope in the central Gulf of California.
Variations in climate, productivity and circulation for more than 250,000
years were recorded. This paper describes the analysis, design, testing and
field operation of the hydraulic Piston Coring System.

Deep Sea Drilling Project

The Deep Sea Drilling Project (DSDP) began coring in August of 1968.
Funding and direction was given by the National Science Foundationfs (NSF)
Ocean Sediment Coring Program. Their mandate was to increase man's know-
ledge of the earth's development through an ambitious ocean sediment coring
program. The Prime Contract for the Project was executed in 1966 between
NSF and the University of California (UC) Board of Regents. Scripps Institution
of Oceanography, an integral part of the UC system, was to be responsible for
management of the Project. Global Marine Inc. (GMI), through a subcontract
with Scripps, was to provide the drilling vessel and crew.

Major oceanographic institutions of the United States were called upon to
support the proposed drilling program by contributing to the planning of the
scientific objectives. The resultant organization became known as "Joint
Oceanographic Institutions for Deep Earth Sampling (JOIDES". These insti-
tutions for Deep Earth Sampling (JOIDES)". These institutions continue to
provide scientific guidance for the drilling effort.

International Phase of Ocean Drilling

Prompted by the vast scientific and technical successes of the first seven
years, the Project increased the scope of the coring program to include even



deeper penetrations into the ocean floor. International interest in the
Project was increasing. Several foreign scientific institutions, excited
by past scientific results and confident of future successes, were interested
in becoming members of JOIDES. These institutions were willing to contribute
financially to the Project in exchange for a greater role in the scientific
planning. In 1975, the "International Phase of Ocean Drilling", known as IPOD,
was born. IPOD was an initial three-year Deep Crustal coring Program supported
both scientifically and financially by the governments of France, Germany
Japan, England and Russia.

D/V GLOMAR CHALLENGER

The GLOMAR CHALLENGER, with its unique coring procedures, has long been
recognized as a major technical achievement in its own right. The 10,500
metric ton drillship utilizes an advanced on-board computer and dual bow and
stern thrusters to dynamically position itself. The CHALLENGER has operated
as far north as 76° latitude; as far south as 77° latitude and has the capa-
bility to maintain its station in 30-knot winds and 7-10 foot seas. Similar
to conventional drillships, the vessel incorporates a 43-meter derrick amid-
ship with a hookload capacity of 450 metric tons and can deploy a 7000 m
drill string. The CHALLENGER utilizes an automatic pipe racker capable of
handling 7,300 meters of 5-inch S-135 drill pipe, and is equipped with a
drill pipe heave compensation system.

Most coring operations are conducted in very deep water and all sites are
carefully screened to ensure that there is no possibility of encountering
gas or hydrocarbons. For these reasons no riser or blow prevention equip-
ment is used. Circulation while coring is provided by two National 1600
mud pumps and consists of seawater without return circulation. Core barrels
are retrieved by wireline utilizing a coring winch equipped with up to
7900 m of 6 x 16 wire rope. Well equipped shipboard scientific laboratories
are utilized to conduct comprehensive core analyses.

SCIENTIFIC OBJECTIVES

The development of the Hydraulic Piston Corer (HPC) was in response to a
basic need in the science community to recover high quality cores, particularly
in soft sediments. The upper 200 meters of the sedimentary column were
highly disturbed during the rotary drilling process. Attempts at detailed
disciplines such as paleoceanography, paleocliinatology, magnetostratigraphy
and high resolution stratigraphy were all but impossible. It was apparent
that some means to overcome the limitations of rotary drilling in unlithified
sediments was required. Piston cores historically have provided a means to
distinguish events recorded in sediments as little as one thousand years
apart; events that are homogenized by rotary drilling. Oceanographic vessels
were routinely taking piston cores of mudline sediments. These "conventional"
piston coring systems, however, were limited to just a few tens of meters of
the surface material, lacking the capability for any significant penetration.

At the request of the science community, the Deep Sea Drilling Project
undertook the development of a wireline retrievable piston coring system.
This new coring system was to make use of all the advantages of a "conventional"
piston coring system yet be compatible with the GLOMAR CHALLENGER1S coring
operation and have the capability to penetrate up to 200 meters below the



ocean floor.

PROTOTYPE DESIGN

In responding to the scientific mandate for a CHALLENGER piston corer, a
set of design and operational criteria were compiled which would govern the
development of this new coring system. The corer was to be operated hydrau-
lically; the driving force for the coring system would be the circulating
pumps aboard the GLOMAR CHALLENGER. These pumps would be used to pressure
the drill string. When released, the energy would drive the core barrel
into the sediment at a high rate of speed (Figure 1). Actuation pressure
was limited to the 2800 psi operating pressure of the circulating system.
The tool was required to be wireline retrievable through 5" drill pipe with
a nominal 4.12 inch inside diameter. Scientific preference dictated the
nominal 2.43 inch (6.20 cm) core size.

Several areas of concern were investigated including potential column and
bending loads imposed upon the core barrel itself; what lateral support
could be expected from the formation and what penetration rate would have to
be achieved to effectively decouple vessel motion from the tool during the
coring operation.

It was recognized that occasionally the coring instrument would be ejected
at a high velocity into sediment with little or no resistance. For this
reason a dampening system had to be incorporated at the end of the stroke,
to lower impact forces.

The Hydraulic Piston Corer design criteria was based on using equipment
and techniques already developed, and proven successful, in deep sea drilling
operations aboard the GLOMAR CHALLENGER. In addition, a review of advanced
conventional piston coring operations was conducted with particular emphasis
on sediment stiffness and shear strengths encountered in these tests. The
information on subsurface foundation material densities and shear strengths
compiled in DSDP Technical Report No. 9, dated September 9, 1976, was
included in this review.

The design objectives were:

* Assess the friction coefficient of the subsurface material(s)
entrained in the Hydraulic Piston Core (HPC) tool, at various
penetration velocities, consistent with shipboard pumping
capacity.

* Develop mechanization schemes in support of the HPC design.

* Prepare a hydraulic analysis, determine orifice sizes, and flow
conditions compatible with the pumping system.

* Establish structural guidelines to ensure safety, repeatability
of performance, and fabrication capability using immediately
available materials.

* Implement safeguards such as snubbing to reduce end stroke impact.



Develop procedures for assembly and handling of the HPC compatible
with rig floor operations.

ANALYTICAL ANALYSIS

Frictional resistance to coring was recognized to result from sediment
shear, internal drag resistance of material being entrained in the corer tube,
choking or overspilling at the leading edge of the tool, and external fric-
tion. Efforts were directed to the development of a single constant which
could be used to characterize the total resistance. The shipboard rig pump
pressure and available annulus area provided the force on the core barrel
column. The displacement volume of the rig pump provided the core barrel
penetration rate. A discharge orifice controlled the discharge rate of the
seawater from the lower chamber, and established the maximum achievable
corer barrel penetration rate.

An input force is applied by pressure on the piston. The frictional
resistance consisted of mechanical sliding friction and the frictional
resistance or drag due to the rate at which the hydraulic piston corer pene-
trated into the sediment.

The sediment was characterized as an emulsified substance rather than a
slurry containing particles of discrete size suspended in a fluid. These
sediments could be ooze and/or unlithified bases with shear strengths
ranging from 100 to 300 grams per square centimeter. The particle grain
size was small, less than 0.5 mm average diameter and greater than 50%
seawater saturated.

These conditions were recognized to be outside the bounds of discrete
particles, and not absolutely fluidic. The substance was similar to a dough
which flows as a homogeneous mass, distinct from a turbulent fluid.

It was essential that the corer penetration velocity be controlled. Too
fast a penetration rate could cause structural damage to the corer itself or
induce core disturbance such as liquifaction. Too slow a penetration rate
would fail to decouple the corer from the drill pipe motion, again inducing
excessive core disturbance.

With these restraints in mind a velocity requirement was selected in the
range of 20 feet per second and decaying not below ten feet per second
during the entire coring operation.

The analysis was based on 2000 psi pump pressure and greater than 350
gallons per minute pump delivery capability to the bottom of the drill string.
No allowance for compressibility of fluid was taken into account. Since the
pump pressure acting on the annulus produces the coring force, the pump
displacement (flow rate) produces the corer velocity. The discharge orifice,
required for venting seawater from the lower chamber, was used to control the
velocity of the corer. For analytical purposes it was assumed that the upper
and lower chamber volumes were approximately equal. The effective pressure
which discharges fluid through the orifice then becomes the net pressure, or
the force on the annulus less the sediment resistance.



Other pressure losses which may occur at the discharge orifice were not
considered in the analysis.

The discharge orifice is important in controlling the rate of corer pene-
tration. For a given pressure and penetration resistance, presuming that
sufficient fluid flow is available to maintain the pressure, the corer tube
will travel at a velocity dependent upon the volume rate of discharge through
the orifice.

The characteristics of flow through an orifice are well defined, but the
behavior of the sediment when producing resistance to the force on the corer
piston requires some definition, particularly for variations in sediment
compaction, geology, and the depth of penetration desired.

Although the various sediment types behave neither as a fluid nor as a series
of discrete particles, it was recognized that they do have a common charac-
teristic during coring, that is the frictional or drag resistance, which is
dependent upon the equation T = µ g^ from which the viscosity (u) of a
homogenous substance may be derived when the shear stress is known.

It was assumed that the sediment was "fractured" at an infinite number
of diametrically opposite locations along the circumference of the corer
during penetration. Knowledge of the sediment shear strength and density
allowed an estimate for a friction coefficient (f). Viscous flow conditions
were assumed and the characteristic drag expression D = ^ pv fX(area),
where v = penetration velocity and p = the mass density of the sediment,
were used to define the drag resistance for each successive foot of core
barrel penetration. This analytical approach connected the behavior of the
material to be cores with the energy available to operate the hydraulic
piston corer and the desired rate of penetration.

The drag term represented the sediment resistance to coring, and was a
function of velocity. In this approach a theoretical velocity exists prior
to establishing equilibrium between the driving force and the resisting
force. When penetration resistance equals the force available the piston
corer stops (Figure 2). Using these elementary approaches, the performance
characteristics of the HPC have to date been predictable within reasonable
limits.

A Fortran program was compiled which provided HPC operating forces and
computed the working stress level at the critical sections of the piston
corer column. This program enabled input changes to sediment shear strength,
hydraulic pressure and/or shear pin release, effective piston area, side
hole support, and penetration velocity to simulate actual operational
conditions.

The computer generated output showed good correlation with the results
from coring operations in sediment with shear strengths up to 1200 g/cm
(2457 lb/ft2). Experience in operation confirmed that the hydraulic piston
corer performed well in water depths of 3500 m (11,483 ft), and in sediment
shear strengths of 2,513 g/cm2 (5,146 lb/ft2) the piston velocity was
reduced to zero. Total stroke indication was not observed, although 3.26 m
(10.7 ft) of core was retrieved.



Operational results relating shear strength, hydraulic pressure and the
length of core recovered, were used to develop an empirical coefficient;
which accounted for the observed increase in resistance to coring, with
increase in depth of penetration. These sample data were included in an
analysis, which yielded the mean values for shear strength, length of core
recovered, and applied pressure during coring.

Figure 2 is a data plot predicting the performance of 4.4 meter coring
tool used on Leg 68. A sediment drag coefficient was developed using an
expression for a uniform two-dimensional flow, which applies the effects of
sediment shear strength and mass density.

STRUCTURAL COLUMN

Deflection of the HPC column, resulting from penetration on sloping
faces, or offline impact against rock formation, was included as a constraint
and analyzed.

This analytical procedure enabled the stresses to be calculated at
critical sections, i.e. thread undercuts, etc., along the corer barrel by
predicting the deflection and calculating the bending moment.

Additional analysis and scale model tests were conducted to determine the
behavior of the upper shaft and the piston rod, for various lengths of HPC
configuration. The corer barrel is unsupported when extended beyond the
drill bit, but the upper shaft and the piston rod are constrained against
deflection with the drill collar assembly. A moment distribution analysis
and a static load test on a scale model (Figure 3) showed good correlation.

The result indicated that the maximum rig pump pressure could be applied
on the HPC piston configuration, and that precautions should be taken in
instances where hole drift angle or excessive side loads could be encountered
A preliminary computer program was compiled, to generate parametric data
relating stress and coring length, to various differential side forces
applied midway between the cutting shoe, and the drill bit support on the
core barrel. Figure 4 presents the results, which indicate the potential
to core into 1200 g/cm sediment and retrieve 30 ft (9.5 m) cores, using
core barrels fabricated of 4130 CD steel.

OPERATION

The Hydraulic Piston Corer consists of two basic assemblies. An inner
assembly which remains stationary during activation of the tool and an
outer assembly, which scopes down along the inner assembly during tool
operation (Figure 5).

When the tool is in the closed position (ready to run), shear pins secure
the outer assembly to the inner assembly.

The tool is lowered down the drill pipe on the wireline until the top sub
lands in a special head sub located in the bottom hole assembly. Circulation
is then initiated. As the drill string begins to pressurize, the seals
around the top sub effect a seal in the head sub. Pressurized water is



directed through the top sub and shaft, and out the lower end of the inner
seal sub into the annulus between the inner and outer seal subs.

The pressure increases until the pins shear; then the outer seal sub
(attached to the outer assembly) is forced down and away from the inner
seal sub (attached to the stationary shaft and piston rod). As the outer
body penetrates the mud, the piston head remains stationary, causing the
fluid above to be vented to the annulus. At the end of its stroke the inner
seal sub, which seals along the outer body, uncovers a set of control orifices
drilled through the vent sub body wall. The pressurized fluid can then vent
through the orifices to relieve the pressure in the drill string and give
the rig floor an indication that the corer has fully stroked. The core
barrel is then retrieved, the core bit is washed down to the next coring
point, and the sequence begins again.

SHORE BASED TESTING

Prior to field deployment a comprehensive shore based performance test
was conducted. The objectives of this test were to verify the mechanical
actuation, operation, and structural integrity of the hydraulic piston
corer. Variables included sediment shear strength, flow rate, and shear
pressure, i.e. that pressure at which the barrel releases and begins to move
into the sediment.

