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APPENDIX A
FIBERGLASS REINFORCED PLASTIC

COLD WATER PIPE
. SPECIFICATION AND DRAWINGS
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TECHNICAL SPECIFICATION
FIBERGLASS REINFORCED PLASTIC
COLD WATER PIPE

1.  SCOPE

1.1 This specification covers the fiberglass reinforced plastic
cold water pipe (CWP) system for a 40 MW_ Ocean Thermal Energy Conversion
modular demonstration plant. Included aPe requirements for materials, work-
manship, delivery, assembly, inspection and quality assurance qualifications
requirements for the pipe manufacturer and the contractor constructing the
CWP system. The pipe manufacturer shall supply all technical support neces-
sary to insure that the CWP system will satisfy all requirements included
herein.

TRW and its designated represented shall be considered the con-
tracting officer.

1.2 The contractor shall furnish, fabricate, transport, and
assemble a fiberglass reinforced plastic cold water pipe and associated
equipment as required by the contract.

1.3 The cold water pipe shall be fabricated and assembled in
Puerto Rico.

} 1.4 Assembly of the cold water pipe shall include all activities
required to extract fabricated spools from the mandrels, transport them to
the assembly area, position them for joining, and make the butt and strap
joints.

2.  GENERAL DESCRIPTION

© 2.1 The potential shortages of fossil fuels and the growing
cost of nuclear fission power plants have stimulated the Department of
Energy into recearch and development of the practicality of utilizing the
vast undepletable resource of solar energy. One method of harnessing solar
energy, originally conceived by the French physicist Jacques d'Arsonval in
1881, is Ocean Thermal Energy Conversion (OTEC). OTEC plants utilize the
existing thermal gradients of oceans to operate a heat engine (for genera-
tion of electricity or to provide prime power for an industrial application)
using the warm surface waters in the tropic oceans as a high-temperature
reservoir and the colder water existing at greater depths as a low-
temperature reservoir to produce work. The CWP specified by this specifica-
tion will be used to upwell cold seawater in excess of 2 million gallons of
water per minute from an ocean depth of 3280-feet for a 10/40 MW, modular
plant.

The OTEC power system is based on a Rankine thermodynamic cycle,
utilizing a volatile working fluid, such as ammonia, which vaporizes and
condenses over small temperature ranges in a closed system. The working
fluid is vaporized by the warm surface seawater in the evaporator heat
exchanger. The vapor passes through a low-pressure turbogenerator to
" generate electrical power either for transmission to shore or for direct
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in-situ usage in an associated, energy-intensive manufacturing, processing
plant (e.g., ammonia production for fertilizer on aluminum smelting). The
vapor exhausted by the turbine flows through another heat exchanger where
it is cooled and condensed back into a liquid, The condensed working fluid
works its way around the closed system to the evaporator, where the process
begins all over again.

2.2 The CWP system consists of a fiberglass reinforced plastic
pipe, 30 feet inside diameter by 3,280 feet in length. It shall be con-
structed in spools approximately 60 feet in length, utilizing multiple
helix angles, filament winding, unidirectional roving, end grain balsa
sandwich construction, and a vinyl ester thermosetting resin.

2.3 The spools will be provided with an alignment bell on one
end to facilitate assembly and two trapezoidal hollow stiffeners on each
spool piece. Assembiy will be made using butt and strap joints in an
excavated ditch which will later be flooded and the entire 3,280 feet of
assembled pipe towed out to the deployment area.

3. CODES, STANDARDS, AND REGULATIONS

3.1 A1l materials and fabrications furnished in accordance
with this specification shall comply with all federal and state laws and
Jocal ordinaoces of the place of installation and with the following codes
and standards to the extent referenced herein. Unless otherwise noted, the
document with addenda, amendments, and revisions in effect on the date of
the purchase order will apply. Where this specification and any referenced
document conflict on requirements, the more severe shall govern.

Agricultural 188 Dry Kiln Operations Manual
ASTM E265-58T Gr. 1 Specification for Titanium Bar Stock
ASTM D618 Conditioning Plastics and Electrical

Insulating Materials for Testing ‘
ASTM D638 Test for Tensile Properties of Plastics
AST™ D790 Test for Flexural Properties of Plastics
ASTM D883 Definitions of Terms Relating to Plastics
ASTM D1600 STD Abbreviations of Terms Relating

"~ to Plastics

ASTM D1725 Test for Viscosity of Resin Solution
ASTM D2310 Classification for Machine-Made

Reinforced Thermosetting Resin Pipe
ASTM D2343 Test for Tensile Properties of Glass

Fiber Strands, Yarns, and Rovings Used
in Reinforced Plastics
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ASTM D2344 L : Test for Apparent Horizontal Shear
Strength of Reinforced Plastics by Short
Beam Method .

ASTM D2471 : Test ?or Gel Time and Peak Exothermic
Temperature of Reacting Resins

ASTM D2563-70 Practice for Classifying Visual Defects

' in Glass Reinforced Plastic Parts

ASTM D2583 Test for Indention Hardness of Plastics
by Means of a Barcol Impressor

ASTM D2584 ' ~ Test for Ignition Loss of Cured

_ _ Reinforced Resins

ASTM D2586 Test for Hydrostatic Compressive
Strength of Glass-Reinforced Plastic
Cylinders

ASTM D 2924 External Pressure Resistance of

Plastic Pipe

ASTM 02992 " Obtaining Hydrostatic Design Basis for
Reinforced Thermosetting Resin Pipe
and Fittings

ASTM C297 Tensjon Test of Flat Sandwich Con-
structions in Flatwise Plane

ASTM C393 - Flexure Test of Flat Sandwich Construc-
Constructions

MIL-B-23101 Mil Spec-Balsa "Ochroma Lagopus”

MIL-S-7998 ' Sandwich Construction (Covers core
material balsa wood) '

MIL-W-6110" woodé, Determination of Content Moisture

MMM-A-188b - " Adhesives-Urea (Used to bond balsa to

‘ . balsa wood) _

PS 15-69 NBS Voluntary Product Standard

FTMS 406 Federal Test Method Standards, Method
5012

- 3.2 The contractor shall indicate in his proposal the conformance’
of his materials to this specificat1on and the standards referenced herein.
The contractor shall also 1ist in his precposal any exceptions to this
specification or the standards referenced herein, or any other codes or
standards, the intent of which is in conflict with this specification or the
standards referenced herein.
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4. IMPLEMENTATION

4.1 This specification is to be used in conjunction with the
design drawings and, as such, a copy of this specification shali be availa-
ble at the construction site at all times. In case of conflict between
the documents the following precedence in descending order shall govern:
1) Purchase Order

) Technical Specifications

N

(
(
(

) Design Drawings

Ly

4.2 Quality, as represented by raw materials used, manufacturing
practices employed, and condition of the finished product, is of prime
importance. Knowledge of new technology in the interest of improved quality
and/or lower costs is welcomed by the contracting officer. Any change of
materials, alteration of construction, or other deviations from the require-
ments of this specification, design drawings, or purchase order, however,
must be approved in writing by the contract officer, or his designated
representative, beforé implementation of change, alteration, or deviation.

5. QUALITY ASSURANCE
5.1 Spool Identification.

5.1.1 The contractor shall furnish and affix on the outside of
each spool a plastic identification plate showing the following information:

Date of Manufactufe

Resin Type, Manufacturer, and Batch Number
Shell laminate sequence and thicknesses-
Tbtal weight of Spool

Location of Spool Center-of-Gravity

5.2 Qualifications

5.2.1 The contractor will show past experience in the field
application of large diameter filament wound pipe. In addition, all plant
superintendents and shift foremen will have experience in the fabrication
and assembly of large industrial fiber reinforced plastic ecu1pment with
balsa wood core.

5.2.2 A statement of critical path scheduling (CPS) shall be
submitted in writing prior to the award of the contract and will verify
that either the contractor's organization has "in-house capability"
qualified to use the technique or that the contractor employs a consultant -
which is so qualified. "Capability" shall be verified by description of
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construction projects to which the contractor or his consultant has
successfully applied CPS and shall include at least two projects which
were controlled throughout the duration of the project by means of periodic
systematic review of the CPS schedule.

5.3 Materials Control

5.3.1 Resin

5.3.1.1 Records shall be maintained which reference resin
batch identification to each part manufactured.

5.3.1.2 The resin shall be tested per ASTM D2471-71. The gel
time and peak temperature shall be within the limits specified.

: 5.3.1.3 The viscosity of the resin so1ﬁtion shall be tested
per ASTM D1725 and shall be between 350-550 centipoises. .

- 5.3.1.4 The frequency of the tests per 5.3.1.2 and 5.3.1.3
shall be as follows:

(1) Receipt of test report as part of letter of resin
analysis by resin manufacturer with each batch of
resin received.

(2)  Resin test by fabricator upon receipt of resin.

(3) Resin test by fabricator after 60 days from date of
resin production and every 30 days thereafter.

5.3.2 Glass Reinforcement

5.3.2.1 Each batch of glass shall have a letter of analysis
containing the following minimum information:

(1) Ildentification marks

(2) Yield of glass products (ends)

(3) Type and amount of sizing

(4) Dry tensile strength (roving only)

5.3.2.2 Records shall be maintained which reference glass
reinforcement batch identification to each part manufactured.

5.3.2.3 Upon receipt of each batch of g]asé reinforcement,

tests shall be made per ASTM D2343 and shall be within the specified
Timits.

A-7



5.4 Production Control

5.4.1 Process Planning

5.4.1.1 As part of the contractor's bid proposal a detailed
layout of the proposed production equipment and facilities shall be
included.

5.4.2 Production Equipment

5.4.2.1 Prior to start-up of construction of the production
equipment and facilities, the contractor and representatives of contracting
officer shall meet and review all planned construction procedures and
layouts. :

5.4.3 Prior to start-up of fabrication, contracting officer
shall inspect the production equipment and tcoling to assure compliance
with this specification and the contract documents.

5.4.4 Pipe Spools

5.4.4.1 Positive means shall be emp1byed to monitor resin
and glass usage while filament winding is in process. System will ailow
adjustments of resin/glass ratio during manufacturing.

5.4.4.2 Thickness of laminates and total weights of pipe
spools must be maintained within specified limits.

5.4.4,3° The manufacturing process must allow for positive
control of exothermic temperature within specified limits during geiation
and control of laminates.

5.4.5 Pipe Joints

5.4.5.1 Trimming of pipe spool ends shall be accomplished
while on the mandrel, and will. be done in a manner which will assure a
+1/4 inch tolerance for squareness of the ends.

5.4.5.2 A1 joining materials shall be gathered and premeasured
prior to start of joining procedure,

5.4.5.3 A shelter shall be utilized to protect the joint and
surrounding area from the weather and other contaminants. Joint shall not
be exposed to direct sunlight during lay-up.

"~ 5.5 Project Control

5.5.1 The project management tool commonly called critical
path scheduling (CPS) shall be employed by the contractor for planning,
scheduling and reporting all work required by the contract documents.

The precedence methed (activity on node) of critical path scheduling shall
be used. Precedence method as required by Section 2.1.1 shall be inter-
preted to be generally as outlined in the Integrated Civil Engineering
Systems, Project/2 Basic Manual.
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5.5.2 The contractor shall submit for approval of the con-
tracting officer a network diagram describing the activities to be
accomplished in the project and their dependency relationships as well
as a tabulated schedule. The schedule produced and submitted shall
indicate a project completion date on or before the contract completion
date. The initial schedule shall include the following minimum data for
each activity:

ActiVity Beginning and Ending Evént'Numbers

Estimated Duration

Activity Description

Early Start Date (Calendar Dated)

Early Finish Date (Calendar Dated)

Latest Allowable Start Date (Calendar Dated)

Latest Allowable Finish Date (Calendar Dated)

Status (Whether Critical)

Total Float

5.5.3 The network diagram and tabulated schedule when approved
- by the contracting officer shall constitute the project work schedule

until a revised schedule is submitted due. to delays beyond the control and
without the fault or negligence of the contractor.

5.6 Inspection

5.6.1 Equipment shall be cleaned of foreign material and
- markings which would block the view of inspection by the contracting
-officer representative. '

5.6.2 The contracting officer inspection representative shall
be allowed access as necessary to inspect completed or in-process work
and monitor materials or production controls.

5.6.3 Special attention will be paid to joint and shell
thicknesses, overlay conditions, condition of corrosion resistant
surfaces, primary dimensions, and total weights.,

5.6.4 The general classification of visual defects will be
per ASTM D2563-70, Grade II.

5.6.5 Preparation of pipe ends for FRP joints per Section 7.4.1

shall be inspected and approved by the contracting officer inspection
representative prior to any overlay.
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5.7 Testing

5.7.1 Testing of raw materials will be as described in Section
5.3.

5.7.2 Core samples will be taken of each part. These core
samples will be examined as follows:

(1) Wall thickness and visual check of wall construction.

(2) Hardness tests shall be made on the inner and outer
surfaces using the Barcol impressor, Model GYZJ 943-1,

- calibrated at two points in accordance with-ASTM D2583..
Where Tow rcadings are encountered, recheck on the fnllow-
ing basis: take ten or more readings and calculate
average value after discarding the two lowest and the two
highest readings.

(3) The sandwich sample shall be tested per ASTM C297.

(4) Glass content shall be determined by the average of five
specimens per ASTM D2584. Each sample shall be a minimum
of one inch square.

5.7.3 Additional testing may be performed as ‘deemed necessary
by the contracting officer.

5.7.4 A1) testing shall be done by aﬁ“independent.testing
group with facilities at the construction site. Costs of testing shall
be accounted to the contracting officer.

6.  MATERIALS
6.1 Resin

6.1.1 The resin shall be a vinyl ester thermosetting resin,
or approved equal.

6.1.2 The resin shall be clear and transparent with suspended
solids not to exceed t one percent of content specified by resin manufac-
turer,

6.1.3 The resin shall be supplied from the least possible
number of individual batches in order to simplify the control of product
quality. A1l records of resin production and quality control shall
reference batch identification. ' '

6.1.4 Resin batch identification, date of resin production,
resin type, and manufacturer name shall be recorded on each container of
resin.



6.1:.5 Catalysts and promoters shall be of the'type and amount
recommended by the resin manufacturer for use with their resin. The resin
§h§11 be promoted by the fabricator and tested as prescribed in 5.3.1.2 and

1.3.

6.1.6 A1l cab-o0-sil resin putty sha11 be made from the same
resin as the part to be treated,

6.2 Reinforcement

6.2.1 Glass fiber reinforcement used shall be a commercial
grade corrosion resistant borosilicate glass in chopped strand mat,
surfacing veil, woven roving, chopper and winder roving.

6.2.2 All glass fiber reinforcing shall have a silane type
surface finish or approved equal, and binder which is specifically compati-
ble with the resin to be used. This surface finish should allow the maxi-
mum chemical bonding between the resin and glass. :

‘ 6.2.3 Surfacing veil shall be c-glass surface veil for all
exterior and interior surfaces of the pipe.

6.2.4 Chopped strand mat shall be Type E (electrical grade)
glass with a fiber length greater than 0.5 inch and less than 2.0 inch.

6.2.5 Continuous glass roving used in chopper gun for spray-up
- shall be Type E chopper roving.

6.2.6 Woven roving sha11 be 24 ounce per square yard with a
5 x 4 plain weave and Type E glass, or approved substitute. Approval shall °
be verified in writing before being used in construction by the fabrication
contractor.

: 6.2.7 Continuous glass roving used for filament winding sha11
be Type E glass.

6.2.8 The glass shall be supp1ied from the least ‘possible
number of individual batches to simplify control of product quality. All
records of glass production and testing shall be referenced to the glass
batch number.

6.2.9 Al11 packages of glass shall be individually 1dent1f1ed
by manufacturer, batch identification, weight and yield.

6.3 Core Material

/

6.3.1 Balsa Wood - "Ochroma Lagopus"
'6.3.1.1 This section establishes the requirements of balsa wood

and balsa laminated blocks to be used in the balsa core sandwich parts of
the OTEC Cold Water Pipe.
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6.3.1.2 Balsa wood laminated-blocks for use shall be grade-
selects or better and assembled into sheets with a scrim backing on one
side for ease of. handling.

6.3.1.3 The balsa wood shall be harvested, processed and graded
ponsistent with the guidelines of the following specifications:

(1) MMM-A-188b

(2) MIL-W-6110

(3) MIL-5-7998

(4) MIL-B-23101

(5) Agricultural 188

6.4 Fittings and Fasteners

6.4.1 A1l metal fittings and fasteners sha11 be fabricated of
Titanium or Titanium alloy.

6.5 Screen

6.5.1 The screen shall be commercial grade fabricated of'v1ny1
ester thermosetting resin with maximum openings of one inch by one inch and
a minimum open area of 50 percent.. -

7.  FABRICATION
7.1 Laminates
7.1.1 General

- 7.1.1.1 Positive methods chall be used to assure uniform total
thickness of laminates and consistent glass to resin ratios. Wall thick-
nesses shall be within the tolerances specified herein.

. 7.1.1.2 Structural laminates shall be‘dense and without dry
spots. Size and number of air bubbles shall be held to a practical minimum.

7.1.1.3 The fabricated unit shall be made by a technique which
will assure a bubble free, smooth, resin-rich and chemical resistant inner
surface.

7.1.1.4 The outer surface of the pipe shall be relatively .
~smooth and no glass fibers shall be exposed The final ply shall be one
layer of c-glass using unpigmented resin and wax additive as necessary to
allow full cure of the exterior surface.
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7.1.2 Inner Layer

7.1.2.1 A separately cured unreinforced gel coat shall not be
used.

) 7.1.2.2 Surface shall be resin-rich and reinforced with 10 mil
or more thick c-glass surfacing veil.

7.1.2.3 Follow with 3 ounce or more of chopped strand glass
applied in two layers. Each layer of reinforcing should be rolled out
separately. This portion shall contain not less than 20 percent or more
than 30 percent glass (by weight). No other glass product is permitted
between these layers.

7.1.2.4 This laminate shall be allowed to gel prior to subseguent
filament winding in order to maintain maximum resin content in the chopped
strand glass laminate; however, Barcol hardness shall not exceed ten before
starting filament winding.

7.1.3 Interior Structural Layer

7.1.3.1 The filament wound structural wall construction will
alternate layers of circumferential winding and layers of unidirectional
roving with glass axis in the tank axial ( o = zero degrees) direction.
The laminate thickness ratio of circumferential winding to unidirectional
roving thickness shall be two to one. The maximum thickness of any single
tayer of unidirectional roving shall be 0.05 inch. This construction
sequence shall be continued to satisfy the filament wound thickness on the
design drawings. The final filament wound layer shall be of circumferential
winding. The glass content for this construction shall be 55-65 percent.
Multiple helix angles between 45 and 80 degrees shall be used.

7.1.4 Bed Coat

7.1.4.1 The filament winding of the interior structural layer
shall be followed by 3 ounces of chopped strand glass, applied in two
layers. Gel time and application of these layers shall be controlled in
such a way that the core material can be subsequently pressed into the wet
laminate to produce proper adhesion of the two.

7.1.5 Core Layer

7.1.5.1 A1l core materials shall be appiied in a uniform manner
taking care to minimize the voids between adjacent strips of core material.
Bevel all edges of the core material as shown in the design drawings.

7.1.5.2 A sealing coat of resin shall be applied to the end-grain
surfaces of the balsa wood. This sealing coat shall have a rapid gel time
and shall be applied and shall gelate before the balsa core is mounted onto
the bed coat. , :
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-7.1.6 Top Coat. The core layer shall be followed by 3 ounces
of chopped strand glass laid-up in two layers. This laminate shall be
allowed to gel as per Section 7.1.2.4.

7.1.7 Exterior Structural Layer. This specification for this
layer shall be identical to that of Section 7.1.3.

7.1.8 Exterior Layer. The exterior structural layer shall be
foI]owed by 3 ounces of chopped strand glass applied in two layers. The
outer surface of the pipe shall be per Section 7.1.1.4.

7.2 Stiffeners

7.2.1 Circumferential stiffeners shaiT(be wound onto the pipe
shell in accordance with the design drawings. Stiffeners shall be overlaid
as per Section 7.1.8.

