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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
Government's National Science Foundation. Neither the University nor any
of their employees, nor any of their contractors, subcontractors, or their
emplovees, makes any warrarty, 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
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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 H,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 ocoze 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 Cuaymas 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 (VLHEPC), was
utilized. The VLHPC is capable of recovering cores up to 9.5 m in length.
Recovery has averaged more than 937 with some holes achieving 100%Z. 1In
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" 0.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 VLFPC 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 Foundation's (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, paleoclimatology, 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 CHALLENGER'S 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. 1In 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 operationms.

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 operat}on.

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. TFor 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 = U 3; from which the viscosity (M) 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 = % pvzfx(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. 1In 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/cm2
(2457 1b/ft?). 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/cm® (5,146 1b/ft?) 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 inmer
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 inmer
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 operatioms.

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 (¥CB) 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.

10



35.

7' &1

146 FT
STROKE

Figure 1

HYDRAULIC PISTON CORER

CONCEPT

OVER SHOT
TOP SuB

o

~ OUTER BODY CAP

" SHEAR PIN

— SHAFT

— OUTER BODY

INNER SEAL SUB
- OUTER SEAL SUB

[=EeReol=]

PISTON ROD

- INNER CORE BARREL

SOSC NS AT

CORE LINER

PISTON HEAD

.L.CQ—\-.\\_\W\\\_\\\\JQE\\X\\\\\\\\N //|

o
ST N S

‘T\

— CORE CATCHER
CATCHER SUB

CORE

4

|

[——
\EE]

N N N O I VI YR R O

2L}
RO

Ry

|
}

TPRES
/\
P N e O

50.

3FT

11



Figure 2
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Figure 3

SCALE MODEL LOAD TEST
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Figure 5
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Figure 6
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_Figure 7

COMPARISON PHOTOS
ROTARY CORING VS HYDRAU LIC PISTON CORING
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CORING DEPTH FEET

Figure 8
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CORING HARD FORMATION

Figure 9
EXTENDED CORE BARREL
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Figure 10
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TABLE 1

SPECIFICATIONS FOR CLAY PRODUCTS

DSDP_PISTON CORE TEST MATERIAL

neen J. Clay Batch Initial Foreel) Piston = Hydraulic K/SF
Aatch Batch Bentonite Material in Pounds Welght Penetrometer Pressure Horsepower Shear
No, No. Feldspar Gal Clay 1bs Reading (clay only) Extract Required Strength
1 FBL 96 384 2 - 1080 <400 <13 <11 --

2 FB2 120 480 68 - 1166 400 73 11 .03

3 FB3 144 576 63 - 1245 1100 200 30 .08

4 FB4 168 793 57 - 1435 2200 400 60 .16
5% B4 Clay Soft _ 1250 1200 4,25-4.75 3000 545 82 .22
6% B3 Clay Soft - 1250 1200 4.25-7.75 3000 545 82 .22
7 B2 Clay Medium - 1250 1200 6,15-6.5 8000 1455 218 -—
A% Bl Clay Seiff - 1250 1200 9.25-9.75 12000 2182 327 .9

.

* Indicntes J, Clay Co. product mix

(1) Excludes weight of barrel estimated at approximately

600 1lhs dynamic force during coring likely will exceed

steady pull cut force; force is 15 ft stroke.

(2) Based on force to extract
(3) Not dynamic, basedon 257 GI'M (15 ft/sec)

NOTES:

Anaular piston cylinder volume per 15 ft stroke = 4,3 gal
Each batch yields approximately 12 cu ft,
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HYDRAULIC PISTON CORE RECORD (LEG 64-79)

TABLE 11

February 4, 1982

DESCRIPTION 64 66 68 69 70 71 72 73 74 75 76 79
Number of Sites 3 1 2 1 4 2 4 6 3 2 2 1
Number of Holes 1 7 10 2 5 8 5 4 2 1
Number of Cores 43 11 259 54 85 54 118 203 136 230 50 12
Total Meters Cored 204 52 1012 227 325 229 488 1778 586 922 244 39
Total Meters Recovered 155 30 787 115 304 206 413 686 522 816 194 37
Per Cent Recovery 76 58 78 78 94 90 85 88 89 . 88 79 94
Max Penetration Depth 152 71 235 237 40 151 133 194 286 291 168 39
Max Shear (g/cmz) 1160 .1922 3185 1670 319 99 1577 3418 162 2076 635 ==
List of Holes 477B 492 502 504 506 512 515A 519 525B 530B 533 S44B
480 502A 506B 514 516 526 532 534A
481 502B 506C 516A 520A 526A 532A
592¢ 506D 517 521 526B 533 .
503 507D 518 521A 528
503A 507F 522
503B 507H 522A
508 523
509 524
5098

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

Shear not measured on Leg 79,




VARIABLE LENGTH

TABLE IIl

HYDRAULIC PISTON CORE RECORD (LEG 80-93)

July 1, 1983

DESCRIPTION 80

81

82

85

86

87

89 90 91 92 93
Number of Sites 2 2 1 4 5 1 1 7 1 6 1
Number of Holes 2 2 1 13 10 3 3 12 3 11 1
Number of Cores 77 42 16 183 11 49 61 358 7 49 11
Total Meters Cored 407 217 132 1292 938 258 546 3,546 53 346 91
Total Meters Recovered 355 216 124 1206 878 174 531 2,812 47 262 90
Per Cent Recovery 87 100 94 93 93 67 97 79 89 75 99
Max Penetration Depth 211 193 132 206 176 152 305 315 70 55 91
Max Shear (gfcnz) - st i 700 == - e ==
) 587 596 597 603C
List of Holes 548 5524 558A 571 576 583 586 588 596A 597A
549A 5538 572 576A 583A 586A 588A 5968 598
572A 576B 583B 586B 588B 599
572B 577 583C 588C 599R
572C 577A 589 600
573 5778 590 600A
573A 578 590A 600B
574 579 590B 600C
574A 579A 591 601
580 591A 602A
575B 592
NOTE: VLHPC not used on Legs 83, 84,88 575C 593
Shear not measured on HPC cores for Legs 80, 81, 82 86, it
89, 92, 93 .

£c




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.

25
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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 deouble 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.



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.



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 l4.

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 allen 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.
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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

A (it



APPENDICES



APPENDIX A

HYDRAULIC PISTON CORER.

ANALYSTS
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.(' 3JJL h‘,ﬁ&kﬁL_

Wilfred Nugent.
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as a function of the orifice characteristics.

Problem Statement

During Deep Sea Drilling operations there is a need to take
undisturbed ccre samples from the drilling site. The desien
of the coring toocl 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 gom;
thus pressurizins the drill string and acting on the corer
tool piston. Fizsure 1. presents the details.

Cbjectives.

The objectives of the analyses is to:

Fredict the velocities, column loads and criteria for the
corer tool when penetrating the sub-surface to depths of 100m.
Determine the structural adeguacy of the corer tool.

Fredict the end of stroke snubbing and recommend devices
Develop shear pin positioning / latching devices.

Predict the load to be reacted by the tension rod.

Work Done.

1) A review of the Giant Piston Corer (GPC) test conducted by
the University of Hawaii.

2) Review of the sub-surface foundation material densities and shear
strength. Reference DSDP Technical Report Mo 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 design

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.

Discussion

The 3FC tests (University of Hawaii letter) provided velocity,
acceleration, and depth of penetration data. With knowledse of

the mass of each ZPC test,the force developed during corer
penetration was calculated. Data from Plates 15 and 19 of IDEDF
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 Number 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 vpassinc throuzh the pipe

was calculated by the expression RV P Vaf per foot
penetration.The resistance in terms of V2 was used in the ecuztion

:Q.l_& ?-9" H_""‘_‘ ]y'!
V h?:f"-’-( E)QLF UU- e) to determine the corer niston velocity

The procedure yields velocities with reasonable accuracy.
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The loads predicted for the hydraulic corer appear to be 12 per cent
hizher than anticivated when compared to the GPC data.

L.n Conclusions. )
1) Corings operations 0 to 50 feet below the surface are predicted
as follows:

Devth of Column 30 ¥t.Column Deflection Safety
Penetration Strecs Buckling Stress 30 Ft. Column Fargin
. psi psi ins
15 1353 2831 1.67 2,08
20 1739 2831 2.17 1.63
25 2077 2831 2.55 1.36
30 2406 2331 3.00 1.17
¥30 at 100m. 2602 2831 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 1000psi 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 410 gpm. This added flow compensates for the release

of additional fluid stored during pressurization of the drill string.

A diametral clearance not less than .7223 inches is required to disharce
the fluid from the top side of the corer barrel. Refer to Fizure 1.

i) Snubbing is provided by a double stack of Bellville washers .19
thickness ( a total of 20) to dissipate 2255 ft 1lbs which results in
40,000 1b/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 2700 psi
pump. pressure

A N.37 inch diameter single pin is required.

Two vis having 0.213 inch diamer are required as alternatives to one
pin. The material 4130 steel HT Fiy 125,000 psi with a yield value

109,000 psi is renuired.
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MANY 26 1978,

ComMmPAr\=on] OF GP C TEST N4 UNIV, HAWALL
| WITH DNV CAUFERNIA SCRIPPS \AST, HYDRAJUC PISToN (orel
|

PROPOSED cComMFIGURATION

HMDRAULIL DISToN colwst CASE T

| DIMENSONS | AgeA W | AGeA FTT

ore PISTN (2,88 7D =112 Rob ) 5.5 03E 2
ANRNLLLS

DRILL (oA | 4,105 13,264 , 0928

VOLUME ©F DrilL <STRING \5‘000(,0923) \eT70.5 Fr3

compPrEtSion OF FRESH \WATER 0065 VOL @ 20600 ps|

THEN AV = 1 6oL5s
AY)
COMPREZSED NaLUME (N \B060O BT stTRNg = \o.s(oFTg
INCREMENTAL oze PISToN LOAD (10,86X64.3) = (98,3
INCREASED  PISToN PreSSuRE 983 5.5 = \06 P3|
EQUIWALENT WATER COLUMN IN DRiLL PPE = |\ Fe?
DATA FrROM G.P.¢. TEST N® 4
SHEAT STEG = (du)

DISPLUDEPTH | Accel(q) | VELOLTY|  MECUSLLAND DATA = T\
i FT F.PS T WB/FTR
o 0\ bo |8 50
. 2o 0.3 20 15
' 30 N 22 1V &

40 |4 '8 \ 52 9,45
50 fils 6 | 90
FRICTION ESTIMATE

—_—
f= l.asz Ly _ L328 945 - .43
P V% 3,85 (18) (\n2

A VALUE OF |18 FEET PER SECOND HAS BEcN USED (N
THE ESTIMATE FOR THE AVERAUE PENETRATION VELOWTY,
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DYNAMIC PRESSURE ( EDIMENT RESISTANCE To cCoRNG)

D = /-z P sz P.SE
= 1925(463) V2 = | 892 V2 PSF

SINCE | Tf DIAM) OF ThE PIPE & 12N
D =, BIZ VH(PSE) = RESISTANCE PER FobOT LENGTH OF PENETRATION

- THE FOLLOWING EXPRESSION 1S USED TO RELATE THE PENETRATION
VELOUTY AnD THE RESISTANCE OF Tt s=eDIMENT To coamq,

V= cdi® ( Yo [ RIG PRESSURE — DNAMIC | MPACT Pamune_]

G (et b oen ]

|
|
iwnaae; V= PISTON VELOL\TY FPS ( TBD)
|
|
|
|

1

= PISToN ANNULLS AREA = 551N = (00382 FT)

= SEA WATER DeNsITy T (4.3 LB/FT3

= HyprALUC PRESSURE = QoOCOPSI (288,000 pst)
F = Forcé on PISToN = | ODO(B)- B800LB
M = CoEFFIUEVT oF SLIDING FIZLCllQM 0.2
| T - SEDIMENT MASS DENSTY = 3,85 SLUGS/FTZ
| O. = ORIFILE AREA = Q-KINDW = O, 00273 FT?
' C 4 = ORIFICE DISCRALGLE CHEBFFIQENT =0,&7

Q = VOLUMETRIC DISCHARUE = .62 oons),]-z.m.(m) 0,935 F1°

- = 448.83(09345) = 4204pm,
‘ D = RESISTANCE OF TuE SeintaelT (ASSUMED To BE CoNSTANT
| For LIGUILIC SEDIMENTS |\ THE FIRST ORDER ANALYSIS)
| THEN TFor BFeET PentTRA n:>

h \ = 044%1[230 40Ci 'E;( 892) Vzl /z]

21,24 = ,0935Y
2124
- = |, 0935
; " 1942 F1/s8C

!




| THE COLLMN LOAD 6N THE corén-= S(, 897-) V2
= 682 LB,

CORING T 40 FEET PENETRATION
A %
V = .04429[2-3 0,400 [40(.8%)1(‘*

THE COLOMN LoAu ONTHE CORER = |000¢, LB,

o /cE
16,8 BT/l

FIGURE 4 SHOWS A PLOT OF THE DATA GENERATED
L BY TTHE FIRSY TRIAL ANALM SIS,

THESE DATA.WERE ComMPARED WITH THE RESULTS oF
THE GIANT PIsToL corefl. TESTS N 4 AND TS
¥ ALLOW ADDED MATS AS THE CORE 1S TAKEN

G.P.C DATA
_VeloaTy(Rey) |20 [ 22 18 |Ne
[ PEN&TR_ATM\\Q-'T) lo |20 [30 |40
. ACCELETATION 8 1 |4 b b

ToTAL MAsS BLULY 141 | 14¢_ | 150 | iS5 %

RESISTAU.E(LBQ 13632 | 5171 ®8b‘2, 8095

HPC, (CASE) 2950 |5450 17640 | 10006

THE RESULTS ©F THE H.P.L FIRST ORDER ANALYSIS
| COMPARE FAVORABLY WITH THE RESUTS OF THE
QIANT PISTON CoReEr RECORED-TEST CoMDITIONS/

_' FIGURE 5 SHOWS THE RESULT OF A TYPICAL SHORE
| TEST, WHEN THE H,PC IN THE OPERATIONAL SENFGRATIE
| WAD "SHOT'INTO A ©TIFE €'~ MIX ~ 0,9 K/sF,
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SECONDS

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

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

R ——

LINE FILL-UP -
é | I | 1 !
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HYDRAULIC PISTON CORER ANALYSIS

Alternative methods for determiningthe 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 = [0.5 v £.(1/a)] vZ/2g
Nomenclature:

Head loss in feet
Friction factor

Length of pipe in feet
Diameter of pipe in feet
Velocity of flow.(rate of penetration) in feet
Flow rate of circulating fluid in gpm. >
Gravitation acceleration in feet/ second

RMo<aHRDZ
L | o [ T A

The flow was assumed to be laminar

The density of the sediment was taken to be 118 lbs/f‘t3

h = [0.5+0.08(30/0.243 V2/6L.4

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 pregsure as a function of head loss and density, a value

of 7696 1lbs/ft“ _is obtained.

Let 7696 1bs/Ft% be the corer barrel internal pressure

The friction force on the inner wall = (.753)(30)(7696) = 173,777 Lbs
which appears unrealistic, in relation to the test results.
This approach was was abandonded in favor of expression

A3/2 D L orce - Drag

Operational data from leg 68 indicated that full cores were not
retrieved repeatedly in sediment with shear stress in excessof

3000 g/cmz. 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+bx"
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HYDRAULIC PISTON CORINGZ
ESTIMATE OF CORING RESISTANCE FROM OPERATIONS REPORT.

LE3 No 68
CASE I
MEAN VALUE OF DATA FROM CORES No 37 THROUGH No 47
2
Mean Sediment Shear Strength 2,666.28 g/cm
Mean Corer Release Pressure 2,103 P.8.ds
Mean Length of Core Recovered 2.3114 meters
CASEII
DATA FROM CORE 29
Sediment Shear Strength 1,170 g/cm?
Corer Release Pressure 1,650 p.s.i.
Length of Core Recovered L,43 meters
FIGURE 5
12 [
i !
i ' |
i | -
0 | ! ?
S 10 ¢ : e - :
i | :
= i i
L= i ]
% :
- CASE I
1. 0 CORING' RESISTANCE FROM CORES
g 37'THROU¢H 47
Z
= !
=
w
— ;
% 6'1 . ] I - =
E!: - - '
% CASE II
; CORING RESITANCE FROM
o , ‘ CORE 29 .
© 43— :
P SLOPE of CASE I CURVE Vs. LEN3TH
~. ;
- . .
2 1= e S e wuem £
2 L 6 a 10 1.2 1L

CORE LENGTH IN FEET
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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% = 5600 (1)
x =4 y = 7800 a + b 4% = 7800 (2)
x = 8 y = 9600 a + b 8™ == 9600 (3)
Subtract (1) from(2) b 2B (2h - 1) = 2200
(2) from (3) b2l (2 - 1) = 1800
on _ 1800 = ,81818
200
- 2200 = -14788
B S (2h-1) 7
a = 5600 - ( -14788 x 2-+2895

y = 17700 - 14788 x~+2895

Applying these principles to the ratio of xi1, xp,x3, to L the length
of core retrieved.

when X L
(L - x)
2 1.225 a+ b2l =1,225
L 1.583 a+ b4 = 1,583
8 3.665 a+ b 81 = 3,665
1 2 _g.‘_g.s.'g-. e
2 e 358 5.8156
n= 2.539
b= 0.01278

1.225 - .01278 x 22239

I

a

y = 1.151 + 0.0128 x2+539

A program was compiled to calculate the constants and the exponent
fqr a number of cases. During this pracess a variable for the effect of
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 1b. 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+ bxP
Where x = The coring depth ( X1..Xp.. etc.)
n = 1.3 +.00044 Y
Y = The sediment shear stress in g/cm?
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 x1..x2.. and the total length of core
recovered also yielded a straight line plot, which indicated that

Yy = a + bx? 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/bmz Sediment 2666 g/cm2

Core 14.% length Core 1fi. 864 length

-I?-n.
]
=

Pk I g
Call T e

e
ol

[ P 0 [ ™

iy

OEZOE9EETHE E

SOLWE FOF o 5
§ e goa 4 T

i T B
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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./sec.
The available shipboard rig pump pressure and flow were 2500 psi.

and 350 gpm respectively.

Caa ggli wl
An expression V= A372 ¢ Piston Force - Sediment Drag
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 test.

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:

L= Y (%() Where gx
v

A

Substituting these terms in a friction equation where @ = Sedimen% density
1 slug ft
'.F‘ \.328 5‘&)0- f=1.328 (T/N22) 2

is obtained

Relating the friction to Hydrodynamic Drag by D = 3gVZ £ S

where S is the surface area. A step function analysis was developed
which considered each foot of corer penetration and the circumference
of the barrel as a unit area. (3.5 x each foot of penetration allows
the S term to be neglected numerically.

The drag term can be written 3 (&) V2 1.328(T/v%r ) z

which reduces to D = 0.664(¥Q );2L (V) |
1

Cq [Piston Force - 0.664 (Y& ) 2 V) (D)exp] : l

T%/z |

Sediment shear strength

the distance between surfaces
the velocity change
viscosity

i mnn

then V =
which is solved as a quadratic in the form of aVz + 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. 2
5.5 " (.0382 ft%)
(.00273ft2)
.62 non dimentional
2,400 psf.
3.65 slugs/ ft2

3.65)% (V) = 61.7V

A = Annulus Area of the Corer Piston
a = Orifice Area 2-3inch diameter
Cq = Orifice Discharge Coefficient
= Sediment Shear Stress
= Sediment Mass Density
The Sediment Resitance = .664(2400 x
.00273 (.62) 1
Then V= (11000 - 67.7V) =
(.0382)3/2
1
= ,2265 (11000 - 67.7V) 2
19.49 v2 = 11000 - 67.7V

Solution of the quadratic by completion

19.49 ( V2 + 3,47V - 564.32)

]

V2 & 3.9V + (1.737)% =
s + 1.737 =
After one foot penetration v =

]

The Sediment Resistance to Coring
for the first foot depth

Il

At a Coring Depth of 10 feet n
Exponent vy

]

The Sediment Resistance to Coring
19.49 ( v 4 326V - 564 ) -
V + 163.2

At 10 Feet penetration Vv

The Sediment Resistance to Coring

of the square
0

2
564.32 + (1.737)

23.81
22.08 ft/second

67.7(22.08)
1494,81 1lbs.

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

67.7 x 102973 (v)
0

164.9

1.7 Feet/ Second

10,939 Lbs.

1.828
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HYDRAULIC PI\STON CORER. FIQURE 7/
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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 Dby: ;w

ilfred Nugént.
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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.

>
_({Cga 2g\? :
The Expression: A = (—3372) (—ﬁ) {Force - Drag_-] =

is derived from V = Cga ZgTE_
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.

DISCUSSTON
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.
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DATE TITLE H!IEA‘ “ Ig‘
PISTol) CoRER.
HYDRAULIC PISTON CDREN HRIFICE REVIEW. L.

