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THE COVER ILLUSTRATION

The Extended Core Barrel is shown protruding from a roller-cone core bit at the bottom
of the drill string. The drag-type extended Cutting Shoe will core ahead of the bit to
capture relatively undisturbed soft sediments. Stiffèr formations will force the Shoe to
retract flush with the bit.
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INTRODUCTION

DEEP SEA DRILLING PROJECT

The Deep Sea Drilling Project (DSDP) began coring in August, 1968, under the auspices
of the National Science Foundation^ (NSF) Ocean Sediment Coring Program to
increase man's knowledge of the earth's development through the exploration of the
ocean floor. The prime contract for the Project was executed in 1966 between NSF and
the Board of Regents of the University of California (UC). Scripps Institution of
Oceanography in La Jolla, California, which is part of the UC system, is responsible for
the management and operation of the Project. Global Marine, Inc. (GMI) of Los
Angeles, owner, designer, and builder of the GLOMAR CHALLENGER, subcontracted
with Scripps to provide the drilling vessel for the drilling and coring program.

To plan the scientific objectives of the program, major oceanographic institutions in the
United States (including Woods Hole Oceanographic Institution, Lamont-Doherty Geo-
logical Observatory of Columbia University, Rosenstiel School of Marine Sciences of the
University of Miami, the University of Washington and Scripps), joined in an agreement
to mutually support such a program of deep ocean drilling. This association is called
the Joint Oceanographic Institutions for Deep Earth Sampling (JOIDES) and provides
scientific guidance for the Deep Sea Drilling Project. The group was later enlarged to
include nine American institutions.

INTERNATIONAL PHASE OF OCEAN DRILLING

Prompted by the vast scientific and technical successes of the first seven years, the Pro-
ject increased the scope of the coring program to include even deeper penetrations into
the ocean floor. International interest in the Project increased. 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 contri-
bute financially to the Projection 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 Porgram 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 recog-
nized as a major technical achievement in its own right. The 10,500 metric ton drill
ship utilized an advanced on board computer and dual bow and stern thrusters to
dynamically position itself. The CHALLENGER operated as far north as 76 degrees
latitude; as far south as 77 degrees latitude and has the capability to maintain its sta-
tion in 30-knot winds and 7-10 foot seas. Similar to conventional drillships, the vessel
incorporated a 43-meter derrick amidship with a hookload capacity of 450 metric tons
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and could deploy a 7000 m drill string. The CHALLENGER utilized an automatic pipe
racker capable of handling 7,300 meters of 5-inch S-135 drill pipe, and was equipped
with a drill pipe heave compensation system.
Most coring operations were conducted in very deep water and all sites were carefully
screened to ensure that there was no possibility of encountering gas or hydrocarbons.
For these reasons no riser or blow-out prevention equipment was used. Circulation
while coring was provided by two National 1600 mud pumps and consisted of seawater
without return circulation. Core barrels were retrieved by wireline utilizing a coring
winch equipped with up to 7900 m of 6 x 16 wire rope. Well equipped shipboard scien-
tific laboratories were utilized to conduct comprehensive core analyses.

ABSTRACT/TECHNICAL REPORT NO. 20

This Deep Sea Drilling Technical Report discusses the design, development and opera-
tion of the DSDP Extended Core Barrel (XCB). Test reports are included in the
Appendices along with detailed machine drawings of the most current version.
The XCB was successfully operated by DSDP on the Glomar Challenger during Legs
90-96. It is one part of a totally new coring system that can take deep ocean cores from
the soft mudline to basalt basement. It has been developed to core the sediment inter-
val below the depth limit (sediment stiffness limit) of the Advanced Piston Corer and
into basalt basement without tripping the drill string.
The XCB concept is not new and was used successfully on Legs 18 and 30 of DSDP,
when a commercial model produced by Christensen Diamond Products was adapted for
use with the DSDP wireline coring system. Initially it was intended as a specialized tool
to improve core recovery in alternately hard and soft interbedded strata. The emer-
gence of the hydraulic piston coring technology stimulated new interest in the XCB. It
was redesigned to be an integral component of a dual - barrel system which may
obsolete the standard rotary core barrel.

The XCB can extend up to 7 inches below the Core Bit, or retract flush with the Bit.
The extension is maintained by a spring force of up to 2000 lbs. The retractibility
prevents overload damage to the tool. Other features include a non-rotating core liner
and a secondary circulation system which diverts some of the drill string circulating
water to the extended Cutting Shoe.
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I. BACKGROUND

A. Standard Coring System

The Deep Sea Drilling Project (DSDP) adopted a non-rotating wireline core barrel sys-
tem developed by the Hycalog Company. It proved to be an excellent tool and it
remained, with few changes, the standard DSDP coring system for the past 15 years. A
schematic of the system is shown in Fig. 1. The core barrel is about 10 m. long and
accepts a 9.5 m long x 6.3 cm. (2.5") diameter core in a section lined with a removable
butyrate core liner.

In operation the core barrel is landed on a support bearing at the bottom of the drill
string so that the bottom of the barrel is positioned just above the core guide in the core
bit. The support bearing and the swivel (located below the latch at the upper end of
the core barrel) allow the barrel to remain non-rotating as the drill string and bit are
rotated and lowered to cut the core and force it into the barrel. During the coring
operation salt water* is normally circulated down the drill pipe, around the core barrel,
and out through four bit jets and the restricted annulus between the core barrel and the
throat of the bit. A bit seal was devised to minimize the flow through the bit throat to
protect the core from unnecessary erosion.

B. Coring Problems

Proper circulation flow was essential to good core recovery. Too little flow would cause
the core to hard-pack in the core catcher and inhibit further recovery. Too much flow
might excessively erode the sediment cores or wash them away entirely. In the large
scale dynamics of the drill string/drill hole system, an adequate circulation was needed
to maintain an acceptable penetration rate and to clear away cuttings lest the bit
become stuck in the hole. Drilling techniques for various lithologies were developed
through trial and error. But it was not uncommon to have to compromise with circula-
tion and accept a less-than-optimal core recovery in order to maintain the hole.

One type of lithology which was especially frustrating to core was alternating hard and
soft interbeds. The high circulation rate (and weight) necessary to penetrate a hard
sedimentary layer would blast away the underlying soft layer once the bit punched
through, so that only the hard layers were recovered.

The tungsten carbide toothed roller cone core bit was an excellent tool for coring stiff
and indurated sediments and basalt. But the relatively unconsolidated sediments

"Drilling muds are occasionally circulated depending upon hole conditions.
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generally suffered excessive disturbance from the grinding, crushing action of the roller
cones.

C. Benefits of an Extended Core Barrel

It was believed that the quality and quantity of core recovery could be increased in cer-
tain types of sediment if the core barrel were allowed to protrude several inches through
the core bit. It could then capture soft or water-sensitive sediments before they come
within range of the powerful bit jets. It would permit generally higher circulation rates
in all types of sediment to increase penetration rates. In addition, the drag bit action of
the extended bit ahead of the roller bit should produce less core disturbance in the
softer materials.

Perhaps the most important requisition for a through-the-bit extended core barrel owed
to the debut of the Hydraulic Piston Corer (HPC) in January 1979. The HPC began a
new era in sub ocean sediment studies. It was able to take virtually undisturbed cores
through relatively unconsolidated sediments (generally characteristic of the upper 100m
- 200m of ocean floor) by hydraulically injecting a core barrel through the bit and 15'
(later expanded to up to 30') into the sediment. The HPC and its successors, the Vari-
able Length Hydraulic Piston Corer (VLHPC) and the Advanced Piston Corer (APC),
became an integral part of the coring program; in many instances early drill sites were
re-occupied years later in order to obtain less disturbed lithologies of the upper sections
previously unattainable. Since it worked through the bit, the 3.5" barrel O.D. required
the use of a special core bit with a 3 5/8" I.D. gage. It was thus incompatable with the
rotary coring system, and the drill string had to be tripped to change the bit if it was
desired to penetrate beyond HPC capability. An extended core barrel was a natural
choice to follow the HPC and continue the hole into indurated sediments and basement.
Tripping the drill pipe would not be required since a common bottom hole assembly and
bit could be used by both systems.
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II. DESIGN AND DEVELOPMENT

A. Early Prototypes

An extended core barrel produced by Christensen Diamond Products , Inc. was part of
the original core barrel system purchased for the D/V Glomar Challenger and not util-
ized previously. An external compression spring operated over a splined telescoping
shaft to force the tool into full extension through the bit. It was capable of retracting
back into the core bit when sediment resistance overcame the spring force to protect the
tool from overload damage.

In June 1971 the Christensen spring/scoping section was mated to a standard DSDP
core barrel to create the first Extended Core Barrel (XCB) to be used aboard the
Glomar Challenger. At the upper end of the barrel a Double Fingered Latch (Fig. 2)
served the dual purpose of latching down the tool and transmitting torque from the drill
string. The lower end of the XCB terminated in a Cutting Shoe with tungsten carbide
coated serrations on the cutting edge. A special roller cone bit was fabricated with an
inner gage hole of 3 5/8" to allow the 3 1/2" O.D. Cutting Shoe to protrude 4" through
the bit.

The XCB was used to core two sites during DSDP Leg 18 with moderate success. It
was not used again until Leg 30, two years later. One reason for the hiatus was the
disadvantage, of having to commit an entire hole to an unproven tool, since the larger-
gage XCB core bit was not compatible with the standard core barrel. For Leg 30 a
small diameter Cutting Shoe was devised which permitted the XCB to be used with a
standard bit so that both standard, non-rotary barrels and XCB barrels could be alter-
nated if desired. The resulting core size was 1 3/4 dia. instead of the standard 2 1/2".
Table 1 presents a partial coring record for Site 289. The formation consisted of soft
clay sand oozes. The XCB consistently recovered more than adjacent standard cores;
though in both cases the cores were greatly disturbed. The smaller core diameter frus-
trated many established sampling procedures, and was unpopular.

Perhaps the major disadvantage with the original tool was the fact that the barrel
rotated around the core to cause more core disturbance than a standard non-rotating
core barrel, where the core is cut entirely by the core bit. Two new features were incor-
porated by a new protoype built in May 1976:

1. A non-rotating Core Liner. The inner-inner barrel (Core Liner) was decoupled
from the rotation of the core barrel. The liner was fabricated from aluminum
tubing for rigidity. It was supported by a combination of roller bearings and
bushings which greatly reduced frictional drag.

2. A Bottom Drive Sub. A splined sub (Fig. 3) was added to the lower inner
barrel; the splines engaged two drive lugs on a sleeve which fit inside the bit
sub. A mule shoe lead-in ensured that the splines would always engage the
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TABLE 1
PARTIAL CORING RECORD - LEG 30

Core Meters Meters SPM Time Type Of
No Cored Recovered Pump Interval Core Barrel

87

88

9.5

9.5

1.8

3.3

0

0

20

22

N on-Rot at ing

Non-Rotating

89

90

91

92

93

9.5

9.5

9.5

9.5

9.5

6.2

3.7

7.0

1.2

- 5.4

10

0

8

6

8

12

20

15

12

12

Extended

Non-Rotating

Extended

Non-Rotating

Extended

94 9.5 4.8 0 . . 14 Non-Rotating

95 9.5 1.8 0 20 Non-Rotating
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FIGURE 3
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drive lugs and transmit the driving torque directly to the Cutting Shoe rather
than to the Latch, 30 ft. away.

Unfortunately the bottom drive system did not survive shore based drop tests.
Repeated impact loading caused both the splines and the lugs to deform and/or chip,
and ultimately caused the barrel to jam in the bit sub. Neither did the aluminum liner
progress beyond the test phase. It was awkward to handle, easily damaged, and created
new problems for core processing and storage. However, the general concept for a
"floating" core liner was not abandoned.

B. Design Goals

In February 1979 after a thorough study of the XCB's past performance and a re-
evaluation of its potential in the light of the advent of the HPC, a new aggressive
development program was initiated. Four major design goals were established:

1 The Core Liner should be non-rotating and standard sized.

2. Cutting Shoe effectiveness should be improved; probably several types of Shoes
were needed for different sediment and rock types.

3. Circulation flow to the Cutting Shoe was needed. Though the extended barrel
concept was designed to keep excessive circulation flow away from the core, it
appeared that not enough flow was getting to the Shoe in the extended mode.
Some type of controlled flow was needed instead of an all-or-nothing situation.

4. The XCB should be able to operate in the same Bottom Hole Assembly (BHA)
as the new HPC.

C. Engineering Development

The XCB was essentially redesigned from scratch, but the major components remained,
from top to bottom, the Drive Latch Mechanism, the Spring/Extension Assembly, the
Core Barrel with non-rotating Core Liner, and the Cutting Shoe. The developing proto-
type was tested several times at a full scale test laboratory in Salt Lake City, Utah.
(See Appendix A). The first sea trials were conducted on Leg 84 in January 1982.
After Leg 90 the XCB was made fully operational, though developmental improvements
continued. Test reports for Legs 84, 90, and 94 are reproduced in the Appendix B.
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1. Drive Latch

The splined bottom-drive system was abandoned in favor of the original top-
drive system where a Double Finger Latch provided both the hold-down func-
tion and transmitted the driving torque from the Latch Sleeve. The two Latch
Dogs engaged the two lugs on the Latch Sleeve as shown in Figure 4. The
early tests in Salt Lake City disclosed a curious defect: When subjected to
high torque, the lugs levered over the Latch Dogs to cause premature release.
The problem was partially solved by driving the Latch with a single-lugged
Latch Sleeve so that only one Latch Dog was loaded at any one time. Thus
when the loaded Dog cammed-in the opposite Dog was still locked out to hold
down the tool. The resulting slip-spin action was still undesirable and had a
detrimental effect on core recovery, as was demonstated during the sea trials
on Leg 84.

A new Latch was designed for the second set of sea trials on Leg 90. It
employed a totally different operating principle: Two substantial Latch Dogs
were free to shift up and in to allow downward motion of the XCB in the drill
pipe. Once the Dogs landed opposite the expanded inner diameter below the
Latch Sleeve a restoring spring forced them out to lock under the Latch Sleeve.
The Dogs remained positively locked against-lifting or torquing forces until an
inner Pulling Neck was intentionally shifted by wireline pull out from under
the Dogs. An unforseen dimensional problem caused the new Latch to occa-
sionally snag in the expanded diameter of one of the bumper subs located some
distance above the Latch Sleeve. The problem was solved by lengthening the
Dogs and increasing their "locked out" diameter so that they could not fully
expand and lock in any but the intended inner profile under the Latch Sleeve.

In order to prevent the possibility that the Latch Dogs would land directly
opposite the Latch Sleeve lugs (which would prevent them from popping out
to lock down the tool), the XCB was spaced out so that the Latch Dogs
landed completely below the lugs. They engaged only when the XCB was
lifted by sediment resistance as the drill bit was lowered. However, it was
discovered that during coring the Latch continuously jumped in and out of
engagement with the Latch Sleeve due to the dynamic interacting forces
caused by circulation pressure, ship's heave, and sediment resistance. This
often allowed the lugs to spin over the tops of the Dogs and cause accelerated
wear (Fig. 5).

A new Window Latch Sleeve was recently designed to work with the new
Latch. Described in Section IV, it has not yet been tested at sea.
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Disc Springs were selected to replace the original compression spring because
of their high damping characteristic and easily modifiable spring rate. A single
Disc Spring could be deflected about 0.1" under a 1240 lb load. Series stack-
ing of the springs will increase the total deflection without increasing the load.
Parallel stacking will increase the load without increasing the deflection. Thus
any number of spring rates could be achieved. In the laboratory drilling tests
100 to 200 Disc Springs were stacked over the Spring Shaft in several series-
parallel combinations to achieve spring rates of 170 to 480 lbs/in. The total
available stroke decreased with increasing spring rate because of the necessity
to add-in more Disc Springs which increased the solid height of the stack. The
stiffest spring stack applied a force of about 2400 lbs at full retraction and did
not cause any damage to the XCB. In fact, due to the greater cutting effi-
ciency of the drag-type Cutting Shoe, it extended ahead of the roller cone bit
while cutting through solid basalt in one of the tests. The necessity for the
spring was demonstrated, however, when the Cutting Shoe was intentionally
locked out 2" below the core bit and was structurally damaged after being sub-
jected to loads of up to 24000 lbs while coring through sandstone.

The Disc Spring configuration used in all of the XCB runs on DSDP Legs 84-
96 consisted of a series-parallel stacking of 200 springs; 50 sets of 2 nested discs
were stacked with the concave side alternately facing up, then down. Each
group of 40 springs was separated by a spacer to minimize hysterisis. Because
of the inherent hysterisis build-up caused by the length of the stack and the
parallel stacking the spring rate was more progressive than linear - and well
damped. The total force was equal to about 2400 lbs at 7" deflection.

The Disc Springs frequently cracked in use; sometimes as many as 50 springs
had to be replaced at one time. Although the stack functioned acceptably
even with a number of cracked springs, the expense and inconvenience of con-
tinually having to replace them prompted further design analysis. The fatigue
resistance of the Springs might have been lowered due to the chemical and
thermal environment at the ocean floor, or they could have been overstressed
due to unpredictable localized forces. (Very little industrial data exists for
long stacks or for parallel stacked discs). New, possibly exotic, metals would
have to be field tested at in situ conditions. If an acceptable metal were
found, the cost of producing 200 units per tool would probably be quite high.
Therefore, the design work concentrated on devising a compression spring to
do the job.

The XCB had evolved so much from the early days that the original compres-
sion spring could not be used. The new spring had to fit within a 1 1/4" I.D.
x 2 7/8" O.D. annulus, and have a rate comparable to the Disc Springs. It
was fabricated from chrome silicon and specially treated to withstand the high
torsional stress induced at the maximum load of 2400 lbs.
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The primary reason for choosing the Disc Springs was to prevent surging; this
possibility was also eliminated in the new Compression Spring because the
natural frequency of the Spring was over 20 times the frequency of the applied
load at operating conditions:

c i / 13900 d _„ , ,bpnng natural frequency — = 36 cycles/ sec,
n Lr

where d — wire diameter — 0.522mcAes,

n = active coils — 46 ,

D — Mean Spring diameter = 2Ainches.

The reintroduction of the Compression Spring required making ancillary
modifications to several other components. The latest system has not yet been
field tested; for that reason the version incorporating the Disc Springs has not
yet been obsoleted, and machine drawings for both versions are included in the
Appendix.

3. Telescoping Section

Two alternative telescoping mechanisms were originally designed. The Clutch
Drive System involved a jaw clutch assembly which, in the extended mode,
decoupled the core barrel from the continuously driven upper section. The
core barrel was driven only when the tool was fully retracted to engage the
jaws. The second option, designated the Locked Drive System, consisted of
two mating hex-splined components which engaged to rotate the core barrel at
all times, whether extended or retracted.

It was originally assumed that the Clutch Drive design would be used most
often, since the barrel would punch through the softer cores without rotating
to induce the least core disturbance. However, the Salt Lake City test proved
the Locked Drive to be the superior of the two - so much so that the Clutch
Drive development was discontinued. The problem with the Clutch Drive was
that it tended to chatter between the engaged and decoupled modes when cor-
ing hard material resulting in frequent core jams and excessive wear in the
clutch jaws. Apparently the tool would retract just enough for the jaws to
partially engage to cause the Cutting Shoe to rotate with the bit. Penetrating
faster than the bit, the Shoe repeatedly worked its way out of engagement,
then fell back to engage when it was not driven. Ultimately the clutch jaws
simply spun from tip to tip, causing accelerated wear and inducing a stop-go
rotation in the core barrel. Eventually an oversize piece of core would break
off and jam in the throat of the Cutting Shoe.
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4. Core Barrel With Non-Rotating Core Liner

In developing this system it was desired to retain the standard 2.6" I.D. x 2.8"
O.D. butyrate Core Liner since all of the core processing procedures had been
standardized to that size. The regular core barrel (2 7/8" I.D. x 3 1/2" O.D.)
did not allow enough clearance to "float" the Core Liner, so a new barrel was
designed with the radial dimensions increased to 3 1/8" I.D. x 3 3/4" O.D.
Inside, the Liner was suspended from a Bearing Shaft and was free to spin on
roller bearings. The non rigid Liner was supported only at the extreme ends,
hence it could buckle and rub the inner barrel wall which created some extra
drag resistance. Even so, the system worked quite well through Leg 93.

The development of the APC created a new compatibility problem for the
XCB. The APC required the inclusion of a 3.80" I.D. Seal Bore Drill Collar in
the BHA. (The normal I.D. is 4 1/8"). The XCB, with its 3 3/4" upsets at
the core barrel connections, would have presented a critical flow restriction in
that section. Since the bore could not be widened the core barrel O.D. had to
be reduced. The core barrel design was restricted by a minimum 3" I.D.
necessary to continue to float the core barrel as before. A barrel measuring 3"
I.D. x 3 1/2" O.D. would be ideal, but the 1/4" wall thickness did not leave
.enough room for the DSDP stub acme pin thread.

Since the box thread could still be cut in the thinner wall, two 15 ft. long inner
barrels measuring .3" I.D. x 3 1/2" O.D. were fabricated with box threads at
either end. They were assembled together with a short double pin sub which
reduced the I.D. at the center of the long section to 2 7/8". The internal
upset served as a midpoint bushing to support the non-rotating Core Liner.

5. Cutting Shoe Development

DSDP worked with Sandia National Laboratories to fabricate a new cutting
Shoe using Stratpax^ diamond cutters. Stratapax is the trade name for a
polycrystalline diamond compact (PDC), usually cast into the form of a small
disc. Sandia had done a great deal of early evaluation and development of
design criteria for PDCs for the U.S. Government. (References 1,2,3). Some
of their conclusions were that the PDCs - which cut by shearing through the
rock - have potential for significantly increasing the drilling rate over roller
bits which crush the rock, or natural diamond bits which grind the rock.
Another advantage over natural diamonds is their ability to maintain a good
cutting edge while wearing. In the initial design 8 PDC cutters were brazed
into slots cut into the end of the Shoe (Fig. 6). Bottom discharge ports carried
circulation flow to the cutters. They were moderately successful when used on
Leg 84. Unfortunately other problems with the prototype XCB made it impos-
sible to fairly test the PDCs. Though core recovery was low, the PDCs were

General Electric registered trademark.
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undamaged after cutting several clayey cores. When the formation became
rubble, the PDCs chipped and fractured. Because of their brittleness the
cutters were known to be vulnerable in such formations (also in chert) where
impact loading is inevitable.

Two new prototype Cutting Shoes were made available for Leg 90. The two
on the left in Figure 7 were designated "Hard Formation Shoes". They still
incorporated PDC cutters, which were now brazed to the faces of tungsten car-
bide studs, which were in turn brazed into slots in the Shoe. The twofold
advantage over the previous Shoe was that more of the PDC was exposed for
cutting, and more surface area was used for the bonding, thus effecting a
stronger bond between the cutters and the Shoe. Their unsuitability for
rubble-type drilling remained unchanged, so a second "Soft Formation Shoe"
was developed (the two right-most Shoes in Figure 7). It incorporated a high
relief sawtooth profile with waterways to aid circulation flow. The serrations
were coated with a coarse grit tube-borium layer which both provided wear
protection and abrasiveness to aid in cutting. The Soft Formation Shoe was
very effective in mud, clay, ooze and chalk, and cored 20 meters of volcano-
genic rock on Leg 90. Its competence in all types of formations was exhibited
during ensuing Legs.

One of the two Hard Formation Cutting Shoes was destroyed while coring bro-
ken basalt on Leg 91. The impact loading destroyed the tungsten carbide
studs; all of them were lost while coring chert and basalt rubble on Site 596.
Several had fractured, and a few had popped out of their welds (Figure 8).
Assessment of the cause of damage was complicated by the fact that one of the
core bit's four cutter legs had broken free in the hole sometime during the
XCB coring period and may have battered against the Shoe. The other Shoe
was destroyed on Leg 92 while coring basalt rubble. The coring conditions in
both cases were extremely harsh, nevertheless, the failures underscored the
need for a more dependable hard formation shoe.

An industry search was conducted which led to a line of Cutting Shoes pro-
duced by Acker Drill Company, Inc. Their HQWL size shoes were adaptable
to the XCB; they cut a 2.5" gage core and were slim enough to pass through
the 3.800" restriction in the BHA. The opportunity to experiment with off-
the-shelf equipment was a tremendous asset, and offered a means of maximiz-
ing hard core recovery at minimum expense. Three types of Cutting Shoes
were available (Fig. 9):

a) The Natural Diamond Shoe consisted of diamonds set in a hard
metal matrix. Options include diamond size and grade, matrix hard-
ness, number of waterways, choice of two face contours, and with or
without bottom discharge jets.
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FIGURE 8
HARD FORMATION SHOE
DESTROYED ON LEG 91
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b) The Amalgamated ^ Diamond Shoes incorporated small natural and
synthetic chips impregnated into a hard metal matrix to produce as
sand paper - like texture. They were designed to be used in broken
formations and/or very hard formations.

c) The Geoset^ Synthetic Diamond Shoe used triangular-shaped PDCs
instead of natural diamonds. The PDCs were embedded in a rela-
tively soft metal matrix; as the metal wore away new PDCs were
continually exposed to maintain an efficient cutting surface. The
Geoset Shoe's intended range of use was similar to that of the Strata-
pax Shoes; that is, coring hard solid formations up to and including
massive basalt, but not broken formations.

On Leg 94 the Geoset Shoe was used a few times in hard chalky sediments,
but did not impress its users. The core recovery was always less than neigh-
boring cores taken with the Soft Formation Cutting Shoe. The Natural Dia-
mond Shoe was tried for two cores in basalt. Both attempts achieved low
recovery. The Shoe was badly damaged during the last attempt (Fig. 10).
The Amalgamated Shoe was not used (and has never been used yet). The
chief problem with the Acker Shoes was determined to be the lack of clearance
between the nominal core diameter and the core catchers. An attempt was
made in the field to increase I.D. of the core catchers, but there were too few
chances to effectively test the modifications. New Acker Shoes have been cus-
tom built to cut a 2 3/8" I.D. core to increase the clearance and hopefully
improve their effectiveness in hard rock.

6. Cutting Shoe Circulation

In the standard coring system the circulation flow travels through the drill
string, around the core barrel, and out four jet holes in the core bit. The bit
seal seals around the core barrel to limit the flow out the center of the bit.

In the earliest XCB system the circulation was also directed away from the
core barrel entrance, even though the extended barrel had to do its own core
cutting. It was later determined that some circulation to the Cutting Shoe
was necessary to wash the cutters and lubricate the passage of the core
through core catcher.

A circulation diversion system was designed which utilized the back pressure
generated above the bit to propel a portion of the flow into the annulus
between the Core Liner and core barrel, and out several discharge holes at the
bottom of the Cutting Shoe. Several pluggable flow inlet holes were drilled
into the core barrel, far enough above the Cutting Shoe so that they remained
above the choke (core guide) when the XCB was fully extended through the

Trademark of Acker Drill Co.
Geoset is a Trademark of the General Electric Company.
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FIGURE 10
ACKER NATURAL DIAMOND SHOE

DAMAGED ON LEG 94
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bit. The total circulation flow rate was geared to the drilling conditions and
could vary from 0-500 GPM. The resulting back pressure (ΔP) was calculated
to vary from 0-200 psi. The pressure drop into the Cutting Shoe could be con-
trolled by the number of inlet holes left open, but these could only be adjusted
on deck.

The circulation system was first tested on Leg 84. The XCB Core Liner col-
lapsed during every test. It appeared that the pressure differential was causing
it to implode. Subsequent static pressure tests demonstrated that the Core
Liner failed when subjected to a pressure differential of 28-38 psi. It had been
assumed from an early calculation that the Liner could withstand up to 110
psi.

Flow tests were later conducted on a mock-up of the XCB circulation system
(See Appendix C). The results showed that the annulus pressure (between the
Core Liner and the core barrel) often rose above the critical pressure at all but
the lowest flow rates. It was apparent that the Liner either had to be
strengthened or isolated from the circulation flow.

The latter solution was chosen. The Cutting Shoe was modified to incorporate
a steel Isolation Sleeve which created a pressure tight annulus from the area of
the inlet holes to the discharge holes (Fig. 11).
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III. CURRENT XCB DESCRIPTION AND OPERATION

A. Operational Aspects

The XCB was developed to recover undisturbed cores in sedimentary zones where the
sediment was too hard to piston core. Working through the core bit, the spring loaded
extension allows the XCB to protrude up to 7" below the bit to capture soft sediments
before they can be disturbed by the water jets (Fig. 12). Harder sediments will force
the barrel to retract back through the bit to protect the tool against overload (buckling)
failure. In addition the spring loaded extension tends to reduce undesirable impact
loading due to heaving motions of the bit, so that the XCB may be superior to rotary
coring even in most indurated sediments and basalt. Its chief advantage, though, is that
it can continue in the same hole, using the same BHA and bit, after the Advanced Pis-
ton Corer (APC) has reached its limit. Previously the drill string would have had to
have been tripped to change to a BHA suitable for rotary coring.