7.2.2 A separate mold shall be constructed in the cross sec-
tional shape of the stiffener shown in the design drawings with a circular
arc not to exceed 180 degrees. This mold shall be used to fabricate stiffener
forms to be attached to the spools following application of the exterior
structural layer (7.1.7). Before application of the exterior layer (7.1.8),
a filament wound laminate shall be constructed over the prefabricated
stiffener forms to a minimum thickness as specified on the -design drawings.
As such the prefabricated forms shall be stiff enough to withstand the
winding pressure, yet flexible enough to. perm1t close conformance to the
outer shape of the pipe spool. ‘ :

7.3 Flanged Elements

7.3.1 Unless otherwise specified, gaskets, washers, and bolts
shall be supplied by the contractor.

7.3.2 Flanged elements shall be made by hand lay-up construction
and fabricated in accordance with the design drawings.

7.3.3 Overall machine facing of the back of flanges is not
permitted. To obtain proper seating, bolt holes where required shall be
spot faced, for SAE size washers. Bolt holes and all other cut surfaces
shall be resin coated.. '

7.3.4 A1l nozzles shall be installed as shown on design drawings
in accordance with the tolerances of Figure 1.

7.3.5 Depressions or projection in flange face shall be no
greater ‘than 1/32".

7.4 Domed Bottom

7.4.1 The domed bottom and deployment domes shall be constructed
as shown in the design drawings. Fabrication shall be by hand lay-up
methods only.
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7.5 7.5 FRP Joints

7.5.1 Prior to making overlays, the cured or wax coated
surfaces of the ends of the pipe sections must be roughened thoroughly by
sanding or sandblasting. A1l traces of wax coat must be removed. The
roughened area shall extend one-inch minimum beyond the proposed overlay
edge. The roughened area must be completely coated with resin at the
completion of the joint.

The requirement for adequate surface preparation and no surface
contamination prior to the secondary overley is imperative. Every precau-
tion should be made to assure adequate surface preparation and good
chemical bonding of the secondary overlays.

7.5.2 Pipe sections shall be joined utilizing the alignment lugs
and draw bolts in order to assure positive control is maintained at the
joint interface. The sections shall be brought together firmly and secured
with the draw bolts to prevent displacement of the joint interface during
overlaying. The draw bolts will be removed consecutively as the overlay
progresses around the circumference of the pipe.

7.5.3 Voids at mating edges shall be a maximum of 1/2 inch gap.
A1l mating edges shall be resin coated thoroughly and voids ccmpletely
filled with resin putty to produce smooth surfaces.

7.5.4 The joint ply sequence shall be as shown on the drawings.
Each successive reinforcement ply shall extend 1/2 inch beyond each side of
the preceding piy. Interior joints shall be identical to exterior joints.

7.5.5 A1l surfaces shall be covered by a final ply of c-glass
surface veil which will extend 1/2 inch beyond the edge of the final ply
of mat. This inner surface shall be smooth and resin-rich. No thixotropic
agent shall be used in the resin for the final three plies.

7.6 Tolerances

7.6.1 Tolerances on fabrication of FRP pipe sections shall be
-+ 1/4 inch for lengths, ¢+ 15 minutes for angies, and plus 3/16 inch, minus
1/16 inch for thickness, unless otherwise indicated on the design drawings.
Pipe internal diameter of 30 feet shall be fabricated to t 1/2 inch with a
3/16 inch mismatch.

- 7.6.2 Tolerances on installation of nozzles shall be per
Figure 1.

7.6.3 Tolerance in bolt hole locations and in diameter of bolt
circle shall be + 1/16 inch.



8. ASSEMBLY

8.1 Specialized Equipment. This contract includes, but is not
limited to, design, development, and construction of the following special=
ized equipment for the fabrication of-a thirty foot inside diameter FRP
cold water pipe:

8.1.1 Collapsing mandrel and all accessory equ1pment for
.applying resin, glass reinforcement, and core mater1a1 in such a way as to
‘meet the requirements of th1s spec*f1cat1on

8.1.2 Equipment to safely extract fabricated pipe sections from
the mandrel and to transport them from the mandrel to the assembly yard.
This equipment shall have the capability of measuring the total weight of
each pipe section and of locating 1ts center uf yravity.

8.1.3 Al tracks,‘do111es, cranes, hoisting devices, and other
equipment necessary to safely. transport, mate and join successive sections
of pipe.

8.1.4 Al1 necessary support equipment and facilities required
to fulfiil the requ1rements of this spec1f1cat10n and the contract
documents.

8.2 Handling

8.2.1 Positive measures will be taken at the time each pipe
section is removed from the mandrel to protect it from damage caused by
abrasion, inadvertent dropping, striking or being struck by other objects,
or breakage or distortion baused by mishandling or inadeguate support.

, 8.2.2 When working in or around FRP equipment, care should be
exercised to prevent tools, scaffolding, or other objects from striking or
being dropped on or inside the equipment. Soft soled shoes should be worn
by workmen entering the equipment. Where ladders are used, all points of
contact should be cushioned to protect the surface from scratching or
point loading.

8.2.3 Proper rigging and hoisting practices shall be observed
at all times.

8.2.3.1 The use of multiple cranes and a track mounted dolly
is suggested for 1ifting and positioning pipe sections. Ideally, the slings
or cables attached to the equipment should 1ift as nearly to vertical as
possible, and shall under no circumstances become more than 45 degrees
from vertical. A spreader bar may be necessary to keep 1ifting angle in
-this range.

8.2.3.2 When it 1s necessary to use 1ifting slings in direct
contact with the FRP equipment, the slings shall be woven nylon or canvas at
least 6 inches and shall be located near enough together to prevent damage
to the shell from either streas or buckling.
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8.2.3.3 Do not attach lifting slings or cables to (nor allow

them to come in contact with) any fittings other than 1ifting and/or
anchor lugs.

9. Fiberglass Reinforced Plastic Cold Water Pipe Design Drawings

Drawing Number

FRP Cold Water Pipe
Hull Attachment
Support Shoulder
Typical Wall Section
Typical CWP Spool
Stiffener Detail
Typical Butt Joint
Alignment Lug

Spool with Ballast Collar
10 Ballast Collar

11 FRP Drilled Flange

12 FRP Screen Section

13 Screen Section - Plan
14 Grating Screen Detail
15 Screen Construction

WO LW

16 Grating Attachment

17  Screen-Section Dome
18 Access Manway
19 Depioyment Dome
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SPECIFICATION FOR HIGH DENSITY POLYETHYLENE
COLD WATER PIPE SYSTEM

1. SCOPE

This specification covers the polyethylene ccld water pipe (CWP
system for a 40 MWe Ocean Thermal Energy Conversion modular demonstration
plant. Included are requirements for materials, workmanship, delivery,
assembly, inspection and quality assurance qualifications requirements for
the pipe manufacturer and the contractor constructing the CWP system from
such pipe as are also included. The pipe manufacturer shall supply alil
technical support necessary to insure that the CWP system will satisfy all
requirements included herein. ' _

2.  GENERAL DESCRIPTION

The potential shortages of fossil fueis and the growing cost of
nuclear fission pcwer plants have stimulated the Department of Energy into
research and development of the practicality of utilizing the vast
undepletable resource of solar energy. One method of harnessing solar
energy, originally conceived by the French physicist Jacques d'Arsonval in
1881, is Ocean Thermal Energy Conversion (OTEC). OTEC plants utilize the
existing thermal gradients of oceans to operate a heat engine (for genera-
tion of electricity or to provide prime power for an industrial appliication)
using the warm surface waters in the tropic oceans as a high-temperature
reservoir and the colder water existing at greater depths as a low-
temperature reservoir to produce work. The CWP specified by this specifica-
tion will be used to upwell cold seawater in excess of 2 million gallons of
water per minute from an ocean depth of 3280-feet for a 10/40 MW, modular
plant. ,

The OTEC power system is based on a Rankine thermodynamic cycle,
utilizing a volatile working fluid, such as ammonia, which vaporizes and
condenses over small temperature ranges in a closed system. The working
fluid is vaporized by the warm surface seawater in the evaporator heat
exchanger. The vapor passes through a low-pressure turbogenerator to
generate electrical power either for transmission to shore or for direct

“in-situ usage in an associated, energy-intensive manufacturing, processing

plant (e.g., ammonia production for fertilizer on aluminum smeiting). The
vapor exhausted by the turbine flows through another heat exchanger where
it is cooled and condensed back into a liquid. The condensed working fluid
works 1ts way around the closed system to the evaporator, where the process
begins all over again.

The CWP system consists of an approximately 3200 foot long cluster of
seven, 12-foot internal diameter, solid wall high density polyethylene
pipes. The pipes consist of three elements, approximately 1100-feet in
length, of constant thickness. The pipes are attached to a common steel
transitions section. The pipe assembly is supported by a gimbal attachment
to-the OTEC plant. ‘
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3. REFERENCE SPECIFICATIONS AND STANDARDS®

The following specifications and standards (and those referenced
within each) shall henceforth be considered a part of this document:

ASTM D-696 - Test for Coefficient of Linear Thermal
Expansion of Plastics

ASTM D-1505 Test for Density of Plastics by the Density

: Gradient Technigue
ASTM D-638 Test for Tensile Properties of Plastics
ASTM D-1248 @ Polyethylene Plastics Molding and Extrusion
\ Materials

ASTM D=2240 Test for Rubber Property - Durometer Hardness

ASTM D-1693 Test for the Environmental Stress -Cracking of
Ethylene Plastics

- ASTM D-746 = Test for Brittleness Temperature of Plastics

and Elastomers by Impact Test

ASTM D-1238 Flow Rates of Thermoplastics by Extrusion

: ‘ . Plastometer
ASTM D-2657 Heat Joining of Thermoplastic Pipe Fittings
29 CFR 1910 United States Department of Labor Occupational

Safety and Health Standards

Unless otherwise noted, the document with agenda, amendments, and revisions
in effect on the date of the purchase order shall apply. All miscellaneous
material furnished in accordance with this specification shall comply with
all federal and state laws and local ordinances of the place of installation.
Where this specification and any referenced document conf11ct on require-~
ments, the more severe shall govern.

4. QUALITY ASSURANCE

4,17 Project Management. The project management tool commonly
called Critical Path Scheduling (CPS) shall be employed by the contractor
for planning, scheduling and reporting all work required by the Contract
Documents. The Precedence Method (Activity on Node) on Critical Path
Scheduling shall be used. The Precedence Method shall be interpreted as
outlined in the Integrated Civil Engineening Systems, Project/2 Basis
Manual.

. The contractor shall submit for approval of the Contracting
Officer a network diagram describing the activities to be accomplished in
the project and their dependency relationships as well as a tabulated
schedule. The schedule produced and submitted shall indicate a project
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completion date on or before the Contract Completicn Date. The initial
schedule shall include the following minimum data for each activity:

Activity Beginning and Ending Event Numbers

Estimated Duration

‘Activity Description

Early Start Date (Calendar Dated)

Early Finish Date (Calendar Dated)

Latest Allowable Start Date (Calendar Dated)

Latest -Allowable Finish Date (Calendar Dated)

Status (Whether Critical)

Total Float

The network diagram and tabulated schedule when approved by the
Contracting Officer shall constitute the Project Work Schedule until a
revised schedule is submitted due to delays beyond the control and without
the fault or negligence of the contractor.

4.2 Qualification of Pipe Manufacturer and Contractor. The
contractor will show past experience in the field applicaticn of large

diameter, polyethylene pipe. The pipe manufacturer is to provide -backup
data supporting actual experience in manufacturing large polyethylene pipe

* of this specific size. Also, information relating to past experience in

making both factory and field fusion bonds is to be presented along with
information on the resulting material characteristics, including strength,
of such joints. Discussion of inspection techniques, with indicatien of
their effectiveness, is also to be included. The pipe manufacturer and
contractor shall indicate in their proposal the extent of compliance of
materials they intend to provide to the requirements of this specification.
They shall also list in their proposal any exceptions to this specification
or to the standards referenced herein, or to any other codes or standards,
the intent of which is in conflict with this specification or the standards
referenced herein.

" A statement of CPS capability shall be submitted in writing prior
to the award of the contract and will verify that either the contractor's

" organization has "in-house capability" qualified to use the technique or

that the contractor employs a consultant which is so qualified.

: "Capability" shall be verified by description of construction
projects to which the contractor or his consultant has successfully applied
CPS and shall include at least two projects which were ccntrolled through-
out the duration of the project by means of periodic systemateic review
of the CPS schedule.
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5.  MATERIALS -

. 5.1 Polyethylene Pipe Materials. The polyethylene pipe material
shall be a high density polyethylene (HDPE) per ASTM D-1248, Type III,
Class C, Category 5, Grade P34. The raw material shall contain an effec-
tive antioxidant.

The polyethylene raw material shall be supplied from the least
possible number of individuals production lots in order to simplify the
control of pipe product quality. A1l records of pipe material production
and quality control, identified to each production lot reference batch shall
be obtained, and kept, by the pipe supplier. Two copies of all reports
of resin batch identificatio marks shall be forwarded to the contracting
office on the same day each pipe material lot is received at the pipe
fabrication plant.

The polyethylene pipe resin shall satisfy the mechanical proper-
ties defined in Table 1. A1l applicable ASTM test methods are designated.

5.2 Material Certification. Compliance to all the materials
requirements shall be certified in writing by the pipe manufacturer. Two
copies of all reports on quality control zests of mechanical properties
that are conducted by the pipe manufacturer shall be forwarded to the con-
tracting agency.office. The pipe manufacturer shall notify the contracting
office of any noncompliance to the specified meahanical properties directly
upon the determination of such non-compliance.

G. PIPE MANUFACTURE

6.1 General Requirements. The CWP system shall consist of a
cluster of seven 12-foot internal diameter by 3204-feet long of solid wall
high density polyethylene pipes. The individual pipes will consist of
three elements, each 1068 feet in length and of constant wall thickness.
Pipes shall be manufactured with a constant internal diameter. The
individual pipe elements shall be fabricated from length provided by the
pipe manufacturer. Lengths shall be as long as practically pérmitted by
the fabrication process, with a minimum iength of 20 feet. ‘

6.2 Tolerance. The pipe manufacturer shall provide all technical

support and equipment necessary to insure control of pipe quality during

its manufacture. Positive methods shall be used to insure that the pipe
wall thickness is within the specified tolerances. Each pipe length shall
be clearly marked. Marking information shall include pipe size, prefit
number, and production code. The pipe manufacturer shall also indicate

any limitations or constraints of his process that will not permit com-
pliance to any of the requirements of this specification.
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_ Techniques for manufacture of the pipes are considered to be
statejof-the-art. However, particular areas that must be controlled during
the pipe manufacturing process are: :

o Pipe internal diameter of 12 minus .000 inch, plus
"1.000 inch with a 3/16 mismatch

8 Wall thickness tolerance shall be minus .000 inch,
plus .500 inch with a 3/16 inch mismatch

6 Workmanship - wall shall have minimal defects such
as voids bubbles, cracks consistent with good
manufacture

o Fusion joint quality - any pipe sections joined by
the pipe manufacturer shall have proper diametrical
alignment and have the required mechanical properties
at the joint.

The pipe unit shall be manufactured by a technique which will
assure defect free walls. The pipe shall be free from visual cracks, ,
holes, or other defects. It shall be as uniform as commercially practical
in color density and other physical properties. The pipe manufacturer
shall test and certify nis work to insure this control. If possible,
a non-destructive test shall be employed to assure the mechanical integrity
of the manufactured pipe wall material. The non-destructure test must be
agreed upon by the contractor prior to initiation of the tests.

7. FABRICATIGN AND ASSEMBLY OF THE CWP SYSTEM

: 7.1 Handling. Manufacturing capabilities for the Cold Water
Pipes shall include a]% activities required to extract individual pipe
sections from the mandrels and placement of these onto a carrier for trans-
port to an assembly area for final positioning before joining. Costs of
development, design and construction of the pipe carrier and other associa-
ted fabrication equipment and -buildings shall be borne by the contractor.

Positive measures will be taken at the time each pipe section is
removed from the mandrel to protect it from damage caused by abrasion,
inadvertant dropping, striking, being struck or other objects, breakage
or distortion caused by mishandling or inadequate support. Any portion
of pipe that dces not meet the original manufactured condition will be
rejected.

7.2 Welding. The individual pipe sections shall be joined
together by butt-fusion welding in accordance with the general guidelines
recommended in ASTM D-2657, Technique II. This process involves joining
pipe butt ends by melting the aligned faces of the pipe ends in a suitable
pipe joining apparatus, and pressing the melted ends together under a
controlied pressure, '
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- The butt-fusion weld integrity shall be such as to ensure a
minimum tensile yield equal to that of the pipe wall. If possible, a non-
destructive test method shall be used to inspect all welds on a 100 per-
cent basis. The testing method must be agreed upon by the contracting
agency prior to initiation of the tests. The butt-fusion joints shall
conform to the dimensions and tolerances specified in Section 6.0 for the
pipe diameter.

F The specified detailed schedule for welding conditions and the
welding machinery specifications shall be supplied by the pipe manufacturer.
The procedures shall be approved by the contracting agency prior to actual
pipe fabrication. The pipe manufacturer shall be responsible for assur-
ing that the recommended welding procedures meets the minimum requirements
recommended by the polyethylene material supplier for butt-fusion welding
of their material. The pipe manufacturer must test and cerlify that when
butt-fusion is carried out according to his recommendations the welds and
adjacent pipe material will meet the required material properties specified
in Section 5.0. .

8.  DELIVERY

~ The pipe shall be shipped to and stored at a location furnished
by the contractor. This location will be in the vicinity of Punta Tuna.
on the island of Puerto Rico. The pipe manufacturer will supply truck-
ing to site. The contractor will be responsible for the unloading and
all subsequent operations in accordance with pipe manufacturer's recommen-
dations. ’ '

. The pipe manufacturer shall make provisions to insure that the
pipe is not damaged or deformed during shipment and delivery to the site.
Any damaged pipe shall be rejected as scrap material and disposed of by
the vendor. .

9.  QUALITY CONTROL AND TESTING

The pipe manufacturer shall provide all qualified supervisory
and inspection personnel to oversee and be present during field pipe
fabrication and joining processes. A quality inspection procedure for
field work shall he developed and provided to the contractor within four
weeks after receipt of the purchase specification.

The pipe manufacturer shall submit a qualification test program
for the qualification of field personnel. The qualification program must
be approved by the contractor prior to initiation of pipe manufacturer.
The pipe manufacturer shall maintain a quality assurance program acc-
eptable to the contracting agency during the pipe manufacturing process.
Traceability from original source material to final product is required.
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The testing and quality control of the pipe material shall be
as described for the materials in Section 5.0. The testing and ‘quality
control of the assembly process shall be as described in Section 7.0.
If a non-destructive test method is used the maximum number and size, as
well as the distribution of the pipe wall defects aliowed shall constitute
the basis of acceptance or rejection of each pipe section.- The maximum
number, size, and distribution of pipe wall defects shail be agreed upon
by the contracting agency within four weeks after receipt of the purchase
specification.

10. POLYETHYLENE CWP DESIGN DRAWINGS

The foilowing pages are the Polyethylene CWP Design Drawings.
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ABSTRACT

This report is the preliminary structural design
of the Hull/CWP transition, support and seal for
the OTEC 10/40 cold water pipes made of FRP, .

polyethylene, and elastomer materials.
OBJECTIVE

The object of the analysis is to perform a pre-
liminary structural design ouf the universal spider
support concept. This analysis is to also address

as many possible problems as;can be seen at this
stage to insure that a major design or assembly
impasse will ‘not--be: reached whén-a more detailed
'design is made. No attempt was made to cover all

the details of the design. The specific parts of

the transition covered in this analysis are listed
below and shown in Figure 1, (details of the analysis

are provided in the Appendix as indicated).

1) Universal joint design (Appendix A and B)

2) Spider bars supporting the coldwater pipe
(Appendix C).

3) Steel transition sections 1 and 2 (Appendix D)

4) Flanges connecting transition pieces (polyethylene).
or cold water pipe to transition (elastomer &

FRP), (Appendix E).

E-4
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5) Cable termination fo;'the stabilizing
weight in polyethylene tapered steel
transition section 1, (Appenix F).

6) 38 ft. diameter sphere used as a seat
for the seal between the cold water pipe'

and the vessel hull.

DESIGN REQUIREMENTS

The safety factor for the design‘of all parts of
the transition is set at 1.5. The universal was
designed with the maximum in service loading of

4 million pounds along the axis of the cold water
pipe. The upper and lower spider support bars were
designed to withstand the maximum .axial load

shown in Table 1. The flange connection also-

designed to additionally withstand a bending stress

. or moment calculated from moment and location

shown in Table 1. The CWP transition parts must
also be able to resist the maximum in service load
or the maximum axial load at a maximum of 25° out
of vertical where this effects the design. Shear
and torsional loads as determined by TRW computer
analysis of the CWP were small and were ignored for

this design analysis.