[. CONTEOL ORIFICES IN THE UPPER CRAMBER.
PETWESN THE OUTER BODY & THE UPPER SHAFT

2. THE ORIFIC & S FUNCTION THROUGHD !T THE ACTUATION THAT
VS, THE comeiED DISiK ARGE RATE C(ONTROLS THE
RATF OF PENETRATION., TRHEREFORE THE DRIFILES
ARE SIZED TO PERFORM THAT FUNIIIQON,

3, BNUBRING ORIFIKES LO_LATED AT THE ENDOF THE
TELESCOPING OUTER BobY ARBROVE THE STATIONARY
PISTON ENABLE VELOLTY CONTROL A.Hb DaMP LY
TO BRE Asr o MPLISHED SIMULTANEOQUS
E.G. WHEN THE FIRST HOLE-\N-LINE PA‘!:SE‘
RELOW THE PISToM, FLUID DISIHARGE FROM THE
UPPER CHAMBER & ABOVE STATIONARY PISTON,
PRODUCESY DAMPING , THE FIRST HOLE-IN- LiNE Mm-J
 RBELOW THE PI>TON BLEEDS RIG FLULD & PRESSURE.
THE RESULT | REDUCED FORCE ON THE PISTON, REDUCED

DISPLALEMENT AND REDUCED DISCHARGE RATE
FROM THE UPPER CHAMBER , (REF FGE L)
REPEATING THIS SEQUENCE WITH 4 0R 5 ORIFICES
PROVIDES AN EFFECTIVE CONTROL DEVICE,

4, THE CONTROL OCLURS AT THE END OF THE STROKE,

THE SNUBBINGORIFICES HAVE CAPABILITY
TO REDUCE THE VELOQTY TO 8 FT/SECOND
FROM 46 FT/SECOND WITH N & INCHES OF STROKE

5, THE RESLUIS OFTHE ANALY SIS ARE SOMMERITE D IR FlCa 2

6. ESTIMATE THAT !'MPALT FORCE CAN BRE CONTROLLED
OVER THE LAST 0.5 1NCH OF STrOKE

KE = |2X 400 .. 2400FT LB
2

FORCE = Go,000 LR,
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4~ UPPER.
INSTALLATION OF ORIFICES - P e
N ITEM 28 DUTERBIDY. 1 _ (STATIONARY
REFERING TO THE \NITIAL Or | |
DESION REVIEW A CLEARANT | ; 1 I ,—s‘%mm
- .z i 1 1
OF 0,03 WAS SUaneLTeédTo 1 | Y ?i IS8 ;
PREVENT FLOW RESTHEILTION T o~ Nl T
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ARE A = 5265 W YOI . N1
VOLUME DISCHARGED = \ 263 N /5EC | |
Dischak. 3 PRESLULE WM uppar H R
CHAMEZL RESULTING FROM Di.chalhy |
1263 INY/3€C |5 | (FOR CONCENTRIC Tm
CYLINDERS) Vi "?:f'c‘;
£ |
Pe @ Y -‘,-’R.,‘ m®
ol ¢®(2.25x10°) 6i°
R,
m
= 1263 (0)(R)(0¥ {
2,625 (:056)3(2:25% 15/ :
= 149Ps./.
VENT HOLES & SPAFT CLEARANCE ARE /3 L~ PISToN
SUFFIUENT To DISCHRALGE THE LIPPER BARREL
q = FLDOW N>/ ske
= (D-d)

Y = VISCOSITY CENTSTOKES
Cp* SPECFIC GRAVITY

) ORIF\CE

EONTROL
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PISToM CORER,
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PRESSURE - = R060QO P55l
PISTON AREA (ANNLLLUS) = B.26IN ( DSbblc.FT"")

CONTROL ORIFICE 2X S/g =, 0447

By DATE

CH'KD. DATE

SNUBBING ORIFICE ANALYS 'S

LI

C4 ORIFICE N~y
SLURRY MASS DENGTY S = 3.6 S..LUQS/Fy
S LURR Y SHEAIL STRENGTH '}/ =  |D0\R /p- -

THEN RESISTANGE TO (oING = .644'\)(00/3(-:) N
SAY = 5V

- -1 VY
V = 3779| 15780 - \bVJ 2
\
T EV?--\- 2,14V -—-22533 =09

\{2- + 2,14V +(\'D-z)‘1 o~ 1(254';9
V= |, O = 4*7148
v = 44641

Ut 4Ab FL/S(—.C AS THE o\ TICAL \Jmtou‘\{
FOR. SNUBRING,

® = FLOW IN Tue Cons BARREL = 4.6 (.03650)"
= 11687 FT3/sel

CONSIDERZ VENTING THE FLOW FROM AROVE
THE PISTON To REDUCE THE VOLUME OF FLOW
IN THE CORE RARREL
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PAGE

DATE

TITLE

=

SNURBING OR\FICE ANALY SIS

PRESS e 2000 P’ = 43200P:F
PISToM VELORITY P 46 F1/ s&C

PISTON ANULLS AREA A . 03bL50LFTZ

\/ENT OTIFICE AREA =4 9 %o 7 7 FT°

DISCHARGE COSFHICIHNT (4 (2

Sy & 005 FT°

FLoOW RATE \N RARREL (P V(A

INITIAL YELOCITY 46 'FT//.SEC.

Q= 40 (03656) = 1LLBLFT /AL,
So TIMATE FORL FLOW THROUGH A 3B 1INt DIA ORIFICE

L0005 433 XI8" = 3286 FTY/SEC

U = VELOUITY THROUGH ORIFICE =, 228640005 = &57 FT/s&.

I o

WHEN THE FizeT VENT 1S EXPOLED RELDW THE STATIONARY PISTON

Q‘- ,b82~.228L = 1,353 F1/5EC
Y L3532 /02656 = >7, FT /S8

fn

SOLVE Fow e : I
37 = .08 [P— 555 *

299082 = P = 2,077FPsl
wHeEN SECOND VENT | EXPOSED
Chga = , OO| )
c:g',_ = ,o00l ,f?.f-’p'-)OBZ = .54-7FT5/%EL
\’q_ -

le82~(i3286 + .547)/.03&57
22.00 FT/sec.
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BY DATE PAGE

CH'KD. DATE TITLE

SNUBBING ORIFICE ANALYSIS

SOLVE FOR P_‘,_

l
22 =. 136 (P -330|"
26457 P = 164 P

WHEN THIRD HoLE \'S EXPOLED,

S—
@3 = .0015]26497 = ,2442 FT/sEC
Vi = 686 = (3286+.547+2442) [036506

= IS'BT FT/SEC
SOLVE For & %
1537 = 2 P - 15(15.37]
539| = P, = 3743 P3|

FINAL YENT 4-0.5IN DIAHOLES EXPoSED

Cqa=.0C74

I

@4 = 00745391 = 543>

Va = 1.682-(3086+.547 +.2442+.5433) /03650
= 0.5|7 FT/SEC
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CHART NeL

SNUBBING CHARACTER\STICS
CONDITIONSY DOOOPSI RIG PRESSUIKE

CURNE A& HPC SHOT OUT INWATERY Shii A

CURVE B CoRING (N 400 P3F SEDIMENT WiITH

\E FT H.PC,
START {STHOLE 2NDHOLE 3RDNOLE 4TH HOLE
A OPEN OPEN oPeN CPEN
et i - ' !
50 i
r ART VELOCITY FORISNUBBING
= - —— } 483 FT/5EC
%40
o)
1L
)—30
|
J
Q
_|
w0
= "1
107
o _ . y
V 0 2 I (5] o) o

SNUBBING STROKE - INCHES
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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 bys M N%WL

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 critical.

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.P.C. 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 perametric 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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SUBJECT.

W, NUGENT

SECTION:

ENGINEER-

CHECKER:

3735 GAYLE STREET

San Digco, CA 92115

MODEL:

PAGE: |

REPORT:

DATE._ OCT 20 . \98O

MY DRAULIC PISTON CORER. STRUCTURAL ANALYSIS

CORE BARREL ANALYZE D AS A REAM CoLumy
CONDITIONS!

PlsToN EKT&UDED 2O FEET
END LOAD = 12,044 LB,
DIMENSIONS or-' C.OE_\: RARREL

250 o,b' 2,875L.D. ANNULUSAREA 3,293 NN
I= 40050 Z2288618 Q= 11323 IN*

DIMENSI| ONg ©oF DRILL ColLLAa
475 0.0, 4.2 LD. ANMULUSMZEA 4,357\

I= tvoe.fzw, Z=2473 85 Q= 1,576 7
A 5
/
;_ 1= 251, ;EI:
e - ) a— 3L —»
- ! -
, YW
f_—“‘*---‘_h__ﬁ_‘_ M/EL DiaczAM
Wi AjT - '
L, 4w \\E _ .
i E+°" ; 1\ ‘ W%I.p
LR
Elo
AREA oF M/ET DIAGRAM q-)b
3WL 2wl Y/, L
OB 3)+ () 4 (38 )

STA'TlCAL MOMENT
BL" F_I [ e(at)(3w1) (3(1)]-*[350. (2w TW)+Pa (i) (st (0)]
1 [0oouE+.0204WE +. 075%\1%3]

1}

11386 WL

L DEFLECTION Due To W
€Elo

EQ
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SECTION:

SUBJECT: W, NUGENT MODEL:

PAGE:

i o . 3735 GAYLE STREET o 5

CHECKER: ' SAN Dipco, CA 92115 DATE:

\K {?o
« ! P

M:EIF;‘E"L AND M= Pla -~ )4 W

SeTHAT

ocLlJ- &Y E'.LM! * WX AND DIVIDNG BY /T

AND USIN G AS A SoLuTioN '3:: A s Wy + BC%WK%—%’(._‘ m&o

-—-'6; — WAGIWX = W*BCos WX
= - W Ak + Beos W) When W= %r

AND wieN M= £ )N&-‘O,THEN %\1203 WhHEN & =O ‘}n-'\(yo

EQ'Z

fi 0 ASmNQAFBCmNQ“M- io  AND
)= WACsWL- U\Jsmwlt,u&

A&: | - 3B = v. '\80; Se B=0O
AND A: ‘Plaj!.cnstN-SO ASMNQ‘(_F%_(.C_OSNQ))SMWQ

TueN
HE %WWL-\-NL*&& =0 o(z_'

~W2R P _ W3
oz.‘;(mwp-—l&_-o_)NoTEEI W & €L{=w L

W ¥3 (b WO-WL
Mo~ 7 B (

FEL\ wea & 2.
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SUBJECT: Wy NUGENT | mobsL.

SECTION. ’ PAGE.:
e 3 3736 GAYLE STREET REPORT

CHECKER: San Digco, CA 92115 BATES

SUBDTITRTING 1386 W,_b} IN EQUATION (B)

Eles KNowNG T = Lo
_un8ewWl® 7 ta Wi Wi ;
Né'o - E‘.L:J l La"\:_{"s‘_?—‘ ) 158
LET U= N-L OR L q .P RADIARNS SWCE V\J = 'g'j_
THEN N .\ua%wﬁ ol U=\ )
vl . CO _ . -
p - ( St ( 11386) DEFLECTION
AX AL AND NORMAL LoaD ACTING
' 4 — "
ow -
(1“%3(9 =" 3 90‘3‘; K\D =
| s ) CEAE (-N3e) RS
(11386 W (118)* " i
—5 . b = IO
:\30 29x10° (&) (05152) SIS

BENDING MOM, ON HPC DRILL COLLAR
AXIAL LOAD = |13 00OLEB
TRANSVERSE LOAD APPLIED AT W= |50LB,

B.M = PA& + WL = 12,000 (-055) 150 + 150(1118)
' = 28 125 IV Cb.

BENDING MOMENT on H,P.C PisTON (STEP 'C\-)
REF' MET Dlag. ‘LM MAX BM. 3Wﬂ- BM AT STEP'C

BM= 268,125 (3 4) = 20| 094 IN-LB

’te - 22!,094,(!.‘(; = 87, 978¢s|.
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HYDRAULIC PISTON (oRER. (H.RQ)

SCaLE MODEL TeST
To DETERMINE THE FLEXURAL CUARACTER\STIO

OF THE +.hC,

SCALING CONDITIONS

FULL SCALE W.P.C. pARREL MODEL RARREL
OD 35N SE TTION Mobuws OD. O,19! |N,SoLID
ID 2.7IN I=475N 1=¢.52x10° W
waLL 04 N
(-BL,)5=Mome410FmemtAscm.E = 1:9.5 (ks)
Full scale LPPER SHAFT - MoDEL UWPPER SHAFT
O.D. 26% I\ O.D 0O.08l N, soW
_T..: |-7O -6 4‘
I.D. \,88IN L =2IlIXI07IN

(3£) = MOMENT OF INERTIA SCALE=1:15

~ BALLBG. R2
PULLEY STOP ANGLE
b ; [-. oel CLMD
N .

J—.l9| ' 7 +] o Ra ‘l ,_i_’

+ ™= ‘Jfﬁ*T
= g == | ;s.-rommciz

boaw oo SLIDE
/\'Wihd | aEvs F= weiants
APPLIED

THE CORER MODEL WAS SUPPORTED AT R & Ry
TO REPRESENT CONTACT POINTS AT THE DRILL BT
3 THE LD OF TUE DRILL COLLAR. , THE STOP ANGLE S
REPRESENT THE |,D.OF TUE DRILLCOLLAR.

DEFLECTION OF THE CORER colLUMN 1S RESTRICTED
AS THE CORE BARREL BENDS & MAKES CoNTACT )

WITH THE DRILL COLLAR, (REPRESENTED BY THE STOPS
. 67




HYDRAULUC PISTON CcoReR (W.P.C)
MODEL TEST CONT INUED

Re

Rg

- —

LOAD WAS AVLPLIED AT POINT W & THE (ORER
ASSUMED A CONDITION OF SHUILIB LIUM,

THE REACTIONS AT R,
ADDING WEIGHTS Um\L. COTJTACI
JUST RELIEVED | THE REACTION AY

WITH THE APPLIED LOAD REACTED AT Ry,R, 3Ry

5 R, WERE MEASURED BY
AT THE 510?3 W
WAS MEASURED

]
1o —>

AS

4

TesT| APPLIED
N° LOAD

REACTI\ONS

R

Ro

Rz

A

REMARKS

| |8oz

220%

nox

7ot

CONSTANT . A2 I DIA

ROD

2002

3002

‘602

b o

30z

CONSTANT ,08! DIA

RCD

=10

2501

(48]

240t

LAMPED

CONSTANT .I1S| DIA RS

DD

[2ler3

2lo0E

0

2160t

CLAMPED

CONSTANT . 19\ DIA R&

D

1602

C90Z

8 0%

Shor

CLAMPED

CORER SCALE M

el

Gilerd

G602

1oz

O

ADOZL

NIRRT IE S TR

N Cr'T M?A‘SU‘FED

DEFLECTD AGAINST

DISTRIBUTED TO THE UPPER SHAFT 1S RELATIVELY

THIS TEST ‘]T;NDS TO INDICATE THAT THE FORCE & MOMENT
SMALL COMPARED TO THAT EXISTING AT THE ‘

DRILL BIT,
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HYDRAUULC PISTON CORER,
FROUDE ScALING

FOR. THE SECTION OF THE CORE BARREL EXTENDED
BEYOND THE DRILL COLLAR.

DEFLECTION = & = W{?
8EL

SOTHAT 'éMDDEL = FM LV?

OR CSM = —FM LN%
8ELm L BEIM
WRITING - |
Fu bv . Bobee oo iaT M = OFS
BELy  BELgs LM Lfs,
Now
Im _ PR Lyeos,)
Irs,  foxEgg ‘LS,

SINCE FORCE SCALING -_-.(_13)3 & L& Lo SCALE (-21})1

INERTIA SCALING = %—%‘5': ( ?)3( %)2.-_- 6’ )E |

THEN
FORCE FULL SCALE

Foe — R PG _ IX20%4 -

R = ‘%M_ﬁ-—%%) ~ 5521 x1075 (309" s
= 1D.91B/UNFT.  ~ °~

DERLECTION FULL SCALE o

6;5., éﬁl—ﬂs = 5 050 = 7.5 INWES
LN\ ' <

CALCULATED BENDING MOMENT (Mo AXIAL LOAD )

BM = 273(150)= 40,008 IN, \RS

APPLIED AXIA L FORCE = | 3,000LB

TOTALBM= 13 000 (T15) + 40,008

: = 137 5001N,LB (NO SECOUDARY BENDING)
: 69




HYDRAULIC PISTON CORER
g BARREL & WPPELSHAFT ANALYSIS

THE MODEL TeST SHOWED TRAT FORLE REACTED
B\ THE WPPER SHAFT WAS RELATIVE SMALL
FOR APPLIED TRANSVERSE LOAD,

WHEN AXIAL LeoaD WAS APPLIED WITH TUE
NODEL HELDIN APOSITION ASDEFLECTED BY THE
TRANDVERSE LOAD, THE ROD (MODEL BEAM)
DEFLECTED AS INDICATED BY FlgyREe

DEFLECTION - (UPPER SHAFT) P
OFs= OM Les | l
Lm 5
= J11(39D _ 2.(55 . SR I
‘a 20

APPLY 13,000 AXIAL LOAD
BM = 12,000 (2.655)
’ = 24 515 \N.LB, ELASTIC

THE H PC. SEAL SUB HOLD Dou}kl 20
RIGPRESSVRE 3 000PS| [

SEALING AREA 5,5 IN2
HOLD DOWN FoR(E = IQ;,SOOLB

UPPER SHAFT - MAX BENDING
2.b> 0D ARegA T

L88 \D. 268TwE 175" 20"
BM= 1 500(2655)= 4380 wip
}, = 43.807(129)(1:32) _
VTS \

4—' 2304 Ps| < 87000?51 VIELD,

)
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HYDRALIC PISTON r:otzsu,

UPPER SHAFT ANALYS\S

SPaN

AB 3.74
BC 1,83
Chb 1,83
chD 1183
DC 1.8%
DE 5

AX\AL LOAD = 13 000LB.
‘DISTRIBUTED SIDE FORCE = 1.5 LB/LIN INCH  ~
MAX BENDING MOMENT = Py + W™ = 213290 0-(8,

DIRIVATION OF: CONSTANTS (CORRECT(ON FOR STIFFNESS FAC
REFERENCE |\ BRUHN E,F. A\RRAFT STRUCTURES A I, 21, 1952

+38

. 4
|m 5% il ] T= 4 \ Ir 2.9 7
< 30— e \80— ——|80 Ju-l-u- 360 —»
A . o 5 )
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3 o
cARRY OVeR To'CT ~ 19116
DA .
BALANCE JoWNT '/ + TA506]4116.6]
— i /- \
|caey o 7' D [ 07 | NenE|
BALANCE 30INT'D' _~68. |-2:13
CARRY QYR To E (@) :
MOMENTS +313239 =333 -|16.6 His6 25
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0016
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D
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2.13,80

72

STRESS Vs CORER LENGTH

CORER LENGTH - INCHES X 108

ARAL LOAD P = 12,800LB
R\G PRESSURE = 3 o oloN =T
CORER PSTON OD = 2,50 INCHES
CORE PISTON I,D.= 0, 875\NLHES
SECTONMODULUS T = 4.005IN%
| CORER LENGTH ]
L (x:::'
P 7
l\
DIFFERENTIAL |a“:
~ T S\DE FORCE
s LB /LN %
— 5
In
]
O
p” 4
N
o
N -
N
(18]
of
B o
(D]
—2
S5LB
DIFF SI0E
|| H.P.C BARREL YELDy
| 1 |/| 1
= | > > . 4 5 =3




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 byzg :1Q
ilfred Nugent.
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HYDRAULIC PISTON CORER THREAD ANALYSIS

PROBLEM STATEMENT

The connectlng 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 factor.

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-to-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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CH'KD. DATE ];-5@7%

SUMMARY OF ANALYSIS

ITEM DWGNO DESCRIPTION

31 1084  ToP=uUB BODY
REF PAGE |
27 1210 SHAFT
1213
23 1214 INNER SEALSUB

R 123 DouglLEe PIN SUR

8% 121 LOWER OUTE® BODY

e —

PAGE

TITLE

REMARKS
CONTROL IMPALT = TOooo~L2

STRESS ON THREAD

CONNECHION TO UPPER GHART
§f= 42,169 Pl

MARGIN = 1,3 ON YIELD
FoR NITRSWIC &8,5.3

UNDER CLUT (ROINE FORR
SHEAR PIN .

2.36DIA=- 1,875 DIA
|MPACT FORCE = 70,0001
43,9592 PS.l.

MARGIN 1,29 ONYIELD For

NITRONIC GO ST, STL,

—

IMPACT FORTE = 70,00 0LE8
STRESS ON THREAD
CONNECT WITH 1210
MARGIN 2.7 ON VIELD Fol
N\TRON |G O ST, STL.
1MPACT 210,000 LB

NEG 111 MARGIN ON YIELD
Fol. NI\TRONIC GO ST.STL.

