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6 4 Stresses due to Rigid and FIeX|bIe
Sleeves

Description:

In post-tensioned systems, sleeves are installed at the same time as reinforcing bars to be used later as conduits for the post-
tensioning tendons. Note that they can alternately be called “sleeves”, “conduits”, or “sheaths”. We are using the former in this
analysis. :

Different types of tendon sleeves are used in Nuclear Power Plant containment structures. Rigid sleeves are used in straight sections
while flexible sleeves must be used to go around containment penetrations. :

6.4a: Vibration of rigid sleeves '

The hydro-blasting high-pressure water jets can induce stresses on the sleeves and concrete. Additionally, hydro-blasting can induce
vibration of the exposed rigid sleeves leading to cracking in the adjacent concrete. In particular, thick-wall rigid sleeves are more prone
to vibration than thin-walled flexible sleeves that would typically simply crush under the impact of the water pressure.

6.4b: No tensile transfer at the smooth concrete / rigid sleeve interface
Rigid sleeves have a smooth surface that can.lead to very low concrete/sleeve bonding and virtually no tensile carrying capability -
across the bond. _

Data to be collected and Analyzed:

1. Review the types of tendon sleeves that are allowed in the Design BaS|s Document (FM6.4 Exhibit 1) and in the Work Order
(FM6 4 Exhibit 2);

2. Examlne the sleeves used at CR3 (FM 6.4 Exhibit 3, FM6.4 Exhibit 4, and FM6.4 Exhibit 5);

3. Calculate vibration due to possible excitation of rigid sleeves by hydro-blasting water jets (FM 6.4 Exhibit 6);
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4. Examine the effect of no tensile transfer capability across the concrete/sleeve interface.

Verified Supporting Evidence:

a. The very smooth surface and lack of mechanical bonding at the sleeve / concrete interface leads to virtually no tensile transfer at
the concrete / sleeve interface; -

Verified Refuting Evidence:

a. Using different types of sleeves is allowed by the Desugn Basis Document (FM 6.4 Exhibit 1 and FM6.4 Exhibit 2);

‘.g

b. Using smooth rigid sleeves is standard in other plants that have not experienced delaminations;

c. Vibration analysis shows that the hydro-blasting waterjets on the exposed sleeves do not generate stresses large enough to create
the delamination (FM 6.4 Exhibit 6);

Discussion:

Examination of the vertical tendon sleeves demonstrates a mixed use of flexible and rigid sleeves in the CR3 containment structure
(FM 6.4 Exhibit 3 and FM 6.4 Exhibit 5). Photographs of the containment show rigid tendon sleeves for hoop and vertical tendons in
the area of the SGR opening (FM 6.4 Exhibit 4).

| Concrete pieces recovered after the demolmon job show a very smooth interface between the concrete and the sleeve surface (FM 6.4
Exhibit 7);

Although the impulse generated by the high-pressure water on the concrete structure is not sufficient to generate the delamination
through vibration, it is possible that the added energy was instrumental to propagating the crack beyond its original location. Because
there is a layer of material where the radial tensile stresses are positive (albeit small on average) (see FM 1.2), once the crack is
generated, it is “live” and can propagate until reaching a region of zero or compressive radial stress. This is the case near the
buttresses and below the ring girder where the steel reinforcement can carry the tensile stresses.
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The mixed use of flexible and rigid smooth tendon sleeves is standard in the industry and in the case at most plants in the USA.

Because virtually no tensile load can be carried across the sleeve / concrete interface, the sleeves act like defects in the structure. In
the various models, this is taken into account by having no cohesion or tensile stress carrying capacity between the sleeves and the
concrete. The sleeves become potential initiators of cracks, especially as a very large traction is applied on one (but not the other) side
of the sleeve.

This potential for crack nucleation is confirmed in the FEM analysis. It is éaptured at the discontinuity that represents each tendon
location where traction is applied on the interior face only.

The analogy is that of tearing paper along pre-drilled aligned holes.

Conclusions:

6.4a: Hydro-blasting induced resonant vibration in the rigid sleeves did not cause the delamination. It may have contributed to the
crack propagation.

6.4b: Poor bonding at the concrete / sleeve interface leads to considering the sleeves as 5.25” cracked regions in the structure. This is
however an as-designed feature that was considered when the plant was first designed and constructed. It did contribute to the
delamination by weakening the plane of the hoop tendons.
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CRYSTAL RIVER UNIT 3

] Progress Energy Page 4 of 44 Rev. 6
" DESIGN BASIS DOCUMENT
SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A
PARAMETER SOURCE REASON

Reinforcing Steel

Bars

Original Construction
ASTM A615
Grade 40

Repair of Delaminated Dome
ASTM A615
Grade 60

Cadweld Reinforcing
Steel Splices

For splices of reinforcing
bars larger than #11.

Prestressing Material

The following G/C, Inc.
specifications define the
requirements for steel
reinforcement for structural

concrete:
1. SP-5646
2. SP-5648

The specifications are listed for
reference only.

G/C, Inc. Struc. Specs.
SP-5646
SP-5648
(for reference only).

Intermediate grade billet steel

reinforcement chosen because:

a. Conforms to ACI 318,
adherence to which is
required by 10CFR50.55a.

b. Economical, available
material capable of satisfying
design requirements.

Regulatory Guide 1.10,
"Mechanical (Cadweld) Splices
in Reinforcing Bars of Category |
Concrete Structures." (formerly
Safety Guide 1.10)

Conduit (General)

- 10 psig hydrostatic
pressure capacity

- galvanized steel

- capable of supporting
200 pound man

- sufficient size to
accommodate a 163 wire
tendon

The following G/C, Inc.
specifications pertain to the
following entries for conduit and
are listed here for reference only:
1. RO-3040
2. SP-5844

All conduit must be capable of
withstanding internal pressures
due to injection of corrosion
inhibiting grease.

All conduit galvanized to prevent
corrosion and further assure
containment of grease.

All conduit must be capable of
withstanding unanticipated loads
during installation and
construction.

Rigid Conduit - Used in vertical
and hoop tendons in cylindrical
walls.

- Round, mechanical welded
tubing

- ASTM A513-69

- 0.065" minimum wall
thickness

-51/4" O.D.

-5"1.D.

See "Conduit (General)" for the
Source of requirements cited on
this page.

Most economical material
available to withstand loads due
to concrete placement and also
due to the internal pressure
exerted by the injection of
corrosion inhibiting grease.

Tab 1/1, Revision 6
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wall of containment.
- Minimum 22 gauge
-51/4" O.D.
-5"1.D.

Used around penetrations in

- CRYSTAL RIVER UNIT 3 e
; ge 5 of 44 Rev. 6
e Progress Energy DESIGN BASIS DOCUMENT v
SYSTEM NAME: SYSTEM CODE:
CONTAINMENT - GENERAL N/A
PARAMETER SOURCE REASON
Flexible Conduit - Flexible conduit specified in

order to permit economical and
efficient field fabrication and
fitting.

Schedule 40 Conduit

Used in foundation mat and
containment dome.

Steel pipe
Grade A for mat
Grade B for dome

See "Conduit (General)" on Page
5 for the Source of requirements
cited on this page.

