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NOTE: The effects of increasing reactor power to 2004 MWt were evaluated in Task Report T0302, Reactor
Vessel Integrity - Stress and Fatigue Evaluation, to ensure that the reactor vessel components continue to

comply with the existing structural requirements of the ASME Section Il Boiler and Pressure Vessel Code.

Reference "Task Report T0302, Reactor Vessel Integrity-Stress and Fatigue Evaluation," (Monticello
calculation number 11-223), for further information.
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MONTICELLO

DESIGN AND FABRICATION REGUIREMENTS

The Monticello reactor vessel was designed, fabricated, inspected, ard
tested in accordance with the American Society of Mechanical Engineers Boiler
and Pressure Vessel Code Section III, Nuclear Vessels 1965 Edition and Addenda
to and including Summer 1966 Addenda, and the following additioms:

ASME SAS533 plate and Inconel material per Summer 1967 Addenda.

Main closure flange ma;erial per Code Case 1332-3.

Studs and nuts material for main closure flanges per Code Case 1335-2.
Main closure flange and stud shank transition radius per Code Case 1366.

Bearing stresses for stabilizer brackets and coefficients of thermal
expansion per Winter 1967 Addenda.

Magnetic particle and liquid penetrant examination per Winter 1966
Addenda.

The date of the contract between the Buyer, General Electric Company,
Atomic Power Equipment Department, San Jose, California and the Seller,
Chicago Bridge and Iron Company, San Francisco, California, was July 18, 1966.
There are no deviations to the formal code throughout the design, fabricationm,
inspection and testing of the reactor vessel.

Design fabrication, inspection, and test requirements in addition to
those required by the B&PV code were required by the Buyer's vessel purchase
specification 21A1112 (Exhibit 1). These include but are not limited to the
following pertinent inspections and/or tests:

1. Established specific maximum nil ductility transition
temperatures for the main closure £langes and the shell
and head materials connecting to these flanges (+10°F ¥DT
temperature) and elsewhere (+40°F NDT temperature).

A fabrication test program on vessel shell material which
included testing of large size tensile specimens (807 of the
vessel wall thickness in diameter) both plain and welded
samples. (See Exhibit 3).

Provisions are made for determining the effects of nuclear
radiation upon the reactor vessel structural materials by
supplying specimens of the vessel material to be exposed to
the core irradiation at the vessel wall inside of the vessel.

Pertinent certifications are contained in Exhibit 2, Manufacturer's
Data Report and Vessel Certification, Chicago Bridge & Iron Company.

. The surmary of results of the detailed stress analvsis is contained
in Exhibit 4. '




MONTICELLO

Plans for the vessel fabrication and assembly were described in Amendment 2 to
the FDSAR, "Design Fabrication and Erection of the Reactor Vessel." Actual
fabrication and assembly was in accord with Section IV of Amendment 2 except
for minor modifications as listed in Exhibit 5 of this report.

The GE quality control of the reactor vessel was essentially as described by
General Electric Quality Control Plan, Section IV of Amendment 2 to the FDSAR,
except the Domestic Turnkey Projects organization of Genmeral Electric Co. also
made an independent QC audit.

A detailed seismic analysis of the Reactor Pressure Vessel was prepared by
John Blume & Associates and was included in Appendix A along with other
seismic analyses.

In 1977, repairs were made to the reactor pressure vessel feedwater nozzles
and safe ends to minimize damage to the feedwater nozzles due to thermal
cycling. The repairs consisted of removing cladding from the nozzle blend
radius and bore and the installation of a feedwater sparger interference fit
thermal sleeve with a piston ring seal. These design changes invalidated the
"Summary of Stress Analysis for the feedwater Nozzles"” shown on page 4-14 of
Exhibit 4. Details of this repair and design are contained in Exhibit 7.

Also in 1977, a design change modified the CRD return line because of its
susceptibility to intergranular stress corrosion cracking. The 3" CRD return
line and the reactor vessel nozzle safe-end forging were removed and the
nozzle was capped using a 4" diameter schedule 120 pipe cap. This design
change eliminated the imposed mechanical loading for the nozzle, creating a
much less severe condition than the nozzle was originally designed for. As a
result of this modification, the "Summary of Stress Analysis for the 3" CRDHSR
Nozzle" shown on page 4-18 of Exhibit 4, is invalidated. Details of the
modification and new stress analyses are contained in design change 77M069.

In 1981, new feedwater nozzle safe ends featuring a tuning fork design with a
welded in thermal sleeve were installed and a section of piping upstream of
each nozzle was replaced with piping of a different material. These
modifications were performed to provide a significant reduction in thermal
cycling of the feedwater nozzle area. The new stress analyses that replaced
the "Summary of Stress Analysis for the Feedwater Nozzle" shown on page 4-14 -
of Exhibit 4, are contained in Exhibit 8 and Exhibit 9.

In 1984 several modifications were incorporated to provide greater resistance
to intergranular stress corrosion cracking.

The core differential pressure and standby liquid control safe end was
replaced using a safe end of similar design, but with different materials.
The new stress analyses are contained in General Electric Stress Report No.
23A4115, included in Design Change No. 83Z049C.

H.1-2 REV 7 12/88




MONTICELLO

The jet pump instrumentation safe end and penetration seal was replaced with
the jet pump instrumentation nozzle penetration seal, using low carbon 316 to
replace the original ASTM A5S08 Class II material. The new stress analyses are
contained in General Electric Stress Report No. 23A1939, also included in
Design Change No. 83Z049C.

The core differential pressure and standby liquid control, and the jet pump
instrumentation modifications invalidated the "Summary of Stress Analysis for
Core Differential Pressure and Liquid Control Nozzle, Head Cooling Spray and
Instrumentation Nozzles, Vent Nozzle, Instrumentation Nozzles, Jet Pump
Instrumentation Nozzles, Drain Nozzle, High Pressure Seal Leak Detector Nozzle
and Low Pressure Seal Leak Detector Nozzle" shown on page 4-28 of Exhibit 4.

Also, in 1984, a corrosion resistant cladding overlay was applied to the
inside diameter of the RV head vent nozzle and RV head cooling spray and
instrumentation nozzles. The weld overlay of 308L isolated the IGSCC
susceptible existing weld butter located in the weld residual stress area from
the reactor coolant. As documented in General Electric Stress Report No.
23A4280, part of Design Change No. 84Z068, stress calculations performed
originally at this location are still valid.

The recirculation inlet and outlet nozzles were both modified during the 1984
outage. General Electric Stress Report No. 23A1627, part of Design Change
No. 83Z049A, documents the analysis of the redesign and replacement of

the recirculation inlet nozzle safe end and thermal sleeve, including the
attachment weld and the weld overlay to the recirculation inlet nozzle.

This design change invalidated the "Summary of Stress Analysis for -
Recirculation Inlet Nozzle" shown on page 4-22 of Exhibit 4. E

Bechtel Stress Report No. SR-10040-SS2 (Rev. 3), also part of Design Change
No. 832049A, documents the analysis of the replacement of the recircula-
tion outlet nozzle safe end fitting, a forged and machined component made
of SA 358 Type 316 stainless steel. The "Summary of Stress Analysis in
Recirculation Outlet" shown on page 4-24 of Exhibit 4 has been invalidated
by this change.

In 1986, new core spray safe ends featuring a tuning fork design with a
thermal sleeve were installed along with a section of piping upstream at each
nozzle. This modification was performed to minimize the chance of IGSCC from
occurring in the Core Spray System. The new stress analyses is documented by
Bechtel Document 301-P-5.

Also in 1986, the CRD return nozzle, previously capped in 1977, was again
modified. The purpose of the modification was to remove that portion of
the existing weld butter layer susceptible to IGSCC, and re-clad the weld
prep area with corrosion resistant cladding and install a new nozzle cap.
General Electric Stress Report No. 23A5553, included as part of Design
Change No. 862016, documents the analysis.
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PURCHASE SPECIFICATION

This specification defines the engineering requirements of the equipment
specified herein.

The work done by the Seller in accordance with this specification shall
include all necessary design, development, analysis, drawings, evaluation
of materials and fabrication methods, shop fabrication, shipment, field
erection, inspection, and testing.

RESPONSIBILITY

The Seller shall accept full responsibility for his work and for compliance with
this specification. Review or approval of drawings, procedures, data or speci-
fications by the Buyer with regard to general design and controlling dimensions
does not constitute acceptance of any designs, materials or equipment which will
not fulfill the functional or performance requirements established by the purchase
contract.

GENERAL DESCRIPTION .

3.1 The reactor vessel will be used as a pressure container supporting the
steam generating core in the Monticello Nuclear Power Station to be
located near Monticellg Minnesota.

The equipment to be furnished in accordance with this specification shall
be one reactor pressure vessel assembly with a removable head and nozzles
and certain internal support structures, arranged as shown onm Drawing
886D482 complete with:

Attachments for thermal insulation, vessel and core supports, brackets
or legs for lifting and handling of the vessel head, and mounts for
outside surface thermocouples.

One set of necessary special tools required to remove and replace the
reactor vessel head. The set of tools shall include: four hydraulic
stud tensioners, stud elongation measuring device, stud and nut wrenches,

one set of stud thread protectors, three head guide caps, one buship%1
wrench, one stud sling. Stud-tensioners shall be in-accordance wit

Specifice.” » 21A9821 and shall include a lifting device that properly
spaces the tensioners over the bolt circle.

ISSUED:

MAR -5 1969
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4.0

J.2.3

3.2.‘

3.2.5

3.2.6

CODES

4.1

4.2

4.3

One set of necessary special tools required to install and remove

the reactor vessel head seals with manual contact. This set of

tools shall include a protective cover for the .reactor vessel
shell flange seal surface.

Metal boxes for the hand tools. Boxes shall be suitable for hand-

ling with a crane and/or fork 1lift truck.

One lot of reactor vessel material test plate and material test
specimens in accordance with Attachment B.

Shipping skids for those portions of the Reactor Vessel which are
shop fabricated.

The reactor vessel shall be designed, fabricated, inspected, tested
and stamped in accordance with the American Society of Mechanical
Engineers (ASME), Boiler and Pressure Vessel Code, Section III,
applicable requirements for Class A Vessels as defined therein,
interpretations of the ASME Boiler and Pressure Vessel Code, and
all laws, rules and regulations of the State of Minnesota in effect
on the date of the contract.

Deviations from the applicable codes or regulations shall be avoided.
‘Where a conflict exists among the codes or regulations, the Seller
shall bring this to the Buyer's attention. It shall be the responsi-

bility of the Seller to obtain resolution and disposition of deviation

with the Buyer and other appropriate parties and authorities.

The intent of this specification is to supplement the requirements

of the codes specified herein and to encompass the means whereby the

design objective is satisfied.

All standards and material specifications shall be per latest revision

in effect on the date of the contract.

ISSUED:

MAR -5 1969




PURCHASE SPECIFICATION

GENERAL @ ELECTRIC

ATOMIC POWER EQUIPMENT DEPARTMENT
spec. vo. 21A1112 REV. NO.

s~ NO. 4 CONT ON SHEET

6
5

5.0

DESIGN

5.1

5.1'1

5.1.2

5.1.3

5.1.4

5.1.5

5.1.6

UIREMENTS

Operating Conditions

Internal Pressure

Design Pressure: 1250 psig at bottom of the reactor vessel
Normal Operating Pressure: 1000 psig at -top of reactor vessel

Temperature

Design Temperature: 575°F
Normal Operating Temperature: 546°F

Reactor Core and Internal Weight

The weight of the reactor core and internal structure, centers of
gravity and distribution of loadings are shown on Drawing 886D482.

Water Weight

The weight of water contained in the vessel for varigus conditions
of operation are presented on Drawing 886D482.

Pipe Re#ctiqgg

The Buyer shall provide the Seller with the pipe reactions which the
connecting piping will apply to all nozzles with a nominal size
larger than the reactor vessel wall thickness and those nozzles
which in addition are subjected to significant thermal cycling. The
reactions will be limited by the Buyer such that the combined stress
as due to pipe reactions and design pressure in the vessel shell

at the nozzle attachment will not exceed the design stress allowed
by the ASME Code, Section III. These pipe reactions shall be used
in the detailed stress analysis required by the Code and performed
by the Seller. This analysis shall include the thin section of the
nozzle in the vicinity of the weld preparation for connecting piping,
any bi-metal weld and shall take into account the nozzle cladding.

Control Rod Drive Weight and Reaction

The momentary reactions which are suddenly applied to each control
rod drive housing in the vessel bottom head are presented on Drawing
886D482. :

ISSUED:

MAR -5 1959
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5.1.7 Steady State Thermal Conditions

Steady state mie.q. .emperatures will be computed by the Buyer for no more
than twelve locations on the reactor vessel. The locations will include
the head and shell closure flanges, the shell adjacent to the reactor
core, the bottom head and major nozzles including the control rod drive
nozzles. Temperature gradients through the shell wall adjacent to the
portion of the reactor core peak flux zone will be computed by the Buyer
and furnished to the Seller.

5.1.8 Cyclic Loading

The thermally induced stresses which result from the transients listed in
Attachment D shall be computed for the components listed. The cyclic
stress ranges which result from these and the following conditions shall
be evaluated in a fatigue analysis according to the ASME Code Section III.