1. CWP CONCEPTS AND LCADS

TABLE
QWP Co & Axis of | Maximum Axial Minimum Axial Mcment and
ncep Rotation | ILoad (1b) Ioad (1b) location
61791 ft*
4 ]
FRP 24° | 3.64 x 10° 0.428 x 10° gzﬁzwegop
| BlasEomey @ & .
(Steel Cables) 22.6 5.4 x 10 2.73 x 10 -0-
Elastcmer v o
(Fabric) 23.0 5.89 x 10° 2.31 x 10°® -0-
’ 102,000 £t
f o : kips 280"
Polyethylene 16.5 2.3 x 10° 2.2 x 1068 below top

' t . I3 .
* Calculated from 5.0 ksi bending stress supplied by TRW and section
modulus of FRP of 148,278 in?®.

4.0 RESULTS

Thé final configuration foar t+he itgms listed in

paragraph

2

.0 above are listed in Table 2. The

_ wall thickness of both steel transition sections is

one inch based on handling requirements.

. bolts are all 2% inch diameter.

The_flange

For all CWwP

concepts the straight steel transition section 2 °

has the diménsions of 30 £t. I.D. and an overall

length of 40'-6".

The polyethylene tapered steel

transition section 1 has a top inside diameter of

30 ft. and a bottom diameter of 42'-2", with an

overall length of 36 ft.

The sealing sphere for




TABLE 2 SIZES AND STRESSES*
-Upperspider |lowerspider
Flange Bolt support bar |support bar
- thickness stress diameter diameter
Material | (i ches) (ksi) (inches) (inches)
FRP 3% 45.5 15 8
poly- 1
ethylene 2 25.0 12 6%
Elastcmer 2% 36.0 19 10
* These properties have been develcped in Appendices C & E

»i



for each CWP concept is 38 ft 0.D. with a one

inch wall thickness. Séevpagé.G3 of Appendix G
for the spacing and details of stiffening on the
sphere. Cable tefmination supports in the tapered
steel transition section 1 are shéwﬁ and analyzed

in Appendix F.

TECHNICAL DISCUSSTON

This report reflects the preliminary design of the
Hull/CWP transition system for the polyethylene,
fiberglass reinforced plastic and elastomeric CWP
concepts. Figure 1 shows the general arrangement

of the polyethylene transition. The loadings that
were used for the analysis do not include. shear and/
or torsion loads. The spider assemblies are analy-
zed.as trues members by hand calculations. A detailed
analysis which may include a finite element énalysis
mﬁst be made before a design could be finalized.

The connecting bars running from the universal
upward, (upper spider support bars), are designed
éssuming that the total axial pipe load must be
reéisted by one bar. The bars running from the
universal downward, (lower spider support bars),
are designea assuming the axial load of the cold
water pipe will be shared equally by all four bars.
The spiders are designed for tension loads only.

If compression loads are applied the bars will

E-10




need to be investigated for these loadings.

The transition pipe is designed with axial and
bending loads supplied by TRW from the computer
analysis of the various CWP concepts. The
polyethylene pipe material requires two transition
sections. The first to collect the water from the
7-12 ft diameter pipes and reduce to a 30 ft
diameter pipe and also support cable termination
brackets. The second section hasﬂthe lower

spider assembly and the spherical seal attachments.
The conceptual design choose the minimum length

of each transition approximately equal to the
largest diameter on the transition piece.  The
fiber reinforced material and elastomer material
require only the straight transition section for
the attachment to the hull. Analysis‘was not
performed of the spider support bar connection

points.
REFERENCES

1) AISC Manual of Steel Construction, 7th edition.

2) Dwg. #4087-L001 titled OTEC 10/14 Min-CWp/
Hull Transition Gimbal.

3) Mark's Standard Handbook for Mechanical Engineers,
8th Edition.

4) Formulas for Stress and Strain, 4th edition,Roark.



5)
6)

7)

8)

Principals of Naval Architecture.

Cold-Formed Commentary.

Formulas for Stress and Strain, 5th edition,
Roark.

Theory and Analysis of Plates, Szilard.
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1.0 ABSTRACT
A study to select from alternative concepts, a feasible concept
to suspend large cold water upwelling pipes from Ocean Thermal

Energy offshore platforms.

2.0 dBJECTIVE

The objective and intent of this feport is to document the
selection considerations and final design recommehdations for

the articulated suspension system used to connect the cold

water pipe (CWP) and the platform for the OTEC 10-40 MW plant.

The ultimate design is required to provide for relative motion
between the cold water pipe and the platform while supporting

the pipe and allowing for a joint seal to prevent the infiltra-
tion of warm surface water. The recommended design is to consider
the ability of the selected concept to be scaled up to larger

sizes.

3.0 DESIGN REQUIREMENTS
The structural connection between the CWP and the platform design

shall provide the following minimum capabilities.

3.1 Loads ;
3.1.1 Peak Loads
The design peak dynamic combined loading at the structural

connection: 4,000,000 lb. minimum



3.1.2 Load Application

1.5 cycles per minute for 30 years (107 cycles).

3.2 Rotational Freedom

The structural connection shall provide for the following
angular rotation relative to the platform about any axis in
a horizontal plan through the center of rotation of the
structural connection:
Cperational: % 10 degrees 95% of time
9.9 x 10°% cvcles
Survival: £ 25 degress

5.3 x 10° cycles

4.0 SUMMARY QF RESULTS

A trade study was conducted to compare the relative design
merits of an external gimbal, a ball and socket joint and an
interngi gimbal. The ball and socket joint was eliminated due
to the large size of the ball (120' in diameter) for a 30' dia-
meter pipe and the inability to extend the concept to larger
pipes. Likewise on comparing the external to the internal
gimbal concept, it was determined the external -gimbal would
become excessively large and difficult to manufacture and
insteall. The internal gimbal by comparison, can be produced
with state~of~art structure, bearings and manufacturing tech-

nigues as well as offering fewer problems in scaling up the



the design to larger pipes. Based on these conclusions, the
internal gimbal is recommended over the other concepts inves-

1

tigated.

The internal gimbal or universal joint consists of a yoke
structure connected to the platform and another connected to
the CWP. The yoke structures were connected by a spider pin

and contain self-lubricated spherical bearings. Figure 4.1.

«



(. YOKE PIN /

2. SPRERICAL BEARING Jo0w@d

3. YORE STRUCTURE
7 sempy DBEARIMNG SIS

b

FIGURE 4.1
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5.0 TECHNICAL DISCUSSION

5.1 Design Selectidn

is - *

. oy v : : :

The investigation showed that a 120' dia. ball and socket would
be required to achieve a #25° angular rotation. The difficulty
in fabrication, holding close machine tolerances and surface

finishes on a large structure was considered impractical.

The external gimbal required for the 30' diameter CWP would be
approximate 66; in diameter. This structure could be buiit
with existing technology. Ta éxpand this structure to larger
50' and 100' diameter CWP the Lérge structures would be very
difficult to fabricate and hold the a;ignment and clearances

. for the bearings difficult to maintain.

The universal joint was chosen as the simplest design and

could be fabricated with existing technology and hardware.

5.2.. UNIVERSAL JOINT DESIGN

5.2.1 Head Loss Due to U-Joint

Head loss through the U-joint area waé calcﬁlated by summing
the individual contributors to the overall head loss.

See Appendix A. The head loss due to the U-joint and its
supports was calculated by hydrodynamic drag against the

obstructions D =Cp g Ap (lbg)



where: D = Hydrodynamic drag force (lbs;

Cp - Coefficient of drag (estimated from empirical

data)
g = Dynamic pressure (1/2Pp V?)
P = Density of sea water
V = Velocity of water at that point

Ap = Projected area

Each component was calculated separately and these drag forces

were converted into feet of head loss by the formula:

hy = AD = AL()54) £t.
Pq
where: D = drag force from equation
| A = cross section area of the pipe
‘ P = density of sea water (=1.98 slugs/ft?)
These losses due the components ='.055 ft.

Then the head loss for the enlargement of the pipe from 3C!

to 40' was calculated using the pipe flow theory equation

(\'71 -

' 2
hL = K V2 ) (ft)

2g
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Where: h; = ‘head lbss

I
K = Coéfficient of enlargement

/'Vl = Velocity through small diameter
Vs = Velocxty through 1arge diameter
g = 32 174 ft/s

s -

The loss for this was calculated to be 0.172 ft.

Total head loss = 0.192 £t + .055 ft - 0.247 ft.

The design requirement was the total head loss to be less
than a reduction to the pipe diameter from 30 ft to 25 ft.
The reduction was calculated using the pipe flow theory and

was 0.503 ft.

5.2.2 Universal Joint Bearings

The bearing chosen as the best suited fnr this design is a
self-lubricatéd spherical journal bearing such as Lubrite
bearing manufactured by Litton~Merrimar Crop, see Appendix B.
The three components of the bearings are a spherical journal,
a bearing pln shpere and a solid film lubrlcant Initial
calculation and discussion with manufuacturer indicate that
low beariné pressnres and low PV can bg designed intn the
bééniné and combined with the proper material sélection a

30-year life in sea water can be achieved, Figure 2.2.2



shows the configuration and approximate dimensions for a

2,000,000 radial load bearing. The journal is fi%ed to thé
yoke structure and the sphere is keyed to the bearing pin. A
sphefical journal allows for slight misalignment and deflec-
tion in the structure. The bearing journal is made from a

low alloy steel A36 or equivalent. The bearing surface must

be protected from corrosion for its long life in seawater.
Inconel 625 is considered the superior material for seawater
application due to its freedom from localattach (pitting and
crevice corrosion), high corrosicen-fatigue strength, high
tensile strength and resistance to chloride-ion stress corrosion
cracking. The minimum mechanical properties are 120 ksi
ultimate 60 ksi yield and corrosion fatigure (lO6 cycles) at

49 ksi. The Inconel is applied to the surface of the steel by

weld cladding. See Appendix C.

The material selected for the sphere was alpha nickel
aluminum bronze C958. This alloy has good mechanical
properties of tensil strength 85 ksi, yield strength og
35 ksi. 25% elongation. This alloy used in conjunction
with solid film lubricant G-10 Lubrite by Litton-Merriman

has superior bearing characteristics.

F-11



The solid film lubricant is applied to the surface of the
sphere, the lubricant is extruded and compressed into the
recesses of the bearing at high pressure. Litton-Merriman
indicate the Lubrite lubricant shears off in a series of

thin layers to produce a burnished regenerative lubricating
£ilm. The result is a cogtinuous heavy friction reducing
film capable of withctanding high pressures. The cnefficient
friction for Lubrite G-10 from test data was maximum of .59

after 25 x 104 cycles. See Appendix B.

The bearing pressure was calculated by the cosine distri-
‘butioﬁ method. The 2,000,000 bearing Pnax s 2.81 ksi.
SéerAppendix-A. Merriman reccmmends not excéeding 5 ksi
which gives a factor of 1.8. The PV (tdtal load/project
area and slid;ng velocity) is a maximum of 12,000 for the
£25° rotation and 4,500 for the +10° rotation. This is

a safety factor of 2.5 and 4.5 on the recommended PV 30,000

for Lubfite.

F-12




5.2.3 Universal Joint Beéring Pins

The bearing pins are made up of two forgings which are

interlocked and welded to form the pin spider. Figure 5. 2.3.

-
[y

The material selected for the pin is a nickel alloy stéel
ASTM 4330, because of its good mechanical properties in

large forgings and ability £for heat treatment. The minimum
properties expected for this material are 100 ksi uts, 80

ksi ys, 17% Elong. For 30-years service life in seawater
environment, the ccrrosion resistance will have to be
maximized. This can be accomplished'by cladding all suriaces
of the pin with Inconel 625 the same as mentioned for the

journal.

The maximum stress in the pin is due to bending and assuming

’

a 1.5 stress concentration factor Jpax - 40 ksi, Refer to

Appendix A. This gives a safety facter of 2 for the pin

forging.
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APPENDIX A

CALCULATIONE FOR BEARING,
BEARING PIN & HEAD LOSS
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Five hundred years ago

Leonardo DaVinci designed these device

to measure sliding and rotating friction

His anticipation of bearing problem

and the conception of numerous pertinent application
are examples of his seemingly limitless genius

dimensioning

Outside Diameter

The correct method for determining the outside
diameter of a bushing is to add twice the recom-
mended wall thickness to the specified inside di-
ameter, rounding out the total to a figure com-
patible with containment restrictions.

Inside Diameter

The nominal inside diameter of a bushing is, of
course, dependent upon the shaft diameter. Bush-
ings with the smallest diameter, consistent with
shaft strength and rigidity, offer the highest me-
chanical efficiency. Where bearing loads require
additional bearing area, increase bearing length
ralher than diameter tor minimum frictional resist-
ance and loss of power.

Length

In most cases, a length-to-diameter ratio (L/D) of
about 1.0 to 3.5 results in the most efficient per-
formance.” While shorter bushings are generally
preferred from the standpoint of reduced flow,
space, and friction, longer bearings operate with
less eccentricity and maintain a heavier lubricating
film, resulting in longer life.

Wall Thickness

Lubrite sleeve bearings are normally contained
within a housing. Wall thickness criteria must pro-
vide that the bearing, when installed in its housing,
support the imposed load without elastic or thermal
distortion which could alter the bearing geometry.

Thin wall bearings should be avoided as they may
impede heat transfer during bearing operation, re-
duce lubrication retention, and increase suscepti-
bility to thermal growth and mechanical distortion
during machining. Heavy wall bearings are recom-
mended if severe wear of the bearing is permis-
sible and expected.

F-36

Large temperature variations and different coeffi-
cients of thermal expansion in the bearing, shaft
and housing material combine to produce distor-
tions that make bearing dimensions and fits difficult
to maintain. A varying clearance within the bearing
can result.

The chart which follows,indicates the range of wall
thicknesses proven suitable for Lubrite bearings of
the corresponding inside diameters. These dimen-
sions lie within the recommendation of the Cast
Bronze Bearing Institute.

—_
N
o

—
o
o

MAXIMUM
|

o
~
o

MINIMUM
0.50

0.25

BEARING WALL THICKNESS (INCHES)

0 2 4 6 8 10 12 14 16 18 20
BEARING BORE DIAMETER (INCHES)

Flange and Washer Thickness

Bushing flanges and thrust and expansion wash-
ers usually require the same dimensions as bearing
walls. The Wall Thickness Chart should be con-
sulted for correct flange and washer thickness.

Lubricating Pattern

The recesses for the Lubrite lubricants may be
round or trepanned holes, cast or machined into
|the metal substrate. The size, shape, and geometric
location of the recesses will be determined by the
size, shape of the bearing, and operational para-
meters to which it is subjected. Plate type configu-
rations (flat, Radialube, Spherilubes) will have blind
recesses on all lubricated surfaces. Thrust or ex-
pansion washers may have recesses on one or both
faces or through holes as required. Basic patterns
for sleave type bearings and their limitations are
shown below, but other patterns can be supplied for
unusual conditions.






Pattern A

Standard lubricating pattern
for general and heavy duty
rotary motion. Not limited by
bearing size but generally not
the most economical for larger
diameters (over 10 inches).
Requires press fit for adequate
housing support. For linear
motion specify Pattern C.

Pattern B

Internal lubricating pattern for
extreme heavy duty rotary mo-
tion. Restricted to bearings
over 4 inch inside diameter.
For linear motion specify Pat-
tern D.

lubricants

No single lubricant fulfills all service conditions.
Each has brackets of operating conditions under
which it supplies maximum lubricity, greatest dura-
bility and lowest coefficient of friction. New lubri-
cating materials are constantly under development
in Merriman’s own research facilities. These, along
with the most advanced lubricating materials pro-
duced by industry, are incorporaled into Lubrite
formulations when improved performance can be
demonstrated.

The following chart describes the characteristics
of the more widely used lubricants. Other uniquely
formulated lubricants are available for unusual ap-
plications.

TYPE OF LUBRICANT
G1

APPLICATION

General Duty. Temperature from minus 100
to 250°F. Atmospheric exposure. Mild con-
taminants.

Temperature from minus 100 to 500°F. Oc-
casional contamination from petroleum base
products and mild solvents.

Temperature from minus 100 to 500°F. Com-
patible with petroleum base products and
most solvents.

G2

G3

G4 Temperature from minus 100 to 350 F. Will
not promote electrolysis in salt water and

other corrosive media.

G5 Temperature from minus 100 to 350 F. Will
not react with most acids bases, etc. Best
performance in reciprocating motion.

G10 Temperature from minus 100°F to 350°F.
Epoxy base graphite-free lubricant. Less prone
to attack by most acids, bases and petroleum-
based products.

T1 Temperature 250 to 550°F. Oil and grease
resistant.

T2 Temperature 550 to 1,000°F.

T3 Temperature 1,000 to 1,500°F.

AE1 Temperature 100 to 300°F. Subject to high
intensity radiation.

AE5 Temperature 250 to 550°F. Subject to high
intensity radiation.

AE6 Temperature 550 to 1,000°F. Subject to high

intensity radiation.

coefficient of friction

Lubrite specified for usage within the recom-
mended PV range will function at a coefficient of
friction between 0.03 and 0.09, depending on the
lubricant and operating parameters of the bearing.
A maximum design coefficient of 0.10 should there-
fore be considered unless field service substan-
tiates lower values. For high temperature service,
a design coefficient of 0.15 is suggested.

Applications necessitating lower design coeffi-
cients can often be satisfied with the special efforts
of our Engineering Department.
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alloys

Loads and Speeds

As Lubrite operates at a fixed design coefficient of
friction, the variables of bearing pressure and slid-
ing velocity are the concern of the design engineer.
Bearing pressure P (total load/projected area) and
sliding velncity V (surface feet per minute) are
combined as PV, an indicator of heat generation.

The tolerable PV values for various base metals in
combination with Lubrite have been determined
experimentally. Accuracy in prediction of solid
bearing performance is notably low compared to
that of rolling element bearings, and past experi-
ence and performance must be heavily relied upon.

Although PV values above those recommended in
the accompanying chart have been successfully
used, caution should-always be exercised in the
appllcatlon of these recommendations'to a specific
project. Allow our Engineering Department to dis-
cuss with you all of the parameters of your bearing
application and assist you in determlnmg accurate
PV values for its operation.

Material Selection

Ideally, the bearing and its! opposing: surface
should always be separated by a film ‘of lubricant.
However, over a period of use, specified conditions
may vary through contamination or elastic or ther-
mal distortion resulting in some matmg surface
contact.

Normally, bronze is used as the base material for
Lubrite bearings. However, 'some apphcatlons with
extreme temperatures, enwronments corrosive to
bronze, and loadings exceeding the compressive
strength of bronze will ‘require .the ‘physical and
chemical characteristics Tound. in other-materials.
Successful metals for bases range:from stainless
steel and nodular iron, to tool steels such as Graph-
Air and Vascomax. Considered béaring material
and lubricant selection is therefore important to
long bearing life and maintenance-free operation.
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Materials Chart Explanation

The bearings' characteristics (defined below) are
weighted by a 1-5 classification with the lower
numbers equalling the preferred properties relative
to the other materials listed.

Compatibility

A measure of the anti-weld and anti-scoring char-
acteristics.

Deformability

The ability to compensate for geometric errors and
the ability to absorb foreign particles to avoid scor-
ing and wear.

Fatigue Resistance

The ability to withstand load changes relative to
magnitude and directional change as found in os-
cillating and reciprocating motion.

‘Bearing Material Evaluation Criteria

MAXIMUM
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C
194 913]| 3000 50 30000 24 45 — 1|24 — — _— |13 160 250 2 5 4 3 5 | B22.913 | HITINBRONZE
C D
196 911) 2500 50 30000] 18 30 — 1| 18 — — _— |8 —| 250 1 2 2 2 3 | B2911 | HITINBRONZE
G BRONZE
225 03| 1500 100 30000) 13 45 20 25| — 40 18 20 [ 65 — |50 100]2 4 1 3 2 | Blazes | SSROME
237 S05) 2000 250 30000| 15 45 22 25| — 40 18 20 [75 — |55 1001 2 2 2 2 | E22I08 1 \eapep BRONZE
C 822937 | HILEADED
305 937 1000 250 30000 17 35 18 20| — 25 12 8 |65 — |45 103| 1 2 3 1 1 | B144937 | TINBRONZE
315 932| 1000 250 20000( 14 35 18 2| — 30 14 12 [ 60 — |45 1200[ 1 2 4 3 1 | BI44932 | LEADED TINBRONZE
326 935( 1000 250 20000{ 13 31 16 20| — 25 12 8 |60 — |30 1001 3 2 3 3 | B144935 | LEADED TIN BRONZE
417 954 2500 100 50000{ 22 .90 35 17| — 75 30 12 |(130) 150| 600 90| 5 5 3 1 5| BI48954 | ALUMINUM BRONZE
418 955 3000 100 50000{ 30 100 43 8| — 9 40 6 |163) 190| 600 85| 5 5 3 1 5 | BI4B955 | ALUMINUM BRONZE
421 865| 4000 25 50000 24 70 26 25| — 65 25 20 |(114) 130| 450 107| 4 5 2 2 1 | B147865 | MANGANESE BRONZE
423 862| 8000 25 70000| 50 95 47 20| — 90 45 18 |54 180| 800 110| 4 5 2 4 4 | B147-862 | MANGANESE BRONZE
C 822863
424 863| 8000 25 70000 70 118 71 16| 55 110 60 12 |85 223| 800 119] 4 5 2 5 4 | Bi47.863 | MANGANESE BRONZE

A COPPER DEVELOPMENT ASSOCIATION — Accepted alloy designation in North America — Used by U.S. Government, ASTM, SAE and others

B Modified with up to 214 9% Pb allowed

C ASTM recommendation

D AASHO recommendation for bridge bearings

E Typical value for range of 0° to 500°F
Converted value

%

F The physical strength of bronze sharply reduces at elevated temperatures.