The current XCB space out length is 13.4 m (44.1 ft) from the bottom of the Cutting
Shoe to the top of the Latch Dog. Figure 13 compares the relative spacing of past and
present XCB configurations within the Bottom Hole Assembly. The Leg 96 version was
the last to be used by DSDP aboard the Glomar Challenger. The ODP version will be
used by the Ocean Drilling Project beginning in 1985. It can be assembled with either
the Compression Spring or the Disc Spring stack (Fig. 14). The Disc Spring stack is
slated for obsolescence, and has been retained only as a backup in case unforseen prob-
lems develop with the untried Compression Spring.

B. Major Sub-Assemblies

The major components from the top down include the Latch, Hex Splined Scoping Sec-
tion, Spring Shaft with helical Compression Spring, Quick Release, Vent Sub, Core Bar-
rel with Non-Rotating Core Liner, and Cutting Shoe.

1. Latch

The Latch was developed specifically for use with the XCB but may be used
with any other tool which requires a hold down or driving mechanism. The
Latch Body is 3 3/4" in diameter. The two Latch Dogs lock out to 5" diame-
ter. When the XCB enters the pipe the Latch Dogs are forced up against the
spring (rate = 100 lb/in) until they fall into the pulling neck detents. The
Dogs remain depressed in the 4 1/8" bore as the tool travels down the pipe.
The pipe bore widens to 5 1/2" I.D. below the Latch Sleeve in the BHA;
when the XCB is landed the latch is positioned in this section. The spring
forces the Dogs to lock out over the high points on the Pulling Neck. At this
point the tool is locked in under the Latch Sleeve since the Dogs cannot not
shift if an upward force is applied to the tool (downward force on top of Dogs).
When it is desired to release the tool for retrieval. An overshot is lowered by
wireline to lock onto the head of the Pulling Neck. A pull on the wireline
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FIGURE 12
EXTENDED CORE BARREL
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shifts the Pulling Neck out from under the locking Dogs, and the Dogs fall in
to release the tool from under the Latch Sleeve.

2. Hex Splined Scoping Section

The hex shaped shaft of the Male Drive Sub engages a similar profile in the
Female Hex Head to provide for up to 8" of axial displacement while continu-
ally transmitting torque.

A 34" long helical Compression Spring with a spring rate of 250 lb/in initially
maintains the XCB at full extension. A compression force of 2000 lbs will
cause the tool to compress 8" at which point the Male Drive Sub shoulders on
the Female Hex Head.

4. Quick Release Mechanism

Currently used on both the XCB and APC, the Quick Release reduces the
turn around time between successive cores by providing a rapid means of con-
necting and disconnecting the core barrel from the upper section the tool. The
male and female sections engage and rotate 90 ° to lock together.

5. Vent Sub

The Vent Sub is fitted with a one way check valve to allow fluid to exhaust
from the core barrel into the drill string annulus as the core enters, but
prevents flow in the opposite direction to protect the core from being washed
out during retrieval.

6. N on-Rot at ing Core Liner

Up to 9.8 meters (32.1 ft.) of core can be recovered in the standard butyrate
Core Liner. The lower end of the Vent Sub provides the inner race for a bear-
inged device called the Liner Hanger, which is the upper support for the Core
Liner. The Liner is also supported at its center where the inner barrel I.D.
drops from 3" to 2 7/8" for a 6" span, and at the bottom where it rides on a
low friction bushing. The 2.817" O.D. liner is not rigid and is free to buckle
until it contacts the inner barrel wall in any number of places. This extra
induced drag was considered to be a minor problem compared to the complica-
tions which would arise from using a non-standard liner.
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7. Cutting Shoe

Three types of Cutting Shoes are available for use depending upon the nature
of the sediment or rock to be cored.

a) The Soft Formation Cutting Shoe - also useful in hard formations -
employs a serrated cutting profile hardfaced with tungsten carbide
grit. A portion of the circulation flow to the core bit is diverted to
directly lubricate the extended Cutting Shoe; entering through the
inlet holes at the top of the Shoe, it is directed through an annulus
created by the Isolation Sleeve and out small jet holes at the bottom
of the Shoe (Fig.ll).

b) The Acker Natural Diamond Shoe consists of premium grade natural
diamonds set in a hard metal matrix. It is used to core solid basalt.
Circulation flow to the cutting edge is similarly diverted down an
internal annulus, but exits directly onto the core.

c) The Acker "Amalgamated" Diamond Shoe is composed of artifical
diamond chips set in a hard metal matrix. It is used to core through
fractured basalt and cherts. Both of the hard formation shoes are
produced by Acker Drilling Company, Inc. to DSDP specifications.
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IV. BHA CONFIGURATION AND SPECIFIC ASSEMBLIES

A. BHA Description

The lower BHA has been designed to accomodate both the XCB and the APC. The
assembly shown in Fig. 15 is the most current version. It differs from the one last used
aboard the Glomar Challenger: the Long Top Sub and the Long Bit Sub each consoli-
date two previous components, thereby reducing the number of connections in the BHA.
Both the XCB and APC employ the 11 7/16" x 3.8" roller cone core bit. The 3.8"
diameter hole through the bit allows passage of a barrel of up to 3 3/4" diameter.
Three of the components required specifically for XCB work are described below.

B. Specific Assemblies

1. Window Latch Sleeve (OL1012)

The two-fold function of the Latch Sleeve is to hold down the XCB and
transmit torque during coring. The windows in the Sleeve allow the Latch
Dogs room to pop out and lock. The upper set of windows is offset 90 ° from
the lower set. Ideally the XCB Latch Dogs will land opposite the lower set of
windows (Fig. 16c). In that position the tool is latched in with the correct
spacing relative to the Bit. However if the tool initially lands with the Dogs
not opposite the lower windows (Fig. 16a), one of two things will happen: 1)
when the drill string is rotated the Latch Sleeve may spin relative to the Latch
until the lower windows align opposite the Dogs which then pop out and lock.
2) When the drill string is lowered into the sediment the resisting load will
push the XCB up until the Latch Dogs are opposite the upper set of windows
in the Latch Sleeve; they will pop out and lock against further upward move-
ment, but will allow the tool to fall into the lower set of windows as soon as
the load is momentarily removed (ships heave, etc). In either case the tool will
ultimately be correctly positioned with the Latch Dogs locked out in the lower
set of windows of the Latch Sleeve.

2. Padded Flapper (OL1504)

At the bottom of its drop down the drill pipe, the XCB cutting shoe impacts
upon and noses open a Baker Float Valve flapper in the Bit Sub. In order to
minimize the risk of impact damage to the relatively brittle cutting edge struc-
ture, a polyurethane padded flapper is used in place of the standard one in the
Float Valve.
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3. Guide Ring (0L1Q31)

The Guide Ring provides a 3.800" bore positioned just above the core guide to
centralize the XCB Cutting Shoe (O.D. = 3.75) and minimize wobble.
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V. PERFORMANCE EVALUATION

A. Intercompatibility

The XCB was deployed successfully as an operational tool during DSDP Legs 90-96. Its
overall performance has been rated very good. Its most important contribution is that,
in conjunction with the VLHPC or APC, it has made it possible to continuously core
from surface to basement using either tool as necessary to obtain the best core. Previ-
ously the upper sediments were piston cored to refusal (sediment too stiff to achieve full
stroke); if it was desired to penetrate deeper, the drill string had to be tripped to change
to a standard coring bit. Then a new hole had to be drilled through the piston cored
sections before finally resuming coring at the desired depth. A tremendous time savings
was achieved by eliminating numerous round trips of the drill pipe.

B. Core Quality

The quality of the XCB cores has been excellent at times. Usually cores taken just
below the piston core refusal point were as undisturbed as the previous piston cores.
Induced coring disturbance, while still evident in many cores, was no worse than that
observed in standard cores of similar lithologies.

In spite of the problems described below the overall XCB core quality was better in
most soft sediments and comparable in indurated sediments to the standard cores. The
only advantage the standard core barrel now holds over XCB is in hard rock coring. The
array of available Cutting Shoes includes specialized ones for hard rock coring, but these
have not yet demonstrated their reliability. The most common problem has been the
tendency for rock chunks to jam in the throat of the Shoe or in the core catchers. The
clearance between the cutter gage and the core catcher I.D. has been increased, but the
modification has not yet been tested at sea.

C. Floating Core Liner/Liner Failures

A key element in providing for a free-floating liner is using an over-size core barrel
which allows clearance outside the Core Liner. This, however, removes a source of
mechanical support to the Liner, making it more prone to failure by a number of failure
modes. The XCB Liner often failed by the following mechanisms: implosion (collapse),
explosion (shattering or splitting), axial overload (crumpling), or torsion overload (twist
off). The isolation of the Core Liner from the circulation to the Cutting Shoe reduced
the number of failures due to implosion, but failures in the other modes still occur.
Though sometimes an entire hole can be cored without a single Liner failure, at other
times they fail on every core. Variations in sea state, hole depth, lithology and drilling
techniques all appear to affect the frequency of the Liner failures, but no apparent con-
sistency has yet been discerned.
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D. Circulation

It is doubtful that the circulation diversion system has ever worked as well as was
intended. The XCB core barrels usually returned to deck with clogged Cutting Shoe
discharge ports. In fact, the only times they did not clog were in some indurated sedi-
ments or rock, where the cuttings comprised discrete grains rather than sticky clays and
muds.

Since in most cases the core quality was good, the plugging might be occurring only
after most of the core had been cut. Or a break in the circulation flow might allow a
plug to form which cannot be dislodged once the flow is reestablished. An attempt was
made to shield the discharge ports to prevent their clogging so easily: For Leg 90 the
discharge ports were modified to jet horizontally, each water jet impinging on the fol-
lowing cutter tooth rather than straight down into the formation. The clogging still
routinely occurred, and the right angle bend made the clogged ports even harder to
clean out between runs. The inlet hole area has been maximized to reduce pressure loss.
But the annular area between the inside of the Shoe and Isolation Sleeve is currently
restricted to 0.44 in because of dimensional limitations.
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VI. XCB ASSEMBLY INSTRUCTIONS

A. Upper Section

Components:

OP4432 Compression Spring
OP4489 Spring Shaft
OP4498 Spring Stop Washer
OP4414 Nut (2 ea)
OD7160 Cotter Pin (2 ea)
OP4493 Male Drive Sub
OP4495 Spring Housing
OP4427 Female Head Hex Drive

OP4407
OP3236
OP4472
OP4497
OP3230
OP4496
OP4825
OP4752
OP4753

Spring Shaft Washer
10" Double Box Sub
Latch
Spring Stop Sub
9-3/4" Inner Barrel Sub (2 ea)
Quick Release Adaptor
Male Quick Release
Quick Release Nut
Quick Release Dogs (2 ea)

Slip the Compression Spring over the lower end of the Shaft. Then install the
Spring Stop Washer, Nut, and Cotter Pin to retain the Spring.

Make-up the Male Drive Sub to the upper end of the Spring Housing. (Make
sure that the correct end of the Spring Housing is up. The landing shoulder is
16" from the upper connection). Slip this assembly over the Spring Shaft so
that the spring housing encloses the Spring, and the Male Drive Sub encloses
the larger diameter section of the Spring Shaft.

Install the Female Head Hex Drive over the Shaft and Male Drive Sub. Then
install the Spring Shaft Washer, Nut, and Cotter Pin onto the Spring Shaft.

Make-up the 10" Double Box Sub and the Latch (see Section "C") to the
Female Head Hex Drive Sub.

To the lower end of the Spring Housing make-up the Spring Stop Sub, 2 ea.
9-3/4" Inner Barrel Subs, and the Quick Release Adapter Sub.

Assemble the Quick Release Dogs and Quick Release Nut onto the Male Quick
Release. Then make-up the Male Quick Release to the Quick Release Adapter
Sub. This completes the assembly of the upper section. Attach a handling
clamp under the Latch and lift it to a vertical position for assembly to the
lower section.
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B. Lower Section

Components:

OP4469 151 Double Box Inner Barrel
OP4471 Double Pin Connection
OP4464 Liner Hanger
OD2330 O-Ring #2-330 (2 ea)
OP4494 Vent Sub
OD7220 Stainless Steel Balls, 5/16"

Dia. (30 ea)
OP3107 Check Ball

Soft Formation System:

OP4458 Soft Formation Cutting Shoe
OP4460 Bushing
OP4459 Isolation Sleeve
OD2042 O-Ring #2-042
OR7020 8-Finger Core Catcher
OR7010 10-Finger Core Catcher
OP4481 Core Catcher Spacer

OP3108 Valve Seat Retainer
OP4827 Female Quick Release
OP4470 Break off Sub
OP3400 Core Liner
OP4416 Liner Support Sleeve
OP4415 Retainer Ring
OD6586 Set Screw for Liner Hanger (2 ea)

Hard Formation System:

OP4445
OP4447
OP4449
OP4448
OP4450
OP4487
OP4484
OD2335
OP4485

Diamond Cutting Shoe
Amalgamated Cutting Shoe
Lifter
Lifter Case
Stop Ring
Modified Core Catcher
Core Lifter Adapter
O-Ring #2-335
Cutting Shoe Adapter

Connect the two 15' Double Box Inner Barrels with the Double Pin Connector.
NOTE: one of the barrels should already have the Double Pin Connector
Baker-Locked onto it.

Install two O-rings #2-330 onto the Liner Hanger, which is a part of the Vent
Sub Assembly, (see section "C" for vent sub assembly).

Ensure that the Check Ball and Valve Seat Retainer are installed into the
lower end of the Vent Sub, then make-up the Vent Sub to the upper end of
the Inner Barrel assembly.

Make-up the Female Quick Release to the Vent Sub.

Make-up the Breakoff Sub to the lower end of the Inner Barrel assembly.

Bevel the upper inside lip of a Core Liner with a shaping tool, then insert the
Liner through the core barrel. NOTE: the Liner must slip over both O-rings
on the Liner Hanger. Cut off the Liner flush (+0, -1/4") with the pin end of
the Breakoff Sub.
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7. Slip the Liner Support Sleeve through the Retainer Ring and install it into the
Liner.

8. Install either of the following to complete the assembly:

a) Soft Formation Assembly: The older Cutting Shoes (OP4458-5)
already have an Isolation Sleeve brazed to the inside. If using the
newer Shoe (OP4458-6), first install a Bushing into the bottom of the
Shoe. Then install two 2-042 O-rings onto the Isolation Sleeve, and
install the Sleeve into the Shoe so that the O-rings seal on the seal
bore just below the box threads. Insert any combination of standard
Core Catchers and Core Catcher Spacers into the Cutting Shoe. The
stack should be no higher than the top of the Isolation Sleeve.
Finally, make up the Cutting Shoe to the Breakoff Sub.

b) Hard Formation Assembly: Choose either the Acker Diamond Bit or
the Acker Amalgamated Bit and make it up to the Cutting Shoe
Adapter.

Install an O-ring #2-335 onto the upper end of the Core Lifter
Adapter, then make it up to either a Modified Core Catcher or an
Acker Slip-type Core Catcher (consisting of Lifter Case, Lifter, and
Stop Ring).

Insert the Core Lifter Adapter into the Cutting Shoe assembly. The
upper part should shoulder on the Cutting Shoe Adapter before the
lower part contacts the bevel inside the Acker Bit. The gap allows
circulation flow to the cutters.

Make up the Cutting Shoe Adapter to the Breakoff Sub. Check to see
if the Core Lifter Adapter can rotate within the assembly (with only
O-ring drag). If it is pinched, you may have to remove some material
from the top of the Retainer Ring.

9. Attach a handling clamp to the Vent Sub, lift the lower section vertical and hang-
off in the drill pipe or a storage shuck. Then pick up the upper assembly and stab
it into the lower assembly and make up the Quick Release Nut to complete the
assembly.
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C. Sub Assemblies Makeup

1. Quick Release Assembly

Entrap the smaller upset on each of the two Dogs inside the groove in the
Quick Release Nut. Then slip the Nut and Dogs over the Male Quick Release,
with the Dogs engaging the axial slots. Thread the Nut past the first set of
threads, stopping after the nut engages the first few threads of the second
thread set.

When the Male Quick Release is stabbed into the Female Quick Release and
rotated 90 ° , the nut is threaded down all the way to lock the assembly.

2. Vent Sub Assembly

Position the Vent Sub through the Liner Hanger so that the bearing races line
up. Insert 15 ea 5/16" dia. balls in each race through the threaded access
holes in the Liner Hanger. Install 2 ea 1/2-13 x 5/16 flat bottom set screws.

Install a 15/16" dia ball into the lower end of the Vent Sub. Then install the
Valve Seat Retainer.

3. Latch Assembly

Drop a Washer into the Latch Body and position it so that its slot is rotated
90 ° from the windows in the Body. Insert two Dogs into the windows from
the inside of the Body.

Slip the Cap, Spring, and remaining WTasher onto the Pulling Neck. Then
insert the Pulling Neck into the Latch Body and through the lower Washer so
that the slot at the bottom of the Pulling Neck aligns with the hole through
the lower end of the Body. Finally install the Pivot Pin assembly through the
hole to lock the Pulling Neck.

The Pivot Pin is secured with a snap washer, but it may also be tack welded
for added security.
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4. Acker Core Lifter Assembly (Slip Type Core Catcher)

Insert the Lifter inside the Lifter case so that the tapers of each piece match.
Then install the Stop Ring into the groove at the base of the threads in the
Lifter Case.
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VII. XCB DEPLOYMENT

When not in use. the XCB may be broken down into two sections and stowed horizon-
tally in racks somewhere off of the rig floor. Assume that two shucks are available on or
near the rig floor to allow temporary storage of the XCB lower section. Assume also
that piston coring operations have just ended, and that it is desired to continue in the
hole with the XCB.

1. Attach a Handling Clamp (OP3615) to the Vent Sub of the lower XCB sec-
tion, pick it up with a tugger, and hang it off in the drill pipe. Remove the
tugger line.

2. Attach a second Handling Clamp to the 10" Double Box Sub (below the Latch
on the upper section, pick it up with the tugger, stab it into the lower section,
and make up the quick release connection.

3. Pick up the assembled tool to take weight off the lower Clamp, remove the
Clamp, and lower the tool in the pipe; hang it off with a Hang Off Plate
(OD9502) at the narrow hexagon-shaped section just below the Female Head
Hex Drive Sub.

4. Remove the upper Handling Clamp and pull out the Hang Off Plate to go-
devil the tool down the pipe. Make up the drill pipe connection.

5. Prepare a second lower XCB section, attach a Handling Clamp, pick it up with
the tugger, and hang it off in one of the shucks.

6. After the first barrel is landed and the core is cut, it is retrieved with the wire-
line overshot. When it has returned to the surface, the drill pipe is broken to
access the XCB.

7. Hang off the XCB with the Handling Clamp just below the Latch.

8. Disconnect the overshot and hook up the tugger line.

9. Remove the XCB from the drill pipe and hang it off in the second shuck with
a second Handling Clamp positioned at the Vent Sub.

10. Disconnect the quick release connection, pick up the upper section and stab it
into the redressed lower section (which is hung off in the first shuck).

11. Make up the quick release connection, pick up the tool, remove the lower Han-
dling Clamp, and hang it off in the drill pipe with the Hang Off plate as in
Step 3.
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12. Pick up the lower section which contains the core, lay it down, and remove the
core. Hose it off, redress it with a new Liner, and return it to the shuck. This
completes the operating cycle.
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RESULTS OF EXTENDED CORE BARREL TEST
SALT LAKE CITY - MAY 5-7, 1981

Set Up and Test Procedure

The test facility at Terra Tek Consists of an indoor, mobile drilling rig set on rails

over a wide pit. Rotation, load and flow rate are controlled and are recorded against

time in both digital and analog form along with the dependent parameters such as pene-

tration rate, torque and back pressure. Four types of material were cored: a Berea sand-

stone block, two 55-gallon drums containing alternate layers of cement (without the

aggregate) and soft clay, four 55-gallon drums containing alternate layers of cement

(with the aggregate) and soft clay, and a basalt block.

For each test the block or drum was chained to girders located midway down the

pit. The drill string was then positioned over it and lowered until the bit made contact.

Then a flow diverter "can", measuring 24" high and 18" in diameter, was lowered over

the bit and also chained to the girders. A large diameter hose, connected to the can,

returned the water pumped through the drill string to a water pit. The can also served

to stabilize the bit at the surface of the block or drum. The material was usually cored

to a depth of 2-3 feet. Then the drill string was raised from the hole and moved to the

edge of the pit, where it was chained off. The head sub/top sub connection was then

broken, and the Extended Core Barrel (XCB) was pulled from the drill string with an

automatic chain hoist.
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Results of Extended Core Barrel Test
Salt Lake City
May 5-7, 1981

Equipment

The test drill string consisted of a 10 7/32" x 3 5/8" XCB bit, a hydraulic bit

release, a head sub (used to adapt from the bit release to the collar section), a 9 1/2 foot

length of drill collar, a top sub, an XCB head sub, and a crossover sub to adapt to the

drilling rig. The total length was just over 19 feet.

Two alternate XCB designs were tested. In the Clutch Drive XCB the lower sec-

tion containing the core is disengaged from the rotation of the drill string when in the

extended position, and engaged when in the retracted position. In the Locked Drive

XCB the lower section is coupled to the drill string rotation at all times.

Other component variables, common to both the Clutch and the Locked Drive

XCB, were the spring pack configuration, the cutting shoe, and the core catcher bear-

ings. The spring pack consisted of stacks of disk springs which could be modified to

change the spring rate and stroke of the tool. Two configurations were tested:

1) 110 spring stacked in series to give a calculated 1200 lb load at maximum
deflection with a 7-inch stroke.

2) 124 springs stacked in series-parallel to give a calculated 2400 lb load at max-
imum deflection with a 4" stroke.

Two types of cutting shoes were tested:

1) The Stratapax cutting shoe employed eight stratapax diamond disk cutters.
The four inside cutters were positioned to cut a core gauge of 2 5/16".

2) The carbide cutting shoe was of the same design, except that it was equipped
with tungsten carbide disk cutters instead of stratapax cutters.

Two types of core catcher bearings were tested:

1) The "custom" bearings were made of Delron and had two rows of 5/16" diam-
eter stainless steel balls.

2) The stock "Kaydon" bearings were made of stainless steel and had one row of
1/4" diameter stainless steel balls.
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Results of Extended Core Barrel Test
Salt Lake City
May 5-7, 1981

The locked drive XCB spaced out to within 1/2" of the latch sleeve in the 7" stroke

mode. (The gap between the latch and the latch sleeve increases directly as the stroke

decreases). The Clutch Drive XCB spaced out to within 1 7/8" of the latch sleeve in

the 7" stroke mode.

Objectives

While holding the drilling parameters constant, the alternate XCB components

were directly compared in successive tests in an attempt to optimize core recovery and

to watch for any undue wear or damage. The specific objective of the tests through the

55-gallon drums was to recover the interbedded soft clay layers.

Test Summaries

See the individual test sheets at the end of this report.

Conclusions

The locked drive version of the XCB was moderately successful in recovering core,

but several problems surfaced during the tests. These will be discussed in the context of

the components to which they relate.

Clutch Drive VS Locked Drive

These two alternate designs were directly compared in the first four tests. The

Locked Drive XCB achieved excellent recovery of sandstone in Test =#2 but had bad

recovery in the aggregate cement of Test jjA. (Later, when the fingers of the core catch-

ers were removed, the recovery in aggregate cement improved). The Clutch Drive XCB

failed to recover any appreciable amount during Tests #1 and 3 in sandstone and non-
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Results of Extended Core Barrel Test
Salt Lake City
May 5-7, 1981

aggregate cement respectively. The tips of the male and female clutch drives were

worn, and there were no scratches or other evidence to show that they had ever com-

pletely engaged. Coupled with this is the fact that the cutting shoe is capable of coring

ahead of the bit in sandstone and basalt (as was observed in the bottomhole profiles of

Tests #2 and #11): It is likely, then, that the Clutch Drive XCB tends to "flutter"

between the engaged and disengaged modes, (i.e., as soon as it is partially engaged it

rotates with the bit but, cutting faster than the bit, it extends and disengages again.)

This situation, in the extreme, may result in the male and female clutch drives merely

spinning from tip to tip rather than fully engaging. The efficiency of the cutting shoe

would be greatly reduced against the constant penetration rate of the bit, and eventu-

ally a piece of untrimmed core will jam in the throat of the cutting shoe.

Cutting Shoe and Core Catchers

The relief between the inside cutters of the cutting shoes and the LD. of the core

catchers was the primary reason for the inhibited core recoveries in several of the tests.

The cutters have LD guage of 2 5/16". The LD. of the core catcher body is 2 3/8".

But the core catcher fingers do not lay flush with the I.D., thereby reducing the effec-

tive LD. of the core catcher. In addition, thread-like grooves on the outside of the

recovered cores show tht the cutters tend to thread their way down the core. The diam-

eter of the sandstone recovered in Test #2 (where complete core catchers were used) was

2 1/4". The sandstone was soft enough to be trimmed by the core catcher fingers. But

the diameter of the basalts recovered in Tests #10 and #11 (using core catchers without

fingers) were 2.315"-3.230". These pieces could not be pushed through a complete core

catcher assembly. A modified core catcher was used for Test #8; the fingers were
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Results of Extended Core Barrel Test
Salt Lake City
May 5-7, 1981

machine down as much as possible without breaking through the hinge pin hole, but the

core still jammed in the core catcher.

One or perhaps all of the following modifications are called for:

1) Increase the effective I.D. of the core catcher to 2 7/16".

2) Reduce the gauge of the inside cutters to 2 1/4".

3) Install flat-edged inside cutters on the cutting shoe to reduce the possibility of
untrimmed core getting past the cutters due to a high penetration vs rotation
ratio.

The stratapax cutters were alternated with the carbide cutters in almost every

other test. Both cut well in sandstone, non-aggregate cement, and basalt. The carbide

cutters suffered less damage in the aggregate cement than did the stratapax cutters.

The scope of the tests were insufficient to determine long term effects of wear on the

cutters, but from the short term results it appears that the carbide cutters are just as

good as the more expensive stratapax cutters.

Core Catcher Bearings

Both styles of core catcher bearings froze during every run but the last two which

were in basalt. The test did not exactly model the real situation in that the drill string

was not submerged, and thus there was not water in the core barrel to be diverted down

the annulus between the liner and the core barrel (and through the bearings) as the

liner filled with core. But it would not have been a strong flow in any case and prob-

ably would have done little to prevent the clogging of the bearings. Sealed roller bear-

ings or teflon slip rings may solve this problem.

Spring Rate

The initial spring pack used in the first seven tests was calculated to have a full

stroke load of 1200 lbs. The alternate spring pack configuration used in the last four
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Results of Extended Core Barrel Test
Salt Lake City
May 5-7, 1981

tests had a full stroke load of 2400 lbs. To double the full stroke load it was necessary

to reduce the stroke by 3" (from 7" to 4"). It was observed in Test #2 that the Locked

Drive XCB was able to core ahead of the bit with the 1200 lb spring pack. Test No. 11

showed that this same tool was able to core ahead of the bit with the 2400 lb spring

pack. Nothing else could be discerned of the relative merits of these two spring packs

configurations. It would at first seem that the stiffer spring pack is more desirable since

it could more often core ahead of the bit in stiff sediment and rock. But the primary

objective of the cutting shoe is to core ahead in soft sediments, and serve only as a trim-

mer working behind the bit in still sediment. Therefore the stiffer spring pack might

produce unnecessary wear in the cutters. Also, the shorter stroke may inhibit the pri-

mary objective of coring far enough ahead of the bit to recover undisturbed soft sedi-

ments.

Drive System

The current XCB drive mechanism consists of a single-eared latch sleeve in the

head sub working against a double-fingered latch at the top of the XCB. During these

tests the XCB never popped its latch as it did during the previous testing session last

Thanksgiving when a double-eared latch sleeve was used. However, it is probable that,

under high torque, the latch sleeve ear can force itself over the latch finger, and spin

until it contacts the other latch finger. This stop-go type of rotation may be detrimen-

tal to core recovery. The latch down system should be decoupled from the drive system

but this modification is not considered necessary for the short term deployment of the

XCB.

-54-



33
n

Pi'&f(ll .yjBJK>. #_ ...

_~&L&<£ : ̂ /c7/u-^M^fe_ / i 4^^ ^^-

α

/

^ ^

vknuú^ ̂ ^^<J^^'^-/^^^-^-^ - ^

ù

e-n
/ £

-55-



EST

/yt

._; OC

.<• it? %

α ^ ^

/ «

fe/'-~—-—

^

&^

I "Åλz<tA

-56-



1

f—

** CHECK OUTPUT TO SEE IF If IS OK **

PRIN!' OPTIONS AREJ
CR PRINT MANUAL UATAJ
50 ~ PRINT QUICK DATA*
99 = EXIT PRINT ROUTINE.

PRINT OPTION _~ _ _____
NUMBER OF COPIES 1

OUTPUT OPTIONS'ARE;
1 -– PRINTUtJT ON TiERHINAL $"
2 PRINTOUT ON LINE PRINTER.