NO CHANGE
MARGIN ADEGUATE FOR

4130,

IMPACT FORCE 210,0001LB.
Jp = 158,447 psy,
IMPACT = 70,000

fk= 59,830
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REMARKS

ITEM  ©Dwg No. DESCUPTION
%16 OUTER SEAL SuUB THREAD RELIEF
I \IMPALT = 70,000 LB

4= 3,715 Pisil,
MAG IN ON YIELD FOR NITRONIC
STAINLESS sTeeL= L 76

LIMIT Pull OuT FORCE

{o) 1219 PISTON ROD
g NOT TO EXCEED 20,CO0D LR,

1232

THE CRITICAL ALEAS ARE THREAD RELIEF § UNDEL
CuUTl GROBVES,

THREAD LENGTHS CAN BE INCREASED To ProbiCE
INCREASED MM ARG IN.

REVIEW OF oNTiOL ORIFICED \N UPPELL CHAMEER

Vg
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BY lM-b_HJ&EkJ" paTe |1=12-79-

CH'KD.

pace_ |

DATE

TITLE WY d iaTok) L4

TOP S\B - UPPER_ SUAFT ATTA

TOP SUB BoODY DWG N° 1084 -D4

ATTACHMENT To UPPER._SHAFT Dwa (210

<f’1,_f\J“_fL’ r\r\rxrxf«-__L_ r——

T T ]

1.0 DIA D0 B

' N

{

\; ILP\JJJ_LU'\M\J" J L ————L i
_ 12 THICKNESS AT
llﬂ 22 |-=—4-, '-._ SFFECTWE DIA.

" ,0—» 0.07084

AREA OF THREAD IN SHEAR. = 2.10TT (1.66/125)(:opa¥)(.8)
4,98 N2 ( |3 THREADS)

= 3.00(W2 (8 THREADSENGAGED
PENETRATING LOAD (STATIC) _3000PS! RIG PRESSURE)

IMPACT STOP FORKE, REF wori. DO MAY 1978
PISTON VELOCITY ~ 21 FT/sSEC

MAsS IN MOTION ™ 10 SLUGS

MOMENTUM DUSSIPATED LUNDER 00! SEC WALF SINE PULSE
ASSUME GOMSTANT FORCE

fe = m{Ve-V,) = 2101856
PRECE = '210/ \ = 210,000LB
STRESS OM) TWREAD = 210000 = 70,000 PS!

3,00 (B THREAD S )

W

MAX No. THREADS ENGAGED . ; . - 43,169 PSI
2.0 (232D = 1,66 = \2.28. 5 t (12 THRBAD)
S les 125 :

MARGN = |. 23 OVER YIEW FOR. NITRONIC ©0,ST.SL.

-




BY

CH'KD. DATE

e e T e .

PAGE P. 2

DATE

 masav———

ACME G TUREAD

1Ll

ACME - 8 THREAD

07084 2.1075 10486 EEFECTIVE
SFRE U T DIA

PENETRAT 1ON C-g"fg_ﬂc MALYS‘S) 000X 55 = 15,500 \B.

| 8 THREADS ENGAGED ,}JC = 5500 Ps|
UNDERCIT FOR SHEAR PIN  (236-480) | = | 5712
DY NAMIC \ MPACT STOP FoRes = 210,0008
KT 1TEM @9 UPPER SHAFT LNIERWT %t = 128 Tao1m

- DYNAMIC WIPACT STOP FORCE (210, 000LB TAKING WATER. ewE)

\F THE MATERIAL 1S CHANGED To NITRONIC 60 ST, STEEL
THEDYNAMIC \MPACT FORCE MAY REQUIRE AN & THREAD
ALME (ONRNECTONTO BE  LENGTH ENED ((Z\(REASE T
THREAD ENGAGEMENT)

TOP SUB BODY TOP SUB CAP DWG-B1084-04 § R1083-(B

- THREAD CONTACT AREA = 8,432 1NF
= 210,000LB

IMPACLT FORcCe e
f1 = 24,90 psl (ot cameal)

¥ NOTE! THE UPPER SHAFT WAS FOUND TO BE CRITICAL

IN 165 KSI MATERIAL DUE To REATING IMPACT STOP FORCES,
REDUCING THE VIELD TO 56K AGGRIVATES THE CoNDTION,

HONER \F BY SNUBRING THE IMPACT QVER. SAY 0.003 SE(DNDS
THE IMPACT FORETO BE REACTED BE(MES 210/,003 = /0,000LB
AND THE STRESS BE(OMES 42 245 pg AT THE UNDERCLT,

IMPACT STrESS BE(OMES LESS CRITICAL,

g8 e




BY DATE | PAGE_ D
CH'KD. )LJ" DATE TIME
! ;

U PPER SHAFT DWG \210
LOWER SHAFT DWG 213

/

. A", R 8 =W

186 —d WITH 4 IMPERFECT THREADS
14 .88 TOTAL ~ 'O EEECTiC THZEAX

TUREAD AReA < 3,15 1N°

AUMPACT FoRte T 210,000 IMPACT FORKE = 210/003
:(d: = 56,000 P3| = 70,000..
| | St = 18,667 es)

UNDELcLT ArREA

IMPACT Fote = 210,000 IMPACX FolLE = 76,600

[ v3o, 7R fe= 43,392 A

LOWER SHAFT MAY SEE SOME RELET FROWM THE

\MPACT BUT FOR THE SAKE OF UNIFORMITY THE DENG N
WILL BE STANDARD\ZED,




BY DATE PAGE P N 4‘.

CH'KD. DATE TITLE

INNER SEAL SUB, B.1214-00

THREADED CONNECTION TO UPPER SHAFT
PARTS Bi124-00- B\21D-00
THREAD Z/5 STUBR ACME LENGTH OF £NGAGS PAENT

3.75-(15+ .44 +1.00) = 1,25 WITH 4 DISCONTINUDIS THDL,

EFFECTIYE AREA OF THREAD -
FULL THREAD S ENGRGED T 9 (2107 T)X.6T1x80= 3,343
coming § PULL OUT FoeE £ $.5(3050) = 6,500
Q(t = 4876 PSI
T CRITICAL
IMPACT SToP (ASSUME SNUBBING EFFECTIVE (N, 003 s€¢ )
FE = m(V,=V) ;) = 21x10 TheN
F o= 210 /.0¢3 = 70000 LB
fe= 20, 69) PR\ (MoRE PRGBARLE)

NOTE ! THE EFFECT OF SNUBBING SPREADING THE \MPAJ

OVER A LONGER TIME Pcmoo REDUCES THE FowE
BUT THAT FORCE IS STILL "TO BE REACTED BY THE

UPPER. AHAFT,
nJur_t?_ Seh. B FOR eEM . F’N
0.0= \,795 ALGA = |, 29352  Jp= 54,1/4 P3/
I.o= 1,285 NOT CraTiCAL THREADS BEAR THE LOAD,

INNET SEAL SuB- oD CONNECTION
- DLIG B\214-00 & B 1217-00
CPULL 00T ConDITION =, (Ho 500) = 12200 LB
THREAD AREA = | 0kl (\125 /128) X,0710%4 ¥, $= L1708
:(,t = 7728 PS|

NOT cruTICAL
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By DATE pace___ P D

CH'KD. DATE TITLE

—
DOUBLE PIN SUB DBWGRIZD - 0O
ESTIMATE 5 STUR ACLME -
THREAD ALEA ~ 32, J'*f'(')./z)( \5)(%0) 10,2 W
PENETRZATION CSTNHC ARAL \/fl_,) = 16,500 L%

i = D) PSI

=T No7 CitTiisl
INPACT FOLLE (STo™ ON UPPEL WiAT1)
LOWER ALISHELY 1L CoyHECT £D BRY Dootle &) 2a%
\MPACT Fo = 210,000 LB

Se= 20,388 TS|

L NDERCUT MIL SLOTS

0.p 3.5 AREA  SLOT ETEECTINE 2RE

1.D. 2.815 1293 L5 - 2.%6

\HRACT T = wi(yy - vl') - 210000 LB
4&:"" 70,842 Bisil

PFOIMPACT | ReDUED To 70,000 LR

Ltz 23 k49 P

LOWERZ outer-RODY - BILIZ

SIMILAR. coNNECTION To B123l DouBL&: PN
THREAD NOT CRITICAL

LNERCUT AT THEREAD TesaMINATION

0.b 38 CAREA | MPACT FouE = LIO000LE

LD 328 |,32.5 & = 158,447 bs|
t 1 g

_lF IMPACT FoR(E 1S REDUCED To 70,000 L%

| Je = 52,930l
THIS SECTIoN WAS cRiT'CAL \N 4130 sTEEL.

NOT erITICAL FoZ MAX | HPALT,
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CH'KD. DATE TITLE

_

DATE - race_ P . o
3

_I—_-_ﬂ

ouTER SEAL SuB R-121-00
THREAD CoNNELTTIoN To ouTeR. Baby
JMCH-8-5TUE ACME.
MATor PIA 3 00 EEFeCTVE DIA  WIDTH EFFECTIVE

PLNOR 2.87% 2636 0,0708Y,
AREA 1N CoNTALT = 2.636T0 ( 200//125) (07084 )(- 80)
= 7,50 IN%

| MPACT ' FoRLE - 210,000 LB

fe= 28,000 P51 NoT CRITRAL

THREAD RELIEF
9P = Lk W
1D = 2,020

AREA< 2,20IN° 3.
AU e T e
i_ﬁ = 20000 . 95,45 ‘ -
< 2120
E\F IMPACT |5 REDUCED .63 2.02
_\‘To 76,000LB
fe = BNTIEPS

Pul 00T Folet = 8 16500) = 13200

5,; = oo PSS NOT CRA\TICAL

THREAD CONNECTION TO SHOULDER SUB(RO919-01)

2.0 INCH- - STUR ACLME

LeNGTH OF THREAD ENGAGEMENT = 1,50 INCHES
AREA = 4,51\

\MPACT FORCE 210,000 | Qt = 406,LLT PS|

MARIN = |,2 OVER YIELD FoR- NITRONIC 60 <T,STEEL .
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BY DATE

pace_P 7
oa‘r:]]-];-]_g i TITLE

CH'KD.

CENTER PISToN oD DWG BIB1S

LOWER PISTON R6D DWG R1232
THE \MPACT FORCE IS REALTED ABRWE THE PIsToN
ROD CONNELTIONS,
THE CRITICAL LGATDING CSONDITIONS APPEATZ
TO BE peueTraATIoN € PULL OUT PLUS SNATCH LOADS

PENETRATIGH — COLUMN LSADING FULL FIXTY BoTH ENbS
PISTON ROD IN TENSION BY VIRTUE OF SLIDING FRICTION
HENCE ALLOW FRICTION COBFFICIENT = O

PRESSURE MAXIFAUM = 3000 P3|

PISTON AREA A ~ K5 INC
Fowe

o -~ 3300LB
A LeEA |, 22ZTUINY
:gt = 2689 PS|
EXTRATION FORCE USUME '3 g JERK, AT PuLL o7
\ 500 %.:8 x3 = 830268 '
;r . 2L]L : _‘W.
STRESS AT REDUCED SECTION - 89,560 s

THREADED (CONNECTIONS R|232, A 1218 &B 124
. THREAD 7/8 NS .COARSE 9 TP LENQTHI '.‘2 (STu't,eADs tMQA(u:D)

ArsA= O, 42 \N* §c = 94,285 RS
WMMMWA/WJ
LA\NLT

T THE EXTRATION FORCE NOT ExCEED
20,000 LB.

STeess onTHRerds (b= 47, @9 PS!

MWU/%S

19




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 concepts.

Description of a cursory test and scaling technique.

Prepared by: @\_)}j ‘\(D’%w("

Wilfred Nugent.
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HYDRAULIC PISTON CORER

RETRIEVAL FORCE ALLEVIATION

Problem Statement

Hydraulic Piston Coring into increagingly 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 Nol & 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

Rotation of
Lower barrel

Vibration &
Jarring

Coated lower
barrel

Corer barrel
0 ID. Config"
urations

DESCRIPTION

Shape the external
profile of the
cutting shoe

Cut spiral flutes
Cut flutes axially
along core barrel

On 0.D. of Barrel
Instal a sliding
element

Unlock a thread
connection &
allow the barrel
to rotate

Use drill deck
equipment

Hard smooth
surface on lower
barrel

Refer to
sketches
8,9’&10

FUNCTION ANALYSIS FAB. FACTORS TEST REQMTS

Hydrodynamic Machine Flow Channel
shaping. Test parts Stab tests

Flow testing of

models

Break the side Machine 0.D. Test in

of the cored of barrel operation

hole.

Neg. Press. in
pull-back draws

in water lub.effect
Provide initial

No impact Test in op-

sliding at start ation
of pull-out Stab tests
Rotate the barrel New design Model test
to break the to unlock & shore test
side hole bond the cutting in sediment
shoe in pull
out
Provide an Electroplate Test in oper-
inpenetrate- Flame sp ay ation
able surface on
the barrel
Enlarge core hole New shoe Stab test
during penetration Design Test in oper-

relax during ation

REMARKS

No operation-
al risk

Notches the
barrel

- Left in core

hole could
cause problem

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

Limit force
on drill string

No risk
involved.

No risk
involved.
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ey _W,NUGEMT DATE %1/6‘3‘- PAGE
CH'KD. DATE ' TITLE
ITeM B & 10

\ EXPANDING
¢ RING

ITEM. 1|
LATCH DO,

LATcH DOG

C\RCULAR
SPRING RETAINER
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BY W, Lot ey T

CH'KD.

DATE Y m”gk

DATE

ELASTOMER
RING FRee
POSITION

ITEM S FLEXIBLE SROF

SN

PAGE

TITLE

NN

—ELASTOMER

R\NG y
BULGES OuT

PENE TRATING

ALTERNATIVE

- FLex\ele BEUOWS.

FORM NO. 1360-0




SCALE TesT

A CurIow| TEST -WAS RUN TO QUALITATIVELY OBSERJE

'Ti‘l:E- ETELC G OF PULL BALK. ForeE on FOur sSECTdNS
OF TARE, DRNEN \NTD SATUARATED GARDEN CLAY

THE RQRELULTS ARE TABULATED As -Fouwauwly.

oua s cioome | rond" " LEHOW | cosee™ LT
¥ .| 1178 | o 85 oK 884
L idie ) 13 — 25 | e
W | 3,907 155 | 637 ¥ .70
(3| 5971 | 18 s09 | — | =

THE ([FORCE) LOAD PER | NCH APPEARS TO DECREARS
WITH INCREEASE IN DIAMETER, HOWEVER LT SHouD
BE NOTICED THAT THE L/D RATIO 1S 32 FoR A2 INCH
LENGTH OF 3/8 DIA TABE LIMERETAR THE L /D REDUCES
 TO 2.6 FoR A L2INCH LENGTH OF 1JA DIATURE,

APPLNING FROWDE scALING FACTORS A = LENGTH
E_oy2 o AL = AREA
A A3 m_Vimld A3 = Fores

Fe~ V/leg 7 T R

Vwmokel  _ - Veuu seace .
THEN \JVLWMB/ \E.Ef’if‘u&g
, WA
Wodd = ( . -E-';- (V‘F)
VELOCQIT ScALING —

\ Vwedd =" \] ::-( (\}F\.\LL. SCAUE.>

PRESSURE SCA LN

Pmcdd = ‘? Prowscave
TOTAL Foree W = 34 VS AREA = ( )2
el | Ay b pressume =(b,)
Nmuio_\'—" (3/) Wes seae .

THE 3/8 DIA X \2Z INCH TURE MoRE C.LO‘S.EL\L CONFORMS
TO THE 35 1NCH % 180 NCH CORER- BAR RS, & Wit
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PE REVIEWED FOR CoMPARISION WSING FROUPL
SCALLING TECRNIDUE S, '
3/3 DIN TORE

scaLe FACToR | = 9,334

FocE VARIES AS TUE CURE OF THE ScaLe Tactol
Frowscace = Faoved g |

= 125(924)° = 10,165 L8

THIS CoMPARLISoN NEGLECTL THE LENGTH FASTOR V6= \S,
<O CotAPENSATE FoR THS DIFFERENCE USE THE RATIO .

OF C\RCUMEERENCE 9,334 AND THE AREA SCALINL FACOIL
A% AND THE PULL BAW FORCE PER_INCK,

Eo. THE 3/3 DIA x 12 \NCH TURE  USE , 884 LB/INCH

THEN ' %
Frux.n.-ac,u.e"" Fmober }\-

‘ = a4 9'33})1'-:- 77 LB/ INCH
For |5 REET LENGTH OF 3.5 1N DA CoRER B ARREL
THE PROBABIE PULL BACK FORCE = \3 863,18,

THERE 1S A HIGH PROBARILUTY THAT THE PULL BACK Fomk
\WNCREASES X PONENT A\_LL' WTH THE DEPTH OF cowrerl

PENSTRATION,
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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: ﬂ-\ve— U{Wx_

Wilfred Nugent.
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’ W. NUGENT

Lr.S.T.Serocki. Chief Engineer Reo. Peoeessional Enonees
Deep Sea Drilling Progect. Asscciara Friiow AIAA
University of California at San Diego.

La Jolla, California 3 P i

Subject: Impact of the Core Barrel on the‘Support Bearing Nount.

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%ﬁction as to the shape of the curve.

2.0 Work Done.

‘A check on 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 was 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.

4

I3 " 18 ft/sec. light damping

Irr " " 10 ft/sec. more heavily damped

IV Bame 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 was develoned to examine the effects of increased descent
velocity ( 18ft/sec.)

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

L) Case II presents the most severe condition.

5) The instrument package can be protected against exposure to
high positive or negative acceleration if the mounting has a

spring frequency -y A 30 1b instrument
sees 30g. }= El'ffw[ B 83. ‘a)df:

. The data pgenerated 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.

3?56 Gavie Srequr Tocermone
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VALLES For <€ AND K, i
THE corte BARREL PACKALE FAWS AT A TENHUINAL VELOUTY
ATTANED WHEN TUE STATE o EQUILILEALUM, 1S REACHED
RETWEEN THE ToTAL LRAL Force ACUNG (FRoNTAL & surpace TR "‘"‘”)
AND THE WEVHT. Tued W=D, )

10 A FOUD pAsDIOM DRAL 18 EXPRENED AL ‘/—;_e CDS\[L

THEW W= Ualfepg\>

AND o _ RO 70 S T
\f [~ U\J ”?.. i S b A
. (‘/'LPC“DS o, e, 52

FRoM THE CEPMETRY OF TUE Cone BARREL A Cp OF 2 |s UsED
THE  MASS DENSITY OF SEA WAL v 2, S
FROWTAL AREA 1 AINT = A F

(ﬂ;_@o xrz.)‘/—,_ . AL AT F'r/sec,

>

THE VALUE Fol. DRAG CosFEllES| Foerl A LoN, SLeUbliL oo
MOVING WICTEWN A QUUINBERL TS Sig NIRICANT LY Wil TrAl
THE CHARDTELINHE CASE OF 2,0 TUERETONE CONUPTR AN
[NCNEASE BY orbLl OF MALNTIDE ,AND WE asT 4,7 F‘T/S&.C.
SPEQFIED yELoUTY 1S 500 FT/tA(n . N~ USE D ET/SEC

DAMPING CONSTANT Zelo TO ESTABUSH MAXUMUM IMALT

SPRANCG r?.A'rL:-,_'

. e S i ¥ . 29 o iy

LSING 180,000 PSL BeAluNG STRESS AND,80 OF THE
ANNULUS AREA OF TUE IMPACT STolf. ~ 2,64 1%
ASSUME TUE COLUMN DEFLECTS 0,12 (RoWNg DURING H‘AML’T)
“DEFLECTION OF (eTACT  0.005
ReAnng DeFLECTidn 0, 00
ToTAL DETLELAIGH 0.\3 INCS & , D7

ALLDWATRILE SURFACE LOAD = 1EQL00 ¥ 2.6¢ = 415 200 b,
SPRANG RATE LB/¥T = 47,520 000 ‘

THE PLDT OF THESE DATA POINTS WILL INDICATE A

CONTIN LG CHYCLE W HICH 1N QEAUTY DOES NOT
QcCu %, '
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supsecr: D5 DR ) W, HUGERT MODEL:
SECTIONCOCE BARREL, . | PAGE.
e 5735 GAYLE STREET Ry -
CHECKER-__ San Dieco, CA 92115 pAte. AC2IL 12, \977
MASS
X
C = k
. i W ue o e WA W N v >

WRITING TUE EQUATION OF MOTION (N TERMS OF

THE DISPLACEMENT X A DAHPING CoNSTANT C
AND A sSPrNg RATE L,

'm:. FoLLOW (NG EQUATIONI TS
DEVELQPED \
Cx 4 \<,x =-Mx
ok M | .
R >
LET /WA = 94 AND "‘/vx b
THEN BQU (1) cAN RE WRITTEN AS cL'L)( _}.24&“ . b&
C-Lt?_ dJ.‘
SOLUI\NEG TUE ®UALALC USINg ed'L
d\n—{- 2 co 4"31 = O
A +0 = T g2z
<::-L1 = Ta- (q?__b'z..
<+ =

T e
THeEN }( = Aet:}\t -+ % u"t

) \S THE CotPUETE Spluunly
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C NUMULCAC, ARALY S CASE WYL

MASS OF corE ARl = ¢ 3°°°/31.'2~ = |}, 180 LEsat
ACTELE nATON @ T. 8D, ~ oo g EST ‘
PeeLelT Veloctiy - |o F1/sec

SPRWCG RAE = 415 ¢i0® \b/FT

Dol Consran( ~- L . .