The

See garagraph “High Temperature Applications” for applications exceeding 250°F.
V ratings, loads, and speeds listed must be reduced as temperature is increased.




Corrosion Resistance

The relative ability to resist corrosion caused from
atmospheric conditions, uninhibited lubricants, and
other normal industrial contaminants.

clearances

Lubrite bearings are supplied completely finished
with proper clearance and tolerances, ready for
installation. Boring, reaming or other operations
prior to or after assembly are not necessary and
should be avoided as they may impair the operat-
ing efficiency and service life.

Diametral allowance or operating clearance is the
amount (in thousandths of an inch) by which the
inside diameter of a bearing exceeds the journal
diameter. Diametral clearance is an essential con-
sideration in any bearing design and the selection
of the correct clearance is significant in the suc-
cess of the bearing. Lubrite lubricants coat the
interfaces with thick film lubrication. Therefore,
for a running fit, greater clearance is required with
Lubrite bearings than with thin film, oil or grease
type bearings. This greater clearance does not
indicate a looseness. The Lubrite lubricant coats
the journal and bearing wall and partially fills the
clearance, thereby providing the assembly with a
satisfactory operating fit.

Clearance must of nacessity vary with the opsrat-
ing conditions. Factors such has speed, load, tem-
peralure, size, und lype of application must be con-
sidered. The following graph will serve as a guide
in the selection of correct clearances for the ma-
jority of applications. For special or unusual condi-
tions, our Engineering Department will be pleased
to make recommendations.

.048

.040

032

024

CLEARANCE

.016

.008

2 4 6 8 10 12 14 16 18 20
BUSHING INSIDE DIAMETER

Cost Factor

The relative total cost comparison of completed
bearings from materials listed.

The table below describes briefly the more fre-
quently used bearing materials, with relative rat-
ings of some of their more pertinent characteristics.

surface finish

Bearing and journal peak surface variations should
be less than the expected minimum film thickness:
otherwise, peaks on the journal surface contact
peaks of the bearing surface, with resulting high
friction and accelerated wear. Since the journal is
generally harder and has a higher shear value than
the bearing material, the surface finish should be
smoother than that of the bearing. In slow moving
and static conditions the Lubrite film remains
thicker than in higher-speed applications,and does
not require finishes better than 63-125 rms. In
general, smoother finishes are required for the
harder materials, for high loads, and for higher sur-
face velocities.
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methods of retaining bearings

Several different methods may be used to insure
that a Lubrite bearing is retained firmly in the hous-
ing. The best method will depend on the particular
application and the unit should always be designed
to lend itself to convenient replacement if neces-
sary.

The most common and satisfactory method is to
press the bearing into the housing with an inter-
ference fit. Shrink fits are not normally recom-
mended and should only be considered when a
press fit is not feasible. Please consult our Engi-

: neering Department before attempting a shrink fit,

as the method may loosen or destroy the lubricant.

Fits recommended for general applications are
listed below and comply with the Bronze Bearing
Institute standards.

Recommended Tolerances for Nominal Housing Bores Using Press Fits

NOMINAL TOLERANCE ON TOLERANCE ON RANGE OF AVERAGE
BEARING 0D NOMINAL NOMINAL INTERFERENCE INTERFERENCE
AND HOUSING 1D BEARING 0D HOUSING 1D FIT FIT
(in.) (in.) (in) (in.) (in)
0t0 0.5 +-0.002 to +0.003 +-0.0015 to 4-0.0020 zero to 0.0015 0.00075
05101 +-0.002 to +0.003 +-0.0010 to 4-0.0015 0.0005 to 0.0020 0.00125
110 1.5 +-0.002 to +0.003 +-0.0005 to +-0.0010 0.0010 to 0.0025 0.00175
15102 +-0.002 to +0.003 +-0.0000 to +0.0010 0.0010 to 0.0030 0.0020
21025 +0.002 to | 0.003 4-0.0000 lv +0.0010 U.UU1U to 0.0030 0.0020
25103 +0.002 to +0.003 —0.0005 to 40.0005 0.0015 to 0.0035 0.0025
3to 4 +-0.003 to +0.005 -+0.0005 to 4-0.0015 0.0015 to 0.0045 0.0030
4to5 +-0.003 to +0.005 +0.0000 to +-0.0010 0.0020 to 0.0050 0.0035
5tob +-0.003 to +0.005 —0.0005 to +0.0005 0.0025 to 0.0055 0.0040
6t08 +0.003 to +0.005 —0.0010 to +0.0000 0.0030 to 0.0060 0.0045

For high temperature applications, and when thin
wall housings are required, the fits must be ad-
justed to avoid yielding of the bearing material or
housing.

When a Lubrite bearing is pressed into the housing,
the driving force should be uniformly applied to
the end of the bearing to avoid upsetting of the
bearing. Lubrite bearings are provided with a
chamfer on the O.D. to help facilitate alignment
and to permit the “rounding out” of any ovality in
the bearing. Due to the turning, drilling and
high hydraulic pressures required in the manufac-
ture of the Lubrite bearing, some ovality will be
present but should not be of concern, as the bear-

ing will conform to the roundness of its housing|

when in position.

Press fitting sleave bearings larger than 8 inch out- |

side diameter can cause difficulty in assembly and
bearing distortion. As a result of a press fit, the
bore of the bearing will “close in” resulting in an
inside diameter smaller than that originally ma-
chined. In general, it is best to allow 100% of the
interference fit for closure. Due to the variations in
metals, wall thickness, and recess pattern, it is
extremely difficult to predict the actual closure with
any degree of accuracy.

F-41

Other methods of bearing retention, noted below,
may be employed but as Lubrite bearings should
NOT be machined after assembly, care must be
taken to prevent any distortion or deformation
caused by the keying methods.

1. Set screws 4. Threaded bearing O.D.
2. Woodruff keys 5. Dowel pins
3. Bolted bearing flanges 6. Housing caps.




Bearing and Inurnal Hardness

Even in well-lubricated, full film sleeve bearings,
momentary contact between journal and bearing
may occur under such conditions as starting, stop-
ping, or overloading. In Lubrite bearings which are
mixed film and/or boundary-film lubricated (de-
pending on the type of lubricant and the tempera-
ture) sporadic metal-to-metal contact occurs. This
contact is drastically reduced once the Lubrite lu-
bricant is burnished into the asperities of the bear-
ing and journal. In order to allow for this necessary
burnishing and wearing-in the journal should, in
general, be made harder than the bearing material.
This practice allows the effects of scoring or wear-
ing to be inflicted on the more easily replaced
bearing rather than the frequently more expensive
journal.
recommended that the journal be at /east 100
points harder in Brinell than the bearing material.

In general, the harder the bearing materials, the
more local heat will be generated it and when the
journal touches the shaft. Abrasive materials,
which are allowed to enter the bearing, will not be
as readily imbedded into hard materials as in softer
alloys, and so more care must be taken to maintain
cleanliness. However, the cleanerthe conditionsfor
any material, the better the performance and life.

Materials which have inherent bearing qualities and
maintain their physical strengths at high tempera-
tures can, in general, be readily adapted to high
temperature bearing systems.

e HINGHAM, MASSACHUSETTS 02043 e (617) 749-5100

Permission to reprint this
copyrighted article granted by
Merriman, Inc.

For the best wear characteristics, it is

High Temperature Applications

With correct design and malerial selection, Lubrite
can provide boundary lubrication and prevent seiz-
ing and galling at temperatures up to 1500°F. How-
ever, applications in temperature environments of
over 250°F. require critical engineering.

Bearing materials have drastically altered creep
rates and strengths at elevated temperatures, and
differences in thermal expansion of the bear-
ing, housing and journal must be calculated to
prevent shaft seizures. Even relatively minor
inaccuracies could cause cracks or small geo-
metric changes resulting in decreased bearing
life and ultimate failure.

Refinement in surface finishes of both the Lubrite
bearing and the opposing face becomes more cri-
tical as temperatures increase. It is important that
our Engineering Department advise on all high tem-
perature bearing usages.

technical
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Sheet |\ of

LUBRITE LABORATORY TEST DATA
G-\O LUBRICANT SLIDE TEST

hﬂillﬁlhﬂAmd

100 Industrial Park Road

Litton

g4

Hingham, MA 02043 customer:  MERRIMAMN
BRG. VEKT. HOR.
B/A PRESS, PRESS, PRESS. SPEED STROKE TEMP.
NO. | DATE | (K.S.I.) | (P.5.1.6.) |(P.§.1.G6.) | * 2 | 4¢av. | (IN./MIN.) (iN.) | cvcLes | (° F.) REMARKS
{ |9-30] 5.0 \415 336 |.o3oluman| — 304 | ') <\
£
2z |l9-30] 5.0 \415 340 [,030 360 [ sctijreok 74
3 [3-30] B0 1415 350 |.o20 335 |.204 |V839] 75
le-¢| 5.0 1415 | 300 |.e32 3.40 |.3¢c4 V@22 | 18
5| lo-to] &6 1415 44¢ |.o29 3.65 |.304 |22 76
b lie-27] 5.0 | 1415 552 |.049 355 |.3ea 150D 17
T h2-3] BO 1415 ©40 |.o5T 3.45 .304 [ 78
3 [-9]| 5.0 \a\S | 6o |,0s9 3.65 [. 304 [°2 86
\0[2-9] 5.0 140\5 | 665 |.o59 3.50 |. 304 Y222 88
1 |2-23] 5.0 1415 | oo |.039]" 3.45 |.309 P22} 92 lresr swdED
LI 005
12 |3-24| S.0 L1415 bbo | o059 375 |.3¢q4 23] 96 3-24-1@
PlaCe/Bushing Substrate Mat'l: ASTM RBl14R-955 Mating Surface Mat'l: _31e <T. STL.. Finish: 20 RmMS
*For #3-100, /( = (Hor. Press x Press Factor.«03S8)/No. of Lubricant Surfaces 4

) /No. of Lubricant Surfaces

Fo&f’ﬁf-.5826&33-141,/l = (Hor. Press/Vert. Press) x (Press Factor
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COPPER ALLOY No. €95800

Names formerly used (not recommended): 415, Alpha Nickel Aluminum Bronze, 81-34-9-1

-

Composition — percent

4 Nominal | Minimum | Maximum Nearest Applicable Specifications

Aluminum

9 8.5 9.5 Centrifugal ASTM B271;
Copperi!) 3] 79.0 MILC-15345 (Alloy 28)
lron(2) 4 3.5 4.5 ’ Continucus :
Lead§ .... | .... . .03 : Die v d
Manganese §° , | = .8 1.5 - T i Ingot 3 ASTM B30; Ingot No. 415
Nickel2) § 5 4.0 5.0 : . Investment
Silicon ¥ .10 Permanent Mold
Precision
Sand ASTM B148;QQ<-390;
MIL-B-24480

(1) Total Named Elements shall be 99.5% minimum.
(2) fron content shall not exceed nickel content,

Physical Properties

English Units Metric Units )

Melting Point (Liquidus) § 1940 F ‘ 1060 C
Melting Point (Solidus) J 191C F 1043 C
Density 276 ib./eu.in. @ 68 F 7.64 gm.jcu.em. @ 20C
Specific Gravity § 7.64 7.64
Coefficient of Thermal Expansion ¥ .000009 per ° F from 68 F 1o S7T2 F .0000162 per °C from 20C to 300C
o Thermal Conductivity § - 20.8 Btu./sq.ft./ft./hr./°F @ 68 F 086 cal./sq. cm./cm./sec./°C @ 20C
N Electrical Conductivity*® B 7.1 %IACS@68F 041 Megmho-cm. @ 20C °
' ' . Specific Heat } .105 Bru.jlb./°F @68 F .105 cal./gm./°C @ 20C
- Modulus of Elasticity (Tension) § 16,500 ksi ' 11,600 Kg.jsq. mm

*Volume basis in as-cast condition except for precipitation hardening alloys which zre in the {ull heat treated condition.

Typical Uses

Propeller hub, blades and other parts in contact with salt water.

Fahrication Practices

Stress Relieving Temnperature— 600.F or 316 C Suitability for being joined by:
Time at Temperature— 1 Hour, per Inch of Section Thickness Soldering . ... vviviiii e Good
Responds to Heat Treatment— » o Brazing . .......... .o, Fair
Solution Heat Treating Temperature— For C Oxyacetylene We}dmg ... Not Recommended
Time at Temperature— - Hours per Inch of Secticn Thickness Carbon Arc Welding ............... Poor
Quenching Medium— : Gas Shielded Arc Welding ........... Good
Precipitation Hardening Temperature~ F or C Coated Metal Arc Welding . FRRRRRERRS Good
Time at Temperature— Hours - Machinability Rating
Quenching Medium— : (Free Cutting Brass= 100)— ........ S0

*Castings expesed tc seawater or other aggressive envircrunents should be temper annealed.

180 This .*'nlormal_{pn is not 2 siandard and should not be used lor specification purposes. It is a reference lor locating stand-
ards and specifications where available. Since ihe information aobcve is not veriiied by CCA, but has teen obtained from
others {see Intrcduction), COA sssumes no responsibility or liavility for it and makes no warranties.

Ry e e
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COPPER ALLOY Mo. C95800 (Continued)

Types of Casting

[® Centrifugal @ Permanent Mold .
{® Continuous . (@ Plaster
'] Die A @ Sand

" [ Investment (] Other

Casting Characteristics

Effect of Section Size on Soundness Drossing —~ High .
and Mechanical Properties ......... Small Gassing -- Medium
Patternmakers Shrinkage (in./ft.)— .. ... 3/16 Fluidity - Medium

Shrinkage - High
Casting Yicld - Low

Mechanical Properties
(Test Bar Values)

AS CAST (SAND) }‘- HEAT TREATED
English Units Metric Units 8 English Units Metric Units |
Prcperty ' A B Mmin. Typ. Min. | Typ. 3§ Min. Typ. Min. [ Typ. h
Tensile Strength—ksi (kg/mm?2) i 850 95 59.8 66.8 A :
Yield Strength—ksi (kg/mm?2) - ¥
(.5% Extension Under Load) - § 350 38 246 | 26.7. . )
{.2% Offset) ] ...
" Elongation in 2 inches (50mm)—percent g 15 25 15 25
C ( Hardness : '
Rockwell ... + N
Brinell-500 kg : . I ceen
Brinell-3000 kg ... 159 cae 159
Shear Strength—ksi (kg/mm2) : § .... | S8 e 408 § ... R e .... B
Compressive Strength~ksi (kg/mm2) 3
001 in. set/fin. < : E
.01 in. set/in. oo
4 in. setfin. R .... |10 | .... | 703 §
Impact Strength—ft-Ibs !
lzod - 20
Charpy V-Notch :
Proportional Limit~ksi (kg/mmz2) [P EUPRE ENUUOR IDURRRRE EDUDPRN EDURRNN IR BN
Fatigue Strength (100 million cycles)—ksi g :
(kg/mm2) 1 ... 31 ceo. | 218 B :
Creep Strength (0.17. per 10,000 hours)— g
ksi (kg/mm2)
250F
350F
450F
SCOF
SSOF
600F - :
700F
800F
This information is not a standard and shouid not -be used for specification purposes. It is a reterence lor locating stand- 181

ards and specifications where available. Since the information above is not veritied by CDA4, but has teen obtained from
others (see Introduction), CDA assumes no responsibility or liability lor it and makes no warranties.

N
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MIL-B=24480 (SHIPS)
30 January 1973.
SUPERSEDING
. k . M1L-8-23321 (SHIPS)
. : . ’ 20 tlovember 1963

MILITARY SPECIFICATION
BRONZE, NICKEL-ALUMINUM CASTINCS,
FOR SEAWATER SERVICE
1. ScoPE . ‘

: 1.1 This specification .covers a nickel-aluminum bronze castina alloy for general gea-
water applicationy, excludxng propellers (see 6.2), with optimum resistance to dealloying
' . corroasion. . X

2. APPLICABLE NOCUMENTS

2.1 The followinqg documéntd OFf ene issue ln eflfect on date of invivasiesn feor bide or
requast for propousal, form a part of the specification to the extent specified herein.

SPECIPICATIONS

FEDERAL
PPP-B-585 - Boxes, Wnod, Wirebound.
PPP-B-601 - Boxes, Wood, Cleated-Plywood.
. PPP-B-621 - Boxes, Wood, Nailed and Lock-Corner.
' PPP-C-650 - Crates, Wood, Open and Cavered. .

D) STANDARDS

. . PEDERAL

1 . PED-STD-151 -~ Metals; Test Mcthods. :

. N MILITARY :
! MIL-STD~-105 =~ Sampling Procedures and Tables for Inspectiorn by Attributes.
i .. MIL-STD-129 - Marking for Shipment and Storage.
b ' MIL;STL=248 - Welding and Bra2ing Procedure and Performancc Qualificatien.
i ‘ MIL-STD-278 <~ Fabrication Welding and Inspection;. and Casting Inspection
i. and Repair for Machinery, Piping and Preossure Vessels in
! Ships of the United States Navy. N

> MIL-STD-792 - Identification Marking Reguirements for Spec‘al Pu:posc

Components,

(Copiea of specifications, standards, drawings, and publications required by suppliers
in connection with specific procurement functions should be obtained from the procuring
activity or as directdd by the gontracting officer.)

2.2 Other publications. The following documents form a part of this specificacion
to the extent specified nerein. Unless otherwise indicated, the issue in effect on date of
invitation for bids or request for proposal shall apply.

UNIFORM CLASSIPICATION COMMITTEE
Uniform Freight Classification Rules.

]
(Application far copies should be addressed to the Unifcorm Classification Committes,
Room 1106, 222 South Riverside Plaza, Chicago, Illinois 60606.)

. .. : NATIONAL CLASSIFICATION S0AHN
- ’ National Motor Freight Classification Rules.

tApplxcatxon tor copies should be addressed -to the National Motor Freight Traffic -
Rssociation, Inc., 1616 °P" Street N.W., Washington, D.C. 20036.)

AMERICAN SOCIETY POR TESTING AND MATERIALS (ASTM)
. . . EB-69 ~ Methods of Tansion Testing of Metallic Materials,

(Appltcacxon for copien should be addreszsed to the American Society for Testing and
Materials, 1915 Race Street, Philadelphia, Penansylvania 19103.)

FSC MECA

v : ' F-48



MIL-B-24480 (SHIPS) ‘

{Technical Eociety and technical -association specifications and standards are genrerally

available for reference from libraries. They are also distributed amonq technical groups

and using Federal agencies.)

3. REQUIREMENTS

3.1

Chemical composition.

fied in table I.

-

Castings shall conform to the chemical composition speci-

.

Table I - Chemical compositiorn. (percent).
° i/ : - Copper pius sum of
Copper Manganese, | dickel | Iron~ Aluminun <| Silicon Lead named elements , «
79.0 0.75-1.5 4.0-5.0 ] 3.5-4.5| 8,5-9.5 0.10 0.03 99,50 min.
min. max. max. max. .

Iron shall not exceed the nickel content. .

3.1.1

The contractor shail furnish an analysis of ecach melt of castings showing the
percentage of each of the named elements given in table I.

3.2 Mechanical propertics.

ance with

3.3.

The mechanical properties of the castinqgs shall be as
specified In table II and shall be detecrmined after temper anncal heat treatment in accord-

. Table II - Mechanical properties.

Tensile strength,

Yield strength,

Elongation in
2 inches,

minimum mxnlmuml/ minimum
(p.s.i.) ° (p.s.i.) (percent)
85,000 35,000 -15.,0

3.3
1250* + 50

Regaxr of
with HIL-STD°

conformanc

J. 4L

in accorda

3.4

4

=" At 0.5 percent extension under load.

ﬂeat treatment.

¥Fahranheit (F ) 6 hours minimum, followed by air cooling.

e vxth MIL STD-248.