OUTPUT OPTION 1

J
T

RUN *2 SANDSTONE 5/ 5/ßl 13 M3S3- SYM.lRLHAN.DATH

A/ß CHANNEL fJATA TAJXLE

1 CHt
1 NO*

1 49
1 50
1 5J
1 52
1 53
! 54

1
CHANNEL TI Til'

PENETRATION
WE 101 IT ON HIT
TORQUE
RPM
Ff.OW
SU! I UEL

SHORT

PEN
ßir UT

IÖNΠ
RPM

FLOW
6U1V

CAL.
TYPE

ft
S

s
F
F
B

IS AH*
ITYPF

M
h
M
H
M
M

ZERO

0.008 1
0.023 1
0.045 1
-0.00 2
-0.078 1
•0.00 3 1

SHUNT 1 UNITS
VALUE 1 PER VOLI

46.70 1 S.,?92
41706»00 110617.279
4045.00 I 542.825

0.00 1 98.300
0.00 1 100.000

452.00 1 99.507



t PΛBC ;, ,nm # 2 SANIUITONE ~ f e < T 4f ^L 5/ S/βl 11143138 8YJDRLHAN.BAT* 1 .,.

«|• RöT SÈQ" TiHt=r " " T T 7 H R ~ ~IN/KEV"~"~"~'~~PEN B I T Wi TORΠ "RPM FLOW"" ilfTU * ~ .
I — |...._ | 1 .— | 1 - 1 —.._.-,-«. {—.,—..-_ | -1 — i — i 1

3
 1 v o.o. o.oo _o.oooo 46.7 IOΛ.4 34.3 io^i167.5 290,8

4 2 1 31.9 0.00 0.0000 1.6 1001.7 IVA.5 51.1 " 1A4.7 280.8
3 2 37.3 20.54 0.0807 2.0 HS7.2 213.7 50.7 161.3 328. 8

* __ 4 _3_..40.,J gθ
y
28 0.0770 ' 2.2 _1260.9_ 215.4 51*0 J67.S 223.7

? v~ g 4 4 3 g 20.29 0.0807 2.4" 14 68.3 224, 8~ 50 7 9 . 16974 " 292.2 "
? 6 5 4ò.9 20.5-9 0.088A 2.6 1573.2 2S5.5 50.5 1A4.1 242.8
»'{ 7 A 49.0 21.11 0.093A 2.0 1/30.0 246.2 5Q.7 161 .3 _ __ 32] . 9

10 8 7 .54.7 20.00 0.0343 3.1 2307.5 287. A 50.4 ~~ 168.3 289.8
11 9 8 58.7 18.78 0.0456 3.2 2A25.0 346.2 49.5 163.0 251.4
" _1P__9 A2.2 18. Oá 0.0A21 ^ 4 _ 3 1 A A , 1 _ 399 * A _ ? ( 2 L 1 _ t&$*B 296.5
13 P ~ 11 10 "~éA.~β 1?. 3$. θ".()49O i'.6~ "3781.8 A09.5 50.4 . IA7.3 24 A 72
" 12 11 70.1 1A.51 0.0284 3.7 4235,4 864.1 49.9 1A2.5 315.1
' L _ I 3 i 2 7Λ*° 1 5 ?Λ O.OSOO 3.8 4449.2 8A0.3 50.1 *AS.7 312.8
1 14 I 76.4 0.00 0.0000 " * 4.0 "' 4682.ö 1113.1 49.9 165.6 * 298.3 . " ' " "
'? 15 2 79.0 21.78 0.0871 4.1 4559.4 78A.2 50.1 168*3 3 2 8 . 4
'« 1A & __βi 7 2 8 . 5 2 0 . 1 4 0 0 4 . 5 4 3 0 9 . 9 4A8.0 ^ S < ) . ^ 1*J?Λ* *?•*.*?.
•'I •~H~' 4 8 4 . 7 3 5 . 7 A " " θ . iS lA " 4 . 9 4A04.8 A 0 3 . 3 " 5 0 . 3 ~ " 1 6 2 . f 353^9"
< 18 5 B8.A 38.57 0.1A45 5.5 5732.3 37A.0 50.1 1A4.7 302.5
-'[ 19 A. 91.3 42.03 0,2432 A.O A753.0 1280.2 49.3 1A1.5 289.7

20 7 93.7 4A.90 0.3516 A. 7 1100A.9 1/20.2 49.2 16A.7 327.9 "
^ 21 8 9A.4 54.39 0.4715 7.8 9231.7 1155.6 50.0 1A4.2 335,4
"4 22 _ 1 100.2 0.00 0.0000 _ 8.5 14027.4 1429.5 •.?•_?: A6*'2. 358,é t
r 23 2 102.3 30.19 0.122S ~8.8 14827.4 J425.5 49.2 f61Tβ 3B9.1

24 3 104.8 33.19 0,1444 9.1 14934,3 lA<)0.5 49.2 JA8.0; 355.9
J
[ 25 4 107.4 29.82 0,0902 9.2 14905.1 1787.3 49.1 _ 161.4 _ 381.8_ _

?
" 2A 5 109.9 28.82 0.1137 9.5 14950.5"""'2036.•7 ~ 49.2" 171.A 373.2

« 27 1 112.7 0.00 0.0000 9.6 15034.8 1908.7 49.1 1A9.5 371.7

3 i
r~ ' 29 3 117.0 36,39 0.1161 " 10.2"" 14743.1 " ~ 1331 .9 AfV?" T23.2 32473

30 4 119.2 36.50 0.1583 10.5 14901.9 1332.9 49,8 167.4 342,9

»l_ 31 5 121.3 35.05 0.1163 10.7 14937.5 1332.1 50.3 1A0.1 333.0

' 32 A 123.3 34.91 0,1471 JO.9 14805.7 1388.7 50,A 1A7,3 335,7
35
 33 7 125,2 35,15 0.1511 J1.2 14931.1 1355.6 50.0 168,7 277.8

-' 34 8 127.4 35.02 0,1295 11.4 1498A.2 * 403.0 50.0 i*6.3 _
3 2 A 3

___

3' I "35 9 129.5" "34781 0.1318 11 .6 15034,8 1593^3 49.5" "TL6&."5 " 30372

I 36 10 131.7 34.79 0.1466 11.9 15193.5 2142.1 49.3 174.6 325.1
L 37 1 134.0 0.00 0,0000 _.l2t"| 14927,8 1977,0 47,8 __1>3^?_ 251.5

" 3 8 2 i3A,2 38.03 0,1545 " 1 2 . 3 14717.2 1293,5 50.7 ~ 16673 324.9
41 39 3 138.2 38.85 0,1549 12,6 14723.7 1315.5 5^.8 165.1 275.6
; : 40 4 140.4 _ 39,2A 0.1530 12.9 14785.3 1357,8 é& * 6,_ 1A8.2 _ 307.5
t3[~ 41 5 142.A 38.82 0.1381 13.2 14856.5 1373.3 53V5 1A4.5 271.2
•I 42 A 146.4 38.89 O.t448 13.7 14931.1 1359.9 5SJ8 tAA.A 324.A
* ' ! _ _43 7 148.4 3 9 . 0 7 0 . 1 4 A 0 13.9 14830.A 1325,4 55J8 165.7 255.1
• ~ 44 8 150.5 39.49 0,1558 " 14.2 14908.4 1343.5 56/4 166.6 316.5
" 45 1 152.9 0.00 0,0000 14.5 14944.0 1357.4 51.2 169,5 241.8
£* _46 2 154.9 40 01 0.146A 14.8 15008.8 1390.4 51.9 164.1 343.3
«| tT'_'"S 157.6" 39.74 O.|47á 15. 1 14937.5 1330. 1 sλ.2 1.A8.0 2A0.8
if 48 4 159.1 37.95 0.1201 15.3 14901,9 1333.2 55\9 162.4 288.4

* V[ 49 5 1A3.9 .?7.74 0*1361 _ _1 . 5 9 14934.3 1403.0 5AJ3 1A8.2 222.7
50 4 166.8 37,23 0.1212 " 16.2 14944,0 13A1.1 5p/l 163.0 351.1

54, ; „ _ . .„_.__ ; ; S-ù^PM L



I • . : • . •

PAßF 3 RUN #2 SANDSTONE . 5 / 5 /01 1M43J33 SY * KHR1.HAN.DATS 1

-U
11 NöT~sεiF"~TTMÉ: F T / H R FNTRFV PKN ~~' B I T MT TORQ RPM~~~~ FLOW . HWJÜ

3( % 5t 7 _1A9.9 3A.9«_ 0.1290 _ 16.6 14989.4 1347.A ft/. 9 167,6 226.B
52 8 172.;! 3*.84 0.1289 16.9 15008,8 13/1,8 • / 7 4 168.7 310.0

5 53 9 174.4 3"6.S7. 0.1029 17.1 t4VV5.9 1309,4 k 0,0 167.7 316.5
54 _ 10 177.9 __ 3A_. 17 _ 0.0866 _ _ 17.5 15010. A 1370.3 8V. 9 __ i62 _7__ 352.7

7f 55 11 182.3 33.7H 0.0739 " 13.0 14963.5 " 1 3 3 7 . 9 l o λ . 7 1A1.0 "346.4
8
 5A 12 185.9 35.34 0.0580 18.4 14963.5 1330.9 108V7 165.9 319.4
*[_.___; 57 *•' 193.0 35.55 0.0582 19.4 14283.0 1294.0 .167 15 _1{>7.1 228.9_
" 58 14 203.2 36.52 0.0532 20.8 14448,3 1 2 9 7 . A 1 A 5 / 6 iA4.1 258.5
•' 59 15 23 A.? <J0,45 0.0537 2ü.8 14801.3 1399.3 lAV. 9 1A3.1 2A8.4
12 AO 1A 259.4 41.12 0.0508 29.t 149.18.1 1353.9 l^/.ö u'9 * A_ 2 i 5 β

_ „
1 1
T Al 17 "'261.6'"'. 41.47 ()7θ.S27~ "" 29.5 1490ft ^ 13HS.A 1 </i. 4 lAö.f "308.7

•< A2 18 2A3.7 41.70 0,0582 29.0 .14853.3 13K4.A J <O. 4 1A4.2 2L'i9.A
' [ A3 19 266.0 41. OS 0.0538 30.2 14901.9 13S3.A lAb.O l ^ O 307.5
«e ~ A4 20 271,1 42.00 0.0570" 31.0 14999.1 1407.4 1A\.5 1A4.A 266.9
•> A5 21 273. IS 42.11 0.0552 31.3 14995.9 1405.1 163\ti 171.0 234. A

'«' AA 22 275.8 42.22 0.058 A 31.7 14931.1 1 4 0 7 » 4 _ 1 A 4 * V _ 1 A 9* 9_ _?4:<*1_
" r" 47 23 277,8 42.32"" 0,0600" " 32.0 14765.8 1355.9 1A4.D IA2.9 "344.9

A8 1 280.7 0.00 0.0000 32.A 14BW5.7 1387.A X62,b 166.0 321.9
A9 2 282.8 29.55 0.0361 32.8 14947.3 1402,0 162JA 166,2 29A,2
70 3 284.8 39.52 0.0A15 33.1 14957.0 1386.1 162/3* 164.8 266.8

:* 7t 4 286.7 43.71 0.0624 33.4 14350.1 13(18.7 1A/.7 1A5.9 301.3
' 72 5 2 8 8 . 4 4 f i . 5 7 0 . 0 A 0 A _ 3 3 . 7 14843.A 1 3 9 7 . 5 I f ? . * . * _ 1A5.2 _ ^ A 4 . 9 _
T 73 A 290,3 46,15 .036;3~" 34,0 i 4911 , A ' 1390,2 "ifó2.3 ^1A5.5 290V4

74 7 292.0 47.00 0.0A51 34.3 14817.7 1401.5 .1162.6 162.5 326.5
!•[ 75 8 293.9 47.74 0.0628 34.A 14814.4 1368.2 iVI.9 1A5.0 252.A
•» 7A 9 295,4 48.08 0v0598 " 34.8 14B07.9' 1384.9 I Λ S . S " 169.0 ~ •" 310*8
» 77 10 29/,1 48.72 0.0693 35,2 14863.0 1418,9 1A\.3 1A7.2 300.7
» 78 11 299.0 _ 48.720.050A 35.4 14950. S _ 13A1 .4 1A2\3 ^l^A.S 298.1
3''| J " > Π Ü 300,9 48.77" b;<)6i4 " 3 5 , 7 14820,9" 1361,9 iA2λ3 1A9,T~ 317.7
^1 80 13 302.5 48.88 0.0634 3A.0 14069.5 1371.7 1A2.K 1A3.0 300.2
»{_ 81 1 304.5 0,00 0,0000 36.3 14V8A.2 1381.A l.f? f _\

6
Z

t9
 i°

Ati
_

82 2 306,3 47,16 0,0588 " 3A.A 15008.8 139A.8 162,1/ 1 A 4 . 9 27A.5
83 3 30«.2 SO.94 0.06AO 37.0 1S031.5 1301.9 1A2/S . 168.A 339.9

* 84 4 310.0 49,93 __ 0.0573 _ 37.2 149^7 . 0 _ _._1388 . 1 1A:/. 1 _.i**jj? : 1 6 t 9

85 5 311.8 49.1 A 0.0578 37.J5 149.57.5 " 1 4 1 0 . 8 16/.5 167.9 317.6
• 8A A 313.7 49.OA 0.0A14 37.8 14927.8 139A.8 1 S2.9 1A7.3 334.6

" j 87 7 315.4 49.08 0.0614 38.1 14H5A.5 _ ^ 3 / ' 0 . 8 143.0 165>3 292.7
« 88 8 317.2 49.23 0.0A17 38.4 14914.9 : 1 4 0 8 . 1 " " 1 A \ . 3 ~ 1A4.4 27()73
"' 89 9 319.1 49.29 0.0A03 38.7 14903.4 1398.8 l A A l 1A7.A 274,5
« 90 1 321.3 0.00 0.0000 39.1 14827.4 138A.1 100!0 1A3.1 291.0
«| " 91 2 323.1 " 54.78 ()Vl38A 39.4 1485A.5 1417.9"""""" 5/. θ"" 1A3.2 329.7
**\ 92 3 324.9 52.45 0.1707 39.7 14979.7 1375.A 5/7.9 1A2.8 318.8
-[ 93 4 326.8 S1.74 0.176A 40.0 14944.0 1361.1 h.9 1A5.7 2AA.A

- 94
 5

 3?8.8 50.88 "0.1673". "" 40.4 14924.6 13A5.5 5SJ. 3 1A8.9 316.1
« 95 A 330.9 50.A4 0.1/31 40.7 14924.A 1421.0 Ŝ J.9 1AA.7 2A7.8

« 9A 7 332.A 49.95 0.1A00
 4

i 0 14992, A 1409.3 5/, 0 1A3.A 343.4

B. I ** CHECK OUTPUT I0 SEE IF IT IS OK **



?

f/jo•où

6 A
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FAGIü 1 UNIV. OF CALIF , r S.).».»NRUM >lrUATh~R 5/ S/ßl .14i20tlS SY JURLMAN. DAT f J

• " '""-'"'. A/I) CHANNEL HA I A TABLE

0 • • • . . . ' • ' • •• . ' • . . . • . '

< j I CHL I I S H O R T ICM. tSAM I ' I SHUNT I UNITS I
. * L _ J NOt ..I. CHANNEL TITLE I I TYPE I TYPE I ZERO \ VALUE I PER VOL( I

11 mm mm ÷ mm - . .*. mm> mm m?i « . ~ . . . - . . „ . » . _ _ * » . , • , , . . . ~ . . . . . . . . m~ ... ~. ~~ t~ —. — mm mm ^* m . -m. m- r . m~\m ~. mm — * - M — t H * . mm mmm.m,m-mm~. ~m~*m m*mmm*mm ,. mmm~ — m-m-~mmmmmm*-• *m'm»m»»+m-mm~r**m.*~.~

1" 1 49 I PENETRATION f PEN I. S I M I 0.009 I 46.70 I 5.290 I
12 ^ so 2 wei«nr ON B I T • i B I T WI I $ j H j _ _o.θ2β I_417OA»OO '*?**?•**• ' „
up T' ' 5T I fORQüET~ "•• r~~iOISP f ' , | * T I " ! 0.048 " I "4045.00 l~ 538.464 T
i* I 52 I RPM I RF'M I F I M t ••.<>« 008 I 0.00 I 98.300 I
' I 53 I FLOW I FLOW I F I M I -0 .075 I 0.00 I _ 100»000 I

, «' -'f" 54 I SWIVEL " - ; | HWIV I* S " I M I -0.06S l~ "452.00 T " * 99.484 " l "

PACJr: i> UNIV. OF CAl.IFwH.».»r»mJH *i»WATER 5 / 5/OJ. 14U»0t i5 !>Y:riRU1AN.riATil

-u
' I NO. β ε t f 11ME FT/HR 1N7R"EW• PEN * i t " MT TOfcS "'~R>H FLOW 8WIV " ' '
.'I I _ _ .. I _ . . . . I . . _ . . . I _ _ _ . . . _ _ _ I _ _ _ _ _„.«. I _ _ . _ _ . _ _ I _ . . . _ _ . _ _ ! _ - . _ _ _ _ — I - _ / V l _ I _ . . . _ _ . _ _ _ . . I _ _ ___«._ I _ _ . __» _ _ _ I - . _ _ _ _ — .

3 L . __ i . _ 1 0 . 0 o . o o 0 . 0 0 0 0 0 . 0 7 . 1 3 . 3 pf? 0 . 0 0 , 5
1 2 2 2 9 « . 3 4 .94 0 .0140 5 . 0 J 5 3 4 . 5 37?»6 iV<>.l 1A3.4 3 6 6 . 3
' 3 3 3 0 1 . 7 4 . 9 7 0 .0164 5 . 1 3B34.6 422* 3 l \ 0 , 4 1 6 9 . 2 3 1 8 . 5
6 4 4 3 0 5 . 8 «.O3 0 .0209 5 , 3 4f) lö ,4 5 0 0 . 0 1 s \ 8 169 .6 3 J 5 . 2

5 5 309 .6 5 .11 0,0v. 74 5 .5 5233 .4 52? .O 1 4 θ \ l 1 6 9 . 0 ; 2 5 8 . 7
s | 6 6 3 1 6 . 4 S,2i» 0 .0234 5 * 5 6 6 4 . 5 5 1 3 . 6 1 4 0 | 2 1 6 6 . 3 2 6 5 . 3
xl_ __ 7 7 3 2 3 . 3 5.39 0 .0336 6 .4 6 4 4 2 . 6 5 6 4 . 3 1 4 θ l 6 1 6 2 . 8 3 4 1 . 7

8 1 3 2 9 . 3 0 . 0 0 0 . 0 0 0 0 7 . 0 8 1 2 2 . 0 7 0 4 . 9 1'3M I 1 6 3 . 2 3 2 1 . 9
M 9 2 3 3 5 . 9 2 3 . 8 8 0 . 0 3 4 3 7 . 6 9 3 3 4 . 6 7 0 8 . 9 13W.6 1 6 8 . 6 1 3 5 . 3
'? 10 3 3 3 9 . 4 2 2 . 8 0 0 . 0 2 9 1 7»8 9H50.1 Z 2 3 . 8 l " { / v a l * 4 * t 4 3 * 4 _
" f 11 4 3 4 4 . 1 2 2 . 6 6 " 0V0329 8 .1 1 0 3 0 0 . 7 " 7 5 9 , 3 " 1 3 ^ . 7 1 6 2 . 9 143 .4
-'I 12 5 3 4 7 . 2 2 2 . 2 2 0 . 0 2 7 9 8 .4 11237.1 7V1.9 1 3 ^ . 5 1 6 2 . 7 1 5 3 . 6
»*| 13 6 351.4 21,46 0 . 0 2 5 4 8 .6 120f57.9 8R1.7 13 ?. 2 1 6 4 . 7 146.4
•c ' ' " 14 7 3 5 5 . 6 2 0 . 5 0 0 .0216 " .8.8 12946.2 Vflβ.6 13V.0 ~~ 1A6.4 1 4 5 . 5
i. ' 15 8 3 6 0 . 3 19 .95 0,0277 9 . 1 13867.0 1 0 8 8 . 0 1 3 λ . 9 1 6 8 . 8 1 2 2 . 0

16 9 3 6 4 . 8 2 0 . 1 4 0 .0379 9 . 5 14400.4 1214.7 139\3 168 .0 1 5 3 . 3
" r " 17 10 36B. :r" 20 .26 0 . 02S*9 " 9 . 7 i 4460. A i 16Q,B ~~i 39 .V " 1 6 4 7 2 f44~.4 ~
;: | 18 1 3 7 4 . 2 0 . 0 0 0 . 0 0 0 0 1 0 . 2 1 9 0 1 4 . ? 1 2 1 4 . 3 1.^8. 1,6 2 . 3 168 .4

{ 19 2 3753.1 2 5 . 4 7 0 .0367 10 .6 14966.0 1 2 4 7 . 2 139.« 1 6 0 . 8 1 4 3 . 1
?». 20 & 381 .4 2 3 . β 3 0 . 0 3 1 0 iO.fl 1^257.8 1243.6 139,li " 1 7 1 , 1 1 3 6 . 8
<< 21 4 3 8 4 . 7 2 2 . 9 7 0.03.11 11,0 1483^3. β 11B7.9 139 ,ß 1 6 4 . 1 162 .7
;• 22 5 387.« 22.82 0.0333 11.3 14998. S 1333.2 *:<lVS *At! _l_ _11<L*E

F~ 2 3 6 3 9 0 . 7 2 3 . 4 6 0 . 0 4 1 4 U . 5 1 5 1 4 7 . '&>""""i 2 « 9 . 8 ""-"" j "Jiff, 7 ~ " 1 6 4 , ' 6 O 5 7 4
»] 24 7 3 9 3 . 2 2 3 . 8 0 0 . 0 3 5 4 t i . β 1 4 9 « 8 . 7 1 1 7 0 . 5 13y6,9 1 6 8 . 8 1 4 3 . 6

' '-{ 25 8 3 9 5 , 8 2 3 . 7 7 0 . 0 3 0 3 1 1 , 9 1 4 6 7 4 . 3 1 1 6 0 . 1 _ l / ^ l _ 1 A 4 5 _ 1 4 A f 0

* , . 26 9 3?β.3 23,80 0.035* 12,1 1 4 4 6 6 . 8 j . 2 7 0 . 2 1 « 0 . 8 " 1 6 8 . 1 " 1 4 1 , 0
' 2 7 10 4 0 1 . 0 2 3 . 9 0 0 . 0 3 6 8 1 2 . 4 1 4 5 4 7 . 8 1 3 6 0 . 8 1(38.5 1 6 8 . 1 1 4 2 . 0



28 1 404.6 0.00 0,0000 _ 1 ? , 7 14992,0 1133.5 lVl?.2_ 165.3 151.1
29 2 409.2 32^35 0.0468 13.2" 1 4 9 4 6 , A 1 3 9 4 . 3 l \ B . i T65.7 14*573"
30 3 411.? 32.36 0.0468 13.4 1.4599.7 1291.2 1 Sβ. 7 148.0 114.8
31 4 415.1 3A.03 0.0651 13.9 13403.4 1132.3 13S.4 J * 2 ' 3 _ 155.1
32 S 418.0 41.Se; 0.0099 14.6 13793,7 923.0 139V9 169.9 1 1 8 . 2 "
33 1 421.3 0.00 0.0000 15.0 14A90.5 709.0 14014 165.0 129.7
34 2 423.7 40.73 0,0380 IS.3 14667.8 /A2.1 140)4 162,4 _ _ t A ^ t 9 _
35 3 426.4 46.63 0.0730 15. B 14230.1 1015.7 13918 " l & l . > " 162.3
36 4 430.2 74.37 0.1607 17.2 7162.4 688*2 140/.9 165.9 143.2
37 5 438.7 89.1ß 0.1400 20 .0 13983.7 1152,4 1 3 / . 3 _ t67 .0 113.8
38 1 442.6 0.00 0.0000 20.6 14946.6 1095*5 1 3 A>, 4 1 6 7 , 6 1 4 3 , 0
39 2 449.6 38.22 0.0S48 21.4 15121.7 1128.7 129.5 168.2 112.6
40 3 454.6 3B.00 0,0540 22.1 14946,6 l«77»0 1H9.2 i f7*7 137,5
41 4 459.2 38.41 0.0S72 22.7 14282.0 1058.7 i f 9 . 4 168,9 i3<jU8
42 tl 462.9 45.63 0.1316 23.8 9331.3 8B0.4 13^?.9 167.1 116.8
43 6 466.9 &7 74 0.11)79 _ 2 5 . 6 4682.2 867,1 14\.O 166.6 1S7.0
44 7 4 7 0 . 2 6 6 . 0 3 0 , 1 4 9 6 2 6 , 7 1 1 0 5 6 . 1 1 0 9 V , 3 i 3 9 \ 3 1 6 6 . 7 " 117,3
45 8 472.8 69.33 0,0734 27.2 13659.5 1171,9 139,11. 164,5 143.2
46 9 47S.6 69,94 0. OS70 27.5 14726,1 946.7 l-40.b' 168.8 150.0
47 10 478.6 68.80 0.0605 27,8 14943.4 1054.6 " 51/3 162.2 173,3
48 1 431»ö 0.00 0.0000 20 .3 14512.2 1066,3 4^.8 162.9 170,4
49 2 484.6 44.26 0.1700 28.7 14625.6 1071.2 56 .3 161.7 170.0
50 3 4 H 7 . 6 ' 53.ΛH. 0.2576 2 9 . 4 1 3 6 3 0 . 3 1195.8 " » ) . 4 1 A 5 . 8 124.5

PAGE 3 UNIV. OF CALIF. r S . D. FDRUM #1>WATΠR 5 / 5/81 1 4 5 2 0 : 1 5 S Y S » R I . M Λ N . UATM

*NII 8£Q TtM^: " " F T / H R XH/R^V PEH Blf UT ' TORCf KPM Π F L O U SWIV
I ~. — ~. i . . _ .„ i i _ . i i i _ i i *C!3^l i i i i

51 4 490. tl 61.56 0,2928 30,1 12164.9 1115.7 «*&* 1^2.9 _ 171,2 _ ___
52 S 493.8 7ó»7tt 0,4942 31,4 S628,C AB3.6 Ŝ θy 7 164,8 158,3
53 6 49H,1 9 1 . 8 4 0.3209 93 J 3440,5 AA6.3 1tTT5 168,1 150,2
54 7 503.2 89,04 0.1059 34.1 11020.4 896.0 77)0 165.3 142,6
55 3 505.6 84.49 0.0846 34,4 11467.9 030.3 5<f.8 1 6 5 . 0 " 144.3
56 9 508.5 79.55 0,1198 34,6 11367.3 8A2.9 50\3 167.7 148.7
57 tO 5 1 0 , 9 7 5 , 1 0 0 . 1 0 2 4 3 4 . 8 1 1 7 4 9 . 9 9 0 0 . 3 4 ^ 8 166.6 116.2
58 1 513.5 0,00 0.0000 35,1 116.13,7 902.0 5(hv5 165.7 150.0
59 2 S1S 7 35.6 7 0.1434 3514 116/2*1 915,3 SW2 167,3 156.3
60 3 518.5 28,68 0,0935 35,6 11903.3 888.0 SJV? i ^ S 155.5
61 4 5 2 0 , / 29.92 "0.1382 35.9 11941,2 949.8 " 4v<?8 1A4.7 142.5 "

SO
** PIECK OUTPUT 10 SKtj. IF IT ;(S OK * *

PRINT riprióira Aftü::
C R •-=• PRINT MANUAL PATAi
50 = PRINT OlfICK HATAJ
99 = KXIT PRINT ROUTINE.

PRINT OPTION = " ^ " "" " "
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PAGE. 1 UNIV* OF" CALIF.tS.B.fBRUM #-?. 5/ s/öi s:11:52 SY:URLMAN.UΛ

A/D CHANNEL DATA TA»l.E

1 CU!..
! NO.

1 49
1 50
! 51
I 52
1 S3
i 34

I SHORT
CHANNEL T I U E _ _ __?.___

PENETRATION f PEN
HEIGHT ON KIT 1 BIT MX
TORQUE 1 TORN
K PH t KPM
Fi. OW I FLOW
SWIVEL 1 S.WIV •

CALt
TYPE

8
S
F
F

SAM.
TYPE

M
M
«
M
M
M

• • . • ;

ZERO

0.012
0.04?
0.120

-0.000
-0.086
-0.004

SHUNT
VALUE

4A.70
4 1 7 0 6 . 0 0

4045.00
0.00
0.00

452.00

UNITS
PER VOLT

5.287
10598.834

542.782
98.300

100.000
99.544

PAGE UNIV. OF CALIF.,S.ö.»DRUM 42.WATER 5/ S/81 .is:ii:52 SYJDRLMAN.ΠA

NO.
1 —1

1
2
T

A
ej

6
7
8
9

10
11
12
13
14
15
16
17
I S
19
20
21
22
23
24
2 5
26
27
2 8
29
30
31
w t -

3 3
34
3 5
36
37
38
39

SEQ

3
2
3
4
5
A
7
8
1
**>

4

5
6
7
8
o

10
11
12

1
2
3
4
m,
w
A
7
8
9

10
11
t ?
13

1
2
3
4
5
6

* * C

i .
PRINT

CR
5 0

9 9
PRINT

TIME
I• — — -1

0 , 0
2 . 3
4 . 9
8 . 1

11 . 1
14.6
19. 3
22.1
26.1
2'? . 9
32.4
35.1
38.6
41.9
45.7
* f } . 0
50.9
53. S
55.9
SOLA
61 .3
64.7
67.9
70*5
73.7
76.6
80. l
33. tl
87.3
91.1
94.8
90. 1

100.6
10.*. 1
105.6
108.1
110.6
113.5
115 5

FT/HR

0.00
54.91
60.26
3/ >93
57.16
55.9V
55 * A7
S6 43

0.00
65.11
66.07
01 . AA
97.37

10A.3 0
112.47
114.99
116.67
117.80
118.06
115.86

0.00
54.83
53,60
5* , J)ü
54.35
55.17
59.88
6 8 . 81
77.26
05.01
91,4V
96.28
99.93

0.00
55.87
49.22
48.13
S O . 5 A
57.92

MECK OUTPUT TO

OPTIONS
• PRINT
= PRINT

ARE :
MANUAL

IN/REV
1 1

0.0000
0.0/53
0.0882
0.0H08
0.0969
0.0876
0.0904
0.0996
0.0000
0.0?22
0.0931
0.1/46
0.3 730
0.1/24
0.1737
0.1592
(>« 16A9
0.1A50
0.1437
0.0A59
0.0000
0.0749
0.0719
0.0755
0.07A3
0.0806
0.1201
0.1A86
0.3 719
0.?.135
0.3590
0.4596
0.5010
0.0000
0.2100
0.1191
0.0829
0.0327
0.1640

SEE IF IT

DATA?
ftlJICK DATA?