Energy for the test system was supplied by a BJ Pacemaker "Duplex"
cementing unit. This unit could supply the minimum flow rate of 350 gpm
at 2000 psi required for the test.

Four different mixes of clay products were purchased to provide several
variations in stiffness for the test. Table I shows the physical properties
and compositions of the products used. For ease of handling, the clay was
put into standard "Burke" fiber tubes normally used for pouring concrete
columns. The tubes used were 12.0" inside diameter by .225" wall (regular)
and were 15' in length. To support the Burke tubes during handling, a hanger
system was fabricated using 16" casing. This "holder" allowed easy insertion
and retrieval of the clay filled tubes into and out of the test hole. The
test hole was 46-feet deep and lined with 24-inch diameter casing. The
piston corer itself was handled with the aid of a 3-ton electric chain hoist
located directly over the hole.

An instrumentation system was developed to determine the average pene-
tration velocity of the tool. A pressure transducer was put in line from
the BJ Pacemake pump to the test assembly. Input from the transducer was
fed as an analog signal into an 8-channel multiplexed data acquisition
system connected to an IBM 1130 computer. Figure 6 shows a typical pressure
vs time curve obtained during a full sequence of tool operation. From this
curve the shoot off point and end of stroke venting can be taken. Knowing
the distance traveled and elapsed time, an average penetration velocity was
determined. Test data collected with the instrumentation system compared
favorably with the previously calculated theoretical data.



OPERATIONAL SEA TRIALS

Sea Trials were conducted on the Hydraulic Piston Corer in December 1978
and January 1979, during Leg 64. The new tool was run a total of 52 times
on three sites in the Guaymas Basin of the Gulf of California.

At Site 480 (water depth 657 m ) , 32 cores were taken to a subbottom depth
of 152 meters with an average of over 80% recovery (well over 90%, if two
low recovery cores are excluded). Finely laminated sedimentary sections
ranging from soft mud to very firm diatomaceous ooze were recovered virtually
undisturbed. The singular success of the HPC on this site is underlined
when compared to the poor quality of cores recovered in the upper 100 m
through rotary coring at Site 479, only 6.8 km to the southwest (Figure 7).
Only two cores had little or no recovery. On several of the lower depth runs
the core liners returned cracked or partially collapsed. This is believed
to have been caused by pull-out suction created when retrieving the HPC from
increasingly stiff sediments. The recovery was still good and undisturbed
except for the short lengths of liner collapse.

The supply of shear pins was depleted after the numerous runs at Site 480,
so for the 16 runs at Site 481 (water depth 2016 m) new pins were fabricated
from 3/16" brass brazing rod. Sixty four per cent of the 52.25 m sedimentary
column cored was recovered, although six cores, including the last two,
recovered over 90 per cent. The intermittently low and high recovery may
have been due either to possible wide variations in the shear strength of
the new pins, or in the sediment type (e.g., sandy layers.) The latter seems
probable since two of the low recovery intervals were recored with the same
results. The sediments recovered were, again, undisturbed. The core liners
did not collapse or crack on any of these runs.

Throughout the tests, routine maintenance on the HPC consisted of re-
placing seals as needed and complete breakdown and redressing between sites.
The internal seals could not be inspected routinely but were still operable
when replaced between sites. The external top sub packing was lost or
damaged quite frequently during the earlier runs, but lasted much longer
(10 runs) when the retrieval rate was slowed from 300 meters/min to 100
meters/min. Being one-way seals, they tended to flare out and grab at each
tool joint if the HPC was retrieved too quickly.

As the rig crew became familiar with handling the HPC, the turnaround
time on deck was trimmed to 20 minutes when using a single lower core barrel
section. It would have been even faster had they been able to alternate
between two lower sections, but one was lost on Site 477A. The time between
cores still was only slightly longer than for standard coring operations.

TECHNICAL IMPROVEMENTS

The objective of developing a capability to recover 9.5 m undisturbed
cores through the 13 cm (5-inch) drill pipe was not abandoned. An assemblage
of components were designed with the purpose of configuring 9.5 m, 8 m ,
6.5 m, 5 m , and 3.5 m hydraulic piston corer units by rearrangement of common
elements adapted to a single seal-sub within the drill pipe. This unit,
designated as the Variable Length Hydraulic Piston Corer (VLHPC), enables
coring to be accomplished over a wide range of sediment formations to the limit



of the shipboard rig pumping capacity (Figure 8). To date there has been
exceptional success with VLHPC operations. After the initial runs, the
drill crew handled the entire operation. The VLHPC does not require ex-
tensive redressing between runs, and the turnaround time on deck takes
about five minutes. The features of this simplistic design approach have
been projected into future designs to develop extended coring capability
into stiffer formations.

The available force in deep ocean hydraulic piston coring decreases
slightly as the corer barrel extends. In the computer program, the resisting
force produced by corer penetration is a function of velocity. When the plot
of the product of velocity and effective drag coefficient intersects the
curve produced as a function of rig pressure and piston area, the corer
stroke is assumed to be arrested. The results from operations have validated
the analytic procedure within the range of present usage.

ABSOLUTE CORE ORIENTATION

The ability to recover undisturbed soft cores without rotating led quite
naturally to a request from the scientific community to develop a means of
preserving the downhole azimuthal orientation of the cores. This has been
achieved by "piggybacking" a Kuster single-shot survey instrument onto the
VLHPC. The Kuster tool is actually incorporated into the sinker bar string
which latches onto the VLHPC Top Sub. The Kuster unit essentially consists
of a transparent compass and reference line overlaying a film disc, a battery
operated delay timer, a magnetic sensor, and a light source. An orientation
line on the core liner is aligned with the reference line within the Kuster
unit. When the VLHPC is landed in the drill string, the Kuster tool is
positioned within a special non-magnetic drill collar. The sensor detects
the change in the magnetic field and activates the delay timer which, in
turn, activates the light source to take a picture of the compass and ref-
erence line. The film is later developed to reveal the angle between magnetic
north and the reference line.

OPERATIONAL PERFORMANCE

The original version of the Hydraulic Piston Corer (HPC) was successfully
operated aboard the D/V GLOMAR CHALLENGER from December 1978 until May 1981.
Its successful performance immediately led to the development of its successor,
the Variable Length Hydraulic Piston Corer (VLHPC). This highly improved
version has now been deployed in the field for over a year with impressive
scientific results. Statistical data for both versions of the HPC can be
found in Tables II and III. The application of this new coring technology
to the field of earth sciences has unquestionably been a success. Expansion
to areas such as geotechnical research and engineering may have even wider
reaching ramifications.

Efforts are now underway to develop a coring system which can take over
when the HPC system has reached its limitations. This "extended" core
barrel (XCB) shown in Figure 9, will be designed to drill down to and into
basement, without requiring a pipe trip or change of the HPC bottom hole
assembly. The compatibility of these two coring systems is shown in Figure 10.



SCIENTIFIC REWARDS

The Deep Sea Drilling Project (DSDP) Hydraulic Piston Corer (HPC) was
developed in response to a major scientific need to recover undisturbed
cores from the deep ocean. The technical success of the HPC quite naturally
led to an improved successor known as the Variable Length Hydraulic Piston
Corer (VLHPC). Hydraulic Piston Coring has been in operation aboard the
GLOMAR CHALLENGER for over four years. The scientific rewards are too
numerous to mention. DSDP expeditions centering around the use of the
hydraulic piston corer have proven to be major successes. The routine re-
covery of complete geological sections with little or no disturbance has
given rise to many new disciplines within the field of marine geology. These
new or expanded fields of study are enabling earth scientists to make quantum
leaps in their understanding of the earth and its oceans. The potential of
this new technology and its contribution to the advancement of earth science
research will probably not be fully determined for many years to come.
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Figure 1
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Figure 4

STRESS VS CORER LENGTH
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Figure 5

DEEP SEA DRILLING PROJECT
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Figure 6
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.Figure 7

COMPARISON PHOTOS
ROTARY CORING VS HYDRAULIC PISTON CORING
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Figure 8

PREDICTION FOR 9.5 m H. P. C.
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Figure 9

DEEP SEA DRILLING PROJECT
EXTENDED CORE BARREL



Figure 10
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ü •itch

No.

1

2

3

4

5*

6*

7*

R*

J. Clay
Batch
No.

FBI

FB2

FB3

FB4

B4

B3

B2

Bl

Bcntonite

96

120

144

' 168

Clay

Clay

Clay

Clay

Material
Feldspar

384

480

576

793

Soft

Soft

Med iura

Stiff

in
Gal

72

68

63

57

—

—

—

Pound8
Clay

—

—

1250

1250

1250

1250

TABLE I

SPECIFICATIONS FOR CLAY PRODUCTS
DSDP

Batch
Weight
lbs

1080

1166

1245

1435

1200

1200

1200

1200

PISTON CORE TEST MATERIAL

Initial
Penetrometer

Reading (clay only)

4.25-4.75

4.25-7.75

6.15-6.5

9.25-9.75

Forced

Extract

<400

400

1100

2200

3000

3000

8000

12000

Pressure
Required

<73

73

200

400

545

545

1455

2182

HydraulicU)

Horsepower

<ll

11

30

60

82

82

218

327

•

K/SF
Shear

Strength

~

.03

.08

.16

.22

.22

~

.9

* Indicates J, Clay Co. product mix

(1) Excludes weight of barrel estimated at approximately
600 lbs dynamic force during coring likely will exceed
steady pull out force; force is 15 ft stroke.

(2) Based on force to extract

(3) Not dynamic, based on 257 GPM (15 ft/sec)

NOTES: Annular piston cylinder volume per 15 ft stroke • 4.3 gal
Each batch yields approximately 12 cu ft.
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TABLE II

HYDRAULIC PISTON CORE RECORD (LEG 64-79)

February 4, 1982

DESCRIPTION 64 66 68 69 70 71 72 73 74 75 76 79

Number of Sites

Number of Holes

Number of Cores

Total Meters Cored

Total Meters Recovered

Per Cent Recovery

Max Penetration Depth

Max Shear (g/cm )

List of Holes

3

3

43

204

155

76

152

1160

477B

480

481

1

1

11

52

30

58

71

1922

492

1

7

259

1012 .

787

78

235

3185

502

502A

502B

592C

503

503A

503B

1

1

54

227

175

78

237

1670

504

4

10

85

325

304

94

40

319

506

506B

506C

506D

507D

507F

507H

508

509

509B

2

2

54

229

206

90

151

99

512

514

•

4

5

118

488

413

85

183

1577

515A

516

5X6A

517

518

6

8

203

1778

686

88

194

3418

519

520A

521

521A

522

522A

523

524

3

5

136

586

522

89 .

286

162

525B

526

526A

526B

528

2

4

230

922

816

88 ,

291

2076

53OB

532

532A

533 .

2

2

50

244

194

79

168

635

533

534A

1

1

12

39

37

94

39

—

544B

NOTE: HFC not used on Legs 65, 67, 77,.-78,

Shear not measured on Leg 79,



July 1, 1983

TABLE HI

VARIABLE LENGTH HYDRAULIC PISTON CORE RECORD (LEG 80-93)

DESCRIPTION

Number of Sites

Number of Holes

Number of Cores

Total Meters Cored

Total Meters Recovered

Per Cent Recovery

Max Penetration Depth

Max Shear (g/cm )

List of Holes

NOTE: VLHPC not used on Legs 83,

80

2

2

77

407

355

87

211

—

548
54 9A

84,88

81

2

2

42

217

216

100

193

—

552A
553B

82

1

. 1

16

132

124

94

132

—

558A

85

4

13

183

1292

1206

93

206

700

571
572
572A
572B
572C
573
573A
574
574A

575A

575B
575C

86

5

10

11

938

878

93

176

576
576A
576B
577
577A
577B
578
579
579A
580

87

1

3

49

258

174

67

152

583
583A
583B
583C

89

1

3

61

546

531

97

305

' 586
586A
586B

90

7

12

358

3,546

2,812

79

315

587
588
588A
588B
588C
589
590
590A
590B
591
591A
59 IB
592

91

1

3

7

53

47

89

70

596
596A
596B

92

6

11

49

346

262

75

55

--

597
597A
598
599
599B
600
600A
600B
600C
601
602A

93

1

1

11

91

90

99

91

—

603C

Shear not measured on HPC cores for Legs 80, 81, 82, 8$
89, 92, 93 593A



HYDRAULIC PISTON CORER (HPC-15)
LEG 64

ABSTRACT

The Hydraulic Piston Corer (HPC) was brought aboard on the evening of
December 22, 1978 during a mid-cruise personnel/equipment transfer. Fourteen
hours later it had its first test. It was operated a total of 51 times on
three sites at depths ranging from 675 meters to 2100 meters. The tool proved
fully operational, recovering a near continuous section totaling 152 meters
of beautifully laminated, undisturbed cores on Site 480.

The HPC does not need extensive redressing between runs; the turnaround
time on deck is about 20 minutes (when no seals have to be changed), using
and redressing the same core barrel. After the initial runs, the drill crew
handled the entire operation.

The one recurring problem was the frequent destruction of top sub packing.
Some modifications are suggested to facilitate operation and handling of the
tool.

SUMMARY OF TESTS

Details of each run can be obtained from the notes following the report.
The intent of this section is to summarize the results of the tests and the
problems encountered at each site.

The Cameron relief valve was not used in the system. On the first site
(477B), the blowout was not used. The Saunders line stripper packing was
considered adequate to maintain pressure up to 3000 psi. The wiper packing
blewout on Run No. 3 when the system overpressurized. The blowout preventer
was used from then on.

Once the tool was landed in the head sub, the normal activation procedure
was to:

1) Close the blowout preventer.

2) Start pumping at 40 SPM. After about 30 seconds, the pressure in the
drill string would begin to rise, first slowly, then quickly as the HPC seated

3) When the pressure reached 1500-1700 psi, a slight deflection on the
gauge would signal the driller that the pins has sheared and he would shut
off the pump.

4) The pressure would then drop as it escaped through the vent holes which
are open at the end of the HPC stroke.
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Site 477B

Water Depth - 2020 M
Number of Runs - 3
Blowout Preventor - Not Used

At this water depth, the HPC was pumped down on the wireline to approxi-
mately 300 meters from the bottom, then lowered the rest of the way with the
pumps off.