The additional c-onditions are:

a) Zero stress condition
b) Isothermal condition at 546°F and 1000 psi inside vessel.
c¢) Isothermal conditions at 70°F and 1000 psi inside vessel 120 cycles.

d) For the closure flanges and bolting - the cold bolt-up condition

' 120 eycles.
. 5.1.9 Earthquake Loadscy; es

Earthquake loads shall be taken into account in accordance with the
criteria and load presented on Drawing 886D482.

5.2 Design Considerations
5.2.1 Design Objective

The objective shall be to design and fabricate this reactor vessel to
have a useful life of forty years under operating conditions specified
by the Buyer.

5.2.2 Reactor Vessel Supports

Reactor Vessel supports, internal supports, their attachments and adjacent
shell shall be designed to take maximum combined loads including control
rod drive reactions, earthquake loads, and jet reaction thrusts as defined
on Drawing 886D482. There shall be no gross yielding of the reactor
vessel supports causing permanent displacement under these conditions.

5.2.3 Stress Concentrations

Care shall be taken in design and fabrication to minimize stress concen-
trations at changes in sections or penetrations. Fillet radii shall be
equal to at least half the thickness of the thinner of the two sectionms
being joined. If reinforcement for openings (except the control rod
drive and in-core flux monitor nozzles) requires local vessel shell added
thickness, such reinforcement shall extend at least 1-1/2 times the
diameter of the opening from the center of the opening. These requirements
are not to be construed as a waiver for evaluating the stresses for use
. in the analysis for cyclic operation.

ISSUED:

MAR -5 1369
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5.2.4

5.2.5

5.2.6

5.2.7

5.2.8

Corrosion Allowance

Exterior exposed ferritic surfaces of pressure-containing parts in-
cluding heads, shell, flanges and nozzles shall have a minimum corro-
sion allowance of 1/16 inch. The interior surface of carbon or low
alloy steel parts exposed to the reactor coolant shall also have a
minimum corrosion allowance of 1/16 inch. If the main closure head is
left unclad, its interior surface shall also have a minimum corrosion
allowance of 1/16 inch.

Main Closure Seal

The reactor pressure vessel main closure seal shall be a double seal
designed to have no detectable leakage through the inner or outer
member at all operating conditions. These conditions include, but are
not limited to: (a) cold hydrostatic pressure test at the design pres-

sure, (b) heating to design pressure and temperature at a rate of 100°F/hr.,

maximum, (c) operating for extended periods of several months duration at
operating conditions, and (d) cooling at a rate of 100°F/hr., maximum.

Design Stress

Design stress values used in the calculations shall be as contained in
ASME Section III and applicable interpretations of ASME Boiler and Pres-
sure Vessel Code for materials covered therein. The design stress values
for ASME, Section III calculations for other materials approved by the
Buyer in accordance with Paragraph 8.1 of this specification shall be
determined per Appendix II, ASME Code, Section III.

Dimensional Control

Seller shall show the method of controlling measuring and maintaining
alignment and location of control rod drive penetrations with the
vessel and core supports.

The reactor shall be designed to minimize retention pockets and crevices.

1-8
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6.0 DESIGN ANALYSIS

6.1

Regquirements

The Seller and the Buyer shall perform the design calculations and
analyses as required by the applicable Standards and Codes indicated
in Section 4.0. The requirements of Article 4, ASME Code, Section III,
shall be fulfilled. The division of responsibility for the analyses
shall be in accordance with paragraph 6.1.3. The analysis required
shall be performed in two divisions as follows:

6.1.1 Stress Analysis

A stress analysis shall be performed in accordance with Section N-430,
ASME Code Section III. Calculations shall be performed in accord-
ance with paragraph N-431 to verify that the minimum wall thickness

is provided. A detailed stress analysis shall be performed in
accordance with paragraph N-432. This analysis shall take into
account all combinations of loads in conjunction with metal temp-
eratures, as indicated in Section 5.0 above, and Drawing 886D482

within the Design Stress Criteria of ASME Code Section. III,
Article 4.

‘ 6.1.2 Analysis for Cvclic Operatiom W

An analysis shall be performed in accordance with Section N=-415 of
the ASME Code, Section III, to determine that the vessel is suit-
able for the cyclic loading conditions of paragraph 5.1.8 above.
This analysis shall also be performed within the design stress
criteria of Section III, Article 4, to establish whether the design
objective in paragraph 5.2.1 above is reached. The analysis will
be used to determine the adequacy of any required thermal baffling
used to control or limit thermal stresses and to place safe operating
limits on the cyclic conditions imposed on the vessel where it 1is
reasonable to control them, as in the start-up heating rate and
shut-down cooling rate.

6.1.3 Division of Responsibility

The Seller and the Buyer shall perform jointly the design analysis
required by this specification.

6.1.3.1

The seller shall perform calculations to satisfy limits on primary
general membrane stress (P,), primary local membrane stress (P;),
primary bending (P_), and secondary membrane plus bending stresses
(except thermal stresses) (Q) from specified steady state conditionms.
Also included are calculations necessary to reinforce openings per
Paragraph N-450, except the calculations necessary to satisfy the
cyclic conditions and Paragraph N-451 (b) which are the responsibility
of the Buyer.

“MAR -5 1969

)




1-10

GENERAL @ ELecTRIC

ATOMIC POWER EQUIPMENT DEPARTMENT
PURCHASE SPECIFICATION pec. no. 21A1112  Rev-nNo. 6

Sk NO. 8 CONT ON SHEET Q

6.1.3.2

The Buyer shall perform the transient and steady state thermal
analysis and the analysis for cyclic operation on all components
requiring such analysis. These analyses will provide the stress
categories Q and F of Paragraph N-414, ASME Section III. This
type of analysis will cover but not necessarily be limited to the
following parts of the reactor vessel:

a. Emergency cooling nozzles (safe end and thermal sleeve)

b. Feedwater nozzles (safe end and thermal sleeve)

¢. Control rod drive hydraulic system return nozzle (safe end and
thermal sleeve)

d. Vessel Support Skirt
e. Refueling bellows support skirt

£. Closure flanges

g. Bolting
h. Control rod drive penetration . J
6.1.3.3

The analyses-which are the responsibility of the Buyer but are made
with the Sellers assistance, shall be checked and signed by
the Buyer.

6.1.3.4

The Seller shall fulfill the requirements of Paragraph 4.0 Codes,
and produce the summary report required by Paragraph 6.8. The
Buyer shall prepare its portions in suitable form for reproduction.

- 6.2 Calculation of Stresses

The detailed structural analysis required to meet the requirements of
6.1 shall be made for the stresses resulting from internal pressure,
external and intermal loadings, and the effects of steady and fluct-
uating temperatures and loads for regions given in 6.3 which involve
changes of shape, structural discontinuities, and points of con-
centrated loadings.

Where dimensions and loading conditions permit, the adequacy of
structural elements will be verified by comparison with completely
analyzed elements. The calculations shall include a complete

CUWMAR -5 1969




1-11

GENERAL @D ELECTRIC

. ATOMIC POWER EQUIPMENT DEPARTMENT

. Al 6
PURCHASE SPECIFICATION seec. no- 21A1112 REV. NO.
Sm NO. 9 CONT ON SWHEET 10

analysis of stresses under stea’ - etate and transient conditions to
determine suitability of the design «ith respect to the allowable
stress given in ASME Code, Section III, and to determine the opera-
tional limitations with respect to fatigue of the reactor vessel
materials over the life of the reactor vessel (Design Objective)
using the loading conditions supplied by the Buyer.

6.3 Parts of the Reactor Vessel Assembly to be Analyzed

The parts of the reactor vessel to be analyzed shall include:

head closure, bottom head, shell adjacent to reactor core, reactor
vesgel supports and stabilizers, supports for reactor vessel internals,
control rod drive penetration, feedwater nozzle, poison nozzle,
emergency core cooling nozzles, drive system return nozzle, and all
nozzles 10" or larger in size.

6.4 Closure Head Seal Calculation

‘To assure meeting sealing requirements of the main closure seal as
specified in paragraph 5.2.5 above, the relative rotations of the
, flanges shall be calculated. These rotations shall be used to

L " demonstrate analytically satisfactory seal performance using the
following assumptions:

6.4.1 The mating surfaces of the flanges shall be assumed rigid.

6.4.2 The rotation shall be assumed to cause contact over the minimum
area which will sustain the loading between the faces when stressed
to the yield strength at the metal temperature.

6.4.3 The flange faces shall be assumed to diverge from the contact area,
specified in paragraph 6.4.2, through the angle of calculated
relative rotation less any radial taper machined on the face(s) to
accommodate the flange rotations.

6.4.4 1t may be assumed that the seal will be maintained if, at both
O-ring seal locations, the separation between flanges is less than
the minimum elastic spring-back of the O-ring.

6.5 Calculations

The calculations shall be clear and in sufficient detail to permit
independent checking. Specific references shall be given for all
formulas and methods used or the formulas and methods shall be
derived independently. Calculation shall be submitted to the Buyer
for approval.

“"MAR -5 1969
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6.6 Descriptions of Computer Programs

If computer programs are used to obtain solutions to design problems,
the Seller shall furnish the Buyer the description of each different
computer program used. These descriptions shall be furnished with

the first issue of the design calculations incorporating such programs.
The computer program description shall include computer type, program
capabilities, assumptions, limitations and statement of availability.

6.7 Measurement Reports

Measured values of strain, deflections or stresses resulting from
tests on models or actual reactor vessels shall be supplied to the
Buyer by the Seller. These reports shall include all information
necessary to duplicate the conditions required to obtain the results
reported. :

6.8 Summary Report

After completion of the reactor vessel design, the Seller shall
furnish the Buyer additional copies of all calculations plus a )

summary report of results of all computations. Each copy shall be ‘ ]
bound in a suitable paper binding and indexed.

7.0 CONSTRUCTION

The reactor vessel body including all components which contain pressure
including the shell, lower and upper heads shall be made of rolled plate
and/or forgings welded with full penetration welds throughout except as
noted in 7.3.5. The shell and head flange and nozzles shall be forged.

7.1 Shell and Heads

7.1.1 Longitudinal and circumferential weld joints in the reactor vessel
shall be oriented so as not to intersect openings or penetrations,
wherever practical. Circumferential weld seams should avoid regions
of highest neutron flux in the core region, if practical. The
region of highest neutron flux occurs between the mid-plane and top
of the core.

ISSUED:

MAR -5 1969
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7.1.2

7.1.3

7.1.4

Bottom Head

The section of the bottom head which encompasses the penetrations
for the control rod drives and in-core flux monitors shall be either
a single forging or dished plate, if practical. If this is not
practical and a weldment is used, the orientation of the weld
sections shall as far as practical minimize the number of inter-
sections of weld seams with penetrations.

Top_ Head

The top head shall be either a single forging or dished plate or
shall be fabricated of sections welded together, with the orienta-
tion of the weld seams such that no seams intersect openings or
penetrations.

Weld Joints

Weld joints shall be designed to facilitate a maximum of radiographic
examination per the ASME Boiler and Pressure Vessel Code, Section III,

. paragraph N-624.

7.2 Head Closure

7.2.1

7.2.1.1

7.2.1.2

7.2.2

7.2.2.1

7.2.2.2

7.2.2.3

Assembly and Disassembly

The head closure shall be designed for removal and reassembly,
using 4 or more hydraulic stud tensioners.

It shall be the design objective to replace and remove the head
within 16 hours elapsed time. Specifically, the cycle shall
include placing the head over the studs, tightening the studs
to operating bolt-up loads, unbolting and removal of the head
over the studs. It is expected that 120 such cycles will be
performed during the life of the reactor vessel.

Seals

The head seal shall be a double seal with a vent between the
seals through which leakage of the inner ring can be detected.
‘The seal vent shall be designed for full design pressure of the
reactor vessel.

The seal shall be metal O-ring type with pressure equalizing
vents on I[.D.

The grooves for the O-rings shall be placed in the reactor head
flange. Suitable fasteners shall be provided to hold the O-rings
in the grooves during head removal and assembly operations.
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7.2.2.4

'

Provisions shall be made for installation of a low pressure leak
detection system outside of the second seal, and may be outside
of the bolt circle. The provisions shall include a vent through
the vessel flange with extended 1" nipple and socket weld fitting
and either a shallow groove or other suitable backing to retain
a soft asbestos braided packing. There shall be no protruding
parts of this low pressure seal beyond the 0.D. of the head and
vessel flange.

7.2.3 Bolting

7.2.3.1

7.2‘3.2

7.2.3.3

7.2.3.4

7.2.3.5

7.2.3.6

Studs shall be used to secure the reactor vessel head. Stud, nut
and bushing threads shall be in accordance with Drawing 885D91l.

The stud bolt holes in the reactor vessel flange shall be bushed
with removable bushings. Keys shall be provided for each bushing
to prevent rotation of the bushings when removing studs.

Spherical washers shall be used with the studs to minimize bending

of the studs.

It shall be possible to remove and replace the head with the studs . y
installed. To facilitate head removal and replacemenc, three

special ‘guide caps shall be provided to couple onto three studs.