- ASTM A53-70, Type E or S

Structural design material to
ensure that dome conduit
system is capable of supporting
the dome liner under concrete
placement loads. This conduit
is, therefore, load carrying such
that Grade B material (fy = 60
ksi) is specified.

In the base mat the schedule 40
conduit (pipe) is the transition
material between the trumpet in
the base mat and the rigid
conduit in the cylindrical wall.
This pipe is not required to carry
structural load, such that Grade
A material (fy = 48 ksi) is
considered adequate.

Tendon Wire

ASTM A421-65
Type BA

f, = 240 ksi

- Relaxation = 4%

Tendon wire is specified in G/C,
Inc. Specification SP-5583 and is
listed here for reference only.

See "Tendon Wire" on Page 6 for
the Source of the requirement
cited on this page.

Tab 1/1, Revision 6

Steel conforming to ASTM A421
is the standard material specified
throughout the industry for use
as a buttonheaded tendon wire.
The steel used for this project is
the Japanese equivalent of that
material.

Exceptionally high strength is
required in order to develop the
required level of prestress.

Relaxation is a loss of stress
when a wire is prestressed and
maintained at a constant strain
for an extended time. The
degree to which this happens
varies with the steel and is,
therefore, specified by the steel
supplier. That value must be
known in order to evaluate the
effective prestress over the life of
the plant.
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FM 6.4 Exhibit 2 : | ENCLOSURE 2
FLORIDA POWER CORPORATION

QUALITY ASSURANCE RECORD 6691

TRANSMITTAL

ATTENTION: RECORDS MANAGEMENT SECTION (NR2A)
CRYSTAL RIVER UNIT NO. 3

DOCUMENTS TRANSMITTED P\(QUJ)( Uﬂ?f\’\' DJCHLHL ( Q.Ow

Note* Documen;s are being transmitted for "HISTORICAL PURPOSES". These documents

were transportedl?to CR3 Site in the 1995 Engineering Migration from St. Pete-to Crystal River

. The Quality Assurance Records listed above are hereby transmnted for inclusion in the Plant
Quality File.

¢

These records are complete and in compliance with the requirement of Florida Power

Corporation’s Quality Proggram. '
j &l)ﬂ?ﬂﬂw , DATE _\! i“—"lw

Responsible Supervisot/Designee

RECEIPT ACKNOWLEDGEMENT BY:

\%Q& m ‘ DATE ‘_HL@E/DQ

Manager, Nuclear Information Resourc S sxgnee

FUTURE RETENTION OF THESE RECORDS IS THE RESPONSIBILITY OF RECORDS
MANAGEMENT.

Al-1100 Rev. 34 Page 92
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POVIER E;‘Dﬁpo,‘”fg CORPORATION
et ERING & CONSTRI
CRYSTAL RIVER - Uf\L}J,’C{,%N DEPT,

, Engine%% r{t :
Mer. - Power En X! I

) WA\ SZELISTOWS 4:e /36 /o7
nelear Proj, Mar., OR'G,NAL
J.T.RODGERS

REQUIREMENT CUTLINE
PRESTRESSING SYSTEM TENDON CONDUIT

CRYSTAL RIVER -~ UNIT KQ. 3
FLORIDA POWER CORPORATION

RO-3040 JUNE 12, 1970

FPC NO. 321-B4.1B

RN T

APPROVED - DEPT. PROJECT ENGR. DATE

{/ﬂ /MV{Z‘ //-/7;AZE/

ISSUED” FOR CRYSTAL RIVER - UNIT 3

QUALITY PROGRAM

e e ‘ REVIEW and DCCUMENTATION

CREVEWE DESIGN

U ! REQUIRED
REVISION | " Reoawep " | ENGINEER REQUIRED
TES | 'NO $.N.D.-M.L.L.
A || Gilbert Associates, Inc. W.0. 4203-00
‘_ A 525 Lancaster Avenue ADDERDUM A
é ‘/ Reading, Pennsylvania May 13, 1971
' ADDENDUM B
November 17, 1971
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FLORIDA POWER CORPORATION

"POWER ENGINEERING & CONSTRUCTION DEPT.

CRYSTAL RIVER - UNIT 3
APPROVED B)yY:

Enginee[ﬂ% . Date ‘5/ /4

Mazr. - Power Er;gr. ate

Nuclear Proj. Mgr. 38Y_.¢-¢,
J. T. RODGERS

PRESTRESSING SYSTEM TENDON CONDUIT

CRYSTAL RIVER - UNIT §O. 3

FLORIDA POWER CORPORATION

RO-3040 A JUNE 12, 1970

FPC NO. 321-B4.1B

5-1>- 1

AR

APPROVED ~ DEPT. PROJECT ENGR.

DATE

Qe o7/

't ISSUED FOR CRYSTAL RIVER - UNIT 3

Gilbert Assoclates, Inc.

REVIEW & 525 Lancaster Avenue
REVISION | DOCUMENTATION DESIGN | Reading, Pennsylvenia
REQUIRED ENGINEER ~
YES | nO
A_| = [ 7P

DATE

"QUALITY PROGRAM
REVIEW and DOCUMENTATION
REQUIRED

S.§.D. - M.L.L.

¥.0. 4203-00

ADDENDUM A
- May 13, 1971
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¥ . FLORIDA POWER CORPORATION
POWER ENGINEERING & CONSTRUCTION DEPT.
| CRYSTAL RIVZR - UNIT 3

REQUIREMENT OUTLINE
PRESTRESSING SYSTEM TENDON CONDUIT

CRYSTAL RIVER - UNIT RO. 3
FLORTDA PCWER CORPORATION

RO-3040 JUNE 12, 1970

QUALITY 2y TIGRAM
FPC NO. 321-B4.1B | REVIEW ,pqg DOCUMENTATION -

REQUIR=D
i W1, e
D~ '.J{rﬂ A o-12-10
APPROVED - DEPT. PROJECT ENGR, DATE

';Egjj/}Cs'CA%/;25;2C22447<213L—\ | C~re-T706

ISSUED FOR CRYSTAL RIVER - UNIT 3 DATE

Gilbért Associates, Inc.
525 Lancaster Avenue
Reading, Pennsylvania
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‘ FLORIDA POWER (ORPORATION

CRYSTATL RIVER UIIT 3

Table of Conients

Item _ Pages
1:00 INSTRUCTIONS TO BRIDDERS 1
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2:06 Shipping Informaticn 3
2:00 GENERAY, CONDITYONS 5
101, Sccpe 5
:02 Definitions 5
] Equipment and Materials to be Suppllied by the Contractor 5
:0L Codes and Standards 6
. :05 Lavs and Regulations 6
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:08 Recommended Spare Perts 8
‘Design and Manufacturing Program 8
:10 Manufacturing Errors 8
8
9
10
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11
12
12
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111 Bill of Material

:12 Manufecture and Inspection of Equipment
L] Shipment of Corpleted Work

1k Special Tools

:15 Protection During Shipment and Storage
16 Shipping Notices

117 Patents

+18

Conflicts
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1:00

1:01

1:02

1:02.1

1:02.2

1:02.3

1:02.4

1:02.5

1:02.6

-1:02.7 -

1

INSTRUCTIONS TO BIDDERS
Invitation

Proposals are requested by the Florida Power Corporation for the
equipment , materials, and related WORK, set forth in the attached
Requirement Outline, which will be incorporated in the Crystal :
River Plant Unit 3, located approximately five miles northwest of
Crystal River, Florida.