Run No. 1, the tool seated and activated, but the pressure did not drop
afterwards. Later, it was discovered that the piston rod was 10 inches too
long, thus at the end of its stroke, the vent holes were not aligned on either
side of the outer seal sub and the HPC could not vent. Somewhere along the
return trip, the lower core barrel section below the double pin sub backed
off and was lost downhole. The threads were not damaged so it is assumed that
the connection was not made tight enough.

On Run No. 2, the tool did not seat. Assuming that the lower core barrel
from the initial run was still in the pipe, the HPC was retrieved and an un-
successful fishing attempt was made. Then a regular core barrel, the same
length as the HPC, was sent down. It seated so the pipe was thought to be
clean.

On the third run, the HPC again did not seat. The pump rate was slowly
increased to 60 SPM with gradual pressure rise. Suddenly the tool seated,
shot off, and the pressure rose to 3000 psi, at which time the line wiper
packing blewout.

The HPC was retrieved and found to have recovered four meters of very soft
mud (using the spring leaf catcher). In the catcher was an eight-inch piece
of the upper liner support from the missing core barrel. It was neatly sheared
in half. When the pipe was pulled, the other half of this piece was found in
the outer core barrel. It had been splayed out to the shape of the I.D. of
the outer core barrel.

Problems Encountered

1) The top sub ring packing was destroyed or lost on each run. It is
suspected that they are destroyed as the tool is pulled back up the pipe,
and the lips of the seals snag at the pipe joints (a 1000 pound increase in
weight was noted each time a joint was passed until the packing was gone).
Each time the HPC was retrieved without pumping and at one half the rate of
regular core barrel retrieval.

2) The sectioned piston rod, later found to be ten inches too long, was
used for all three runs. After the first run, we replaced the 9-3/4" lower
sub with a 15" lower sub to keep the piston head from jamming through the
core xatchers. But, as stated earlier, this also caused misalignment of the
venting holes in the rod.

3) The piston head packing had to be replaced after the second run.

26



4) After the first run, great care was taken to torque tight the pin sub/
core barrel connection. Chain tongs were braced against the standing-off
section of drill pipe and a 26" pipe wrench with cheater was used to tighten
the connection.

5) After the split locking collar is removed and the cap sub connection
is broken, it is still very hard to unscrew the cab sub, since the shaft
above the connection cannot be kept straight enough to keep it from binding
the cap sub. Therefore, the locking collar was not removed after Run No. 2.
Tension was ekpt on the top sub via the tugger while unscrewing the cap sub.

6) The 3/8" set screw locks are too soft. They frequently jam in their
hole, making it necessary to use an easy out to back them out.

Site 480

Water Depth - 765 M
Number of Runs - 32
Blowout Preventor - Used

HPC operation on this site was a total success. One hundred fifty two
meters of core were drilled with over 90% recovery. The beautifully varved
sedimentary sections, ranging from soft mud to very firm diatomacous ooze,
were virtually undisturbed.

Prior to this site, the HPC was totally dismantled and redressed. Both
the inner and outer sub seals were worn but still good. They were replaced.
There were no damaged parts, but the piston rod was corroded. It was sanded,
greased, and stowed away. The outer body was swabbed with solvent and greased
on the inside. the HPC was reassembled with the one piece piston rod. The
head sub landing surface was filed to smooth the rough edges where the metal
had "rolled" slightly.

In an attempt to preserve the top sub packing, the six packing rings were
oriented such that they faced each other in sets (i.e., the first ring pointing
up; the second pointing down; the third pointing up; etc.). The brass ring
was situated between the upper four and lower two packing rings.

To test this configuration, the HPC was run 200 meters down pipe, then
retrieved. The lower three packing rings were gone. In order to remove the
top connector to change the packing, the eight pins had be sheared (it is
impossible to pull them out once they are set). The method used is as follows:

1) Lay down the upper section HPC and unscrew the outer body cap to pull
the shaft about a foot out of the outer body.

2) With a sledge and a wedge, force the outer body cap away from the top
sub to shear the pins.

3) Slide the outer body cap down the shaft to reveal the set screw locking
the top sub to the shaft. The rest is easy.
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The packing was replaced in the original configuration and the tool run
down the pipe. No pumping was needed in this shallow water.

The first two runs had excellent core recoveries, but the packing was lost
each time. On the third run, however, all the packing returned intact. The
derrickman had been continually reducing the rate of retrieval, and finally
found a slow enough speed to preserve the packing (just under 100 m/min). The
packing had to be changed, again, after Runs Nos. 12, 20, and 25.

The piston head "V" packing was changed after Run No. 3. They were replaced
with polypaks. The polypaks did not inhibit the tool from scoping together
during assembly. This packin g had to be changed, again, after Runs Nos. 12,
25, and 27. On Runs Nos. 3, 25, and 27, the core liner had partially collapsed
and cracked. This may have caused the damage to the piston head packing.

Runs Nos. 12 and 13, had low recovery. Each of these runs was also charac-
terized by an absence of pressure relief after tool activation. It was suspected
that a sandy layer was keeping the HPC from fully extending during actuation.
Some sand was recovered on Run No. 13. The driller washed down 4.75 meters
in an attempt to get through the sandy section. Also, the inner and outer
seals were changed, though after 13 runs, the old ones still looked OK. On
the subsequent runs, the recovery increased and the tool actuated normally.

The core liner returned cracked or partially collapsed after Runs Nos. 3,
21, 24, 25, 28 through 32. This may have been caused by the increasing
stiffness of the sediment. The recovery was still good. The liners usually
collapsed just ahove the lower liner support. The cracks were longitudinal
and usually at the upper end of the liner.

Site 481

Water Depth - 2016 M
Number of Runs - 25
Blowout Preventor - Used

Prior to this site, the HPC was totally dismantled and redressed. The
outer sub seals were badly damaged. The "V" packing on the inner seal sub
was worn but undamaged. The piston rod was corroded. It was sanded and re-
greased. We had run out of shear pins, so we made more out of 3/16" brass
brazing rod. They worked very well, shearing at a slightly higher pressure
1700-1900 psi).

On this site, the HPC was pumped down (as it was on Site 477B). The first
two runs were water cores. The recovery was good on the next three runs. On
the sixth run, the recovery dropped to 1.7 meters; the eighth and ninth runs
produced zero recovery. Starting with Run No. 5, the pressure did not drop
quickly after the pins sheared. The pressure would build up to 2000 psi, but
no deflection registered on the pressure gauge. The driller said there was no
evidence of a hard or sandy layer. Suspecting that the inner or outer seals
were leaking, the HPC was overhauled. Seals were undamaged.
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Runs Nos. 9 and 10, attempted to recore lost intervals from the two
previous runs. No recovery on Run No. 9, and 0.2 meters was recovered on
Run No. 10. Recovery picked up to 4.57 meters with Run No. 11. On Run No. 12,
the HPC came back with pins unsheared. Runs 13 through 16 had good recovery.

The blowout preventer, which had been in use since the beginning of Site 480,
was by this time leaking badly (there was no spare packing). This may have
had an effect on the driving force behind the HPC as it sheared, thus inhibiting
complete extention and proper venting.

The top sub packing had to be changed after Runs Nos. 4 and 14.

CONCLUSIONS

The HPC was an operational and scientific success.

Advantages

1) Good recovery of undisturbed sediments.

2) Relatively fast turnaround time on deck.

3) No major tool damage or breakdowns after extensive use.

4) Entire operation can be handled by rig crew.

Disadvantages

1) The necessity of using a special large diameter drill bit and head sub
for HPC coring requires tripping the pipe to change the bottom hole assembly
when piston cores are desired.

2) Top sub ring packing lasts from two to ten runs before becoming lost or
damaged. The HPC is retrieved at a very slow speed in order to save the
packing. In deep water holes this will be time consuming.

3) When making up the double pin sub/cab sub connection (the lower core
barrel section is hung off in the pipe, and the upper HPC section is on the
tugger line), a rig hand has to ride up on the harness to hold the shaft
straight to keep from binding the threads. This is dangerous when the ship
is rolling. If the shaft swings out of his grasp, it can swing back and
smash him against the drill pipe.

Suggestions

1. Changing shear pins was the most time consuming phase of the turnaround
routine. The pins should be made stronger to reduce the number needed. Also,
threaded shear pins should be considered. They would eliminate the necessity
of lining up the outer body cap with the shear groove to punch out the used
stubs. Eliminating the set screw backers would mean less small parts to keep
track of during turnaround operation.
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2) Several ratchet drive alien keys and a set of easy outs should be
purchased. Also need spares for all of the special assembly tools (i.e.,
handling clamp, special spanner wrench for outer seal sub).

3) Need a reciprocating seal for the top sub.

4) Several spare upper liner supports should be on hand. These damage
easily with rough handling on rig floor.

5) Consider machining pin thread at one end of outer body. This would
facilitate installation of inner seal sub without damaging seals. An addi-
tional double box sub could be used to make the connection.

6) Use the "V" packing only on the inner seal sub. The piston head works
fine with polypak packing. Polypaks were tried on the inner seal sub when
the "V" packing spares were depleted, but the increased friction makes it
very hard to scope the tool together during assembly.

7) Fabricate a special support plate to hang shaft in pipe so the top sub
can be removed to change packing without having to lay down the upper section
of the HPC. The existing shear pin groove could be used to hang the shaft,
or a new groove could be cut about one foor from the top of the shaft.

8) A method should be devised to keep shaft from binding when the double
pin sub/cab sub connection is made up or broken when the HPC is hung off in
the pipe.

Don Cameron
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APPENDIX A

HYDRAULIC PISTON CORER.

ANALYSIS

CONTENTS

Problem Statement

Work Done

Discussion

Conclusion

Topics

Giant Piston Corer Comparison

Sediment Resistance to Coring

Shore Test Results of H.P.C. penetrating sediment.

H.P.C. coring velocity and resistance to penetration
prediction and comparison with operational results.

Development of empirical approaches for H.P.C. performance
in varying sediment shear strength and compaction.

Prepared by.

Wilfred Nugent.
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REPORT^ .
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1.0 Problem Statement
During Deep Sea Drilling operations there is a need to take
undisturbed cere samples from the drilling site. The design
of the coring tool 30 ft. long compatible with the drill
string,is to be hydraulically actuated by sea water pumped
at a pressure of 2500 psi and with a flow rate of 350 gr>m;
thus pressurizing the drill string and acting on the corer
tool piston. Figure 1. presents the details.

1.1 Objectives.
The objectives of the analyses is to:

(a) Predict the velocities, column loads and criteria for the
corer tool when penetrating the sub-surface to depths of 100m.

(b) Determine the structural adequacy of the corer tool.
(c) Predict the end of stroke snubbing and recommend devices
(d) Develop shear pin positioning / latching devices.
(e) Predict the load to DE reacted by the tension rod.

2.0 Work Done.
1) A review of the Giant Piston Corer (GPC) test conducted by

the University of riawaii.
2) Review of the sub-surface foundation material densities and shea:

strength. Reference DSDP Technical Report No 9 September 1976

3) Predict friction coefficients for sub-surface materials
entrained into the the corer tool at various velocities
consistent with the surface pump capacity.

4) Develop mechanization schemes in support of the corer tool desig
5) Prepare hydraulic analysis to determine orifice sizes, diametral

clearances to ensure an out flow compatible with the pump inflow
6) Analyze and recommend snubbing devices.
7) Conduct structural analysis of critical components.

3.0 Discussion
The GPC tests (University of Hawaii letter) provided velocity,
acceleration, and depth of penetration data. With knowledge of
the mass of each GPC test,the force developed during corer
penetration was calculated. Data from Plates 15 and IS of DSDP
Technical Report no 9 provided soil shear strength, and density
values at comparable depths of penetration. An estimate of the
sub-surface material viscosity was.made, and friction coefficients
were developed using the Reynolds Lumber of a plate simulating
the circumference of the pipe. This approach yielded loads and vel-
ocities for the hydraulic coring tool which show favourable
comparison with the GPC tests.

The resistance (drag) of the material passing through the pipe
was calculated by the expression R - V?. <° ̂ '^ per foot
penetration.The resistance in terms of V2 was used in the equation

determine the corer piston velocity
as a function of the orifice characteristics.

The procedure yields velocities with reasonable accuracy
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SAN DIEGO, CA 92115

MODEL-.

PAGEi_

REPORT:

DATE _

Depth of
Penetration

Ft.

15

20

25

30

*30 at 100m.

Column
Stress

psi

1353

1739

2077

2406

2602

30 Ft.Co
Buckling

psi

2831

2831

2831

2831

2831

The loads predicted for the hydraulic corer appear to be 12 per cent
higher than anticipated when compared to the GPC data.

4.0 Conclusions.
1) Coring operations 0 to 50 feet below the surface are predicted

as follows:

m Deflection Safety
:ress 30 Ft. Column Margin

ins

1.67 2.08

2.17 1-63

2.55 1-36

3.00 1.17

3.25 1.08

Taking cores greater than 25 ft. in length with the 3 5 inch diameter
barrel is not recommended prior to full scale test.Figure 2
presents a plot of the column stress, corer end load, and penetration
velocity versus penetration depth.

2) Coring at 100 m. is accomplished by limiting the surface pump
pressure- to lOOOpsi and 200 gpm.

3) Orifice Characteristics. 2- 0.5 inch diameter orifices below the
corer piston, Refer to Figure 1. provide fluid flow out from the
core chamber at 4lO gpm. This added flow compensates for the release
of additional fluid stored during pressurization of the drill string.
A diametral clearance not less than .028 inches is required to disharge
the fluid from the top side of the corer barrel. Refer to Figure 1.

4) Snubbing is provided by a double stack of Bellville washers .19
thickness ( a total of 20) to dissipate 2255 ft lbs which results in
40,000 lb/inch? to be reacted by the tension rod.