Postweld heat treatment.

nce with 3.3,

1 Omission of postweld heat treatment.

weld repaired castings shall be postweld heat-treated
mxcept as specified in 3.4.1.1. PRedetermination of the mechanical

properties is not required after postweld heat treatment.

Castings shall be given a temper anncal heat treatment at

castxngs. Repair welding of castings shall be performed in accordance
ing procedure qualification, prior to production welding, shall be in

Postweld heat treatment is not ‘required

.when the repair 1s made on the non-seawater side of the casting, provxded the heat-affected

zone does not extend within 1/4¢ ‘inch of the seawater side.

water shall be identified on the casting drawing.

3.4.2

with a ring of greaselesas white paint prior to submission for final iAspection.

3.5

Identification of rcpaired areas.

Preproduction foundry control.

when specified

produced under foundry contral acceptable to the procuring activity.
consist of the examination of castings by radiograghic or other methods specified by the
procuring activity until the gating, pouran, and other foundry practices have been' estab-

Surfaces in contact with sea-

Repaired areas of castans shall be encircled

e

(see 6.1), castings shall be

Foundry control shall

lished to produce castings meeting the quality standards agreed upon by the procuring

activity a
procuring

‘3.6

nd the contractor

activity,

Nondestructive test inspection (production cast

{sec 6,1},
the practices shall not be changed vi:hout demonstration,

when the foundry practices have been so established,
to the satisfaction of the
that the change does hot adversely affcct the quality of the castings.

- Nondestructive test in-

ings)
spection sRall De conductcd in accordance with MIL-STD-273, asod upon the applicable cate-

gory and sub-rategory of the casting,

enced ther

2

ein.

for conformance with the acceptancre criteria refer-

F-49

These categories shall be noted on the casting drawing

(see 6.1).
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MIL-B-24480(SHIPS)

3.7 Identification marking. When castings are of sufficient aizc, cach casting shall
be permanently marked with the following identificatior data in conformance with MIL-STD-792:

ta) Specification number.

(b} Manufacturer's name or trademark.
(c) Melt or lot number.

(d) Pattern or drawing number.

3.7.1 when castings are of a size that individual marking is impracticable, castings
of the same lot or melt and pattern shall be wired together oc placed in a container, or
otherwise segregyated, and 2 metal tag containing the data required in 1.7 attached thereto.

3.8 Oimensions. The responsibility for furnishing castings that can be laid out and
machined to the finished dimensioas within the specified drawing tolerances, and that will
conform to such gages as may be specified in individual cases, shall rest with the contrac-
tor. Sufficient stock shall be ullowed for shrinkage, and whers required, for subgequent

" machining. Castings of excessive size or wcight, however, shall not be furnished.

1.9 cCleaning. Castings shall have heads and gates remaved, shall Le thoraiignly
cleaned, and a1l sand, fins, excessive rough spots and similar conditions removed by
mechanical means prior to 2ifial ingpecciodn.

1.10 wWorkmanship. Castings shall be free of injurious blowholes, porosity., hard spots,
cracks, and other defects revealed by manufacturing operations subsequent to final accept-
ance.

4. QUALITY ASSURANCE PROVISIONS .

4.1 Responsibility for inspection. Unless otherwise specificd in the contract or
purchase otrder, the supplier is responsible for the performance of all inspection require-
ments as specified herein. Exceplt as otherwise specified in the contract or order, the
supplier may use his own or any other facilities suitabie for the performance of the in-
spection raquirements speoified herein, unless disapproved by the Government. The Govern-
ment reserves the right to perform any of the inspections set forth in the specification
where such inspections arae deemed necessary to assure supplies and services coanform to
praacrived requirzements. - ’

4.2 Llot.

4.2.1 Chemical analysis. For purpose of chemical 5nalysis. a lot shall consistc of all
castings poured from one heat. b L

4.2.2 ﬂ}chanical properties. For purposes of Jdetermining mechanical proverzies, a lot
anall consist of all castings {rom the same heat, heat-trecated in the same furnace charge.

4.3 Sampling.

4.3.1 Sampling for chemical analysis. A sample for chemical analysis shall be select-
ed from test coupons or from répresentative castings in accerdance with method 11l or 112
of FED-5TD-151.

4.3.2 Sampling for mechanical tests,

4.3.2.1 Separately cast cougons. Except as specified in 4.3.2.2 and 4.3.2.3, at least
two separately cast test ccupons having the form and dimensions shown in figure 1 shall be
pourad from each lot. A standard xeel block castiag or scparately tisered test coupons are
pernaitted.

4.3.2.2 Attached coupon. When specificd {sae 6.1), of Lf the manufacturer ao Jecsires
and the procedure is satisfactory to the purchaser, test couupons 3t least one inch thick and
five inches long may be attached %o the castings as follows:

{(a) Each casting weighing 250 pounds or more shall have at least one test
coupon attached thereto. Location of the test coupon shall be as
agreed to by the procuring activity and. the manufacturer.

(b) For castings waighing less than 250 pounds, xt least one test coupan
shall be attached to each of two or more castings in each lot.
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4.3.2.3 Sample castings. When specified (see 6.l1), or if the manufacturer so desires
and the procedure 13 satisfactory to the purchaser, a casting from the lot may be used in
lieu of spearately cast or attached test coupons. In such cases, two test coupons shall be
selected.  If the wall thickness of the casting varies by more than one inch, one coupon
shall be fepresentativd of a heavy wall section and the other of a light wall section.

4.3.2.4 Identification of test coupons. All test bars shall be identified with the
proper heat or lot number.

4.3.2.5 Chilling of test coupons. The use of chills is prohibited in casting test
bars or test coupons, except when authorization is given by the procuring activity to cast
all castings of the lot in chill molds.

4.3.3 Sampling for visual and dimensional examination. From each lot, samples shall
be selected Ffor visual and dimensional examination in accordance with MIL-STD-105 at inspec-
tion level I. The acceptable Quality Level (AQL) shall be 4.0 percent defective.

] 4.4 Visual and dimensional cxamination. Each of the castings selected in 4.3.3 shail
be visually and dimenSionally examined for conformance with the specification. Any casting
in the lot containing one or more visual or dimensional defects shall be considered a
defective item and shall be cause for rejection. If the number of defective items found in
the lot equals or exceeds the rejection number specified in MIL-STD-10S, this shall be cause
for rejection of the lot, subject to the resubmittal provisions of MIL-STD-10S5.

4.5 Examination of preparation for delivery. Packaging and packihq shall be examined
for compliance with thé requirements Of section 3. Examination shall be in accordance with
MIL-STD-10S, with an AQL of 4 percent defective.

4.6 Tesat grocédures.

4.6.1 Chemical analysis. The sample obtained in 4.3.1 shall be analyzed in accordancs
with method III or 112 of FED-STD-151 for compliance with table I.

.

4.6.2 Mechanical properties.

4.6.2.1 Preparation of specimens. Samples selected in 4.).2 shall be machined,to the
form and dimensions of the standard 0.500 inch round tension test specimen of ASTM E8-69.
In the event that a sample casting (see 4.3.2.3) has a wall thickness less than 0.750 inch,
the largest practicable standard round tension test specimen of ASTM E8-69 shall be prepared.

4.6.2.2 Tension tests. Tension tests shall be conducted.in accordance with the proce-
dures specified in ASTM EB-69 to determine compliance with 3.2. * =

4.6.2.3 Reg}acément of test specimens. If any test specimen shows defective machining
or reveals casting defects, the specimen may be discarded and replaced by another specimen.

4.7 Rejection and retest. -It any specimen fails to conform to the requirements of
this specification, It shall be cause for rejection of the lot, except .as specified in 4.4,
subject to the retest provisions of FED-STD-151.

5. PREPARATION FOR DELIVERY

(The preparation for delivery requirements specified herein apply only for direct
Governmnent procurements.) ) .

$.1 Packaging and packing.

5.1.1 General.

$5.1.1.1 Wwhen practicable, shipping containers shall be of uniform size, minimum welght
and cube, and shall contain the identical number of castings of the same pattern. Containersa
shall be designed to fit the contents in a compact manner. Castings shall be blocked,
braced, or otherwise secured to prevent their movement and damage within the shipping .ui.-
tainers duzsing shipment, handling, and storage.

5.1.1.2 Ffinished or polished castings. Finished or polished castings shall be pack-
aged and packed to atford protection against deterioration and damage. Where practicable,
castings shall be boxed or crated in containers as specified for the required level of
packing (see 5.2). When containers are not practicable, finished or polished castings shall
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have such surfaces protécted by a wrap or cover of neu.ral, flexible barrier materisl and
wood batten strips. The batten strips shall be secured in place vlth naillels type, cox-
Tosinn-~zesistant treated steel strips. .

5.1.1.3 Rough castings. Unless otherwise specified (see 6.1), rough castings not
susceptible to damage during shipment, handling, or storage may be shipped unpacked or
bundled. <Castings that ara susceptible to damage shall be packed in containers as specified
for the level of packing required (see 5.2).

5.1.1.4 Castings having pro ections. Caatings haviﬁb projections shall be either
packed in containers as specifie or the level of packing required (gee 5.2), or protected
with a wrap or cover of neutral, flexible barrier material and wood battens. The batten
atrips shall be secured in place thh nailless type, corrosion-registant treated steel
straps.

5.2 Packin Packing shall be level A B, or C, an ‘specified (ses 6.1). Unless
othervise specIerd (sce 6.1}, selection of the container including style, for the packing
lave) requirard, ghall he at the supplier's aption.

§.2.1 Levels A and B containers.,

5.2.1.1 Small castings weighing up to 250 pounds each shall be packed in containe:s
cantorninq to the following specifications:

~

TYPE OR CLASS o
SPECIPICATION CONTAINER LEVEL A LEVEL B
PPP-8-535 wood-wirebound * class 2 Class 1
PPP-B-601 wWood-cleated-ply- Overseas- Domestic

wood Grade 8
PPP-B-621 Wood-nailed and Class 2~ Class 1
' lock-corner Grade B
PPP=-C-650 Wood-open and Open " Open
- covered .

Container clasure shall be in accordance with the applicable container specification cor
appendix thereto.- The gross weight of wood boxes shall not exceed approximately 250 pounds,
unless the weight of a single casting exceeds that weight. Boxes exceeding 200 pounds gross
weight shall be modified by the addition of skids in accordance with the applicable box
specification. : . .

s.221.2 Large recugh castings weighing more than 250 pounds each require no packing
except that, when specified for convenience in handling due to aize and shape, the items
shall be secured on skids or pallets. Large finished or polished castings having projsctions
or surfaces that may be damaged shall be packed as specified in 5.1.1.2 and shall be ade-
guataly anchored, blocked, or braced to prevent damage. Containers, when required, shall be
as spacified in S.R.X.l. -

$5.2.2 Level C. Castings shall be packed for shipment in a manner acceptable to the
ccamon carrier and which will insure safe delivery at destination in a satisfactory condi-
tion at the lowest applicable rate. Containers, packing, or sethod of shipment shall comply
with Uniform Freight or National Motor Freight Classification Rules or Reqgulations or other
carrier rules as applicable to the mode of transportation.

5.3 Marking. In dddition to any special marking required by 3.7 herein, or by the
contract or order (see 6.1), castings unpacked, bundled, palletized, or skidded, and
shipping containers shall be marked for shipment and storage in agcordance with MIL-STD-129.

$.3.1 cial marking. Bach bundle, palletized or skidded load, shipping container,
ard unpaz Xed casting sha marked with the name of material, pattern or mold nuamber as
spevifiad on the applicable drawing, thia specification number, ccntractor's name, and
contract or order 1u:ber.
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.y

6. NOTES

.6.1. Ordering data. Procurement documents should specify the following:
(a) Title. number, and da:e of this specxfxcatxon. .
(b) Pattern br drawing number.
(c) whether pattern is to be furnished.
{(d) Quantity of castings required. .
(e} When preproduction foundry control {s required (see 3.5).
(£) Method of examination and quality standards to be met during pre~

production foundry .control (see 3.5).
{g) Category and sub-category of casting noted on drawing (see 3.6).
{h) Whether attached test coupons are required (see 4.3.2.2).
(1) whether test coupons from a sample casting are required (see 4.3.2.3).
(j) When rough castings may be shipped unpacked or bundled (see S5.1.1. 3).
(k) Level of packing required (see 5.2).
(1) Selection of contiiners and style if other than supplier's option °
(see 5.2).
- (m) Special markings required (see S5.3).
§.2 Propeller alloys are covered by MIJL-B-21230 (see 1.1}.
. ’ Preparing activity:
- Navy - SH
R (Project MECA-NO4?)
. -~
\
6
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SHANKMAN ASSOCIATES

Metallurgical Consultants
Materials Engineers

; ; 19711 LITTLE HARBOR DRIVE
A. D. SHANKMAN, TECHNICAL DIRECTOR _ o : HUNTINGTON BEACH, CA 92648
- - (714) 960-1020

~ August 14, 1979

Mr.. Dave Alfson

Global Marine Development Inc.
2302 Martin Street

Irvine, CA 92715

SUBJECT: Preliminary Material Recommendations for the

.OTEC 10/40 Universal Joint Bearing Pin Forging
Because of their excellent hardenability, the nickel alloy steels
are used exclusively for heavy forgings such as for tarblne rotors
and shafts. The ASTM A293 and A470 specifications are applicable.
They call for normalizing or double normal*ztng and tempering the
massive cross sections to produce varying mechanical properties

Minimum properties for the vacuum melted 3.00 Nickel =0. 27 Carbon
grade is: . o

uTS ' ¥s »,‘Eiohg. ‘sRA  C, Impact
100 ksi .80 ksi 17% 458 25 ft lbs

For a 30 year service life in the sea water environment, the corro-
sion resistance will have to be maximized. It appears that this can
best be done with an Inconel 625 type claddlng The coefficient of
thermal expansion of Inconel 625 is 7.1 x 107° in./in./°F, that of
an alloy steel abcut 6.8 x 106-6, so that welding the cladding except
for the necessary preheat will not present any difficult problems.

A final heat treat/stress relief of thls pairing should present no

problems either. -
A. D. Shankman 7

ADS/pm
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INCONEL nickel-chromium alloy 625 is used for

its high strength, excellent fabricability (including"

joining), and outstanding corrosion resistance. Serv-
ice temperatures range from cryogenic to 1800°F.
Composition is shown in Tabie 1.

Strength of INCONEL ailoy 625 is derived from
the stifiening effect of molybdenum and columbium
on its nickel-chromium matrix; thus precipitation-
hardening treatments are aot required. This com-
hination of elements also is responsible for superior
resistance to a wide range of corrosive eavironments
of unucual severity as well as to high-temperature
eftects such as oxidation and carburization.

INCONEL alloy 625 is readiiy fabricatad by com-
mon industrial practices. Two companion welding
products —INCONEL Filler Metal 625 and
INCONEL Welding Electrode 112—ensure achieve-
ment of high-quality joints with strength and cor-
rosion resistance compdrable to those of the base
material.

The properties of INCONEL alloy 625 that make
it an excellent choice for sea-water applications are
freedom from local attack (pitting and ¢revice cor-
rosion), high corrosion-fatigue strength, high tensile
strength, and resistance to chloride-ion stress-cor-

rosion cracking. It is used as wire rope for mooring:

cables, propeller blades for motor patrol gunboats,
submarine auxiliary propulsion motors, submarine
quick-disconnect fittings, submarine propulsion pump
motors, exhaust ducts for Navy utility boats, sheath-
ing for undersea communication cables, submarine
transducer controls, and steam-line bellows. Poten-
tial applications are springs, seals, bellows for sub-
merged contrcls, electrical cable connectors, fasteners,

flexure davices, and oceanographic instrument com-
‘ponerts.

High tensile, creep, and rupture strength; out-

” standing fatigue and thermal-{atigue strength; oxida-

tion resistance; and excellent weldability and braze-
ability are the properties of INCONEL alloy 625
that make it interesting to the aerospace field. It is
being used in su;h appiications  as aircraft ducting

systems, engine exhaust systems, thrust-reverser sys.

tems, resistance-weided honeycomb structures for
housing engine controls, fuel and hydraulic line tub-
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ing, spray bars, tellows, turbine shroud rings, and
heat-exchanger tubing n énvironmental concrol sys-
tems. it is aiso suiradble for cumbustivu system transi-
tion liners, turbine seals, compressor vanes, and
thrust-chamber tubing for rocket motors.

" The outstanding and versatile corrosion resistance
of INCONEL alloy 5625 under a wide range of tem-
peratures and pressures is a primary reason for its
wide acceptance in the chemical processing fisld.
Because of its ease of fabrication, it is made into a
variety of components for plant equipment. Its high
strength enables it to be used, for example, in thinner-
walled vessels or tubing than possible with other
materials, thus improving heat transfer and saving
weight. Some applications requiring the combination
of strength and corrosion resistance offered’ by
INCONEL alloy 625 are bubble caps, tubing, reac-
tion vessels, distillation columns, heat exchangers,
transfer piping, and valves. '

In the nuclear field, INCONEL alloy 625 is being
specified for reactor-core and controi-rod components
in nuclear water reactors. The material was sclected
because of its high strength, excellent uniformn corro-
sion resistance, resistance to stress cracking and
excellent pitting resistance in 500°-600°F water. Alley
625 is also being considered in advanced reactor
concepts because of its high allowable design strength
at elevated temperatures, especially between 1200°-
1400°F. . -

The properties given in this builetin, results of
extensive testing, are typical of the alloy but should
not be used for specification purposes. Applicable
specifications appear in the last section of this
publication. .

Table 1 — Limiting Chemical Compositien, %,

. Nickei 8al. Manganese 0.50 max.
Chromium 20.00-23.00 Siiicon 0.50 max.
Iron 5.0C max. Phosphorus 0.015 max.
Malybdenum " 8.00-10.00 Sulfur 0.015 max
Columbium ~ .. Aluminum 0.43 max.

{plus Tantalum) 3.15-4.15 Titanium 0.40 max.
Carbon 0,10 mar. Cnpalts 1,00 max.

* 1t dJetermined.




CORROSION

The high alloy content of INCONEL alloy 625
enables it to withstand a wide variety of severe cor-
rosive environments. In mild environments such as
the atmosphere, fresh and sea water, neutral salts,
and alkaline media there is almost no attack. In more
severe corrosive environments the combination of
nickel and chromium provides resistance to oxidizing
chemicals, whereas the high nickel and molybdenum
contents supply resistance to nonoxidizing environ-
ments. The high molybdenum content also makes
this alloy very resistant to pitting and crevice cor-
rosion, and columbium acts to stabilize the alloy
against sensitization during welding, thereby pre-
venting subsequent intergranular cracking. Also, the
high nickel content provides freedom from chloride-
ion stress-corrosion cracking.

This combination of characteristics makes IN-
CONEL alloy 625 useful over a broad spectrum of
corrosive conditions. For instance, it has been recom-
mended as a material of construction for a storage

_tank_to handle chermical wastes, including hydro-
chloric and nitric acids—chemicals which represent
directly opposite types of corrosion problems. Ma-
terials which resist either one of these acids are
normally severely attacked by the other.

More general information may be found in
RESISTANCE OF HUNTINGTON ALLOYS TO
CORROSION".

b4
INTERGRANULAR CORROSION

It is in resistance to intergranular corrosion due
to sensitization that the alloy shows outstanding
performance. In general, nickel-chromium and
nickel-iron-chromium alloys are subject to severe
intergranular corrosion in some very aggressive en-
vironments if they are heat-treated to produce sensi-
tization. INCONEL alloy 625 shows unusual stability
after being welded or when subjected to heat treat-
ments that result in serious sensitization of other
nickel-chromium and nickel-iron-chromium alloys.
In laboratory tests the most severe sensitizing heat
treatment studied caused only a twofold increase in
Huey test rate (see Figure 21).

Because even deliberately sensitized INCONEL
alloy 625 corrodes at a very low rate in nitric acid,
solution treating after welding is not necessary.

Another method for determining the susceptibility
of nickel-chromium-molybdenum alloys to intergran-
ular attack is the ferric sulfate-sulfuric acid test3. In
this test, specimens are subjected to heat treatment
nurially expecred vo produce sensitization and then
immersed in a solution of 30% H,SO, containing 42
gram/liter Fe2(SO, ) for 24 hr. Such specimens of
INCONEL ailoy 625 exhibited relatively low corro-’
sion rates throughout the range of heat treatments

Corrosion Resistance

RESISTANCE

experienced. In laboratory tests, sheet specimens
solution-treated 2200°F/20 min, ‘W.Q., heat-treated
at a lower temperature for 1 hr, and subjected tc the
ferric sulfate-sulfuric acid test corroded at the fol-
lowing rates:
Heat Treatment Corrosion
Temperature, °F/1hr Rate, mpy

1000 67
1100 55
1200 37
1300 .71
1400 52
1500 52
1600 78
1800 57
1900 48
2000 48
2100 65
2200 69
80 L}
60} 4
>
Y .
£ o
g 40k E
€
E H
]
T 20 e
3
o
Q "e A L H
1000 1200 1400 1600 1800

Temperature, °F

Figure 21 — Effect of sensitizing heat treatment on cor-
rosion of INCONEL alloy 625 in boiling 65% nitric acid
{Huey test~~averuge of 5 periods).