= EXIT PRINT ROI
DPTJON «

PEN

3 . 5
3 . 9
4 . 5
5 . 0
5 . 6
A . 2 .
7 . 1
7 . 7
8 . 7
9 . 5

3 0 . 1
1 1 . 2
1 2 . 7
1 4 , 2
15.8
16,7
17.9
18.9
19.8
20.2
20.7
21.2
21.8
22.3
22.9
23.4
24. 5
2A.1
27.5
29.?
30.8
32.2
33.3
34.2
34.7
35.0
35.4
JJA.O
36.7

IS OK * *

BIT WT

3603.5
3225.1
3474.3
S179.5
6349.6
7022.4
8141.5
8099.5
8507.0
9A94.1
9933.4
4884.4
4334.5
4075.7
4A70.9
54 37.5
4819.7
45 48.0
7798.7

120/1.4
13895.7
14A97.9
14859.A
14801.4
14798.1
14985.7
11508.A
6537.2
4389.5
4376-5
4848.8
7083.8
5382.5

10298.9
14895*2
150AA.A
15147,5
14791.7
9781.4

-64-

T O R Q
— — — — — | —

537.8
510.7
545.3
A45.2
A71 .9
739.3
7 9 8 . A
734.1
775.0
Hfil.4
85S.7
4 4 3 » A
67:1 . 9
575.8
763. A
903.1
536.2
47A. 4
721.9

1042.A
11 BO.4
1243*0
1295.2
1294.0
1223.8
1177.A
956.9
793.1
608, V
6 40.4
o Λ Λ et

915.5
A07.1

10/9.2
1358.1
1302.6
1306.J
130A.8
813.3

•

RPM

1A/.2
1 /6 . 4
1 4 ?t » 2

11 4\ 0
13 718
il7/,9
133/.2
1 3ß. S

13p.A.
1 4fi. 1
i 4AV i
14/.V
147,1
1 4 8 t f
147.JB
I 4 7 JA
14/ /A
14 8/.9
14&L2
14 7\3
146.!5
14A.2\
14A.ll
145. /
146/;$
14/ . 8
15/0.1
15ü. 7
3 slS-0
94\θ
54.V)
5 3 /A
54/.0
'5p »3
5 B . 2
9N0

138JB
1 V*9

' ^

FLOW

1 6 4 . A
1A2.A
1 A 3 . 9
1 6 6 . 4
171 . 0
164.5
169.4
169.9
169,4
IA6.A
1A9 .2
16.3.8
1*3.0
158.4
159.9
1A1 .3
1 A2.0
161.8
3 Al. 2
1A1.5
1A3.5
165.1
1A4.A
1A1.7
1A5.A
161 .2
165.9
164.2
365.5
167.1
167.8
165.2
1A0.5
1A7.7
3.A4.3
165.3
165.1
1A3.8
3.A8.5

εwiv
1 , ,-_

330.7
303,2
352.1
239.2
247.3
240.0
2A4.0
251.1
.275.8
285.2
275.1
250.3
196.4
329.7
32A.4
313.5
233 .7
300.7
273.5
2 A3,2
295.6
226.0
248.1
278.1
203.5
231.3
204.0
267.3
275.4
203.4
250.3
241.4
285.3
215.8
280.5
268.2
206. 9
229.0
216.0
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PAßE 1 UNIV. OF CALIF. ,S.DrüKUM t3'»WA7ER 5/ 6/B1 08t5V:i5

i A/D CHANNEL DATA TABLE

UHL
NO.

49
SO
51
S2
53
54

-CHANNEL TITLE

PENETRATION
WEIGHT ON DIT
TORÖUE
RPM
TI.OU
SWIVEL

SHORT

PEN
BIT UT
TORΠ
RPM

FLOW
SUIV

CAL.
TYPE

s -
S
S
F
F
S

SAM. I
TYPE! ZERO

M 1 0.018
M I 0.027
M 1 0.042

M t -0.002

M 1 -0.075

M l 0.022

SHUNT 1 UNITS 1
VALUE ! PLR VOLT I

• •

46.70 1 5.298 1
4170A.00 110629.170 !
4043.00 1 542.171 1

0.00 t 98.300 !

0.00 ! 100.000 1

452.00 1 99.685 1

PAGE 2 UNIV. OF CALIF. >.S*P»DRUrt *3»WATER 5/ 6/βi•• oers?: is STtDRLMAN.DAI

. SH:Q FT/HR IN/REV _P?N__ _JIJ__WT TORQ RPM

i ,

L

3
4
5
6
7
8
9
10
11
12"
13
14
15
16
17
18
19
20
21
22
23
24

9 !

6
7
a

10
ti

2
3
4

25 5
26 6
27 7

o.o
136.5
139.3
143.1
.147.0
ISO .A"
3 54.6
150.3
162.6
16 / . Q
173.6

185.4
192.2
3 98.8
203.3

"2107 1

217.6
223 .4
224,1
r>r>y . r>

0.00
6.26
6.41
6. Δ7

S.S1
9.0/

" 9.61
0.00

25.29
"26.00"
27.09

o.oooo

o.ioai
0.2687
0.1457
0.10i4
0.0^94
0.0421
0.0000
0.0375
0.0387
0.0425
0.0

0.1
2.9
3.1

4 . 3

90.8
102A.2
2971.3
3/75.7

4.8 0878.2
5.2 i0892.6

30 770
3.S.A6 0.0071

40.51 0.0668

' 6.00 0.0MO
77.87 0.1118
89.24 0.143 3

6.0
6. 4
6_.9
7 . 4
8 . 0
8.7

10.5
11.3
12.0
12.6
13.1

"14/8S.T
15067.3

15005.7

"14 97 A."5

14793.6

142.8

346.9
471.3
S44.7
640.5

"1100^2
125>5.6

14AV.8

1479.4

1326.9
1574.1

14752.6"
14050.5
13750.3

1551.1
1530.2
1591.4
14 70.0
1270.8
1263^0

52.2
50.6

S1. 3
50.8
50.8

.9

.3
1ZP.. 2
1X7.4
IB 374
1 •\0.5

1•Φ *6

Th ."AIM 28. 9
15141.9

13.8
14.5
15.5

229, A 9'ö.lS 0.1544
231.8 100.88 0,1746
2,14.JI 105.25 3.1A 48_
23 7 . f; 1 00.27 0.0742

16.4
17.3
18.5
39.0"

14292.0
12783.7
9568.6
9 S!(J77 8"
7493.1

T2761.0"

143C.1
151A.8
140770
1366.2

j
12 4570"
1032.2
1052.4

\
1 3
13
141
F
i/41
i\o

8
, 1
1
9
0

.1

FLOW

3 62.4
166.9
1 62.0
163.5
167.7
167.5
3 63.7
166.9
1A5.4
161.1
166_.3

" 164.3
162.1
165.1
160.3
169.0

_ _ _
166 .9
164.8
167.2
I6T.'O"
165. 0
166. 9
iA9.2"
158V?
166.5

SWIV
•-- I
280.5
209.8
334.1
243.4

2 4 2 . 6 "
269.7
315J.3
268,9"
345.8
312*1
328.3
330.1
222.7
349.0"
269.0

_ 262.5
"28379
295.4
227.4
^60.3
268.2
342.0"

" 269.6 "
310.5
301.0
298.6

** CHEÜK oorρiTr"TTr~srsrrr~r

PRINT OPTIONS ARE*.

CR = PRIN f MANùAL~»ATAJ
50 • PRINT QUICK DATA?
99 = EXIT PRINT ROUTINE.

PRINT OPTION 99 •"

TES1 AGAIN? -66-
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t

i

iI
PAG I

' - • v

•

•

CHL
NO.

49
50
51
52
53

J 54

—

PACE

NO. SEQ

1

3
4

6
7

1 8.
i 10

11
F 12

13
! . 1 4
| -" 15"
1
1

16
17

j 19
1 20

21
22
23

| 24

!

25
26

•i

* #

i•

i PRINT

L CR
50
99

PRINT

1
2
3
4
5

A
1
•T

3
4
1
2
3
4
5
6
7
3
1
'>
3
4
5
6
7
3

C

1 U N I V , qp

1 • -

CHANNEL T

Pfc•NETRATION~
WE I OH i•

TORQUE
RPM
FLOW
SWIVEL

2 U

TIME

0.
116.
185.
190.
1.95.
207.
214,
221.
225.
22 V.
232.
236,
240.
24 3.
247.
251.
255.
260.
265.
269.
271*.
276.
279.
232.
286.
294.

HECK 0

CALIF

ITLE

ON BIT

NIV. OF

0
o

4
6
7
3
5
3
0
S
9
4
0
4
1
2
9
0
B
8
9
0
1

1
2

IJ•

OPTIONS
« PRIN (
« PRINT
= FXIT
OPTION

1

CALIF

FT/HR

0.
28.
29 .
2 V.
29.
28.
0.

105.
114.
103.

0.
29.
29,
30.
31
39.
49.
SV.
0.

4J5.
43.
44.
44.
49.
51.
40.

00
66
;.v5
23
01
93
00
51
03
56
00
74
:??
41
54
14
79
54
00
46
41
22
94
75
53
64

TPUT TO

ARE:
MANUAL
QUICK

:<R1NT

. >s.r>.

ft/D

1 fr

/ Cl-

IN/REV
1
0.
0.
Q
0.
0.
0*
0.
0.
0.
0.
0*
0.
0.
0*
0.
0.
0.

ö
0.
0.
0.
0.
0.
0.
0.

-0 .

SEE

HAT A
DAI A»

0000
0981
0593
0222
0184
0454
0000
1525
1SS5
lt)«4
0000
0613
1073
1347
1404
2931
3®&4
4055
0000
1746
1727
1040
1063
1650
1927
0094

IF XT

i

ROUTINE.

DRUM 3

CHANN

SHOR

PEN

A>WATER

EL DATA TABLE

T"

BIT WT
TORQ
RPM

FLOW
SWIV

C J
DRUM 3A

PEN

0.
11.
18.
18.
18.
19.
21.
23.
25.
2 A.
26.
26.
27.
27.
2S.
29.
30.
S2.
33.
33.
34.
34,
35,
36,
36,
36.

:cs OK

0
2
2

s
7
9
0

0
1
6
9
p
6
1

6
2
9
m*

a
7

1
6
6

CAI...
TYPli

.,_ __

S
S
F
F
S

/WATER

SΛM.
TYPE

M

M

M
M
M
M

£>

BIT WT

3333

612

2585

3289
4703

10148
13633

5917

4047
15344

15388

15337

15381

15361

14366

10923

8983

11024

14313
1445B

14475
14132

14297

7345

2858

433

—•I —

.i

.3

»5
.3

.6

.5

.6

.2

.0

.;?

.0

.5

.3

.1

. 1

.0

.4

.0

.8

.6

.5

.0

.0

.4

.3

.8

—.
5/6/81

ZERO

0.008

0

0

-0
-0

0

roRO

193.

2/2 t

425.

573.

868.

14JU.
1673.

8/0.

780.

UOθ
1654.

1684.
1P60.

L039,
1898.

1591.
t244.

1340.

1293.
1243.

1267.

1211.
1324*

772.

301 .

257.

.050

.029

.006

.071

.033

— —

09: 59:21J

SHUNT
VALUE

46.70

41706

5/ 6/81

_l

0
5
0

7
3
2
9

3
0
6

3

1
n

9

5
4

9

6
5
2

4
3

4

3

9

*PM

50

66
140

139

137
13 7
t36

140

140
136

137

56
49

49

49
50

50

50
49
49

50

SO
126

53
51

50

4045

0
0

452

09:

.7

.2

.8

.9

.8

.3

.8

.t

.9
,0

.9

.4

.2

.4

.7

.0

.0

.4

.9

.7

.8

.4

.6

.8

.0

.7

.00

.00

.00

.00

.00

—.

1

57:23

FLOW

163.

168.

171.
168.

175.

170.
168.
167.

174.
175.

175.

171.
172.

171.

171 .

175.

167.

169.
169.
169.

170,
1/2.
171,

172.
169.

173.

SYj

UNITS" "
PER

5

1033

545

98
100

100

3

5
4

7
1
9
4

8

9

0

2
8

6

4
5

4

3

1
7

3
3

9

4
6

6

VOLT

.297

,961
.075

.300

.000

.116

SY

SWIV

286.<

373.1

338.
294.!

215."

306.
356.1

245.

227.(
237.

328 •<

316.

:UΛ..
37S.

279.
273.

365.

378.
284.
301.

310.
332.
314.

296.
30.t .

298.

ORUtAN JM

....

tKRLMAN.n*

?

) -
i

5
?

i
3

I

9
3

1

7
3
?

3
9

3

7
t>
?
5
2
7

9
4

4

-68-
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PAtiL* 3 l"'lvU« t>A 57A/81 5/ 6/tJl .1.4:4 SY:öttLMAN.»A!J

A/D CHANNEL MATA FABLE

I CHL
i NO.

1 33
! 34
! 35

3 o
1 37
1 38

I
1

i """'
1
!
1
1
t

PACK:

NO. SEG
1 — - f.

1
2
3
4
5
6
7
ç;
9

1C
1 1
1 2
13
1 4
1 5
1 6
1 7
1 8
1 9
20
21
22
2 3
24
2 5
26
2' 7
28
29
30
31
37
3 3
34
3 5
3 6
3 7
3 8
3 9
4 0
4 1

42
4 3
4 4
4 5
A 6
4 7

1
1
2
3
4
5
6
7
8
9
S
2
"V

4
5
6
7
S
1
2
3
4
5
6
7
8
9
1
2
3

4
5
6
7
8
1
2
3
4
5
6
7
1
2
7

4
c
w6

CHANN

FEN~ETRAT

tL TTTL

ION
UCX•GHI' ON B I T

TORQUE
I<PM
FLOW
SWIVEL

2 DRUM

TIME
— I—

0 . 0
24 S
27.3
30.0
33.2
36,4
39.7
43.2
46.8
51*3
55.1
58.>
62,5
66.0
69.2
72.3
7^.;i
78.5
S1 .9
(JS.1
88.5
92.5
9A.6

100.2
103.9
108.8
114.6
119 . 2
123.8
129.7
134.6
139*4
343.4
147.3
151.0
X S 4 . 7
159.0
16 3. 1
166.9
i7.i .:$
175*5
17C f6
132.1
I OS. 7
190.3
194.3
197,3

1
E i

1
1
I
1
1
1

*4 5/6/81

FT/HR

0.00
59*82
60.06
60*89
61«5fi
62.19
62.94
6S.19
68.74

0.00
114.32
112.04
113.73
10 7*21
74.84
32*63
72.87

0.00
17.94
19.72
21.00
20.82
23 .43
21.08
21.45
22.18

0.00
49*27
69,06
76,36
74.06
72,37
69.92
65.72

0.00
64.30
62.74
5 6* S3
48.08
41.40
36.08

0.00
20.43
20.31
2 0 . 9 2
2 1 . 2 0
19.33

IN/REV
--•••!

0.0000
0.2029
0.2056
0.1891
0.1114
0.088 6
0.0867
0.1301
0.1478
0.0000
0.3 693
0.1345
0.3 427
0.0929
0.0253
0.0134
0*0253
0.0000
0.0216
0.0261
0.02S0
0.0232
0.0298
0.0198
0.0328
0.0330
0.0000
0.0391
0.1070
0.0996
0.0755
0.1032
0.1761
0.0713
0.0000
0.2158
0.2071
0.1440
0.0633
0.0698
0.0484
0.00 00
0.0688
0,0679
0,0469
0.0298
0,0033

SHORT

PIVN
SIT WT

'I 0FW
RPM

FLOW

SWIV

TEST

PEN ]

2 , 4
7 . 3
7 . 8
8 . 5
9 . 2

10.0
10.7
12.0
13.5
15*2
16.6
13.0
3 9.5
20, 4
20.6
20.7
20.9
21.3
21.5
21.7
22.0
22.2
22.6
22.8
23.1
23.5
24.4
25.1
26.5
23.1
29.2
30.1
30.8
31.1
33 .6
32.4
33.:?
33.8
34.1
3 4 . 4
34.6
34.3
35. 0
35*3
35.6
:i 5 . 9
;s 6 . o

C A L . I S A M .
TYPEITYPK

J> 1 M
S I M
<> 1 M

r i M
F I M .
S 1 M

JL —7

•w- 7

SIT WT

2652.6
8027.6
8050.7
8129.7
8119.8
80 77.0
7975.0
3541*3
4729.5
6645,2
7833.4
6951..3
6118.6
9933.4
8491.7
7649.1
76 72.2
7023.6
8113.2
7968.4
7994.7
8086*9
7968.4
7991.4
8001.3
7 402.2
689b.4
7471.4
3630.2
4953.4
6628.7
6734.1
6750.5
7960.4
6474.0
645 4 .3
6776.9
7866.4
e•o 14. tj
8063.3
8100.0
8037.5
7719.0
79 73.0
7955.2
7287.0
Pl 7 3..9

-70-

ZERO

0.010
0 . 0 4 6
0.115

-0 .001
-0.059
-0.005

i>HUNT 1 UNITS 1
VAL

46
41706

404S
c)
0

4 5 2

5/ A/81 14 J

roRn i

320,7
585.5
584.4
580 .9
605*4
623*3
623.8
218.8
5154,1
756*8

1011 .3
6'JO .4
644.2
030.3
604.3
501.7
679.9
649.0
633 . 1
616.8
626.1
687.9
595.7
615.9
640.7
602.6
610,1
63$. 4
372.5 .
457.7
699.5
004.6
724 . S
708.2
512.2
554.0
603.1
519.0
532.9
602.1
630.3
6 3 8 . 0
5Sf A . 1
5 9 3 , 1
600.2
494.5
440.ε

SPM

59 .ß
58*1
66.1
96 . Z

L40.6
163.0
165.1
L65.6
L65.4
108.2
161 .4
165.3
165. 9
i 65.1
165.9
16S.9
166.5
166.4
166 .2
166. 2
165.9
105.4
U.6.2
164.8
166.5
166.9
166.8
166.9
167.7
167.1
166.3
63.3
59.4
59.6
5 9 . 7
S 9 . L3
59.3
59.3
59.5
59.6
59.5
5V.5
59.3
59.4

128.0
164.3
165.1"

Lit 1 PER

. 7 0 1 5

.00 110785

.00 1 54?

.00 1 98

.00 1 100

.00 1 99

47*. 53

FLOW

167.4
167.9
168.3
166.8
3.62.3
165.5
168.2
160.6
166,9
167.2
367.0
168.0
365.1
167.1
162.:?
163. 0
168.9
168.5
164.4
166.6
16 3.9
165.7
167.8
167.8
167.1
162.1
3 67.4
166.6
168.0
167.4
164.9
167,3
168,9
162,8
163.0
162.9
165.4
163.1
169.2
16 3 . 3
165.4
161 .8
167.0
168.7
3 o 9 . 5
1 6 6 . 9
3 6 6 . 2

\>Q\. T 1

.284 1

.671 1

.467 1

.300 I

.000 1

.272 1

SYUIRLMAN.DÉ

SWIV

220.0
206.2
209.6
262.1
225.8
232.8
260.7
266.4
210. 6
332.7
272.7
307.6 -
248*2
269.5
240.6
274.0
276.4
281.1
262.6
195.1
258.3
208.3
190,2
278.8
295.4
246.3
179.9
193.4
179.9
292.1
298.3.
264.9
323.3
407.4
356.4
348.9 . ~
310.0
257.2
216.8
264.0
265.5
319.7
T26.7
253.7
230.3
232.0
247.6
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99 LXXT PRIM
PRJNT OPTION
NUMBER Of COPIES •

ROUTINE*

OUTPUT OPTIONS ARE!
1 ~ PRINTOUT ON TERMINALS

~ 2 ~±" PR IN TOUT 0 N 1.1 Ni: P R1N T IF R .
OUTPUT OPTION 1

CN

PAGE DRUM #5 5/7/81 5/ 7/ni 09:30:05

A/J) CHANNEL DATA ' TA1JLE

I CUI.. I
I M O . I CHANNEL TXTIE

33 I PENETRATION
34 I"" WCiGMI" ON JUT
3a i TüRüiJt:

37 I i•;. OW '•"

PITH
BIT M

lORö
KPN

IC:AL.
I T Y I • I :

I f;
1 VJ
1 S
1 F
1 T
1 S

JJAM 1
I T Y P L I

M 1
M I
H 1
M 1
M 1
M !

0.004
0.004
0.109
•O OOS
O.CMKI
0.102

SHUNT
VALUE

4 6 . 7 0
4 1 7 0 0 * 0 0

4O1rj.OO
0.00
0.00

432.00

UNITS
Pfc•R

5
10774

541
9ß

100
99

VOL!

.27 V

.515

.5 69

.300 1

.000 1

.614 I



PACE 2 DRU#i tf> 5 / 7 / 8 1 5 / 7 / 0 J. 0'9 J O J 0 5 BY I ßRLMAN. OAT J1

NO. SEQ TIME FT/HR IN/REV PKM BIT iff TQRfl R P M Λ Λ I , F I Ü W S W I V

1 i o . o ó.o<> o.oooo o.o 4030*7, •.JHI.I . 4^.9 164.4 239.3
2 2 9.6 0.15 0.0007 0.0 4924*2 310.6 \ 37.2 107.5 273.2
3 3 50.5 ?*<>» 0*0005 0.0 49.70.7 t4f».5 \1K*'V 164.2 301,7

"4 1" 12212 O.Otf0.0000 3.-1, 695.6 503.4 \f 5.6 16G.3 231.0
5 1 356.9 0.00 0.0000 fc.4 7H2>'.6 792.fj m , A 168,2 25:1.1
6 2 361.-1 66.OG 0,*S44 7.4 7S01.0 (513.8 ?it. G 16S.9 225,5
7" 3 1566,7 70.VS 0.1996" 10.7 6116.6 573.3 i;\. :l 163,& 301.5
S 4 370. S 82*32 O»40β4 12.2 1VV.2.1 '«!«2.8 l i . 9 J/O.ß 311.5
9 _ 5 373.0 $0' 3g 0*3833 J3.i 1797.2 772.0 i ? l θ 167,6 ^02.6

10 ó 37S.2' 9^7 7δ 073214 ""14*0 iü«2,6 620.1 V \ ° 170,ß 204.0
11 7 377.? 95.67 0*3536 14.7 1941.» 520.6 36 ,\4 167. V 279.0
12 0 3/V.O 9β>.Jf6; 0.3298 1^.7 1705.7 /60.S !.\:l ,V 164,4 373.9
13 9 332.3 100,28 0.3037 16.6 2566.6 540.2 6\ .\ 171.6 345.3
14 1 ,Y8i 'V 0.00 0.0000 1/.5 :'>l(J{}.0 52?.8 5lL/A 163.8 283.0
15 2 337.0 102.33 0.3201 13.2 ;J526.7 645,2 69.jA 164,9 34ß.O
16 3 J«V#4 102.73 0.2656 17.0 10152.4 /VS. 6 ^ 3 166.2 261,6
17 4 3?1.7 »?.25 0.1241 19.5 7692.f] 991.9 .tO/AO J6H.6 250.2
10 S 394. i 7V.01 0,1063 19.V 0531VS 910.3 ,0 173.5 232.0
19 6 396, ;j 70.11 0.0678 20.2 13333*9 920.0 ,9 170.6 321.3
20 7 .{99.2 61.43 9,0561 20.5 0074.2 1219.2 *5 167.4 337.0
21 J|_ 40^.2 53^75 0.0625 ?<>•?_ ß |θ * . 0 ji216.7 12 .3 172.0 303.2
22 V "4057/ " 5lVl6 0 . 0 5 9 3 " 21.3 ~βl>^.ö " T902.7 #0 167^5 255.6
23 1 40H.2 0.00 0.0000 21.5 8071.2 1465.3 JW.7 173.0 2W>.9
24 2 412.5 33.69 0.0514 22.0 JI370.1 105/ . 1 (.6 1A9.6 .307.7
25^ 3 416.5 Z?*770.0762 22.6 3166.2 1059.0 .2 166.8 237.9
26 4 420.5 35*02 0.0534 23.0 8102.7 840.6 71.9 166.3 327,9

_ 27__ 5 424.2 35.1$ jθ\ù?"/2 _^^*i_ 81.16*9 _lpA6.0_ , 2 _ _J/>>'i? 24 5.4
28 6 420.4 ~"á».20 0.0937 24.2 1440.6 1143J ' I ,3 17278 209.6
29 7 433.1 46.01 0.1906 25,6 2061.9 649,3 .0 165.? 266.1
30 1 436.6 0.00 0.0000 26.9 1420.9 728.5 .8 1^9.9 282.5
31 2 438.7 106.69 0.3061 27.7 1310.5 "1568.8 »5" ""17271" "27979"
32 3 441,0 105.87 0.3511 2©.S 1580.1 530.7 \ö ,1 172.8 305.4

_33 4 44?.y ioi,ß2 o.;;^ii J??±i I*4?*? si;;,5 ŝ _i.4y ? ?A? i
34 S "445.9" 103.75 0~73fJ76 307Y" ' 2 1 6 2 . i ~ f 5 9 2 . 6 " V /2 172 ,1 "350.2
35 6 448.5 102.20 (I.2S47 30.9 3490.5 000.7 \ ,S 165,6 301.3
36 7 450,6 99.26 0.1956 31 .3 4 306.0 658.4 1 9 P '2 .8 2 3 * 9

37" 1 453.2 0.00 0.0000 "32 .3 3227.5 355.3 "" MU 7 17274 267.9
38 2 4Sá.á 05.73 0.2398 33*3 5154.3 976.2 1 ):; 6 167.0 341.3
39 3 459.6 63.96 0.0689 33_»7 7709»2 1261.3 jfej 2 A67*7 _2?_?»0.
40 "4 462,8 53744 " 0 ; 0 5 2 0 ' 3 4 . 1 (1051.2 i42ti.6 1 ^ , 0 17072" 263.6
41 5 465.8 47.52 0.0490 34.4 D153.1 1241.2 12.1 172.0 244.2
42 6 469.9 43.10 0.0540 34.9 8232.0_ 1109.0 11 .7 173*4 234.2
43 7 4 7 5 . 1 40.16 0.0627 3 5 . 5 8 1 7 2 . U 90673 θf 4 167.7 250.0
44 8 479.7 38.40 0.0610 36.0 7755.8 1072.6 hW,. t 173.6 295.8

** CHECK OUTPUT 1 0 JJKL" I l r IT JtH OK ** » pvlsrr>X
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PADE 1 -DRUM *ó 5 / 7 / 6 1 5/ 7/πi SY:;::RLHΛN.;.IAT

A/D CHANNEL flATA TABLE

4- -SRL—4-

I NO. i

UNITS

CHANNEL TITLE

34 ! WEIGH! ON BIT

35 ! TORQUE

! 3S i
FLOW

SWIVEL

PEH

jTYPE I TYPEJ 2ER0 ! VALUE I PER VOLT I

BIT WT 1 S

\—£-

4A*70 I -5.260 I0*004 t
0.033 I 4170i.00 [10774.243 !
0,061 i 404S.30 i &41.SSS I

~0-*-t»&Tj—r o <<>o—i 9-s i; j o o—f-
π . o y i F 1 M i - O . O Ö Δ i o . o o i 100.000 i
SWIV I S I M ! - 0 . 0 9 9 I 4^2 .00 I 9 9 . 8 0 1 I

FT/Hfi IN/REiV

o.oo o.o t>•oo

0.00 O.OOCO

't.J / ò . ö

7949.0

74S.2
753.3

196.0
193.0

225.S
3? 0.0

0.07?7
0.1^.74

593. I
304-4

0 .00
110.75

110/>.A
lA7β 7

325 .A

244.0

109. A4
0 7 . 1 6

0.1347
0.1268

1991.1

2629 V

259.1

2A7. 9

.t 0-1. 7 7 0 , 1 1 3 0 •
1 0 1 . 5 5 0 . 0 V ? 5

O T<iO 0.0000
^ : 0*0444

0.0-147

149 .4

167.5

Ui.3
165.0

8047.7
300 7 . 4
30 O
7024. 1
7768*2

37 •. 97 ft. 0473
37.13 0.0403

• 30.12 0.0S32
lóS.3
163.3

2A3.7
323.S

-43 .^,9 .0^7-50-
26

142.3
14S.9
149./>
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2 3
29
30 -
- r •f

32
3 3
34
3 5
36

38
39
40

42—•

4 7>

4 4

4 5
4 6

4 7
4β-"
A "

50

1
2

4
it

• -β

O

9
10
-t *

12
13
14
15
16
17

- .1 -
2
3

- 4-

6

152* 3
3 5 5 . 7
1'" ' 4
3 5 9 . 3
161,3
163.1 -
165,0
166.8
16V» 1
3 / A * ^

173.2
,t?6 0
17 7,9
3 79.7

- i β l . 9
1S4.4
1JJ6 .2
3 88v5 ~
190. 5
192.6

-– 194, 9- —
1 97,1
200, <5

0.00
65.17

70.159
/CU 50

—65432-
VI. 17
95.24
no r T

300.33
102.35
102.84
102.46
101.70

100.Ofc
90.64

- - 0.00
20.48
30.01

0.0000
0.0778
0.071°
o . i i S 4
0*1267

~0.*»53-―—
0.1393
0.3 v.21

0.1201
-O.lV>-75
0.2 710
0.2S57

• -O.S393-- —
0.1931
0.0657

-0.0000- —
O.0249
0.0464

— AZ-* 2 8 — -0 >A>AAé -
33,38
33.09

0.0366
0.03S0

22.9
23.7

24 . 6

26. V,
27.4

29.1
29.7
10 ,-«r
31 .1
31.7

33.0
3JJ.3
S3. 6
33. 7
34*0

34.5
34.9

6137.3
64 30,0

4328.9
2563,2

-—3527^5 -
9VI.5
635.0

1 A ry "t "X̂

1672.2
17 7 0 . G

— ;<; ; i 2 . 9
4134.9
4 302 .6

- 3*542 »o
4033,0
693? . 6

- € 0 6 4 . 1
0156.2
7533 ,4
7a04 ,4—
7919,4
7099.7

901.9
735.8
J fit p

$09*8
AVI .7

—-3ff4.-7 -–
330.2
353.0

... 7 • ; ' j> CA -–

612.0
663.4

- 954.8
10SO.9
920.0

-667.9 -
703.6
9 "£}.5

1020.2
1041.4
6 ft fi. 5

- 6 6 9 . 7 -
689.8
762.2

l ó
1.6

-11

16
1 ù

—4 8
XI
ih

fl
A 6

' . 3
:. 1

. 4
,G
* 3 - —

'̂  1
. 2

. 3 . •

, 0
—^o.;?