5) Shear Fin(s) are provided to retain the corer barrel in the lock-
shut position during deployment, and to be released under 2000 psi
pump:, pressure
k °. 37 inch diameter single pin is required.
Two pis having 0.213 inch diamer are required, as alternatives to one
pin. The material 4130 steel HT F^u 125,000 psi with a yield value
109»000 psi is reouired.
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5 SHOWS T4-iC î B^UtJT OP A TYPICAL

TBST>WV4EM Tug H,P,C IM THE OPERATIONAL

41



RQURJE4-

HYDRA-UUC P\bTOK\ COE-ER- CASE I



D. S. D. P. HYDRAULIC PISTON CORER TEST

CO

Q

z:
O CM
ü

ΛJÜ
to

PUMPS CIRCULATE
THROUGH BY-PASS
1000 psi BACK-PRESSURE

MAX PRESSURE 1500 psi
TOTAL STROKE TIME
1 1/2 SECONDS
END OF 15 FT. STROKE

FLUID BYPASSES

PRESSURE BUILD UP
WITH PENETRATION

PINS SHEARED

PEAK PRESSURE
2380 psi

o
o

o
oo

O
O
LO
*—

O
O
o

O
O
LO
CS!

43

POUWDS PER SQUARE INCH



HYDRAULIC PISTON CORER ANALYSIS

Alternative methods for determining the forces and velocities
developed during coring were investigated. One suggestion recommended
the use of a friction factor in a Darcy Equation of .08 which was
extrapolated from test data obtained from evaluating the characteristic
of slurry pumped through a continuous loop.

The approach was as follows:

Head loss = Entrance loss + Friction loss

h = [θ.5 + f.(l/d)] V
2
/2g

Nomenclature:

h = Head loss in feet

f = Friction factor
1 = Length of pipe in feet
d = Diameter of pipe in feet
V = Velocity of flow-(rate of penetration) in feet
Q = Flow rate of circulating fluid in gpm.
g = Gravitation acceleration in feet/ second

The flow was assumed to be laminar

The density of the sediment was taken to be 118 lbs/ft^

h = L 0.5 + 0.08(30/0.24)J

From previous shore testing the control of the penetration velocity
within the limits of 20 ft/second was achieved. Using this value in
the above equation, yields a head loss of 65.22 feet.
Expressing pressure as a function of head loss and density, a value
of 7696 lbs/ft

2
 is obtained.

Let 7696 lbs/Ft
2
 be the corer barrel internal pressure

The friction force on the inner wall = (.753)(30)(7696) = 173i777
which appears unrealistic, in relation to the test results„
This approach was was abandonded in favor of expression

~A5/2 * T* t F o r c e " D r a g J
Operational data from leg 68 indicated that full cores were not
retrieved repeatedly in sediment with shear stress in excess of
3000 g/cm . Figure 5 shows the predicted plot of a data sample.
Casel is the mean of ten trials where partial cores were retrieved.
Case II represents a condition where 95$ of a full core was retrieved
The curves are defined by the law

y = a + b x
n
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HYDRAULIC PISTON CORINi

ESTIMATE OF CORING RESISTANCE FROM OPERATIONS REPORT

LEG No 68

CASE I
MEAN VALUE OF DATA FROM CORES No 37 THROUGH No k?

2
Mean Sediment Shear Strength 2,666.28 g/cm

Mean Corer Release Pressure 2,103 p.s.i.

Mean Length of Core Recovered 2.311^ meters

CASEII
DATA FROM CORE 29

Sediment Shear Strength

Corer Release Pressure

Length of Core Recovered

FIGURE

1,170

1,650

g/cm
2

p
0
 s.i.

meters

CASE I

CORING1 RESISTANCE FROM CORES
37i THROUGH

CASE II

CORING RESITANCE FROM
CORE 29 i

SLθiPE of CASE I CURVE Vs. LENGTH

6 8

CORE LENGTH IN FEET

10 12

dx

1
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HYDRAULIC PISTON CORER ANALYSIS

Derivation of Coring Depth Exponent

Refer to Case I

When x = 2, y = 5600 a + b 2 n

x = 4 y = 7800 a •f b 4 n

x = 8 y = 96OO a + b

Subtract (l) from(2)

(2) from (3)

= 5600

= 7800

= 9600

(1)

(2)

(3)

b 2 n (2n - 1) = 2200

b 2n

>n

n

b

a

( 2 n - 1 ) = 1800

1800 = .81818
2200

= -.2895

2200
2n(2n-l)

= 56OO - ( -1^788 x

y = 17700 - 1^788

Applying these principles to the ratio of xi,
of core retrieved.

when X

2

4

8

L
(~L~

1

1

3

- x)

.225

.583

.665

a

a

a

+

+

d

n

b

b 2 n

b 4 n

b 8n•

2.

= 2.

= 0.

= 1.

= 1.

= 3.

082
358

539

,225

.583

,665

01278

to L the length

a = 1.225 - .01278x 22.539

y = 1,151 + 0.0128 X2

A program was compiled to calculate the constants and the exponent
for a number of cases. During this process a variable for the effect
sediment shear strength was applied„
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HYDRAULIC PISTON CORING.

On Leg 68 10,000 feet of drill string was deployed and pressurized
to approximately 3>000 p s.i which compressed the water column an
equivalent 10 cub. ft. The volume of the corer piston barrel is 0.55
cub. ft. The force on the corer piston is assumed to be constant under
these conditions. From shore test results the force available for
coring is around 8,500 lb. when friction and orifice control are
considered.

The resistance to coring (drag) increased with depth as evidenced
from the operations report from Leg 68. An exponent was developed
as a depth factor using the expression:

y = a + b x
n

Where x = The coring depth ( xi. xg etc.)

n = Io3 +.00044 T*

y The sediment shear stress in g/cm
2

a = Constant = 1.3

b = Constant =0.01

This emperical expression was developed by general determination laws
connecting a set of tabular values which yielded a regular curve.
The slope of the curve at regular intervals was plotted against the
predicted value of the Coring Resistance, to give a straight line.
A ratio of L/(L-x) relating the xi..X2 . and the total length of core
recovered also yielded a straight line plot, which indicated that
y = a + bx

n
 might be used to provide a solution.

A program was compiled and the results of the extreme conditions
reported from Leg 68 are shown.

Sediment 1170 g/c™
2
 Sediment 2666 g/cm

Core 14=9 length Core ILL 864 length

;DLVE FDR N SGI VE FDR
= 2119337174 357 1 1 fig
.792447812

> 0 L V L F
= 0 2 0 β ! :

N
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HYDRAULIC PISTON CORING

Background,

Designs for the Hydraulic Piston Corer (HPC.) were completed in 1978
The performance was predicted on the basis of controlling the
penetration velocity between the limits of 20Ft./sec and 10Ft./sec0
The available shipboard rig pump pressure and flow were 2500 psi.
and 350 gpm respectively.

_ 4 f g \ r 1
An expression V= $3/2 \ ç / |Piston Force - Sediment Drag I
was used as an initial analytical tool<,

Laboratory testing in a deep hole with a uniform sediment showed
good co relation between the analysis and testo
Operation in stiffer sediments indicated that the resistance to
penetration increased exponentially with depth„ A second "lump"
factor in addition to the drag coefficient was-developed by
evaluating the operational data, as previously discussed.

The drag values were based on an apparent viscosity, applicable for
Ooze and unlithifide sediment, the terms used were:

- V (—} Where * = Sediment shear strength
~ * \<X$) I dx = the distance between surfaces

dv = the velocity change
λ^ = viscosity

Substituting these terms in a friction equation where Cf = Sediment density

^ ^ J * sluδft2

is obtained
Relating the friction to Hydrodynamic Drag by D = i(f'V f S
where S is the surface area

0
 A step function analysis was developed

which considered each foot of corer penetration and the circumference
of the barrel as a unit area

0
 (3o5^)x each foot of penetration allows

the S term to be neglected numerically.)

The drag term can be written i «f) V
2
 1.328(T/V^T ) *

which reduces to D = 0.66MT<J)
2
 (V)

Cda ["Piston Force - 0.664 (7 tf ) * ?V) (D) e xP
then V = —j£~3/2 *•

j *

p
which is solved as a quadratic in the form of aV + bV C = 0

Orifice Parameter-

Drag constant

Piston Force -

Figures 6and 7 are analytical solutions which compare with the results
obtained during actual coring operations.
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HYDRAULIC PISTON CORER ANALYSIS

NUMERICAL EXAMPLE PREDICTING THE VALUES FOR VELOCITY AND RESISTANCE

CONDITIONS

P = Shipboard Rig Operating Pressure 2,000 psi. «
A = Annulus Area of the Corer Piston 5-5\" (.0382 ft )
a = Orifice Area 2-Jinch diameter (.00273^ )
C

d
 = Orifice Discharge Coefficient .62 non dimentional

Sediment Shear Stress 2,400 psf.
Sediment Mass Density 3 65 slugs/ ft*

The Sediment Resitance = .664(2400 x 3 65)
2
 (V) = 61.7V

.00273 (.62)
Then V = •(110.00 - 67.7^)

 2

(.0382)3/2

= .2265 (11000 - 67,7^) *

11000 - 67.7vv
2
 =

Solution of the quadratic by completion of the square

19.49 ( v
2
 + 3.47V - 564.32) = 0

V
2
 + 3.47V + (1.737)

2
 = 564.32 + (1.737)

2

V + 1.737

After one foot penetration V

The Sediment Resistance to Coring
for the first foot depth

At a Coring Depth of 10 feet n
Exponent y

The Sediment Resistance to Coring

19.^9 ( V
2
 + 326V - 564 )

v + 163.2

At 10 Feet penetration V

The Sediment Resistance to Coring

23.81

22.08 ft/second

67.7(22.08)

1494.81 lbs.

1.3 + (.00044 x 1200) = 1.828
1.3 + .01 (10) exp 1.828
1.973

67.7 x 10
l β 9 7 3

(Vj

0

164.9

1.7 Feet/ Second

10,939 Lbs.
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APPENDIX B

HYDRAULIC PISTON CORER

ORIFICE ANALYSIS

CONTENTS

Problem Statement

Work Done

Discussion

Conclusions

Topics

Orifice Sizing to control the H.P.C. penetration rate during
coring. This control feature enables the recovery of high
quality undisturbed cores to be retrieved.

An arrangement of Vent Orifices provides an efficient method
for regulating the end of stroke velocity of the H.P.C, and
effects a method of snubbing with reduced impact forces.

A data plot shows the decay in velocity vs the H.P.C. travel
(snubbing stroke)„

Prepared by: ^

ilfred Nugent.
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HYDRAULIC PISTON CORER ORIFICE ANALYSIS

PROBLEM STATEMENT

Velocity control was a prime design factor in the development of
the Hydraulic Piston Corer.
A method for regulating the rate of penetration of H.P.C. into a
variety of sub-surface foundation materials was essential.

The procedure should be accomplished at the assembly or redress
of the H.P.C. on the drill deck.

Protection against impact damage as the H.P.C. is scoped out to
the full extended length should be provided.

OBJECTIVES.

Modification of the H.P.C. consistent with operation requirements,
shear pin release, and related configuration build-up, should
be accomplished in the sea state environment, from the drill deck.

WORK DONE.

The velocity control is accomplished by discharging the fluid through
an orifice in the Lower Chamber.

The Expression: v = (^2)[^f [Foroe " Draë][ ë]
is derived from v

v

The piston Force is the product of the pressure and the area.
The Drag is a function of the dynamic impact pressure when penetrating
the sediment.

The snubbing orifices function to reduce the rate of displacement of
the H.P.C. barrel at the end of the end of the stroke, thus
alleviating the impact forces.

DISCUSSION

The results of the orifice analysis indicate that the H.P.C. can be
equipped with a range of velocity control orifices for both sediment
penetration control, and end stroke impact avoidance

β
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APPENDIX C

HYDRAULIC PISTON CORER

STRUCTURAL ANALYSIS

CONTENTS

Problem Statement

Work Done

Discussion

Conclusion

Topics

Beam-Column Analysis of the Drill Collar and extended H.P.C.
Corer Barrel.

Flexural Model Test. A unit load applied on a scale model
to demonstrate the deflection characteristics of the H.P.C.

Froude Scaling Techniques applied to predict the magnitude of
the full scale H.P.C. structural loads and stresses.

A Moment Distribution Analysis for the scoped-out H.P.C 9 M
column.

A parametric analysis for varying distributed transverse loads
Shows H.P.C. barrel length vs stress due to axial and transverse
load application.

Prepared by:

Wilfred Nugent.
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HYDRAULIC PISTON CORER STRUCTURAL ANALYSIS.

Problem Statement
Requirements for coring into increasingly stiff sediment introduced
the posibility of slant angle penetration, or other related
conditons which could produce side load effects in addition to
column loading. The increase in stresses on both the H.P.C.
components and the drill collar were considered critical0

Objective
The objective of the analysis was to :

Predict the ability to recover long cores in stiffer sediment.

Preclude the possibility of yielding the H.P.C. core barrel
thus preventing the retrieval of the H.P.C. through the drill
pipe.

Providing guidelines for safe operation.

Work Done
A Beam-Column analysis was made to determine the combined bending
characteristics of the H.P0C. and the Drill Collar. Particular
attention was given to the location where the H.P.C. barrel exited
the Drill Collar.

The Upper Shaft of the H.P.C. and the stationary piston were
analyzed for similar loading conditions by moment distribution
methods.

Scale models of equivalent dimensions were tested with axial
and transverse loads applied. The reaction at the supports and
contact points were observed and measured.

A Froude Scaling technique was used to calculate comparative
values for full scale conditions.

Discussion
The results of these analyses and tests are presented herein.
A parametric study was made which used the beam-column analysis
approach to indicate the penetration depth ( H.P.C. corer length)
and differential side loading capability within the limits of the
corer barrel yield stress.

Conclusions.
The analysis and the test show good co relationship considering
that the model unit load test produced a 7*5 inch deflection
and the analysis developed a 10.5 inch deflection.

The H.PC. core barrel and stationary upper shaft have sufficient
flexural stability to be considered suitable for use in a
9 meter ( 30 Feet long ) coring tool.
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APPENDIX D

HYDRAULIC PISTON CORER

THREADED CONNECTIONS ANALYSIS

CONTENTS

Problem Statement

Work Done

Discussion

Analysis Summary

Topics

Taper threads in relatively thin section pipe. Methods for
reacting couping forces by shoulder abuttment.