ATMOSPHERIC CORROSION

INCONEL alloy 625 shows negligible corrosion
on exposure to marine, industrial, and rurai atmos-
pheres.

CORROCSION BY WATER

In fresh waters, corrosion rates are essentially zero.
INCONEL alloy 625 is recommended for resistance
to high-velocity sea water and brine. In sea water,
under both stagnant and flowing conditions, weight
losses are extremely low (see Table 13). In such
environments it is highly resistant to pitting, chloride-

ion stress-corrosion cracking, and crevice attack.’

Its excellent corrosion-fatigue strength is shown in
Table 14.
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INCONEL alloy 625 is highly resistant to attack ‘Table 15 — Corrosion Rates, mpy, in 15%,
by brackish water. For example, corrosion rates were Concentraiion Suituric Acid at 176°F
<?; "gpy ;: these two e;;viron;n;nts:o 70% NaCl ' Solutian Saturated with ~
1) Brackish water in Newark Bay. 0.70% NaCl, ‘
1000 ppm Ca'** as CaCo3z, pH 6.7, 60 ppm Allay Alr Nitragen
HCL. Temperature, 45°F. Test duration, 60 INCONEL alloy 625 7 -7
days. Aeration, moderate. Agitation, low. ::(égto: 3:;” gg? _ }; ;
(2) Delaware River water (brackish) at Delaware I NCOLgY :”g; a0 . 2
City, Delaware. Temperature, Boiling. Test - : h

duration, 167 days. Aeration, not inteation-
lly, but open to air. Agxtauon, by bmhng,

Hydrachlaric Acid
flow low, however. -

The nickei and molybdenum contents of INCO-

Toble 13 — Corrosion in Sea Woter 4 NEL alloy 625 impart resistance to hydrochloric

acid.
Exposure,  ° Type of Weight In laboratory solutions of hydrochloric acid at
: dg’, = 5."“',‘“‘“‘ Lass, gram 150°F, corrosion rates wers:
" Stress-Corrosion Tests {4 x 12 x Y% in. specimens with 2-1n. ¢lreular welds; :
material annealed at 18C0°F prior ‘:o welding) b Ac1d' Corrosion
Concentration, %  Rate, mpy
180 - : 0.0 P 7
35 - a0l '
Immersion in Quiet Sea Water (4 x 12 x ¥ in. specimens) ¢ 10 81
{gg cP:!am agg 15 65
revice
355 Plain 0.02 20 50
363 _ Cravice 0.04 25 38
Ymersion i inf Flowing (2 fps) Sea wPa|ter 4x5x% in. specimcegzh 30 34
ain R . .
i e |8 -
2111 5 iy
365 . Crevce ] Hydrofiluoric Acid
‘ Crevica indicates 1:4 in. fider washer boited tu canter of pane face. .INCONEL ano}' 625 is used to 1_““: a hyc}roﬂuouc
o Yona of the speciment ailed. acid generator which reacts sulfuric acid with fluor- -
‘spar; it is also used for fittings, piping, etc. internal
. to the generator. In 60-day exposure in the top of an
Yalsle 14 — Corrosion Fatigue Sirength in Sea Water HF stnppmg column, a test spedmen cqrrcded uni-
Tensile | Yiald Strangth Corrasion Faligue formly at a rate of 5 mpy.
Strength, | (0.29 Oftset), Elengation, Strength (10s Cycles),
psi psi % psl
129,500 65,000 53 49-55,000 Phosphoric Acld
149,000 98,000 a8, 51,000 INCONEL alloy 625 shows excellent resistance to
144,000 80,800 49 48,000 boiling phosphoric acid solutions in concentrations

up to about 50% (see Figure 22). Above 509 con-
 CORROSIGN BY ACIOS . . centration, the rates increase sharply with increasing
Suifuric Acid ’ concentration. In a solution of 55% phosphoric acid

and 0.8% hydrofluoric acid at boiling temperature,
Laboratory data on the performance of INCONEL the alloy showed a corrosion rate of 16.5 mpy in a

alloy 625 in sulfuric acid are shown in Table 15.  48-hour test. Corrosion rates in other media contain- -
Additional -tests in acid of other concentratioris at 1ng phosphoric acid are shown in Table 16. -
176°F yielded the following corrusion rates: .

15% 7.4 mpy ’

0% " 17 mpy Nigric Acid

60% 28 mpy ' INCONEL alloy 625 has good resistance to nitric

709% 64 mpy
80% 90 mpy
Investigations are being conducted to further de-
fine concentration and temperature relationships.
Corrosion resistance at- the boiling point, however,
has been poor in all concentrations studied.
Ina pickling bath solution containing 28% sulfuric
acid and 5.995 hydrofiuérié acid at '20" 173°F, cor: e
rcsion rate was 49 mpy. i : '

acid. A corrosion rate of 30 mpy (in boiling 65%
nitric acid) is typical for this alloy in either the
annealed or solution-treated condition. See also the
section on Intergranular Corrosion.

12
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Table 16 — Corrosion in Media Containing Phosphoric Acid®

Carrosion Corrasion
Test Condition Rats, mpy Test Condition Rate, mpy
Phosphoric acid (wet process), 28%; (P.0s 209%), sulfuric acid Phosphoric acid, wet pracess, 989 (7195 P.0.), sulfuric acid
20-229%, fuoride abdut 1-1.5%, probably as fiuosilicic acid. 4-6%,, iron and atuminum 2.8- 30% as tuoxndes fivorine com-
Temperature, 180°-230°F. Test, 42 days. Aeration, maderate. pounds 0.5-1.0%; (calculated as fluoride). Temperature, 390°-
Agitation, naturat convection only. 1.4 460°F8 Ouration, 70 days. Aeration.lexrtensive. Agitation, pres- 66
nt—. mp. Location, in hot weil of evaporator. X
Phosphoric acid 999 (72% P.0,), wet process, sulfuric acid ent—by pump L.oc °
3.79% (3.09% SO0,), fluoride 0.5%. Temperature, 60°-600°F. Phosphoric acid $5% (409 P;0), sulfuric acid 3.0% (2.5%
Duration, approximately 20.8 days. Aeration, moderate. Agita- S0,), calcium sulfate (hemihydrate) slurry; fluorine com-
tion, only sufficient to break up foam. . 14.8 pounds. Liquid phase, Gases containing H.0 and Sif, are

Exhaust gases from evaporator; entrained phosphoric acid,
sulfuric acid vapor, sulfur trioxide, nitrous acid, silicon tetra-
fluoride, water vapor; sprayed with water containing phos-
phoric acid 0.19%, sulfuric acid 0.06%3, combined flucride, 0.19%.
Temperature, 50°-355°F. Quration, approximately 20.8 days.
Aeration, extensive. Agitation, constantly sprayed with water. 12.9

Gases containing HF, SiF., SO, with entrained H,PO, (727
P:04), H:S0. 3.7% (3.09% SO,). Temperature, 60"-650°F.
Duration, approximately 20.8 days. Aeration, extensive. Agita-
tion, fast-moving gas stream. 21

Vapar above phasphoric acid, 33.5% (67.8%; P05}, wet process,
containing about 4.3% sulfuric acid and 4.497 iron and alumi-
num oxides. Fluoride is present, below 1.5%. Temperature,
375°-410°F. Test duration, 52 days.-Aeration, moderate. Agita-
tion, rapid, 30

evolved. Foam distribution process. Temperature, 221°-261°F.
Duration, 18.7 days. Aeration, none. Agitation, 0.8 fps. Loca-
tion, reaction zone of extraction vessel. -24v

Phosphoric acid, wet process, 39% (289 P,04), sulturic acid
2%, hydrofluesilicic and hydroﬂuonc aclds in trace amounts;
total fluoride equivalent about 1.29%. Suspended gypsum 30%
of suspension weight. Liquid phase. Temperature, 170°-183"F.
Ouration, 96 days. Aeration, moderate. Agitation, strong. 0.7

11-13%; fluosilicic acid plus undescribed impurities from wet |,
process phosphoric acid. Liquid phase. Temperature, 140° to
165°F. Duration, 49 days. Aeration, extensive. Agitation, little.

oo
wn

* No pitting occurred except In one Instancs as ncied.
U Pitting—0,003-in. ring outside spacer.

300 e N A B r
280}
260} -
240
220}
200

180}

160 s o3 L
ampies Lying on
140 Bottom ofyesgkor

120

Corrosion Rate, mpy

Suspended Samples

20

0 i "
0 10 20 30 40 S50 60 70 80 90

Concentration. 7

Figure 22—Corrosion in boiling phasphoric acid solutions.

Organic Acids

The composition of INCONEL alloy 625 is indica-
tive of excellent resistance to a wide range of boiling,
concentrated organic acids, but the availability of

other materials that give good service in these en-

vironments has limited its use.

CORROSION BY ALKALIES

In laboratory tests in boiling 50% sodium hydrox-
ide, specimens of INCONEL alloy 625 had a corro-
sion rate of 0.5 mpy (average penetration of duplicate
samples run for Sve 48-hr periods). In stress-corrosion
tests, no cracking occurred in 500-hr exposure to
boiling 50% sodium hydroxide.

CORROSION BY SALTS

INCONEL alloy 625 has resistance to corrosion
in a variety of salt solutions. Typxcal test results are
shown in Table 17.

In a laboratory stress-corrosion-cracking test, 6 x
¥4 x 3% in. U-bend specimens of annealed material
were exposed to a boiling 45% magnesium chloride
solution for 90 days. No evidence of cracking was
found.

The molybdenum content of INCONEL alloy 625
bas a beneficia} effect on pitting resistance. Todemon-
strate this, 2- by 4-in. samples were exposed to an

F-55
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INCONEL ailloy 8295

acidified ferric chloride solution (10.8%% concentra-
tion salts) at 95°F for 4 hr. The severity of the test
can be seen from the attack on ailoys containing very
little molybdenum (Figure 23). Type 304 stainless
steel (0.2% Mo*) and INCOLOY alloy 800 (0.19%
Mo*) are severely. pitted. A striking improvement
can be seen in the next two alloys (Type 316 stainless
steel and INCOLOY alloy 823), each of which has
about 3% Mo. INCOLQY alloy 901 (56.295 Mo)
shows increased resistance, and INCONEL alloy 623
(8.8% Mo) exhibits no visible pitting.

Figure 23 — Resistance to pitting attack in ferric chloride
solutien: (1) Type 304 stoinless steel, 0.2% Mo; {2) IN-
COLOY alloy 800, .17 Mo; (3) Type 316 stainless steel,
2.7% Mo; (4) INCOLOY alloy 825, 3.0% Mo; {5) INCOLOY
alloy 901, 6.2% Mo; (6) INCONEL alloy 625, 3.39% Mo

CORROSION BY FLUOQINE CHLORINE,
AND HYDRQGEN CHLQRIOE

Few specific data are available on the corrosion:
resistance of INCONEL alloy 625 in fluorine, chlo-
rine, and hyc*ogen chloride environments. In some
applications where it would give satisfactory service,
other available materials may be a more economical
choice. Guidelines on the selection of alloys for such
environments may be found in Reference 7.

CORRKROSION BY
MISCELLANEQUS CHEMICALS

INCONEL alloy 625 has shown excellent resistance
to a variety of media made up of several chemical
solutions. Some examples are given in Table 18.

*Chemical analysis of specimen tested.

Table 17 — Corrosion in Media Containing Salts

Media

Corrosion
Rate. mpy

Mazx. Pit-
ting, mil

Five solutions, each singly: calcium chiloride
40%. pH 2, 35%% of time; zinc sulfate 4073
pH 18 359 of time; aluminum suifate 3- ’0,9,
oH 3, 15%; of time; magnesium sulfate 409,
pH 3, 109 of time; zinc chioride 40%, pH 1.3,
5% of time. Temperature, 70°-200°F. Dura-
tion, 73 days x 909. Aeraticn, moderate.
Agitation, Lightin’ Mixer.

Cuprous chioride, cuprous cyaride, p-chloro-
phenol-N-methyl pyrolidone, p-cyanophenaol.
Temperature, 455°F. Duration, <8 hours. Area-
lion, none. Agitation, by boiling only.

Cyanuric chioride (C,N,Cl,) 5-20% in carbon
tetrachloride ar toluene, chlurine 0.59%, cyano-
gan chioride (CNCY) 10,397, hydengen chloride
and phosgene (carbonyi chloride).

519%% MgCl., 193 NaCl, 1% KCl, 2% LiC! as
concentrated from natural Bonneville brines
of 33% solubles. Duralion, 120 hours {100
hours with bring only, 20 hours with 0.293
fluosilicic acid ang 0.1%; HF ‘present). Area-
tion, litlle. Agitaticn, myderate.

Liquid phase. Temperature, 330°-335°F.

Vapor phase. Temperature, 330°-3585"F.

539 MaCl,, 197 NaCl, 19 KCl, 29% LiCl, as
concentrated from natural Bonneville brines
of 33% solubles. Temperature, 335°-395°F.
Duraticn, 200 hours. Aeration, fittle. Agitaticn,
moderate o considerable. P
Vapor phase above 3% magnesiuin chloride
with 8-10,000 ppm HC! in condensate. Tem.
perature, 335°-345°F. Duration, 200 hours.
Aeration, airiree aiter starl-up.

Vapors over 5095 MgCl, with 500-4000 pom
HLl in condensate and 1000 ppm MgCl,. Tem-
oerature, 310°F. Duration, 45 hours. Aeration,
maderate after start-up. Agitation.

50% MgCl, sofution, plus 195 NaCl, 197 KGI,
2% LiCl, concentrating natural Bonnaville brine
from 339% sclubles to 309. Temperature,
310°F. Ouration, 45 hours. Aeratlon hlth
Agitatian, moderate.

e chloride up to 719% (72° Be). Tempera-
ture, 225°F. Duration, 35 days. Aejation, none;

0.l
05

0.5

[FS X, )

2.5

08

0.3

(Scattered
pits)

{Scattered
pitsi

under 28 in. vacuum. Agitation.

s



Working Instructions

Table 18 — Corrosicn in Miscellaneous Chemical Media®

Modia

Corrosion

Media

Carrasion
fate. moy

Esterification. Six days in corrosive media: short chain alcohals,
acetic acid, acetic anitydiide at times: corresponding acetates.
Thirty-nine days in miider media: alcohols, principaily isopro-
py! and butyl, fatty acids (myristic to stearic), corresponding
esters. small amount of p-toluere-sulfonic acid. Water, trace.
Aeration, none. Agitation, medium.

Phospiarus trichioride, PC!y; methyl duchlorophosp‘une
\‘h,PCIz fower concentrations phosphorus oxychioride POCI,;
methoxydichlorophosghine, CH,0PC!;: triethyl phosphate,
{C:H:0),P0: chlorine. Aniydrous. Temperatuse, - 45" 30°F.
Duration, 72 days. Aeration, nona. Agitation, liquid velocity
about i fps.

Methyl dichlorophosphine. (H,PCl.): lower concentrations me-
thoxydichiorophosphine, (H,0PCla); phosphorus trichloride,
PCly: phospharus oxychloride, POCI,; triethyl phosphate,

(C.Hs0);P0. Anhydrous. Temperature, 1957-225°F. Duration,

76 days. Aeration, none. Agitation, rapid.

Phthalic anhydride, unspecified alcohol, phthalate sster, sul-
furic acid < 1%;. Temperature, 60°-275°F. Quration, 138 days.
Aeration, none. Agitation, moderate, mechanical.

Vapor over sebacic acid; sulfuric acid, gH 2-6 Temperature,
room to 220°F. Duration, approx. 65 days. Aeration, extensive.
Agitation, consideraole, by boiling of liguid.

Sodium hydroxide 209, diethylene giyco! 8097. Forming
sadium diethylene-giycolate. addition of dimethyiamine, organic
chioride, forming amide: strongly alkaline. Temperature, am-
bient to 320°F. Duration, 42 cays. Aeration, none. Agitation,
considerable.

Rate, mpy

0.5

0.1

L3

0.3

<01

0.1

Tetramethyithiuramdiscifide, sodium dimethyithiocarbamate,
sodium nilrite and hydrochloric acid; zinc sait of same, zinc
chloride, Temperature, €5°-77°F. Duration, 36 days. Agstation,
mediym

In liquid

In vapor

Separata waste solutions: hydrachlioric acid 5 to 309%. suifuric
acid 10 to 409%, nitric acid 10 to 259, sodium hydroxnde 1t
40%%, sodium carbonate, dlchlorobenznne?.os 37, pomalus 2cid
and fumaric acid < 5%, mono- and dinitrobenzenss and
aniline, traces. Temperature. 104“F. Duration, 127 days. Aera-
tion, moderate. Azitation, pr2seat —by turbine agitator.

Cresylic acid, phenol, formaldehyde. sulfuric acid, ethylene-
diamine, phosphoric acid. sodium nydroxide. barium hydroxide,
carbon dioxide. ammoma. (Batch-basis manufacture of phenolic
resins and varnishes). Temperature, 113°-266°F. Duration, 58
days. Aeration, moderate. Agitation, vapor moving. --velocity
unknrown, Location, initially in product vapor line, later in kettle.

Gresylic acid. ohenol, formaldehyde, sulfuric acid, athylenediz-
mine, phosphoric acid, sodium hydroxide, carbon digxide,
ammonia, barium hydroxide. Corrosive media varied from
mixed phenol and sulfuric acid at 266°F to 2097 sedium hy-
droxide at 212°F. {Batch-basis manufacture of phenolic resins
and varnishes). Temperature, 113°.265°F. Duration, 95.8 days
approximately. Aeration, moderate. Agitation, miid. Lacaticn,
submerged in kettls.

i

<01
<ol

<01

<01

n No pitting occurred exceal in ene instance as noted.
b Max. pitting—1 mil,

HIGH-TEMFERATURE OXIDATION

INCONEL ailoy 625 hds good resistance to ¢xida-
tion and scaling at high temperature. Its perform-
ance in an extremely severe test is shown in compari-

son with that of other materials in
test?,

Figure 24. In this
periodic weight-loss determinations indicate

the ability of the alloy to retain a protective oxide
coating under drastic cyclic conditions. 1800°F is a
temperature at which scaling resistance becomes a

significant factor in service.

6.0 T T T T

5.0p

T

" INCONEL aifoy 601

4.0

3.0~
£ . .
gz o INCONEL alioy 625
= ILHCONEL alloy €00
13

E

Weight Change per iJnit Area,

Hastailoy alioy X
INCONEL ailoy 702

-~2.0 - L L 1 i 1 1 i

.

9 100 200 300 400 SO0 6CG 700 800 900 1000

Time, hr of Cyclic Exsosure
(15 min Heating: S min Cooling)

Figure 24 — Scaling resistance at 1800°F.

WORKING INSTRUCTIONS

HEATING AND BICKLING

General procedures and precautions for heating
INCONEL ailoy 625 (either in preparation for not
working or for achievement of desired mechanical

properties) and recommendatiO'xs for picklinﬁr fhe
HEATING AND

material may be found in F
LING HUNTINGTON ALLQYS!,

F-61
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1.0 ABSTRACT -

This reboft‘defines a dyndmic spherical seal' which minimizes
" the infiltration of warm seawater into the moonpool area of
" the OTEC 10-40 platform; This seal design is a preliminary
design which insures proper sealihg of the sphere/moonpodl

gap. Refinements of the seal assembly might be regquired at

a later date.

G-4



2.0 OBJECTIVES
The -objective of this feport is to define the method of
preventing the relatively warm surface water from mixing with.
the colder, upwelled deep ocean water. This report describes

a device which seals the gap between the platform'F_moonpool

and a sphere attached to the CWP.

3.0 DESIGN REQUIREMENTS

The OTEC 10-40 plant reguires that the température'rise in the
upstreamed cold water not be greater than 1°F. This dictates
that warﬁ water leakage be kept to a minimum. The leakage in
the upper 1000 ft of CWP must be kept within a few percent of
the total flow up the pipe. Since the maximum total flow rate
up the CWP is 4600 ft3/sec. The leak rate in -the upper 1000 ft
must be less than 115 ft?/sec. at a maximﬁm pressure diffefen—

tial of 7.4 psi. (See Reference 1).