The lengths of the guiding surfaces of the guide caps shall be
staggered so that the shorter of the three guide caps shall

extend above the top of the installed studs for a minimum distance
of 4 inches. The length of the three guide caps shall be

staggered in 3-inch minimum increments. The internal threads of

the guide caps shall be similar to the stud nuts threads. The

upper end of the guide caps shall be provided with a conical lead-in
taper and a horizontal through-hole bored to accommodate a

round bar for wrenching.

Flange hole, bushing, and stud designs shall be such that the
studs stand perpendicular to the flange surface when the studs
and bushings are bottomed in the holes to facilitate removal and
replacement of vessel head over studs as called for in Paragraph
7.2.3.4.

The surface of all threads in the studs, nuts and bushings shall
be given a phosphate coating to act as a rust inhibitor and to
assist in retaining lubricant on the surfaces. An approved lubri-
<aat should be applied to the stud threads as soon as possible
after coating.

ISSUED:
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7.2.3.7 A stud sling for the main closure studs shall be provided. The
stud sling shall include a swivel and counter-weight spring to
support the weight of the stud during turning of stud into vessel
flange. Studs are to be provided with a wrenching surface accessible
when suspended on sling.

7.2.3.8 All main load-carrying.threads and spherical washers shall be
assembled only after cleaning, gaging, and lubricating. In no
case during fabrication or testing shall these parts be assembled
without lubricant. Only thread lubricant approved by the Buyer
shall be used.

7.2.4 Flanges

7.2.4.1 The top head flange surface shall be machined or the area around
each stud hole spot faced. Spot facings shall be complete and
extend beyond washer 0.D. to accommodate maximum eccentricity of
stud in head flange bolt hole. The top head -flange surface, with
or without spot facings, must accommodate and provide proper

bearing area for the stud tensiomer feet.
7.3 Nozzle Ends

7.3.1 The ends of all nozzles other than flanged nozzles shall be prepared
for welding in accordance with Drawing 107C5305. Nozzle safe ends
are considered to be part of the vessel, not part of the connecting
piping but in no case shall the safe end wall thickness be less than
the wall thickness of the comnecting pipe.

7.3.2 Where thermal sleeve nozzles are specified to a nominal size, the
size of the pipe through the nozzie as well as the nozzle external
end shall be the nominal size specified for the nozzle. Thermal
sleeves shall be supplied by the Seller.

7.3.3 The Buyer will furnish information on the wall thickness, t,, of all
piping connections and will set the inner bore diameter incguding
tolerances and allowances of the connecting piping will follow ASA
Standards. The Buyer will use the formulas and allowable stresses
of B31l.1 for establishing the required piping wall thicknesses.
Nozzle safe end wall thickness shall be governed by Drawing 107C5305
and will in general be greater than required by Section III.

I1SSUED:
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8‘0

7.3.4

7.3.5

7.4

7.5
7.5.1

7.5.3

7.6
7.6.1

7.6.2

8.1

Details of the transition weld preparation shall be submitted to the
Buyer for approval.

Nozzles of 3" nominal size or larger shall be full penetration welded
to the vessel. Nozzles less than 3" nominal size may be partial
penetration welded if permitted by ASME Code, Section III.

The vessel top head nozzles shall be provided with 1500 pound weld neck
flanges with small groove facing. Mating 1500 pound flanges with small
tongue facing, gaskets and a complete set of studs and nuts shall also
be provided. The loose flanges for the 6 inch instrument nozzles shall
be blind, the remainder shall be weld neck. The flanges and gaskets
shall be in accordance with ASA Standards B16.5. The threads on studs
and nuts shall be 8-pitch series in accordance with ASA Standard Bl.1.

Reactor Vessel Supports

External and internal supports shall be provided as an integral part
of the reactor vessel. The locazion and design of the supports shall
be such that stresses in the reactor vessel and supports will be
within ASME Code limits due to reactions at these supports. The
design pressure differential across the core shroud support shall be
100 psi (higher pressure under the support) occurring at the vessel
design temperature. The design of the core shroud support shall also
take into account the restraining effect of the components attached
to the support and the weight and earthquake loading as shown on
Drawing 886D482.

The drain nozzle shall extend 12 to 16" below the bottom of fhe
reactor vessel and shall be of the full penetration design.

External Attachments
Brackets to support insulation shall be provided on the exterior of

the reactor vessel in accordance with Drawing 886D482

Provisions shall be made for the attachment of thermocouples in
mounts on the reactor vessel exterior as specified on Drawing
886D482.

MATERIALS

All materials to be used shall be indicated on the Seller's drawings.
The Seller shall submit for the Buyer's approval, all material
selections and material purchasing specifications.

ISSUED:
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8.2. Records

8.3

8.5

8.6

8.7

8.8

The Seller shall maintain complete records showing use of all materials
so that it will be possible to relate every component of the finished
reactor vessel to the original certification of the material and the
fabrication history of the component. The Seller ghall prepare a
summary of the heat number, chemical composition and mechanical proper-
ties for each reactor vessel component.

Forgings

Low alloy steel forgings for pressure parts shall be made in accordance
with ASTM A508 in accordance with ASME Code Case 1332-3, Paragraph 5.
Nozzles which are partial penetration welded as specified in 7.3.5 may
be nickel-chromium-iron forgings made in accordance with ASME SB-166
modified in accordance with Code Case 1336. The molten steel shall be
vacuum treated prior to, or during, the pouring of the ingot in order
to remove objectionable gases, particularly hydrogen.

Plate

Plate for pressure parts shall be in accordance with ASTM A533, Class I
Grade B, Firebox Quality, in accordance with ASME Code Case 1339-2.
Plate ingots shall be produced by vacuum degassed pouring.

Castings

The use of castings will be considered by the Buyer but specific Buyer
approval shall be required. Castings for pressure parts shall be made
in accordance with ASME SA-356, Grade 10, Code Case 1333, Paragraph 1.

Material for pressure parts shall be selected and worked to produce
as fine a grain size as practical. It shall be an objective of the
fabrication technique to retain a grain size of 5 or finer in all
material. Grain size shall be determined by the method in ASME E112.

Heat Treatment

Heat treatment of carbon and low alloy steel pressure parts shall consist
of normalizing and then tempering at not less than 1200°F. For section
thickness over 3 inches nominal, heat treatment shall consist of accel-
erated cooling from the austenitizing temperature to below the martensite
finish temperature followed by tempering at not less than 1200°F to
obtain tensile and impact properties comparable to those developed by
normalizing and tempering section thickness of less than 3 in. nominal.

Mechanical Properties —ie kT

The low alloy steel forgings, plate and castings for pressure parts
shall be tested in accordance with Paragraph 10.3 and shall have the
mechanical properties required therein in addition to those required
by the applicable ASME Specification.

I1ISSUED:
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8.9 Studs, Nuts, Bushings, and Washers for Main Vessel Closure

8.9.1 Studs shall conform to ASTM A540, Grades B23 or B24 and ASME Code
Case 1335-2, Paragraph 4, Class 3, 4 or 5.

8.9.2 Nuts, bushings and washers shall conform to ASTM A540, Grades B23 or
B24, and Code Case 1335-2, Paragraph 4, Class 3, 4, or 5 but to suit
the stud material used. It shall be the objective to have a minimum
difference in hardness of 5 Rockwell C points from the stud material.

8.9.3 Hardness and impact properties shall meet the requirements of para-
graph 10.3.2.5.

8.10 (Cladding Material

8.10.1 Weld overlay cladding shall be a minimum of 0.125 inches total thick-

All internal carbon and low alloy steel surfaces of the reactor vessel
including the closure head and closure head flange mating surfaces,
shell flange and mating surface, shell, bottom head, nozzles for con-
necting stainless steel piping, and internal attachments shall be clad
with weld overlay meeting the following requirements:

ness. The finished surface shall have a composition equivalent to
ASTM A371, Type ER308 or A240 Type 304 except the carbon content
shall not exceed 0.08X%.

8.10.2 Cladding in the "as-clad" condition is acceptable, provided the

resulting surface finish does not interfere with the ultrasonic and
liquid penetrant test requirements.

8.10.3 The sealing surfaces of the reactor vessel head and shell flanges

8.11

shall be weld overlay clad with austenitic stainless steel which
consists of a minimum of two layers and a minimum of 0.25 inch total
thickness. The first layer shall be deposited with an analysis
equivalent to ASTM A371, Type ER309. The second and sub-sequent
layers shall have a composition equivalent to ASTM A371, Type ER308,
except the carbon content shall not exceed 0.08Z. Minimum thickness
of 1/4 inch shall apply after all machining, including area under
groove. :

Attachments

8.11.1 Internal attachments other than the weld clad ferritic attachments

shall be annealed stainless steel, Type 304 per ASTM A240 or ASTM
A276, or Type F304 per ASTM Al182. The core support structure shall
be stainless steel clad low alloy or carbomn steel, solid nickel-

chromium-iron alloy per ASME SB166, 167, or 168, or annealed stainless

steel, Type 304 per ASTM A240 or ASTM A276, or Type F304 per ASTM Al82. .

ISSUED:
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8.11.2 External attachments to the reactor vessel shall be of the same
material as the reactor vessel base material, or shall be of a
material which has mechanical and impact properties compatible
with the base material. Where welds must be made to the attach-
ments in the field, the material selected shall not require pre-heat
or post-weld heat treatment.

8.12 Nozzle Safe Ends and Flanges

8.12.1 Nozzle ends for austenitic p.ipe shall be ASTM A336,.Class F8 or
F8m; A240, Type 304, or Type 316; or A376, Type 304 or Type 316
solution heat treated stainless steel, depending upon the mating
pipe material selected by the Buyer. Nozzle ends for carbon steel
pipe shall be ASTM Al105, Grade 11, forgings except phosphorous

. content shall be 0.035X Max. and sulphur 0.040% Max; ASTM A508
Class I; or ASTM A516 Grade 70. Proportiocns shall be as shown
on Drawing 107C5305.

8.12.2 Standard flanges for flanged nozzles and separate mating flanges
shall be ASTM Al182, Grade F304, stainless steel.

' . 8.12.3 Studs for standard flanges shall be SA193, Grade B7. Nuts for
standard flanges shall be SAl194, Grade 2H.

8.13 Pipes and tubes shall be ASTM A213, A249, A312, A376, solution heat
treated, Grade TP304 or TP316; or A240, Type 304 plate welded and
radiographed in accordance with ASME Code, Section IIl, Paragraph N624.

8.14 Miscellaneous bolting material shall be subject to the Buyer's
approval.

8.15 Weld Electrodes and Rods

8.15.1 Material for weld electrodes and rods shall be selected from
ASTM-A233, A298, A316, A371 or equivalent for other processes and
reported to the Buyer for approval.

8.15.2 All austenitic stainless steel welds and weld cladding shall con-
tain controlled amounts of ferrite, confirmed by quantitative
tests. The procedures for control of, and testing for the ferrite
content of welds and weld cladding shall be submitted to the Buyer
for approval. The acceptance standard for quantitative tests shall
be either 2 Cr = 1.9 x X Ni, or 5% ferrite minimum.

ISSUED:
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8.16 Alternate Materials

The Seller shall be free to suggest alternate materials during prepar-
ation of detailed drawings and shall bring such alternates to the
attention of the Buyer, but shall not make substitutions without
approval of the Buyer. Request shall include:

8.16.1 Reason for substitution.
8.16.2 1ldentification of the component or parts involved.

8.16.3 Either the complete material specification similar to ASTM for each
type and form of proposed material, or the information as follows:

a) Type of Service (Structural, High/Low Pressure, Temperature,
Weldable)

b) Manufactured Form (Pipe, Plate, Tube, Bar, Bolting)
c) Size, Thickness Limits

d) Alloy Grades (C-Steel, Alloy Steel, Stainless Steel
Designations)

e) Steel-Making Process (Open Hearth, Basic Electric)

£) Porming Process (Hot Forged, Hot/Cold Rolled, Drawnm,
Seamless Welded, Cast)

g) Heat Treatment, Stress Relief Parameters

h) Type, Location and Number of Mechanical Tests (Tensile, Bend
Homogeniety, Hydrostatic)

1) Mechanical Property Acceptance Limits

j) Chemical Composition Acceptance Limits

k) Inspection Requirements such as: Radiography, Liquid Penetrant,
Magnetic particle, Ultrasonic Including Acceptance Limics.

1) Surface Finish Acceptance Limits

8.16.4 Allowable Stresses (If not an ASME Material)

8.16.5 For major pressure parts, additional information will be required
regarding details of previous applicatioms of the material, impact
strength, NDT temperature, micro-structure variations, creep,
stress rupture, hardness, radiation damage, welding, forming,
corrosion and temperature effects as applicable for engineering
evaluation of the application and as required for code purposes.

ISSUED:
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9.0 FABRICATION
9.1 Procedures

9.1.1 The Seller shall submit for the Buyer's approval, all of the
following procedures and procedure specifications:

9.1.1.1 Heat treatment procedures for all thermal processes exceeding
800°F after the mill rolling or forging or foundry casting oper-
ation.

9.1.1.2 Forming and bending procedures for all forming during fabrication
subsequent to mill forging or rolling or foundry forming and
cladding.