Submission of Proposals

Original and five copies of each proposal shell be submitted to:

Florida Power Corporsation.
P, 0. Box 1hok2
. St. Petersburg, Florida 33733

h Attention: Mr. C. H. Thompson

Purchasing Agent

Pioposals must be received by Floride Power Corporaﬁion or post marked

prior to twelve noon ﬁ"@ 5 1910 .

Bidders shall furnish with their Proposals all drawings, catalog
data, and other supplementary information necessary to describe
thoroughly the materials and equipment covered by their Proposal.

Each Bidder shall submit with his Proposal the name of the manufacturer
and the type or model of each principal item of the equipment or
naterial he proposes to furnish. He shall slso submit drswings and
descriptive matter which will show general arrangement and dimensions,
eppearance, principle of operation and extent of factory assembly.

If the equipment cannot be shipped completely factory asssembled,
Bidders shall include with their Proposel the number, dimensions, and
weight of each shipping unit and the amount of field work required
to assemble completely the equipment.

The successful bidder mey be required to furnish a service represent-
aetive to work with Florida Power Corporation's personnel during the
initial operation of the equipment. The services of this represent-
ative shall be outlined in the Proposal and the per diem charges
stated separately.

One copy of provisional recommendations for spare parts ghall be

- furnished with each Proposal.

8-22-69
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. 1:02.8 Each Bidder shell include in his Froposal the cost of furnishing
one complete set of all special tools, suitably packed and &ll in

first class condition, which vwill be required for maintenance of
the equirment covered by the Proposal.

1:02.9 The price stated in the Proposal shall include all taxes and
licenses vhich might lawfully be assessed, on the date of the
Proposal, sgeinst Florida Power Corporation or the Bidder, in
connection with the proposed work. Exception:

1. If the price stated in the Proposal is for the furninhing of
materials and/or equipment only and does not include field
lshor for erection and/or installation, do not include
Florida State Sales Tax in your bid. TFloride Power Corpora-
tion will pay such tax direct to the State of Florida.

2. If the price includes erection and/cr installation labor to

; be performed at the job site, the Florida State Sales and

‘ Use Tsx must be paid by the Bidder on the cost of the materlals
! and supplies furnished. The Bidder awsrded a Contract for this
§ WORK shall be responsible for the pasyment of this tax to the

; State of Florida and should take this into account in his bid

' price.

1:02,10 The Bidders shall state in their Proposals thet the materials end/or
equipment will meet the Requirement Outline as set forth herein.
. Any exceptions to the Requirement Outline set forth herein shall
be stated clearly in the Bidders' Proposals.

1:02.11 Bidders shall also state in their Proposals the complete terms of
their warranty epplicable to the msterials and/or equipment they
propose to furnish under this Requirement Outline, and the terms
of extension of the warrenty in the event of repair or replscement
being recguired,.

1:02.12 ﬁidders shall also state, in their Proposals, the extent of theif
guarantees for the performance of the equipment offered and for
éorrection of items which fail to meet the warranty.

1:02.13 Royalties and fees for patents covering materials, articles, apparatus,
: devices or equipment used in the WORK shall be included in the Contract
Price.

1:02.14 The Bidders shall not include, in their Proposals, the costs of

insurance for equipment subsequent to receipt by the CWNER on the
Job site.

11-19-68
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1:02.15

1:02,.16

1:03

1:03.1

1:03.2

1:04

1:05

1:06

3

Bidders are advised that, due to the scope of this construction
project, certain materials and eguipment are required of necessity

to be delivered considersbly in advance of the actual commercial
operation of the equipment. It is presently anticipated that actual
commercial use, other than preliminary testing, of the material or
equipment will not commence until September, 19T72. Bidders are reguested
to take this into consideration in setting forth their warranty and
guarantee terms.

Bidders shall set forth in their Proposals the terms of payment normal
to their company or industry, including cash and/or trade discounts
allcwed, if any. Transportation cherges shall be steted as to whether
FOB destination, Shipping Point, or Shipping Point with full freight
allowed to destination.-

Evaluation of Proposals

The time of shipment of equipment and materials is & basic considera-
tion of the Contract. The Proposals shall be based on the Bidders'
ability to complete shipment in sccordence with the schedule herein
and it will be necessary that the Bidders satisfy Florida Power ,
Corporation of their ability to meke shipment within the stipulated
time.

|

It shall be understood that the evaluation of Proposals received in
accordance with these Instructions to Bidders and the attached
Requirement Outline will be conducted solely by Florida Power
Corporation.

Acqutance of Proposals

Florida Power Corporation reserves the right to accept or reject any
or all Proposals.

Aﬁards to Bidders and Payment

Florida Power Corporation will issue all purchase orders and meke
payment for the materials snd/or equipment purchased.

Ship};ing Information

Bidders are advised that the shipmente may be made to the plant site
by the following carriers. All shipments shall be consigned to
Florida Power Corporation, Crystal River Plant Unit No. 3:

8-18-69
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Via Railroaﬁ:

Via Truck Lines:

Water Transportation:

ﬁarcel Post:

1

3

Page 11 of 30
4

Seshoard Coast Line (SCI) delivering
carrier: Carloed shipments only-
destination station Red Level Junction
Floride. L.C.L. Shipments~destinetion
station Crystal River, Florida

Cammercial Carriers-destination Red
Level, Florids

A 15 foot deep barge channel has been
dredged from the Gulf of Mexico to the
plant site. Contact Florida Power
Corporation for particulars if barge
delivery is contemplated.

P. 0. Box 276, Crystal River,
Florida 32629.

11-19-68
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. 2:00 GENERAL CONDITIONS
2:01 _S_ggpg

These Gerieral Conditions are appliceble to equipment, materials and
related WORK which will be inceorporated in the new addition to
Florids Power Corporation's Crystal River Plant.

2:02 Definitions

It shall be understood thet the following terms as used in the
specifications shall have the meaning herein given:

I
\
|

"OWNER" shell mean the FLORIDA POWFR CORPORATION,

"ENGINEER" shall mean GILBERT ASSOCIATES, INC., Consulting
Engineers.

"CONTRACTOR" shall mean the successful bidder for the WORK who

will undertake the performance of the WORK required by the
Contract,

"WORK" ghall mean labor, services, materials and equipment as
set forth in the CONTRACT DOCUMENTS.

‘ :  "EQUAL" shall mean equal as approved by the OWNER or the
. ENGINEER.

"CORTRACT DOCUMENTS" shall mean all Drawings, Specifications and
Addenda thereto as prepared and issusd by the OWNER, the Invitation
to Bid, the CONTRACTOR'S Proposal, and Manufecturer's Drawings as
approved by the ENGINEER, all of which are part of the CONTRACTOR'S
Contract with the OWNER, These CONTRACT DOCUMENTS are comple-
mentaxry, and what is called for by any one of them shall be as
binding as if called for by all. Any conflicts in the CONTRACT
DOCUMENTS shall be resolved by the OWNER.