The seal assembly will be designed in a manner so that on site

servicing and replacement can be accomplished.



»

4.0 SUMMARY OF RESULTS ‘ ST T T T e s e

o

The Dynamic Spherical Seal (DSS) used to seal the CWP/moonpool
gap will be a compliant, multicomponent.unit. Fiberglass filled
Teflon shoes with a concave mating surface will ride against
the sealing sphere- of the CWP. The low friction Teflon shoes
will be supported by cantilevered stainless steel fingers which
will pfovide inwaré pressure on the shoes to establish initial
sealing. The finger will deflect radially relative'uathe ball
| to accommodate ﬂhangeb in the ball diameter and ball eccentri-
Clty.‘ The flngers w1ll support column loads caused by friction
on the’ seal;ng shoes tendlng to raise or lower the shoes. The
friction force is a result of the sphere rotating in the.DSS

shoes.

An elastomeric boot will encompass the seal. shoe and: finger
assembly. This boot will seal the gaps between adjacent shoes
and fihgeré'while maintaining the compliance necessary for
'latefal and radial defl;ction of the boot.. The lateral deflec-
tion 1is a result of a comﬁination of the sphere beiﬁg out;of=

round, bearing and shaft eeccntricities, and rotational axes

-
-

misalignments. The boot will also expand in circumfersnce tn

meet the changes in sphere<diameter.(See Figs. 1-8, Appendix B
. PR « " hY -

for identification of seal components).




5.0 TECHNCIAL DISCUSSION

N

The main sealing componeht of the DSS was chosen to be 25%
fiberglass filled Teflcon.. This material was chosen because
of Teflon's inherent low coefficient of friction, and the
good burnishing qﬁalities due to the fiberglass £ill. The
burnishing quality is necessary to remove marine growth on
the sphere. Teflon is also resistant to the chemical attack-

of seawater. -

The wear of the Teflon shoes should be minimal due to the low
rotational speed of the sphere (ll.i ft/min) and the low pressure
on the shoes (7.4 psi max). (See Appendix A). The calculated
wear of the shces is approximately 1 mil/year. The wear might
be greater depending on how much marine growth appears on the
sphere. Inspection .of the seal périodically during its service

will dictate the fregquency of replacement of the shces.

The Teflon shoes are supported vertically and horizontally by
a stainless steel finger attached tc the shoe at oné end and

attached to a flange in the moonpool at the other end. (See

Figure 4 in Appendix B). The finger will allow radial move-

ment of the shoe which is necessary to follow inconsi;téncieé
"in the spheres radius. These inconsistancies originate from

the eccentricity, axes misalignment and axes wobble of the

sphere.

As the sphere rotates in the DSS, it exerts a friction force

on the Teflon shoes which tends to either raise or lower the

\
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shoes. 1If the shces are subjected to being raised as the sphere ﬁ

rotates then a column load is induced in the finger. The sup-
port finger will resist vertical movement of the shoe without

buckling. (See Appendix A).

The Teflon seél'face will be machined to conform to the shape
of the sphere and will be compressed to the surface of the sphere
by the differential pressure across the seal. The shoes are

' T-shaped so that they overlap so as not to let water flow up
through the vertical spacing gaps of the shoes. The gaps be-
tween the shoes are to allow the seal to change in diameter to
conform tightly to the sphere. An estimated leakage rate of

3 £+%/sec. is écceptable relative to the design requirements cf
.keeping the‘leakage rate in the upper 1000 ft. of pipe down to

about 115 ft3/sec. (See Appendix A).

The shoe and fiﬁger méchanism.aSSembly will cpnsist:of 80 shoes
equally spaced on a 38 £t diameter, Each shoe will have its own
support finger. To seal this entire assembly é 1" thick, 60

durcometer neqpreﬁe boot will surround this assembly. The boot
will be made in short sections to facilitate replacement of the

seal components.

G-8



The sphere will be constructed of 316 stainless steel. This
material was chosen because of its resistance to seawater s .

corrosion and its high strength,,

G-§



(1)

(2)

REFERENCES
Ocean Thermal Energy Conversion Ccld Water Pipe Preliminary =7
Design Project - Task 2. Analysis for Concept Selection.

Teflon - Mechanical Design Data - Dupont Company



'
~———

APPENDIX A
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1.0 ABSTRACT

The FRP/BALSA Cold Water Pipe alternative for the

OTEC 1040 is examined in order to determine the
maximum stress and required towing force during surface
or subsurface éowing operation. The pipe has an inside
diameter of 30 feet and is constructed of 3/4" fiber-
reinforced plastic inner and outer walls with a

2 inch layer of balsa wood between them. Calculations .
are based on conservative assumptions to shouw thiat the
pipe will nnt he subjected to the maximum allowable
stress.

2.0  OBJECTIVES

The purpose ef this study is to determine if the pro—
posed piée has the structural strength to enable it to
be towed in an open sea with out failing. The two modes
of towing are considered, these being floating with the
ends <capped and submerged with the pipe flooded. Modes
of failure considered are due to longitudinal bending,
local bending, and dynamic loading. In addition, the
required towing force must be determined.

3.0 DESIGN REQUIREMENTS

‘Sea state data for the site shows the significaut wave
‘height remains below 6 feet 88.1 per cent of the time.
Slnce the max’mum wave height per thousand for this sea

<

state is 11l. 55 feet, statistically, a conéér%atlve design

v criterioh of a 12 foot regular wave traln has been chosen.
The Bretschneider period for thls wave is \rI376733_ =
7.35 seconds. 7 '

The ﬁlber relnforced plastlc has a flexural modulus of
2.5 X 10° psi and a maximum allowable stress of approx-
imately 20000 pSL.‘ Neglect the balsa wood in all strength

H-4



calculations.

The towing speed of 6 knots used as a critericn

includes the surface current, regardless of direction.

SUMMARY OF RESULTS

In a sea state with a 6 foot significant wave height

and 12 foct maximum wave heights the pipe line under tow
will sustain maximum longitudinal bending stresses of
1,23 psi. 1In addition to this stress, a local

stress will occur due to the hydrostatic head of water
at the crest of each wave. This local stress was cal-
culated by approximate conservative methods and found

to be about 7,895 psi. The (smbied stress which may

occur is about 13,300 psi.

Buckling stability have not been performed due to the
complexity of the calculations and the preliminary nature
of this report. The stresses calculated are within the
acceptable range for the pipe and it is concluded that

the pipe may be safely towed in the given sea state.

Towing forces required will be in the range of 50,000 lbs

for surface tow and 100,000 lbs 'for a subsurface tow.

A maximum dynamic loading of about 3,000 lbs /ft 1length
of pipe will occur at the wave trough. This is the point
of minimum local stress due to hydrostatic load and

will pfoduce stress lower than 8,000 psi.

Towing the pipe in seastates with lower significant wave
heights will cause all the above stresses to decrease
appreciable amounts. In practice the pipe would be
deployed at a more favorable condition then that assumed

for these calculations.
‘ H-5



TECHNICAL DISCUSSION S -

The pipe is analyzed as a flexible beam supported

on a sinousoidal wave 12 feet high 277 feet long.

"The maximum bending moment is determined by balancing

the pipe weight against the buoyancy‘derived from the

‘pipe submerging.

The maximum local stress due to a-hydfOStatic'head is
determined hy methods defined in reference 1.

Dynamic loadings are calculated due to added mass
entrained as the pipe heaves in the vertical direction.

s
’

Towing forces -are determined.considering friction drag
and pressure drag acting on the submerged portion of the

pipe.

All calculations and methods to determine the regquired

locads and stresses are detailed in the appendix.
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APPENDIX I

W

"PRELIMINARY ANALYSIS FOR OTEC 10/40 CWP
AT SEA DEPLOYMENT UP-ENDING LOADS
30 AUGUST 1979

PREPARED FOR TRW

GLOBAL MARINE DEVELOPMENT INC.
- 2302 Martin Street
Irvine, California 92715




GLOBAL MARINE DEVELOPMENT INC.

To: Yilmaz Ozudogru Date: 5 July 1979

4 1146

Subject: OTEC lq&D COLD WATER PIPE DEPLOYMENT FOR STEADY STATE CONDITION

From: Monty Betts flo

Preliminary analyses have been conducted to determine the relation-
ship between tensile loads maintained in the CWP during deployment
and the radius of curvature/bending stresses that result. The analy-

- sis presumes that deployment is conducted in near-waveless environ-

ment and .. that . body forces but not hydrodynamic forces need
be considered. Three CWP designs have been investigated:

1. 30 ft. diameter fiber reinforced plastic (FRP)
2. Bundle of seven 12 ft. diameter polyethylene pipes
3. 30 ft. diameter pipe, neoprene with steel cables.

Table I is a compilation of data used in analyses of these pipes.
The characteristics pertinent to these analyses are, primarily,
the wet weight/buoyancy per unit length and the relative stiffness
of the pipe. The polyethylene and the neoprene/steel designs are
very flexible and may be analyzed using catenary equations. The
FRP design is stiffer and has been analyzed both by catenary anal- |
ysis and by simple beam theory. The neoprene/steel design is heav-

-ier than water and is thus concave upwards during deployment;

the other two designs are buoyant and are concave downwards.
During the duration of the design effort, a number of alternate

va}ues of CWP buoyancy have been examined and are presented within
this report. These values are listed at the end of Table 1.

cc: Jim Schaf

I-1
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COST ESTIMATES FOR OTEC 10/40

HULL/CWP TRANSITIONS
13 AUGUST 1979

PREPARED FOR TRW

' GLOBAL MARINE DEVELOPMENT iNC.
- 2302 Martin Street
lrvine, California 92715
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macesv_ S TN W.0.No/AF E. No, OFOE 7 —OS// 00

GLOBAL MARINE DEVELOPMENT INC.

SHEETS SHEET NoO.___/

oate Aug =13 1279 TME_OTEC 10/20 POLYETHYLENE '
DESCRIPTION QUAN. UNITS LABOR MAT'L
L M (r7.H) (%)
l\ ) 2" /300" x &0 @ 81.6%a x6 | 38489
: 4 . . o’ » EA ’
L) ” 2-0" x5-0" ©81.6%d xZ | sz
“ 358" a) 0 @8t 6¥a x/) 1999
‘ /” . s ° A
f ’ & x8-8 @8.6%0 x/|_ 37 |
_ ' "Loesar| rsofr| 0| 6937 | 36998
” . . ’ o . &4 #
R 4+ B /13-0 x&-0 @/463.2/0 X/ | 16973
. , o ., &4
_ /0=0 x8—68 @ /da.z%.x/ 10608 ' ,
'_,( ‘ X:S'&/éz 100"r 4’07//.5 2758 22 065
E' # |
(3) 28" 1.0. ( 1" war THK) pPIpE 2078 wo/r | 4% £2 /230
L =8-0"
y | §
4) 12" DIA SOLID STEEL BARS 72256 so%| 384 36 /IR8
| 457 x79-0" @ 384.3+%/Fr r2xg=7é| @ 3.
(ABOVE nIvERSAL)
» .
(5) &7 p1a Socid STEEL BARS /5 92/ so%l 384 2967
- 4EA x35-4" @ 1/2.66%/FT
( BELowW UNIVERSAL) o ‘
l’ (4 &)s  b1A Sowip STEEC BARS 6.760 sos 38¢ 3380
4 EA x50 @ wa. 46 FT
b (® UrNIVERSAL )
‘!/ (70 FLANGE
ty ¢ €A fL4
ay 2/2" pia BOLTS HEAvY HEX /44 2 | o 288 /#40
R vv//vur lonwg 12" crc 8"
38 AsI
. # /
) FB8 2'x87, AL =314 x30-0'=9.8 10532 s20| 20| 432 4+2/3
@ se.4Y, x 2
A=-38
’ €4 # d b, ‘
O /A 8”x/0"@40.8% x 288 §534 2o $76 26 /4
. (28864@ 2Hu> A‘36. J_l

CHECKED BY

ESTIMATE SHEET




. mapeav_2Z- S IM os087-o0S5/ol

W.0.No./AF.E. No.

GLOBAL MARINE -DEVELOPMENT INC.

cHECKEDBY______ ESTIMATE SHEET SHEETS SHEET NO.__ X
oate Aug = /3 1977 NTWE_OTEC /0/20 PoeyETHLENE
DESCRIPTION " QUAN. UNITS LABOR | MAT'L
. o L M (MH) (ﬂ)
. . 1 # )
d) FB 2" x)", L =3/%x30-F =758] 1295 /ZOA- 2% 78 5/8
@ 6.8‘% 25 -
(8) STRAIGHT TRANSITION #l
[YR 300" piA , L= 20-6" a=se| sssasé| wofr| 40| 9083 | éz282 |
() Cowe TrRANSITION o '
/"wT, yop 300" pta., L =38=0" 168,382 | 1é6o/r| 20| 13470 | €7 353
/" wr. sorroM #2-2" b1 (/39 Fr¢) |
(10) STIFFENING RINGS -
: » a4 g . # 1! -
1" R . 18" x/3-0 G408 /a x2 /5.5.3/# SO /14 & EST
. - ] &A
)R 37 xsoz-phe08 Vo' x3" | #7857 /) N W -
81868 | 54 2373 | 24675
(7t) CABLE TERMINATION
| \ ' A . '
& /SR B9 x 36° @ 9‘-0-8%' x & 121176 | so0fr | 40%)  so059 48 970
) L. -/ &5 # )
0BL LBx4X/, 4L=36-6" @ 79.8%, x¢ 16.381 | 120/r| 359 983 £933
» &4
. " L =id=0" @ 748% a4 §.17/ “ v 270 R.160
" )
~ v L =38~/ @ /M,a#/, x& 76.570 - o 994 S$800
5u//>ok7' £ING (A~ 36 ) 2
77 R 10" X 12664 @40.3%' x / 2289 | 1204 | 0%y 257 1776
VY2 6" x 126.12" @ 20.8%/c x 2 Sité | szfr | - 307 2058
(12D Gruine BRACKETS (A ~36) 4
1" B 23 x @08 a x2¢® | suss g0Y / 282
” .8 x 48 @ 40 8% x36% 3934 “ 7574
% 8" x 9" @ w8 292 | 474 " $%90
2" R 34" x 38" @ 8.6%0 x12%° | 88/2 . 2525 |
193997 | 1504 /303 £§95/

J-2
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CHECKED BY_

DATE Aug —/¢ 1979

TITLE

GLOBAL MARINE DEVELOPMENT INC.
ESTIMATE SHEET

W.0.No./AF.E. No, DEOED~05//00
SHEETS SHEET NO. 3
OTEC, 18/20 POLYETHLENE '
DESCRIPTION QUAN. UNITS | LABOR.| MAT'L
L M (rr.1) & )
’ vz V ’ SEE OoTrmHeER
(13) SPHERE 38°-0" D1 MECH SEAL 120 - - 9/3 28 368 SHeer
(/%) STAINLESS STEEL BALL - 12/5 173 200/7— / //.5/7 /722760
SEac SuRFACE 38-p" piA (I'R)
ro 2786 Frie +.3¢+%5" x;
¢'5) ST/IFFNERS
(6/.2 #/FT ) #
~ &7k 39=0" pin x 2% /4220 +O%g S 888
/ /}j’ 25'-3" Long x 3694 5563/ s 22252
380" 214 x )€ 7302 o | RERS
' 27s53" 00" 3858 3086/
(%60 2000 k/1p sSpreRICAL 4€° | 80 | ssecq, 320 | zecooo
BeARING 29" I.D.x48" 0 p)
(/70 BEARING PIN FoRGING 284 | ss0 | /5500 3z0 3/.000
MATL 4330 wiThH NCONE L
8285 CeALDLING (2L 000tD ) ,
25000 8 x2 0@ 52">//A
GALS "
(/80 PAINT. PAINT. 2200 || /| Yew| zzoo | 23000
o
A easr 110000 | +SYL 2R, 40 /3200
TOTAL. 87707 | EEEF3/
picd
LAROR 67 107 MM @ P2/ R = ms7|7 875
AIATERIAL COST | Sar.*B/
/5o HANDLING / 3{25,5_5
B 259277/
J-3
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CHECKED B,

GLOBAL MARINE DEVELOPMENT INC.

- ) _ ESTIMATE SHEET
oate_Auvg =15 1377 .TITLE_ ©7&C /0/4.0

W.0.Noz/A.F.E. No.

SHEETS SHEET NO.__/

OFOB7-05//9L

i

ELASTOME £
‘DESCRIPTION QUAN. UNITS® LABOR MAT'L
' . L M (mr) | (F)
1) 2R Same As poiyernycene) | 9247F | /50/T| #07y|. 737 38.778
.
) 7.”/2“ ( e ) $S /82 /oo‘/r 4.0%4 2958 22,065
) v ” ; g ’y ¢/ A2
(33 48" I.b.°C /" wacL THK) PIPE Jors | #OIT G074 7230
L =4-0"
/ - , .
“4) 19" DJIA 30LI1D STEEL BARS /81 100 SOV /7852 90 550
464 x39-0" @ 963.3%/
k-2 ,
) 10" p1a Sotip STEEL BARS 37.732 soYy| 389 | /8866
| £E8. x35-2" @ 267%
# 2/
€) 10”7 DIA SoLID STEEL BARS /6. 020 sejl 354 50/0
4EA x 150" @ 2697
(2) FLANGE
— ‘ ‘ &9 00 ,
a) 22" DIA BOLTS HEAVY HEX 794 2 10~ 288 /. FE0
w/ vur crec 97
R ) # N
) FB 8 x2/2" 4 =3s/2x30-10 =968 | 8583 2007 40%4 395 2433
: l @ 68 */' x/ &A
#/ . 4 #
c) /1" B B xi2’@s0s5 Yo x 194 3936 FO1h 288 1.57¢
; ” ” ) 4 . ” ’ ‘. '#' )y
d) F8 /'x3”. L'=30-5"x319=9552 974 |27 0 s8 370
@/0.2,“'/' x1 €2
B> TRANSITION  PIPE ”
LR 3p—0” p/A . L= 406" 4-38| /55658 /oo/,. 4—6%5‘ 7983 gz z62
: 2
(9)  SrIFFeENmNG RINGS 61686 | 75fr | 20| 2313 | 296798
J-4




MADE BY H S Ir W.0.No/AF E. No_og.o57-—os//00

GLOBAL MARINE DEVELOPMENT INC.

CHECKED BY. EST!MATE SHEET SHEETS SHEET NO. <
oate Aua =S 1979 TTE_O7EC  18/30 ELASTOMER ‘

DESCRIPTION . QUAN. UNITS | LABOR MAT'L
' L M | (rrHD (& )

o)  SPHERE  38-0" pin. Meen sesc | 120’ - - 9/8 28 348

o
(1) S7za/nceSs STeEC BALL 5193 | 20of| 182 | sy | 182277
SEAL SURFEACE 38-0" b1a (1'R)D
2286 Frt @ /.30 x/

(s2) STIFFANERS . 22753 | ro0/r 20l 3858 30 &6/

73) 2000 KIp SPHER! CAL BEAHARING 46’3 B0 | £0c00 320 z00 000

(2¢” Z.D x 28”7 0.0)

v%) ‘Bé‘Aﬁ/Nc‘r PIN FORGI NG 2 €4 60 | 15500 320 3/.000
MATL £330 wiTH INCONEL
828 Ces00/NG (25 000 Lg)
25000 B x2%4 © s2%/4
. ) . ¢4L.?'
5 /9/9//\/7’. PAINT 1290 \ sr290| /9350
‘ BLAST 35_003 1250 /0 320
TOTAL . #£23/5 | 794849
LABOR 22,315 rmH @ 285/ = L 05). 875]
MATERIA L _ 794 867
/$7o ATAND LI N G . /79230
%
/.97, 19974
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maceev__ A S IM W.0.NoA.F £, No, 07087 =05 1/0¢

GLOBAL MARINE DEVELOPMENT. INC.