The effects of reduced cross sectional area due to thread
relief and pressure seal grooves.

The effects of "snatch" forces during H.P.C. make up and redress.
Stopping of the travelling mass when taking inadvertent water cores

Corrosion alleviation by substituting Nimonic stainless steel.

Prepared by:

Wilfred Nugent.
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HYDRAULIC PISTON CORER THREAD ANALYSIS

PROBLEM STATEMENT

The connecting thread elements used in the H.P.C. are generally
consistent with thosed used in the drill string. In the H.P.C.
function there are additional loads applied to the threads
which result from load reversal, impact stop forces and pull-back.
The available envelope ( diameter of the drill collar and spacing of
the components) is a constraining factor0

Lengthening of thread engagement can be accomplished without severe
change to the configuration. The critical regions are in the area
of thread relief,necessary to achieve shoulder-tö-shoulder abutment,
and the recesses for the seal rings.

The alleviation of corrosion and the substitition of material to meet
that objective was were also included.

OBJECTIVES

The object of the analysis was to determine the feasibility of using
corrosion resistant metal which may have lower working yield stress
capability. The purpose was to investigate potential improvement
in service life of the H.P.C, to reduce the time to redress the
components between sucessive coring deployment; to improve the
cost effectiveness and life expectancy of the equipment.

Work Done

Nimonic 60 stainless steel was proposed in an effort to combat
corrosion and improve operational turn-around for the H.P.C.
Particular attention was required in the areas of undercutting and
recessing which create "notch sensitivity" especially when impact
and load reversal conditions apply.
These critical sections were subjected to detail analysis.
The end stroke snubbing which involves methods for venting pressure
and discharging the flow of fluid through drilled holes in the barrel
had significant impact on the analysis.

Discussion

The analysis indicates that Nimonic 60 stainless steel in the mill
condition was satisfactory but a reduced margin of safety resulted.
The impact design case used showed the inner seal sub to have a
negative margin. The condition can be solved by improvement in the
snubbing system.
A summary of the results of the analysis is included along with
recommendations for limiting the applied pull-out force.
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APPENDIX E

HYDRAULIC PISTON CORER

RETRIEVAL FORCE ALLEVIATION

CONTENTS

Problem Staement

Candidate Approaches

Study Matrix

Discussion

Category Grouping.

Topics

Study Matrix a listing and first order evaluation of proposed
approaches for the solution.

Sketches for design conceptsD

Description of a cursory test and scaling technique.

• IsdPrepared by

Wilfred Nugent.
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HYDRAULIC PISTON CQRER

RETRIEVAL FORCE ALLEVIATION

Problem Statement
Hydraulic Piston Coring into increasingly stiffer sediment, produces
greater resistance to pull-out. These H.P.C. pull-out forces are
approaching the capacity limits of ship-board auxilliary equipment.

The objective of this study is to evaluate methods for the alleviation
the holding force of the corer barrel when driven into the sediment.

Candidate Approaches

Cutting shoe profile (shaping)

Fluid flow to the shoe tip & annulus.

Expendable sheath.

Rotation of the lower barrel.

Vibration & Jarring of the corer

Retrievable sheath.

Coated lower barrel.

Flexible shoe.

Study Matrix.
The study matrix presents a description, functional analysis, a
statement on the available equipment, fabrication factors, test
requirements and competitive criteria comparison.

Discussion
Sketches which show the configurations are shown to aid in the selection
process of candidate concepts.
There appears to be a possibility of grouping concepts which involve
similar design and/or functional approach.

Category Grouping
The shaping of the shoe may be designed to compress or splay the
cored hole (sidewall) thus relieving the retention, condition.
Items No 1 & No 8 may be evaluated on competitive terms.
The expendable and retrievable sheath configurations 3 & 6 and the coat-
ed barrel No 7 have similar end approaches.

The Deep Sea Drilling Project has significant advantage over"gravity
drop" oceanographic coring tools in that jarring and pull-back
can be accomplished by raising the drill pipe.
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RETRIEVAL FORCE ALLEVIATION
MATRIX

CONCEPT

Cutting Shoe
Profile

Fluid flow
to shoe & tip

Expendable
Sheath

DESCRIPTION

Shape the external
profile of the
cutting shoe

Cut spiral flutes
Cut flutes axially
along core barrel

On O.D. of Barrel
Instal a sliding
element

FUNCTION ANALYSIS FAB. FACTORS TEST REQMTS

Hydrodynamic
shaping.
Flow testing of
models

Break the side
of the cored
hole.
Neg. Press, in
pull-back draws
in water lub.effect

Provide initial
sliding at start
of pull-out

Machine
Test parts

Machine O.D
of barrel

No impact

Flow Channel
Stab tests

Test in
operation

Test in op-
ation
Stab tests

REMARKS

No operation-
al risk

Notches the
barrel

Left in core
hole could
cause problem

Rptation of
Lower barrel

Unlock a thread
connection &
allow the barrel
to rotate

Rotate the barrel
to break the
side hole bond

New design
to unlock
the cutting
shoe in pull
out

Model test
& shore test
in sediment

Core barrel
must not rotate
around core
Destoy alignmt.
or twist core

Vibration &
Jarring

Use drill deck
equipment Limit force

on drill string

Coated lower
barrel

Hard smooth
surface on lower
barrel

Provide an
inpenetrate-
able surface on
the barrel

Electroplate Test in oper- No risk
Flame sp ay ation involved.

Corer barrel
O.D. config-
urations

Refer to
sketches
8,9,&10

Enlarge core hole New shoe
during penetration Design
relax during

Stab test No risk
Test in oper- involved
ation
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APPENDIX F

HYDRAULIC PISTON CORER
LANDING IMPACT

CONTENTS

Problem Statement

WorkDone

Discussion

Conclusions

Topics

A H.P.C. instrumented core barrel was to be landed onto a suuport
bearing within the Drill String to a depth of 20,000 feet.

Terminal velocity estimates with varying hydrodynamic drag values

An evaluation of the impact on the instrument package.

Transmissibility of shock .

Testing of the shock mitigation device.

Prepared by:

Wilfred Nugent
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Mr.S.T.Serocki; Chief Engineer
Deep Sea Drilling

#
Project.

University of California at San Diego.
La Jolla, California

W. NUGENT
CO. P 3»f SSI9MAL f f <tt f t

AlSCCIAT FiLLOW AIA.A

Subject: Impact of the Core Barrel on thê  Support Bearing Kount.

1.0 Problem Statement.
During coring operation an instrumented core barrel is allowed to
fall within the drill pipe at its terminal velocity, estimated to
be 500 feet per minute.

The purpose of, this analysis is to define the impact acceleration
and make a pr&ction as to the shape of the curve.

2.0 Work Done.
-A check en the range of the terminal velocity was made, with variation
in hydrodynamic drag coefficient.
An estimate of the spring rate for the elements and the characteristics
at the impact face v/as made and used in the solution of a spring
mass system.
Damping factors were developed and used intuitively

Five Cases were examined as follows:
I.Free fall of the mass at 10 ft/sec, no damping. '
II " " 18 ft/sec, light damping
III " " 10 ft/sec;, more heavily damped
IV Same as III, but with reduced damping coefficient & spring rate.
V same as IV, dut with reduced damping coefficient.

An additional analysis evaluates the effect of the impact on the
instrument package installed within the core barrel.

3 0 Conclusions.

The conclusions drawn from the work done are:
1) Case I an undamped system does not occur in reality, but serves

to indicate the maximum impact condition for the selected case.

2) Case II v/as developed to examine the effects of increased descent
velocity ( lδft/εec.)

3) Cases III, IV, and V, vary mainly by the degree of damping
coefficient applied.

h•) Case II presents the most severe condition.

5) T3̂ e instrument package can be protected against exposure to
high positive or negative acceleration if the mounting has a
spring freαuency -.

v(
 , 1—7— - / A 30 lb instrument

see
S3
θ
e
. '

 y
-j ^ J ‰ 8 3 X £

The data generated is plotted for Cases I, II, III, IV, & V.
The plotted data shows the Change in Velocity versus Time and
enables the acceleration to be derived as a tangent to points
on the curve.

3736 GAVII ST H T T ii».o .t
5*K D.cq>, CA 93M5 (714) 53I-C5.JO
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VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)

PARTS LIST AND ASSEMBLY DRAWINGS



VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)
PARTS LIST - COMPONENTS

PART
NUMBER

OL

OP
OP
OP
OP
OP

OP
OP
OP

OP
OP
OP
OP
OP
OP

OP
OP
OP
OP
OP

OP
OP
OP
OP
OP

OP
OP
OP
OP
OP
OP

1019

4309
4307
4156
4157
4155

4365
4366
4367

4329
4317
4314
4320
4354
4355

4150
4151
4324
4325
4326

4364
4371
4335
4341
4344

4381
4345
4383
4390
4391
4392

DESCRIPTION

Seal Sleeve

TOP SUB ASSEMBLY

Top Sub Cap
Top Sub Body
Male Adapter F/Top Sub
Female Adapter F/Top Sub
V-Spacer F/Top Sub

SWIVEL ASSEMBLY

Inner Swivel Body
Swivel Retainer
Outer Swivel Body

SHAFT ASSEMBLY

Bypass Sub (7/32")
Shear Bushing (7/32) F/Bypass Sub
Shaft Connector
4.5 m Shaft Link
3.0 m Shaft Link
Lower Shaft

INNER SEAL SUB ASSEMBLY

Inner Seal Sub
Inner Seal Retainer
Male Adapter F/Inner Seal Sub
Female Adapter F/lnner Seal Sub
V-Spacer F/Inner Seal Sub

PISTON ROD ASSEMBLY

Upper Piston Rod
4.5m Piston Rod Link
3.0 m Piston Rod Link
Rod Connector
Lower Piston Rod

PISTON HEAD ASSEMBLY

Q-R Piston Head
Q-R Piston Seal Retainer
Lock Pin - Piston
Male Adapter F/Piston Head
Female Adapter F-Piston Head
V-Spacer F/Piston Head

DRAWING
NUMBER

B-1030

N/A

R-OP4309
B-OP4307
A-1264
A-1256
A-1266

N/A

B-OP4365
B-OP4366
B-OP4367

R-OP4329
A-OP4317
B-OP4314
B-OP432O
B-OP4354
B-OP4355

N/A

B-0927-0
B-0928
A-OP4323
A-OP4325
A-OP4326

N/A

B-OP4364
B-OP4371
B-OP4335
A-OP4341
B-OP4344

N/A

B-OP4381
A-OP4345
A-OP4383
A-OP4390
A-OP4391
A-OP 4392
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VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)
PARTS LIST - COMPONENTS

Continued

PART
NUMBER

OP
OP
OP
OP
OP

OP
OP
OP
OP

OP
OP
OP
OP
OP

OP
OP
OP
OP

OP
OP
OP
OP
OP
OP

OP
OP
OP
OP
OR

4312
4310
4321
4318
4357

4313
4343
4356
4328

4160
4363
4394
4395
4396

3055
4338
4337
4340

4342
3210
4353
4360
3400
4382

4376
4109
4112
4113
7020

DESCRIPTION

SHEAR PIN ASSEMBLY

Sleeve - Outer Body Cap
Sleeve Ring - Outer Body Cap
Outer Body Cap (7/32)
Shear Bushing (7/32) F/Outer Body Cap
7/32" Dia. Shear Pin

OUTER BODY ASSEMBLY

Outer Body Vent
4.5 m Outer Body Link
3.0 m Outer Body Link
Lower Outer Body

OUTER SEAL SUB ASSEMBLY

Outer Seal Sub
Outer Seal Retainer
Male Adapter F/Outer Seal Sub
Female Adapter F/Outer Seal Sub
V-Spacer F/Outer Seal Sub

QUICK DISCONNECT ASSEMBLY

Q/R Shoulder Sub
Q/R Cap Sub
Sleeve - Q/R Shoulder Sub
Dogs - Q/R Shoulder Sub

INNER BARREL ASSEMBLY

Upper Liner Seal Sub
4.5 m Inner Core Barrel
3.0 m Inner Core Barrel
Lower Liner Seal Sub
Core Liner
Plastic Tube Support (VLHPC)

CORE CATCHER ASSEMBLY

Catcher Sub
Spring, Flapper Core Catcher
Flapper, Flapper Core Catcher
Cylinder, Flapper Core Catcher
Dog (8) Type Core Catcher

DRAWING
NUMBER

N/A

A-OP4312
A-OP4310
A-OP4321
A-OP4318
A-OP4357

N/A

B-OP4313
B-OP4343
B-OP4356
B-OP4328

N/A

C-0921
A-OP4363
A-OP4394
A-OP4395
A-OP4396

N/A

R-OP3055
C-OP4338
B-OP4337
B-OP 4340

N/A

B-OP4342
B-WL-21
B-OP4353
B-OP4360
A-1230
A-OP4382

N/A

B-OP4376
A-1290
B-1296
B-1297
A-0191
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VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)

PART
NUMBER

OP 4347
OP 4350
OP 4349
OP 4358
OP 4351

PARTS LIST - WIRELINE

DESCRIPTION

Single Shot Pressure Case
Single Shot Top Plug F/Pressure Case
Single Shot Bottom Plug F/Pressure Case
Pipe Plug F/Bottom Plug
Non-Magnetic Sinker Bar

KUSTER SINGLE SHOT ASSEMBLY

0-20 Angle Unit (short)
Battery Case, 5 Cell*
Electronic Timer**
Main Frame, Short
Spacer Tube, Short
E.T. Test Sleeve
Anchor
Plug
Tang
Anchor Screw
Set Screw
Nose Spring 6"
O-Ring
Film Disc Loader
Developing Tank
Carrying Case - S.S.
Disco Reader
Orientation Reader
Non-Steel Jacketed Batteries (1.5 V C-size

(Hot Shot Prod. Col.)