2:03 ﬁquynent and Materials to be Supplied by the Contractor

All equipment and materials furnished under Requirement Outlines
shall be manufactured within the continental limits of the United
States of Americe.

11-19-68
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2:0k

2:05

2:06

2:06.1

. 2:06.2

42:06.3
2506.1;

2:06.5

Codes and Stendards

Unless specified otherwise herein, equipment and materiels shall
comply with all governing regulations and with the appliceble stand-
ard specifications and codes of USAS, ASTM, ASME, IPCEA, NEMA, EEI,
IEEE, UL and other such regular published end sccepted stendards.

The regulation, specification or code applied in each cese shall be
the latest version of such regulation or standard adopted and published
at the date of taking bids. Any conflict between standards shall be
referred to the OWNER who will determine vhich standard shall govern,

Laws_and Regulations

All equipment and WORK shall be in accordance with the lews of the
State of Florida and the Rulee of the Florida Industrial Commission.

Engineering and Drewings, Shop a.mi Erection Drawings

Upon Award of a Contract, engineering data covering all equipment and
febricated materials to be furnished shall be submitted promptly by
the CONTRACTOR for approval.

The CONTRACTOR shall submit. 2 sepis copies and 2 prints of prelimin-
ary drawings and necessary data for approval, to the ENGINEER, at
the address below:

Gilbert Assocliates, Inc.
Consulting Englneers

525 Lancaster Avenue
Reading, Pennsylvania 19603

Attention: Mr. E. R. Hottenstein

These drmrings shall be sufﬁcient and complete for system design
purposes and for use in designing essociated systems.

For finel approvel, the CONTRACTOR shall submit 2 sepia copies and
2 prints of drawings and neceasary data for approval to the ENGINEER.

On each drawing submission {original, revisions and final) the
CONTRACTOR shall send one copy of each drawing and data direct to:

Florida Power Corporation
P, 0, Box 1lhkoh2
St. Petersburg, Florida 33733

Attention: Mr. W. 0. May
' Menager - Power Engineering

11-19-68
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. 2:06.6 These drmiings shall be sufficient and complete for adequate erection,
operation and maintenance of the equipment. The engineering dsta

shall include drewings and degcriptive information in sufficient
detell to show the kind, sige, arrangement end operation of compon-
ent materials and devices; the external connections, anchorages and
supports required; performance characteristics; and dimensions needed
for instellation and correlation with other msterials and equipment.
Dats submitted shall include all required piping arrangement drewings,
design calculations, pneumatic control system schemetic diegrams,
detaliled drawings and data for structural systems, and complete

power and control circuilt logic disgrems, schematics and wiring
dlagrams. .

2:06.7 No WORK shall be performed in connection with the febrication or
menufacture of materials and equipment, nor shall any accessory
or appurtenance be purchased until the drewings and data
therefore have been approved, except at the CONTRACTOR'S own risk
and responsibility.

2:06.8 Exceptions to paragraph 2:06.7 shall be by sgreement with the OWNER,

2:07 Instruction Manuals

2:07.1 The CONTRACTOR shall furnish eleven complete snd final copies of
instruction manuals not later than 60 days prior to shipment of the
. equipment. Ten copies shall be sent to:

Florida Power Corporation
P. 0. Box 1kok2
8t. Petersburg, Florida 33733

Attention: Mr. W. 0. May
Manager - Power Engineering

One copy shall be sent to:

Gilbert Associetes, Inc.
Consulting Engineers

525 Lancaster Avenue
Reading, Pennsylvania 19603

Attention: Mr. E. R. Hottenstein

2:07.2 The instruction manuals shall cover complete installation, operating
- and maintenance instruections, drawings and parts lists for each
item of equipment furnished.

2:07.3 The instruction manusals shall be bound with covers suitable for rough
. usage. The front covers shall be stamped with lettering indicating
the OWNER'S name, unit number, name of power plant, location of power
plant, name of equipment, basic capsclity rating of equipment and
‘ nene of manufacturer.

11-19-68
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. 2:08 Recormended Spere Parts

The 1ist of recommended spare parts, with the price of each such
item, and a schedule of required lubricents, as recommended by the
menufacturer of each item of equipment, shall be included in the
ipstruction menuals.

2:09 Degign and Mspufacturing Program

2:09.1 The manufacturer's design engineer shall be prepared to visit the
office of the OWNER or the ENGINEER for design conference at such
times as are regquired to expedite the handling of engineering
matters. : '

2:09.2 °  The Contract progrem will be controlled by CPM diegrams and the
CONTRACTOR shall provide all necessary informetion requested by
the OWNER or the ENGINEER for compilation of these. ‘In general,
information required will include drewing schefiules, purchasing
schedules for major egquipment items, and delivery damtes.

2:10 Manufacturing Errors

Equipment and materials shall be complete in 811 respects within the

limits herein outlined, All manufacturing errors or omissions re-

quired to be corrected in the field shall be performed by the

CONTRACTOR, at his expense; or if done by the OWNER, the cost of
. gsame shall be borne by the CONTRACTOR.

2:11 Bill of Material

2:11.1 The CONTRACTOR shall prepare a Bill of Material covering all
material and equipment furnished under this Requirement Outline.
The Bill of Material shall be submitted in a preliminary form
with the preliminary drewing submission and be finalized epproxi-
mately two weeks before the scheduled errival time of the first
shipment., The Bill of Material shall be itemized in sufficient
detall to permit am accurate determination of the completion of
shipment of the material and equipment furnished under this
Requirement Outline.

2:11.2 The mailing address for the finalized Bill of Materlal is:
Florida Power Corporation
Crystal River Plant Unit No. 3
P. 0. Box 276
Crystal River, Florida 32629

Attention: My, H. L. Bennett
Construction Manager

11-19-68
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2:11.3 All items of equipment delivered to site shall be marked adequately
. . to allow identification from the Bill of Materials.

2:11.% If the equipment is to be shipped in sections, with accessories or
appurtenances detached, or otherwise not completely fectory assembled,
the extent of essembly shall be in accordance with the information
submitted wlth the Proposel regarding the number, dimensions and
wveight of each section, eccessory or appurtenance and the amount
of field work required to asserble completely the equipment.

2:11.5 Sultable labels shall be affixed to all pre-assenmbled/pre-fabricated
parts,

2:12 Menufacture and Inspection of Equipment

2:12.1 The CONTRACTOR shall advise the OWNER of all his major subcontractors
before orders are placed &nd he shall not place orders with eny
subcontractor until approvel of the OWNER has been obtained. The
CONTRACTOR shall indicate vhere the equipment will be fabricated
and the OVNER and/or its representative shall have the right to ,
inspect all manufacturing facilities before approving the subcontractor.

2:12.2 The OWNER and/or its representative reserves the right to inspect
fully all phases of manufacture of the equipment included in the
Contract. Any item found to be unsatisfactory shall be replaced
or repalred at no cost to the OWNER. Any inspection by the OWNER
. and/or its representative shall not relieve the CONTRACTOR of his
responsibility for conforming to the stated conditions and shall
not be considered a waiver of warranty, or other rights. No repairs
or changes in excess of original Requirement Outline or applicable
codes, if requested by the inspector, shall be made without the
approval of the OWNER,

2:12.3 All shop tests required for certification and proof that the equip-
ment conforms to all appliceble codes and standards shall be made
at the expense of the CONTRACTOR. Any additional tests required by
the OWNER and/or its representative shall be at OWNER'S expense with
price to be negotiated for each individual case,

2:12.4 All parts of the equipment shall be protected against deamage or
corrosion during and following any tests.