' - 4
taort PACE (1) xX= Af"'"’lf}%%’,‘_’_;
C/W\:ZCL::—"—-Q) E"/M = b = 4’24?,'(9[]) b = 20|
LET b =

2000 FoR NUMEUAL ANAL{SIY
t=-a * q’ WHEN aL = ©
: e 4,000,000
Q= T acool '
TueN

< = Ad (?,C)oot)t‘ Be (Zoaob)k

13,00 -..2ooot r.
- et(A “+ Be )

AND  WUEN CAD ARE CONSTANTS MQ}QD\NLJ. E\\\ LL«C“JUU\{.. Colb [T'”:)Ms
X = &b C Cos 2000k £ DSin ;Looczt)

%2 = ebc ( Cos 1000t+b.g:9\3-00¢t)'
~ eL(- 20000 Siv 2080k - Jooo D G 2000%)
FoL THE \NITIAL CONDTION S x-.:o, V=10, & t,=o

WHEN LD, X=0 ,

THEN =0
WHeN =

0, N=10, TueN ©=,00%
PUT Tiest yALUES W X = & (closacoob+ DSt 200t

——

- et( 005 St nooot\/

, v
di____ = ebi.OOS Swa Doco b A 1O Cos 1&90&.)
AL A7 L
d2x

e & C“.’EQQOO‘SSL(,\ soc06t + 1O tftu, Q_QMQ)
T de ~(IO Cos donok = 2003050 2 ocok)

n=a
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=P 3,

VELOLTY

(5]

e g

X

CONDITIONS,

CORE BARDEL
DESLENT VELOUTY

VELOCITY VS TIME

~ 3JGOLES
~ 1O FT/3EC

—

,

4

CASE N° L

et (L005 SIN 2000k + tocos 2000t)

MAX AcCCEL = 6345

casEN’E

MAX ACCEL _4&56

30-250-1 (9-51)

) ~200k 2
_-200€"27%F (0.00769 SIN 1300k)+€ 1005 13008)

oo~ L SECONDS

CASE N Y

= 50085 (0.00835IN1200t) + €% (10 cos 1200t )
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VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)

PARTS LIST AND ASSEMBLY DRAWINGS



PART
NUMBER

OL 1019

OP 4309
OP 4307
OP 4156
0P 4157
OP 4155

OP 4365
OP 4366
OP 4367

OP 4329
OP 4317
OP 4314
OP 4320
OP 4354
OP 4355

OP 4150
OP 4151
OP 4324
OP 4325
OP 4326

OP 4364
OP 4371
OP 4335
OP 4341
OP 4344

OP 4381
OP 4345
OP 4383
OP 4390
OP 4391
OP 4392

VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)

PARTS LIST - COMPONENTS

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/Inner Seal Sub
V-Spacer F/Inner Seal Sub

PISTON ROD ASSEMBLY

Upper Piston Rod

4.5 m 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-0P4309
B-0P4307
A-1264
A-1256
A-1266

N/A

B-0P4365
B-0P4366
B-0P4367

R-0P4329
A-0P4317
B-0P4314
B-0P4320
B-0P4354
B-0P4355

N/A

B-0927-0
B-0928

A-0P4323
A-0P4325
A-0P4326

N/A

B-0P4364
B-0P4371
B-0P4335
A-0P4341
B-0P4344

N/A

B-0P4381
A-OP4345
A-0P4383
A-0P4390
A-0P4391
A-OP 4392
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PART
NUMBER

oP
oP
OoP
OoP
opP

oP
opP
oP
oP

oP
oP
opP
oP
oP

oP
OP
oP
0]

opP
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

VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)

PARTS LIST - COMPONENTS

Continued

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-0P4312
A-0P4310
A-Q0P4321
A-0P4318
A-0P4357

N/A

B-0P4313
B-0P4343
B-0P4356
B-0P4328

N/A

Cc-0921

A-0P4363
A-0P4394
A-0P4395
A-0P4396

N/A

R-0P3055
C-0P4338
B-0P4337
B-OP 4340

N/A

B-0P4342
B-WL-21
B-0P4353
B-0P4360
A-1230
A-0P4382

N/A

B-OP4376
A-1290
B-1296
B-1297
A-0191



PART
NUMBER

OP 4347
OP 4350
OP 4349
OP 4358
OP 4351

VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)

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 Timerk#*

Main Frame, Short

Spacer Tube, Short

E.T. Test Sleeve

Anchor

Plug

Tang

Anchor Screw

Set Screw

Nose Spring 6"

0-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.)

*Battery Case, 3-Cell

**Clock, 90 minutes

Flash Unit

DRAWING
NUMBER

B-0P4347
B-0P4350
B-0P4349
A-0P4358
B-0P4351

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

4030-103
3201-101
4025-101

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

PART DRAWING
NUMBER DESCRIPTION NUMBER
OP 4302 1/2-13 x 3/4 Socket Set Screw F/Top Sub Cap A-0P4302

1/2-13 x 3/4 Socket Set Screw F/Q.R. Sleeve A-0P4302

OP 4301 1/2-20 x 3/4 Socket Head Cap Screw F/Overshot A-0P4301
Alignment

OP 4369 5/8-11 x 1/2 Socket Set Screw F/Outer Swivel Body A-0P4369

OP 4361 3/8-16 x 3/8 Socket Set - Half Dog A-0P4361

Core Liner Retainer Screw F/Upper Liner Seal Sub

OP 4185 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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PART
NUMBER

0P

OP

oP

oP

oP

OP

oP

(0)5

oP

oP

ocC

oP

4192
4330
4331
4332
4334
4389
4327

4384

3615

4305
1080

4333

VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)

PARTS LIST - - ANCILLARY TOOLS

DRAWING
DESCRIPTION NUMBER
Hang Off Plate B~-0942
Sighting Bar - Baseline Orientation C-0P4330
Telescope Frame - Baseline Orientation C-0P4331
Sighting Bar Reducer B~0P4332
Orientation Hold Down Strap A-0P4334
Drill Jig - Core Liner Orientation Lock A-QP4389
Quick Release Nose Guard R-0P4327
Assembly Bar for Swivel Assembly A-0P4384

Face Spanner Wrench F/Quter 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-0P3615
Non-Magnetic Drill Collar

Magnetic Pickup & Stud Finder (Craftsman 94001)

Spanner Wrench

Seal Installation Tool-Single Shot Pressure Case A-0P4305
XCB Core Bit (10 7/32 x 3 13/16) D-1694

Core Orientation Baseline Adjustment B-0P4333
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PART
NUMBER

OP 4300
OP 4311

OP 4348

VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)

PARTS LIST - ANCILLARY DRAWINGS

DESCRIPTION
Variable Length Hydraulic Piston Corer Assembly

VLHPC System Schematic

VLHPC Single Shot Assembly

DRAWING
NUMBER

R-0P4300
C-0P4311

R-0P4348



PART
NUMBER

opP
OP
oP
oP

oP

oP

oP

OP

oP

oP

OP

4158
4154
4393
4179

4148

4165

4147

4306

4385

4303

4304

VARIABLE LENGTH HYDRAULIC PISTON CORER (VLHPC)

PARTS LIST - SEALS, O-RINGS, BACK-UP RINGS

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)
Head Seal (2.00 x 2.62)

Piston
O-Ring
0-Ring
0-Ring
0-Ring

0-Ring
0-Ring

0-Ring
O-Ring

Parbac
Parbac

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

F/Outer Seal Sub

F/Upper Liner Seal Sub
F/Lower Liner Seal Sub

F/Single
F/Single

F/Single
F/Single

Polypac F/Inner

Shot Bottom Plug
Shot Top Plug

Shot Bottom Plug
Shot Top Plug

Swivel

Polypac Alt. F/Single Shot
Top & Bottom Plugs

VENDOR
NUMBER

37502850VP
31202250VP
31201250vVP
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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NOTE: ~—

BREAK ALL SHARP

ANGLES ¢ 172¢ | LAJOLLA, CALIFORNIA

CORNERS 1/84 5 45° [TITLE

TOP SUR CAP

RADIUS ALL INSIDE CORNERS &'{')g‘d“‘ AU "3 40

EDGFS pousn 87 ~ - H'E-C ~

MEAT TREATMENT | FART NO.

30-32 Re OP 4309- afk




0TI

REVISIONS
NO, DESCRIPTION DATE | 8Y | CH.| APR.
I [ ADD 3.25, 2.125 wrs 2 Vs A8 | Rl
21 3,25 MISDIMENTIONED o B8 RiC

.
b iEsEm el T e .)/L e 'm% i FUFEISES: e -
+.015 L -.00a
B - €320- 5000 ———y/\m— """"'—"-—- Hexas-chamr, " 2300 "
AW L SN~
. 7 3'25‘_/_&(9_‘&;:1 % 32 N X W\.ﬂn@rﬁ\_/n\_
— ! -Ya 4 o =
%6 i r . ™ \\ \‘\1\
L —[\ ; X
b o N S e W asel,.
: | 16 1:.009
23753.%3%* ' D:“-mz 2%0\A.
o = \
™ X
. \ e
N x 2
: N \\\ A 2 :
CHAMF. ——— 2 — _' .06R Sy W‘U\-
2% -6 sTUB AcHE — / :
(SEE D A-1124) GRIND FLKT, ¥ STAMP Riiacer S I
oPAZON -\

*FOR. V-PACYANG 3S0235 -V P

(PART W0 .0P4306)
J RICITY: NOTE:
. ALL DIAMETERS PnrAK AL SHARP EDIES
N T!'R .003 RAUUS ALL UvaiDL CORNERS

b

DSDP INNER BB'L

THD (SEE DWG B-0508)

TOLERANCES
UNLESS NOTED
FRACTIONS £ 1/64
DECIMALS £.005

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES 1 1/2¢ | LAJOLLA, CALIFORNIA . 92003
CORNERS 1/64 x 45° [TITLE
or 1/64 A TopP SUB BODY
FiNisH VLHPC
SURFACE TREATMENT|MATERIAL DRAWN BY | DATE |CHECKED | APPROVED
PARCOLUBRITE 4120 ST, 5 Rk | B A
HEAT TREATMENT PART NO. SI1ZE DWG. NO, RLV.
R.32-24 oruzon-2 |B-0oP4307-




. REVISIONS
NQ, DESCRIPT!ION . o DATE | BY| CH. APF?.
e fV [ 2AB WAS Yo, 56T/ s ,.319 /%Ay 268\ kk@qﬁz;?
£ ‘ ,
| ' =589
: 90 3. Co\"I DA
:‘b . '548—1A - —2 2230 DIA
: - . < 45“' <YP
i . \ \ '
_\,‘/\GD B
SCRABE.OP 4150,
i S ! _ R :
FARRICATE. FROM 37« howWALL MECHANICAL TURING
5 R enes DEEP SEA DRILLING PROJECT
i FRACTIONS + 1/64 SCFII'PPS INSTITUTION OF QCEANOGRAPHY
DECIMALS %008 UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES + 1/2¢ | LAJOLLA, CALIFORNIA 92093
. | CORNERS 1/84 x 45°
[ o B4R P \"\P\\_‘F_ V- PACK\NG ADAPTER, ]
L Rinise ~HWeC~ (TOP SUB)
SURFACE TREATMENT MATEHI% J‘Fj% Q\RQAE,:\I BY q%ﬁ CHECKED| APPROVED
HEAT TREATMENT PART NO. SIZE DWG. NO, REV.
S ANENED | CPAISG | [A =186~ l

121




: REVISIONS
NO. DESCRIPTION DATE | BY| CH.| APR.

4,000

3D *
; —XLRIBL.OPAITT
2 830DIA—— |7

l e ./

\‘5/32 N | N o

QU .

e T

FABRICATE FROM 3% ¢, WALL VECHANICAL TURING,

TOLERANCES
UNLESS NOTED DEEP SEA DRILLING PROJECT
| FRACTIONS * 1/64 | SCRIPPS INSTITUTION OF OCEANOGRAPHY
DECIMALS +.005 UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES + 1/2° | LAJOLLA, CALIFORNIA 92093

CORNERS 1/64 x 45°

or 1/64R FE\"\F\L‘: V-PACKING ADAPTERS
FINISH AP~ 0P 2UB)

SURFACETHEATMENT MATERIAL s Twuav DATE | CHECKED| APPROVED
- o P,

.28
HEAT TREATMENT PART NO, - SIZE DWG, NO. REV.

ANEAED | OPAIST A-\CoS- OO




DECIMALS + .005

LA JOLLA, CALIFORNIA

REVISIONS
NO. DESCRIPTION DATE | BY| CH.| APR| °
SCRIBLLOPAIDS
N L s
< 3.6 DN e
-2, &'Eso DIA— =Pl
/@4P\:‘_\ /\
I
PN RIOA 9, Rep)
' !
TARRICATE FROM 3% x T, WALL MECHANCAL TUBNG.
ety Bhipdnnis DEEP SEA DRILLING PROJECT
FRACTIONS + 1/64 SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO
92093

ANGLES * 1/2°¢
CORNERS 1/64 x 45°

AALE - FEMALE V- PACKING ADAPTER

or 1/64 R
FINISH PLC ~ (TOP 3LB)
SURFACE TREATMENT MATERJAL “ DRAWN,BY | DATE | CHECKED| APPROVED
43S eV 'fﬁ/f
HEAT TREATMENT [PARTNO. SIZE DWS3. NO, REV.
ANRNEALED OP AISS A =12 G- eJa)
B 123




VA

REVISIONS
NO. DESCRIPTION DATE | BY | CH.| APR,
MILL A ¥ DlP\ 23/n B WAL Z%a-b SR LR ST TR
% 3/ DREP Z [ RODED: SLoT, . O-F NG GROGIE ™ ] b
. ‘ 2187 was 2. T1OIA |5 1281 |01 {4 itk
o / \2 AR e S G g il ]
(Y 2550 — oyt TR0 . R —
- eait % =—— 3330 S
! T 9 é : s
{ﬂ s :‘ | r"? ) }4\6 - 3 2500222
) Pl r — 500|.__
h e LFQ\ N\ 3 - : — - - STAMP:
wouy VY \ < \ = E N v N ==V orazes
_'oao NS \ \ \\§ \\ \\ s -2

e

e TR
s 2,400 D\A 2150 DIA

i
| %\

K

r_l .

\?X\*- \X\

~

i 5N

/ey Yo WIDE % Y4 DP
(2 AT\80°)

*

FOR POLY PAK. 18702315

KNUPLED
SURFACE

CUANMELY

Y

D CHAM

< \\
~ — \:: ‘\-_ ) v
/? - / A
_ 2% -6 STUB ACME

S’E.‘F_ DWG A-l124

DO NOT SCALE CONCENTRICITY ALL DIAMETERS. TIR.003
TOLERANCES ’
UNUERS NOTED DEEP SEA DRILLING PROJECT

FRACTIONS t 1/64
DECIMALS 1 005
ANGLES ® 1/2°

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA 82093

CORNERS 1/64 x 45° [ TITLE
o V/BAR \MN‘E.R. B\ANEL ODY
FiNisH
SURFACE TREATMENT | MATERIAL ATE arv CHECW APYRAOVED
PARLOLLEE | Ald0 21281 Ru r’?f / -,fm:-"
HEAT TREATMENT SCALE | REQ'D/ASS'Y | PART A0 DWEG. NO, TREV 1
3425 Re, | M) | ONE 3 F42365S -2 R-0oP4A36S- 2




T4l

DRILL %, (312 DIA) THRU

¥IAR %8-10

00—\

REVISIONS

DESCRIPTION DATE | BY| CH.| APR.

[ 235G uns 2756

303 [ REpw |«

1200

2SR~

\ I
BON| ‘3{00_ /4£°C“P:"\-

]
-'000 /’\

2.4\0ODIA

1/

I/

AN

DA A v AS° CHAM,

J%UA.

S

'_/Jﬁe; e N\ GriND FLAT +
A5 x A CHAM.

- a%,-caAaru& ACME THD
SEE DWG A-1129

STAMP: OPAD606

\‘/u. 45" CHAM,

STD. DSOP INNER THO,
(SEE DWG B-008)

DO NOT SCALE *CONCENTRICITY ALL DIAMETERS: TIR.003
TOLERANCES
UNLESS NOTED DEEP SEA DRILLING PROJECT

FRACTIONS * 1/64
DECIMALS : 005

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES ¢ y2¢ | LAJOLLA, CALIFORNIA 92093
CORNERS 1/64 x 45° | TITLE
o 1/64R SWINEL RETAINER,
FINISH w2 ~\J L _WWPC~
SURFACE TREATMENT | MATERIA DATE BY KED | APPROVED
PAPXOLLRE | 4140 i3-a R |y |
HEAT TREATMENT SCALE | AEQ'D/ASS'Y | PART NO. DWG, NO, (REVL)
34 -38 |\ [ OWE |SP4R6s - | [B-OP&66- |




9Z1

REVISIONS

DESCRIPTION

DATE | BY | CH.| APR,

ZANA we 2 B0, & A2 wrn 2,500,477 AB40
ALDED ¥ fuED HOLE"S

4 1gT | RRE2N 4y

. AR RHRE) 7
2.300 e
STAMP OP436T-2— Rl il aiae

NSV

Zz

4.0C aA Zﬁ\.&_ "‘/390\}\

2424 DR TURY & TAP
. 3 Nt \20“9

27194 DA
= -
2.
Bl fp —~
! / B )
AR e L

Zsm DSDP INNER, BEILTHD
. (SEE DWG B-09508)

0z 7\

2550

DRILL | A4 DIATHRU

#
= 4;-.10&

Z MILL 34 DA o6 DPA
(3 PLCS AT \20°)

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
TOLERANCES
UNLESS NOTED DEEP SEA DRILLING PROJECT

FRACTIONS * 1/64
DECIMALS ¢+ 005
ANGLES 2 120 | LAJO

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO
LLA, CALIFORNIA 82093

CORNERS 1/64 = 45° | TITLE
o 1/64R

OUTER SWWNEL BODY
~ NLRPC ~

FINISH l\?’
SURFACE YPE}TMENT MATERIAL DATE ay N CHECKED l"Fﬂ (%]
PAFY Lt | AI40 R LN Vi
HEAT TREATMENT SCALE REQ" DJASS'Y PART kO, 7 NO,
24-37 L OLE [OPARGT - 2 [BOPQSG" -l




Let

- 2 = = n:vm =
NOD. DESCRIPTION DATE | 8Y| CH,| APA
- _ Al DIA was .238 EUAETN (N B
f Yse « Yz GROOVE IN UNE PR e pez vty Tas)
WITH SHEAR PIN, ONE SIDE OWLY,
(SHOMN ROTAIES 90° OUT OF Posmcml
——
Y%-r— 30622 2280 \-\ouz. w«au *&& .
SCRIBE: - ry WITH - ALUGNMENT JIG.
. _\op 3-8 - L R ——
: —— LA ' . 250
M d
o RN L | Timees
2500 2 : \ \1
. i ¥ !:m
Sm/;g 1 T 1b&oD.
LIRS i . lAD"A 18910
3 L] R —
TR \ J } \.; ,:t
Hiow 45°CHAM
2,665
LonnfRnnn N [Ny Lo P8 STenaEme?
201N THRL (4 PLCs) o / Ny R4S CHAM T = AR DiR:2. 010002
3500 46
[ SEE DWG A-1122-00
L DSOP INNER BRLTHD
SEE DWG B-0S08
Koy, PRIOR, TO LOCT\TE ¥ ToLTATS DEEP SEA DAILLING PROJECT
FINISH MACTHINING . Sauiiaiy fseod bhes
DECIMALS 1.008 UNIVERSITY OF CALIFORNIA, SAN O1E00 .

*honore L5635 3888, 'fa'uv /UM ENDY (6P
FOR LOCTITE, W/e/N OP A3\

Lk

FOR O+ RING 2-326 .

AncLES § 1a® | LA JOLLA, CALIFOANIA

CONMERS 1784 « 48° [ TIVLE

Fimig !y

peg oo . BYPASS SuB ()

PROGUBE | 4150 cn
[(HETHE [SFsea-2

B T




REVISIONS
NO. DESCRIPTION '| DATE | BY| CH.| APR
T 1228 was .\AD [STB RK |74 sl
12 NLOCTIVNIE WAS* 43\ N8RRI 2z

Yaz w A5 CHAM. -
(CRAMFER. TO BE INWARD
WHEEN WWSTALLED)

MTL. CARPENTER TOOL STEEL.
HT . STENTOR-OW HARD.