DRAWING
NUMBER

B-OP4347
B-OP4350
B-OP4349
A-OP4358
B-0P4351

KUSTER P/N

2299-101
4030-105
3600-101
4100-102
4104-101
3601-000
6221-001
6221-002
6221-003
6221-004
791-049

6221-001
6205-001
4301-100
4401-100
4600-000
4602-000
4604-000
_ _ _ _

*Battery Case, 3-Cell
**Clock, 90 minutes
Flash Unit

4030-103
3201-101
4025-101
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PART
NUMBER

OP

OP

OP

OP

OP

4302

4301

4369

4361

4185

VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)
PARTS LIST - SET SCREWS, ETC.

DRAWING
DESCRIPTION NUMBER

1/2-13 x 3/4 Socket Set Screw F/Top Sub Cap A-OP4302
1/2-13 x 3/4 Socket Set Screw F/Q.R. Sleeve A-OP4302

1/2-20 x 3/4 Socket Head Cap Screw F/Overshot A-0P4301
Alignment

5/8-11 x 1/2 Socket Set Screw F/Outer Swivel Body A-OP4369

3/8-16 x 3/8 Socket Set - Half Dog A-OP4361
Core Liner Retainer Screw F/Upper Liner Seal Sub

3/8-16 x 3/8 Socket Set Screw F/4.5 m Shaft Link A-1471
3/8-16 x 3/8 Socket Set Screw F-3.9 m Shaft Link A-1471
3/8-16 x 3/8 Socket Set Screw F/Inner Seal Sub A-1471
3/8-16 x 3/8 Socket Set Screw F/Lower Outer Body A-1471
3/8-16 x 3/8 Socket Set Screw F/Outer Shaft A-1471
3/8-16 x 3/8 Socket Set Screw F/Outer Seal Sub A-1471
3/8-16 x 3/8 Socket Set Screw F/Swivel Retainer A-1471

NOTE: All set screws are alloy steel with cadmium plating and nyloc locking
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VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)
PARTS LIST -• ANCILLARY TOOLS

PART
NUMBER

OP

OP

OP

OP

OP

OP

OP

OP

4192

4330

4331

4332

4334

4389

4327

4384

OP 3615

OP 4305

OC 1080

OP 4333

DESCRIPTION

Hang Off Plate

Sighting Bar - Baseline Orientation

Telescope Frame - Baseline Orientation

Sighting Bar Reducer

Orientation Hold Down Strap

Drill Jig - Core Liner Orientation Lock

Quick Release Nose Guard

DRAWING
NUMBER

B-0942

C-OP4330

C-OP4331

B-OP4332

A-OP4334

A-OP4389

R-OP4327

A-OP4384Assembly Bar for Swivel Assembly
Face Spanner Wrench F/Outer Seal Retainer Assembly
Parmelee Wrench (1.25 dia) F/Piston Rod Assembly
Parmelee Wrench (2.18 dia) F/P Case Assembly

HPC - Handling Clamp C-OP3615
Non-Magnetic Drill Collar
Magnetic Pickup & Stud Finder (Craftsman 94001)

Spanner Wrench

Seal Installation Tool-Single Shot Pressure Case A-OP4305

XCB Core Bit (10 7/32 x 3 13/16) D-1694

Core Orientation Baseline Adjustment B-OP4333
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VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)
PARTS LIST - ANCILLARY DRAWINGS

PART DRAWING
NUMBER DESCRIPTION NUMBER

OP 4300 Variable Length Hydraulic Piston Corer Assembly R-OP4300

OP 4311 VLHPC System Schematic C-OP4311

OP 4348 VLHPC Single Shot Assembly R-0P4348
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VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)
PARTS LIST - SEALS, O-RINGS, BACK-UP RINGS

PART
NUMBER

OP
OP
OP
OP

OP

OP

OP

OP

OP

OP

OP

4158
4154
4393
4179

4148

4165

4147

4306

4385

4303

4304

DESCRIPTION

Top Sub Seal (3.63 x 2.87)
Inner Seal Sub Seal (2.87 x 2 25)
Outer Seal Sub Seal (1.87 x 1.25)
Piston Head Seal (2.00 x 2.62)

O-Ring F/Shaft Connectors
O-Ring F-Alternate Bypass Sub - 7/32
O-Ring F/Inner Seal Sub

O-Ring F/Outer Seal Sub

O-Ring F/Upper Liner Seal Sub
O-Ring F/Lower Liner Seal Sub

O-Ring F/Single Shot Bottom Plug
O-Ring F/Single Shot Top Plug

Parbac F/Single Shot Bottom Plug
Parbac F/Single Shot Top Plug

Polypac F/Inner Swivel

Polypac Alt. F/Single Shot
Top & Bottom Plugs

VENDOR
NUMBER

37502850VP
31202250VP
31201250VP
31202000VP

2-326
2-326
2-326

2-231

2-232
2-232

2-324
2-324

8-324
8-324

18702375

18701375
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CHECKED APPROVED

WG. NO. <PEV.i



REVISIONS
NO. DESCRIPTION DATE BY CH. APR,

ml yy••r
.OQO

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64 x 45°

or 1/54R

FINISH

SURFACE TREATMENT

6
HEAT TREATMENT

CONCENTRICITY ALL DIAMETERS*. TIR.003

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA. CALIFORNIA 92093
TITLE

"M-

MATERIAL

SS
SCALE REQ'D/ASS'Y

DATE

PART NO,

APPROVED
/7/i

DWG. NO (REV.

A-OP452&- I



u>
00

REVISIONS
NO.

1
a

DESCRIPTION DATE

\ V6l

BY CM.

7//'/

'tó

APR.

•;; J

NOTE.:
BREAK ALL SHARP EDGES
RADIUS ALL INSIDF ßßPf!*

INCENTRICITY:
LL DIAMETERS

TIR .008

TOLERANCES
UNLESS NOTED

FRACTIONS t 1/64
DECIMALS 1.005

ANGLES i 1/2°
CORNERS 1/C4»4SC

or I /MR

FINISH V ^

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA 92093

TITLE

UPPER, PVbTOM ROO
V • L H . P C .

32
I DRAWN BY

PART NO.

0

D A T E

^= "2.' •v!

SI2E DWG. NO.

B-OP4 3
HtV.



REVISIONS
NO. DESCRIPTION DATE

\ 0 \M ;,

BY CH.
.>••///

APR

^ DV)G
OC \U VW

FRACTIONS 1 1/64

DECIMALS t 005

ANGLES 1 1/2°

CORNERS 1/β4 x 45°

<x 1/64 R

SURFACE TFUATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

\ • . \

f»CQO/ASS'Y



\.25O

NO. RIOP.

REVISIONS

NO. DESCRIPTION

Vß

/ 1

M I

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS t 1/64
DECIMALS 1 .005

ANGLES 1 1/2"
CORNERS 1/64 > 45°

Of 1/64 R
ill/

FiNISH \ ^

SURFACE TRCATVENT

HEAT TREATMENT

DATE 8Y

K'

CH.j APR.)

CONCFNTRICITY ALL DIAMETERS". TIR.003

TITLE
L\UK

\\\
HfcQ O/ASS V

PAVE

11/

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA. CALIFORNIA 92093



REVISIONS
NO. DESCRIPTION

%££ &
AVÒO >

DATE BY

K.K

CH. APR,

CONCENTRICITY

ALL DIAMETERS
TIR .003

NOTE:
BREAK ALL SHARP EDGES r

RADIUS ALL INSIDE CORNERS

ΛB

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ± .005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE
ROD CONNECTER

MATERIAL

PART NO.

OP -Z

DRAWN BY DATE CHECKED APPROVED

SIZE DWG. NO.

A-OP4341 -
REV.

c
141



•i.oos

\.2SO DIN

REVISIONS
NO.

\

T
3

DESCRIPTION DATE

A•fcθl

BY

K:-:.

J<K

CH. APR.

f f e *

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR OOβ

TOLERANCES
UNLESS NOTED

FRACTIONS i 1/64
DECIMALS i .006

ANGLES ! 1/2°
CORNERS 1,'64 > 45°

or 1/64 R

FINISH \×^

DEEP SEA DRILLING PROJECT
SCRIPTS INSTITUTION OF OCEANOGFIAPHY

UNIVERSITY OF CALIFORNIA, SAN OISGO
LA JOLLA, CALIFORNIA

TITLE

^CLE

RO0

t-ovù<



REVISIONS

NO.

I
2

DESCRIPTION

\.3kO OJΛ*> 1.115, 2/2. u «̂b 4,250

DATE

4 3\5\

BY| CH.

fe. sfc i /
APR.

-P~
bo

OP 4 m
UP

DR\LL\UG.
RAC.UÀ#Ü r. ,

FRACTIONS 1 1/64
DECIMALS ± .005

ANGLES t 1/2°
CORNERS 1/64 x 45°

or 1/64R

FINISH V ^

SURFACE TREATMENT

MEAT TREATMENT

S vie

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DSEGO
LA JOLLA, CALIFORNIA 92093

TITLE

m ?
DATE CHECKED I APPROVEO

SI2E DWG NO.



REVISIONS
NO. DESCRIPTION DATE BY CH. APR.

2.580 D.

.1 A

CWP)

144

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS +.005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R
135

FINISH /

SURFACE TREATMENT

HEAT TREATMENT

CONCENTRICITY ALL DIAMETERS'. TIR.003

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA

ITLE
P\STQW SUM,

~VLHPC
MATERIAL

SCALE

\ \ \

REQ'D/ASS'Y

DATE BY

PART NO.

OP 4 MS
DWG. NO

92093

APPROVED

(REV.)



REVISIONS

NO. DESCRIPTION DATE "BY('CH". APR

< \CHMGE/ηafL FROW 17-4 T/3-9

375 Dlλ

DO NOT SCALE CONCENTRICITY ALL DIAMETERS'. TIR .003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ± .005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

HUSO

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

ΛJLVXPC
MATERIAL

Π-HPH ss
SCALE

V.I
REQ'D/ASS'Y

DATE

v5o
PART MO.

ED APPROVED

NO.

P
(REV.I

145



REVISIONS
NO. DESCRIPTION

f 4 . s

DATE

W-ZY L>

BY

RKJ

CH.

m

.+,OOÖ/\
oo5/

146

—2547

-2.OO5 D~—

πZ^

L 'ò

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR .003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES t /2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA

T+TLE
V-PACXIUG

VLUPC.̂
MATERIAL

SCALE I F{εQ O,'ASS'Y

V,\

OATE BY

PART NO.

CHECKED

APR.

->.--/;.

APPROVE D

DWG. NO.

9,?'v< c19 - ^ £ r . ? p ' V : S S 0 " L



REVISIONS
NO. DESCRIPTION DATE BY CH. APR.

WLDUOLO

3,

• 4.000

~.ooi
—2.54T

2.005 0" °—

1 ^ >

K \

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±005

ANGLES i 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA 92093
TITLE

SURFACE TREATMENT SERIAL I DATE

HEAT TREATMENT SCALE

\ ; \

BY

1
PART NO,

CHECKED APPROVED

DWG. NO. (REV.)



NO.

\

REVISIONS
DESCRIPTION DATE

\V2l-8o
BY

we
CH. APR.

•f> •i

-.OO2

—2.OO5D
-.000

Z%

•

•

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES i 1/2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH K×^

SURFACE TREATMENT

HCATTfiLATMENT

CONCENTRICITY ALL DIAMETERS'. TIR.CX)3

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA

-VkVAVC~
MATERIAL

SCALi 1 REQ D/ΛSS Y\;\J_
DATE

PART KQ.

BY

HZ~\

CHECKED

DWG. NO.

92093

APPROVED

148



NO.

REVISIONS
DESCRIPTION DATE

\\\m
2-24-81

BY

<>K
9X.

CH.

w-
APR

DRILL THRU &OTH
WITH JIQ

S 45 DEGREES
(ONE SIDE OMLY)

KNiURL

NOTE:
BREAK ALL SHARP EDGES
RADIUS ALL INSIDE CORNERS

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.OOb

ANGLES £ 1/2°
CORNERS !/&4x45°

or 1/64 R

FINISH

SURFACE TREATMENT
PARKOUJBR1TE

HEATTFlEATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNMVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA. CALIFORNIA 92093

T+TLE
SLEEVE.-OUTER BODY CA\?

YLHPC
MATERIAL

4130 CD.

PART NO.

DRAWN BY

L)-/
DATE

"72 Ad
CHECKED

Wit-
ΛI PHOVF.D

SIZL DWG.NO.

149



NO.

«Λ**3*ΛW»*«

REVISIONS

DESCRIPTION DATE BY Ch\ APR

I CONCENTRICITY:

I- ALL DIAMETERS

FLKY >
OP43VO -

MOTES ^ ^ ^ i

BREAK ALT SHARP EDGES

- - RADIUS ALL INSIDE 'CORNERS -

TOLERANCES
UNLESSNOTED

FRACTIONS ± 1/64
DECIMALS +.005

ANGLES ± 1/2°
CORNERS 1/54x45°

or 1/64 R
115/

FINISH V ^

SURFACE TRilATMENT

Hf:AT TREATMENT

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY '

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA 92093

W L E CX>tCR. CAP
•VLHPC

MATERIAL
CD,

PART NO.

DRAWN BY
in

DATE CHECKED

Mr
APPROVED

SIZE DWG. NO.

4
R:V,

O
150



REVISIONS

NO. DESCRIPTION

LOCTVTt
DATE BY CH. APR

:DR\LL 1
1 HOLE KT ^0° TO

R N LIME WITH
SHEAR. PlM(θN£S'.öεθKlLY)

D5DP INKiER Bß> L

DRILL THRU BOTM WALLS
WITH AUGNiM MT JIG

TO SUP FITOMEK ^VA^FT

— Î OTE:
BREAK ALL SHARP EDGES
RADIUS ALL INSIDc CORNERS

A

TOLERANCES
UNLESS NOTED

FRACTIONS i 1/64
DECIMALS ±.005

ANGLES i 1/2°
CORNERS 1/64 x 43°

- or 1/64 R

r IN ISM

SURFACE TREATMENT

HtAT TKlATMCNTi
R C •

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA. CALIFORNIA 92093

BODY-OUTER BODY CAP
V L H P C

MATEMAL
4130 CD.

PART NO.

DRAWN BY DATE

if
Sl/E DWG. N• IVI V,

J_ _L



REVISIONS

NO. DESCRIPTION DATE BY CM. APR.