λ. 3
59,4

>»3
i v : s ^
l \ l

IÖK
1 (A

Φ*<
I />!

)/4
/.S•

' . 5

U 2

164.4
167.7
< / * 1

167,2
1 6 9 , 1

— 169.rO-
169.9
3 7 0 . 6
1-7 0-, 3
369,4
170.S
i70.;>
147.2
1 60,0
170.4
3 64.9
164.S
165.9
167.4
163,3
165.5
367.6
164.9

342.3
261,2
229,3
248.2
1S4.6
2Z‰2
.206.0
274.5
1 C n —f

299.8
327.6
2 73.2
259.1
257.7
24 4.9
331.9
329.9
320.5
270.9
334.3
326.9
234.3
T π T er
0 *^. W> , -̂>

PAGE 3 DRUM *6 5/7/31 5/ 7/B1 13J16J46 SYtDRLMAN.DA

NO. 3CQ 5IME FT/HR IN/REV PEN KIT UT

7 203.2 3 4.19 0,0545

CHECK OUTPUT TO SEE If II IS CK **

RPM FLOW SU IV

727.S 165.4 305.3

Tiaàr^-Aiwfc
CR = PRINT KANUAL HAIAJ
50 = rWlNT GUICK OATAJ
V9 =-FXIT Pkl•Nf-Wµ>T-X

PRINT OPTION - 99
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T£ST# Jθ

,-H-

"fftç. f Xod&b i^ài^

oc >.c> i

_,-

_‰<_^_£^^ ^Δ>U^‰IJL. ^£θi&é.

^ —.

\

A)θ

/ & àtUÅÅA
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5/ 7/91 4 J 3 6 J 2 3 SY:J:«RLMAN.J.IAI

A/D CHANNEL DATA lABLE

! NO. ! CHANNELL T I T L E

.-_ 3 3 - + - -PE-NLT-KATJ-PN - - - - - — -
i ;'>*. i t u ÷ x c t i r C K B I T
I 3 5 ! TORQUE

-J - 3 6~-f— R PK '
i 3? i now
I T« I <>UY JCI

-SHGR-T-—J•C Ai, -r-l 8AH .-4 1 • SHUNT-
ITYPHΠYPΠ ZERO I VALUE

1 UN ITS 1

I PER VOLT !

—••fEH

BIT ur.
TQRU

jipw

FLOW
.SWIV

5 -
S
S "
f-

F
S

I M
I M

H
H
M

4KOO5 46.70 I - - 5 . 2 0 3 -f— -
0,055 I 41706.00 110793.031
0.074 1 4045.00 I 542.982
0 .O fcθ-H 0rβ0-f -—9β-* 3OO--
0.069 I 0.00 I 100.000 I

0.014 ! 452.00 i 100.957 I

SΛC>ALT I0 5/ 7/81 1 4 t 3 6 : 2 3 SY:ßRLMAN.DAT

WC. SECT TX MH
T — — — f - ― - | • • r

i 1 3.. 0

FT/HR IN/REV TEN BIT WT CRQ RPM SUIV

io it — Λ<I

19 6 3 5 0 . ?
20 7 3 5 7 . 1

..._ 21 -:•— 8 -347 v J--
22 9 376.3
23 10 3^2.7
24 —1—-3HJ«*^
25 2 393.1

2ó 3 399.8
— 27 4 -40A. V-

20 5 412.11
29 6 419.2
3-0- t 4 V! r•> t> -

0 , 0 0
0 . C 4
O.Q~
O.CS
0 . 0 0

0.0000
0».C004
0.00OP

o occs
C.0000

56.4
V2V.3
652.6

0 . 0
C O

- Λ . i 472?-. 2
0. J. A•? <! c
5.4 2 4 2 5 3 . 4

—2415-5
5 . 9 2 4 2 2 S . 3
6 . 0 24129.5
-6 , 5
6. ü 24172.3
7.1 24132.ß
‰#r÷T244 a^kr‰
~•.? 24 070 .2 212G.3

20-17.9
" w • " " JS " " * !

273.1
231.0

CO 773
0.0555

0.C711

coαto

S?.O6 0 , 0 7 32
,6A 0.0A5A
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32

34

35

37

3S

39

AQ

-11

5 436.6
J. 444*2

_..2- -443.9
Λ 45S.I

4 460,-?

6 472.1

7 478. S
• - S . -4f>?.?
1 498*0
2 SO?.7

15.35 0
0 . 0 0 0

45^/0—-0-
16.74 0
3 6.55 0

r Λ: - — j Λ

43

44

S5

A -!

4G-

4?

50

4 Ji 1 ?•. S

5 550 .-2

40.

10

.S5?•>4

15.61

IS. 55

-a•ε-r-sa—
o.oo

1S.8D

14.49

1.4.45
•<•á•.46" •..

13.9-0
2 4.48

14.05
15.00

0

OCOO
.o&gg
,oa?9

.081.2

.0317

oooo

C7 ! Z
0 753

092C
093 1

0050
079-7

14.0 2 393 4-6

14,4 23971.4

15.0 23892.4
3 5.3 24129,5

5 5.9 7.'A 146.0
16.2 24146.0

17.2
17.5 "* 4

J3.0 24271*1
tε.3 24202.0

4 8 . 4- :-?

1 9 , 3 24036.7

« o o '-'413 *.. 1

PAGE BASftLT

MO. SL:Q ΠKC FT/HR IN/REV BIT

5.1 12 56 7.9

53 •' 1 577.7
54 2 5C2.6

15.01 0.0690

0.00- 0.0000-

5.14 0,0256

10. .56 0.0715
-ir^-r-vrtJ O \r-V-trS~
13*42 0.0 223
13.71 C0865

13*62 0.1244

ii,;"; 0.0476

— S 6 4 —5*8.-0
57 $ 60 4.1
58 6 612.5

- —: 59 '? 61 ü . 7
60 S 624.4
61 ? 631.8 13

•" •" o 2"."• '"• i*v —^J\JXJ' * "7 •**i"*j

63 11 644 .0 13.34 0 .0100
64 12 649 .4 12 .25 0.0247

— 6TJ - - 1 •-6G3•r9 -O><> i

67 3 6 6 4 . 5 2 6 . i'i 7 0 * 0 S13
• 0"8 4 ö D 9 »"J ~ i θ « OΛ'*~—v~f~T~XTT

20.7 24317.3

20. 9 24037. 3

27. ,1 24103.2

21*2 24076.6

21.δ 24215.2

2 41 A 9 , 3

TORG

1712.0

185-4.S

:PM

1862.1

1796.1

22.6 24261 ,:s 1911.0

- 22.!?---5 41••«8 . 3 -1 92?r 9

23.3 24221.7 10^0,0

Sr>.S 24155.7 1739.8

2^.» 24205.3 IStJV.S

23.9 2.424 3 ,5 3 574.9

39.5

39.2

"?9 . 9

39.0

J9. 9

3 P. 6-

24264. .6

2 4 234.?

J6K5.0

, ^ •

39.9
39.3

-: 39:•»• S-

39.5

40.3

-40-.-3-

39.4

7.9.f>

-40,0,
40.1
39. 9

π.:CW

170.5

1 ÙZ . o
-171.6-
16 6.5
170.2
167.4
166.6
172.6

--17 0.-4-
169.3
165.7
.?-*-*G-

167^8
169.3

•-tA9-r3-
165.6
170 .7
^ -^ •t n

IWIV

234 .3
300 •3

-2-8*^7
2 4;:. 0
211 .9 .

24 6 .0
2 3 0.4
-238 r7
242.5
33o » 1

191 ,1
175.9

--249 »~8-

197.9

|._

- **- CHεCK-•OUTJUtf^Tα-figC•j .IS.

PRINT OPTIDNC ARI!:

50 = F RTN"! QUICK HAT A?

99 = EXIT PRINT ROUTINE.

PR IMT OPT ION --=--99 •
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TEST # _JJ <iy ß,.

<Aáùw>

£1A.- OC As #& f-fA £CJ3
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7/01 17: i A : 15

A/0 CHANNEL DATA TABLE

-C-Mk• ~l-
NO. I

-βfWR-
CHANNEL TITLE

-̂ •i• A i.-. »•4 S n C r »-i

TYPE ITYPF.J ZERO
— J —-SHUNT 1 - UNITS-- -!
! VALUJL J PER VOLT I

--3A-+

PENETRATION——
U&XGHT ON BIT
TDRQUC
-RPM
FLOW

I SWIVEL

- Hr*
BIT WT
TORO
RPti ••

FLOW
SU IV

S ! H--H
0 I M I
0 ! M• I

! M I
I M I

0.<: 17-f 46.70- !- 5.282 J
0.017 ! 41706.CC I107S2.940 1
0.160 I 404S.CO ! 542.242 !
o-^θ•tθ-•l OtQO •I •W r•se*)—\-
0.007 I 0.00 ! ICO. COO i
0.010 I 452t00 ! 100.343 i

PAGE BASALT-*2 5/7/81 5/ 7/St 17

3 . S.I

3 • .

A
5

7
o

?
1 0
1 1
•) • " ,

13
14

r

•I "7

H r i

1 9

2C
»-, <

O"<

2 3
°A
25
26
27 -
2 0
2 9
3 0
3 1
3 2

3 4
3 5
36
3 7
3 8
3 9
4 0
41

i
1
2
V

4
K

6
/'
.1
?.
2
f,

c•

6
•->

fj

H

3

4

6
- i

,

2
"7

4
5
6
•y

3
1
2
3
4
u.-

6
7
1
2
3

V.

T I K E

C *
12 0 .
1 2 5 ,
1 2 9 .
1 3 4.

3 4 0 .
15.4.
1 6 ?! .
l £ 0 «
17J-U
•i •:> i

1 70 ,
201 .
210.
217.
22 4 .
" V 'I

240 .
251 .

•> •' ' Λ

230 .

276.
303 ,
Sl‰
324.
334.
342 »
351 .
T f *»

"Λ"*' 1
300.
399 .
400,
4 09 .
41. 7.
425.
4 3 3 .
430.

:Ü::CK t;

c
/,
7
A

0
-7- -

1

9
ü
C
• I

o

6
c,

0>
B
2
ri>

0
•7

a
0
0
y
•1
/ j

1
1

s
4

.4 .
1

6
0
3

IUT

r x / j

0
0

- 1 7
4

14

1 6
Λ

13
IE

14
1 4
1 4
14

0
- -I 4

14
14

m•

. 00

. 0 0
»93-
. 6 0
. 0 7

. 2.1

. 0 4

. J. 2

. 2 4

. 7 4
, 4 2

. 4 0

. 0 0

. 2 0

.-19
1-1 "*Λ

14
t Λ

Λ

1 2
12

— -1-*'
12
12
1 'A
1 2

0
1 ' '

12
1 2

4 1
1 1
J. 1

... 0
12
1 2

PUT

. 20

. ? 4

. 5 7

. 6 9

. 7 4

. 53
t. '>

. 5 3

. 0 0

. "f A

. 4 6

. 2 3
-r S 9-•

. 4 0

. 6 2

IM/

0 .
0 .

— 0 r

0 .
0 .
/\ ,

0 .
') .

- 0,
0 .
0 .
{)

0 .
0 .

0 .
0 .

REV

0000
0000

107*
1467

0077
0/07

0773
0707
r) r no
0764 .
06.S3
Λ J J•J

0677
0000

0 .
. 0 .
Λ B

0 .
0 .

0 .
0 .

—o0 .
0 .

0 .
0 .
Λ

0 .
0 .

0 .
0 .

. 00-—-O .
, 06
. 5 7

10 !

0 ,
0 .

Btr:

06 72
0717
Λ •> «• <

0713
0 £' 74

0641
0659
£444.—
0663
0570
(> (} 9 7
0638
0000
ΛA~ZΛ

064 8
0576
-04-92-
0625
0608

0662
0620

If XT

0 .

—5»•

6 .
6 .

7.
_7,..
ß ,
S .

• 0

9 ,
9 .

1 c•

1 0 .
1 0 .

1 1 .
lS

0
0
5 —
0
4
• V

7..,.
0
4

3
6
n
3
7

c:

0

1 X .
1 3 .

1 4 .
1 4 .

0
-.'
0

j
Λ,

14—0 -
1 5 .

• 1 5 .
H •/

1 6 .
1 6 .
i 7
1 7 .
1 7 .
1 *1
Λ O w

.18.
1 9.
j 9 ,
I V .
1 9 .

I 0 OK

3
7
Λ

4
t.

6
7
3-

0
4
' 7

O

* *

BIT UT

4 3 3 6 .
2 4 0 0 5 .

~?4:•>2.5»
2 4 1 9 9 .
2 4 1 6 9 .
' ) Λ ') o Λ

24225.
2 *2/'l .
O4090c
r14 J •6 6 .
24123.
' V Λ ' > ( S , ; V

24té^.
240/7.

24094.
24010.
' •y* 'V"•"°

23962.
24127.

21035.
"'41 73 .
;> <» 1 f i f f i

24189.
24 260.

7
4
&
>̂
9

r.

7

/̂
r>

*

0
•v

2
5 •

0
6
4

i j

0
--,

«
_;>4i;:o^4 -

24206.
24179.

1
n

''4-20 9-r•̂ * -
24021.
24ISO.

2 4123.
24239.

- £4<Xi&r
24035.
2 A 116 .
24 3 5 3 .
2«) 1 ~i 0 .
24025.

f;

n

0
0
0
9
4-

1

-81-

TOR GI

2 0 5
16 62

-1765
1790
1300
1 0 it •">

. 1

. 0

. 1

. 5
» J > . . •

1 ,

3 051.0
io:<i

- tö-ro
:l 0 / S
1366
1 .;-, * • ;>

3 7er'l

I7SΛ
1695
I •> rij,

1 6 7 4
170-6
t ""'TO

* 3'
,-7
. £
. 2
. S -

, 2
Λ

•)

. 6
, 4.
. A
. 3

Λ

J. 71 0 . 5
1 755 T

i "> v 4 . •=:

1 7 6 6
A 0 6 0

__J 7<?>4
1«51
3 04 5
1 r> r . e•

1771
i7*;o

1753
1 7 10

- 1 ? 7 1
1 720
171 ;s
1719
1005
170 7

. 4

. á
.*4

-»
.3
. 0

JÈ

c•

,7
, 4 ~ - -
. 0
. 8

.s
, 4

RPM

T Ti

3 9 .
Λ? .
7 7 .

•»

? "
1
4

3 B .

... .3.9..,-

7°.
V. |

7 7 .
< C *

~•^<? .

3 7 v
3 0 .
v••>

4 1 »

3 7
•y 0

3 7 .
4 0 .
yπ

?,° .

Ci^ 1—

3V.
37 .
'/et

39 .

•/Q

3? 1
77 ,
-r r,

39«

3 9 .

;j9.

7

0
4-

0

7

(J

0
.4
5
r
1
1
9
.2—
0
9
t

7
2
1 -
;•?

0

2
3
2 -
•7

4

FL.OW

164

3 7 4
171
1 6 7

IV 3
< "»/•>

3 ?iV
i j >

3 05

. 1
cr

. 6

. 5
->

• •I

. 2
•-?--
. 6
. 7

1 f' ß c

3.75
« **n
1 ( > *

7 0
175
1 »n
1 7 0
1 7 0
1 75
1 •' 0

1 7 4

174
1 7 6
i:75

1 7 9
—i-T' 1

1 75
j j / ,

. 7

. 1

. 8
"••

. 4
4 4

. •

.4
1

. 0

. 9
«4—
. 8
. 1

*>
. 9
, 9

L."

167.3
1 6 9

-• i;v*
1 7 5
17 J

- -173
1 7 Z
3 7tt

. 0
-r-3—
.3 .
, 7
. 7
. 8
. 2

SWIV

1 0 6

- - •2O 1
2 6 7
•~ r>t1

. r> 0.1

"' 1 β

72/,
—•34-3

3 1 1
2 0 7

i ? i
7 0 3
* < 0

1 3 7
2 ? 1

2 ^ 7

0 "> •*-*

2 2 5
'. c r
->jf, •»

2 1 2
2 4 7
29-0
3 0 7
*• 3 •1*

-1 e• π

2 6 B
24 6
"> / a

"> 1 7

7 0/

1 0 7
2f 0

». ,J *>

2 7 0

. 0
>J•- —

. J.

. 9
- J ,.

c• .

, 7
4j5

•7

I T

u
C

. 6
<-,

. 4
•">
7

. 0
*r>

. 6

. 0
*é
. 1
. 3
, y
. 3
. 0

9
. 8
. 3

t 7
» 3
. 1 - •

. 5
. 4



APPENDIX B

SHIPBOARD TEST REPORTS

LEGS 84, 90, 94
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EXTENDED CORE BARREL SEA TRIALS, LEG 84

ABSTRACT

The Extended Core Barrel (XCB) was run nine times on Site 566 during Leg 84.

It was run in the same bottom hole assembly as the Variable Length Hydraulic

Piston Corer(VLHPC) after the sediment became too stiff for the latter to function

effectively. There were no spacing or other dimentional problems, and the spring

pack functioned properly. However, core recovery was low due to repeated liner

collapse, fractured cutter elements and ,ultimately, a faulty latch-drive system.

Solutions were devised for all of these problems after Site 566, but there was

no opportunity to further test the tool.

INTRODUCTION

The XCB was designed to allow piston coring and rotary coring through the

same bottom hole assembly. The core barrel is rotated with the drill string, but

the liner and core catcher are set on bearings which decouple them from barrel

rotation. The cutting shoe (fitted with either tungsten carbide or Stratapax

diamond cutting discs) extends six inches below the bit to core soft sediments

before they can be washed avay by the bit jets. When hard sediments or rock are

encountered the extended section is compressed into the drill bit against a maximum

2400 lbs. spring force. Small holes in the lower section of the core barrel allow 1

circulation î ater to enter, travel down through the armulus between the cutting

shoe and core catcher, and exit through jet holes at the. bottom of the cutting shoe, j

i

thus lubricating the cutters and cleaning the extended pilot hole. •
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The XCB measured 38.561 from the landing shoulder to the latch fingers. The

bottom hole assembly included an XCB bit, a mechanical bit release, a 28.971 long

drill collar, a 2.95' long collar spacer, a 3.38* long stabalizer, a top sub, a

head sub with a standard latch sleeve, a 29.721 long drill collar, and another

top sub and head sub with a VLHP.C seal sleeve. In order to make the XCB compat-

able with the VLHPC the seal sleeve bore was increased to 3.80" and the bore

through the support bearing was reduced to 3.54". This allowed the XCB to

entirely pass through the seal sleeve and still land on the support bearing.

Installed in the float valve was a polyurathane-backed flapper to protect the

XCB cutting elements from damage when the tool is landed.

TEST RESULTS

« •

The general plan for Site 566 was to piston core with the 9.5 m system until

refusal and then continue to basement with the XCB. The site was located on a

slope and there was an initial prcblem of establishing the correct water depth.

The first two piston cores did not tag bottom. The third did not stroke out

fully, recovering 3.7 meters of fairly hard green mud smelling strongly of H^S.

The top of the liner was collapsed and fractured. The next piston core recovered

6 meters of the. same material. It was then decided to switch to XCB coring.

XCBffl included a diamond cutting shoe with PVC protector buttons, soft form-

ation core catchers, a Kaydon thrust bearing, and a bronze wiper bearing. (The

bronze wiper was used on every core barrel except XCB//8). 2.3 meters of core

was cut with a circulation rate of 5 SPM and no rotation. One small lump of mud

was recovered in the core catcher. The liner was split along its length and was
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was collapsed near the upper end. The annulus outside the stainless steel

connector, the Kaydon bearing and the cutting shoe jet ports were clogged with

mud. The ball separater had beed pushed out of the bearing by the intruding mud.

The diamond cutters were undamaged.

XCB//2 was made up exactly the same as XCB//1; it was on its way down before

XCB#1 was opened. 9.6 meters of core was cut at 5-7 SPM and 60 RPM. 4.6 meters

of core was recovered. The liner was collapsed just above the recovered core

section. It was also fractured with several pieces broken loose. The Kaydon

bearing, circulation annulus and jet ports were clogged with cuttings and the

core catcher was jammed with packed mud. The diamond cutters were again undamaged.

XCB$3. For this and the succeeding runs the check ball at the top of the core

liner was taken out, and the Kaydon bearing was replaced with a bronze thrust

bearing (OP4429). 9.5 meters were cored at 10-20 SPM and 5-60 RPM. There was

some torquing and the penetration rate was appreciably slower. 4.0 meters of

"stiff green mud with pyrite and serpentine pebbles was recovered.. The lower one-

meter section of core liner had been split and twisted completely free of the

rest of the liner. The middle section of the liner was undamaged, but the top

section was collapsed. Again, mud had infiltrated all of the lower orfices and

the core catcher was packed solid. The diamond cutters were undamaged.

XCB//4. The core liner for this run was selected from a different batch, arid

no PVC protector buttons were glued to the cutters. Otherwise the components were

the same as for XCB//3. Out of 9.7 meters cut only 1.3 meters were recovered. The

material was notably harder— Serpentinite rocks cemented in a mudstone matrix.

The general texture was "pebbly". This type of structure has been anticipated to

be the worst type of material for the relatively brittle diamond cutters. One

cutter had popped off but the remaining five were not chipped and showed only

slight signs of wear. The liner was collapsed near the upper end. The core catcher
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and jet ports were jammed with mud. A rounded nub of core protruding from the

cutting shoe suggested that the XCB had rotated for a while without penetration.

XCB#5. For this and the succeeding cores the use of the PVC protector

buttons was discontinued. Also, hard formation core catchers were used. 9.7

meters of core was cut while circulating at 35 SPM. 0.6 meters of rock, gravel,

and mudstone were recovered. The stainless steel connector was jammed./up into

the core liner causing it to split. The upper section of liner exhibited a

sinusoidal fracture along its length. The core was hard packed in the core

catcher but two o£ the jet ports were clean, and the others were only loosely

packed with mud. Two of the diamond cutters were missing and two of the remaining

six were chipped. The welds had broken on all of the inside cutters, and they

had been shifted radially outward.

XCB#6. The circulation rate was increased to 40 SPM to.cut this core. The

barrel was retrieved after penetrating only 2.0 meters in 1 hr 40 min. Torque

resistance intermittently rose to 4000 ft lbs. 0,6 meters were recovered. The

liner was split and shattered. The jet ports were plugged and the core catcher

was jammed. All but one of the diamond cutters were either broken or missing.

XCB $7. A slight deformation of the stainless steel connector (probably

caused by rough handling when extruding the previous:core) has made it hard to

slip on the bronze thrust bushing. Therefore barrels 7 - 9 were fitted with a

phenolic thrust bushing. Circulating at 45 SPM, the penetration rate was faster

and the torque less than the previous cores. 3,0 meters were cut and 0.70 meters

were recovered. The liner was fractured but the core catcher was not jammed and

the jet ports were only partially plugged with mud.

XCB#8. The ship was offset 3000' to spud a new hole (566A) . XCB//8 incorpor-

ated a previously damaged cutting shoe which was modified by brazing tungsten
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carbide grit on the cutting surface (which also plugged the jet ports). The heat

of the brazing torch had warped the seat for the wiper bearing, so a more flexible

UHMWPE bearing was used in place of the bronze. Of 7.0 meters cored only 0.12

meters of l"-2" pebbles were recovered. The upper 41 of liner had collapsed. The

stainless steel connector was again shoved up into the liner. The cutting shoe

showed some signs of wear, but was otherwise undamaged. .,

XCBfl9. The ship was offset again (566B) and an XCB with a carbide disc cutting

shoe was washed down 50 meters before retrieving. There was no recovery. The

liner was totally shattered. The jet ports were clogged but the carbide cutters

were undamaged. The fingers of the double fingered latch were both rounded on

the driven side and also on the top (latch-down) end. This suggested that the

ears of the latch sleeve had ridden over the latch fingers instead of rotating

the XCB with the bit (see photo).

XCB#10. Drilling operations ended with the retrieval of XCB#9. But since

XCB//10 had already been dropped, it was pumped down to latch at 30 SPM as the

others were, and was retrieved at the end of the pipe trip. The upper 4 ! section

of core liner was collapsed even though no cutting was attempted.

The drill bit and polyurathane-backed flapper were in good shape. The ears

of the latch sleeve were rounded corresponding to the deformation of the latch

fingers. Also the latch down shoulder of the latch sleeve was dented in several

places; the width of the dents match the width of the latch fingers (see photo).

It appears that, upon landing, the XCB.acts as a large spring which compresses

then bounces back to impact against the latch sleeve. The hardness of the latch

sleeve may not be to specification. It will be sent back for tests.
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CONCLUSION

No problems were encountered with the routine handling and operation of the

XCB. A wheeled nosecap was fabricated to protect the cutting discs as the tool

was raised from horizontal to the vertical stab-in position. No maintenance was

required in between trips so that the turn around time was the same as "that for

a standard core barrel. The polyurathane-padded flapper was sufficient to protect

the diamond cutters from impact damage when the tool landed; the PVC protector

buttons were unnecessary.

The Stratapax diamond cutters began to chip and pop off as the sediment

became rocky. It was unfortunate that this type of sediment was encountered during

these first tests, as it had been anticipated that the diamond cutters would

fracture in rubble-type drilling. Clearly, several types of cutting shoes are

needed for various types of sediment and rock. One damaged shoe was modified by

brazing tungsten carbide grit onto the cutting surface. After cutting 7.0 meters

in two hours it was relatively unscathed, although the core recovery was low.

The main problems to be resolved are: 1) repeated liner collapse, 2) lack

of circulation to the cutter elements and lack of free floating core catchers due

to mud clogging the jet ports and annulus between the core catcher and cutting shoe,

and 3) an undependable latch/drive mechanism.

Since XCB//10 suffered a collapsed liner even though it was only pumped down

and retrieved without taking a core, it appears that the liner collapsed due to

either impact or circulation pressure—not due to coring or pull-out suction. One

theory is that, since the larger I.D. of the XCB does not force the core liner

into a circular shape, a slightly oval liner, having less hoop strength, -may collapse

upon impact as the slug of water inside the moves to create a pressure differential.
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Therefore the grease nipple was removed from the adapter sub, and a 3" long by

2 1/2" diameter aluminum floating piston was fabricated to ride inside the core

liner. There is enough flow area around the piston to ensure that it will remain

stopped against the core catcher during descent . When the barrel lands the

piston should prevent any appreciable water movement through the barrel.