DO NOT SCALE

225

A
~JEE\.c::_cm'w_*"z‘u WITH P/l ©OP4R 29, GRIND FLUSH 7 7
AFTER INSTALLING (\D. CHAMFER \WWARDY

I
i +.,0000
—'.0005 %

- 3625 DI

oo A

DA HOLE THRUY

CONCENTRICITY ALL DIAMETERS: TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS * 1/64

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

DECIMALS *.005
ANGLES + 120 | LAJOLLA, CALIFORNIA 92053
CORNERS 1/64 x 45° | TITLE i )
o vesr [ BUSHING, SHEAR. , /32
FINISH | M RY PASS DU ~ vinec
SURFACE TREATMENT | MATERIAL DATE BY CH_EC:KE'D APPﬂQVE
—e—— [SEE DG |38 | R | ] j”
HEAT TREATMENT SCALE REQ’'D/ASS'Y | PART NQ. DWG. NO. (REWV.
SEE DWGE [V | b |oPARIT-2 [A-OPA3IT -2

128




6C1

REVISIONS

NO.|

DESCRIPTION

| DATE | BY| CH.| APR.

REF)
: Y
. 2,..[0 -olo .
o 44| 76 ) g |
2™ 1 i
- 280
4000 2 \?.‘DD\!'-\
1 6GODA" 1.80 DIAY /
[Yelge] - - —-—— - -
=20y
AT DA 3
L . ) s
o N
e 3y4'- L~_ L o &.‘4 K‘\S’C\'\A\'r
Yo P A3 Y5 THD RELLE — ,
MINOR DIA 2.010- 060
NOTES NO. REQD. SEE DMIG A-\\22-00
' 235mn= | TOLERANCES
*TYP BOTH ENDS Smv | ~f Geemiono s i iow e B ARS
oonr® | RRELE | e
ASn-2 PN T SUART CoNMECTOR
FinisH 7 V.LH.P.C.
O1t: " FAC ATMENT|MATERIAL / A H APPAOVE
¥ FOR O-RING ™ 2-32(  BREAKAL SFelor oRrERS o B PRRKOLBITE| 4130 STEEL | et PR e o
RADIUS ALL INZIOT CORNET 5 HEAT TREATMENT | PART NO, Sz G, N REV.
P 33-3‘,3 R Rr51943,14 Bz-gp £314 I~ S




0€T

REVISIONS
NO, DESCRIPTION DATE | BY| CH.| APA,
V| ARLLED +0 -, Tol. A 18I | KA Y ak
N\
. g =
Ao
"4 /Z j/(
e

SEE DWG AlL2T

Y \\\J

2o %
2 000 DA

2Y%5-8 STUR ACME THD

5
2% OA

AN

"

AR —

———

RN NN

LDR\LL?'\
P TAP ¥a-16 (D

(:312) DIA THRY
EBURR \NS\DE ¥ OUT)

*IVYP BROTH ENDS.

35m=0
50m=\
6.5m= Q
80m=1\
qSm=2

1 HERT TREAT . 34-33R«, MIN YIELD: 140,000 P

2. STRAIGHTEN
3 PARMOWBRITE

MIN \ZOD: 40 FT, \BS.

ZK

kel

/-}’ R

de=mxe e

FRACTIONS * 1/84
DECIMALS : 005

AN \ o ¥
ML FLAT + Sthve OPAzee: Ak %45
\.&T\D. .
DO NOT éCALE CONCENTRICITY ALL DIAMETERS: TIR.003
g DEEP SEA DRILLING PROJECT

SCRIPPS INSTIT

UNIVERSITY OF CALIFORNIA, SAN DIEGO

UTION OF OCEANOGRAPHY

ANGLES : 120 | LA JOLLA, CALIFORNIA 92093
CORNERS 1/84 x 45° | TITLE

o 184R 45m SHAFT LINK,
FINISH ~VU_ WP~
e QWG | 4T sreel [Qasa| R |9 |7
HEAT TREATMENT SCALE | REQ'D/ASS'Y

SEE OWG

\i)

SEE DG |OPA320 - | [B-OP4320-1




I€1

REVISIONS

DESCRIPTION

DATE | BY | CH.

| [ADDED +O =%, TOL.

4.8 Ri 7“(@

" +PA
4 s A
- 1000~ 1.7 DIA
.{_._.*Z_\}_-:§\x?=\§; AR NAN
+. 206 002
2.050 DIA : 2.000 DIAK
e

s

£ DRILL ¥, (312)DIA
THRY Yy TAP ¥a-1b (DEBURR
INSIDE 4 OUTY,

*

2 278 STUB ACME THD (TV/P)
MAD. DIA 2165 2228 ('3 THD RELIEF)

(SEE DWG A-\121)

TYP BOH ENDS

ANGLES « 1720 | LA JOLLA, CALIFORNIA 92093
35 & \ CORNERS 1/64 x 45° | TITLE
3t o Y T
! = FINISH ~ ~
NO %Q'D p"os:: =2 - SURFACE TREATMENT | MATERIAL DATE (13 CKED £0
‘ gam 3§ PRENOLLG. | 4145 steeLfi280|" i | Hd | TiF
L HEAT TREATMENT SCALE | REQ'D/ASS'Y | PART NO. NWG. NO, IREV.)
A5m =0 SEE LEFT (| |SEE DWejoPAZS4 - | [R-OP4354 - |

2% DIA

,’{IAR*\

=

MILL FLAT ¥
STAMP (0P 4254 -\

HEAT TREAT : 34-38 Re ,MIN WIELD 140,000

DO NOT SCALE

L DRILL % (3\12)DIA THRY
YTIAR Y-\l (DL BURR IN ¥
OuT.

MIN \Z00 40 FTADS.

CONCENTRICITY ALL DIAMETERS. TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS 2 1/84
DECIMALS & 005

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO




AN

| REVISIONS
[NO. DESCRIPTION DATE | BY| CH.| APR,
[ 1 ]AODED *0 - /e TOL 418\ R 24T 7e /]
. g A
15 ,/2 )/( =
: 2B0*
—-2.06
L.B1DIA L0~

NN\ N

4

o= ~ORIWL e
1R DA THRY

5 g
2056 DIA ' 2.000 DIA ! : YTAP Fa-\lo
/ 32 (DEBURR. W
RPN | - - B‘ \é i _W "¥OU‘\')
' : ' RN i
D " el < o s ,:,‘:./\‘32/’- 32'/' \"_:‘: i e S
VA \\\\\\\\\\)/ A NAN N TS
i/r.amuﬁ/u,, (.312) DA 234 DA ' MILL FLAT 4 STAMP. - - %
THRU & TAP ¥ 16 (DE-BURK- 273-8 STUBR ACME THD (TYP) OP4355=\ foxAS® ™
INSIDL $ OUTY MAY. DIA 2.165 2928 (Y5 THD RELEF)

“TYP BOTH ENDS

(SEL BDWG AT

HEATTREAT! 34-33Re ,MIN YIELD 140,000 PSS\
MIN \ZOD AD FT.\RS.

DE:,::::: :T;;. LA JOLLA, CALIFORNIA 92003
CORNERS 1/64 x 45° [ TITLE
o VB4R LOWER SHAFYX
CONCENTRICITY: 1 V.L H.P.C
ALL DIAMETERS ki 23
TIR .003 SURFACE TREATMENT|MATERIAL ) DRAWN BY | DATE {cug?w APPRQVLD
NCIE: PARKDLUBRITE | 4120 T, A | %4 | /iy
| SO F U e M R 5 HEAT THEATMENT |PART NO. SIZE NWR_NO = RLV.
RACUS 2l it r cuieteins | SEE ArCNE] OR4255<) [~ OP4355~ \

TOLERANCES
UNLESS NOTED

FRACTIONS % 1/64

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO




EET

REVISIONS

ND. DESCRIPTION DATE | BY| CH.| APR.
T [ 22: WAS. 25, Lo Whs Lo 1o, VIO WASTS
2 BLAWAS 2B, B n2gamfe Uil | |4
2| AAWAS (332, 2.00 WAS LB 3,1.80WAS "
. 170, TIN PLARE. ADDED ARSI L I --I._:,f'
MILL .35 DIA x 4. LONG SLOT x %4209 % DELETE, O- RN GROVE FOR 225N o7t i [
- X x 732 FDUED CONCENTRICITY YOU, SORFACEl | lwal.
(2 PLLS AT 180°) (BREAX EDGES) TREATMENT [ 2 i g
51360 wrs VIS £33 STBURC i
oY ~d
A 8 — 1. —3, ae\,
DRILL DIATHRY EPLC%
__ R _____3 4“\\\\“ ATE /3 5 ’AT \BO DR“‘\_ 5’{5& (—5\2) DIATHRY
o SOOI THK 3% T /AP Yy
g \/z e o\l
28! *;'_j AN Z N 45°F B A5
ta"’;z —l F:~22 . }\ I—-/ /b‘f
|~ PR SN
o0 o !
. em’@fﬂ - = ERSa N\ F=2=F— 4t§u"‘e. &40
oo | oMl A 2125DIA | ) 1_§g,;li D.
RZRETN // AT : \\ \,c;?t)o ‘ 11100
# R s
/ - NN Yu =3 -
il A 5 .
',"’_ LA —fj}:\;lcir\\ét.—\ N W3 \ > \ \%f\-\ ' 1
Lz A wVay YR == N 45°% Yo CHAM.
) \o 6 w \lo +(,\J'&$
DR\LL | DA x T 40P, (Za -8 STUE, ACME THTS L.‘—é,n?x';:_—__ 2%&%‘:-‘%%#;“ \%%L%A
c"l'hb\ FER 4":)0 ‘/E,THD REL\EF‘ _M\\-\. *‘S‘M‘\P r-___z.rlso“.hhh | X E}\
ACME. (SEE DMG W25
SEE DWG A- \\ZZ OP 4150-% DO NOT SCALE CONCENTRICITY au:mmns TiR 003 )
‘énQB’QRRM. epicgabeiin DEEP SEA DRILLING PROJECT
FRACTIONS * 1/64 SCRIPPS INSTITUTION OF OCEANOGRAPHY
¥ i CANLS s 008 UNIVERSITY OF CALIFORNIA, SAN DIEGO
**FOR O- P\\NC-, 2-320 \EA. ANGLES ¢ 120 | LA JOLLA, CALIFORNIA 92093
CORNERS 1/64 « 45° | TITLE
FOR MO THANE V-PACKING , AEAYMA T, o VEAR IUNE R SEAL SUB
Finisn 7 \D RPL
e N e kA A7
HI 24- SBR(‘ V20D AS FT, LRSS, MEAT TREATMENT | SCALE | REQ'D/ASS'Y | PART NO. OWG. NO. TREV.I|
i 7 MIN YAELD \A0 000 PSY| —= VA OoP450 -5 | B -0%21-5




el

* : R gf_vxsxoms .
— No, DESCRIPTION DATL [ BY]APR
fLT/.‘,_* S % || 2.83 DIAWAL2 813 ,CH %5 03 OHE SIDE-2A08| RV, |4f
I—J-*_ i ."/‘g & 2 | ADD. 45° CHAM , CONCENTRICTY ToL . | 1618 [ R |
eI\ v o +833 3 |RLLEG I.5MTOXVILE ] an ey 1A
k -2,.050D\A THRU 4 |WATL was 4140 34-28R , PARYOLUST |9 16D LT[
VT %" ¥ THD 273-8 STUB *9S3
‘ @ ACMETPL . —~ 100
(MAY. DA 2165%233)
5 (DWG A-1127 -00)
a2 ol
HI
Kl = = =
: -\-.OQ%
=00
2.863 DA
A% cuAMrEPE“—"\ — STAMP:UPC OP415/-04
= 5/__ I
3
. ) A
4%’y Vg cnamreR T
w : SURFACE TREAT, PARKOLUBRRITE
FINP 2P AT \ACT MaTh
4140 STEEL W 34-38 R
TE: TOLERANCES ' LNV, OF CALLY.
BREAX ALL SHARP EDGES i UNLESS NOTED DEEP STEADRILLING FROY,
RAGHLT ALL 1510 CORNER FRACTIONS = 1108 scam TLJLL ArrroveD wvi T
S i A e
r . COHNERS 1/64 x 45°
Sy ens o B4R INMER. SEAL RETANES. - HEC
TI“ 'ma F'le“ ‘\“/ DRAWING NUMBER
PARY Mo, (CP4/57-04 . CHag e

(ues 25-0575-01)



REVISIONS

,254‘1

i

“(REF- BEFORE R) \r-m

NO. DESCRIPTION / _ DATE | BY | CH.| APR,
1V ].0820 WAD a4, M\ 3waspa ,.254/“/3_2 1268 PQ;;@{?@'J

S

L— [=Tale}
-, 005

0820
/N

%\} _A
g

DGO NOT SCALE

CONCENTRICITY ALL DIAMETERS. TIR.003

/—SCR\E:E'.OMBM

e TR
' T ALL ANGLES 4%°

TOLERANCES
UNLESS NOTED

FRACTIONS * 1/64
DECIMALS +.005
ANGLES = 1/2°

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA

92093

CORNERS 1/64 x 45°
or T/64 R

TITLE

~MALE ADAPTER - INNER SEAL SO

FINISH [ ~ N1 PC.."-’

- SURFACE TREATMENT | MATERIAL DATE CHECKED APP,RO
— 304 S5 [q1\4 2d R fuﬁ
HEAT TREATMENT SCALE REQ'D/ASS'Y | PART NO. DWG. NO. (REV.)

ANNEALED |\ Jone | OP4324 -\ [AN-OP4324 -\
) 135




REVISIONS 4
NO. DESCRIPTION - DATE | BY| CH. APR*
E y 13 .“r-. 7 /':
|| o WAS/A W38 Rr\,;;:(_:, ,_;,;
%000
—‘QOZ

s, N\

uf-l

2842 0, —

+,002
-, 000

[‘— 2520

PN

!

N

DO NOT SCALE

<:é_>—\— %aR

CONCENTRICITY ALL DIAMETERS: TIR.003

/STP\\*’\PIDT-'AR)ZB

TOLERANCES
UNLESS NOTED

FRACTIONS * 1/64
DECIMALS * .005
ANGLES % 1/2°

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA

92093

CORNERS 1/64 x 45° | TITLE

o veaR [ FEMALE ADAPTER- INNER SEAL SUY
FINISH | ~VLRHPCL~
SURFACE EEATMENT Mggﬂ(ifL 5 .% ‘ c[%ik'lra |8O BYR‘..‘!\ ;{;%IED &;.E?;VED
HEAT TREATMENT SCALE REQ'D/ASS'Y | PART NO. WG. NO. (REV.}
ANNEAETD [ | ONE |CP4325- | |AOPAR2S - |

136




REVISIONS

ALL ANGLES 4%°
SCRIBEL OP4326

NO. DESCRIPTION . DATE | BY | CH.| APR.
| | ez wasVar , Y wons Aoy Vg was' K, WIBEIRK by ]
T 02
2342 D, —
11995
22250, — :
. .. 3 Gio &
S 3, “(REF-BEFORE. R)
7- 3 1, \r .
4 %] )%
[ N '
* N

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
TOLERANCES
iNLESE NOTED DEEP: SE::.TDR(IJLEH\;G PROJECT
SCRIPPS IN UTION OF OCEANOGRAPHY
ol e UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES * 1/2° LA JOLLA, CALIFORNIA 92093
CORNERS 1/64 x 45° [ TITLE
o v64R [ \-SPACER -MALE/FEMALE -
Fnish 7 | INNER SEAL SUB ~VUHPC
SURFACE TREATMENT MATERIAL DATE B‘ll( C/I—[ECKED AP?!RJOVED
——— 204 S5 [31\880 RK | 22l | 7L
HEAT TREATMENT SCALE REQ'D/ASS'Y | PART NO, DWG. _N_O [REV.)
ANNEALED | V1] ’ OP 43206 -1 IANOP4324- |

137



8¢T

. i . Y-8 TS heme D
—=1 % 220 N PIN CONNECTION
, SEE DWG A-LT6G
1 T ,rT“é (BAKERLOC 1N FINAL ASSY)
1550
LIZS DA 1.000 D\A s L
< -
T {RELIEVE 4 VgpR
45° ¢ VBZCH‘\M ’—// YL x45°CHAMF, |
LRIBE.OPAZLA-3 \ ‘/5-8) STUBR ACME NOTE:
4 M\NDP\ D\A \ 0\3 4.0\ BREAK ALL SHARP EDGES
(SEE 'D\:JG - A \-\ 25:‘-0‘38;’ RADIUS ALL INSIDF CORMIRS
TOLERANGES DEEP SEA DRILLING PROJECT
UNLESS NOTED
ey | PREDOME 3 1M UNIVERRITY OF CALIFORMIA, SAN DIEGD .
ALL DIAMETERS ANGLES ¢ 1720 | LA JOLLA, CALIFORNIA 82093
TIR .008 CORNERS 1/64 » 45° [TITLE
o VEBAR [ UPPER P1STON ROD
Finisn V-LHPC
SURFACE TREATMENT Mﬂ%‘“‘&“"\\“c 33* Dﬁi\{f BY ':)Az'lfﬁl C:ley:{_? ‘?’J t/U
* SAME AS AQUAMET \B HEAT TREATMENT PAE%X 204-3 sgz_gvgz% cd st név

REVISIONS
NO. DESCRIPTION DATE | BY| CH.| APR.
T A3 wAs 4.5 L a e MY
2 | BTG WA ¥p SUCKER WOD Q|2 S8Rl T
3 [MRTL was 4130 ,DELETE /410, MO KT, |SSBI[RK Wl g




6€1

REVISIONS
NO. DESCRIPTION DATE | BY | CH.| APA,
| | REDRPALOK LA DX 2774 M
2 | -8 WAS FDICRER ROD 269\ [ €2 | |07
a 3 [MAT'L was 4130 /4 WALL TUBE. N0 WX, [354a|Re |6 bre
4 [REUISED WORE ek DN
) A
NP
, s Yo % 45° CHAMA ¢
© A e e e e P e Ti-,oos
LI A0 1.250 DIA
- T - e %\:r ‘I i l
1 )
J Neseem oo e
4 e sl

4\&\_ e

BE2 A 21¥% DO ¥ TAP A/
Y-8 v 172 DP (TYP ROTH ENDD)
(SEE DWG A 1L51)
(BAKFERLOC N FINAL ASTTMBLY)

NO. PEQ'D
_35/«\:(3
50m= 1|
6.5~=0
8.0m=\
qf)m‘ Z

TLAME AS AQUAMEY |8

\ SCRIRE OPA3T\-3

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.008
TOLERANCES
SOLER e DEEP SEA DRILLING PROJECT

FRACTIONS 1 1/64
DECIMALS 1 .005

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES ¢ 12¢ | LA JOLLA, CALIFORNIA 92093
CORNERS 1/64 = 45% | TITLE
or VEAR 45, PISTONR ROD LINMNK
FinisH ~NLWPC ~
SURFACE TRFATMENT bM\;{_E{I’E!:{'l:}*:‘.{:- 3:*2 IQOA;Talg:J SIY::.L_\. :E}i?,LD ;?:!;?V =
HEAT TREATMENT SCALE REQ'C/ASS'Y | PART NO. DWii. N, THEV.)
— |1\ [SEL ARLDPALTL -4 [R-OpaX| -4




ovI

REVISIONS ]

NO, DESCRIPTION DATE | BY| CH.| APR,

V| ¥ WAD ¥p (ERROR) REZ2EZES VL

29,8 WES %5 SWEL RRa R RN

" [3[ARTL WAS 4120, WAS TOTBE NOWT. [353RIT e
4 | REVISED NOTE SRS A

. Fa 45°x V3, CHAM (TP
| 200s ﬂ '

—————— i ! =i - — i~ |
1250 DIA ) AT S seriee 1OPARRS -3
e } - - - t I I‘-_H-‘ _— -
‘L /':‘::::-}-*LI \‘L}:::_—:_—_.

me W BER DIA »1% OP & TreAA A
-8 x Vs CR(TYPBOTH ENDD)

( ~EE DWG A-1631)
(bkw\'&i?\\.(bc. W FINAL Asw)

NO. REGD. "
3.5n= \ . = 3
S50m=0
gg"':.? ' DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
“’L‘EM-O - ' oy DEEP SEA DRILLING PROJECT
- DN FRACTIONS * 1/64 SCRIPPS INSTITUTION OF OCEANQGRAPHY
DECIMALS * .005 UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES ¢ 120 | LAJOLLA, CALIFORNIA 92093
CORNERS 1/64 » 45° [ TITLE ;
o 1OAR 3Im P"-%‘\'ON RC:D LAWK
FiNISH \./ \f
SURFACE TREATMENT | MATERIAL PATE ay l‘nEyK Lo APPRIWED
—————  NITRZLNC 2 2 V30| K| T E"J'-’i’
* HEAT TREATMENT SCALE HEQ'DIASS'Y uaruq ) WG, ND,
SAME AS AQUAMET \8 ——— |11 [BEE DMGOPABES -4 [BroPa3R-4




REVISIONS

\‘5/.1,, & STUBR ACME THD

% ANGLES + 1/20 | LA JOLLA, CALIFORNIA 92093
SAMAE, AS | SORNERIMedEn LIME ROD CONNECTER
AQUAMET \& FINISH ~N U \PC ~
SURFACE TREATMENT|MATERIAL DRAWN BY | DATE CHECKED a‘-\PPFif.)\.:‘-F|
NLTEONIC, B2 A\ o o AT || s
HEAT TREATMENT PART N_O S!ZE DWG NO REV.
———— | OP4R4)-2 P44\~ |2

(SEE DWG A\L16)