2:12,5 The OWNER and the ENGINEER shall have the right of representation
at all shop tests and they shall be notified at least one (1) week
in advance of all shop tests and inspection.

2:12.6 One (1) properly identified copy of the CONTRACTOR'S welding procedures,
and other apecial fabrication data for the equipment, shall be
submitted the ENGINEER for review and approval end three (3) copies
shall be sent to the OWNER,

1-16-69
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2:12.7 One (1) certified copy of all shop test data for the equipment,
. properly identified, shall be forwarded to the ENGINEER for acceptance,

and three (3) copies shall be sent to the OWNER.

2:13 Shipment of Completed Work

All equiprent shall be shipped completely factory assenbled, except
when the physical size, arrangement or configuration of the equip-~
ment, or shipping and handling limitations, make the shipment of
completely assembled equipnent impracticeble.

2:1h Specinl Tools

2:14.1 The CONTRACTOR shall furnish one camplete set of all special tools,
all in first class condition, which will be required for maintenence
of the equipment covered by the Contract. Identification of all
tools by name aad number shall be provided, and this number shall
appear on drawings end instructions to indicate the application of
the tools furnished and to permit ordering replacements.

2:1k.2 The tools shall be shipped in a separate, heavily constructed, wooden
box or boxes provided with hinged covers and padlock clasps. The
boxes shall be marked with a large painted legend as follows:
Florida Power Corp. - Crystal River Unit No. 3
‘ o Maintenance Togle - (Name of equipment)

2:15 Protection During Shipment and Storage

2:15.1 Except as specified otherwise herein, exposed iron and steel surfaces
of all equipment shall be given ore coat of primer paint before
shipment of the equipment to the job site. Before gpplication of
paint, all surfaces shall te free of rust, scale, lubricants,
moisture, and other substances. Surfaces prepered for field welding
chall be left unpainted for a distance of two inches from the weld.
These surfaces shall be given a protective f£ilm of oil or other
easily removed meterisl to prevent rusting before erection.

2:15.2 The CONTRACTOR will be advised of the acceptable prime paint for
exposed carbon steel surfeces of equipment and materisl to be in-
stalled inside the reactor building.

2:15.3 A1l exposed carbon steel surfaces of all other equipment shall be
painted with zinc chromate pigment, rust inhibitlve, metal primer
paint recommended by the psint menufacturer for the service intended,
and for spplication to metels prepared for painting by wire brushing.
Paint shall be applied in eccordance with the peint manufacturer's
recamendations.

1-16-69
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2:15.h Machined surfaces such &s shafts, pins, bushings, shaft couplings and
. other similer parts vhose operation would be impaired by painting shall

not be painted. These surfaces shall be protected by epplication of
an easily removeble rust preventative compound.

2:15.5 Plastics, corrosion resistant metals such as aluminum, brasa, bronze,
or stainless steel, and chrome plate or galveanized surfaces shall not
be painted.

2;15.6 Each piece of equipment shall be cleaned thoroughly and dried prior to
' shipment. Equipment made of carbon steel shall contain edequate bags
of silica~gel or approved equivalent desiccant to maintain a dew point
of 40 F. Desiccant bags shall be securely anchored within the equipment.
All openings of all equipment shall be closed prior to shipment with
an easy to remove plug of sultseble material.

2:15.7 All equipment and accessory items shall be suitably boxed, crated,
wrapped or covered to the extent practicable, to prevent entrance of
dirt or moisture and to prevent accidental deamage during shipment to
the Job site and during outdoor storage at the Job site. Where necessary
a desiccant shall be included within the packing enclosure of items
sensitive to changes in humidity.

2:15.8 A1l saccessory items shall be shipped with the equipment. Boxes
and crates containing eccessory items shall be marked so that they
ere identified with the main equipment. The contents of the boxes and
. crates shall also be indicated.

2:16 Shipping Notices

2:16.1 The CONTRACTOR shall provide two copies of & shipping notice describ-
, ing each shipment of material or equipment. The shipping notice shall
be mailed on a schedule so that the notice will arrive approximately
three days ehead of the estimated arrival time of the shipment.

2:16.2 The shipping notice shall be identified with the OWNER'S nawe,
purchase order number, and neme of the item of equipment or material.

The mailing address for the shipping notice is:

Florida Power Corporation
Crysial River Plant Unit No. 3
P. 0. Box 276

Crysiel River, Florida 32629

Attention: Mr. H. L. Bennett
Construction Mansger

1-6-69
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. 2:17 -Patents

The CONTRACTOR shall satisfy all demands that may be made at any time
for royelties and fees, and he shall be liable for any damages or
claims, for patent infringezments. The CONTRACTOR shell, at his own
coat and expense, defend all suits or proceedings that may be in-
stituted against the OWNER for infringement or alleged infringement
of any patents involved in the VORK, and, in the case of an eward of
dameges, the CONTRACTOR shall pey such award.

2:18 Conflicts

In the event of discrepancies between the detailed requirements of
this Requirement Outline and those of the General Conditions, the
detailed requirements shall prevail.

3-3-69
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DETAILED SPECIFICATION

Scope of Work

The WORK to be performed vnder this Contract shall include the
furnishing, febrication, and delivering of the prestressing
system tendon conduit for the Reactor Building for the Crystal
River Plant, Unit No. 3, Florida Power Corporation. The WORK
shall be a3 outlined herein and as shown on the Drawings and
shall include, but not necessarily be limlted to, the following:

1. Furnishing ell materials required for the conduit,
including temporary end caps, end protection required
during transportation and delivery.

2. Delivering of conduit to the Job site.

3. Furnish &ll necessary shop drawings for the related WORK.

General

3:02.1

The conduit system shall consist of Rigid, Flexible, end Schedule 40
conduit as indicated on the accompanying Florida Power Corporation
drawvings. The requirements under Items 3:02 through 3:05 and 3:09 of
this Requirement Outline shall apply to the three types of conduit.
Specific requirements for Rigld, Flexible, and Schedule 40 conduit
are indicated in Items 3:06, 3:07 and 3:08 respectively.

3:02.2

3:02.3

The condult shall be delivered to the aite, complete with temporary
end caps, in & clean condition, i.e., both surfaces free of debris
and deleterious substances. The CONTRACTOR shall submit details of
the proposed temporary end caps to the OWNER and ENGINEER for
approval.

Upon delivery to the site, the conduit shall be inspected by the
OWHER for detrimental splits, cuts, and dents. In order to determine
if a dent is detrimental, a wooden pig of 4-3/4 inches diameter shall
be pulled through the conduit. Should a dernt or dents restrict the
passage of the pig, the conduit will be rejected and shall be re-
placed at no additional cost to the OWNER, Should the conduit be
delivered with any splits or cuts which completely penetrate the
well of the conduit, it shall be rejected and replaced at no addi-
tional cost to the OWNER. Conduit delivered with splits and cuts
which do not completely penetrate the wall may be accepted by the
OWNER if it can be shown that the performance criteria called for

in this Requirement Outline can be met and if the galvanizing
coating can be repaired. Schedule 40 conduit vith painted ends

and couplings shall be inspected for damage to galvanized and painted
surfaces. For this case any damage which cannot be satisfactorily
repaired by the OWNER will be rejected end replaced by the CONTRACTOR
at no additional cost to the OWNER.