The chronic splitting of the lower end of the core liner probably"occurred

during coring where core friction separated the stainless steel connector from

the upper core catcher adapter and jammed it into the liner. The broken seal may

also have accounted for the mud-jamraed circulation annulus and jet ports of the

cutting shoe. To prevent this from recurring the stainless steel connector and

the upper core catcher adapter were Baker-Locked together after installing a

bronze thrust bearing.

Finally, it is evident that the XCB may pop its latch and/or slip instead

of being driven by the latch sleeve during high torquing conditions. The latch

should be redesigned to eliminate the pivoting dogs, since they will always be

suceptible to being "worked" closed. As a temporary shipboard solution the I.D.

of a new latch sleeve was built up to 3.80" between the ears and one inch into

the body.(the same I.D. as the VLHPC seal sleeve). The tighter clearance should

prevent the ears from working over the fingers of the latch.

Unfortunately the above solutions went untested. The scientific schedule

for the remainder of the cruise precluded any further use of the XGB.

Don Cameron
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DEVELOPMENT ESCINEEiαNG REPORT

EXTENDED CORE BARREL (XC?>)

LEG 90

The Extended Core Barrel through-the-bit coring tool was again tested during

Leg 90, after brief and generally unsatisfactory testing during Leg 34- Based

on the lessons learned on Leg 84, several design changes and improvements

had been taade to the XCB for Leg 90. These were:

1. All-new Cutting Shoes (two different types for soft or hard

formations).

2. An improved cutter jet circulation system coupled with choke

type Core Bits.

3. An improved Core Catcher package designed for independent free

rotation.

4. A nevr Core Liner support system designed for independent free

rotation and isolation of the liner from pump pressure.

5. An all-new latch to transfer drive torque without pretnature release.

6. A ncv spacing systeπ; using inner barrel spacers and a

VLHPC Quick Release to allow th<> XCB and VLHPC to be interchangeable

in a common bottom hole assembly (BHA) while landing at the sn::.e.

landing sleeve.

Of these changes, the most significant were the new Cutting Shoes, new Le.ten

and rearranged BHA. A single part was used as Latch and Drive Sleeve- fcr the

XCB, Seal Sleeve tor the VLRPC, and Landing Sleeve for both tools. This

improvement enabled a siraplificatiion of the BHA components so that a single

restrictive inside diameter at 3.SO inches exisfed x/hen using a 4.CO inc?.

landing shoulder on both tools. This also simplified spacing and allowed

wore room for greater design flexibility within the XCB tool.

Initial Assembly an<i Space Out Check

Following the printed instructions and the latest assembly drawing, two XCB

Locis were assembled without difficulty. Both included all or the working

pieces of the XCB below the Quick Release .Assembly., A single upper section

was made up which consisted of the Quick Release Shoulder Sub (πále), 27
feet of blank Inner barrel, and the latch. The same upper section was iv>ei or.
each core with alternate lower sections in the same manner that the. VLKF.C
is (i&nd.lecL
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The lower sections were assembled with the Soft Formation Cutting Shoes. As
it turned out, the Hard Formation Shoes were never used during Leg 90. All
eight cutter jet circulation inlet parts were left open on the Cutting Shoes
at first. The non-rotating ball*bearings on the two shafts were not grease
packed.

The only alterations made during initial assembly were to widen the grooves
on the Liner Adapters (P/N 30) to accept cup point set screws (the dog point
screws sent with the XCB equipment were misplaced until later in the cruise).

Since the number of coring tools in use during the voyage exceeded the storage
capacity of the vertical scabbards, the XCB sections were laid out on the
core walk when not in use.

The dual purpose BHA was spaced out by juggling drill collars to find the
optimum combination which would allow the XCB cutting shoe to extend exactly
9h" beyond the bit face when hanging on the landing shoulder. Lack of a bit
breaker mated to the new XCB/VLHPC bits was the only difficulty related to
the new BHA configuration.

A retraction test was done by latching the XCB into the lower portion of the
BHA and lowering it down on a wooden 4 x 4 on deck. The cutting shoe retracted
exactly as intended and approximately 2000 pounds weight was taken off the
Martin-Decker indicator (+ 300 lbs.) at the point where the cutting shoe was
flush with the bit face.

A VLHPC tool was dressed with new 3-3/4" V-packings and a new Top Sub Cap
which had a 4.00 inch- landing shoulder. It was landed in the BHA and checked
for spacing.

, •

Site-By-Site Synopses of XCE Deployments

Hole 58?

Piston coring ended abruptly when the sediment lithology changed from stiff
calcareous ooze to brittle coral/gravel which was partially cemented. The
VLHPC simply could not get any penetration and/or the core catchers could
not retain the cored material.

The XCB was deployed four times. Maximum recovery was one handful of fragments
No indications of tool malfunction were evident. Six of the eight Cutting
Shoe circulation inlet ports were eventually plugged and a plastic sock core
catcher was tried but no improvement resulted. Paint indicators on the latch
and male hex showed that these functioned properly.

Hole. 583A

Piston coring reached refusal at 315.6 m in"firm calcareous ooze. The XCB
was deployed three times.
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Core #16 - One of eight inlet ports was plugged. The tool seemed

to work fine. Recovery was about 3 inches of core packed firmly in

the core catcher. The cutter jets came back slightly plugged.

Core #17 - Recovery was 2.35 meters of firm ooze badly broken up.

Cutter jets came back plugged completely.

Core #18 - The lower zerk fitting in the Adaptor Sub was removed to

provide a positive vent, realizing that this risked a liner collapse.

Recovery was 2.89 meters of good, solid core up to the point of total

collapse of the liner, proving a vent was essential.

Hole 588B

Piston coring ended at 238.6 m BSF again in firm calcareous ooze. The XCB

was deployed three times with modifications made to the vent system since

588A. Two O-ring grooves were cut in the Bearing Shaft to seal against the

I.D. of the core barrel; the existing vent holes in the Bearing Shaft were

plugged and new ve,nt holes were drilled above the new O-ring grooves. Two

holes were also drilled through the inner barrel in the Seal Sub. The zerk

fitting was reinstalled in the Adapter Sub. The required O-rings to fit the

new grooves were made from Caterpillar stock parts by cutting and rebonding

slightly oversize O-rings.

Core #29 - Recovered 6.95 meters of good looking core up to point of

liner collapse. Cutter jets plugged with ooze. Core firm and tight

in core catcher.

Core #30 - Total recovery 3.79 meters. Liner was partially collapsed

at the bottom but had core above collapse point. Liner was also split

badly over top three feet.

Core #31 - Total recovery 5.73 meters. Liner split at bottom, collapsed

at top*

Hole 590B

XCB deployment began at 250.7 m BSF. The vent-mods had been redone. The

surface of the Bearing Shaft containing the new O-ring grooves had been built

up with weld overlay and then renachined to provide the proper seal clearance.

This was the first hole where the XCB was completely successful. The tool

worked very well for 26 cores. The hole was terminated when the scientific

objectives were reached. Initially, the liners suffered partial collapse—

always in the top 1-2 feet. This effect was eliminated by drilling a V hole

in the liners 6-δ inches from the top in all subsequent XCB runs. The source

of the higher differential pressure on the outside of the liners was not

determined, buf the h " hole apparently allowed it to equalize nonetheless.
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The inner barrel components were rearranged so that the tv/o 25-7/8" spacers
were at the ends of the two 15-foot inner barrel sections. This was a very
useful change and the tools were assembled in that configuration from then on.
It allowed the new vent seals (O-rings) to seal on the controlled I.D. of the
short spacers rather than the out-of-round I.D. of the 15-foot inner barrels.
It also placed a short sub just above the Cutting Shoe which is critical for
liner removal.

The "floating" core catcher package was finally abandoned near the end of
this hole. It was simply too difficult to clean and reinstall. Standard core
catchers fit in the Cutting Shoes and so were substituted.

• *

Hole 591A

Began XCB after VLHPC refusal at 246.5 meters. Nothing but problems at this
site. The tool was deployed six times. (Only four cores were officially
recorded since the last two had zero recovery.) All six tools came back
with liners shattered into strips over their total lengths. This phenomenon
was later theorized to be caused by explosion of trapped air inside the liners
when the tool impacted the water line inside the pipe far below the rig floor.

Also, at this site, three of the six barrels stuck in the pipe or BHA before
reaching the bit. Later it was determined that the XCB latch was causing
this problem.

XCB Disassembly and Inspection
Between Hole 591A & 592

*
Both lower sections were disassembled, cleaned, inspected, and reassembled
between sites. The Eelleville washers, under the nuts on the bearing shafts,
were removed to help alleviate the liner shatter problem. The major problem,
revealed by the inspection, was the presence of silt collected in and around
the spring stack. The detritus material probably contributed to the fact
that 6-8 washers were broken in each spring stack. All the broken ones
were the exotic alloy type. The stainless washers looked good.

In one of the two XCB's the non-rotating ball bearings in the sub on top of
the spring section were completely disintegrated/

Hole 592

This was an alternate site planned to be done as quickly as possible. Success
.of the dual compatibility BHA enabled the site to be completed within the
allowed time frame and nicely demonstrated the value of the new VLHPC/XCB
systems. Deployed the XCB sixteen times.
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Solved liner shatter problems of the previous site by having the driller fill
the pipe with water just before breaking the lest connection prior to inserting
the XCB. This seemed to prevent rthe long free fall through air to the water
line inside the pipe.

Latch problems began in earnest at this site. The first tool go-deviled to
the bit without difficulty. The second stuck near the top of the BHA so
firmly that two overshots were broken trying to jar up to loosen the barrel.
It was finally banged loose by go-deviling a deplugger barrel on top of it.
This apparently jarred the latch rod back down and allowed the barrel to fall
to its proper place. The remainder of the XCB deployments at this site were
accomplished by running the tools in on the wireline and drilling with the line
in place packed off by the line wiper. No problems with that technique up
to pump pressures of 450-500 psi. One tool did stick temporarily in the pipe
in spite of being on the wireline, probably due to being run a bit too fast
allowing the sinker bars to slightly overrun, the XCB. At that point, the latch
behaved exactly as if the wireline wasn't there at all.

Hole 593 .. , . .

XCB deployment began at 225.9 meters BSF and continued for 345.6 meters of
which 270.44 meters (78%) was recovered including about 15 meters of very
hard volcanogenic turbidites in two of the cores. . '

To improve the latch-jam problems and allow go-deviling the XCB, a couple of
modifications to the new latches were made. The first was to cut the latch
dogs down so that their assembled O.D. was reduced by about 0.130 inches.
This only made the latch more susceptible to jamming. The modified dogs were
set aside (and painted red to identify them.) The. second mod was to cut the
tops of the dog windows in the latch body about 3/4 inch longer to eliminate
one surface which may have been contributing to the jamming phenomenon. This
worked and the XCB's were run for the next 24 cores without incident.

At Cotes No. 49, 51, and 53, the liners came back shattered even though the
practice of filling the pipe just before dropping the tool was being routinely
practiced. In addition, Core No. 51 stuck in the top of the BHA (again).
Starting at Core No. 55, the last six cores were taken by running the XCB on
the wireline. This procedure solves both the latch-jam and liner-shatter
problems, but is tedious. *

The hard volcanic rock layer was cored nicely with the Soft Formation Cutting
Shoes, resulting in good core recovery and only slight wear on the shoes. The
hard facing weld beads, on the face of the saw teeth, proved quite valuable.

Hole 593A

The XCß was deployed five times to recore the intervals poorly recovered from
the adjacent hole. Also, the XCB barrel was used as the wash barrel for
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239.5 meters of wash after VLHPC refusal. The five cores were taken by
running the tool on the wireline with no difficulties.

Hole 594

This hole provided the first hemipelagic sediment with some clay to try out
the XCB after endless calcareous ooze and chalk at the previous sites.
VLHPC refusal occurred earlier than in the calcareous ooze sediments—at
130=7 meters. The XCB was then deployed 39 times over 374.4 meters, recovering
204.84 meters (54.7%). The hole was prematurely terminated by bad weather.

The tools were go-deviled for the first 19 cores. Of these, the latch caused
the tool to stick somewhere in the pipe or BHA five times and one liner split.
The final 20 cores were taken while running the XCB in on the wireline to avoid
headaches.

Hole 594A

• • •

This hole was another example of how much versatility is possible with the
dual purpose BHA. The repeat piston core sequence was done, then the XCB
was used as a wash barrel to wash between desired zones to repeat nil recovery
cores of the adjacent hole. A long wash then followed to the termination
point of the 594 hole.

Fifteen XCB cores were taken, all run in on the wireline. The sediment here
had a consistency with more clay and thus tended to block off in the core
catchers. This reduced recovery rates noticeably. Also, repeated sections
of fully lithified turbidites turned up interbedded with chalk and coze.
All were cut with the Soft Formation Cutting Shoes, which finally began to
shoe appreciable wear at the pointed ends of the saw teeth.

Flow/Back Pressure Test
»

The final thing done with the XCB prior to the end of the final site was a
flow test to measure back pressure of the XCB in place in the pipe. The
XCB as made up for this test was assembled with the Soft Formation Cutting
Shoe, a 4-inch, fluted landing shoulder, 27 feet,of 3^" inner barrel between
the latch and the Q.R. All cutter jet inlet ports were closed.

Drill string total length - 1765 m
SubbottoEi penetration - '553 m BSF

Flow + 1 5 % - Back Pressure
(strokes) (p s i)

cin i

10 75 (+ 20) (Heave Effects)
20 160 (+ 30)
30 320 (f 50)
40 440 (+" 20)
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XCB CORING RECORD - LEG 90

Hole
No.

Cored
(Meters)

Recovered
(Meters)

Washed
(Meters) Comments

587

588A

588B

590B

591A

592

38.4

28.8

28.8

248.4

38.1

153.6

Traces

5.40

16.47

230.99

11.44

114.30

593

593A

594

594A

345.6

48.0

374.4

163.2

270.44

34.60

204.84

80.69

239.5

288.0

No vent. Bad formation.

No vent.

First vent mods. Some liner collapses

Improved vent mods. Excellent cores.

Shattered liners.

Filled pipe before dropping tool.
First stuck barrel.

Two latch mods. Many stuck, barrels. *
Hard turbidites cored.

Spot cores below VLHPC refusal.

Sporadic latch jams—run on
wireline at end.

Ooze, chalk and turbidites. All
runs on wireline.

TOTALS 1467.3 969.17 527.5
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COMMENTS, NOTES, RECOMMENDATIONS, ETC.

Cutting Shoes

1. The Hard Formation Shoes were not used on Leg 90.

2. Wear: Prior to coring the turbidite sequences near the end of
the leg, the most wear on the Soft Shoes was due to handling on
deck. Overall, the saw-tooth design with hard-facing in the
prime wear locations appeared to be very satisfactory.

3. Cutter Jet Circulation: There were two problems with the cutting
Shoe circulation system. In spite of the new side-discharge
principal for the jets, clogging still routinely occurred. They
were also more difficult to clean out on deck because of the
right angle bend. The eight inlet ports were plugged or.left
open in different combinations but no differences could be
detected in core quality, clogging tendencies, or any other
coring parameter. The second problem associated with the circu-
lation system was the appearance of inward bulges of the inner
wall of both Cutting Shoes. As unlikely as it seems, these could
only have been caused by internal pressure blocked off by clogged
cutter jets.

Core Catchers

The special, free-floating core catcher package turned freely by hand inside
the Cutting Shoes after the first assembly of the tools and then never again.
After each core the package was thoroughly clogged and presented a difficult
cleanout problem. The thin.sleeves were too vulnerable to withstand the
cleanout procedures and had to be replaced much too often. It is doubtful
that the core catchers ever truly "floated" as designed. This may always be
the case in mud, clay or ooze type sediments. In limestone, firm chalk or
rock the "float" principle may still be viable.

Floating Liner System

A key element in providing for a free-floating" l iner is using over-size core
barrels which allow clearance on the outside of the liners. This, however,
removes a source of mechanical support to the liners making them more prone
to failure by a number of assorted failure modes. As a result, the XCB liners
did fail quite often by any and all of the following mechanisms: implosion
(collapse), explosion (shattering, splitting), axial overload (crumpling,
crushing), torsion overload (twist off) or combinations of the above. Whether
or not the liner actually "floated" with the core was definitely determined.

Vent Modifications

The early failure to get good core at Holes 587 and 5SSA, demonstrated that
a positive vent through a check valve is essential. At the same tine, the
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vent system must prevent pump pressure from reaching the outside of the

liners. The field modifications to the XCB vεαt accomplished this but a

more straightforward, "clean" design should be devised. The current field

mods showed no signs of deterioration with usage, however, and should be

reliable until the general redesign of the XCB is done.

Retraction System

All indications were that the spring-loaded retraction system functioned as

designed. Operationally it proved very popular. The drillers noticed that

it made it easier to get undisturbed core in bad heave conditions because

it helped to compensate for bit notion automatically.

The Belleville washers tended to collect silt and this probably contributed

to the demise of many of the washers. The spring stack should be sealed to

prevent ingress of detritus but must allow for displacement during retraction.

Latch "

Modifications made to the latch did not completely resolve the propensity

for the dogs to pop out in wide spots in the drill string and then jam when

re-entering 4-1/8" diameters bores. The latch is basically a very sound design

which holds great promise as a successor to the hinged latches now in use.

The latch is maintenance-free and cannot be assembled wrong. No problems of

any kind were detected involving its normal functions: latching in and holding

upward force, transferring torque, unlatching on command. Only the jar.uning

problem remains to be solved before this latch will be a candidate for all

coring tool latch requirements. Running the tool on the wireline prevented

the latch from causing difficulties. This is not a recommended practice,

however, for several reasons. First, it is inherently dangerous since rotation

with the wireline in the pipe always risks snarling the line. It takes longer

to get the tool down on the line than by free-fall. Pump pressure beyond

500 psi is impractical since the wireline wiper begins to leak badly above

that pressure. Also, drilling with the tool attached to' the line requires

good coordination between the driller and sandline which operator. If the

driller lowers the pipe faster than the winch operator lets out the line, the

tool will unlatch during coring. If the winch operator lets out the line

faster than the driller is naking the hole, che-line will sag and snarl.

BHA Components

Since spacing the XCB in the BHA is so critical, it was necessary to change

outer core barrels several times during the first space out. This solution

is not adequate—an adjustable latch sleeve is called for. The current latch

sleeve/landing sleeve/VLHPC seal sleeve worked very nicely and seems to be

the way to go for future dual purpose BHA's.

Float valve flappers padded vith urethane were used when the XCB was run to

prevent damage to the cutting shoe. This is a helpful precaution except
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Chat the first one lost its urethane pad on the first hole. After that an
unpadded flapper was used for several sites with no distinct wear on either
the Cutting Shoes or the flapper itself.

VLHPC Compatibility

Running the VLHPC in the dual purpose BHA required that 3-374" V-pack seals
be used in place of the standard, smaller seals. The larger seals stacked
higher (with metal spacer rings) than the ones they replaced, so to make
them fit one of the three V-packings was deleted. Also, a 15-3/4" inner
barrel spacer was required between the Top Sub and Bypass Sub. These changes
were made to both the 9.5 m and 5 ra VLHPCfs and no problems were encountered
using them throughout the cruise.

XCB Handling On Deck " " '. J

With the Quick Release and 27 feet of spacer on top of the working (lower)
section of the XCB, the tool was handled exactly like the VLHPC. Only the
lover section was laid down for core liner removal and redressing. The
breaking and reassembly of the Q.R. was done in the blue HPC working stands.
The only drawback to this operation was the lack of a hang-off plate below
the latch to allow easy release for go-deviling. A standard clamp was used
to hang the tool in the pipe and also to release it. This worked but is
awkva rd.

The heave compensator is not compatible with XCB operations for the sane
reason that it is not compatible with the VLHPC. The KC hoses occupy the
headroom over the rig floor where the upper section of the tool must swing
(suspended on a .tagger line) prior to lowering into the pipe.

Conclusions

The XCB has finally earned its wings. Its usage during Leg 90 was not only
successful for the tool design but also contributed, in 'a big way, to the
success of the operations during the leg—both in saving time by eliminating
pipe trips and in the quality of cores. Several of the holes where conditions
were right, saw core recovery percentage and core quality which was excellent.
The scientific staff was enthusiastic about the-XCB core quality. Using a
drag bit action to cut soft cores ahead of the roller bit naturally leads to
less core disturbance. This principle seems now to be proven.

The XCB in combination with the VLHPC in a dual purpose BHA, make for a level
of operational versatility which is highly desirable. This is especially true
when tine is limited and downhole scientific objectives are determined as
cores are recovered. The VLHPC was never used after the XCB in a hole on
Leg 90 but the potential existed and will prove valuable in the future.

The Soft Formation Cutting Shoes were very effective in mud, clay, ooze and
chalk. The fact that they efficiently cored 20-25 meters of very hard
volcanogenic rock was an unexpected bonus.
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The fine results of the XCB usage is further highlighted by the fact that
the "floating" core catchers and liners were probably not effective. Even
without those features results were good. With further design improvements
to these and other aspects of the design, the XCB will soon obsolete the
conventional rotary coring system.

-103-



EXTENDED CORE BARREL
LEG 94

Product Improvements

The newest version of the Extended Core Barrel (XCB) encompasses several design
modifications which are listed below.

1. New Latch: The main differences between the new latch and the old one
are that the latch dogs are longer (4" vs 2") and lock out farther
(5" O.D. vs 4 V O.D.)» which prevent them from locking out any place
except under the latch sleeve. In addition, the dogs are flat-bottomed
and work over flats on the pulling neck rather than on a cylindrical
surface. The problem with the old latch was that it frequently stuck
in various parts of the drill string—usually in the bottom hole
assembly (BHA). It was surmised that it jammed when the dogs locked
out in either a Drilco Bore-Back or a bumper sub. The Bore-Backs, which
may occur in several BHA connections, present a 6" I.D. for a length of
3^". An open bumper sub exposes a 4-3/4" I.D. for a length of 5 feet.
Even if the latch dogs lock out they should still be free to disengage
against a downward force, but friction and/or corrosion debris from
the drill pipe may inhibit this action.

2. Vent Sub/Liner Hanger: This assembly replaces the field-modified Bearing
Shaft/Bearing Sub/Seal Sub Assembly of the old-style XCB. Its dual
purpose is to provide a one-way exhaust valve for the displaced water
in the core barrel, and to provide a friction-free support for the top
of the core liner.

3. Double Box Core Barrels (3" I.D. x 3%" P.P.): The old-style core barrels
measured 3-1/8" I.D. x 3-5/8" O.D. with 3-3/4" O.D. upsets at the
connections. The upsets cause a critical circulation flow restriction
inside the 3.8" I.D. Seal Bore Drill Collar employed in the BHA for the
new Advanced Piston Corer (APC). In order for the XCB to be compatible
with the APC, the XCB core barrel O.D. was slimmed down to 3h". But
at least a 3" I.D. was needed to allow the core liner enough clearance
to remain non-rotating inside the core barrel. A standard box/pin core
barrel cannot have a 3" I.D. because the DSDP pin thread connection
requires a 2-7/8" I.D. In the new XCB assembly two 15' long double box
inner core barrels are linked with a 1" double pin connector. Thus the
30' core liner rubs the core barrel only at the 2-7/8" I.D. double pin
connector. A comparison of flow rate vs pressure (read at the rig
floor) was made for both the old-style and new-style barrels. The
results are shown in Table 1.
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4. DSDP Soft Formation Cutting Shoe: Two minor modifications were made
to improve circulation efficiency. The exterior water channels were
shortened so that the core guide choke will not be bypassed as the
shoe retracts into the bit; the eight jet slots at the bottom of the
shoe were lengthened by 1/8" to 3/8". The slots are now 1/8" W x 3/8" L.

5. Acker Hard Formation Cutting Shoes (Fig. 1): Acker Drill Company
produces a line of natural and synthetic diamond cutting shoes which
cut a 2 V diameter core and are slim enough to pass through a 3.8" I.D.
core bit. DSDP has purchased several of these shoes, and has fabricated
adaptors to allow them to be run in lieu of the DSDP soft formation shoes
on the XCB system. The natural diamond shoes will be used for solid-
basalt drilling. The synthetic diamond shoes fall into two categories:
The "Geoset" shoe has a stepped pyramid profile studded with synthetic
diamonds, and has been claimed to have produced very high penetration
rates in limestone and in soft to medium-hard rock. The "Amalgamated"
shoe has a flat profile composed of natural and synthetic diamond chips
set in a hard metal matrix. It should be useful for coring broken basalt.
Several Acker core catchers were also purchased and adapted for XCB use.
Each consists of a split friction ring in a tapered case which allows
upward core entry* but squeezes against the core to prevent any downward
movement. It was recognized that the split ring core catchers might not
effectively retain anything softer than basalt, so two standard DSDP
core catchers were modified to be used with the Acker shoes.

Field Modifications

1. Lower Latch Washer OP4474: During the initial assembly, it was dis-
covered that the XCB latch dogs would not fully retract flush with the
latch body when the pulling neck was lifted. The problem was traced to
the lower latch washer. When the latch dogs shouldered against the
washer, they were not yet clear of the ramp on the pulling neck. The
washer was ground down to 1-V from its original 1^" thickness to provide
more axial movement for the dogs to clear the ramp and fully retract.

2. Soft Formation Cutting Shoe QP4458: During Site 609 the inlet holes on
two of the three shoes were widened from %" to 3/8" diameter to increase
circulation flow.

3. Modified Core Catcher OP4483: After Site 608 both of the modified core
catchers were damaged. Each was rebuilt by replacing the standard core
catcher body OR7020 with a 2-ó/8" I.D. sleeveless core catcher body OR7024.
The larger I.D. was intended to provide more clearance over the 2%"
diameter core cut by the Acker shoes.

4. Alternate Liner Support Sleeve 0P4458: This optional piece (2.6" I.D.)
was used subsequent to Site 608 to replace the regular 2.5" I.D. liner
support sleeve in order to increase core clearance. The larger radial
dimensions of the alternate sleeve required that the bottom of the core
liner be reamed for a length of 2^". A drill powered reaming tool
(previously used for shipboard liner splicing) was adapted for the purpose,
but it could only penetrate one inch. One and one half inches were
trimmed off of the alternate sleeve to maintain correct spacing.
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Assembly and Spacing

The XCB was assembled into several configurations during Leg 94. The ones
selected as most practical are depicted in Figs. 2 and 3. The assembly steps
are clearly delineated in the XCB manual.

The shortest version of the XCB, configured to be compatible with the Advanced
Piston Corer (APC) was used only once before it was lost in Hole 606A. Thereafter
the XCB was configured to match the length of the VLHPC. The loss of one of the
two newly modified XCBfs made it necessary to alternate the remaining new-style
lower section with an old-style lower section used on previous legs (Fig. 2).

A third configuration, also shown in Fig. 2, incorporated the Core Barrel Pressure
Tool (CBPT). This was accomplished by removing one 15f double box core barrel
from the lower section, and adding the CBPT and spacers to maintain the original
overall length. The core capacity of this assembly was limited to five meters.
The CBPT could have been added to the lower section without removing the core
barrel (and the overall length maintained by removing spares from the upper section
above the quick release). But it was decided that the extra-long lower section
would be too awkward and dangerous to routinely handle, especially with the adverse
weather conditions expected in the North Atlantic.

Bottom Hole Assembly (BHA)

The lower BHA components used with the XCB/APC were as follows:

Extended Core Barrel/Hydraulic Piston Corer Bit
Bit Sub (including float valve, Guide Ring OL1020, and a support bearing

outer race.)
Bit Sub Spacer 0G1021
Seal Bore Drill Collar OL1O43
Landing/Saver Sub OG0620
3f Spacer
Top Sub
Head Sub (including Latch Sleeve OLIO 13)
Mor.el Drill Collar

These components were lost when the BHA parted on Site 606A. For the remainder
of the cruise, the lower BHA was spaced to accept the XCB/VLHPC as follows:

Extended Core Barrel/Hydraulic Piston Corer Bit
Bit Sub (including float valve, guide ring, and support bearing outer race)
Outer Core Barrel (9.06 m)
31 Spacer (.92 m)
3T Spacer (.91 m)
Drill Collar (9.18m)
Top Sub
Head Sub (including Latch/Seal Sleeve 0L1014)

The spacing of the XCB was checked by lowering the BHA (with the XCB installed)
onto the rig floor. The XCB was slightly rotated several times within the BHA
before the latch dogs engaged the slots between the drive ears of the latch
sleeve and allowed the. tool to retract fully into the bit.
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Operational Results

The XCß was run in 11 holes and recovered 1398.9 meters of core at an overall
recovery rate of 75%. The core quality was generally good to excellent. The
operation and handling of the tool went smoothly throughout the cruise. In most
of the holes the HPC penetrated only about 120 meters before high pull-out forces
or collapsing core liners necessitated a switch to XCB coring. The XCB cores
immediately below the HPC refusal point were usually indistinguishable from the
previous HPC cores.