.223 J&J•
k?

\

>

π.
H

HMU

_ STEW\0K-O\L

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS t .005

ANGLES i 1/2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH \×^

CONCENTRICITY ALL DIAMETERS*. TIR.003

SURFACETREATMLNT

HEATTΠEATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA. CALIFORNIA

TJ.TLE

; V32.
~ VLHPC

MATERIAL

SCALE

Yλ
REQ'D'ASS'Y

OΛTC

4-23-S
BY

PART NO.

CHECKED

S2D33

N-OP4518
152



NO.

1

REVISIONS
DESCRIPTION DATE

5 TO»
BY CH. APR.

KWU

3,12.

r-

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003

TOLERANCES
UNLESS, NOTED

FRACTIONS ± 1/64
DECIMALS i.005

ANGLES i 1/2°
CORNERS 1/64x45°

or 1/G4 R

FINISH \×^

SURFACETRfcATMtNT

HEATTF<EATMENT

* DEEP SEA DRILLING PROJECT
• SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA 92093
TITLE

4o

MATERIAL

SCALE

\ \ \

REQ'D/ΛSS Y

DATE

?
BY

PART r. o.

CHL:

D',VG. NO.

• •VL. \ftefl-.

153



C- 05DP IMJ4CR e^PQEL (TVP) .
EAD (DRW& ü-0503) 3/4 DiA.HOLE ;

(2(2 180°)TO

\

NOTE:
• ESFΛK AIL SHARP rorεs

RAD:;J3 ALL mz\zi CORNERS ^KJYE-CARB, LLtCTROLlSS WICKEL
PLATE- 00^5 THICK. O O.OMLY)

_5
fiUD KJQT PLj\J_ε_5

1
.0020

TQ_5E ^TQPPCD QFf

5

Lv••AK ALL SHARP ECG1S

RADIUS ALL INSIDE CORNERS

TOLERANCES
UNLESS NOTED

FRACTIONS i 1/64

DECIMALS 1.006

ANGLES t 1/2
CORNERS 1/64x45°

Of 1/64 R

Sunf•ACt TREATMTM

w.yo^»JcRi.T
HEAT TREATMENT

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92M3

TITLE
OUTER. 2.0DY V£N'T

V/LHPC
DΠΛWNBV DATE CHECKED AF"I;OV(

SIZE DWG. wr.



NO.

\

z
\•U. V j K b

REVISIONS

DESCRIPTION

4-'At, -O T O L

DATE

A •l •P,i

BY CH. APR.

|//-*'!

vvry/w \\ \\ \\w

DO NOT SCALE •OONCCNTBICITV ALL PtAMCTCnSt T4W-rO0^—

MO.

S.O/Λ

r-O

O

NOTE: - -
BREAK ALL Sll/ PPFD~TS

RADIUS ALL >HLiDH CÙΠ;::

TOLERANCES
UNLESS NOTED

FRACTIONS * T64
DECIMALS 1 .005

ANGLES i 1/2°
CORNERS 1/64 K 45°

Of 1 '64 R

FINISH K/'

SURFACE TREATMENT

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA, CALIFORNIA 92093

TITLE

VV.HPC-

D,
DATE
• Λ . ' P >"



[ | REVISIONS

Ng DESCRIPTION DATE "BY j CH.JAP^

T~ \.o. w ^ ^ ^ • ^ r • • N ^ ! ' ':'v
z 1 ^ c e p Λ‰ -QΛQV., ' \4-^$ \ <<\/S/ü•ti

DO NOT SCALE •^0NgENTR4GffY-AHrQ*AMCT€flSy---TIB 003

USU WTED D E E P S E A DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

DECIMALS s M5 DIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES l 1/2° LA JOLLA. éALIFORNIA 92093

CORNERS 1/64 x «b° TITLE

FIMSH çy ^ v m ? ç v

SUflFACC THEATMtNT MATERIAL ItJATt I PY .̂, . 1 C-lTKl T i AR"I' 'v;.:.;

CiOlE: ~ - •
BREAK ALL SHARP EDr.GS
RADIUS ALL INSIDE CORNERS



\\ \\ ww/w \\ >

t\\ \ \ \ \ \ \ '

– 2.S0O •' —

TOLERANCES
UNLESS NOTED

FRACTIONS i 1/64
DECIMALS ± .005

ANGLES t 1/2

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA, CALIFORNIA 8209.1NΛCWEΛ.

\.D. OMLV.
LOWER OUT EMBODY

VL- ^



O R!N6*δ-33V

THD, 3

. ADD CONCLV. TOL;

v.es WAS 3 ? ? , .33 wfòj?, (>.*? ivfls
6.60, ,1} WAS ,SOj ADD si?

WΛS é.gT . e i / t v
, 2..33../V/I

3-8 THD STUB ACME
• SEE. BVVJ6 A - n £ 5 - 0 0

'/β-8 STUB-ACME. THDS
SEE

MILL FLflT V 5TAMP
H.P.C. opmo-T •

— PRILL 5//4 (.31L DIA)THftV
V TAP 3/8-/6.

STUB-RCW\E THDS
- SEE t)W(S A - U U - 0 0 -

_ ] _ _ _ _ _ j L_

FOR r>tep
w .Bieoiaso-soo

NOTO"
BREAK AtT SHARP EOGES

RADIUS ALL INSICE CORNERS

FOR O-RUUA WO
DEEP SEA DRILLING PROJECT

SCRiPPS INSTITUTION ü f üCEANOGHAPHV

UNIVERSITY OF CALirOHNlA. SAN DIEGO



REVISIONS

NO. DESCRIPTION DATE

•b-B δl

BY

(IK

CM.

CONCENTRICITY:
ALL DIAMETERS

Tin .003

1:
BREAK ALL SHARP EDGES

RADIUS ALL INSIDE CORNERS

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS V&4x45°

or 1/64 R

FINISH

SUHFACETREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA, CALIFORNIA

APR

TtTLE

OUTE
VL- Vλ ? C

92033

MATERIAL

A\AQ
PART NO.

ÜRAVVN BY

V
DATE CHECKED| APPROVED

S!?C DWG.NO.

A - OP t
RFV.



iii• ..im u m

NO.

I

REVISIONS

DESCRIPTION DATE

z sβt
BY

ß K

CH. APR.

+.000

.nt> .O55" ',-•"5/1

X<J<

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003
TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS +.005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

HEAT TREATMENT

160
;?*».». ̂ .•a‰^•«l*isi.»

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA 92093

TITLE



NO.

1
z

ΛAO VIN

REVISIONS
DESCRIPTION

ò^^K

DATE BY CH.

m

+.OCJO

\ /£

DO NOT SCALE

APR

CONCENTRICITY ALL DIAMETERS*. TIR.003
TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS +.005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/&4 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEF' SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA

T+TLE

92093

S>LKU Sü ß |

MATERIAL

304 S,^
SCALE REQ't

\ \ \ • \

ü/AG6'Y

DATT BY

PART NO.

PHOSfO 1

DWG. NO

161



NO.

1

REVISIONS
DESCRIPTION DATE BY

dt
CH. AF

• • M M O T • H M

• P R . l

»(fl

DO NOT SCALE

162

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES t 1/2°
CORNERS 1/64x45°

or 1/64 R
125

CONCENTRICITY ALL DIAMETERS*. TIR.003

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA. CALIFORNIA 92033



i Rc"3'y*3c' J""QP^OÇV3-2 "s'•'θP!)05S• | "ė*



u°t«" wuf o D E E P S E A DRILLING PROJECT

'ftlCiMAL* t MS UNIVERSITY OF CALIFORNIA. SAN DISCO
ANGUS I W LA JOLLA. CALIFORNIA 92093

COBNtnS l « i . 45 HTlE "

HNISH " ' ^ 's.VLHPC-; r . _ _ _

Ht*TTR[At* tN I PADTNO. ü>Zt DWG KO I «£V.

ncvisioNS
W OESCIII> TION DATf. UV CM AF-R

_1- ~^ tò '^a * 'A?- o^oowg- ~ siε>* ^ ^/~ ^ T

*• ^^^• 2a'^5^, ^iao y/is ^ n o ff0

*̂ 1 ̂ ^Dbyn,(^1^>^,^,'/àR-A^LCS k•2•8^"X|W foriV



REVISIONS
NO.

T
a
s

DESCRIPTION

N<ùO TOU. i;?g^
DATE

A \&•5\

\2•ltθ2

BY CH.

yfil >w
Ufa

APR.

KUUP.U O D.

NOTE:

BREAK A l l SHARP EDGES

RADIUS ALL INSIDE CORNERS

CONCENTRICITY

ALL^óiAM

TOLERANCES
UNLESS NOTED

FRACTIONS 11/64
DECIMALS ±.005

ANGLES ± 1/2β

CORNERS 1/64 x 45°
or 1/θ4 R

F.N.SH Z×
SURFACE TREATMENT
PARCDLUB>RITEL

HEAT TREATMENT

UC 28-32

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN OIEGO
LA JOLLA, CALIFORNIA 92093

TITLE

MATERIAL

4IOOU
PART NO.

DRAWN BY DATE
'oZl•h

CHECK6O

7 ' z

SIZE DWG. NO.

P4
RFV.

3



NY>PW S>TOOUV fe VAKR£>-

REVISIONS
NO.

I
2
3
4

DESCRIPTION DATE

. O \ 4 .»»••

fi•A ßl
8P-81
2e) δc

BY

•<-K

«Λ

CH.IΛPΠ.

/: ;'

I

NOTE:

BREAK A!.L SHARP EDGFS

RADIUS ALL INSIDE ror.rjf.RS

TO CoOO°

3.

O F
\2OO°P FOR. CO?-^.

TOLERANCES
UNLESS NOTEO

FRACTIONS i 1/$4

DECIMALS 1.005

ANGLES * 1/2°
CORNERS 1/64x45°

of 1/64 R

FINISH V ^ ^

SURFACE TREATMENT

HEAT TfltATVENT

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA, CALIFORNIA

TITLE

αUlCK R
V.L.VIPC

CHf,CKEO

SI2L DWG. NiO.

.92093



G>StOO\JcL. ~/P-\U HOUE.

(TvλV^ TLUü OULV )

-n \LL FLM -V
OP 434Z-4

WOLL TO ^ t CUT \U Kb"5fV W/

GROONJε). e TO

CONCENTRICITY:
ALL DIAMETERS

TIR .003

Kül i r :

O:?FAK All ?H«PP TDCLS
l i / r>>US All. iN.:» .'f rr.r> jF

FRACTIONS S 1/64
DECIMALS i.OOS

ANGLES 1 1/2°
CORNERS 1/64 « 45°

o» 1 .'64 R

FINISH V ^

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

V.L.H.P.C.

R.\
SIZE DWG NO.

4
T Rf.V.

! 4-



0 0

REVISIONS

NO. DESCRIPTION

TOLERANCES
UNLESS NOTED

FRACTIONS * 1/M

OCCIMAUS 1.005

ANGLES t 1/2°
CORNERS 1/64 « <5*

or t /MR

FINISH K×^

SURfACE TREATMENT

HEAT TREATMENT

DATE BY CH.

M/tf7
APR

rv\\\ N\ YΛ\ \\ \\

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

'-^ '/£" \ NiWtR, CORt

C.D.
PART NO.

OP

DRAWN βV DATE CHECKED APPROVtL>

SIZE DWG. NO.

B - ^
HEV.

\



L.

REVISIONS

NO. DESCRIPTION DATE BY CH. APR

y

v\\\ \\YΛ\ \\ \\ \ \

\x \ \ v\ /Λ\ \\ V\ V\

\NNtR M>LTUT>

NOTE: -
BREAK ALL SHARP EDGES

RADIUS ALL INSIDE CORNFRS

NO. RE.QO.

5.0m * 5
é> Sm 4
8.0/Λ * Z.

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ! 1'64
DECIMALS i .005

ANGLES ! 1/2°
CORNERS 1/64 > 45°

Of 1/64 R

FINISH KS*

SURFACE TRεATMEA•T

NEAT TRtArMKNI

CONCENTRICITY ALL DIAMETERS'. TtR .003

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHV

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

-VLUV>C
MATERIAL _

4\$O CO.
DATE

SCALE

\ ;

I U Q D/Λ:.;, >

CHECXEú

b-OP<iS?- O



% ~
4.OOZ.

^T\\ \ \ /AX"

ε%o\*

W • \ \ \ \

D<bDP
DUG

TOLERANCES
UNLESS MOtED

FRACTIONS 1'64
DECIMALS i 005

ANGLES ! 1/2°
CORNERS 1/64 » 4S°

or 1 64 R

FINISH ^ y

TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA

TITLE

V L V \^
MATERIAL

4X*O CD.
SCALE

t'.\

DAtr.

97093

1



DSDP ^17\NDRKD COf E Z «
SCALE, /YQW£ APPROVED BY, / I MJ I 'J× ° " * W N BY ^ ' / f /

°"E: IS OCT. fj• '/idJr^ REV.SEO ^ / j ^ >

^KiCTCW Mo. i ?A;RΛ UO, OV• S 4 O Ö - Z



NO.

REVISIONS
DESCRIPTION DATE BY CH.

_ |

APR.j

U
^>.OOOO.O.

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES i 1/2°
CORNERS 1/64x45°

or 1/64 R
UJ

FINISH ×

SURFACE TREATMENT

HEAT TREATMENT

172

CONCENTRICITY ALL DIAMETERS*. TIR .003

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA, CALIFORNIA

TITLE

MATERIAL

SCALE

I*. I
REQ'D/ASS'Y

\

DATE BY

PART NO.

CHECKED

92093

DWG. NO (REV.} I

A-0\>A3SX -– I
<•••M•cα•••MMH•BaikMcna>MM;'* r i • m t l



3 yz o.o

NO.