9.1.1.3 VWelding and weld repair procedures including temporary welds as
required in accordance with the ASME Code, Section IX, Paragraphs
Q=10 and 11, and QN-10 and 11, Section III, Paragraph N-540.

9.1.1.4 Method of qualifying welding procedures and performance, if other
than ASME Code, Section 1IX and I1I.

' . 9.1.1.5 Repair procedures for major and minor defects as defined in
Paragraph 9.4. '

9.1.1.6 Drawings showing location and preparation of test specimens,
including specimens required in Attachment B.

9.1.1.7 Fabrication schedule including the detailed sequence to be
followed in fabrication of the vessel.

9.1.1.8 All cleaning procedures, preserving procedures and a list of
cleaning agents and preservatives together with their chemical
content which shall be used during fabrication and in preparation
for shipment. 1In lieu of a complete chemical analysis, the Buyer
shall accept a report which states the chlorides, fluorides and
sulfur content. Other harmful elements should also be reported.

9.1.2  All work by the Seller or his sub-suppliers shall be performed in
accordance with Buyer approved drawing, and fabrication and test
procedures.

9.2 Material Cutting N

et

9,2.1 Stainless steel and carbon steel shall be cut to size or shaped by
machining, shearing or thermal cutting.

“*MAR -5 1969
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9.2.2

Thermal cutting of stainless steel shall be followed by the removal
of approximately 1/32" depth from the cut surface. Thermal cutting
of carbon steel shall be followed by the removal of oxides.

9.3 Welding

9.3.1

9.3.2

9.3.3

9.3.4

9.3.5

9.3.6

9.3.7

The reactor vessel base material pre-heat and interpass temperature
shall be as specified in the welding procedures, but in no case less
than 300°F, except weld overlay pre-heat which shall be no less

than 200°F. Pre-heat temperature shall be maintained after welding
until start of post-weld heat treatment. Pre-heating techniques
shall be such as to ensure that the full thickness of the weld

joint preparation and adjacent base material is at the specified
temperature for the distance of "T" or two inches, whichever is
greater, where "T" is the material thickness.

When stainless steel or nickel-chromium-iron alloy is welded to

itself or to each other, no pre-heat is required, except when the

heat-affected zone reaches ferritic base material as in the cases

of welding to buttered nozzle ends or cladding. When the buttering

or cladding is less than 1/4 inch thick, pre-heat to at least 200°F . 3
is required, followed by post-weld heat treatment except that sub-

sequent welding to cladding greater than 1/8 {nch thick may be

done without preheat if the specific welding procedure is qualifled

to show that the heat affected zone does not reach the base metal.

All surfaces (to be welded) shall be free of cavities or protrusions
which may interfere with the welding procedure.

Pre-~heat, welding and post-weld treatment shall be planned and con-
ducted to minimize undue distortion or warping of the parts and
preclude cracking. :

Machined surfaces and threads shall be protected against weld
splatter.

Stainless steel welds shall be cleaned with stainless steel wool
or stainless steel brushes before adding the next bead and follow-
ing the final bead to facilitate inspection. The light oxide dis-
coloration which forms on the weld surface meed not be removed.

Welds shall be cleaned of slag and flu.. ! °“ween passes and following i
the final deposit.
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9.3.8

9.3.9

Any cracks, blow holes, or other defects which appear on the surface of
weld beads shall be removed by machining, chipping, grinding, or arc
gouging. Austenitic weld repairs, if arc gouged shall be followed by
grinding. Austenitic welds shall not be peened; ferritic welds may be
peened under controlled conditions after approval by the Buyer.

Wide welds to overcome poor fit are not permissible. Poor fits shall be
remedied by suitable means such as regrooving, and approved by the Buyer.
Except for small cavities, the Seller shall not correct a plate edge de-
ficiency unless approved by the Buyer. The Buyer may require radiography
or other methods of examination of welds used to correct plate edge de-
ficiencies.

9.3.10 Post-weld heat treatment temperature shall be 1150°F +25°F -50°F. Inter-

9.4

9.5
9.5.1

9.5.2

stage post-weld heat treatment holding time shall be 15 minutes minimum.

Final post-weld heat treatment holding time shall be one hour per inch of
thickness, minimum.

Repair of Defects

‘Repair procedures shall be prepared for the repair of all defects. Major de-

fects shall require prior approval by the Buyer and may require witnessing

by the Buyer's representative. Major repair is defined as (1) a repair to
material other than weld metal which requires an excavation greater than 3/8
inch deep or 10 percent of the wall thickness, whichever is less; (2) the
repair of any cracks, other than crater cracks, in any material or weld metal;
and (3) the repair of any defect which is indicative of either a fundamental
material problem or a process out of control. A minor repair is defined as
all other repairs.

Cleaning

Interior Surfaces

After the Seller has completed all other work, the interior surfaces of the
reactor vessel shall be thoroughly cleaned to be visibly free of lubricants,
weld splatter, chips, embedded irom particles and other foreign materials.
A preferred method for cleaning and rinsing is use of high pressure water
blasting equipment for these operations given in Paragraph 10.8. To main-
tain cleanliness of the iterior of the vessel and head during drying and
sealing, the personnel required to enter the vessel or head should wear
clean cloth shoe covers and clean clothes. The vessel shall be sealed to
prevent entry of dirt or foreign materials. Seals used on nozzle ends and
flange faces shall not alter weld preparations or sealing surfaces.

Exterior Surfaces

Exterior carbon steel surfaces shall be cleaned of oil and grease after

which mill scale, rust scale, and other foreign matter shall be thoroughly
removed by such means as sandblasting as specified by the Buyer. All sur-
faces shall be brushed or air cleaned to remove all traces of sand or grit.

1SSUED:
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10.0 INSPECTION AND TEST

10.1

10.1.1

10.1.1.

10.1.2

10.1.2.
10.1.2.
10.1.2.
10.1.2.
10.1.2.
10.1.2.

10.1.2.

10.1.3

10.1.3.
10.1.3.

10.1.3.

10.1.3.

10.1.3.
10.1.3.
10.1.3.

10.1.4

10.1.5
10.1.6

General

The Seller shall submit for the Buyer's approval, the following
inspection and test procedures:

Ultrasonic Examination Procedure for the following:

1 1. Forgings
2. Plate
3. Welds

4, Weld build-ups
5. Cladding
6. Tubular Products

Magnetic Particle Examination Procedures for the Following:
1 Carbon steel & low alloy steel forgings
2 Carbon steel & low alloy steel welds
3 Weld build-ups A A\
4 Bolting ' : : ‘ /
5 Carbon steel and low alloy steel tubular products
6 Carbon steel and low alloy steel castings
7 Edge preparations of carbon steel and low alloy steel materials.

Liquid Penetrant Examination-Procedures for the Following:

1 Austenitic Forgings
2 Austenitic welds

3 Austenitic weld buildup

4 Cladding

5 Austenitic tubular products
6 Austenitic castings
7 Edge preparations of austenitic materials

Radiographic examination procedures for welds, castings, for each
type of radiographic source above and below 2 Mev.

Hydrostatic Examination Procedures
Leak Check Procedures .

1SSUED: I
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10.1.7

10.2

10.2.1

10.2.2

10.2.3

10.2.4

10.2.5

Methods, processes and equipment to be used in establishing
"as~-built" dimensions and alignment cneva: which are not generally
used in a typical industrial shop.

Definitions

"As-Fabricated' Specimens

"As-fabricated" specimens are mechanical test specimens taken from
carbon and low alloy steel forgings and plates used in the vessel
fabrication from each heat and heat treatment lot and from welds
between base material made by each welding procedure used and in

a thickness equal to or greater than the thickest weld made with
each procedure. Coupons for "as-fabricated" specimens shall be
taken from the forgings or plates following all hot working or
forming and all heat treatment except post-weld heat treatment.
These coupons shall then be subjected to a post-weld heat treatment
equivalent to the treatments which the parts it represents will
receive in the completed vessel. This shall consist of holding the
coupon at the post-weld heat treatment temperature for a time equal
to or greater than the longest accumulated time any part it repre-
sents shall be at the post-weld heat treatment temperacture.

“1/4T x T" Location

The "1/4T x T" location of specimens is defined as a location
within the material no closer than "1/4T" from one quenched
surface, and no closer than "T" from any other quenched edge,
where "T'" is the nominal thickness of the material.

NIL-Ductility Transition (NDT) Temperature

The nil-ductility transition (NDT) temperature is defined as the
temperature at which a specimen is broken in a series of tests
in which duplicate no-break performance occurs at a temperature
10°F higher, when tested in accordance with ASTM E208.

Impact-Transition Curve

A curve representing breaking energy vs. temperature from at least
twelve Type A Charpy-V specimens, tested in accordance with ASTM
A370, except each specimen tested at a different temperature.

The temperature range of testing shall establish the upper plateau,
the transition region, and the lower plateau. Each plateau shall
be determined by at least one, but not more than two points. The
remain ng specimens shall be used to develop the transition region.
The lower plateau need not be developed if it occurs below -80°F.

A "lot of material” consists of all material from one heat (ome
melt) in a heat treatment furnace. ’

ISSUED:
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10.3 Material Mechanical Tests

10.3.1 Mechanical Properties

10.3.1.1

10.3.1.2

10.3.1.3

10.3.1.4

Impact properties of all carbon and low alloy steel used in the
main closure flanges and the shell and head materials connecting
to these flanges shall meet the requirements of the ASME Code,
Section III, Paragraph N-330 at a temperature no higher than 10°F.
In addition, this material shall have an NDT temperature no higher
than 10°F as determined per ASTM E208.

Impact properties of all other "as-fabricated' carbon and low
alloy steel pressure containing material and the vessel support
skirt material shall meet the requirements of the ASME Code,
Section III, N-330 at a temperature no higher than 40°F. 1In
addition, this material shall have an NDT temperature no higher
than 40°F as determined per ASTM E208. The actual NDT temperature
of all material opposite the center of the active fuel of the core
as indicated on Drawing 886D482 shall be determined.

Tensile test properties of all materials shall bSe inspected and
tested to meet the requirement of the applicable ASME Code or
ASTM specification. .

Test data shall be reported to the Buyer.

10.3.2 Required Number and Specimen Location

The number and location of tensile and impact test specimens
required shall be per ASME Code, Section III, N-313.2 and the
following depending on the form of the material. The following
tests may be integrated with the tests required by the ASME Code
and ASTM Specification wherever possible.

10.3.2.1

Vessel Flange and Head Flange Forgings

Tangential specimens, as-fabricated, shall be taken from
locations per ASME Code, Section III, N-313.2 (d) (2). A total
of at least 2 tensile, 6 Charpy-V impact and 4 drop weight
specimens shall be tested for each flange from which 1 tensile,
3 Charpy~V impact and 4 drop weight specimens shall be located
approximately 180° from the other specimens. The materia? -
shall meet the requirements of Paragraph 10.3.1.

ISSURD:
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10.3.2.2

10.3.2.3

10.3.2.4

Low-Alloy Steel Nozzle Forgings

Specimens, as fabricated, shall be taken from locations per
ASME Code, Section III, N-313.2 (d) for forged nozzles. At
least 2 tensile, 3 Charpy-V and 2 drop weight specimens shall
be tested for each heat and heat treatment charge, except that
nozzles with wall thickness of less than 4 inches and outside
diameter less than 12 inches shall not require drop weight
testing. The material shall meet the requirements of
Paragraph 10.3.1.

In addition to the tests required by the ASME Boiler and Pressure
Vessel Code, longitudinal specimens (parallel to the primary
rolling direction), as-fabricated, shall be taken from the 1/4T x T
location. At least 2 drop weight specimens shall be tested from
the top end (top as determined by ingot pouring) or each mill
rolled plate and each heat treatment charge. The material shall
meet the requirements of Paragraph 10.3.1. Additional drop

weight specimens shall be required for NDT temperature determination

per Paragraph 10.3.1.2 for plates located opposite the center of
the core,

Castings

Tangential specimens, as-fabricated, shall he taken from loca-
tions per ASME Code, Section III, N-313.2 (d). Castings
1000 1b. weight and under shall have a total of 1 temsile

"specimen, 1 metallographic specimen, and 3 Charpy-V and 2 drop

weight specimens, tested for each heat and heat treatment

charge. Castings over 1000 1b. weight shall have a total of 2
tensile specimens, 2 metallographic specimens, 6 Charpy-V and

4 drop weight specimens tested from which 1 tensile specimen,

1 metallographic specimen, 3 Charpy-V and 2 drop weight speci-
mens shall be taken 180° apart and/or diagonally opposite. The
metallographic specimens shall be for reference only. Additional
drop weight specimens shall be required for NDT temperature deter-
mination in accordance with paragraph 10.3.1.2 if the casting

is located in the core area. The material shall meet the require-
ments of paragraph 10.3.1.
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10.3;1.5 Studs, Nuts, Bushings and Washers for Main Vessel Closure

Hardness tests shall be made on all main vessel closure bolting
to demonstrate that heat treatment has been performed. Studs,
nuts and bushings shall be hardness tested individually. One
sample from each lot of washers shall be hardness tested. Impact
tests required by ASME Code, Section III, paragraph N-330 shall
meet the Code requirements at a temperature no higher than 10°F.
In addition to the magnetic particle or liquid penetrant accep-
tance standards specified in ASME Code, Section III, paragraph
N-325, axial defects of less than thread depth shall be investi-
gated to determine their nature. Any cracks or sharply defined
linear indications are unacceptable.