A few chalky formations were encountered which proved difficult to recover; the
core was either jammed or washed away as the circulation flow rate was continually
adjusted to achieve optimum core recovery. Glacial erratics, pebbles of up to
6 cm in diameter, were continually recovered either in situ or after having dropped
down hole; these may have inhibited core recovery in many cases.

There were a few occasions in which ths XCB may have encountered alternating hard/
soft sediment interbeds but did not recover the soft layers in an undisturbed
state; it was difficult to determine whether the soft material was in situ or
drilling slurry. In other instances, the cores definitely consisted of discrete
biscuits in a matrix of drilling slurry. In these cases the XCB cores were no
better (but not worse) than standard rotary cores in similar formations.

The new latch and vent sub/liner hanger assembly functioned flawlessly. The
Belleville disc springs did not fare as well; as few as six and as many as 54 of
the 200 springs in the tool were cracked or broken after each site. The expensive
chrome-molybdenum alloy steel springs appear to be more brittle than the cheaper
zinc plated steel springs, but the latter also suffered many casualties. The
failures appear to be due mainly to fatigue, perhaps aided by corrosion; they
were characterized by radial cracks initiating around the inside, higher stressed
edges of the springs.

The DSDP built soft formation cutting shoes were used almost exclusively in the
predominately nanno ooze formations encountered throughout the voyage. It was
discovered that the tungsten carbide grit was layed too thick around the cutting
edges of the three soft formation shoes; the I.D. gage was 5.5 cm instead of 6.2 cm.
The softer sediments were recovered at full gage, as the core expanded after it was
cut. The core diameter reduced to 5 cm - 5.5 cm in some of the harder formations.
The DSDP shoe recovered 70 cm of fairly fresh vesticular basalt near the bottom of
Hole 608 while sustaining little extra wear or damage.

The circulation jets at the bottom of the DSDP shoe usually returned plugged with
mud. It is apparent from the normally excellent core recovery obtained with this
shoe that either the circulation ports remained at least partially open during
coring (and clogged only after most of the core had been cut), or the ports clogged
almost immediately, and the resulting inefficiency of the unlubricated shoe caused
it to retract until it was in the range of the main bit jets. On Site 609B, the
V' diameter circulation inlet holes were widened to 3/8" diameter on one of the
three DSDP shoes. This shoe was alternated with an unmodified shoe to compare core
recoveries. At first it appeared that the larger holes distinctly increased core
recovery; recovery was excellent for both shoes, but the modified shoe consistently
recovered more core than the other one. Then it was discovered that the new-style
core barrel—which had the modified shoe—was 14 cm longer than the old-style
core barrel. Still, the average recovery difference was greater than 20 cm, so a
second DSDP shoe was modified, and these were used throughout the rest of the voyage.
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The Acker Geoset Cutting Shoe was used only a few times in each of Holes 607,

608, and 609 (Table 2). Its rather poor recovery rate of 42.7% can be attributed

mostly to core jams due to the lack of clearance between the 2^" gage of the

shoe and the core catcher and liner support sleeve. For Site 609, the core catcher

and liner support sleeve were widened to present a minimum 2.6" I.D. between the

cutting shoe and the core liner resulting in increased recovery for subsequent

cores, but it was always less than the recovery of neighboring cores taken with the

DSDP cutting shoe. The Acker split ring core catcher was tried once in a hard

chalk formation, but the core slipped out.

The Acker natural diamond cutting shoe with bottom discharge ports was tried for

two cores in basalt at Site 608. Both attempts achieved low core recovery due

to basalt jams in either the core catcher or the liner support sleeve. The shoe

was badly damaged during the second coring attempt; radial cracks had initiated

at each bottom discharge port, and several sections of the cutting face had broken

off (Fig. 4). The remaining surface was splayed out of gage. The basalt cores

were cut with 15,000-20,000 lbs bit weight at 30-45 rpm.

About 50% of the XCB runs were wirelined because the liners often shattered when

the barrels were go-deviled down the pipe. At Site 607, three drop tests were

conducted in an unsuccessful attempt to determine whether the go-deviled liners

shattered upon impact with the water or upon landing in the BHA. In the first test

the barrel was dropped through the drill pipe, which had been previously topped

off with water, and retrieved before landing at the bottom. The conditions were

the same for the second test except that the pipe was not topped off with water.

For the third test, the barrel was go-deviled, landed and retireved without coring.

In neither case could the liner be made to shatter, attesting to the apparent

randomness of the phenomenum

Conclusions and Recommendations

Much of the planning for Leg 94 hinged upon the successful operation of the XCB.

Every site had both upper sediment objectives requiring HPC coring, and deeper

objectives requiring XCB rotary coring. If the drill pipe had to be round tripped

after HPC refusal at each hole, the extra time required would have severely hampered

the achievement of the rather ambitious goals of Leg 94. The compatibility

feature alone, which allowed both HPC and XCB coring in the same BHA, made the

XCB indispensible for Leg 94. In addition, the tool suffered no lost time break-

downs and maintained a consistently high core recovery percentage.

The DSDP soft formation cutting shoe was effective over the whole range of formation

hardness encountered on Leg 94. Based on these results and on results from

Legs 90-93, the soft formation shoe can core the entire sedimentary hardness range

and even can tag basaltic basement. It has not yet been tested in limestone,

sandstone or chert. It is not effective in broken basalt.

The chief problem with the Acker hard rock shoes is the 2 V core gage. Acker

has been consulted, and for a 10% surcharge, they can customize their standard

shoes to provide a smaller cutting gage. More tests in basalt are needed to

determine whether or not the Ackεr shoes can be effectively adapted to XCB coring.
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The current method to provide circulation to the cutting shoes is partially
effective, but the passive system can never achieve the fine degree of control
metering which may be necessary for optimal core recovery in changing sediment
formations. This area should receive top priority in future design improvements.

The disc springs, the core of the extension/retraction capability of the XCB,
are acceptable for the time being but have two disadvantages:

1. They frequently crack, requiring the maintenance of a large replacement
stock.

2. The present system cannot accommodate a longer stroke unless the tool
is lengthened appreciably. The current disc spring stack is 25" long
to produce a 7" stroke. If the stroke were lengthened to 36", the
stack would have to be over 10 feet long.

Future design improvements should consider the employment of a compression spring,
perhaps in combination with disc springs. The compression spring might be
external to the XCB, and operate in the area of the latch sleeve in the BHA.

The random shattered liners occurred only when the XCB was go-deviled down the
drill pipe. They have been attributed to either a trapped-air explosion when
the barrel impacts the water, or to impact-induced brittle failure when the barrel
lands in the BHA. Similar erratic failures have occurred in HPC liners, which
support the theory that the core liners are being subjected to forces which
marginally exceed their strength limit. The strength limit night vary widely from
liner to liner due to the fabrication process or weathering, but this has not
been proved. The aggravating factor contributing to the XCB liner failures is the
clearance between the liner and the core barrel. The clearance is needed to allow
non-rotation of the liner during coring, but the lack of wall support reduces the
overall strength of the liner.

In summary the XCB, in its present stage of development, is a fully operational
tool which has greatly expanded shipboard coring capabilities. Future improvements,
listed in order of priority, should include:

1. A truly controlled circulation system for the cutting shoes.

2. Stronger core liners, either through better quality control, a
• material change or a dimensional change.

3. Continued development of hard rock cutting shoes.

4. A helical compression spring stroking system, possibly external to
the XCB.
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TABLE I

FLOW RATE VS PRESSURE DROP THROUGH
DRILL STRING WITH XCB IN PLACE

(DATA TAKEN AT SITE 607)

Pipe Length

CM)

3660

3572

Pump Strokes
(SPM)

10

20

30

*o
50

20

30

40

50

Flow Rate
(GPM)

81

163

244

325

406

163

244

325

406

Pressure (PSI)
Old-Style XCB

50

150

350

600

900

New-Style XCB

50

125

350

550

825

150

350

600

925

NOTES: 1. The XCB lands inside a 4-1/8" I.D. Outer Core Barrel

2. The Old-Style XCB Barrel is 3-5/8" O.D. with 3-3/4" Upsets

3. The New-Style XCB Barrel is 3 1/2" O.D.
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TABLE 2

ACKER CUTTING SHOE PERFORMANCE

Type

Geoset

Geoset

Geoset

Geoset

Geoset

Geoset

Geoset

Geoset

Natural
Diamond

Natural
Diamond

Core Catcher

2VI.D. (0P4487)

2VI.D. (OP4487)

2J$"I.D. (OP4487)

Acker Split Ring

2-5/8"I.D. modified

2-5/8MI.D, modified

2-5/8"I.D. modified

2-5/8"I.D. modified

2V'I.D.(0P4487)

Acker Split Ring

Hole/Core

607/17

607/29

608/33

608/47

609/27

609/29

609/31

609B/33

608/58

608/59

Cored

9.6

9.6

9.6

9.6

9.6

9.6

9.6

9.6

6.6

9.0

Recovered

2.56

4.27

3.66

0

5.82

8.8

2.21

5.54

0.67

0.84

Comments

Firm nanno ooze. Totally
shattered liner impeded
recovery.

Firm nanno ooze.

Hard chalk. Core jammed i
cc and liner support sleev

Core slipped out of cc.

Hard chalk.

Hard chalk.

Hard chalk. CC jammed.

Finn nanno ooze.

Basalt. Core catcher jamn1

Basalt. Jammed in liner
support sleeve. Shoe
cracked and out of gage.
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APPENDIX C

EXTENDED CORE BARREL

FLOW TESTS
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I. ABSTRACT

Previous static pressure tests have shown that the core liner can only withstand 33 psi

external pressure. The design of the XCB cutting shoe circulation system subjects the

core liner to varying amounts of external pressure depending on the drill string circula-

tion pressure. Flow tests were conducted on the interacting systems to determine flow

vs pressure curves. The "safe" range of flows was determined to be too narrow to

ensure the integrity for the core liner under normal drilling operations. Even at pres-

sures under 30 psi the liner was found to elastically deform to allow unwanted water

flow through its connections and into the core space. Based on test data it was deter-

mined that the system should be redesigned to totally isolate the core liner from pres-

sure due to circulation flow.
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II. INTRODUCTION AND OBJECTIVES

Of the several problems encountered with the XCB during testing on Leg 84, the most

troublesome was that the core liner collapsed during every test. Subsequent static pres-

sure tests conducted on the core liner have shown that it can only withstand 28-38 psi

external pressure, depending on the water temperature. It was suspected that the cut-

ting shoe circulation system allowed too much back pressure inside the core barrel and

caused the liner to collapse.

The object of these flow test was to determine pressure vs. flow curves for the XCB cir-

culation system, the maximum circulation flow the liner can withstand, and to judge

whether the imposed limitations would be acceptable for normal drilling operations.
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HI. PROCEDURE

A. Determination of Flow Curves

1. Introduction

Several interacting variables needed to be determined as a function of the cir-

culation immediately above the bit:

a) Flow rate through the annulus between the XCB and the core guide of the

bit.

b) Flow rate through the four bit jets

c) Flow rate through the cutting shoe jets

d) Pressure drop across the XCB inlet holes.

The drill bit used in the test had a larger core guide LD. (3 5/8") that the one used

on Leg 84 (3.54" I.D.), so the flow rate through the annulus could not be isolated

2
and measured. However the annulus area (0.221 in ) is approximately equal to the

2area of one bit jet (0.196 in ), so the total flow was approximated by multiplying

the flow through one bit jet by a factor of 5:

TOTAL FLO W = FLO W THROUGH 4 BIT JETS + FLO W THROUGH ANNUL US

FLO W THROUGH 1 BIT JET x 5

calibration curves for the remaining variables were determined by isolating each

variable in the following tests. The flow rate through a bit seal was also measured,

although a bit seal was not used during the XCB sea trials on Leg 84.
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2. Circulation pressure vs. flow rate through one bit jet.

The test assembly was set up as shown in Fig. 1. Note that three of the four bit

jets were plugged, and that an O-ring was inserted in the throat of the bit to plug

annular flow, so that the only flow was that through the single bit jet.

Water was pumped through the assembly at various controlled pressures. The flow

rate at each pressure was determined by measuring the length of time required to

capture 15-60 liters of flow in a container. The accuracy of the method decreased

with increasing pressure because the higher velocity flows caused increased splash-

out. The results are shown in Table 1. The last column in table 1 is an extrapola-

tion to the total flow (5 times the flow through one jet). The extrapolated flow is

graphed in Fig. 2.

3. Flow Rate vs. Circulation pressure through the XCB cutting shoe and pressure

drop across the inlet holes.

The assembly was set up as shown in Fig. 3. All four bit jets were plugged as was

the annulus through the core guide, so that the only flow path was through the 2-7

open inlet holes in the XCB (and out the cutting shoe jets.). Inside the XCB a

stainless steel sleeve was inserted in place of the core liner. A pressure hose,

plumbed through the sleeve as shown, led to a gage which measured the annular

pressure between the sleeve and the core barrel. An upset section of the sleeve

served as a snubber ring which made a tight sliding fit inside the core barrel. The

purpose of the snubber ring was to restrict flow while still allowing relative rotation

between the sleeve and the core barrel. This design was not used on Leg 84, but
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was incorporated in these tests as a possible solution to protecting the liner from

pressure spikes. The pressure above the snubber ring was not measured in this

test.

The flow through the cutting shoe jets was measured at various pressures with 2-7

inlet holes open. Two of the inlet holes, which were always open, measured 1/8"

Dia. The other 5 holes measured 5/18" Dia. The results are shown in Table 2.

The measured flow rate as a function of the annulus pressure (pressure inside the

XCB) is plotted in Fig. 4. The pressure drop across the inlet holes is plotted in

Fig. 5.

4. Flow rate vs. circulation pressure through a bit seal.

The test assembly was set up as shown in Fig. 6. All 4 bit jets were plugged, as

were the XCB inlet holes, so that the only flow was through the bit seal (and out

the annulus between the XCB and the core guide). It was hard to capture all the

flow in a container for accurate flow rate measurements since some of it deflected

off the bit cones. Several tests were run over a period of days with widely varied

results. It appeared that, in addition to the relative inaccuracy of the measuring

technique, the bit seal flow characteristics would change with each test. (Perhaps

it was sealing differently each time). The results are shown in table 3 and graphed

in Fig. 7.
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B. Flow tests with the core liner.

1. Flow test on the XCB system as used on Leg 84.

The assembly was set up as shown in Fig. 8. With 3 inlet holes left open, the

circulation pressure was adjusted to 100 psi, then increased to 190 psi. The

liner did not collapse, although it elastically deformed to allow a major water

flow through its upper and lower connections. The annular pressure actually

decreased as the circulation pressure increased because the liner deformed to

allow more flow bypass.

A second test was run with six of the inlet holes left open. This time the liner

collapsed at 42 psi circulation pressure (33 psi annular pressure). The results

are shown in Table 4.

2. Flow test with core liner and snubbering ring.

Test objective was to determine if a steel sleeve with a snubber ring inserted

between the core liner and the inlet holes would help to protect the liner from

excess pressure. A pressure tight O-ring type seal could not be used because

the sleeve (and core liner) have to rotate freely inside the core barrel. The

assembly was a combination of Fig. 3 and Fig. 8. A core liner section was

slipped onto the stainless steel sleeve above the snubber ring shown in Fig. 3;

the core barrel was lengthened accordingly. The upper end of the core liner

was sealed as shown in Fig. 8. Six of the inlet holes were left open. As the

circulation pressure was increased, the pressure in the annulus below the
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snubber ring was recorded against the pressure above the ring. The snubber

ring was able to maintain a 60% pressure differential up to the pressure which

caused the liner to collapse. The results are shown in table 5.
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IV. CONCLUSION

The normal range of circulation flow rates during coring is 150-300 Gpm with surges of

up to 500 Gpm (when checking for core barrel latch-in). According to Fig. 2 this

corresponds to a normal circulation pressure range of 32-154 psi with spikes of up to 500

psi. On Leg 84 the XCB was always run with 7 open inlet holes. From Table 2 it can

be seen that 7 open inlet holes drop the pressure by 15%, so that the pressure acting on

the core liner was normally 27-131 psi, and sometimes as high as 425 psi. Thus the liner

was usually subjected to more than the critical 33 psi collapse pressure.

If only 2 inlet holes are opened, Table 2 shows that the circulation pressure is dropped

by 93%. This would protect the liner against the high pressure spikes, but would reduce

the normal range of annulus pressure to only 2-11 psi - too low to maintain the desired

minimum of 20 GPM flow rate out the cutting shoe jets.

The use of a snubber ring between the inlet holes and the core liner would allow high

enough back pressure to maintain an acceptable flow rate out the cutting shoe jets while

dropping the pressure to the liner to a safe level. But since the snubber ring is a flow

restrictor instead of a pressure seal, a continuous flow is necessary to maintain a pres-

sure differential; that flow exits through the upper and lower liner connections and into

the core space as the liner elastically deforms under the less than-critical pressure.

In conclusion, the liner collapse problem has been determined to be caused by excess cir-

culation pressure entering the annulus between the core barrel and the core liner. Some

pressure is needed to maintain an acceptable flow rate out the cutting shoe jets. The

pressure seen by the liner can be limited to a safe level by a proper combination of open

inlet holes and a flow restrictor between the liner and the inlet holes. It was also found
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that, even when exposed to less than critical pressure, the liner elastically deformed to

dump unwanted flow into the core space. (Indeed, that is the only reason the flow res-

trictor worked). If the liner connections were to be sealed by O-rings, then the flow into

the core space would be stopped, but the pressure would equalize across the restrictor

and the liner would collapse.

The present circulation system design necessarily subjects the liner to over pressuriza-

tion. As a result of these tests it was decided to redesign the circulation system to

totally isolate the liner from circulation pressure.
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TABLE 1
FLOW RATE VS. PRESSURE THROUGH ONE BIT JET

AND EXTRAPOLATED TOTAL FLOW

Circulation
Pressure (Psi)

10.8
34
34
51
55
55
55
55
76
76
76
76
92
92
92
92
93

130
190

Measured Flow Through
One Jet (Liters/Sec)

60/53
41/21.9
48/24.3
55/23.5
50/19
55/21
40/16
40/16.5
38/13.9
42/15.6
42/16
40/14.2
40/13.9
40/14.5
35/11
45/15
16/20
57/16.5
55/11

Flow Rate
Gpm

17.9
29.7
31.3
37.1
41.7
41.5
39.6
38.4
43.3
42.7
41.6
44.6
45.6
43.7
50.4
47.5
47.5
54.8
79.3

Total Flow Rate
(Gpm)

89.5
148.5
156.5
185.5
208.5
207.5
198
192
217.5
213.5
208
223
228
218.5
252
237.5
237.5
274
396.5
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TABLE 2
PRESSURE DROP ACROSS INLET HOLES, AND

FLOW RATE VS. PRESSURE THROUGH CUTTING SHOE JETS

No. of Open
Inlet Holes

7

4

2

Circulation
Pressure (Psi)

46.5
92

180

53
91

190
39
53.5
78
78
95

107
186
186

53
90

107
195
245

Annulus
Pressure (Psi)

15
78

153

27
47

102
13.5
17.8
26.25
26.25
30.4
35
59.5
59.5
4.75
6.25
7

10.4
12.7

% Pressure
Drop

15
15
15

49
48
46
65
67
66
66
68
67
68
68

91
93
93
95
95

Flow
(Liters/Sec)

57/32.8
57/25.8
58/19
59/44
60/34.2
53/21.2
59/68
60/60
60/49
58/46
60/44.5
60/41
51/27.5
53/29

60/162
60/126
60/116

60/86
60/87

Flow Rate
(Gpm)
27.5
35
48.4
21.25
27.8
39.6
13.75
15.8
19.4
20
21.4
23.2
29.4
29

5.9
7.5
8.2

11.1
12.4
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TABLE 3
FLOW RATE VS. PRESSURE FOR BIT SEAL

Date

Sept 10, 82

Sept 17, 82

Sept 20, 82

Circulation
Pressure (Psi)

54
90

188

17
49-50

90
157.5

5.8
25
44
55.56
92
92

125
149
170

Measured Flow
Liters/Sec

63/26.5
60/22
60/18

60/32
60/21
60/16
60/16

60/46
60/27
60/23.5
60/22.5
60/17
60/18
60/18
60/16
60/16

Flow Rate
(Gpm)

37.7
43.2
52.8

29.7
45.3
59.4
59.4

20.7
35.2
40.5
42.3
55.9
52.8
52.8
59.4
59.4

-130-



TABLE 4
CIRCULATION PRESSURE VS. ANNULAR PRESSURE

DURING FLOW TEST THROUGH LEG 84 XCB SYSTEM

No. of Open
Inlet Holes

3

6

Ciculation
Pressure (Psi)

95-100
190
42

Annulus
Pressure (Psi)

15
11
33

Comments

Major Flow Through Liner Connections
Major Flow Through Liner Connections

Liner Collapsed
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TABLE 5
PRESSURE DROP ACROSS SNUBBER RING (6 INLET HOLES OPEN)

Circulation
Pressure (Psi)

17
50
73
85

Annular Pressure
Below Ring (Psi)

14.5
40
55

Annular Pressure
Above Ring (Psi)

-
16
23
33

% Pressurre
Drop

-
60
58

Comments

Liner Collapsed
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APPENDIX D

ASSEMBLY INSTRUCTIONS FOR XCB
AS USED ON LEGS 94-96

-133-



EXTENDED CORE BARREL ASSEMBLY
for Legs 94-96

The Extended Core Barrel can be assemblied into two configurations to make it compa-
tible with either the APC or VLHPC. The shorter version, which has the landing
shoulder located on the spring housing/landing sub, is compatible with the APC. The
longer version, compatible with the VLHPC, lands on a landing shoulder at the latch.
The assembly steps which are not similar to both versions are designated by alternate
step numbers.

A. Upper Section Assembly

1. Install 200 disc springs (OP4419) and six spring spacers (OP4403) onto the
spring shaft (OP4426). Stack the springs in a series parallel configuration (2
up, 2 down 2 up, etc.). Divide into five sets, 40 springs per set, each set
separated by a spring spacer with a spring spacer at either end of the entire
stack.

2. Insert an angular contact bearing (OP4408) into each end of a bearing sub
(OP4401) so that the thrust bearing sides are facing outward from the sub.

3. Insert the spring shaft through the bearing sub. Then slip on a spring spacer,
5 disc springs, another spring spacer, a nut (OP4424) and a cotter pin
(OP4409). Tighten the nut until it shoulders; this preloads the spring stack.

4. For APC compatibility slip the spring housing/landing sub (OP4482) over the
spring shaft and make it up to the bearing sub.

4A For VLHPC compatibility slip the spring housing (OP4402) over the spring
shaft and make it up to the bearing sub.

5. Install a bearing (OP4413), a T-seal (TR-025), and a wiper (D1750) onto the
male sub-hex drive (OP4425). Then slip this sub over the shaft and make it
up to the spring housing.

6. Slip the female head-hex drive (OP4427) over the spring shaft to entage the
male sub. Then install an O-ring (#2-324), a spring shaft washer (OP4407), a
nut and cotter pin onto the shaft.

7. Make up the 10" double box sub (OP3236) to the female head-hex drive sub.

8. For APC compatibility, make up the latch (OP4472) directly to the 10" drive
sub.

8A For VLHPC compatibility, make up a 14' 9 1/2" inner barrel (OP3210) a 14-
7/8" inner barrel sub (OP3233), and the latch (OP4472) to the 10" double box
sub.

9. For APC compatibility, make up a 14-7/8" inner barrel sub (OP3233) to the
bearing sub at the lower end of the spring housing/landing sub.

9A For VLHPC compatibility, make up a 12' inner barrel (OP3215) and a 12-1/8"
inner barrel sub (OP3231) to the bearing sub at the lower end of the spring
housing.
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10. Make up the quick release adapter sub (OP4456) and the quick release
shoulder sub (OP3055) to the inner barrel sub. This completes the assembly
of the upper section.

B. Lower Section Assembly
1. Connect two double box inner barrels (OP4469) with a double pin connector

(OP4471). NOTE: One of the barrels should already have the double pin con-
nector Baker-locked onto it.

2. Install two O-rings #2-330 onto the liner hanger (OP4464), which is part of
the vent sub assembly.

3. Install a check ball and valve (OP3107) into the vent sub (OP4494). Then
make up the vent sub to the upper end of the inner barrel assembly.

4. Make up the quick release cap sub to the vent sub.
5. For APC compatibility, make up the alternate breakoff sub (OP4488) to the

lower end of the inner barrel assembly.
5A. For VLHPC compatibility, make up the breakoff sub (OP4470) to the lower

end of the inner barrel assembly.
6. Install either of the following to complete the assembly:

a) Soft Formation Assembly: Insert any combination of standard core catchers,
flapper core catcher, and spacer (OP4481) into a soft formation cutting shoe
(OP4458). The stack should be no higher than the top of the isolation sleeve
(OP4418) inside the cutting shoe. Then make up the cutting shoe to the
breakoff sub.

b) Hard Formation Assembly: Choose a suitable Acker diamond bit and make
it up hand tight to the cutting shoe adapter (OP4485).

Install O-ring #2-335 onto the upper end of the core lifter adapter (OP4484).

Make up either a modified core catcher (OP4487) or an Acker lifter assembly
(consisting of lifter case #101544, lifter #101546, and stop ring #101545) to
the lower end of the core lifter adapter.

Insert the core lifter adapter into the cutting shoe adapter. The upper part
should shoulder on the cutting shoe adapter just before the lower part con-
tacts the bevel inside the Acker Bit. The gap allows circulation flow to the
cutters. The gap may be increased by inserting an adjustment shim
(OP4486) into the upper end of the cutting shoe adapter before installing the
core lifter adapter.
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Makeup the cutting shoe adapter to the breakoff sub. Check to see if the
core lifter adapter can rotate within the assembly. If it is pinched, you may
have to remove some material from the top of the retainer ring (OP4415).

Finally, torque up the Acker bit to the cutting shoe adapter.
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APPENDIX E

MACHINE DRAWINGS
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EXTENDED CORE BARREL
PARTS LIST

P/N DESCRIPTION NO. REQ'D.

OP4435
*OP4401
*OP4403
OP4407
OP4414
OP4415
OP4416
OP4418

*OP4419
*OP4424
*OP4425
*OP4426
OP4427
OP4432
OP4445
OP4447
OP4448
OP4449
OP4450
OP4451
OP4458
OP4459
OP4460
OP4464
OP4469
OP4470
OP4471
OP4472
OP4473
OP4474
OP4475
OP4477
OP4478
OP4479
OP4480
OP4481

XCB Assembly (F/APC Compatibility)-MOD. II
Bearing Sub
Spring Spacer
Spring Shaft Washer
Nut, For Spring Shaft
Delrin Retaining Ring
Liner Support Sleeve
Isolation Sleeve
Disc Springs
Nut, Spring Shaft
Male Hex Drive
Spring Shaft
Female Hex Drive
Compression Spring
Acker "Natural Diamond" Bit
Acker "Amalgamated" Bit
Acker Lifter Case (#101544)
Acker Lifter (#101546)
Acker Stop Ring (#101545)
Extension Measuring Gauge
Soft Formation Cutting Shoe
Isolation Sleeve
Bushing
Liner Hanger
15' Double Box Inner Barrel
Breakoff Sub
Double Pin Inner Barrel Connector
Latch Assembly Complete
Latch Dog - XCB Latch
Washer - XCB Latch
Body - XCB Latch
Pulling Neck - XCB Latch
Spring - XCB Latch
Landing Shoulder Cap - XCB Latch
Cutting Shoe Gage
Core Catcher Spacer

~
1
8
1
2
1
1
1

205
2
1
1
1
1
1
1
1
1
1

1
1
1
1
2
1
1
1
2
2
1
1
1
1
1

1-2
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P/N

OP4482
OP4484
OP4485
OP4487
OP4489
OP4493
OP4494
OP4495
OP4496
OP4497
OP4498

OP3024
OP3107
OP3108
OP3230

*OP3233
OP3236

*OP3310
OP3400
OP4752
OP4753
OP4825
OP4827

OD2324
OD2330
OD2335

*OD5100
*OD5200
OD6515
OD6585
OD7160
OD7220

*OD7222
*OD7224

OP4448
OP4449

DESCRIPTION

Spring Housing/Landing Sub
Core Lifter Adapter
Cutting Shoe Adapter
Modified Core Catcher
Spring Shaft
Male Drive Sub
Vent Sub
Spring Housing
Adapter, 3 Lug Quick Release
Spring Stop Sub
Spring Stop Washer

Pivot Pin - XCB Latch
15/16" Check Ball And Seat
Valve Seat Retainer
Inner Barrel Sub, 9 3/4"
Inner Barrel Sub, 14 7/8"
Double Box Inner Barrel Sub
Drilling Sub, 13 5/8"
Core Liner, Butyrate, 2.817 x 32' 6"
Quick Release Nut
Quick Release Dog
Male Quick Release
Female Quick Release

Fasteners, Seals &: Bearings

O-Ring #2-324, Buna-N, 70D
O-Ring #2-330, Buna-N, 70D
O-Ring #2-335, Buna-N, 70D
T-Seal, Parker #TR025
Wiper Ring, Parker ^©1750
Set Screw, Socket, 1/2-13 x 3/4
Set Screw, Socket, 1/2-13 x 5/16
Cotter Pin, 1/4 x 2-1/2
Ball Bearing, 5/16 Dia.
Bearing #7207 BYG
Bearing #6009

Core Catcher Alternatives

Acker Slip-Type Core Catcher, Includes:
Lifter Case (#101544)
Lifter (#101546)

NO. REQT>.