(ROTH TNDDS)
( E:RKEK\_OC N FWAL As%‘ﬂ

NO. DESCRIPTION DATE | BY| cH.| APR.
| | B was Ya 0K m.& RODL . 203 Refgpei] 7]
2 [MNTL wAs 4130, DELETE 4 [D.,NO By 3980 R/ ‘
(REF)
- *.062 5 I/Z. t%ga
232 et
""’““""‘““’W““"r t'(}ow- SCRIBE
\ 2‘50 D. $ Opanmne
~DRIWL V4
DIA THRUY

t /22 RCRELEF (T99)

\/32 ¢ 42° CHAMT®

No. REQD.
. 35m= |
" B0Om= |
(o-5m= 2
B8.0m= 2
AS5m= 2

CONCENTRICITY NOTE:
ALL DIAMETERS BREAK ALL SHARP EDGES v
TR .003 RADIUS ALL INSIDE CORNERS
TOLERANCES
UNLESS NOTED DEEP SEA DRILLING PROJECT

FRACTIONS * 1/64

CECIMALS £ .005 UNIVERSITY OF CALIFOR

SCRIPPS INSTITUTION OF OCEANOGRAPHY

NIA, SAN DIEGO

141




[Aa¢

FRACTIONS 2 1/64
DECIMALS * 005

REVISIONS
NO. DESCRIPTION DATE | BY| CH.| APR|
| | REOR AW LR R AP e
C | A8 WAS Fp SUTRER ROW 2oBI> 17 l“ i
. 3| MAT'L wias 4120 TURE MO WX, 35E (% T
4 | REVISED NOTE 338 ﬂ.;_d;';l_‘_.;_
[ 5[ T/a whs £5%4 Rl BN 177
4+ 00 g o SN L
¢ 1,250 DIN
L= Y 44 7, -
: ~ 38 %
I~ . ¥ IS ° 2% fio% 457
3 e WRIRE : OPA4244-3 327 =t S0 = /
\ T\ \Z\/ e { ———
e B -:q..ﬂ.lk : ' I.“:“f'-,
_ A B .7 . . Ao 1.O4S
/ | l; D\Pﬂ
-]“/ s __:-_-_-_-:—_-J—J ( S ! . i
= y N Lo N\ n =
o 1-4%°% /35 CHAMEER R CTXP) — i DIA HOLE THRL)
/ DRILL 867  DIA x1 ¥4 DP »TAP A
o /r -2 x Ve Dp
(SEE. DMG A \1D)
(BAKERIOC IN FINAL .
ASSEMBLY)
DO NOT SCALE mcgmmcaw ALL DIAMETERS: TIR 008
i DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAFHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA

ANGLES ® 12° p2os
CORNERS 1/64 = 457 | TITLE
o 1164 R LOWER ?’\‘a"{ON ROD
FinisH o VLP
SURAFACE TREATMENT utrERIaL B\f " CHECVED | APPIUOVEYD
T ERESe 3o e T R |
HEAT THLATIENT SCALE MLO D/ ASS' Y IAI'I HO, Lhil wn LR &
e | 1) | wARan - RiEEaad




eyl

REVISIONS

NO. DESCRIPTION DATE [ BY| CH.| APR.
L1360 was 1115, 272 was4.250 Weos|kep F 178
2 [RETRALIN COMBNING OPAZBRS 438\ [QGRE ]
"
I1
' +.005 © /8_.
1 -.000
m—_ 1.360
i ;
T~ \ =
- | ' | A ot Hso \
v |r ! 8
2000 DIA ' V4D,
2 580DIA . : \
| ~/ = N
AR Z N_STAWMP 0P 4381-2 _
NYE-CARB ELECTROLESS
, NICKEL PL. 2225 THK 2.0000\A ONILY
\/5-8 STUB ACME (SEE DWG A-\6\1) RELIEVE ¥ Y R
DRILL .2TS DIA THRU *™ cocenTReTY
ALL DIAMETERS
ZurAS° CHAMFER (4 PLCS) TR 063
005 \ TOLERANCES
DRILL |.OS0 =“°DIN = 4 /2 DP Bhoesiprin s DEEP SEA DRILLING PROJECT
FRACTIONS * 1764 SCRIPPS INSTITUTION OF OCEANOGRAPHY
DECIMALS &.005 UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES ¢ 1/20 | LA JOLLA, CALIFORNIA 92093
» connzns;:s;us" *'”LE}U\ K RE_L. ASE. PISTOR WEAD
or 1 '\r- "-'_ v :"‘\
.‘L*FOP\C‘:E.N.&J or4\19q ‘\Ucfl}l-t';"(}[l ——— FiNisH ~NL_HPT~ 3
TR DR Tna, T THREADS Ot e T Al e
! 2 HEAT TREATMENT PART n;o. 5 SIZE DWG. KO. llg\.‘.
. 25- 3% R |OPA3R -2, |[B-OPAISI-




REVISIONS

NO. DESCRIPTION DATE | BY| CH.| APR.
|
2580 D. =N
g I+.gog . \/aat“'fb\p‘
|255D\A % - — (74-8 STUD
1 /\ b ACME (SRE DWG
/ \ &L RIGRARERRE,
] f S | P |

| \ \ 6 oy AP
/A o (TVP) — A, xA%° CHAM.
Ao x 45 CHAM - |
CN—3TAMP OP A4S
DO NOT SCALE CONCENTRIC!TY ALL DIAMETERS: TIR.003
TOLERANCES
ONEESS NOTED DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
FRACTIONS * 1/64
DECIMALS 5008 UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES * 1/2¢ | LAJOLLA, CALIFORNIA 92093
CORNERS 1/64 x 45° | TITLE
o weaR | PISTON SEAL RETAWNER +
FInsH |  A~AVLHPC~ 1
SURFACE TREATMENT | MATERIAL DATE BY ) /g-l‘EC‘KFD AF”_‘PF‘OVED
PARKOLLRRITE. (4130 STEEL [I0-880| R |7t | 7 2L
HEAT TREATMENT SCf\LE REQ'D/ASS'Y PAHI_NO. A DWG. NO (REV.)
Ko 2822 VoL CNE | OV 424% A-OPA34S-

144



REVISIONS

DESCRIPTION "'| DATE | BY| CH.| APR.

CHANGE maTL FROM 30435 To IZ4 PHSS, /DD _JlIs0| 7 /3-8l Delellind

2l DI —=

\ Y, x AS° CHAM,

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
TOLERANCES
. oot DEEP SEA DRILLING PROJECT
FRACTIONS * 1/64 SCRIPPS INSTITUTION OF OCEANOGRAPHY
DECIMALS + 005 UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES * 120 | LAJOLLA, CALIFORNIA 92093
CORNERS 1/64 x 45° | TIT
or 1/64R § LOCK PN~ PISTON
FINISH : ~NLR PO ~
SURFACE TREATMENT | MATERIAL DATE BE' CHECKED AF‘Ff:'*!‘C":.’EO
— [7-4 PH S8 v \4 | RiIK Y74 D
HEAT TREATMENT SCALE REQ'D/ASS'Y | PART DWG, NO, (REV
HI/50 \:\1 | ONE 0‘9 ’%Q— | |A-OP4383 ~ t

145




REVISIONS ;
NO. DESCRIPTION DATE | BY| CH.| APR.
. TV REDOUCED THICKINESS W\-2185] R il it ¥
e 2104 WAS 4 1B was Ve, 20b was V32 |26 81 R0 22

FABRICATE. FROM 2% x e WALL MECH, TUBING - 304 5SS,

—=062
254TDIA—
20055

TFOTO

4.002 -
-, 000

-SCRI\BE | OPATA0-)

2k

!

2 (REF - BEFORE R)

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
TOLERANCES "
UNLESS NOTED DEEP SEA DRILLING PROJECT

FRACTIONS * 1/64
DECIMALS *.005

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES + 120 | LA JOLLA, CALIFORNIA 92093
CORNERS 1/64 x 45° | THTLE :
o Vet [ MALE V- PACKING ADAPTER,
FiNisH (PASTON HEADR) ~ VLHPL ~
SURFACE TREATMEMT | MATERIAL DATE BY CHECKED AF.‘PHOVEU .
SEE AROVUS Pon3-ecd R | el .,;-,;;_;_,_,.,
HEAT TREATMENT SCALE | REQ'D/ASS'Y | PART NO. DWG. NO. l‘g-_:r-;\.'.l
ANMEALER [V | Y [GP4A0-2 A-OPAST0 -

I |



REVISIONS

NO. DESCRIPTION DATE | BY| CH.| APR.
| TREDUCED THICKNESS W 2bso] W bizdd.
s
25ATOR ™ SCRIBEOPAAL |
2005 D02 f
Ao ' '
e bé
1I < & [ ‘\ 3
e 708 R
|
/ —
/ / \
s / { _ X “'g ) _
1 /;"
__/' ,//
—

FABRICATL FROM 2% x

DO NOT SCALE

K WALL MECH TUBING -304%

CONCENTRICITY ALL DIAMETERS: TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS * 1/64
DECIMALS % .005

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES = 1/2° LA JOLLA CALIFORNIA 92093
CORNERS 1/64 x 45°
woldh | FE‘“’\A\F_ ADAFTER ~ PISTON HEAD
FINISH —\,\j\_ HDQ‘““
SURFACETREATMENT [ SATERIAL DATE BY CHECKED | APPROVED
SEE AROME I35 REK el 4‘1?{-:::',”
HEAT TREATMENT SCALE | REQ'D/ASS'Y | PART NO, . . Py
__ ANNEAED OPAR = A-OPAYY - f
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REVISIONS

o

r

|

ALL ANGLES 45°

€

FABRICATE FROM 2% x “/{w‘c\m MECH TUBING - 3045,

QCRIRL., TPAZA2 -

NO.} DESCRIPTION DATE | BY| CH.| APR.
A\ P\EDU CE.D W\CK\NE%% \\.2\8& KK W;.‘ T‘:"JJ_
2303

2547 D;_A—-J-
+.00 |
20050+ /1{&;{
T ¥} r’(cp l __ %
» %\ﬁ‘ W /s o(REF-BEFORE R)
W

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
TOLERANCES
UNLESS NOTED DEEP SEA DRILLING PROJECT

FRACTIONS * 1/64
DECIMALS *.005

SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES * 1720 | LAJOLLA, CALIFORNIA 92033
CORNERS 1/64 x 45° u_n.g -
o V4R V-SPACLER, ~ PISTON HEAD ~
FINSH _ - ~VYLHPT ~ 4
SURFACE TREATMENT P.fa\TEf}IAL DATE BY 5 4 CHECKED APPROVED
SEE ADBOVE 101382 V‘\L ’ft‘jff f'-.i*"mi-— ;
HEAT TRLATMENT SCALE REQINASS'Y | PART 1Q I WG, NO. \F EV)
AMHEALED | LI ' OPdzq2.-\ \0943‘1‘.; \

148




REVISIONS

NO. DESCRIPTION DATE | BY | CH.| APR.
| | REVIGED DESIGN PN | el et}
2 | /g D\ANTN® was Y, Yt Yo 2-24-8\[RK

44
o

& r
ke o
ol od
B -
DRILL THRU B0TH |

WALLS WITH J1G :

32
e — . R
N KNURL

—MILL FLAT ¥ STAP', CPAD2:2

NOTE:

* BREAK ALL SHARP EDGES
RADIUS ALL INGIDE CORNERS

4”@ 45 DEGREES
(ONE SIDE ONLY)

TOLERANCES

UNLESS NOTED DEEP SEA DRILLING PROJECT

FRASTIONE 21768 SCRIPPS INSTITUTION OF OCEANOGRAPHY

DECIMALS + .005 UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES * 1720 | LA JOLLA, CALIFORNIA 92093

CORNERS 1/64 x 45° | T4TLE -

FINISH i VLHPC 1
SURFACE TREATMENT | MATERIAL DRAWN BY | DATE (‘:/HE?CKED ﬂ.[‘j‘?lO}'E.D
PARKO'URRITE 4130 C.D. |} fafsol Ll | Gl Lo

HEAT TREATMENT |PARTNO. SIZE DWG.NO. REV.

RC- 30-52 OPALNL-2 |A-OPAR2~ 2

149



REVISIONS

DESCRIPTION DATE | BY | CH.| APR.

—— Camiin e —— ——— =

"- Goa

L-'*-l'?.'E>C> T

|
e 1~
: 500
% i e
° el
e SR = )
B aa
b euled
D !
Q 0:Q
Las |l |— || -
L ' 318 STUB ACML
. R o 1 1 t (sc_e Dwé A-—ll:.%)
= (%

\ %8 x 4'5"'\\ GRIND FLAY + SCRIBE!

S

-t K T,

_i CONCENTRICITY:
'~ ALL DIAMETERS

-
L}
- 4 =

I
L
'

pra— ._,“_(E)P AND) wes

" ' NO“E! —
' BREAK ALY SHARP EDGES

e~ RADIUS ALL INSIDE CORNERS - -~
:¢R .002 ;
: TOLERANCES
| . ONLESS NOTED . DEEP SEA DRILLING PROJECT »
!- FRACTIONS *+ 1/64 SCRIPPS INSTITUTION OF OCEANOGRAPHY
L. " DECIMALS +.005 UNIVERSITY OF CALIFORNIA, SAN DIEGO .
ANGLES + 1/2¢ | LAJOLLA, CALIFORNIA _ 92003
i o N 1
CORNERS 11 x 457 I THLE  RETAIMER RING -CUTCER BODY CAP
FINISH O ; -WLHPC
SURFACE TREATMENT|MATERIAL = DRAWN BY | DATE |[CHE 'SED APF‘HOV[D
PATICOLVU B RITS 4130 C.O. |, Yiefad | B
!IEAT TREATMENT PART NO. . SIZE DWG. NO = REV.
' Re 20-72 oP4H 0 -ovr4d3\0- O
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REVISIONS

NO. DESCRIPTION -~ = DATE | BY| CH.[APR.
L1 LOCR\TE WASH A3) 41262 | RK {74 {77k
) /-—omL Y2 D\A x/3 DEEP
3" — HOLE AT 90° TO SUEAR
/S PIN HOLES (ONE SIDE
- 2330" g - ONLY) |
2 250 002 — Y32 WIDE X Y22 0P
1 | 32 T GROGE IN I..t(NE WITH )
. —— SHT AR PIN(ONE SIDE ONLY
e SN NN 7
N X -
41 —3"-8 sTUB! ¥
ot ;" AcmE DSDP INNER BB'L
gal |"=jg SEE DWG, THD (SEE DWG
S S| B-0508)
W & o | od )
= "'n (\! — —r e s NS
. ” -
. 4+ ,0005%
- =, 0000
' 5&:2\ DIA
i | DRILL THRU BOTH WALLS . \.!\
L WITH ALIGNMINT JIG -
\
s o |a7' sl | e _
x,002 - '
1.875%—— | - l/8x45°CHP\MFER.'——\
| 5 Sgperoz | ~SCRIBE, OP 432 |-
¥ -— NOTVE:
=¥ .ei,uc BORE .62b DIA « OF1 DEEP BREAK ALL SHARP EDZES
- ﬁ_\TD SLIP FIT OVER SHAFT O.Ds. RADIUS ALL INSISE CORNZRS
T PRICRTTO TOLERANCES s
BT x:\\:m\m enmusnionie: DEEP SEA DRILLING PROJECT
e p e I s e i SCRIPPS INSTITUTION OF OCEANOGRAPHY
MACRINT, ] T ecimALs = 005 UNIVERSITY OF CALIFORNIA, SAN DIEGO
: e ANGLES + /20 | LAJOLLA, CALIFORNIA 92023
r CORNERS 1/64 x 45° | _
5} P‘/‘EN 2__’:" é} o v SODY-OUTER BODY CAP (Vaz) -
: . 123~
: FINISH \, | VLHPC
E 8 e 249 ;LGiACJE T-.R?i. 1:]sim MATERIAL A130 C.D. Li rU:\N BY 40%% (:(t:': CEIHT ,p;”‘ti-’\,n
; HEATY ThLAT E’\.L_, FART NO. S'Zt OWG. NO niv,
; ‘ RC-36-22%]  oP422)\ | C)’t’-’f—\%?_\“ l

2 o

R




MAT'L

REVISIONS

NO. DESCRIPTION , ‘ DATE | BY| CH.| APR.
L] .228 was 18D ,CHAM waAsON \NSIDE S8 | RS Vs,
12 ].C% WAS FRQM \OMER SURFACRE  [46%2[ 1L . {7

- | LOCT\TE W\%“A‘:s\ o :

T o x 4D CHAM T

\

*

(oZ[oO
&1

=

280

= . oooo*
—-. 0065

S620D. —

J-_'

N

-CARPENTER TOOL STEEL

H.1.

- STF_MTO?\ O\L HARD

%

(D)

%‘ +002_A
s 28 DIAHOLE TRRY

A
LOCTITE 201 \W/P/N 0P 432\ , GRIND FLUSH AFTER

INSTALL NY\QM

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
TOLERANCES
il DEEP SEA DRILLING PROJECT
FRACTIONS *+ 1/64 SCRIPPS INSTITUTION OF OCEANOGRAPHY
DECIMALS < .005 UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES + 1/2¢ | LAJOLLA, CALIFORNIA 52093

CORNERS /64 x 45° | Y1TLE

o vtk [ BV smmc-, SHEAR,, T/32
FINISH ~OWYT b":)D Cr\\ ~ \)L\‘\PC_

SURFACE TREATMENT | MATERIAL DATE CHELKED N-’Hﬁl) 'ED L
o |SEL WG [423-91] R gl | il
HEAT TREATMINT SCALE REQ'D/ASS'Y | PART NO. DWG. NO I

" SEE DMG |11 | "G |OPARIR-2 INOP43IS - .2 E



REVISIONS
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PARCQLUBRITE (42 M T, STOCK |yt /iaw |87 | 7 AL
HEAT TREATMENT PART NO. SIZE DWG. NO, REJ,
SEE NOTE 142 40-4, | B-OP4340 - 4
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ASD GROOVE, Ya-\ls tAOLE 3-a-sil/ L NO. DESCRIPTION DATE | BY| CH.| APR,
‘ \ [WAT DoUAL BN LB, RS RO BTN 0 P o
2 [ CHAMFER. WAS Y, R IRALZ LA ‘/fy'uf
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STD. INNER BBL THD v . 4
DRILL .28\ D\N '\'\-—'\KU .
(SEEDWG B-OS08)(YP)/  t'acpr Aok 25075500 ot YADIA x Yio DR FUT. BOTTOM
y BOTTOM TAP ¥a-1l. (3 PLCS AT \2O%)
' fé R.x /32.DP GP\OO\'E** TOLERANCES
FULL LENGTH IN €OF ¥-\b HOLE Muianres. R T 8 VAR
B . cocemiey: "‘f.iﬂ’::ii":",i- . UMV OroRIFORRIA SANDISD.
D-R\MG 2-232 TIR .003 conm:ns;_mus LT — WACT SF &
* GRODVE ¥ HOLE 10 8% T W SSY W g 52 Do LR s BB
o = N's OP433G N LNRY OoF b :r.'c ) - - SURFACE TREATMENT unimm. ORAWN BY D‘ATE ERFCKED APPROVED]
= DOG GROOVE). BAKERAOCK OPABAL TO s s s -soviro PASKOLUERTTE LALE COSL 2 e BIVIZA [ 2
OP 43206 4 OP4A32S. e etz -4 [B-Opd342- g




891

REVISIONS
NO, DESCRIPTION DATE | BY | CH.| APR,
1] DNOG N0, WARDS B-WL-2) MENRT L2
L.
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NN N ZAANAN AN NN T o

Y | 2%oA

3/ DIA
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W - 1358 - :
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\S-0
oo S e e v
: 199§ | ANOGRAPH
st enidion UNIVERSITY OF CALIFORNIA, SAN DIEGO
DOSDP INNER BARREL THDS ANGLES 1 1720 | LA JOLLA, CALIFORNIA 52093
CORNERS 1/84 x 45 [ TITLE B
SEE DWG No.B-0508 wusn [ 1459 72" INNER QORE BR'L
FINISH
SURFACE TREATMENT|MATERIAL DRAWN BY | DATE |CHECKED| APPROVED
4120 C.D. A R
HEAT TREATMENT PART MO, SiZE DWG, NO. REV.
OPF 3210 B ~-i144 - \

an L St g my l
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REVISIONS
DESCRIPTION

NO. |

[ oaTe [eY] cH.] ArR.

q 1207 ) %
; \8'%, 'd “| '
1 FAAARAAAN NN NN NN YA NN NN AN I
shon | | |
. 24\0.
| —od
l — AN NN NN SN AN NN NN N AARadN -

N\ DS0P INNER BELTHD (vP)

MILL FLAT ¥
(SEE DWGTFB-0508)

STAMP . OP4A3S3
NO. REQD.

g'g‘“ = g DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
Om = TOLERANCES
) iyt e DEEP SEA DRILLING PROJECT
6.5m =4 — SCRIPPS INSTITUTION OF OCEANOGRAPHY
80"\ <2 DECIMALS 4 .005. UNIVERSITY OF CALIFORNIA, SAN DIEGO
NOTE: *~- ci.'5 -0 ANGLES + 12¢ | LA JOLLA. CALIFORNIA 92093
. Sm ‘e
BREAK ALL SHARP EDGES CORNERS 1784 » 45° [ TITLE :
RADIUS ALL INSIDE CORNFRS o LN 3m INNER, BB\
FINISH o ~ VLHPC~ :
SURFACE TREATMENT | MATERIAL DATE ay CHECXED | APPHOVED
paRvoweriTe| 3D CO. ario| R |/
HEAT TREATMENY SCALE R[‘.]‘UU\!-:. ¥ AT f-"JH Tvps, 7 e ‘J'I! ')
X TEE UWHTRAZDR - [Bor4253- O
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REVISIONS

DESCRIPTION DATE | BY| CH.| APR,
O-RI\NGH 2-232 was 2.335(1 PLO) 12123V | RK B e 5

—————— 4. -
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3
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DO NOT SCALE CONCENTRICITY ALL DIAMETERS. TIR.0C3
TOLERANCES

UNLESS NOTED

FRACTIONS ¢ 164
DECIMALS : D05

ANGLES 1t 112°
CORNLRS 1/64 » 45°

or 1G4 R

17
FINISH

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA

92091

TITLE

LOWERL UIMERL SEAL SUD
v

VL WL
SUNFACE TREATMENT | MATERIAL DATE ChrIZaeD | artagvr
PAL VO | A0 D - 2-30 7% 23t
HEAT TREATMINT SCALE REQ'D/ASSE'Y | PART MO, traite NO, v
Ll OPARLL - | [B-OP4360- |
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MARTERIAL : CLEAR BUTYRATE FLASTIC

Mol  DESCRIPTION DATE [BY [NPR,
| PHP.C NOTE ADDED |, 74was216 \\2TI8|RK | 76
2 |DEAETE HRC. NOTE I\ \\ 80 RK

NOTE © COLOR LINER CN (T,
- CNE DCUBLE = THIEE Z/INVELE  pINIMIN WALL:  O. 092”

1/ 16" VIDE LINES

-NVO FROTUBEKANCE AT
CORE LINER SUDRFACE -

-;s'-.C‘OO
2.{;1 / -.O!;z

"l

*. 005
BB

CONCENTRICITY WITHIN 050"

DSDP  S<TANDARD CORE [ WEF

scave:  NONE _ APPROVED BY: 7W DRAWN BY /;/;:J? f
oate: /5 (X1 74 / ‘r REVISED 427:{/

SKETCH Neo. PART N, OF 3406-2

DRAWING NUMDER

FOR USE /¥ 3 jE" /i CBEL. |2 55 %A ¢
: ALl DT

<

LA A] PRINTED ON NO. 1000H CLEARPRINT




NO.