10.4 Welded Base Material -~ Mechanical Tests

10.4.1 ASME Code Weld Test Plates

The Seller shall prepare and test weld coupons of Category A and

B joints in accordance with ASME Code, Section III, N-713. The
impact test temperatures shall be determined in accordance with
paragraph 10.3.1 of this specification. In addition to the tests .
required by the Code, 6 drop weight specimens shall be taken from
the 1/4T x T location from these plates and, if different welding
procedures are used, from plates for base material to base material
welds of Category D joints as defined in ASME Code, Section III,
N-461. Two each of the drop weight specimens shall represent the
the base metal, heat affected zone and weld metal. The specimens
shall meet the requirements of paragraph 10.3.1.2. Additional
drop weight specimens shall be required in accordance with
paragraph-10.3.1.2 if the welding procedure is to be applied in

the area opposite the core.

10.4.2 One of the test plates of Category A or B required in 10.4.1 above
shall be selected by the Buyer for the fabrication tests required
in Attachment B, Paragraph 2. The Seller shall perform all
required tests and reports. These tests are for information only,
but time is of the essence and the tests should be performed and
results reported as early as practical. '

10.4.3 The Seller shall prepare and ship, but not test, Surveillance Test
Program material and specimens in accordance with Attachment B,
Paragrapb 3.

10.4.4 Flange Forging Weld Test Plate

In the event the vessel and head flanges are made by welding two
or more forged segments, the Seller shall prepare a weld test
plate from the forging material. Impact and tensile specimens ‘

| | “MAE - 5 1969
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shall be prepared and tested. The specimens shall be prey....) from
material in the wveld-heat-affected zone and from the weld metal.
Test results shall meet the requirements of paragraph 10.3.1.

10.5 Ultrasonic Inspection

10.5.1

10.5.2

10.5.2.1

10.5.2.2

Ultrasonic inspection of plate and forged material shall be per-
formed in accordance with ASME Code, Section III, except that
ASME Case Interpretation 1338-2, Alternate 2 shall not be accep-
table, and the plate material testing shall be a 100 percent volu-
metric inspection and shall be performed after forming and heat
treatment. The following acceptance criteria shall apply in
addition to Code requirements. A defect which causes any echo
indication that exceeds 50 per cent of the indication from the
calibration standard and that is continuous during movement of,
the transducer more than 3 inches in any direction shall be
unacceptable. A chart shall be maintained of defects with 50
per cent or greater loss of back reflection.

Prior to connecting any attachment, support or bracket, except insul-
ation and thermocouple brackets, to the interior or exterior of
plate portions of the vessel by means other than groove welds below
the plate, the plate shall be ultrasonically inspected. The plate
shall be inspected to a depth at least equal to the thickness of
the part being joined, and over the entire area of the subsequent
connection plus a band all around this area of width equal to half
the thickness of the part being joined. The inspection shall be in
accordance with ASME Code, Section II1I, Paragraph N-321, using
longitudinal wave technique. The surface shall be 100 per cent
inspected with the transverse interval being no greater than 90

per cent of the crystal diameter.

Reference Standard

The Seller shall prepare a reference standard which consists of

a flat bottom hole having a diameter equal to one-quarter of the
thickness of the part being joined or 1/4 inch diameter whichever
is greater. The bottom of the hole shall be one thickness of

the part being joined below the plate surface. This reference
standard shall be used for calibration purposes.

Acceptance Standards

Any defect which produces a trace line pattern equal to or in
excess of the appropriate refercnce standard shall be unaccep-
table.
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10.5.3

The main closure stud, nut, bushing and washer material shall be
ultrasonically testad following heat treatment and rough machining
to 125 rms or better finish using both longitudinal and shear wave

" tachniques. Longitudinal wave examination shall be performed on

10.5.3.1

10.5.3.2

100% of the cylindrical surface, and in addition on stud material
from both ends of each stud. The longitudinal wave transducer shall
have a maximum diameter of 1/2 inch. Shear wave examination shall
be performed on 1002 of the outer cylindrical surface in both axial
and circumferential directions.

Reference Standards

The Seller shall prepare a reference standard of the same material,
thickness and curvature as the part being examined. The reference
standard shall contain calibration features as follows:

1) Longitudinal Wave-Radial Scan: 1/2 inch diamefer flat-bottom
hole having a depth equal to 10% of the material thickness.

2) Longitudinal Wave-End Scan: Flat-bottom hole with area equal
to 1% of stud cross-section or 1/4 inch diameter, whichever
is smaller, having a depth of 1/2 inch.

3) Shear Wave: Square bottomed notches 1 inch long and 32 of
the part thickness in depth, both axjal and circumferential.

Acceptance Standards

Any defect which produces a trace line pattern (echo indication)
greater than the indication from the applicable calibration
feature shall be unacceptable. A distance-amplitude curve may
be used for the longitudinal wave examination. The curve may be
a line established by plugging the hole and examining it from
both sides of the material. For end examination of studs the
curve may be established for half the stud length and applied

to an examination from each end to the center.

ISSUED:
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10.6 Claddin

10.6.1 Ultrasonic Inspectior - Cladding General

10.6.1.1 The cladding bond shall be tested with the transducer on the
clad side using a suitable couplant. The entire clad surface
shall be inspected at intervals 1.4 times the base material
thickness, but not greater than 12 inches, transverse to the
direction of welding.

10.6.1.2 Reference Standard
The Seller shall prepars a reference standard which consists of
a flat bottom groove in typical clad plate. The groove shall
be 0.35 inch maximum width by at least one crystal diameter
long, parallel to the direction of welding. The groove shall
be formed by machining the base metal within 1/32" of the
cladding interface and etched with nitric acid to remove excess
ferritic material from the interface. This reference standard
shall be used for calibration purposes.

10.6.1.3 Acceptance Standards

Cladding which produces a trace line pattern equal to or in

axcess of the appropriate Reference Standard shall be unacceptable
if a continuous pattern occurs during movement of the transducer
more than three inches in any direction or if one or more patterns
occur during movement of the transducer less than one inch in

any direction from the boundary of any one pattern.

10.6.2 Liquid Penetrant Inspection - Cladding General

10.6.2.1

10.6.2.2

10.6.2.3

10.6.2.4

All clad areas and clad repairs shall be liquid penetrant
inspected per ASME Code, Section 111, N-627. The following
indications shall constitute unacceptable defects and shall
be repaired.

Any crack-like indicatioms or incomplete fusion.

Linearly-disposed spot indications of 4 or more spots spaced
1/4 inch or less from edge to edge of the indicationm.

Spot indications which are indicative of defects greater than
1/32 inch deep as revealed by bleed-out.
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10.6.

10.6.

10.6.

10.6.

10.6.

10.6.

10.6.

10.6.

10.6.

10.6.

10.7

10.7.
10.7.
10.7.

3 Ultrasonic Inspection - Cladding Special Areas

3.1 The flange seal surfaces shall be inspected for bond to the
flanges as per 10.6.1 except that the inspection shall be-over
100 per cent of the area. Prior to final machining the volume
1/8 inch above and below the surfaces on which the double seals
will seat shall be 100 percent inspected for defect using longi-
tudinal vave technique. The acceptance criteria shall be that
any defect which produces a trace line pattern equal to or in
excess of a 1/16 inch flat bottom hole may be unacceptable.

3.2 The final machined surfaces on which the double seals seat shall
be inspected by surface wave technique. Any defect producing a
signal greater than the signal produced by the 0.002 inch deep
by 1/8 inch long spark machined groove in a reference standard
which the Seller shall furnish may be cause for rejection.

4 Liquid Penetrant Inspection -~ Cladding Special Areas

4.1 The area of the flange seal surfaces on which the double seals
seat shall be liquid penetrant inspected per ASME Code, Section
I1I, N-627, except that any indication of any type shall be
unacceptable.

5 Magnetic Particle Inspection - Plate Material

5.1 Both internal and external surfaces of all low alloy steel plate
material shall be magnetic particle inspected per ASME Code,
Section III, Paragraph N-626 following forming and heat treatment.
The acceptance standard of ASME Code, Section IIlI, Paragraph
N-625.5 shall apply.

6 Openings in Pressure Parts

6.1 The entire surface of all openings for partial penetration nozzles,
regardless of size, except for the seal leak detection connection,
shall be examined in accordance with ASME Code, Section ITII, N-313.

6.2 The entire surface of the finished stud holes. in the head flange
and the holes in the vessel flange prior to tapping shall be
examined by the methods of ASME Code, Section III, N-513. Any
indication of cracks or linear indications shall be reported to
the Buyer for information. Any crack or linear indication may be
subject to removal and renair if required.

Welds

1 Radiographs
1.1 Gamma rays shall not be used unless approved by the Buyer.
1.2 Films shall be suitably marked to identify the weld. Film identi-

fication markings shall coincide with the detail drawing markings
for each weld.

WAK - 5 1985
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10.8 Hydrostétic Tests
10.8.1 Code Test

Immediately prior to hydrostatic testing, all interior surfaces of the

vesgsel and head that will contact water during hydrostatic testing shall -
be thoroughly cleaned. Cleaning and degreasing shall be by the use of

high pressure (greater than 5000 psi) deionized water containing 500 ppm

by weight of TSP for water blasting all internal surfaces. These sur-

faces shall be subsequently water blasted with deionized water (no ad-
ditives). The vessel shall be filled with deionized water for hydro-

static testing. The method of heating the vessel is subject to approval
by the Seller.

Definitions: Deionized water
Conductivity 2 micro-mho/cm
Solids 10 ppm max
Chlorides 1 ppm max
Fluorides 1 ppm max
Sulfides . . 1 ppm max

TSP - Reagent grade per American Chemical
Soclety Specification for tri-sodium-
phosphate

CAUTION: Special care shall be taken to thoroughly water blast rinse with deion-

10.8.2

10.9

10.10

ized water crevice areas such as between the bottom head and stub tubes
and behind welded~in thermal sleeves directly following cleaning with TSP
solutions until effluent conductivity is less than 5 micro-mho/cm.

After completion of fabrication but prior to shipment, while the vessel is
‘supported on its normal supports, the reactor vessel shall be pressure-
tested in accordance with the ASME Boiler and Pressure Vessel Code, Sec-
‘tion III, Paragraph N-714. Reactor vessel material temperature shall be

at least 100°F. In no case, however, shall the water temperature be higher
than 200°F. Suitable gasket material instead of metal "0" rings may be
used for this test.

Second Hydrostatic Test

Following the Code test, the vessel shall be hydrostatically tested at de-
sign pressure with new metal "0" rings. This test shall demonstrate that
the head seal meets the sealing requirements. Relative displacement and
rotation of the head closure flanges during this test shall be measured in
at least four places and reported to the Buyer. The measurements shall be
made prior to stud tightening and at 250 psi intervals from zero psi to
the design pressure.

The placing of the head, tightening the studs to operating bolt-up loads, un-
bolting and removal of the head over the studs shall be demonstrated. The
elapsed times for each step shall be recorded.

Final inspection after hydrostatic test per ASME Code, Section III, N-618
shall include seal surfaces and the nozzle weld preparationm.

i1SSLED:

AR - - 1968




PURCHASE SPECIFICATION

1-34

GENERAL @ ELECTRIC

ATOMIC POWER EQUIPMENT DEPARTMENT

su No. 32

SPEC. NO. 21A1112 REV. NO 6

CONT ON SHMEET 331

11.0

12.0

SHIPMENT
11.1 Small Parts

Small, loose pieces, including bolting, tools, gaskets, etc., shall
be adequately crated or boxed for protection during shipment. Parts
subject to rusting shall be suitably protected. All pieces shall be
marked with the equipment piece number or mark specified by the Buyer.

11.2  Shipping Weights and Dimensions
Estimated shipping weights and overall clearance dimensions of all
major pieces to be shipped to the erection site shall be shown on
the drawings when submitted to the Buyer for approval.

11.3 Shipping Skids
Shipping skids for compoments shall be designed to support the
components adequately and securely during shipment to the erection
site and to account for the means of movement lifting, and posi-
tioning to be provided by the Seller at the erection site.

SUBMITTALS

12.1 Tabulation (For Information Only)

Fabrication, qualification and inspection procedures,
processes, and calculations are tabulated below (all o
submittal to the Buyer in quantities as shown on Attac
This tabulation shall in no way be construed as being

reports

f which require
hment A).
complete or

limiting the documents necessary to meet the requirements of this

specification.

Heat treatment procedure

Forming and bending procedure

Welding and weld repair procedure specification
Repair procedures

Cleaning and preserving procedures

Ferrite content or Ni/Cr ratio control procedure
Ultrasonic examination procedure

Magnetic particle examination procedure

Liquid penetrant examination procedure
Radiographic examination procedure

Hydrostatic examination procedure

Leak Check Procedure

Measurement reports

Summary reports

"As-built" dimensions and aligmment checks procedures.