REVISIONS

DESCRIPTION

Z.
DATE BY CH.] APR

*k'&L£là'-

Z.44 D\^

O? 4 VIC>
DO NOT SCALE CONCENTRICITY ALL DIAMETERS'. Tlfl .003

\2OO

TOLERANCES
UNLF.SS NOTED

FRACTIONS 1 1/64
DECIMALS I .005

ANGLES I 1/2°
CORNERS 1/64 . 4 5 °

Of V '64 R

FINISH O ^

SUBfACE TREATMENT

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA. SAN OIEGO

LA JOLLA. CALIFORNIA 9?093

TITLE

VV.KPC-

SCALE H E U D / A S S V

- O



NO.

REVISIONS

DESCRIPTION DATE BY CH. APR

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA. CALIFORNIA 92093
TITLE

i-W P C
MATERIAL

PART NO.

DRAWN BY CHECKED APPROVED

SIZE DWG. NO. RtV.

174



TOLERANCES
UNLESS NOTED

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA

FRACTIONS t 1/64
OECIMALS i .005

ANGLES 1 1/2°
CORNERS 1/M.45"

or 1/64 R

SURFACE TREATMENT

PΛRKO
MATERIAL

413O -



REVISIONS
NO.

\

2

DESCRIPTION DATE BY CH.

^ /

AirF\.

TOLERANCES
UNLESS NOTED

FRACTIONS I 1/64
DECIMALS ±005

ANGLES 1 1/2°
CORNERS 1/64 « 45°

w V64R

FINISH V ^

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA, CALIFORNIA

ΠTLE

PART NO.

OP ΛWÒ-Z.

O • - • •

92093

SUE DWG. NO.



REVISIONS
NO. DESCRIPTION DATE BY CH. APR.

5L0TTC.Q

DO NOT SCALE CONCENTRICITY ALL DIAMETERS'. TIR .003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
- DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64 x 45°

or 1/54 R

FINISH

SUnFACL THfcATMENT

HF.AT 1 KCATMENT
SX

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA, CALIFORNIA

WTLE \^^ v
^2/z'KNRD V SOFT

S20S3

CTIO.\H
MATERIAL

SCALfe REQ'D/Af;S'V

— C> -

DATE
O "2 <2 \

PART NO.

CHt CKED APPROVliO

DWG. NO.



USUSS^IOT" D E E P S E A DULLING PROJECT
1/64 SCHIPPS INSTITUTION OF OCEANOGRAPHY

DECIMALS t 005 UNIVERSITY OF CALIFORNIA. SAN DIEGO
ANGLES I V2° LA JOLLA, CALIFORNIA 92093

CORNERS 1/β4 x 45β TITLE -

FINISH yy ^\/v.v\9>c.^ .
SURFACE TREATMENT MATERIAL [OATE | β V _ . I CHECKEp I APPRQVEO

HEAT TREATMENT SCALE REQ'O/ASS'Y PART NO. DWG. NO. (REV.)áEC A-A



REVISIONS
NO. DESCRIPTION

C.VJ I *à L b ( V KE• 9.%-Uu A Z e . )

,.28\ ffiiC*OP/216>AOO .3SO t•á>

.360

DATE BY CH. APR

0 0 NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR .003
TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS i .005

ANGLES t 1/2β

CORNERS 1/64 x 45°
Of 1/64R

F.N.SH V
SURFACE TREATMENT

O
HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN OIEGO
LA JOLLA, CALIFORNIA 92093

TITLE
SHOT TO? VUJG
VLWPC

SCALE REQ•D/ASS Y

\

OATE

\•\ZQ\ \\<
PART NO.

OP43SO -

CHECKED



DO NOT SCALE CONCENTRICITY ALL DIAMETERS'- TIR.003

JNLEESSNO"O D E E P S E A D " L L I N G PROJECT
FRACTIONS i 1/β4 SCRIPPS INSTITUTION OF OCEANOGRAPHY

DECIMALS t 005 UNIVERSITY OF CALIFORNIA. SAN DIEGO
ANGLES t i f l LA JOLLA. CALIFORNIA 92093

CORNERS 1/64 x 45β. TITLE
or i/«4 R ^>\NG»LC_ S H O T CbQTTOVA PUJG '

FINISH V ^ VLUfiC~ '
SURFACE TREATMENT MATERIAL I DATE TBY~~ I CHECKED I APPROVED

HEAT TREATMENT SCALE j REQD/ASSV PART NO. "" DWG. NO. IRRV.I



REVISIONS
NO. DESCRIPTION DATE BY CH. APR

TO KsJOVO
wo. OPA^~>O

LOC

OF

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS +.005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA, CALIFORNIA

TITLE

PLUG

92093

SURFACE TREATMENT MATERIAL DATE

I\Λ\ ÖI
CHECKED APPROVED

HEAT TREATMENT

—e
SCALE REQ'D/ASS'Y PART NO. DWG. NO. (REV.

181



0 0

REVISIONS

NO.

\

a

DESCRIPTION

S'UJ^Λ> t v-\ 3 /V' } z.3/iu KΛHK L £V&

4 - 8 VΛJA>S t>

DATE BY CH. APR.

/ ^

DO NOTSCALE

ccxβ

CONCENTRICITY ALL DIAMETERS'- TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS t 1/64
DECIMALS t.006

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH V ^

SURFACE TREATMENT

HEAT TREATMENT

K>GTS.

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHV

UNIVERSITY OF CALIFORNIA, SAN OIEGO

LA JOLiA, CALIFORNIA 92093

TITLE

SCALE
ZA'ö\

APPROVED

IREV.I

-a



REVISIONS

NO. DESCRIPTION DATE BY CH. APR.

KUZOY

,

on1.TOP . CKV.-

DO NOT SCALE CONCENTRICITY ALL DIAMETERS'. TIR.003

TOLERANCES

UNLESS NOTED

FRACTIONS ± 1/64

DECIMALS ± .005

' ANGLES ± 1/2°
CORNERS 1 / & 4 X 4 C . °

or 1/64 R

FINISH

SURFACE TREATMENT

MtAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA, CALIFORNIA 92093

MATERIAL

G C A L I : 1 RI-•Q•D/Λ.C»S'Y

OATfi BY

PART NO.

11
AEPROVfcD

DWG. NO. (HEV.)i

i

183



REVISIONS
NO.

\

ε
~3~

DESCRIPTION

Z%<\ w*s> % O \ f \ : _ .,

DATE BY CH. APR.

fr/i•

TOOL
\j / PUUΛUG

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR .003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ± .005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

184

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

~MUAVC~
MATERIAL

SCALE REO'D/ΛSS'Y

cue.

DATE

PART NO.

OP4SO\~3

CHECKED APPROVEO

DWG. NO. (HKV.I

3



REVISIONS

NO. DESCRIPTION DATE BY CH. APR

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TJTLE

MATERIAL

ΛLLC>V
SCALE REQ'D/ASS'Y

DATE

4
BY

PART NO.

CHECKED

ΦM-
A P P R O y E D

^-"1 ,-'•f' •
i..*t\ i

(REV

-G
185



REVISIONS

NO. DESCRIPTION DATE BY CH. APR.

"=bC. V2A-83

EKOKCW OEPΛSΛ

186

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R
115

FINISH O
SURFACE TREATMENT

HEAT TREATMENT

CONCENTRICITY ALL DIAMETERS'. TIR.003

DEEP SEA DRILLING PROJECT
SCRiPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSiTY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

U??^?v UNER cSt.NU S U o

MATERIAL.

SCALE

aw

BY

PART NO.

CHECKED APPROVED

DWG. NO.

0
<RFV.)



NO.

REVISIONS
DESCRIPTION DATE BY CH. APR

- Yfc* % <bQCK

u
.FAHVbYV.

MIÖY SEEL: I
UVLOC ,CUT» "POINT

A . Ö/Λ S>U/\FTUU\N

.3.0 m LINK OVAi=>A

e>ot>v OP

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES 1 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEATTRr•ATMENT

CONCENTRICITY ALL DIAMETERS'. TIR.003

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA, CALIFORNIA

TITLE

µ,pc
MATERIAL

SCALE Tft£O'U/ASS'Y

]

DATE:

4 IC->•8\
FAΠT NO.

0V4\S5 O

92093

APPROVED
?JL

DWG. MO.

A..\ia4-o
187



CO
00

NO IE:
BREAK ALL SHARP EDGES
RADIUS ALL INSIDE CORNERS

TOLERANCES
UNLESS OTHERWISE SPECIFIED

. X . l

.XX ±.Ol

.XXX-±.001

ANGLES±30r

TUAVbW.

COLD ROLLLO
üM\\i. OF

HALF
PROò.

DRAWN WT '

OFF P L M t - WVC-UT

Uo . OP4/9Z
ORAWINO NUM•UI



00

DESCRIPTION I OATE I BVl CH.IAPR

- Vzo*"} V VòKfbW,

TOLERANCES
UNLESSMOTEO

FRACTIONS 1 1 / M
DtCIMALS 1.00S

ANCLES 1 1/2°
CORNCRS I. M a 4b '

« I/MR

FINISH C ^
SLinFACt THfATMffit

DEEP SEA DRILLING PROJECT
SCRIFf•S INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA

TITLE

nαv>NB DΛIE r.iiu Ari•Hoyto

HIV.

o



DESCRIPTION DATE 1 BY I CM.I APR.

«2»

—1

--Φ -Φ--

L
TUKU

! !

TOLERANCES
UNtESS NOTED

F« ACT IOHS 1 I /M
DECIMALS S 004

ANGLES t 1/2*
CORNERS 1/M > 4S

Of 1/M «

FINISH \×^

SURFACEinfATMIN1

Mt AT TlttAIMFNT

DEEP SEA DRILLING PROJECT
SCRIffS INSTITUTION OF OCIANOCRATHV

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA 7M3

TITLE

PART NO.

DATE c><icKiD A/•pnovru
3 r t -•

SI7f OWG NO HIV.

o



NO.

REVISIONS

DESCRIPTION DATE BY CH. APR

^ G R O O V E .

TOLERANCES
UNLESSNOTEO

FRACTIONS ± l/β4
DECIMALS t.006

ANGLES t 1/2β

CORNERS 1/64x46°
or 1/64 R

F.NISH ^×
SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093
TITLE

MATERIAL
BRASΛ
PART NO.

DRAWN BY DATE CHECKED

SIZE OWG NO. REV.

o



NO.

\

REVISIONS
DESCRIPTION DATE BY CH. APR.

74 Dlë\ HOLES .15

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

DEEP SEA DRILLING PROJECT
SCRIP>S INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA

TITLE

i O MGRΛ ÇJV

92093

CHECKED f

(REV.tj

192



NO.

1

REVISIONS
DESCRIPTION

2"WN‰.TO OüT^\Q£
DATE BY CH.

M
APR;

$ $ i

t t

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R
IIS

FINISH
SURFACE TREATMENT

HEAT TREATMENT

CONCENTRICITY ALL DIAMETERS: TIR.003

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA 92093
TITLE

\ .



K X V XV

TV? £?\.Cb K̂T \ δ θ 6

FOR S>\.\P F\T V
MΛ.

TOLERAMCCS
UNLIMNOTfO

FRACTIONS i \IM
DICiUAU t COS

AMdtit t \nm

CORNIRS l;M«4S<
« I/MR

ΠNISM U ^

h f A f I S t A t M f U l

DEEP SEA OHIttINQ PnOJECT
IC i m INiTITUTION OF OCfAUOGHxrn*

UNIVtRSITV OF CALIFOHNIA. SAN OIEOO
LA X>LLA. CALIf ORM!A

TIILC

^ VLΛWC~
LJI IAΛ^B<

S\U OnC SO

p



REVISIONS

NO. DESCRIPTION DATE

5 l2 δl

BY CH. APR

y

y

i

7»

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ± .005

ANGLES t. 1/2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH

SURFACE: TREATMENT

HEATTREATMENT

CONCENTRICITY ALL DIAMETERS'. TIR.003

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

MATERIAL

SCALE

\ ; \

REQ'D/ASS'Y

DATE

AΛA-%
BY

R.K
PART NO.

CHECKED
y f• / Λ. *

DWG. NO.

APPROVED

(REV.I

195



UKiVVJ. OF C/\UF.

•– FULL I - p ; " " t .^ 1° KV>

o f 2>bi3- - ct» 3 6 i 3 <



NO.

REVISIONS
DESCRIPTION DATE BY CH. APR

M0TE5 ^ - –

BREAK ALL* SHARP EDGES

RADIUS ALL INSiDH CORNERS

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64

DECIMALS ±.OOG

ANGLES t /2°
CORNERS 1/S4 x 45°

or 1/6-4 R

FINISH \×^

SUf<FACE TREATMENT

MCATTKLATMENT

LA JOLLA.

TITLE

MATERIAL

SCALL 1 f<

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

CALIFORNIA

is^wx^^gp\;-pwaö. c

—o —

DATE

PAfVI NO.

• • i • f mvm\ • mià n

BYr< K.
CHICKED I ADJ

ΠWGVKO

9209,

. • " c

197



^ S t p-'""'π 1D|&^'^°»A j



£ ! L E « m r » D E E P S E A DR LL NG PROJECT
FRACTIONS ± 1/64 S C " ' P P S I N S T I T U T I 0 N < * OCEANOGRAPHY

DECIMALS ± 006 UNIVERSITY OF CALIFORNIA. SAN DIEGO
ANGLES ± 1 / 2 ° LA JOLLA, CALIFORNIA 92093

CORNERS 1/64 M 45° TITLE
or i/64 R •CORxt Qft\LH"T*S\OM fc^Jb^UNS.

• FINISH v× A^XJSTWLHT ^ N/UΛVC ^ ;
SURFACE TREATMENT MATERIAL I DRAWN BY I DATE I CHECtEDl APPROVED

HEAT TREATMENT PART NO. "~ SIZE DWG. NO. I REV.

^ | Q P 4 3 3 3 I B-OP4B33 p



4\4δ r-OP4\&SOPA~iOT /

7v /*—— *e—T75 v
\̂ . -*r -.-̂ Av .

" i \ v / -^ ^ " y - ^ ^ /

;.\\\v\
V\\

^/UΠΛA^ΛAJTVA

v \ \ \
^<T<Φs —

4

LIST OF MATEHIALS

SIZf O*VG NO

A.
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SCHEMATIC OF REQD. COMPONENTS
FOR 9.5, 8.0,6,5,5.0 AND 3.5 w«ier
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