CHECKEDBY____ ESTIMATE SHEET SHEETS ___SHEETNO.__/
oate Aug =12 1977 TITLE_ O TEC /0//40 ER P _
DESCRIPTION QUAN. UNITS LABOR MAT’L
L M (r H) (% )
p g U2 R '
U0 2T R SAME As poiyerwycene)| F2.47F | 1S0/T| 497 8737 34 9938
, # H, :
=) + R C - - )| ss/62 /00/4 0%y 2958 | 22045
| “” | | # 4 <40 ‘
(30 48" I.D (1" wAace THKD PIp 3075 | +0/r 74 82 /230 x
L =&"-0" : : '
” : * - i
(P /5" p1A 50L10 STEEL BALS 1128985 .507//,4 768 SE 4358
4€5 x47-0" @ 6004 #/ -
(5) &7 D1A SoLip S7e£e BARS 24./52 oY 384 /2 076 !
+ x28-¢"@ /'m.?"’y:r ' " , \
[ 1
(62 8" pia Socio STEEL BARS /0254 o)) 384 127
2 EA x5 0" @ /70.?”7#7’ ‘
(7) FtaNGe&
H s .
a) 2" pia BOLTS HEAVY HEX /¥ z |roT | 288 | /#F0
"v/'//vu'r' S erc 77
~ fw ‘ * */ ¢/
b) FB 34 x8" L =3./4 x30-10'=98 | 8557 |r20/r) Foyul  $/3 2423
@sst* x) €4 ' '
. i
& s P aars” '@4.5.5% x ._/«4“ 2736 7‘0,% 288 157F -
“ , r II. rZ) # :
d) F B //Z x.3 L =3¢ X3p -5 = 9552 Ix-x-v4 /zo%- 40%‘ 88 SE¢
@r53%. x /€4
(8) T ransirTioN PIPE “
)7 30-0" DIA . L=g0-8" A-3¢| 155658 | roofyr| 40Ty 7783 82.262
(3) ST/FFEN/ING RINGS , #
&
VA -3 /3")(//3'—0"@40.8#51‘& 13.83/ 4
. ” o .
"R 3¢ xs03-74 @40.5%%} 7857 |
| A &6/ 688 | 715/ 0| 233 24675
J-6
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MADE BY.

GLOBAL MARINE DEVELOPMENT INC.’

W.0.No/AF.E. N0 O2OB] =0 5//00

2

CHECKED BY_ ESTIMATE SHEET SHEETS SHEET NO.__
oare AuG —1# /779 TTE__OFEC _/8/20. FRP
DESCRIPTION 'QUAN. UNITS | LABOR | MAT'L
L M (mH) | (%)
v ‘ ’ ‘ S€E OTvER
(/o) 5/0//555 38-0" DIA MECH SEAL /720 - - 9/8 #8 368 sweeT
i‘ # M 80
117 STAINLESS STEEL RBALL 27785793 zoo% /= /78579 184.277
SEAL SURFACE 38-0" om (1"R)
. 2988 Frt @ 9139 %o x/ .
H
“z)  STIFFNERS 27153 | r00/r| #o%y| 3858 30,86/
(13) 2000 K)P SPHERICAL BEARING 24 | gp |s0000| 320 | zooece
(24" .0 x48" 0.p)
(%) BEARING PIN [FoRGING 2 €4 | Jbo |5 so0 320 . 3/.000
MAarl #3390 wWIrd I/NEONE L
82§ CtaboING (2C 000 LB )
‘ 25 000 & x2P @ 8276
’ . AL _ _
L (s /oA/A/T PAINT /137 7739 19058
' BLAST 26.000 /140 920
' | S o0 b4
LABOR 2776 My @ 2s%hr =T/ 08 #00
- - MATERIAC SRR = 7451573
/S HANDLING =4 712]286
‘ | % 905 (259
J-7
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mapesy_AH. S TIm

CHECKED B8Y
oate AuvG —/3 1972

GLOBAL MARINE DEVELCPMENT INC.
- ESTIMATE SHEET

W.0.No./A.F.E.No. 2708 7 - o S//0%

SHEETS SHEET NO. /

TITLE_O7T&EC /040 W,P SFPHERICAL SEAL

~ DESCRIPTION QUAN. UNITS LABOR MAT'L
L M (M- H) (¥ )
4 ” s EA 3 ;4—0 2
(1) R% ' x 24  x 27 TEFLON SHOES | 80 S8y 128 | #1472
(5% Greass FrecEDn) -
z
864t ' @ 2.80/m’ =5/8.%/ch
. /bs bo
(2D TYPE . SHoE SUFPORT FINGERS 55 /= o 883 .
/2" B STAINLESS STEEL
384 w/ea ® 0.0359 ;”s///v"'w:.??"’t
13.79"5@ 40 = 55/.6*
/4s
(3) TYPE R, SHOE SUFPORT FINGERS 552 /&2 go 883
/8" R STAmmeESs STEEL
() SEAL Boor 6o DPuko 5457 /5% s9 8/0 | R om
/Y THICK NEOPRENE Xz
' =S¢+ sy.
” /65 :
(5) SwoE JROOT BACK P PLATE 53¢ =t 780 854
" B STAINLESS STEEL
8" x 3" =,86 /n?
186 INE @ 0.035F it =889
145
6.89 745 ©BpEA = 533.6
»
(6)  pocr ¥3"-0. L=3)" s 5 160 23, &o Yy,
€A
BocTm 4" =/p L =27 5.5 /60 8% 5o 279
£4
LOCKk WwASHER 4" s & 3z0 2%, - §7
' &4
7] i 4
FLATWASHER 4" 5. 320 #8%esl - /57
. i €4 , 2/ -
HEX NuT 34 -10 s .5 320 /'/éq 387
Bocr ;-8 ¢=37 55 50" 235, 40 200
” ,A o
BelT V47-/0  L=¢/4" 5.5 o & /ey %0 /50
. J-8
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MADE BY H- S5 T GLOBAL MARINE DEVELOPMENT INC.
CHECKEDBY_ . ESTIMATE SHEET

W.0.No/A.F.E.No. PIOET—c5//0C

SHEETS SHEST NO. Pt

oate Aug = 3 /277  TITE__ODTZEC /0—=¢20 Cwp SPHERICAL SEAC
~ DESCRIPTION QUAN. UNITS LABOR | MAT'L
L M (PM.H)D cz)
” &4 ;72 _
MHEX NuT / =8 s S so R ey 2/8
MHEX NUT %"=10 5.8 s0 < =7 - 27
€A
lLockwasweER [ 55 80 o’/%q - ¢7
LOCKWASHER - 34" 5.3 80¢” 2/ % - /7
EA 2/
TAM NUT 4" —s/0 5.8 160 /e /54
, , # _ ,
00 ¢ &"xé"xL"  Ah=s2087@ 26%. | 2390 | 10/ w|  re2 948
’ r # o,
PL 4" §/" x 122.46 @ /o.a“ya 73 | 120/r| 25 34 275 +z20 Yo
SUBTOT7TAL 728 48 388
s




APPENDIX K

RALS

OTEC 10/40 CWP AT-SEA DEPLCYMENT

SCENARIO AND COST ESTIMATES DETAILS

11 SEPTEMBER 1979

PREPARED FOR TRW

GLOCBAL MARINE DEVELOPMENT INC.
2302 Martin Street
irvine, California 92715
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OTEC. 10/40 <CWP AT-SEA DEPLOYMENT

" QCENARID AND CosT ESTIMKES DaTMils

INDE.X

CosT ESTIMRTE . FRP QWP \NSTAW AT & REPLOYMENT
VESIELS Awd EaulPMNERT RedVRED FRP CwpP

CosT ESUMKXTE @ POLYETHYLENE QWP NTRUATW & DEPLY™MY
VESSELS AND EQUIPHNNT REQUIRED  PoYETWIUENE CwP

CosT ESTINATE : ELASTOMER CWP INSTRULLATIAN ¥ DEPLOYMENT
VESSELS AND EQUIPMENT REGUIRED ELASTOMER CWP

CosT ESTIMATE © DWER SERVICE AMD DIVER EQUIPNENT
VENDOR. PRICES: FLEXIBLE HRSE awd QL FIEWD TUBING

CosST ESTIMATE: PIPE CONERS

CosT ESTINATE T TOWING HARNESS AWD LOWeERNS CAALE;C{)
CoST ESTIMATE : | BAKE MoDIFICATIw, WINGES ¢ A’ FRAMES
NOTES LT CaNCRETE AND HRALLIAURTON DETAILS
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Low Water Loss
Additives for Cement

[n certain cementing applica-
ions, particularly squeeze ce-
\enting, it is desired to keep the
ement slurry fluid for the entire
queezing operation without
llowing it to dehydrate under
ressure. In zones of high
ermeability, the rapid dehydra-
ion of conventional cementing
jurries limits the amount of ce-
nent that can be pumped to obtain
in effective shut-off of water, oil
ir gas. The addition of small quan-
ities of certain low fluid loss ad-
litives builds up a filter cake
imiting the loss of water from the
slurry under pressure. This type of
'ement may also be effective in
‘ormations containing shales or
sentonitic sands that are sensitive
‘0 fresh water. Six products for
his type of application are
available through Halliburton
bulk cement stations.

Halad®-9 Additive

Halad-9 is a water loss centrol
additive for cementing com-
sitions. It was developed by the
Halliburton Chemical Research
and Development Laboratories for
primary or squeeze cementing.
This material i1s a free flowing
powder that can be added to the
dry cement or to the mixing water.
In most cements one per cent has
been found to provide adequate
fluid loss control for most con-
ditions. Usually 0.6 to 1.0 per cent
1s adequate for squeeze cementing
and will produce a fluid loss from
50 to 150 cc, as measured on 325
.mesh sereen ander 1,000 psi
‘pressure. However, the fluid loss
iof different compositions can be
varied to fit most well re-
‘qQuirements by raising or lowering
.the concentration of Halad-9 ad-
ditive. The principal advantages of
‘Halad-9 additive in a cementing
.tomposition are shown below.
-HALAD.9 ADDITIVE FOR SQUEEZE
'CEMENTING
. ® Reduces premature dehydra-
tion in tubing and casing while
Squeezing perforations.

® Long perforated intervals can

often successfully be squeezed
In a single stage.

% Satisfactory squeeze results at

low pressures without over dis-
placing.

e High pressure by hesitation
technique with filter cake build-
up in perforations.

e For water sensitive shale sec-
tions that may weaken and
break down due to cement
filtrate. Granular bridging
material may also be helpful.

® Reduces the amount of filtrate
which can penetrate formations
containing water sensitive
clays.

HALAD-9 ADDITIVE FOR CASING
CEMENTING

# Reduces possibility of water
and/or emulsion blocks, and
blocks caused by clay swelling

TYPICAL VALUES FOR PORTLAND CEMENT APl CLASSES A-G-H

HALLIBURTON

SERVICES
Percent
HALAD-S = )
12
L Ll gt
\ \ Comparative Effect of ||
\ Pressure on Fluid Loss | |
| af HALAD-S
L  Water—0.50 or 5.65 Gal./Sack]
NN
\ \{ 1.000 psi
0.8 N— ¢ ' ] ¢
500 psr. .
\\ | LN
100 psij N
06 = . 9 10
!
| \
Fluid Loss — cc/30 Minutes (325 Mesh Screen)
| 1 1 1 L] | 1 | 1 i 1

0 30 60 90

SLURRY PROPERTIES

120

150 180

WATER WEIGHT

HALAD-9 Volume

Per Ceni gals/sk cu ft/sk Ibs/qal Ibs/cu ft cu ft/sk
0.0 5.2 0.70 15.60 17 1.18
1.0 5.6 0.75 15.30 114 1.23

FLUID LOSS—cc/30 Minutes
i SLURRY VISCOSITY —POISES FLUID LOSS—325 MESH SCAEEN

HALAD-

Per Cent Initial 20-Minute 100 psi 500 psi 1000 psi
0.0 3 10 = 960
0.8 4 11 96 178 250
0.8 4 11 24 70 100
1.0 5 12 14 32 60
1.2 10 15 10 24 43

THICKEMING TIME—HOURS: MINUTES

A AP1 CASING TESTS—Fest AP1 SQUEEZE TESTS—Fest

HALAD-

Per Cent 2.000 4.000 6.000 8.000 2.000 4.000 5.000 | 8.000
0.0 3:00+ | 2:46 2:15 2:05 3:00+ | 2:08 1:12 0:52
0.8 4:00+ | 3:00+ 3:00+ 3:00+ | 3:00+ | 3:00+ | 3:00+ | 2:17
1.0 4:00+ | 3:00+ 3:00+ 3:00+ | 8:00+ | 3:00+ | 3:06+ | 2:20
1.2 4:00+ | 3:00+ 3:00+ 3:00+ | 3:00+ | 3:00+ | 3:00+ | 2:47

COMPRESSIVE STRENGTH—PSI
HALAD:S SET SLURRY—24 HRS. API CURING CONDITIONS DEHYORATED CORES—2 HRS.
D-
Per Ceat 800 psi 1600 psi 3.000 gsi 800 psi 3.000psi
95°F 118°F 140" 95°F 140°F
0.0 2085 2925 4545
0.8 980 1380 3515 2400 12,400
1.0 800 1290 | 3440 2080 12,200
1.2 580 1005 3525 400 12,100
PORTLAND CEMEMT WITH 2 PER CENT CALCIUM CHLORIDE
0.8 2075 4225 4000+ 3160 P 12,000+
1.0 - 1975 3625 4000+ 3400 12,000+
1.2 1920 3490 4000+ 3280 12,000+
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Cement Accelerators

Several products are available
through Halliburton bulk stations
for accelerating the early strength
of oil well cementing slurries.
Small additions of these materials

in cement reduce waiting on ce-~

ment time, gromote greater early

strength and result in a saving of
rig time to the operator.
HA-5

HA-5 is a patented and im-
proved cement-accelerator for use
in Pozmix® cement, portland or
Hi-Early cement in shallow wells
or on surface pipe to reduce the
waiting on cement time. More
rapid setting and higher early
compressive strengths are achiev-
ed by the use of this product with
cements having high C3:A content.
For maximum acceleration, 2 to 3
per cent of HA-5 should be added
to the dry cement or to the mixing
water. At normal temperatures,
waiting on cement times can be
reduced to approximately 4 to 8
hours, depending on the cementing
composition and strength desired
at the time of drilling out.

Calcium Chioride

Available in powdered or flake
form, caleium chloride in quan-
titiec of approximately two per
cent is very effective in accelerat-
ing the early strength of portland,
Hi-Early or Pozmix cement.
Either form can be added to the
mixing water or blended with the
bulk cement at the plant.

Caleinm chlaride has other oil
field applications such as acceler-
ating the strength of concrete for
derrick piers, concrete foundations
for engines, boilers, etc. In cold
weather it also functions as an an-
tifreeze for portland cement con-
crete.

Densified Cements

High strength cement plugs
may be placed in the hcle for set-
ting whipstocks, plugbacks or
bridges with reduced waiting time
when the slurry is prepared with

Halliburton's cement densifiers.

"~ The incorporation of Hallibur-
ton CFR additives in either API
Class A, B, D, E, G, H, or Pozmix
cements provides improved disper-

sion of the cement particles and
permits the use of a much lower
water-cement ratio. The reduction
in water results in a more rapid
compressive strength develop-
ment. Strengths normally deve-
loped by neat cement in 24 hours
can often be reached in 8 hours
with densified cement; yet the
thickening time or pumping time
can be controlled to permit slurry
placement under normal bottom-
hole conditions.

The incorporation of these ce-
ment densifier admixes with a
decrease in water-cement ratio
results in higher siurry densities.
Slurry densities approaching 18.0
pounds per gallon are poscible
without the addition of weighting
materials.

Sodium Chloride

In arecas where HA 5 or calcium
chloride is not available, 2 to 8 per
cent sodium chloride (salt) can be
used effectively when dry blended
with cement to accelerate the early
strength. While the resulting
strengths are not as great as with
other accelerators, it is an effec-
tive accelerator in small concen-
Lratious.

Hallihurton Permafrost®
Cement

Permairost®Cement sef in biock of ice.

Halliburton Permafrost cement
was developed to provide cement
for surface casing and conductor
pipe from 15° to 80°F. The rapid
strength development makes this
composition ideal for low
temperature wells or permafrost
environment and results in an
economic savings due to short
WOC times.
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Permafrost cement has beep%
formulated for:
® Low heat of hydration so as ty3

not thaw frozen formations &
® Minimum two hour pumping

time from 30°F to 80°F 3
® Lost circulation control
e Slurry protected from freezing &

lu 20°F g
® Minimum 24 hour compresgive %

strength of 500 psi at 20°F,

Cal-Seal

For lost circulation or to help &
control a high pressure gas zone,
equal parts by weight of Cal-Sea] ¥
with portland or Pozmix cement ¥
can he used to pradice a rapid set- %
ting material with a pumping time §
of approximately 20 minutes. This §
product can be pumped in wells of §
shallow depths but the final
strength is not as great as when §
using HA-5 or calcium chloride. §
(See lost circulation, page 3226.)

Diacel A

A powdered form of sodium |
silivate recommended [ur ase only
in accelerating the set of cement
when Diacel LWL low fluid loss
additive is used. While it is not as
effective as either HA-5 or calcium
ehloride, it is the most suitable ae-
celerator for counteracting the
retarding effect of this particular
low water loss material. (See
Diacel LWL, page 3209.)
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Heavy Weight
Additives

Materials may be added to Poz-
mix® cement or Pozmix 140,
portland or retarded cements to in-
crease the density of slurries in

deep wells where it is desired to-

have the weight of the cement near
that of the drilling mud at the time
of cementing for the control of
high pressure oil and gas zones.
Four materials are sold by
Halliburton for this application as
follows:

Hi-Dense® No. 3

To meet the increasing demand
for heavy weight cement slurries,
Halliburton now offers Hi-Dense®
No. 3 additive. This heavy mineral
has a specific gravity of 5.02 and a
select particle size, fine enough to
minimize any settling when pump-
ing highly dispersed slurries con-
taining CFR-2 on deep liner jobs.

Hi-Dense No. 3 additive, as its
predecessors, functions only as an
inert substance in cement for
providing densities to 20 pounds

er gallon, plus. It is very compati-
ple with fluid loss agents,
retarders, and densifiers common-
ly used in deep hot wells.

Densified Cements
See page 3210

Barite

Barite, commonly used for
weighting drilling muds, may also
be used for oil well cements;
however, it is not as effective as

Hi-Dense No. 3 additive due to its
finer grind. It absorbs more water
and requires more material to
achieve the same slurry weight
compared to Hi-Dense No. 3 ad-
ditive. Barite, having a specific
gravity of approxxmately 4.23, can
be used satisfactorily in areas
where Hi-Dense No. 3 additive is
not available, although it material-
ly reduces compressive strengths.

Ottawa Sand

Ottawa sand can be used effec-
tively to obtain slurries of
moderate weights due to its low
water requirements. The addition
of sand to cement increases the
strength due to an increase in the
ratio of solids to water in the
slurry. While not as effective as
Hi-Dense No. 3 additive, it can be
used as a substitute to obtain
slurries of approximately 17.0
pounds per gallon.

RETARDED CEMENTS
WEIGHTED WITH VARIOUS
MATERIALS

Pounds Per Sack of Cement
Slurry Weight ;
{ibs. per gal.) | Regular Ottawa | Hi-Dense
Barite Sand No. 3
16.25 e — -
17.00 22 28 12
17.50 37 51 20
18.00 55 79 28
Specific
Gravity 4.23 2.63 5.02

Part of Halliburton Services' battery of Pressure-Temperature Thickening Time Testers in
the Chemical Research and Development department's cement section at the Duncan
(Okla.) Research Center. Other of these high pressure testers are maintained at Hallibur-

ton's field service laboratories around the worid.
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Cement Retarders

Halliburton’s variety of cement
retarders makes possible the for-
mulation of cementing com-
positions for any range of high
temperature well conditicns.
These products can be blended to a
high degree of uniformity in
Halliburton bulk blending plants
and are compatible with API
Classes A, B, D, E, G and H
Cements, Pozmix® cement or Poz-
mix 140 cement.

HR-4

This is a chemical cement
retarder recommended for use in
wells where temperatures are too
high for common portland or
regular Pozmix cement. A small
amount of HR-4 retarder added to
the cement provides safer pump-
ing times with a minimum reduc-
tion in the 24 hour compressive
strength. For extremely deep, hot
wells, HR-4 can be blended with
Pozmix 140 cement to provide
longer pumpabilities than can be
obtained in regular portland type
cements.

HR-5

HR-5 is a new improved cement
retarder which has been developed
for use in cementing operations in-
volving circulating temperatures
of 206°F or less. HR-5 is a
chemically modified lignosulio-
nate. HR-5 is compatible with all
API cements, Pozmix® A and ben-
tonite cement. HR-5 shows im-
proved performance in that it
gives uniform increase in thicken-
ing time for each increase in
retarder concentration. HR-5 be-
haves more similarly in a wide
variety of cement slurries. Thus,
the chemicallv modified ligno-
sulfonate retarder 'is generally
more predictable in performance,
especially with specific brands of
cement. HR-5 does not exhibit any
tendency to gel the slurries when
used in either fresh water or salt
water cement slurries. As a result,
HR-5 provides the desired pump-
ing times and allows earlier
strength development. HR-6L, a
water solution of HR-5. has been
introduced to provide the industry
with a liquid retarder for offshore
locations or locations lacking in
bulk blending facilities. -
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