I1SSUED:
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12.1 (Continued)

Design analysis calculations
Material purchase specifications
Material selections

Thread Lubricant Specifications

12.2 The following shall be submitted in accordance with Attachment A:

12.2.1

12.2.1.1

12.2.1.2

12.2.1.3

12.2.1.4

12.2.1.5

12.2.1.6

Drawings

Outline Drawings - A drawing depicting the outline of the reactor
vessel indicating over-all dimensions, location and size of
nozzles, location of supports, shipping and operating weights.

Assembly Drawings - A section drawing depicting the arrangement
of the functional parts, parts list and material designation.

Detail Drawings - Drawings for details of construction such as
weld preparations, surface finishes, finished dimensions, nozzles
lifting attachments, insulation attachments, thermocouple pads,
flanges and supports.

Drawings for Approval - Outline, assembly and detail drawings
shall be submitted for approval. The detail drawings submitted
shall be for design details enumerated in 12.2.1.3 which are
required for coordination with piping and structure and design
details which are at variance with the code or the requirements
of this specification.

Controlling Location Arrangement Drawings

One or more drawings shall be devoted exclusively to outline
dimensions such that mating components designed and supplied
by others such as piping, anchor bolts, instruments, etc.. may
be procured for an exact fit with the reactor vessel asserntly.
These drawings shall show reference to the controlling derail
drawings and show over-all dimensions and locations on ruvactor
vessel.

Drawings to be Certified - Outline, Assembly and Detail drawings
for design coordination shall, upon completion of the design, be
certified to be correct with no further changes required. No
alterations may be made to the design after certification without
the approval of the Buyer. . : :
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12.2.2.5 1Instructions and parts list shall be clearly legible and prepared
on good quality paper; carbon coples and tissue copies or other
flimgy material are not acceptable. Multiple page instructions
shall be securely bound.

12.2.2.6 If a standard manual 1is furnished covering more than the specific
equipment purchased, the applicable model (or other identifica-
tion) parts and other information for the specific equipment pur-
chased shall be clearly identified.

12.2.3 Photographs

The Seller shall provide the Buyer with sets of progress photo-
graphs of the vessel at each significant stage of fabrication.
One set shall consist of one negative and three glossy 8" x 10"
prints.

12.2.4 Engineering Schedule

12.2.5 Fabrication Schedule

12.3 Records ) .

The Seller shall maintain records of all material qualifications,
all weld and weldor qualifications and all process qualifications
required by this specification and the material apecifications. In
addition, tae Seller shall maintain records of all tests and
inapections (e.g. - ultrasonic, radiography and hydrostatic). A list
of the records shall be submitted to the Buyer on completion of the
job. The Buyer shall be able to obtain certified copies of such
records for a five-year period. Where the Seller considers the
actual test records to be proprietary, he shall submit certified
reports containing all pertinent test data excerpted from the actual
test reports. These certified test reports shall also be available
for a five year period.

ISSUED:
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ATTACHMENT A- 1 INSTRUCTION MANUAL, DRAWING & DATA REQUIREMENTS

Review or approval of drawings, procedures, data, or specifications by the buyer with regard 1o general design and cor.trolling dimensions
does not constitute acceptance of any designs, matrerials, or equipment which will not fulfill the functional or performonce requiraments
established by this specification and the purchase contract. Documents and drawings submitted shall be black line and of a quality which
will produce readable-prints when microfilmad (35 mm) ond blown bock on a conventional 18 x 24 printer viewer such as F:lmac 200 or

itec. Send cll documents and drowings te L.L. Kleinhesselink, GE, APED,
the Purchase Order. All documents and drowings shall be identified with the oppropriate Parts List Number(s).

{with copy of transmitrai to

APED Byyer, cs indizated on

No. REQUIRED &
DOCUMENT DESCRIPTION TYPE OF copy DUE
1. OUTLIME DIMENSIONS Approval 3 PRINTS +_1 REPRO .
Certified 3 __REPRODUCIBLE | **
2. ASSEMBLY AND CROSS SECTION Approval 3 _PRINTS + 1 REPRO| -
DRAWINGS WITH PARTS LIST WITH PP ) —
MATERIAL DESIGNATIONS Certified — > _REPRODUCIBLE | **
3 PRINTS + 1 REPRO| ,
3. DETAI. DRAWINGS Approval — —
Certified 3 __REPRODUCIBLE | *~
- . c ARRANGEMENT Approval 3 PRINTS + 1 REPRO| -
¢. CONTROTLING LOCATION-ARRANGEH Comii 3 repaooucioLe
5. ENCINEERING SCHEDULE TO INCLUDE DATES
FOR START AND FINISH FOR DESIGN CALCU- 1 Within _ 20
LATIONS, DATA, MATERIAL SELECTIONS, Approval REPRODUCIBLE ithin —= _doys
APPROVAL DRAWINGS AND DOCUMENTS. ofter award of order.
6. FABRICATION SCHEDULE WHICH DETAILS . i
THE SEQUENCE OF FABRICATION, AND INDI- Approval 1__REPRODUCIBLE Withia _30__days
CATES START AND FINISH OF EACH PHASE. afrer award of order
As completed but no
7. DESIGN CALCULATIONS Approval 6__ COPIES later than 2 weeks
prior to Zabrica-
tion
8. ALL PROCEDURES & MAT'L PURCHASE (R‘;‘gizizzll;e_ 6 COPIES |30 days prior to
SPEC. (EXCEPTION-SEE ITEM 12 BELOW) fore Used) anticipated use
Approval (Later) MANuUALS |120 days before ship.
9. INSTRUCTION MANUALS -
(Later) MANUALS |30 days before sched-
juled shipping date
10. CODE CERTIFICATES 6 ORIGINAL 5 days after
COPIES shipment
PRINT 2 montk inter-
11. PHOTOGRAPH Certified —3_ PRINTS 3:15 mont: inter
1 NEGATIVE
— ]
. 2 weeks prior to
12. FABRICATION QUALIFICATION 6 PRINTS qualification test
PROCEDURES
Upon completion of
13. ADDITIONAL CALCULATION AND 6 COPIES, EA. | .0 ) design
SUMMARY REPORT
14: ULTRASONIC, RADIOGRAPHIC & HYDRO- Certified |___8 COPIES 5 days after test
STATIC INSPECTION & TEST REPORTS
* Within 90 days after award of purchase contract ond prior to fabrication.
**Within____30 __ days after receipt of opproval drawings or within doys of
receipt of purchose contract if opproval drowings are not required.
PROJECT: DATE -
| MONTICELLO MAR -5 19A3 SH 1 CONT ON FINAL
8Y: T HATIAT AN WISUED: ATTACHMENT #/TO SPEC.: REV NO
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1.0

2.0

ATTACHMENT B -~ MATERIAL TESTS AND TEST SPECIMENS

SCOPE

The Seller shall retain selected portions of the material used to fabricate

the reactor vessel of this contract. He shall process some of this material
into finished mechanical specimens which shall be in metallurgical conditzions
representative of the following as-fabricated reactor vessel material: Base-~
Plate, Welds and Heat-Affected Zone. The Seller shall test some of these
specimens for "Fabrication Tests" to determine the effect of thickness on the
mechanical properties of the material. The remainder of the specimens and the
remainder of the selected test material shall be prepared for shipment. These
latter specimens will be used for "Surveillance Tests" to monitor the effect of
neutron irradiation on the mechanical properties of the reactor vessel steel.

FABRICATION TEST PROGRAM
2.1 Material

2.1.1 The fabrication test material shall be representative of the formed,
heat-treated, and fully-fabricated reactor vessel, and shall be
removed from one of the heats of plate material used in the reactor
vessel construction, but need not necessarily be from a plate which
becomes a part of the reactor vessel.

2.1.2 The fabrication test material shall be documented as to chemistry,
thermal history, degree of hot and/or cold work, and welding.

- 2.2 Description

2.2.1 The Seller shall perform fabrication tests of base metal and welded
joint. The results of the fabrication tests shall be reported during
the early stages of reactor vessel construction. All of the fabrication
test specimens shall be removed from the same plate.

2.2.2 The Seller shall make and test .505 inch diameter tensile specimens
with the gage length in the tangential direction of the shell plate
material. Tensile specimens shall be prepared from the 0.D., 1/4T,
1/2T, and 3/4T thickness levels of the plate material. Each thickness
level shall be tested at room temperature, 550°F, and 650°F per most
recent ASTM Specifications E8 and E21. Three specimens shall be tested
2t each temperature for each thickness level. The tensile strength,
yield strength, elongation, and reduction of area shall be reported.
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2.2.3

2.2.3.1

2.2.3.2

2.2.3.3

2.2.4

ATTACHMENT B (CCNT'D)

The Seller shall make and test, per most recent ASTM Specification
E8, six tensile specimens whose gage diameter . .- least BOX of
the reactor vessel wall thickness.

The gage length to gagze diameter ratio of the specimens shall
be no less than 3 to 1. Tests shall be conducted at room
temperature. Stresa-strain curves, tensile strength, yield
streagth, elcngatisn, reduction of area and macrophotographs of
the breaks shall te regorted for each specimen tested.

Where the reactor vessel wall courses are made from rolled plate
with a longitudinal weld, three specimens shall be made from a
base metal test plate with their gage lengths oriented to a vessel
wall tangential direction and three specimens shall be made from a
test plate simulating a vessel longitudinal weld with their gage
lengths across the weld.

Where the reactor vessel wall courses are made of forged rings,
three specimens shall be made from a base metal test plate with
their gage lengths oriented to a vessel wall longitudinal direction
and three specimens shall be made from a test plate simulating a
vessel girth weid with their gage lengths across- the weld.

The Seller shall make and test Charpy V-Notch impact specimens

(ASTM E22, Type A) entirely from base material to establish curves
for determining the 30 ft.-1b. transition temperature at the 0.D.,
1/4T, 1/27T, and 3/4T thickness levels of the plate material. The
energy data, fracture arpearance data and lateral expansion data

for each individual specimen shall be reported. The data from each
individual specimen shall be reported. There shall be at least six
peints reported within the 20 to 40 ft.-1b. range, and at least

three testing tecperatures represented within the range. In addition

to the above the Impact Transition curves shall conform to Paragraph
10.2.4.

3.0 SURVEILIANCE TE3T TEHOGRAM

3.1

3.1.1

3.1.2

The Seller shall furnish two plates, as shown in Figure 1, from the
plate used to make the reactor vessel in the reactor core region,
or from a similar plate from the same heat.

The Seller shall heat treat these plates with the reactor vessel, or
in similar fashion, to insure that they represent the metallurgical
condition of the vessel steel, in the core region of the completed
reacter vessel including all post-weld heat treat cycles seen by
that region. ’
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3.1.3

3.1.4

3.2

3.2.1

3.2.2

3.2.3

3.2.4

3.3
3.3.1

3.3.2

3.3.3

ATTACHMENT B (CONT'D)

The Seller shall furnish documents to the Buyer showing the location
of the test plates and dctailins all netlllurgical data concerning
the test plates.

The Seller shall make mechanical test specimens, as outlined below,
from one of these plates and send the other to the Buyer.

Welded Plate - Figure 2

The Seller shall furnish a welded plate representative of a reactor
vessel longitudinal weld, in the case of reactor vessels formed
from plate or representative of a reactor vessel girth weld in the
case of reactor vessels formed from forged rings, as showmn in
Figure 2, from the plate used to make the reactor vessel in the
reactor core region, or from a similar plate from the same heat.

The Seller shall heat treat the plate with the reactor vessel, or
in similar fashion, to insure that it and the weld represent the
metallurgical condition of a vessel weld, in the core region of

the completed reactor vessel including all post weld heat treatment
cycles seen by that weld.

The Seller shall furnish documents to the Buyer showing the location
of the test plates, detailing all metallurgical data and demon-
strating that the weld was made in a manner similar to a reactor
vessel weld. X-rays of the weld shall be furnished. -

The Seller shall make mechanical test specimens, as outlined below,
from half of the plate and shall supply the other half to the Buyer.

Surveillance Specimen Fabtication

The Seller shall provide a detailed plan of specimen preparation for
the Buyer's approval prior to the start of any work required by

this attachment. The Buyer can furnish a plan which the Seller may
uge as a guide. He shall be apecific in indicating how the notch
location of the Heat-Affected Zone Charpy specimens will be
determined.

All specimen cutting shall be done by machining.
Specimen marking and mark orientation are of upmost importance.

Each specimen shall be marked serially with the FAB Code series
provided.
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3.3.4

3.3,%

3.4

3.5

3.6

ATTACHMENT B (CONT'D)

The Seller shall apply rust preventative to all specimens, shall
arrange them in serial groups of like materials, and shall wrap
them to prevent mechanical damage.

The Seller shall provide drawings showing all specimen locations
with respect to the plate.