92093
CORNERS 1/64 x 45° | TITLE
or 1/64 R i FPLATTI\CA TULRL SLPPORY
FINISH i _ ~N\ LH¥vPC~
SURFACE TREATMENT MA“I’EHIAL DATE BY ; CHECKED APEROVED
SEE. AROUR W2\ 8 RY |2uel | 724
i HEAT TREATMENT SCALE REQ'D/ASS'Y | PART NO, DWG. NO. (REV.)
{ \ \ CrYdRa—-1 |A-0PA332 -~ |
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REVISIONS
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DATE | B8Y| CH,

4.3t

—_——— — =

-—[——. T

e

o

2200\
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~.0Q2

2.6\N0D.

MAT'L,

SRELRY CRS.TL

250 WALL

TOLERANCES
UNLESS NOTED

DO NOT SCALE

BING 2.00000. »«

CONCENTRICITY ALL DIAMETERS: TIR.003

ARPZIA

L8l Pl {

DECIMALS £ .005

FRACTIONS * 1/64

ANGLES % 1/2°

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIE(';O
LA JOLLA, CALIFORNIA
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REVISIONS
NO. DESCRIPTION DATE | 8Y| CH.[APA,
L BOBELY TV 053 | KRR/ Wiy
LY
~* 2os ‘5% ===
g 3008 )/‘ 10125
2 500 22— 1 P
Flo s 30° CHAMFER, D 32
N 36 '5’1-_
g A AN 7/‘ ~N O X X J’W/‘ BRIAK EDGE
| ' I f +963
3% oD, 3.01 DA
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i ~1457 03 P\Mﬁy‘ iz// y >3"0° ;
B ey S R N X BT o
\— 5-STUB ACME THDS/IN. STAMP BELOW suw&s;;.x ,
SEE DWG B-0O508-\ oP A3
DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR 003
b pisprio DEEP SEA DRILLING PROJECT
HEAT ‘ng_f:\"( 28-40R Gherslord Ao UNIVERSITY OF CALIFORNIA, SAN OIEG
YIELD 161 000"’?5\ % c::f,:ig:;i:%’ LA JOLLA, CALIFORNIA ' 27093
1ZOD 38 FT 8BS o 18R [ CATCHER SUR
FINISH W ”V\_HPC""‘
. T IR [ e [P o RE B0
RAZIUS S A s e RS irel:rijn‘{ ic.lallu. ﬁ(ﬂ'.lloms.s-r E‘:'?JANO?;-,'?G; s ‘-::“f':,"‘:f.’,'?_ _.--.i.v,i
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NO.

DESCRIPTION

DATE | BY| CH.| APR.

- %/ o N
3/ iz
{b \ | }
\( =
] REWE 7
\ ;
/8 DI\A NOLE
TOLERANCES :
UNLESS NOTED DEEP SEA DRILLING PROJECT
FRACTIONS + 1/64 SCRIPPS INSTITUTION OF OCEANOGRAPHY
DECIMALS + 005 UNIVERSITY OF CALIFORN!A, SAN DIEGO
ANGLES * 1/2° | LAJOLLA, CALIFORNIA Q2003
CORNERS 1/64 x 45° | TITLE
o [ SPRING , FLAPPEY CCATCHER
FINISH ] P D'~
SURFACE TRCATMENT MATEHIAL DRAWN BY pAﬁ CHECKED | APFROVED
B © -05 AR ~U \""""\ O8I S RV &
HEAT TREATMENT [PARTNO. SIZE DWG. Q:q REV.
I O >/ A~ 1210~ O
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3.0600. x.23WALL
Ya-20% b SC.(2
/ A x/g (3A

TAFER PANTO
SDO3IR

REVISIONS

NO. DESCRIPTION DATE | BY CH.]APR,
LU 8 wns 34, Yo wes e, TAFER. PN ADD. iS5 k]
2] 7 wasHa, V4R was WELD MRTL wAsSKELRRSECR/ (it T 1

1 Y4 DIA x4 ARBOR , Yox4S® CHAMFER
(FOR. MACHINING PURPOSES)

NP |

DRILL THRA # TAP
 FCR™ 632

TOLERANCES
UNLESS NOTED

FRACTIONS #1/64
DECIMALS £ 005

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES * 1/2° LA JOLLA, CALIFORNIA 92093
CORNERS 1/64 x 45° [ TITLE ] -
or /B4R FLAPPER ~ FLAPPER CORE CATUHER, 1
FnisH o7 ~ P IS~
SURFACE TREATMENT |MATERIAL DRAWN BY | DATE | CHECKED| APPRUVED
PARKO LUK | 4120 - 4135 L N
HEAT TREATMENT |PARTNO. . SIZE DWG, NO. I REV.
o P OP4\2-02 | B-124% - &

r
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REVISIONS
A NO. DESCRIPTION

» 50 /&Eﬁ‘s“'}_g 1 20wAs 4%, 4 S25whsd 205, Fouas
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N SIS, S AT i s s e
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Ve wAs .38 ADD V4 & -5 %| L Per | }

/\ /"VAP\A : i
4. ' \’/U \‘L‘SLO"I 2} WDE T

x .20 DEEP

Yoz x4 CHAME, TP

‘/ib R (TvP)

TOLERANCES
UNLESS NOTED DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
FRACTIONS £1/64
DECIMALS & .005 UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES *+ 1/2° LA JOLLA, CALIFORNIA 92092
CORNERS 164 x 45° | TITLE R e i lianin
[ o 1B4R 1 CYLNDER ~ FLAPPER, CORE INC 29
FinsH =R 1S~ 1
SURFACL TREATMENT|MATERIAL - DRAWN BY | DATE |CHECKED| APFROVLD
Layunts Lt LR LRY TURNG | Wil Ui
MEAT TREATMENT | PART NO. SIZE DWG. NOD, RSV,
5 —— oV 4113-2 | B-1E9] - b




REVISIONS
NO. DESCRIPTION ’ ' DATE | BY| CH.| APR.

: 3|RECRAWN S Y (3 2 [Nt
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DO NOT SCALE CONCENTﬁICIW ALL DIAMETERS: TIR.003
VOLERANCES DEEP SEA DRILLING PROJECT

UNLESS NOTED

FRACTIONS * 1/64
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SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES #+ 1720 | LA JOLLA, CALIFORNIA 62023
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S ——— 20300 1’2.;: /. i
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------ e — V| e JORTIDZO-3 | A-OlAl -3
O P Sl T U T T R e o R S
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M

NO. DESCRIPTION DATE | BY | CH.| APR,
1V REVISES(PRE: Pl A TR 0% LB
’ 2 ADD 30°CHAM., OD. WAS 27/g 2:6-81 [RK rwﬂt‘T_
3\ M was Viw, 2% was 2,ADD ¥a-1bTAD 2268 |77 ;,j
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2T 18EE Amove. fibw-8o| "R |27 | 27002
HEAT TREATMENT ECALE REQ'D/ASS'Y | PART NO, ‘im

AGE LARDEN (1o 1 | ONE. [6P4347 - (b [OPAMT - o
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NO. DESCRIPTION DATE | BY| CH.| APR.|
\ | REVISLL (PRE RELLALC) SET] S 7t 7
2 [ \O0 was .\90,.28\ /125,00/32 /%, 1.404 /38026 BI[RK Yt It
3 [3hwasd, B0 was \OO,ADD 1400 % 380 p253|% M{%
A [ B\Swas B0, 31 /.3lb was .2B12 507 AT BV R s Vi
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' Y4 B REE) 2 5&—@—&_3#& A
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Cone B I e -4 i O - S
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AND PARBAY, B-324 DO NOT SCALE CONCENTRICITY_ALL DIAMETERS: TIR.003
IOLAneNe DEEP SEA DRILLING PROJECT
,::‘::":? : :L SCRIPPS INSTITUTION OF OCEANOGRAPHY

DECIMALS + .005 UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES & 120 | LA JOLLA, CALIFORNIA 62093

CORNERS 1/64 x 45°

wrmh L USINGLE SHOT TOP PLUG
VLWPC

FINISH
SURFACE TREATMENT R:'gﬂo‘% M’Cﬂ l‘\“ ‘\t‘\i a\ .YR l< /cﬂl‘(?sb i f”:?!n
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S Y [V 0P A3 0 -4 [RAb43s0-
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ADD ¥a-18 NPT

B "oy whs 3Vpa - ; o8l RW 24 - REVISIONS s
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— MILL" He DN HOLE «3, 00| 2
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13-4 STUB ACMETHD
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RAKER, LOCK, \NPLACE. AT |
COMPLETION OF MACKINING

- KRR gp 3 PLES AT 1200

oPa :-Efl‘i'{'- q

Yas WIDE. x Y42 DP GROOVE. A\
ALIGNED W/ HEX BROACH POWST,
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P\PE PLUG (RAKERLOCHY MACKINE
: FLUSH IF REQ'D )
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10, 3| pwas .100,2.50wAs\ 15, ADDI400 X . 3B O [2:25-BI[&K i1 14t
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250 Al A 5| THD SEGMENTS AT 120°,"%.4D. was . 3806%0) 31381 RK [T 71
B PITCH - LR ' ! ' A—E'}/;;—" A A o] 3N [ 26 was 28\, TTA2 wat T4 ATTBY [ RE VT Vv Ed
TO FIT SPRING 5 125 —T] TN 4 Lo TS ' RS
—— e |, 31 - [}
/8 '/i%..ms‘ \ i 2 ..: ‘_/4
Al S r | -
m ' LA s PG - T
PR PRLTCR S | | RR6 B PR | SRS | W ENCCESAppe i S Sy e e
030D FHTI |V ' | _ VDA
o 1rT- rrimi (k. Sokos \/4-8 2 B TR0S
L 1LE l ; — BY | /qDP
AL/ s <y J i__‘ : (Tv)
HAM. . e
\ _ -.50 == o x45° CHAM.
—DRILL 72 D\A THRU, _ L1404 DIN®:883 /STA \ D&\@.‘q/a?.(.s"!&n\& Q% D?%#c |

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003 ~
TOLERANCES
o soner wenTUTION oFOceoonare
| HY
'::2,'.',2{’, :‘m UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES £ yz0 | LA JOLLA, CALIFORNIA 92093
CORNERS 1/84 x 45° | TITLE ;
or VAR SINGLE ‘BH%\' BATTOM PWIG
FinisH 7 ~VLWPC~ i
SURFACE TREATMENT llkl“réﬂc.% MQMEL u[t‘]‘z—%f 'YQK W ‘?V;}?l"\:zu
HEAT TREATMENT SCALE | REQ'D/ASS'Y | PART NO, NO. IREV.)
JAGE WRRDEN | L1 OP4344 -9 [E0Pa3eq -4
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NO.

DESCRIPTION DATE | BY| CH.

APR.

= "-:—z; oy 2
LRt *
NOTE "

- —ATTER WNGIA JLAT\ON TOP OF
T UPIUG. MAY  REQUIRE MACHINING
YO ANOID ANTERFERENCE WATH

P/l\) NO. OPARDO. B
TBRAKER LOC N PLACE. . =

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
TOLERANCES
UNLESS NOTED DEEP SEA DRILLING PROJECT

FRACTIONS * 1/64

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

DECIMALS +.005
ANGLES * 1/2° LA JOLLA, CALIFORNIA 92093
CORNERS 1/64 x 45° [ TITL
or 1/64R D\PE PLUG -SINGLE SHOT EQTTOM 1
Finisn U2 L PLUG ~ VL-HB ~
SURFACE TREATMENT | MATERIAL DATE BY CHECKED | APPROVED
—e———  INITRONC O I B RK ‘ﬁ” "Jz’ :r";.
HEAT TREATMENT SCALE REQ'D/ASS'Y | PART ND.-_’ DWG. NO. " IlREyl
— iR A \ OPATR™R INOPAZDIRD
e 181
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REVISIONS
NO. DESCRIPTION DATE | BY | CH.| APR.)
T[S wAs B 1 s LY whs 2% RN T RTY
2] -8 was & 282| W] Fely;

. v anld
- — 48 VN
1% |

R l /—MILL FLAT ¥ STAMP: OP 4361-2 — [ 95 CHAMRER
l / / é ot }3 A
~/ oD.
1/DIA 7/ / A 2 %
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=

FULL 1/4-8THD-2®& x\%; DP

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
TOLERANCES
UNLESS NOTED DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
FR * 1064
M‘g“‘i"._: +.006 . UNIVERSITY OF CALIFORNIA, SAN DIEGO
v

ANGLES : y/z¢ | LA JOLLA, CALIFORNIA

92093
CORNERS 1/84 x 45° [ TITLE

o VB4R NON- MAGNETIC SINKER. BAR
NOTE. i FINISH r QRITMTED VLR PO~
COLD DRAMWN AGE HARDENED SURFACE TREATMENT | WATERIAL

DATE BY CHECKED ED
KESOMONEL [2:4-81 | "Ry, | 779" |72 |
HEAT TREATMENT SCALE REQ'D/ASS'Y | PART NO.

3 DWG NO, (REV.)
SEE NOTE V4| 2 |oraxsy -2 IR-OPA3SI
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NO.

DESCRIPTION

DATE | BY | CH.| APR,

r LW, Y g

'_ _ /a' =13 x 3/4 SOCKET SEY. SCREW. T

— i — St Bt

USED ON TOP..%UB CAP SOPAROS |
T QUICK RELTASE SIEEVESCPARDA_

DO NOT SCALE

¥

- —— s e

b e — i — i O 4 otk

CONCENTRICITY ALL DIAMETERS.! TIR.003

. FEA‘:U%&*&% NYLO L, CUP- PO\\Q;TL“:f“
""T““"'F\M\%\_—\ = R, DLME e

v <

c———— . - -

TOLERANCES
UNLESS NOTED

FRACTIONS * 1/64
DECIMALS £ .005
ANGLES # 1;20
CORNERS 1/64 x 45°

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UMIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA 92093

172713 03/ SO SET SCREW-TOP SUE P

or 1/64 R
125
FINISH N i ~ VLRRE - 2
SURFACE TREATMENT MATERIAL DATE BY plECI@ED ADPROVED

CAR. PLAYE

ALLOY ST,

HEAT TRCATMENT
e ——

SCALE
¥ .:...("_‘."__},..

e R e N e

REU' [/ AS

\

e Ale

LR TS S LR

Sy

A-Ve-8\| RN | 724f |75

- ——

pJ\HI f\’! D'WG. NO. (HEV.} 5

P42 |[NOPAT2 -0

LI 8 Ay LT o
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REVISIONS
NO. DESCRIPTION DATE 'fw CH. APFI;J
\ | RE-DRAAIN 358\ K\(\AZ,{;{,F}QA’:_‘; '
| *%a was Vg O o 23498 | Ry L el |
3[ADDED 4%° CHAMFER 1.24-%1| RKZL

Va2 x 45° CW. -

i

r

" Y620« ¥y SOC.SET SC.

- SR
/A Ve
A . i

(QUP POINT)

A\

"CHAMFER, Y x 45"

; BAKERALOC \J / QUL\_\NG
OO CXLINDER. OT 200

]

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
TOLERANCES
UNLESS NOTED DEEP SEA DRILLING PROJECT

FRACTIONS * 1/64
DECIMALS *.005
ANGLES * q/2°

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA

92093

CORNERS 1/64 x 45°

TITLE

or 1/64R ALIGNMENT SCREAN-OVERSHOT 7\,
FINISH 7 ; ~\L AR~
SURFACE TREATMENT | MATERIAL DATE B CHECKED | APPROVED |
| PLLOY SUEEL |35 [T | 25 | 20
HEAT TREATMENT SCALE REQ'D/ASS'Y | PART NO. DWG, ;JU. - II‘fEV.}
TV OND [ 0OP4R0-3 [AQP430L -3 }
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REVISIONS
NO. DESCRIPTION DATE | BY| CH.| APR,
“Y-\\x Y SOCK SET SCREMW |
T MATLL——ALLOY STEEL ey
o _ FEASURESI—NYLOC,CUP PO\MT
T FINISH —— CAD, PLATE e
~_ USED ON'! QUTER SWIVEL HODBY OP 43T
DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
el DEEP SEA DRILLING PROJECT
FRACTIONS * 1/64 . SCRIPPS INSTITUTION OF OCEANOGRAPHY
DECIALS, £:006 UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES * 1/2° LA JOLLA, CALIFORNIA 92093
CORNERS 1/64 x 45° | T)TLE
or 1/64R Yo-\3 x4 SOC SET SCREW-OUTER
Fnist 7 [ SWIWEL BODY ~ VIRnePC~
SURFACE TREATMENT | MATERIAL DATE BY CHEC!\fU A_EPRO E[;—
CAD.PLATE. |ALLOY st 468l |- R A% [Z5™ |
HEAT TREATMENT SCALE REQ'D/ASS'Y | PART NO. WG, NO, IHETJ’T
o— |=o-| \ | OP43¢a-0|0PaA36] -0 |
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REVISIONS
NO. DESCRIPTION DATE | BY j CH.| APR,

1 T193 wrs A5 11282 W"izf/ %\
2 Nag NYLQC SC. ADD, ¥, BROACH,; LOCK PATCH V24 B3| I e ,i.l_" !

\.