A
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3:02.4

The dimensional tolerances for cutting and bending the Rigid and
Schedule L0 conduit shall be:

1. radius: #* 1/h in.
2. length after bending: + 1/2 in.

3. square cut at ends, measured with "L" square and feeler
gauge: * 1/16 in.

3:02.5

At the square cut ends of the conduit, any burr at the cut shall
be removed to give smooth interior and exterior surfaces.

3:03

Material

The con@uit shall be made from steel. The material specification
shall be subject to approval by the OWNER and ENGINEER. The CON-
TRACTOR shall supply to the OWRER prior to shipment of the conduit
to the jJobsite, mill certificates for the chemical properties of
the steel, for each heat of steel, used in the manufacture of the
conduit.

3:0h4

3:0k4.1

3:0L4.2

3:04.3

3:05
3:05.1

Performance Criteria

The conduit shall be so constructed that a hydrostatic pressure of
10 psig can be maintained without leeking water when the conduit is
bent to the minimum radius shown on the Florida Power Corporation
drawings. The conduit mey be subjected to field pressure testing
by Others upon receipt of the conduit. Any condult failing to meet
this eriterion will be rejected and replaced by the CONTRACTOR at
no additional cost to the OWNER.

The conduit, when continuously supported on a flat surface, shall
be sufficiently strong to withstand, without permanent deformation,
the weight of a two hundred pound man.

Recognition must be given to the fact that the entire conduit
system will be connected to the station grounding system by cad-
welding a standard bare copper wire minimm No. 4/0 AWG to all
tendon anchorage ccamponents, to provide a continuous conducting
path throughout the entire tendon conduit system.

Corrosion Protection

Both surfaces of the conduit shall be galvanized using the hot dip
method of application. After bending, the galvanizing epplication
must adhere to the surface of the conduit.
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3:05.2 After fabrication has been completed, temporary end caps shall be
placed over each end of each section of conduit. These end caps
must be securely fixed to the end of the conduit so that normal
transportation, handling, etc. will not cause them to be removed
or enter the inside of the conduit. The conduit must be clean and
dry prior to placing the end caps.

3:06 Rigid Conduit

3:06.1 Rigid conduit shall be round mechanical welded steel tubing S5-1/h
inch O. D. and shall have a minimum wall thickness of 0.065 inches
end a minimum I.D. of 5 inches. Conduit shall be manufactured according
to ASTM A 513-69, "Standard Specifications for Resistance Welded Steel
Tubing." The supplemental requirement of non-destructive Electric
Test on the welded seam will be required for all conduit.

3:06.2 Rigid conduit shall be accurately cut and bent to the dimensional
requirements as shown on the Florida Power Corporation drawings.
Rigid conduit shall have belled ends as detailed and located on the
drawings. Quantities of rigid conduit to be supplied under this
contract shall be es indicated on the draswings and in this Require-
ment Outline.

3:06.3 The CONTRACTOR shall provide shop drawings and lists for conduit
fabrication and identification, for each length of conduit. Shop
drawings shall provide all dimensional informastion required to
fabricate and identify the conduit. Shop drawings shall be sub-
mitted to the ENGINEER for approval.

3:06.4 A conduit numbering and identification system will be developed
by the OWNER, ENGINEER and CONTRACTOR. Each length of conduit
shall be clearly marked with this number for identification on
the Job site. ‘

3:06.5 In addition to the conduit quantities represented on the drawings,
the CONTRACTOR shall supply with the first shipment of Rigid
conduit the following stock lengths of conduit, each of which
shall have one end belled:

1. Straight conduit - 20 lengths @ 20 feet each,
total 400 lineal feet.

- 20 lengths @ 10 feet each,
total 200 lineal feet

2. Bent conduit (67' 8-5/8" radius) - 20 lengths @ 30 feet each,
total 600 lineal feet.

- 20 lengths € 20 feet each,
total 40O lineal feet.
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16
Flexible Conduit

Flexible condult must be capable of being bent by hand to the
radii shown on the Florida Power Corporation drawings. Flexible
conduit shall be S inches I. D. and 5-1/4 inches 0.D., minimum 22
gauge (0.028) galvenized steel.

3:07.2

3:07.3

3:07.4

Gasketing materials shall be incorporated in the conduit if
necessary to meet the leek-tightness criteria. The gasketing
materials shall not decampose when subjected to site weathering
and shall be subject to epproval by the OWNER and the ENGINEER.
The CONTRACTOR shall supply a sample length of the proposed
conduit, upon request of the OWNER or ENGINEER, prior to award
of contract.

Flexible conduit will be supplied to the job site in 50 foot
lengths. The condult will be cut to length in the field by Others.

The CONTRACTOR shall hydrostatically test the Flexible conmduit, to
verify conformance with the pressure criterion listed under

item 3:04,1. The tests shall be conducted on production samples
of conduit, bent to & minimum radius of 20 feet O inches. The
frequency of conduit testing shall be & minimum of 10% of the
totel shipment or shop order, rendomly distributed over the total
footage. The OWNER and ENGINEER shall have access to witness all
testing. Teot records shall be kept and forwarded to the OWNER
and ENGINEER.

3:08

Schedule 40 Conduit

Note: Schedule 40 conduit shall be used in the mat and the
dome of the reector building. The requirements for the
Schedule 40 conduit in the mat are noted in items 3:08.1
through 3:08,% inclusive, and the requirements for the
Schedule 40 conduit in the dome are noted in items 3:08.3
through 3:08.7 inclusive.

3:08.1

3:08.2

3:08.3

The conduit shall be gelvanized rownd steel pipe, 5 inch I. D.
Schedule 40, types E or S; grade A, coaforming to ASTM A 53-T0,
"Welded end Seamless Steel Pipe."

The Schedule 40 conduit shall be accurately cut and bent to the
dirensional requirements es shown on the Florida Power Corporation
drawings. The Schedule L0 conduit shall have sleeve type welded
couplings as detailed and located on the drawings. Quantities of
Schedule 40 conduit to be supplied under this Contract shall be

as indicated on the drawings and in this Requirement Outline.

The CONTRACTOR shall provide shop drawings and lists for conduit
febrication and identification for each length of conduit. Shop
drewings shall provide all dimensional information required to
febricate and identify the conduit. Shop drawings shall be
submitted to the ENGINEER for approval.
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A conduit numbering and identification system will be developed
by the OWNER, ENGINEER and CONTRACTOR. Each length of conduit shall
be clearly marked with this number for identification at the job site.

The dome conduit shall be galvanized round steel pipe, S5 inch nomddalu_

diareter Schedule 40, types E or S, grade B wall thickness 0.258
inches, conforming to ASTM A 53-70, "Welded and Seamless Steel Pipe."