Preparation of Base Metal Charpy Test Specimens
(Refer to Figure 3 and Drawing 117B1549)

The Seller shall prepare 53 standard Charpy V-Notch impact specimens
(ASTM E23, Type A, G.E. Drawing 117B1549) from the base plate material
described in previous paragraphs. The specimens shall be taken from
1/4 thickness positions in the plate and at least 1T from any as-
quenched edge. The long axes of the specimens shall be parallel to
the plate rolling direction, or principal forging direction. The
specimen notches shall be perpendicular to the original plate surface
and shall be controlled by the orientation of the end marking on the
specimen blanks. '

Preparation of Base Metal Tensile Specimens
(Refer to Figure 3 and G.E. Drawing 117B1550)

The Seller shall prepare 14 1/4 inch gage dilameter tensile specimens
as per G.E. Drawing 117B1550, from the base plate material previously
described. The specimens shall be taken from 1/4 thickness positions
in the plate and at least 1T from any as-quenched edge. The long

axes of the specimens shall be parallel to the plate rolling direction
or principal forging direction.

treoaration of Weld Charpvy Svecimens
(Refer to Figure 4 and G.E. Drawing 117B1549)

The Seller shall prepare 53 Charpy impact specimens, per G.E. Drawing
117B1549 and Figure 4, from the weld deposit material of the furnished
plate. The long axes of the specimens shall be perpendicular to the
weld direction and parallel to the plate surface, with the middle of

the specimen at the mid-plane of the weld, as shown in Figure 4. The
specimen location in the stock material shall be recorded, approxi-
mately, by the numbering system. The notch shall be parallel to the
plate surface and its orientation shall be controlled by the orientation
of the marking sysmbols.
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3.7 Preparation of Weld Tensile Specimens
(Refer to Figure 5 and G.E. Drawing 117B1550)

The Seller shall prepare 13 temsile specimens, per G.E. Drawing
11781550 from the weld deposit material of the furnished plate. The
long axes of the specimens shall be parallel to the length of the

wveld and parallel to the top surface of the plate (See Figure 5). The
gage length of the specimens shall be of weld-deposit metal only.

The trsaded ends of the specimens may include Heat-Affected Zone or
base metal. The approximate location of the specimens in the stock
material shall be recorded by the marking system.

3.8 Preparation of Heat-Affected Zona Tensile Specimens

(Refer to Figure 6 and G.E., Drawing 117B1550)

The Seller shall prepare 13 tensile specimens, per G.E. Drawing
11781550, from the welded material of the furnished plate.  The long
axes of the specimens shall be perpendicular to the length of the
weld and parallel to the top surface of the plate (See Figure 6).

The center of the specimen shall be in the Heat-Affected Zone adjacent
to the edge of the weld metal. The approximate location of the speci-
mens in the stock material shall be recorded by the marking system.

3.9 Preparation of Heat-Affected Zone Charpy Specimens

(Refer to Figure 7 and G.E. Drawing 117B1549)

The Seller shall prepare 53 Charpy specimens, per G.E. Drawing 117B1549,
from the welded material of the furnished plate. The long axes of

the specimens shall be perpendicular to the length of the weld and
parallel to the top surface of the plate (See Figure 7). The radius

of the notch of the specimen shall be at one outer edge of the weld.

The axis of the notch shall be perpendicular to the original plate sur-
face. The notch orientation shall be controlled by the marking
orientation. The location of the specimen in the stock material

shall be recorded, approximately, by the marking system.
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GENERAL @D ELECTRIC ——
ATOMIC POWER EQUIPMENT DEPARTMENT MONTICELLO
PURCHASE SPECIFICAT|°N SPEC. NO.ZlAlllz REV. NO. 1
ad Sw NO. l N CONT ON SHEET F

TITLE

REACTOR PRESSURE VESSEL

ATTACHMENT E

CERTIFICATION OF DESIGN SPECIFICATION AS TO
COMPLIANCE WITH THE REQUIREMENT OF THE
ASME BOILER AND PRESSURE VESSEL CODE

SECTION III NUCLEAR VESSELS

This Specification 21A1112, Rev. 6, lists for the Monticello Nuclear Power Station
the purchase specification, specification control drawings, and supplementary speci-
fications which comprise the Design Specifications required by Paragraph N-141 of
the ASME Boiler and Pressure Vessel Code, Section III, Nuclear Vessels.

This certification 1is issued in order that design and fabrication of the reactor
pressure vessels identified by General Electric Company Purchase Order 205-55582-I
may proceed in accordance with the requirements of Section III.

Pursuant to Paragraph N-140 of Section III, this certification 1s solely for the
purpose of complying with the requirements of ASME Boiler and Pressure Vessel Code,
Section ITI, and is not to be construed as involving, modifying or changing con-
tractual relations or legal liabilities. )

CERTIFIED BY O% df é @4 | _ DATE M_‘Z,’_/ 76 7

Registered Professional Engineer

STATE California BRANCH _ Mechanical NO. _13540

REFERENCE DRAWINGS AND DOCUMENTS

NUMBER DESCRIPTION
886D482, Rev. ** ' Reactor Vessel Specification Control
885D911, Rev. 2 Vessel Flange Bolting
107C5305, Rev. 2 Nozzle End Preparation
2149821, Rev. O Stud Tensioners
117B1549, Rev. 2 Charpy Impact Specimen
117B1550, Rev. 2 1/4" Tensile Test Specimen
21A1050, Rev. O Reactor Servicing Tools
Attachment B, Rev. 3 Material Test and Test Specimens
Attachment D, Rev. 1 Temperature Transients

‘ 731E678, Sht. 1, Rev. 0 Vessel As-Built Dimensionms
731E678, Sht. 2, Rev. 0 Vessel As-§pilt Dimensions

%% Sht. # Rev. # Sht. # Rev. i

1 s 5 3
2 wé ¢ 4 :
3 2 : 7 9
4 7 8 3
MAR - © 1963
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PRESSURE VESSEL REPORT

MANUFACTURER'S DATA REPORT
AND VESSEL CERTIFICATION

MONTICELLO

GENERAL ELECTRIC CO.
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PRESSURE VESSEL RECORD

MANUFACTURER'S DATA REPORT AND CERTIFICATIONS

BOILING WATER NUCLEAR REACTOR VESSEL
17.167' x 63.167' INS. HDS.
MANUFACTURER'S SERIAL NO. B-4697.
MONTICELLO PROJECT, MONTICELLO, MINN.
G.E. CO. P.O. 205-55582-1

CB&I CONTRACT 9-5624

10.
1l.
12,
13.
14.
15.
16.

TABLE OF CONTENTS
Manufacturer's Data Report
Hydrostatic Testing Certification
Radiographic Testing Certification
Ultrasonic Testing Certification
Liquia Penetrant Testing Certification
Magnetic Particle Testing Certification
Final Cleaning Certification
Welding Certification
Weld Repair Certification
Heat Treatment Certification
Weld Rod and Wire Certification
Cladding Carbon Content Certification
Welder Qualifications Certification
Parkerizing Certification
Material Certification

Material Identification

2-3




17.

18.
19.

20.

Nameplate Photograph
Fabrication Test Program Certification

Results of Tensile Tests per Par. 2.2.2 Attachment 3

Results of Charpy V-Notch Impact Tests per Par. 2.2.4
Attachment B

2-4
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: TJA
FORM N-1 MANUFACTURERS DATA REPORT FOR NUCLFEAR VESSFLS 10/2/68

As required by the Provinions of the ANME (nde Rules (CB&] Contract No. 9-5624

1. Menufacrared by...CNI1CAQO _Bridge &4 Irnn Company. Birmingham, Alabama ...
2. Masufactured «..Mﬁenﬁrqes ectric Co. For Rorthern. $iates Pwr. Co.. Monticello,

3 Type.... Y gr‘t ’. Kiad Vs:ccl Eoor U‘“‘sg"‘ .“':..:‘_Pm._:“z) Nat'l Bd. No. cccoremermremne. Y, a-m...lﬂ.ﬁﬁ Min.
(Hons. er Vert.), (Temk, Jsaketeddies: Ks.) . Sensi No.) (State & Rate No,) (
Itscns 4-8 incl. to be completed for single wall vessels, rackets ol)uhud vesseis, ofr shells eibest sxchesgers.
See S1 bel W Jea ¥ louts.)ins. hd/ins. hd.
®4. Sheil: Inlnvul;s;..;;;:.-ﬁ;mow(si‘?.g.&q‘q; m:éﬁ& 0‘65 im:::llla&ﬂ Dunl’ [ S 3 Lnnﬂ!ﬁ Z. a,
5. Seams: Long.Db1. Butt weldH.rT.! Yes. xR...Lomplete. - Rllicioney.— 10 100.
Girts Db] Butt weld .., Yes 1r. Complete No.ot €

o

- . Heads: (a) Matenal.. Seﬂ S] Beln.' . T.S... 80.:.0.00... ™) Ilurul..s.n_s.l.....a..e.]..gu.... T.S. _.....QOJ.Q.OO

Locatos Crown Knucklo‘ Smpuelt Cu’u] ' Io-uwnncal -? mnn ' Bigde 1o Press.

E:i J;‘E.:?f‘i“:: Lﬂﬁé‘.i S fi‘ig% P et ) O Pat T

) _mg-,“_smds : Huts: Asw LT 323 oSl ]335 -2,°CL3, 145, goo

N
Quarpy impact.. q1-1b “agene 1e]d at Btm
3. Coastructed jor o 1Py Jmpe e ett Ryasestatic orl, Test :
operating prees.2. ]DQQ «pei at Mex. tepy. . .8253¢ ll femp. 0f . ey .Q......_.ﬁr ~Grmnimtyt— Pnum] 5683....... mVess el
flems ¥ aad 10 to be completed lor tube secnons. - - T T 0"
- . * . . v
9. Tube Sheeta: Stati y. Matersal Diam. . ia. ‘l‘ ok is. Attschmaat
(Kind & Spac. No.) - (Sl-ﬁo-c.l to p... ) (Wo bdnd, Boited)
Flosung. Materisl......ociivenrivnnvccnnianina mm. o in. Thiche ia. Attschment
E (Kmd & Spec. No.) | . Y cio
- i - . t . [ I
. I isl Thicin o oo o Nugber T
r : Materisl ...oeniicininiinnninenen onmmeacsssasee ML [T S . - - NOBD#licoieeorasooer IYPBasastrorccasserscesannenie
my 10. Tubes: Inmn RTINS 0D, 18 ess ot gage yp e e
{tems 1] to 14 :acl, to bo cumprudTor innes dnmhn ol jacketed vessels, or r cRannels of lm exchaggers.
! ’ ¥ " Nominal ! Comosioa’ * ' - el
11. Shell: Material T.S. Thickness .........in.  Allowasce...c...it. DigB.c.ne fR..cin. Length...... fl.....din.
(Kind & Spec. No.) (Min. of range specified)
. : H.T.! R, Effi N eurangsgonee T
12 Seams: Loag (Welded. Dbi., Singie) (Yes or No) xR ey
Girth H.T. . - X.R. No. of C
13. Heads: (a) Material T.5. (d) Material T.s. (c) Matarial T.S.
Crown Xauckle Elliptacal Comsesl Hemispberical Mat Side to Press.
Location Thickness Radius Radius Rato Apex Aagle Radive Diameter (Comvez orComcave)
(s) Top, bottom, ends ..
(b) Channel
(¢) Flosting )
[l removabdle, bolts nod (l) ®) (¢) Other lnmna; .....................................
(Mate . Bpec. Ro., T.8.. Size, ) ({Devenibe or stteeh sketch)
Charpy Impact . Rdd P
14. Constructed for specified ° Hydrmuuc ” }.ll .
OPETRLING DIWSB Bueeeecurnivancans pes ot MAX. tOMP. ccerreencnae ¥ et temp, of . LT Y 1 1 s -1 1)
§ If Postweid Heat-Treated.
2 List other 1 or pr with d. when applicedle.

’Tteqs S end 3Z are sugE‘le-enfarz information to Items 4 and 6
. e an ea aterial: pec. R rade B

Firebox backing with .125 min. thk stnls stil. weld overlay,
S2. Thicknesses shown are min. base metal thicknesses and do

not include the .125 .
and diameters are shomf‘to tﬁ”“sf l"s‘f}?- ace o?siﬁ] S\argHay.



TORM N-1 (back)
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ltems below 10 be complated far all vesaels where sgpjimable.

,15. Ssiety Vejve Orr'ata: Nuad - Slae cauu TﬂkﬂOnn

6. Moustve:” ) ShOP Instailed: | » F!eld Installed

. Purpose (Inlet, : . - . Retaforcement How
a)Ses.Ong. N}o29 2hotn. 3gr o T 5113*:.'3:.7 1A e gl e dag
l 1 ot nué u}':‘; & .n: 1 (e — 38,1020 Lnugn.L delded

17, Inspecilon Meab 3 Mol el Lotatioh .TOp Head Remayvahle
Cpenins: Headaien Mo L Sige Locati aorid R

— ™ dad Ne. e ﬂ.. '( [ . -y
18. Supperts: mn..,..Y“.lﬁ..'.' ........... L Su— ,.*u.u-n.)‘ 9] d::_ asz)“' Head

long l g(rth Jeems, in

19, memaged)_SEPYICE NueTerr Ru, t Ves.sﬂ
fa "? nrnr.inn.. mahtzs.fn:m.and..nnnlu.d..zzmu rming-
Wnd—wldwum»

.;u;Iumnw

sblia
s ‘!3 aw Sraeay fw~ M&g tioadi--fadbrication
..J.ntn TTache 9% 11-
‘?‘ é.?{cﬂc.‘"-% '.“l rn‘ m‘

FW-AGR AR M 1

overl ay, to be made in
ad -
b el . .CER'HHCATION OF DESIGN
Stress analysis report oa'fife’at » 'Aﬂ -.1 4?3 l-—- Lru.-Co- '»—31#"‘ AGRIAMy- -A-) Gbiﬂﬂ- emseesmmanns
Desiga apecificatioas certified by - Prof. Eag. ..X. 9§ State.. -CA o Reg. No.
Stress anslysis repornt certified by R.._du R T X TT TN eoere State.. L1 1.0 Reg. N0 52421203

We cortify thét We statements made in Ria report are correct sad that sil detsils of mtm-l a-da,conme 108, and -erk--anp of this

pressure vessel conlamm te the ASNE Code for Nusiees Vesaels.