£

/Es“ \e SOC. SEY SCREN &
T(AL BROROW DEPTH. )

- FUSED NYLON
LOCK PACICWR

DO NOT SCALE COMCENTRICITY ALL DIAMETERS: TIR.003
NCE .
by it DEEP SEA DRILLING PROJECT
FRACTIONS * 1/64 SCRIPPS INSTITUTION OF CCEANOGRAPHY
DECIMALS + 005 UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES + 1/2° | LAJOLLA, CALIFGRNIA 92003

CORNERS 1/64 x 45° | TITLE

or 1/64 R TUPPERL LINER, SEAL SUD RETAMTR,

FINISH : SCPINS -~ VLWRC
SURFACE TREATMENT | MATERIAL DATE - BY CHECKED | APFROVED
- Mo ser Sz | R I |
HEAT TREATMENT SCALE | HEQ'D/ASS'Y | PART NO. DWG '?»U . “MEFJ""GT.
ENV ON (.J"“{ \~2 A~ (.‘i"-J LIAR
186 B R N
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REVISIONS

NO. DESCRIPTION DATE | BY| CH.| APR.
T Y \bx ¥y SOCK SET SCREW T
TMATL, . ALLOY STEEL

© FERTURES. NYLOC ,CUP POINT

~ o CFINDWL

USED ONI(VLHPC)BYPASS SUB OPAB0T

_CAD. PLCE

A DM SHAFT L\WNK ORAD20

©OINNER SEAL SUR _OP 4323

T LOWER OUTER BODY 0P 4328
- 3.0m SHAFT L\NK QP 43%4

LOWER SHAFT

OPA3SS

OUTER BODY SEAL OPAXR 2

- SWWEL RETAWNER, QP AR LG

_SINGLE. SHOT PRESS, CASE. OP434T

DO NOT SCALE

CONCENTRICITY ALL DIAMETERS! TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS * 1/64
CECIMALS *.005

DEEP SEA DRILLING PROJECT
SCRIFPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA

ANGLES * q/2° 92093
CGHNERS 1/64 x 45° | TITLE 3,

or VBAR [ 3.\ x 72 S0C SRV RLREMW - i
FiNISH [ e \—‘ FC & VLM PO~

SURFACL TREATMENT | MATERIAL ) 1!\*& BY 3 1 CHE;C?ED APPH"O ED &

CAL.PLANE [NLOY 57, b8l | RV |79 | 1

HCEAT TREATMENT SCALE REDL/ASS'Y Ff} T NO, o DWC NO, F (REV.) & '

—o——— | e— | o [OV4185-0 | A-1124- CJ .-

> T R R e L L TR

A
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8.0

(30 —— 30 —

2021l

- IIIE
([ 77

A%

=

4R

!

28

60O

STAMP
OP A\qQ2—=¢
Nt ]

4

y

Y

A
%ROD \9'17‘ \—%PLATE s T

NOTE:
BREAK ALL SHARP EDGES
RADIUS ALL INSIDE CORNERS

TOLERANCES
UNLESS OTHERWISE SPECIFIED

:XXU::LOI ]
XXX=x.001

ANGLES%30"

FINISH. PARKOLLBRITL

MATL,
COLD ROLLED STEEL

UNW. OF CAQT

DEEP SEADRILLING PROJ.

DRAWN wR'-:'

REVISED

scALE, HP\\_-'F APPROVED BY: N
e \.21- 15 Zrl
1 LANG OFF PLATE - WPC -Is

PART Mo . OP4/92

DRAWING NUMEER

B-042:0d

PTEFY  AETETED 00 . 1SN CLAANTRT

(wWAs 25-0537-00)




£y
\

— DRWL /L aDINTHRL. () .

Yo w Vo GROONE,, oo

SLRIBE T IO UNES $7 .=

STAMP No's. AS SHOWN

SLOT ¥ BRAZE

FHLONG x 4+ FDOA

REVIIIUND

DESCRIPTION

[ oave [ v] ch.JarR)

Yo xYap GROONE. . "~

TOLERANCES

UNLESS NOTED
FRACTIONS &0/
DECIMALS £ 005
ANGLES T V2®

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGD

LA JOLLA, CALIFORNIA

CORANLAS 1/84 » 45"

TLE
SIGHTING BAR, FOR BASE LINE

- ln
PN L ORVENMTATION ~ YLWRC
SURFACE TRCATMINT| WATCRAL, onanN Bv] 6ATE Tenter (o nrmaym
S BRASS R RV
WLAT THEATMENT | FANT MO, su] 7
- —— | OvdR2s oiP4330 Jc;

R earrn s e e e



061

/DR\LL*‘\e. CILADIAY
THRU (4 PLCS) =

Loy

. L
| |

“RAAZE (SIDES O

—BRAZE (SIDES ONY)Y
—DRILL "4 DIATHRU (2)

. ",. : | E
R
R

4D\ x Y PN
(RS SHOWN) -

YN

REVISIONS

[Fo]

DESCRIPTION | oaTe [ oy ]| ch.| arn,

]

4-20xY, BOX
A WATHER 3.5,

TOLERANCES

UNLESS NOTED

FRACTIONS 1 VB4
DECIMALY 1 D0%

DEEP SEA DRILLING PROJECT
BCAIPFS INSTITUTION OF OCEANDGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES ¢ 17z% | LA JOLLA, CALIFORNIA 92093
CONNERS 1784 x 45* [ TITLE

= LUBAR

Firasn 7

TELESIOPS FRAME. F/BASE LINE
ORIFLITATION ~ VLUHFC~

SURFACE TREATMINT | MATERIAL

AAWN BY | UATE [Cril CRED)] mm‘\rw

BN T v, el |

HEAT THEATMINT FART MO 527k DwiG O MLV,
e Mz A ¢c-Ovasz- |Q

TR RaaTis B e e Sk AT



6T

— DRILL™T (201 DIAY.

=Ys, « /2 GROOVE

'r====

THRU & TAP %-20 (2) 7

ETES

REVISIONS

FRACTIONS £ 1/64
DECIMALS 1 .006

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

NO. DESCAIPTION | DATE | BY| CH.| APR]
. 18 ;
Yeo x i GROOVE. (TXP)
2\
: ha o
0
1¥30R

TOLERANCES DEEP SEA DRILLING PROJECT

ANGLES 2 1/2¢ | LA JOLLA, CALIFORNIA 92093
CORNERS 1/64 x 45° [ TITLE
or VB4R SIGHTING BAR REDUCER|
FINISH " ~NURPRC~
SURFACE TREATMENT| MATERIAL DAAWN BY [ DATE [CHECKED] APPROYED
——o——  [BRASY o ALUM | RIC PoHWIL | il
HEAT TREATMENT | PART NO. SIZE DWG. NO. REV.
e QP 4322 B-OP4332 -




REVISIONS
NO. DESCRIPTION DATE | BY| CH.| APR,
/ ; w
2
/4.
" N 2
} N '
I
|
- = A .
3, Y
A : |
| I X
* i i «\— B x4AR° CTYP)Y
‘ 1] L
/4 ik
* .
DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003
TOLERANCES .
UNLESS NOTED DEEP SEA DRILLING PROJECT
FHAGTIONS, S5k SCRIPPS INSTITUTION OF OCEANOGRAPHY
DECIMALS +.005 UNIVERSITY OF CALIFORNIA, SAN DIEGO *
ANGLES *+ 1720 | LAJOLLA, CALIFORNIA 92093
CORNERS 1/64 x 45° | TITLE h
or VB4R ORIELITATION HOLD DowN 1
FINISH i SITRAP -~ VLHPC~ 3
SURFACE TREATMENT | MATERIAL DATE 8Y CHECKFD A?Pﬁox_‘t’ﬂ
- —— _[NPRMAODORGE s RIK |74 7 7
HEAT TREATMENT ";C:ALL‘ REG’ DIAS\‘( PART NO. DWG. NO. {HEV“T‘
sl L84 orvnza  [KOPA3Z4-O |
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REVISIONS

NO.

DESCRIPTION

DATE | BY

I [ 27wrs 1O OLTIS\RE .

A-ippl] RK

“_"‘.2'374

2D\~

b | |

NN A\ | |

\ \ \ AN

2

N N | s

\ M
L \

! \— V] /¢,4 DIA HOLWE
_ 2-% OIA TRRLY
3 /4D\A
DO NOT SCALE CONCENTH!CITY'ALL DIAMETERS: TIR.003 E
e DEEP SEA DRILLING PROJECT

FRACTIONS * 1/64
DECIMALS *.005

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES + 1/20 | LA JOLLA, CALIFORNIA 92093

CORNERS 1/64 x 45° | TITLE N |
or 1/64 R i DRALL J\G -~ CORE LINER 1
FINISH _ ~ VYLWPC ~ V
SURFACE TREATMENT | MATERIAL ) DATE BY’_‘_ . CHL? ED AF‘DI}O\J FD ‘f
PRRYOWLB. | 4140 cxo [+ 1-%1 | e, |75 | DP9 1

HEAT TREATMENT SCALE REGQ'D/ASS'Y FJ'\R:r NO C. NO ?_ ‘T
238-42 Re [V 1 |CP4383-) K 389 -1 1




%61

T

)
. 7
3/ 3 oy
g
I .
. PR '

220 DN

_L—
[

I VAN l\ AN AN ORI

| 1288 |y00

: Z'EOE ZI‘IZ'(S‘:m 3}&
TN ‘ ok

_____ S

§ B,

““‘mm TREAT BEFORE MACHIMING
H“wp 2Pes AT \80°

"FOR SLIP FIT W/ SLEEVE (P OPASIL
ASDUWVER SOLDER, > SOQ°F)

SHARP EDGES,

N rrt———— )
. ¥4
+ VoA —— a-o_—.
t,-o

"RADIUS ALL SHARP CORMERYS AND

/|

AANMN BN AN

GRWID
. FLUSH
) a
Ax A5 CHAMN.
nt:;*jﬁ DEEP SEA DRILLING PROJECT

FRACTIONS # 1784
OECIMALE ¢ 004
Andies 2 3*
CORNLRS 1784 & 46*
- UMK

it U

LA JOLLA, CALIFOANIA

BERIPPS INSTITUTION OF DCEANDGA AFHY
UNIVERSITY OF CALIFORNIA, SAN DILGD
=

TitLE

QUK ‘\‘E:Lt}\‘:&_ NOSE GUARD

IA\,' tnhnﬂEﬂ "1{:&6 G-‘V'F\__

nui TREATMEN]

FART KO

Qrazan

SIZE D w

‘nu.
B-OPA32T - | O

Rl T

AR P b A




REVISIONS

NO. DESCRIPTION DATE | BY | CH.| APR.

11 Yo wAS | R Si2-8\ [RK s fizes-
1))

A AR
PRI

V770

& R TR : §
/@
\I

N

' I | =] CTY

/ MEDIWM KNVR\ B

!

NZa\N
&

LY

DO NOT SCALE

CONCENTRICITY ALL DIAMETERS: TIR.003

 “SCRIBE OPA3BA-(
e

|

' |
e OIA |
|

TOLERANCES
UNLESS NOTED

FRACTIONS * 1/64
DECIMALS *.005

DEEP SEA DRILLING PROJECT :
SCRIPPS INSTITUTION OF OCEANOGRAPHY !

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA

ANGLES = 1/2° ) 92093
CORNERS 1/64 x 45° | TITLE ,
or: V/GAR L ASSY BAR. TOR SWIVEL ASSEMBLY
FINISH - AVLHPO~ i
SURFACE TREATMENT | MATERIAL DATE BY CHECKED | APPROVED i
PARKOLLRE.  |CRCETERL 4431 RIC |77 |7 e
HEAT TREATMENT SCALE REQ'D/ASS'Y | PART NO. DWG., NO, . (AREV.)
Vi \ OPA3R4 -\ INOP4RR4- |
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0P 34623 o

QP 3620
' i '
.| ammidNEme e g

T
s

{:3 o0 Todmmamces
. B - 5 BOY

' 3 Bactiens - ¢ 133
WSy AN - g 3y

e 8% : REVISIONS -
, # NO, DESCARIPTION DATE | BY| CH.| APR |
n 1 [1 ] UP DATED PER DETAWL REV. 4208:| RS
!@E,ﬁ: 2 |UPTATED PER DETAIL REV 8390/ DR | Pad oo
: I : U . |‘: . ] 3| UF DAIED PER DETAIL REV 681 R {7 | 55
I | i 1
/1_\ I_.!_- | v ‘| 'J'I. |
= o ¥ i I : - i S
G- b 16 heop- v
¢ & | (e 1 o
| ' S S WS | '
¢ HINGE PIN
. OP 301
WASTER T LOTTER PIN
CLAMP oty '®’ BODY A’
" op 3611 OF 3\t
~ /4 _ROLLPIN §
7 QP 3622 .
S Y_fg THAW DRILL TYR
HE B
byl t
-] I - 55
B I ‘
| )
|
INSERT PLUG OP 3621
LATCH BOLT
OP 3612 *
%11 NUT # 110 OD, FLAT WASHER
A
Yom18 % | FLLHD. SOC. SC. A R

UNIN. OF CALUIF,
DEEP SEADRILUNG FROY.

e TOLL
N

AmPECYED BT
2

I--w-- Vs

ASEEMBLY - INNER BRL LIFTING CLAMP

BAA (e R

PART ND OP 24L15-3 FOP2615-3

VR ERETEE B e e E AR

oF 262l - ©oP 3613

5



N T T

s T T

REVISIONS
NO, DESCRIPTION DATE | BY| CH.| APR,

147 OD. \$\

77 1]

\.o32\0. \
| | )\5" S e \—'}’32?\____‘-

NOTEs ™.
BREAK ALl SHARP EDGES ' r
RACIUS ALL INSIDE CORNERS

DO NOT SCALE CONCENTRICITY ALL DIAMETERS. TIR.003
YOLERANCES _
B iizce RolED DEEP SEA DRILLING PROJECT
FRACTIONS *+ 1/64 SCRIAPPS If\ISTIT_UfIOl'\l OF CCEANQGRAPHY
DECIMALS = 005 UNIVERSITY OF CALIFORNIA, SAN DIEGO
ANGLES + 120 | LAJOLLA, CALIFORNIA 92093 ¢

CORNERS 1/64 x 457

or 1/64R 5*“/:\\ WRNSTALLESIOR TOOL - PREDS. CASE

FINISH "‘\)L\\Y’C ~
SUIFAGE TREATMENT | MATERIAL DATE “y enceren | perio ek
e sy BEASSD 15198 RIC .’? ‘ 7 .'.‘L;?’/. i
__‘-llf_f\T THEATMENT . SCALE HEDIASS'YY | PARY T‘\".:— n \I\l o, -h*“‘r"f“\‘r ri
‘ o 1) | —e— |ORASOS  NOPAZ0g- )}
A S L LT SRR R FUTE SR AL TR e T LR . L AR S R A P -l " LN 1 SN S RTINS S TR i R s anntia ket L SR DI T R h
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TG AL
CutT CFR

gt —

SECTION A-A

FAD.CORE BT S/ MSDS-5-32
MS5D5S-5-33
MH5DS-5-34

_\USED ON ! ECE | HPC, VL-HPC

LA L T

ALarmmLY
REN=-PE - 4
¥ T

] ! D|o-e%a
R Ty,




WIRELINE JARS

REVISIONS
NO.| DESCRIPTION | DATE | BY| CH.| APR]
SAND UNE P
SINGLE SROT ) SIGHTING TARGET
ROPE SOCKEY S‘ﬁa&_\% P;\%\ BASE LINT /— BASE \\NE
E’% 7]
STD, SINKER BAR =5 9 (ToP View)
fTOP PLLG ‘ @
= [ T = —.
\— SID. SINKER BAR smc,\.v_ SHOT NON-MAG.
SINKER BAR
S\MC-»\.E SHOT PRESS BOTTOM PG ,

OVER SHOT

OQUTER BODY LINKS

SHEAR Pin ORIENTATION
HOLES

% LOWER OUTER BODY

oo

o

=Ly

7~ EW;F_ LINE ¥ LINER LOCKING PORY
(TOP VB W/ TELESCOPE REMOVED)

/XHJNER BARREL LINKS

|

>

QUTER SEAL SUB l

TOP SUB SEALS
TOP 3B QUICK DISCONNECT
WIVEL ASSEMBLY ARV

W/ SWIVEL LOCK, SC. (3)

UPPER LINER SEAL SUB

I A \

LOWER LINER
DEAL SUD
CAXCHER SUB

UPPER, SPACER
BYPASS SUB

SHEAR PIN ASTYRE

FOVER SHOT GUIDE. BOLT (N

PULLING NECK ORIENTING
S\OT.

*FHUOTICE: UNE UP LOCAT-
NG HOLE IN BY-PASS SUR

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY
AL+ ool UNIVERSITY OF CALIFORNIA, SAN DIEGO

ANGLES t 'ﬂ‘ LAJOLLA. CALIFORNIA

CORNERS 1/64 x 45° [ T

o ean . [CORE ORIENTATION BASE LINL
FINISH ADJIUSTMENT ~ VWM PO ~

TOLERANCES
UNLESS NOTED

FRACTIONS £ 1/64

W/ LOCATING HOLE \N B0ODY;
-QLTER BODY CAP.PRIOR

QUTER BODY VEWT

APPROYED
H]

REV.

SURFACE TREATMENT|MATERIAL DRAWN BY | DATE |CHECEED
3 (el 2 b 7

TO INSTALLING SHEAR PINS

661

SIZE DWG. NO.

-OPA333

2-0D 003

PART NO.

OP4333

was o 00326

HEAT TREATMENT
e i




. - . ‘. - .- . . o { M dot 3 ; ¥ '_'. j !A’ i ‘W-—-." o — R R RN = z -~ --..1 - - -
B - — i * X R { - s = _ .
) — e ‘ -OPARLL : ; - —oRaN0;. . cpansy oP43s] [ - v : : :
. JOP43IZ 5 ; OP4A™24,4325 432 (e j4 |58 : ; P‘rgvb . LA R A D ey : . . s '
o s 43 e M L . : : : = ———
: - ———— e -~ . . 5 3 P v . "Wt
INSERT 3.0m SPACER (OP43S3) — _ /OPAI4T - ~DPAZS3/2210 S ok e P L. o v IPPAIE & SR VIO S GRS e 76 Gy v Sl
V4 A -~OP4IAT 7 “ Y 5. OP 437 ~a P s
AORDMIT, COMPLETLY JNLCOMPUBNCE 2, R T - —— ’ ey 4 AN S 8 S e Sl e —
Ao S = ; i = N Q % N - o, g . ’/ 4 \\ VTN\T\ - Mo RE D 4 REVISIONS
LT ASSEMELY MANULAL » ~ A S s S \ i : Q N X = {6\/\'«’\/\1% 6'\/‘ . \\\ \ \ »// g et // /J ‘ Uy DESCRIPTION DATE | BY] Cn [ APK = i e LISTOF MATERIALS LIST OF MATERIALS
i : . : . R & \\\\ \\\\, . : ot NG 1\ ; \ y/ // // > { » : | JUPDARED SEAL SLEEVE 2N8d &} 7 | NnO PART NO SIZE-DWG NO DESCRIPTION 2 TNa]  earTNO SIZE-DWG NO. DESCRIPTION ~no | firem
N - - =N St 3 z - AN ' -{—— S /7;; N g P i ‘ R e O | D RY | |OP4a302 [ A SOC SEX SC V2-3x /4 | oFa3 LA 5 ST e b s i ] st REGD
. g — — + — = o k i ,
s - / oy ' B et < i g, S o~ X ., AN Aagg—Ry - e ' 554l 1,0P4390, 4391,4392 // 21 <, L < -~ /h OP4203 | A POLVPAK, \8102 35S : ettt g ;”8 Wox Y, SEX SC 3
e 7 (7 Enrinnannns ] . N - S % ol : . < > vt . =~ : ST R e -~ CPAZON B OP SLUB ROD > TRTON REIO LINK, 4 f5en l orAnz | B FLAPPE
> i , - PR < g o RN —t - S i 4 4 5 H 8L 1 e e // 1} oP4a30Y | R TP Sun Ci’EY | OoP4316 | B CAICHE RC SO, \ oL 4a\y |w ‘ c‘; \MDrF; COPR. CNTRIRR, b
" - RS S s —— _ = - * e ) orPA3R ) , L o \
\ ‘ il S 2 ' L i St e St % ' wm B o8 [or hane A Sl Iy RN, i \ pazse | A | PASTiC Togs oot | |
AN K B . v Syt : : : ~vS £ DR 1A SLETVE \ oPAR23Y | A LOCK PIN - P\ OPAMEY - § s O-RING * 2-232 2
' : < 0 OP4rIR a SOTE R, BODY VENT : N - PISTON | ora\4R |- O-RANG ™
B 2 | X ; z , N et : Crana = e i e\ \ OPA340 | A MALL V-PACKING ADAPTER \ oP NG T 2-3206, NTRW -70DLRY 4
— 3 2o A \ y PAIW - SHATFT CONNECTOR . Ovasss - I e T As0 B INNER SEAL SUB )
o—e - : b gpq 35_? 2 é“kVT LN &.5m 2\-0 orazaz | A V- SPACER_ . 2‘ 853\\;"«; B INNER. SEAL RETANNER. {
i - =N
‘ ] oP4 \ OP4ARAR 5 SEAL RANG™ 21201250 VP Bosi V-PACKING (MOLy 2.2 & 2_2%, 1=
' 324 A MALE ADARTLR, \ OP A\BS | A-124 ADAPTER, V- 2
. : . 3 % | OPARA4 . | A MALE ADAPTE ke ACRING (M 356271 2
- | . ) oPaz2s | A FEMALE ADASTER R \ OF 4\5¢ | A-1264 i
\ - ¢ : : oPaRZ L A N ERALER \ oP4ATS | A FE MALE 4 | OP 4\&N 126 i 5 (MALT )
\ NN B : ) i opazzs |B LOWER OUTER. BODY : i A o V-SPACER., M/F 2 M Mo S PINCRRCTICNTY 2%, IO
< e i : - C ’ —_— " L (_ - P Wy 2
S e : - 4 < : ’ A o o S N L > A5 v = orpazza |1% BYPASS SUR \ OP A\LC |C-0%21 | OUTER SEAL v’ !
— oz C =N < : , : Y244 » 5 Opa33s 1B PISTON ROD LINK, 2m 2 el b O-RING = 2-221 (NITRI_-10 Tur) |
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