The domes condult shall be accurately cut and bent to the required
dimensions and as shown on the drawings accompanying this
Requirement Outline. The CONTRACTOR shall locate the joints in a
dome conduit run (3 dome conduit run is f£rom trumpet to trumpet
for a particular tendon) to suit his manufacturing and handling
requirements, provided he complies with the following:

1. Joints shall not be made at the intersection of conduits.

2. Joint location adjacent to the ring beam shall be as shown
on drawing number S5C~400-019 “Reactor Building - Dome Conduit
Splice Locations Required Adjacent to Ring Beam."

3. The minimm length of a section of dome conduit shall be 20'-0".
The dome is defined as that area within a horizontal radius from
the centerline of reactor building of 55'~5-1/2", ‘

Quantities of Schedule 40 conduit to be supplied under this Contract
shall be as indicated on the drawings.

Sections of dome condult shall be joined together at each joint,

with a sleeve type coupling, All sleeve couplings shall be made

from round steel pipe, 6 inch nominal diameter, types E or S,

graede B, wall thickness 0.432 inches, conforming to ASTM A 53-70.
Details of the couplings are shown on drswing SC-400-019., The
CONTRACTOR shall weld onto one end of each section of conduit a
coupling, except for the section of the conduit which i3 nearest

to the apex of the dome of each conduit run. For this latter case

the CONTRACTOR shall forward to the job site sufficient loose couplings
to allow installation of the apex section of conduit. The welds shall
be fillet type and shall develop the full strength of the coaduit. The
CONTRACTOR shall submit details of the weld to the OWNER and the
ENGINEER for approval. The CONTRACTOR'’S welders, who are to perform
the shop welding, shall be qualified in accordance with the

recommendations of AWS D1.0. The CONTRACTOR shall develop written

welding work proceduvres and gubmit them to the OWNER and the ENGINEER
for approval. The work procedures shall also include:

1. Removal of galvanizing from weld area on outside of the conduit.

2. 10%Z random liquid penetrant imspection of the shop welds.

T8
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| 3. Hydroststic pressure testing of the weld to ensure leak
- tightness, to the criteria noted in Item 3:04. The frequency

of testing shall be a minimum of 10% of the couplings, selected

et random.
A
k. Painting inside and outside of the coupling and the
ungalvanized and heat effected areas of the condulit. The type
of palat used shall be capeble of preventing corrosion of the
conduit for & minimum period of 1-1/2 years, when exposed to
the Job site environment. The CONTRACTOR shall submit details
of the paint to the OWIIER for approval. ]
3:09 Quality Control
The CONTRACTOR shall furnish to the OWNER:
1. Procedures for control and meterials end conduit dimensioms,
during febrication, handling, and shipping.
2, The specification of materials used in the conduit.
3. Mill certificates for the stecel end associated fabrication
and all testing records, prior to shipment %o the job site.
‘ 4. Develop written work procedures for welding couplings to the A
, conduit. Refer to item 3:08.7.
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RIGID CONDUIT
Delivery Schedule and Proposal Informatlon L

A. Initial delivery of conduit to the job site shall be made in Sep-
tember 1970. Delivery of all conduit shall be completed by Febru-
ary 1971. Conduit shall be delivered in a minimum of three ship-
ments with the conduit in the lower wall sections delivered first
and the conduit for the upper wall sections delivered last. A de-
tailed delivery schedule shall be prepared by the CONTRACTOR and
furnished to the OWNER for approval.

B. Total payment shall be determined by applying the quoted unit prices
to the total quantities delivered and accepted for use on the job
-s8ite. Unit prices shall include all provisions of these specifi-
cations and drawings including belled ends, bends, dellvery, and
quality control requirements, —

C.  Base Bid. .Unit prices shall be furnished to the Owner with the
proposal for fabrication and delivery of rigid conduit as specified
herein (.065" minimum wall thickness) for the following types of
conduit: .

~ 1. Vertical conduit (straight)', e oo oS " per lineal ft.

2. Horizontal conduit (67'-8 5/8" ;adius) 5. "‘per 1ineal.ftj

D. Alternate No. 1. Unit prices shall be furmished to the Owner with
‘ the proposal for fabrication and delivery of the following types of
rigid conduit with a minimum wall thickness of .083 inches in lieu
of that specified with all other provisions of the specification
remaining applicable:

1. Vertical conduit (straight) . . . .$ | per lineal ft,
2. Horizontal conduit (67'-8 5/8" radius) § _ per lineal ft.
E. An estimate of the following totalAcoﬁduit quantities shall be
" furnished with the proposal including the stock quantities men-

tioned in the specifications. These estimated quanitites will not
be used to determine total payment but are intended to evaluate
the Contractor's understanding of the intended scope of work.
‘1. Vertical conduit (straight) . . . . . . . lineal ft.
2. Horizontal conduit (67'-8 5/8" radius) . . . lineal ft.

; F. The following Florida Power Corporation drawings accompany this
Requirement Outline

CR#-S21-E~0 thru CR3~557-E-0.
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(3+00 DETATLED SPECIFICATION
W General »
[3:8273  After the word “repaired." edd the following:

"Schedule 40 conduit witbh pesinted ends and couplings shall be
inspected for damege to gelvanized end painted surfaces. . For
this case any damege whicb cannot be satisfactorily repaired
by the OWHER will be rejected and replaced by the CONTRACTOR
at no additionsal cost to the O "

@@4 Schedule 40 Condult

Before item 3:08.1 add the following:

"Hote: Schedule 40 conduit shall be used in the mat and the
dome of the reactor building. The requirements for the
Schedule 40 conduit in the mat are noted in items
3:08.1 through 3:08.4 inclusive, snd the requirements
. for the Schedule 40 conduit in the dome are noted in
items 3:08.3 through 3:08.7 inclusive."

Add the following items:

“3:08.5 The dome conduit shall be galvanized round steel pipe,
5 inch nominal diemeter, Schedule 40, types E or S,
grade A, wall thickneas 0.258 inches, conforming to
ASTM A 53-70, 'Welded and Seamless Steel Pipe."

"3:08.6 The dome conduit shall be accurately cut and bent to the
required dimensiors a2 shown on the drawings accompanying
this Requirement Outline. The CONTRACTOR shall locate the
Joints in a dome conduit run {(a dome conduit runm 1s from
trumpet to trumpet for a particuler tendon) to sult his
manufacturing end hendling requirements, provided he
complies with the following:

1. Joints shell not be made at the intersection of
conduits.

2. Jeint locetion edjacent to the ring beam shall be as
shown on drawing number SC-L00-019 “Reactor Building -
Dome Conduit Splice Locations Required Adjacent to

. Ring Bsam."
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3. The minimum length of a section of dome conduit
shall be 20'-0", The dome 1s defined es that area
within a horizontal radius from the centerline of
the reactor building of 55'-5-1/2".

Quantities of Schedule 40 conduit to be supplied under
this Contract shall be as indicated on the drewings.