1
1
1
1
1
1
1
1
1
1
1

1
1
1
2
1
1
1
1
1
2
1
1

1
2
1
1
1
1
2
2

32
2
1

1
1
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OP4450 Stop Ring (#101545)
OP4487 Modified Core Catcher
OR7010 Core Catcher, Complete, Dog Type "10"
OR7020 Core Catcher, Complete, Dog Type "8"
OR7100 Core Catcher, Complete, Flapper Type

Outer Barrel Components

1
1

1-2
1-2

1

OL1010 Head Sub
OL1012 Window Latch Sleeve
OL1021 Landing/Saver Sub
OL1022 Long Top Sub
OL1029 Long Bit Sub
OL1031 Guide Ring
OL1044 Seal Bore Outer Core Barrel
OL1504 Padded Flapper (Replaces OL1510)

Used With Disc Spring Version Only
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SPECIFICATION SHEET

PART NUMBER : CP-3107

DESCRIPTION t

ITEM : Check Ball & Seat

MANUFACTURER : Harbison-Fischer

P/N FOR ORDERING : 2E3 1%M RIB-15/16" Ball

DIMENSIONS :

OTHER INFORMATION

VENDOR : Harbison-Fischer Mfg. Co,
P.O. BCK 2477
Fbrt Worth, Texas 76101

(817) 355-4381

OP-3107
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DO NOT SCALE CONCENTRICITY ALL DIAMETERS". TIR .003

TO

HT. '\_ TO
T O

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES t 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

SEE. P/NOP4435
HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

VA-81
0WG. NO. (REV.)

B-O?44\8-\



REVISIONS

NO. DESCRIPTION

2λO (2..&O
DATE BY

vU<

CH. APR

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

X C B TΠ~
MATERIAL

PART NO.

-161- " *

DRAWN BY .DATE CHECKED APPROVED

SIZE DWG. NO. REV.



V.

NO.

REVISIONS

DESCRIPTION DATE BY CH. APR

>-STAWlF>:

PARTWD.QP4424-

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

R " » t
,> 31-35

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY f

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

NUT FOα SPR-WJör

MATERIAL

\\*S\ 4142
PART NO.

OP 442-4
• 0 ™""" - 1 6 2 -

DRAWN BY DATE CHECKED APPROVED

SIZE DWG. NO.

iiiin• i• HI • • • i I I I • • \ irwriiiii lrwim m π Π T I 1 *~* - ~

r,tv. |

O



29 STUB ACME

* O.D.-STMD.-29°STUB

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION O

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA. CALIFORNIA 92093

SECTION
A -A, SUB -HEX DR.IVE - XCB

DRAWN BV OATE |C«C| (ED APPROVED

HEAT TREATMENT

RC4O-42
PART NO.

OP 4-425-2



"""" REVISIONS

NO. DESCRIPTION | DATE | SY CH. APR

a 1 K^^^t> a2 Λ O CREF) y4 Q\/v VAOVLS p•̂ •a ^.K 7 x •



5THD5. PEK IV4CH
2.3' STUB ACME
THD.FOKM

5•Z9C>QD.-STHD•-29STUB ACME

* F>E•R FOQT

D.S.D.t? GAGE NO. 10,5

\

O

jy~/y /? •j^ /? // //

^~Λ

•*I
3O*

/7 // // // // 7/ Δ

DRILL THtL)
3 PLNCE-Sβ> 12θ β

n l

*ryp.'

TOLERANCES
UNLESS NOTED

FRACTIONS 1 I/M

DECIMALS t 006

ANGLES t 1/2*

CORNERS I/M » «S'

ot I/MR

FINISH \ J J ^
SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA

TITLE

FEh\M-E HEY

PART NO.

OP A4-2.7-1

DRAWN BY DATF CWtqKtD APPROVED

SIZE DWG NO L

C-OP4AZT -
RtW

\



Company Name

Address

of S/)ΛJ

1.

2.

3.

4.

5.

See Spring Specifications
t d

— »•D.

for type ol Ends Required

& Ground Square
Type 1

Plain Ends
Type II

NOtA.

General Notes

h 3

i.

2..

3.

I.iso

o/o

Le!

AS 10:; IDS
Rev

Revision Date

Closed Ends
1 Not Ground
Type III

Spring Specifications

Plain Ends_
Ground Square

TfpelV

Diameter of Wire

Ib Ib. at Loaded Length

Ib. per Inch (Spring Rate) Between

Lengths ofLengths of

V y ( f < 4 •) ~To<al Number of Coils

( S

Inches and Inches

4.

5 _ .

7. OPT.

β. X

Active Coils

Solid Height
Left Hand Coiled Right Hand Coiled
Type ol Ends

The above requlrementt as checked or noted will provide data to produce this

spring. Blank spaces will indicate no requirements.

Heat Treatment

Finish

NONE

R.H L.H
Dash No.

No
Req

Cal Wt.

__Wt

Issue

Noted

Size

fib

Description Cond.
Material (Comm.

•— 3 —f
Draftsman

Date

Checker

Specification Cond
Material Specification

App App.

A S S O Sorim A BARNES
Compression Spring

Si/e

A



REVISIONS
NO.

O i

4 MOO.

DESCRIPTION DATE BY I CH. APR.

DO NOT SCALE

TVλV~> Vb
P/M

ZU

Ç>OHE VJCX

CONCENTRICITY ALL DIAMETERS: TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS t 1/64
DECIMALS ±.005

ANGLES t 1/2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

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

PART NO.

09444*3

CHECKED APPROVED

DWG. NO. (I

B-OV444(b



REVISIONS

NO. DESCRIPTION PATE I BY I CH. APR

00

-\>/z—i

FULL

I CH.

NOTE'.

3.11 SD.

DO NOT SCALE

4 |ArA OK

CKΛKVOG1)

\.D.

t ^ 2..

CONCENTBICITV ALL DIAMETERS: TIN.OOT

TOLERANCES
UNLESS NOTED

FRACTIONS t 1/M

DECIMALS t .001

ANGLES t 1/2"
CORNERS I/M a 4δ*

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIMS INSTITUTION OF OCEANOGRAFHV

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA. CALIFORNIA . 9?093

TITLE

I I I
HEQO/ASSV PART NO.

OVA441

CHECKEO APPROVED



REVISIONS

NO. DESCRIPTION DATE BY CH. APR

ÖKOO. SQ.T.P.U

55
cù
S

.13

3O

•.Bδ-H

//

//

T
<o

CVJ

o
GO

i

FROVΛ:
CO .

DO'NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH \×^

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA, CALIFORNIA

TITLE

MATERIAL

SCALE

ir>• iml* 1 I I P I [||•M»»1«|-

-169-

DATE BY

PART NO.

CHECKED

DWG. NO. *

r
cq

0
<0
00

cvj

92093

APPROVED

A ΛA CX
(REV.



L~.

REVISIONS

NO. DESCRIPTION

OPEUVUG

OH

DATE BY CH. APR

CO.

DO NOT SCALE CONCENTRICITY ALL DIAMETERS". TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS i 1/64
DECIMALS i.005

ANGLES i 1/2°
CORNERS 1/64x45°

or 1/64 R

F.NISH

HEATTRC/.TMSfiT

36? - A O ^c.

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALiFORNlA. SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

MATERIAL

AVJO CD.
SCALE

WO
nEQC/ASG Y

\ \-Λ



SPECIFICATION SHEET

PART NUMBER OP-4450

DESCRIPTION

ITEM

MANUFACTURER

P/N FOR ORDERING

DIMENSIONS

Stop Ring

Acker

1-01545

OTHER INFORMATION

VENDOR Acker Drill Company, Inc
P.O. Box 830
Scranton, PA 18501

(717) 586-2061

-171-



REVISIONS

NO. DESCRIPTION DATE BY CH. APR

\A\UL FV.KYS ?> PLCS>

TOLERANCES
UNLESS NOTED

FRACTIONS i 1/64
DECIMALS 1.005

ANGLES i 1/2°
CORNERS 1/64 x 45C

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA. CALIFORNIA

TITLE

92093

REÜO/ASS•V



oλs'/Λ < Vβy2.150LOΛ%Z.81Z,3.ZSO

/? LONG

IβO' N"b SUOVJU.

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA. CALIFORNIA

FRACTIONS 1 V M

DECIMALS ÷.OOS
ANGLES t VI

CORNERS I/M > 45
or I/MR

FOR. »'
\.D.TO

DRAWN BV DATE CHECKED APPROVED

SIZE DWG NO REV

C-OP44S&- <b



REVISIONS

NO. DESCRIPTION DATE BY CH. APR

ΛOO

-.00I

3-ruri

v.oao
-.002

5O\*

+.005°
rΛOO O-"RλY4G "** Z-O42.

—.000

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR .003

TOLERANCES
UNLESS NOTED

FRACTIONS 2 1/64
OECIMALS ±.006

ANGLES i 1/2°
CORNERS 1/64 x 45°

or 1/64 R

F.N.SH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA. CALIFORNIA 92093

TITLE

CHECKED APPROVED

DWG. NO.

B-O?



REVISIONS
NO. DESCRIPTION DATE BY CH. APR

+.000

3.

+.OOS
-.000

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±005

ANGLES t 1/2°
CORNERS 1/64 x 45°

or 1/64 R

F.N.SH

SURFACE TREATMENT

HEAT TREATMENT

θ

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

SCAL

VA
RECTO/ASS*Y (REV.)

B-OPAAbO



REVISIONS

J . . ~ +.001
rλAZ~ooi

25V2no£>.

O\K x.MS DP KUO

, 32. DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TI R.003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

8

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

SCALE

IM
Rvxo/Assry

1

DATE

2-4
PART NO.

OP44&4

CHECKED APPROVED



REVISIONS
NO. DESCRIPTION DATE i BY I CH. APR

GK<otUO

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS S 1/64
DECIMALS £.005

ANGLES t 1/2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH ^y

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHV

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE
FT. OOUE>LE

MATERIAL _

4/3O CO.
REQ O/ASS Y

CHECKED APPROVED



REVISIONS

NO.

I

DESCRIPTION

KCtoEto S\O*\H.'. USE. VI / X C S - ^ \_YVPC ONLN
DATE

K>'2?&
i a 84

BY CH.

IMMe

APR.

('M•

oo

DO NOT SCALE CONCENTRICITY ALL DIAMETERS: TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA. CALIFORNIA 92093

TITLE

SCAL REσD/ASS Y

28-82
CHECKED APPROVED

DWα NO. (REV.

B-OP441O-2



REVISIONS
NO. DESCRIPTION DATE BY CH. APR

\ OP 44*11

CO

DO NOT SCALE
TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES t 1/2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH

SUHFACE TREATMENT

HEAT THEATMENT

COWC£NTRICITY ALL DIAMETERS'. TIR003

DEEP SEA ORILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

MATERIAL

4I3D ST.
SCALE REQ D/ASS Y

\

DATE

Z•l&•Si



,— x>P VL\UG O P 4 4 1 8 K\\

/—PULUNG NÉ C < OP 4411 's O P 3 O Z 4 (\ ̂

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/84
DECIMALS ±005

ANGLES ± 1/2°
CORNERS 1«4« 46'

or 1/64 R

FINISH \ X ^

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPTS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

PART Ntt

OP4412

CHECKED APPROVED

SIZE D1WG.NO.

R-OP4412.



00

to

REVISIONS

NO. DESCRIPTION DATE BY CH. APR

V

or
V

4

TOLERANCES
UNLESS NOTED

FRACTIONS i 1/64
OECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64 x 45°

or 1/64 R

F.N.SH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

- X Cç> LKTCH ~
MATERIAL

4140
DRAWN BY

SIZE DWG.NO. REV.
\



REVISIONS
NO. DESCRIPTION DATE BY CH. APR

<MI•ßS

DO NOT SQALE CONCENTRICITY ALL DIAMETERS'. TIR .003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS t .005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

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

VJ

MATERIAL

SCALE J REQ'D/ASS'Y

\ W -183- \

DATE BY

PART NO.

CHECKED APPROVED

DWG. NO. (REV.)

K-OV 4414-1



CONCEhfTRICITY ALL DIAMETERS". TIR .003

FRACTIONS t 1/64
DECIMALS ±.005

ANGLES t 1/2°
CORNERS 1/64 * 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

3Q-2>4 fc

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN OIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

MATERIAL

A\4O
REQ•D/ASS Y

i \\ 83
CHECKED APPROVED



REVISIONS

NO.

1
DESCRIPTION DATE

a 2ö4

BY

ft*.

CH.

Drf
APR.

Ito

X
\

f
.AH

1UR.U,

\6O"

00

TOLERANCES
UNLESS NOTED

FRACTIONS 1 1/64
DECIMALS t 006

ANGLES i 1/2"

SURFACE TREATMENT

HEAT TREATMENT

H

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

-X C Ci.

PART NO

OP 4 41"! -3

DRAWN BY DATE CHECKED APPROVED

311 &
SI7E DWG NO

C OPAVΠ-



REVISIONS
NO. DESCRIPTION

7 % WΛS

DATE BY CH. APR

00

DO NOT SCALE CONCENTRICITY ALL DIAMETERS1. TIR .003

TO VU~VW

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES t 1/2°
CORNERS 1/64 • 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN OIEGO

LA JOLLA. CALIFORNIA 92093

TITLE

MATERIAL

SCALE PART NO.

OP 4410-\

CHECKED APPROVED

OWG. NO. (REV.)

944 - \



REVISIONS
NO. DESCRIPTION DATE BY CH. APR.

00

PLC K^ GO'

O.D. - S TP\, a^a

? FOOT

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR .003

TOLERANCES
UNLESS NOTED

FRACTIONS t 1/64
DECIMALS ±.005

ANGLES ±1 /2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHV

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

CAP

MATERIAL

4V4O
SCALE REQ•D/ASS•Y

CHECKED APPROVED



00
00

REVISIONS
NO. DESCRIPTION

3.1SO

^ ^
MILL F>^TS

x:

0 0 NOT SCALE
TOLERANCES
UNLESS NOTED

FRACTIONS * 1/64
DECIMALS ± .005

ANGLES 1 M2°
CORNERS 1/64x45°

or 1/64 R

FINISH

HEAT TReA

\.D.

DATE BY CH, APR

CONCENTRICITY ALL DIAMETERS: TIR.003

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN OIEGO
LA JOLLA. CALIFORNIA t2O93

TITLE

x c •

SCALE

VA
PART NO.

O9 44 B

Mic
DrtG. NO IRSV

B-OP4ASO



REVISIONS

NO. DESCRIPTION DATE BY CH. APR.

2V4

Z>t

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003

TOLERANCES

UNLESS NOTED

FRACTIONS ± 1/64

DECIMALS ± 0 0 5

ANGLES 1 1/2°

CORNERS 1/64 x 45°

or 1/64 R

FINISH

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA. CALIFORNIA 92093

TITLE

CO9J5:

SURFACE TREATMENT

θ
MATERIAL DATE BY CHECKED APPROVED

HEAT TREATMENT SCALE

\:\

REQ'D/ASS'Y PART NO. DWG. NO. (REV.)

- \

-189-



DO NOT SCALE CONCENTRICITY ALL DIAMETERS". TIR.003

; use.

TOLERANCES
UNLESS NOTED

FRACTIONS * 1/64
DECIMALS 1.005

ANGLES i 1/?°
CORNERS 1/64 a 45C

or I /MR

FINISH

SURFACE TREATMENT

hEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

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

SCALE

\ W

DATE



NO.

.1

KEVISIONS

DESCRIPTION DATE BY CH. APR.

.2O1

Δi.C)0O D?

r
"SSs.

ZV6O.D.

TO RT UFTEE.

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR .003

TOLERANCES
UNLESS NOTED

FRACTIONS t 1/64
DECIMALS ± .005

ANGLES t 1/2°
CORNERS 1/64 a 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

e

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA. CALIFORNIA 92093

TITLE

•~ r\* v_• V j

SCALE REQ'D/ASS'Y

CHECKED APPROVED



REVISIONS

DESCRIPTION

Vauov.es 71183

BY CH. APR

CO
t\5

TOLERANCES
UNLESS NOTED

FRACTIONS * 1/64
DECIMALS t OOS

ANOLES 4 1/2"
CORNERS V'64» «5C

m 1/64 R

FINISH V ^

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA, CALIFORNIA

TITLE
CUTTVUG

MATERIAL

PART NO.

OV 4 43"b-2>

DRAWN BY DATE CHECIJCO APPROVED

SIZE DWG NO. REV.

3



REVISIONS

DESCRIPTION

t ;

DATE BY CH. APR

O
to

«=>CR\ ç>e: O P 44 a~i - 4

r 1

CK? —
-<Λ\G>

CAO? V

TO e>ODV.
3 FOR C O K P L t T t

4 LKVLC>E. OOG>
4 ^VAAIL DOC
β
β

; OR. ηθ?.\

TOLERANCES
UNtESS NOTED

FRACTIONS t 1/64

DECIMALS 1 005

ANOLES I V f

CORNERS I/M 45'

o> I/MB

FINISH V

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN OIEGO

LA JOLLA. CALIFORNIA

TITLE

CORE CATCHER

OHAWNBY DATE CHECKED

HEAT TREATMENT SI2E DWQ NO H t V

"I



REVISIONS

DESCRIPTION DATE BY CH. APR

\ HEX

. VR.1

TOLERANCES
UNLESS NOTED

FRACTIONS < 1/64
DECIMALS 1 006

ANGLES I »'2
CORNERS 1/64 < 45*

« 1/64 R

FINISH \ y

HCATTREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION Of OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN OIEGO
LA JOLLA. CALIFORNIA

TITLE

DRAWN BY DAI t

SIZE DWG NO

C-



REVISIONS
NO. DESCRIPTION DATE BY CH. APR

TOLEHANCES
UNLESS NOTED

FRACTIONS t 1/64
DECIMALS 1 005

ANGLES ± l t t °
CORNERS 1/64 > 45*

or 1/64 R

FINISH \ y
SURFACE TREATMENT

PNRCOLUB.
HEAT TREATMENT

4O42 R

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

SOW

DRAWN BY DATE CHECKEO APPROVED

SI/F DWU. NO.



DESCRIPTION DATE I BY I CH.I APR

3 ! ^ O.D.

(MO. = tAKR. 'β4

TOLERANCES
UNLESS NOTED

FRACTIONS I 1/64

DECIMALS i 005

ANGLES 4 1/2"

CORNERS 1/64 t t *

αi 1/64 R

FINISH \?y

URFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

~ v c e, -w
MATERIAL

4I3O
DRAWN BY DATE CHECKEO APPnoVED

C I4
SIZE DWU NO



CO

REVISIONS

NO. DESCRIPTION | DATE BY CH.lAPR

SV.OT Co PYX<b

(YAO.

DO NOT SCALE CONCENTRICITY ALL DIAMETERS'. TIR .003

e.g. O^>βA 8A

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS +.005

ANGLES ± 1/2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHV

UMVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA. CALIFORNIA 92093

TITLE

VλOUSVUG

MATERIAL

4V3O CD
SCALE

\' \

CHECKED APPROVED



REVISIONS

NO. DESCRIPTION DATE BY I CH.IAPR

CD
oo

TOLERANCES
UNLESS NOTED

FRACTIONS 1 1/64
DECIMALS ±.005

ANGLES! 1/2°
CORNERS 1/64 x 45°

or 1/64 R .

FINISH

SURFACE TREATMENT

CöLBE
HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN OIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

G
*- ×- Qi ‰ ^

SCALE

VA
REQ D/ASS V



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

a
3

DO NOT SCALE CONCErfTRICITY ALL DIAMETERS: TIR.003

(Mo.

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS 1.005

ANGLES t 1/2°
CORNERS 1/64 • 45°

or 1/64 R

FINISH

URFACE TREATMENT

Y J > H J t
HEAT TREATMENT

38 ^

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA. CALIFORNIA 92093

TITLE

SCALE

\ \ \
REαD/ASS*Y

CHECKED APPROVED



REVISIONS

NO. DESCRIPTION DATE BY CH. APR

x 4sβ CUNΛ.

e.g

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1 / 2 °
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE

STOP

MATERIAL

SCALE | REQ'D/ASS'Y

\ ' I -200- 1

DATE BY

PART NO

CHECKED APPROVED

G. NO. (REV.)



O

•JrvrLrv>v/a ΛWLJΛ Λ* ^1

REVISIONS

NO. DESCRIPTION DATE I BY | CH.JAPR

Y>

f<i

\ 3.ZO•átiXK

NOTE: — . .

BREAK ALC SHARP EDGES
RADIUS ALL INSIDE CORNERS

DUG

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64 a 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

BREAK ALL SHARP EDGES

RADIUS ALL INSIDE CORNERS

CONCENTRICITY ALL DIAMETERS*. TIR.003

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA. SAN OIEGO

LA JOLLA. CALIFORNIA 92093

TITLE

~ P V V C-~

SCALE

VA

CHECKED APPROVED



REVISIONS
NO. DESCRIPTION DATE BY . A P R

*-\?òO%

DO NOT SCALE

NOTE: -
BREAK ALT SHARP EDGES
RADIUS ALL INSIDE CORNERS

CONCENTRICITY ALL DIAMETERS*. TIR.003
TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS 1.005

ANGLES ± 1 / 2 °
CORNERS 1/64 x 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO
LA JOLLA. CALIFORNIA 92093

TITLE
QU\CVs

MATERIAL

SCALE I REO-D/ASS Y

\ \ \ .202- ^

DATE

4 13 83
BY

sue
PART NO.

OP

OVED

DWG. NO. <REV.)





fùdW>, OtbUWL UOUE.S ^ ^ D E V O U T

I°L' tUTtD DEEP SEA DRILLING PHOJF.CT
Π<ΛCTIONI l IΛ« *»i»rj INS :mπion OF iKE<•<ooKAn<r

O [ C | M L I , „„, UHIVERSI rY OF CALIFOBMl* SAM OIECO
INCUS 1 i n L>JOttA.&aHFO iNI* »t»U

>i»w CJ-" »-Ay-PC-^•QDTL~



REVISIONS

NO. DESCRIPTION DATE BYm CH. APR,

DOG
OR now

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±.005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA. CALIFORNIA 92093

TITLE

ΛOΠMGEX

MATERIAL

SCALE | REσD/ASS Y

\ \ \ -206-

DATE BY

PART NO.

CHECKED

par-
APPROVED

DWG. NO. (REV.)



REVISIONS

NO. DESCRIPTION DATE BY CH. APR

DOG FLKP

DOG> FU\P

jr<yO>

SLOTTED

DO NOT SCALE

TOLERANCES
UNLESS NOTED

FRACTIONS ± 1/64
DECIMALS ±005

ANGLES ± 1/2°
CORNERS 1/64x45°

or 1/64 R

FINISH

SURFACE TREATMENT

B

HEAT TREATMENT

CONCENTRICITY ALL DIAMETERS'. TIR .003

DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA 92093

TITLE

~ V/u. K2 YZ 'HNES •V SOFT
MATERIAL

SCALE I REQ'D/ASS'Y

\ V \ -207- © - '

DATE BY

PART NO.

CHECKED APPROVED

DWG. NO. (REV.)



NOTE: - C‰UVLr\V\J^S?^
BREAK ALL SHARP EDGES rKY^UJUJOt. _.... .

RAWS MI msec ttftNββ I U H W . O F CKUF-
TOLERANCES OEEP < =£AOR\U.ING PPO.ft.CT

UNLESS σiHEHWSε SHUflO —** FU\JC~j ' " " • " |—i•r^jj.

jαx-‰i COWL CKtCUlX- PVAWCλT^e- «V^SPT~



JUi'mMl'ò O££P SEA DRILLING PHOJECI

>• cinm i » I J M T • I Y OMwra^iV^M~òiiòi>
" • M i l ! I 1? " * > " « C«l»O»«tA BtPt>

COM MM11*4 • «* IMll

•u«M«i i•i«nmii«Ai i . iM^β S T B««..y|oAMjcHic«ii.j»w•o»i.



SEC A A

CθnNfM«|/M•«fl'



T O PLAMK. Of=
t=ltK>T FULL.

FACE To
FLAT ± .

1 f X\^J-¥-^//

TO BE FABRICATED
ė. <SROUWD

.P. I. IAOKJO óRM>λ. AND
CERTlF>eD vλ̂ jrMJM PlftiT 3

4. CCΛT

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR .003

4 T.P‰ Z"
.oz.4-

PITCH . 1 . OO15 PEfc |MCH

TOLERANCES
UNLESS NOTED

FRACTIONS t 1/64
DECIMALS ±.OOS

ANGLES 1 1/2°
CORNERS 1/64 x 45°

or 1/64 R

F.NISH

SURFACE TREATMENT

NOTES
HEAT TREATMENT

OEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO

LA JOLLA. CALIFORNIA 92093

TITLE

APC -
MATERIAL.

4I4Z /4145"
L

µALF
REQrO/ASS•Y

DATE

bl5

OV_ \OZV-λ
owα NO. (REV

B-OLlQZt-V
OCa OGZO



OF F\R*>T FULL

F.VA,
DVie UO.C-OD

TOLERANCES
UNLESS NOTED DEEP SEA DRILLING PROJECT

SCRIPPS INSTITUTION OF OCEANOGRAPHY
UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA. CALIFORNIA
Hare:
\.KEW

FRACTIONS t I /M
DECIMALS t .005

ANGLES t W
CORNERS t /M « 45

or I /MR

DRAWN BY DATE CHECKED APPROVEDSURFACE TREATMENT



REVISIONS
DESCRIPTION DATE BY CH. APR

4 /
V4YCM.OG GNCJL*

C-öO2\OO

FULL uov_t MODIFIED
TUD PE.R t>•bCP DViG

C - 0 D 0 O O 4
TO

>LAT ±.OO‰

UNLF

NiOTL".
\. KLn PLÅTL

. COM LyTL^\OR VJ\TVA
COAT OV EUML

D\P.

(MO.

TOLERANCES
UNLESS NOTED

FRACTIONS 1 I /M
DECIMALS ±005

ANQLES 1 1/2*
CORNERS I /M • 46*

o> I /MR

FINISH ^y
URFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA. SAN DIEGO
LA JOLLA. CALIFORNIA

TITLE
LOViG

PART NO.

OL

DRAWN BY I DATE CHECKED

Rr< K
SIZE DWQ.NO,

c o v \



REVISIONS

NO. DESCRIPTION DATE BY I CH. APR

\ \

i s

XX

/ :

DO NOT SCALE CONCENTRICITY ALL DIAMETERS*. TIR.003

KASTCtλKH.TV?

TOLERANCES
UNLESS NOTED

FRACTIONS 11/64
DECIMALS ±005

ANGLES ± 1/2°
CORNERS 1/64 x 45°

or 1/64 R

FINISH

SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA. CALIFORNIA 92093

TITLE

SCALE REQD/ASS Y

S•W β i
PART NO.

OL10 3V

CHECKED APPROVED
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REVISIONS
DESCRIPTION

Vá, * '/ft
DATE BY CH. APR

to

REVISION II
HEAT TREATMENT FOR SAE 4340

OBJECT IVE: Heat treat SAE <340 steel to naximlie low temperature toughness
(Charpy V 1»pact energy) • 50 ft-lbs 9 0°F. B 3β
greater than 90t tempered martensite structure.

PROCEDURE: Stress relieve: approximately 1100°F for 2 hours, air cool

Hartempertna (marquencMng)

A. Treheat to 1100
0
F

I. Au>ten<tlie 4340 * 1S2S°F ippro•lmti>ly one hour

C. Quench In lilt bath ( S70°F. Hold p rt until temperature It unifo

P. PUce In ?00•250
β
F Hit bath. (;00°F It MINIMUM temperature part

aay b* allowed to reach prior to temp rinq).

E. Place In tempering salt bath <mnediately

Temper Int]

. Temper f 1000°F for two hours

G. Oil quench (to prevent possibility of temper embrittiement;
(toughness Is much higher If quenched after tcπµerini)).

Burton H. Adims
Development Engineer

REP: MeUl Handbook^ Vol. 2, Heat Treating, Cleaning, «nd Finishing

OF "ób
CURE .
F O R . VArVK

P R O C E S S DOWL

^O~\ t . RFJöOHDO

FRACTIONS ! 1/64
DECIMALS 1 005

ANGLES 1 1/2"
CORNERS 1/64 « 4G<

or 1/β4 R

FINISH \ty
SURFACE TREATMENT

HEAT TREATMENT

DEEP SEA DRILLING PROJECT
SCRIPPS INSTITUTION OF OCEANOGRAPHY

UNIVERSITY OF CALIFORNIA, SAN DIEGO

LA JOLLA, CALIFORNIA

TITLE

PNDt>EX>

TE CHECKED APPROVED

SI2E OWG NO Rf V.

1