"3:08.7 BSections of dome conduit shall be joined together at each
Joint, wvith a sleeve type coupling. All sleeve couplings
shall be made from round stecel pipe, 6 inch nominal
dlameter, types E or 8, grade A, wall thickness 0.432
inches, conforming to ASTM A 53-70. Details of the
couplings are shovn on drawing SC~400-019. The
CONTRACTOR shall weld onto one end of each section of
conduit a coupling, except for the sectlon of conduit
vhich is nearest to the apex of the dome of each conduit
run., For this latter cese the CONTRACTOR shall forward
to the job site sufficient loose couplings to allow
installation of the apex section of conduit. The welds

. shall be fillet type and shall develop the full strength

' of the condulit. The CONTRACMOR shall submit details of’

the weld to the OWNER and the ENGINEER for approval.
The CONTRACTOR'S welders, who are to perform the shop
welding, shall be qualified in accordaence with the
recommendetions of AWS D1.0. The CONTRACTOR shall develop
written welding work procedures end submit them to the
QWEER and the ENGINEER for epproval. The work procedures
shall also include:

1. Removal of galvanizing from weld area on outside of
the conduit.

2. 10% random liquid penetrant inspection of the shop
walds .

3. Hydrostatic pressure testing of the weld to ensure
leak tightness, to the criteris noted in Item 3:0h.
The frequency of testing shall be & minimum of 10% of
the couplings, selected at random.

k, Painting inside end outeide of the coupling and the
ungalvaniged and heat effected areas of the conduit.
The type of paint used shall be capeble of preventing
corrosicn of the conduit for a minimum period of
. ‘ 1-1/2 years, when exposed to the job site environment.
The CONTRACTOR shall submit details of the paint to
the OWNER for approval.'
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3:09 Quality Control

Add the following subitem:

" "4, Develop vwritten work procedures for welding couplings
to the conduit. Refer to item 3:08.7."

NOTE: Attached hereto are amended pages 13, 16, and 17 and appended
page 16 (dsted May 13, 1971) which have had incorporated inmto
them the changes made to the Requirement Outline by this Addendum.

. The pagee have marginel notations indicating where the Addendum

chenges occur. Please replace old pages with these attached
smended pages,
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ADDERDUM B

Sheet 1 of 1
November 17, 1971

The following changes are set forth to amended page 17 issued to you
under ADDENDUM A dated May 13, 1971.

3:00 DETATLED SPECIFICATION

3:08  Schedule 40 Conduit

3:08.5 Line 2:

Delete the "A" after the eighth word "grade" and replace with
the following:

“B"
- 3:08.7 Line 4:

Delete the "A" after the first word "grade" and replace with
the following:

"B“

NOTE: Attached hereto is amended page 17 which has had incorporated
into it the changes set forth by this ADDENDUM B. The page has
marginal notations indicating where the ADDENDUM B changes
occur. Please replace old page with this attached revised page
dated November 17, 1971. :
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OTHER THAN TENDONS

— CONFIRMED RIGID, ALL

VERTICAL TENDON
CONDUIT BETWEEN
ELEVATIONS 170" AND
232° ARE ASSUMED
RIGID.
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Rigid Horizontal Tendon Sleeves

Horizontal tendon sleeves are rigid with a 0.08" wall thickness. Photograph
of CR3 containment taken during hydro-blasting.
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Rigid Horizontal and Vertical tendon
sleeves

Horizontal tendon sleeves are rigid with a 0.08” wall thickness. Photograph
of CR3 containment taken during hydro-blasting.
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Flexible Tendon Sleeves

Observation of flexible sleeve inside core bore #61
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A
Modal Analysis, Transient
Dynamic Response, and Stress
Analysis of Concrete and
" Exposed Hoop Conduit due to
Oscillating Hydro Cutting Load

Performance Improvement International
January 14, 2010
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& 3-Step Approach '

1. Frequency Analysis of % Symmetric Structure

2. % Symmetric Transient Dynamic Modal
Dynamic Response due to Oscillating Hydro
Cutting Load. Reaction Moment Calculated.

3. Detailed Stress Modeling of Small Section of
Conduit in Concrete Wall. Loaded with
Reaction Moment Results from Step 2
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A

* Openingis 25 feet wide '

 Hoop Tendon Conduit is Embedded in
Concrete on both sides (72 Symmetric Model)

e Vertical Component @ 5° of two Nozzles of
the Hydro Cutters are assumed acting in the
downwards direction at the middle of the
Exposed Hoop Tendon Conduit

~* Radial load is not considered since Vertical '
Conduits give Support in this Direction

Assumptions




* Modeled usihg beam elements with Pipe
Section (OD=5.25", ID=5")
~* Curvature Modeled

* Steel Properties

. 17,000 psi Water Pressure @ 500 rpm
rotation

~ » 2 Nozzles acting on Hoop Conduit @ I\/Ildpomt
¢ 2% of Critical Modal Damping
* Max Reaction Moment at Wall Calculated

Assumptions (Cont.)
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A

 The Hoop Tendon Conduit Natural
Frequencies are:
— Mode 1: 14 Hz (Vertical Direction)
— Mode 2: 25 Hz (Radial Direction)

Frequency Summary
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Mode 1 - 14 Hz

Vertical |
Vibration
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Mode 2 - 25 Hz
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&> Transient Response
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% Detailed Stress Model
~Description
» 100% Quadratic Brick Elements
* Half Symmetry of “One Side”

* Curvature Ignored

. Only a 12”7 Section of the Conduit is Modeled

— Moment Applied to the End Section based on
- Transient Dynamic Response

 Steel Conduit is Perfectly bonded to the
Concrete |

* Young’s Modulus of Concrete: 2.5 E+6 psi
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& Detailed Stress Model Mesh

4 elements though the thickness of
the pipe wall
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Max Principal
Stress (psi)
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Steel and Concrete
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terface
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% Steel and Concrete (V|ew 2)
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é‘Concrete Stress Concentration
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ﬁ Detail of Concrete Stress

15
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% - Stress Summary

» Maximum Principal Stress in Concrete Wall
— Less than 160 psi Tensile

16
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A

Local Separation of Conduit from
Concrete Wall

17
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é\ - Justification/Approach

e Stress concentration at the corner of Conduit
and Concrete Wall may cause local separation
of Conduit from the Concrete Wall which will
lower the stress concentration

* Study an imposed 2 inch deep separation of
top half of the Conduit

 Assess stress

18
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ﬁ,Conduit/Concrete Separation

2 inch deep imposed

separation at upper half of
the cylindrical bond of the
steel and concrete (shown
in red outline)
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A Principal Stress Steel and

Concrete

. Separation

20
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Mesh
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Mesh Detalil

22
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& Concrete Only

23



FM 6.4 Exhibit 6

S, Max. Principal
(Avg: 75%)

+35.917e+01
+5.163e+01
+4,.409e+01
+R2 A5de+4N1
+2.900e+01
+2.146e+01
+1.392e+01
+6.377e+00
-1.165e+00
-8.707e+00
-1.625e+01
-2.279a+01
-3.133e+01
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&Concrete Max Principal Stress

Max Principal
Stress (Tensile)
About 60 psi

24
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Stress Summary with 2 inch
Separation

e Maximum Principal Stress in Concrete Wall

— Less than 60 psi Tensile (down from 160 without
separation)

25
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Large pieces of concrete were removed during the hydro-blasting
demolition project.

It can be seen that the interface of the concrete with the rigid
tendon sleeves is very smooth.
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The delamination runs
along this fracture surface

The interface between the concrete and
the tendon sleeves is very smooth