Date L. 704

fact
Cortificote of Authorization Rapires Dec. afST19Y0 Ca

was sueei-Lhicaga Bridge. & Lroa. ly,‘.é,é.{a - «‘fﬂ{ 1% /
/ e

Shop

t L ‘ﬁ bitegoee L4 4yF1e1d

- vesseL wape By ..Qhicaga. Bridge 4. lrga.Compan e w.Btraingham,. . A/Ltba.u

CERTIFICATE OF SHOP lNSPECTION

State

I the usdgr d, wm e velid commigsion issped dy the Nafional ud d ll.l nd Pregsure Vegsel l3spe
7 pieret mo S B L] /fm’"

l.n ‘ e or | descrided ia this mesal 's dats report oa .. ' n(f.d
stiste mu to the hn of my kaowledge end belief, the manuiacturer has co-umctod ﬂu pressure vesael in sccordence with the ASME
Code lor Nucisar Vessels.

By signiag this certificste seither the Inspector nor his 1 kes soy

14

Y., expressed or 1mplied. concoming the pressure
vessel deseridbed is this masalacturer’'s date report. hm-mn aeither the laspector nor his smployer shall be liable 18 sny masnsr

for any pollml a¢ property damage or n loss of amy kind srising [rom or connected with this inspection.

e LG R TS sl B

Inapec ).: !ll Netional Bosed or State end Na.

CERTIF!CATE OF FIELD ASSEMBLY INSPECTION

1, the undesgigned, belding o valid commissi ntloom nﬁl’gum Vepyel topg end/or the State
of ——tl uvloy“ ........... . T - o [y =
have P t ts repert mth @s du:n‘“ muun vessel and stfte that parts referred to es
dats iteme....... ,S..._..lﬁhA ] 8 b 9 rad

d in e certificate of shop taspection Rave
been inspected oy Me sad et to the best of ay kaowledes and deiief the -nulumm hag constructed and sssenbdiad this pressare

vessel in accordascy with the ASME Code for Nuciesr Vesseis, The descrided vessel was inspected snd subjected to & hy.
drostetic test of ... 15 psi.

By uann( this certificate seither the lnspector aor his employer makes any warranty. <xpressed or implied, conceming the pressure
vessel described ia lhis masulaciuger's dsta report, Frsthermors, oeithes the laspector _ .. :=player shall be lisdle 1a ey Sesver

for any nuouunnm o pm-rty smage o lo- of isey kiedé arini (ro. o eclmd with tue iaspection. ) (.
Date.cmorrmrairmeers ... go—— { ] . LV
r
mersnsesn oo setnesedubnge el wongssmante e oo anan s comne issi ///‘J- Coviet ‘/{
ln-yoﬁ €t Metians| Boesnd or 0tate and Ne.

. ’
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1
L3'-2" 2 LENGTH

INSIDE HEADS

-1 tt° 460"t 1}  TANGENT LENGTH RS
! A B 4
4 SPACES @13\ TR : 43510] SEAM TO SEAM
W MIN. RADIVSR™ Yo OVERLA ' H. I~
s % m u7_m i Z >
P4 L b < i3 .rM N '3 - w3
Q Sl R4 - b = o via ola
2z nly < 314 9 . 3 r
‘e 3> I z v R a R oy
3 e . " . =1z 9 o|>
-~ -0 olos 9 - E 3 o =40
23 alo whed 9z 2 A - P >
3z i S dE g 3 2 4z 2 a2
[ l Hl ) M a = ) |
7% > - } } iy .
Mwm - 1 -1 = "
A -
2E8
w30

'
c2
"3
-z |
" w 3
_ ) b Z
~d > O
' q w2 1
o e =
] H |
. Hly age K]
] =19 qd3f J
- gor
| . ¥E, >
! : y e 2t ow
¥ iy o)
» _ Rl s
=i . .
_ stormin mus ¥
) ' NOM (Hynam) STMLS.
! . WELD OVERLAY
@R |- |
. “ I |
34" "MIN, PLUS e oM (B MiN
BTMLE. WELD OVERLAY ] . 1
g —f4-H--4- - PPN . .
> 2 T 556t PLus Fonom (M)
g 4-b D M SYMLG  WELD OVERLAY
" 27
Tor 44" Tais " V.p..‘ﬂ.-x 4
Miit Yo WAVE A SMp g wwu
Min. R THY OF S Wl I
e Wt &2y
+ 233
iL
* T
OI1ST, FRCM NECK REINF. HOW § MHERG | MFQ Data [os
NOZZLE Quanisize FUNCTIONM AZTIMUTH t0* vEsseL ot | TYPE MATERIAL  |riickiEss | matceiay | ATTACHED REPORT. _lotav
Nitg NI 2 %28 RECIRCULATION QUTLETA1O' B 1801 190" sTUB AS08 CL. I 1A - 10%" WELDED-SHOP| NI ®1éla) YD
N2t 28 110 12° | RECIRCULATION INLE™ [n30:8:00/C 190" Drias 150! 166" DO. Do. B -1 00. 00. YES
FL210/G +240°4- 210} J+ 300! x+3307]
N3 NuB R 4 BTEAM OUTLET A 72" Bs108  Cr2S2Ds 2080 599" STuB 00 1% -7 0O. TO. NO
et e @ 4 FEED WATER A148! B1IBSIC: 225D NS" 4G 00 0O, W e ) [} NO
wstenst | 2 CORE SPRAY A-30% Bre 3t 451° Do | oo, Ta -G oo, oo &S
Netyna® 2 HEAD SPRAY {INSTR.  [A1078::80' *. TOP WD @ 30°R. —_— FLANGE Do, 2%’ [ Do, 188
ki 1 vENT TOP DEAD CENTER —_ Do. vo. S po. Do vas
uatenpd 2 JET PUMP INST, AsGO* B 2401 129" STus Do EXTS [T 00 Yes
N9 ] 3° | CRO wvD AYS RETURN | &S°* 439" Do, oo e -4t 00. () vES s
NIO ] 2’ | cors DIFF FRESIILQCON] 350" 19le” oo co ar - 24" 20. 00 Vs 9_ @.
Nty unh -4 2" | WSTRUMENTATION Aheaar, Be220t s5e2" D0 SB166 MOD Ky 'NELDRO - FIELD [ NI ™ 16 (D) NO 1. :
¥ ¥ 5 X Asavt B ¥ 422" oo co % tc ta. ) ,
M2t 2 e z DO, 240 1220 o 3T (Y — . MANJF, OATA REPIRT - FORM-wi
N2 [ | MGH PRESS. LEAR DET. | BETWEEN MO BOLTS O'APPIDN e aong cma. ]l SB16T ——— — 0o. DO, NG 1T BID a3 -2 M HDD uICLEAR
N4 ] I° |LOwW FRESS LEAK DET. ) , 5 'APPROY — 00, 0o. i — 53, Do. NO Il freacrom ™ stM gLES €3 e wdRTHLR.)
. w TATES PAR. CO. MOMTICELLO , MINN,
IS [} 2 oaad SEE BOTTOM ~EAD _— STUB ASO08 cL I 126 E8018 MM 20 oo Na et o 225: 55 548 ey o
81 e, 320 {121 o |croD e EEves oo. — — — — — — | HH omaane ¢ REN, samdiaad Q-3¢
2 — — — = Py oI mnZeas 372029
Ry ", Pi4 40 2" | FLun MOMITOR oo. PEMET, CULY - — L .xhrrwkb_.rmwll | WD
i ARG Com T
G l._..l.ui........lu...xh,...lluun:!nl".:u‘n.u.-.I-.l o
1
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FORM N-2 MANUFACTURERS' PARTIAL DATA REPORT
A Part of a Nuclear Vessel Fabricited by Oue Meawfactarer for Another Maaufscturer
Aa required by the Provisions of the ASME Code Rales j‘/]%/ss
1. (s) Weantacared by .. CHICAGO BRIDGE.. & IRQN....CQ. .- G!EB{VM.JENNS.MAN.IA....___..

Namo snd sddress u manulscturer of pent

(%) Massfactared for ... H,LCAQQ__WBRIDGE & IRON CO. ,,BIRMINGHA.,, }M&A_Q____,(_SEE 30

(Neme and sderess of focturer of complotad suelear vosaol)

2. leestification-Manslactarer's Serial No. of Port.... . 2E8CLOT Vessel Serial No. = 54697

(a) Constructod Accordiag to Drawnng No...32....&...3.3.......". Drewing Prepared by....CB&L.(CQM.....KQ..—S.:&ﬁZ.‘L)_._-,.

(' buen.um pant ...em...ﬁ..ﬁ.:.tnu..B.eai#cﬁ.p. a&aai?lg.y and dallar. plate. .
3. .......;A)._.anmnm.gd._hmunhcxis.gk...s.gmgnn,-Mntm.nisdx:un.d.._a.e1ected
overlay areas, )

B)__Dollar plate:

Prebore 121 CRD penetratiom _and 40 incore penegrations,

field site at Monticello, Minnesota.
(Sviaf dosergtion of service for which vessel part was @veigned)

Ve certily et Do statements made in this report sre corvect and that all details of matorial, donign, ica, snd werkmasship of
this p ts the ASHE Code for Nucloer Vessels

: ® bwe /0= 2144 wpesChicagn Bridge & Tron (e Zommsmedt Lo Lotid

Cortfionts of AuSorisation Expires JEC : 31, 1970

CERTIFICATION OF DESIGN

Design intormeticn oo tue ot Chicago Bridge & Jrom Co.. Birmingham. Alabama

Btress snsiyeis repent e fle ot Chic‘so Bridxe&LYOﬂC&a.ﬁimmhm..Mlbm__
Decign nginenuu cortified n..wll

Prot. 8as- LS5 sate CAL 2ee. m-mﬁf

Stress mmsiysis regont certified w.R.. F.. . Reedy Prof. 22 L. uamelll. neg. % 02~ 21 03

‘CERTIFICATE OF SHOP INSPECTION
. polding 8 velid conmission 1ssued by the Nolensl

[ ] — 7 AP — oreee 8B d eBPployed by..
{scturer’s partisi dota

- asve
repert a8 /4 '—;/‘ IJ/ sad siate that to the dest of my knowledge end beliel, B¢ messfacturer bas camstrucind
this pan in sccordence with the ASME Code for Necieer Vessels.

1. the saderma

of Beilgr and Pressere Voaul s tors and/or Be State
4 A0 NOS——— |

» s part of s presswre é bod 18 s

By agniag s euuﬂuu seifler B¢ lngpector cor his empioyer makes any warraaty, expresssd or implied, coscersiag the part do-

bod is Bup v's partial dota repert. Purthemove, notther (ke laspector sor Drs empioyer shall be lishkis f» eny masaer for
sRy pevesnal injury of preperty damege ot ¢ loas of aay kind ansing (rem or consected with fis laspecuen,

Dete --_.._._..__/L.E_. l’.....J .

;::;-muion //'/7/}

Natioan! Doard or State end We,




FORM N-2 (back)
Items ‘-I Incl. to bo completed Tor siagle wall vessels, jackets of jacketed vessels, or sheils of beat exchangers.

Nomiaal Corrosion
4. Shell: .ll.dd: T.8. Thickness ia. Allowaace......... ~ia. Diem. ... N...is. Leagah........ ft........ Ja,
& Bpec. Neo.) (Min. of Rangs specified)
[ i )
S. Seems: L-( 5.T. X.R, Eificiency P R TTTR T 3
1 . X.R.... No. of Courses
6. Meads: (n -......533.-.{{.... 26(8) _ rs (5) Meterial 1.3
Crowa Kauckle Ellipticasi Conical Hemispherical Plat Side to Press.
(1’" nil) F’“" Radiuse  Radius Ratio Apex Aagle Radius Diameter (Coav. or Cosc.)
(0.8 see 6
v .
i removable, boits ssed Other fastening
(Material, Spec. No., T.8., Sise, Number) . o (Describe e¢ attach aketch)

7. Jacket Closare:

(Deseride ae ogee and weold, bar, otc. If bar give dimensions, If boited, ¢escribe er shetch).
Charpy Impact .c......cunneccecrnenso. f1lB

8. Constrected for specified sperating presamre? —........ccce PO ol BEX. OWP. convccsaimecerc ISP B COBPL OF i oy
ltems 9 and 10 to be completed for tube sections.

9. Tubde Sheots: Statiensry. Materisl.. Dism n.cn-u cencaversnenss 18, Altachment ...

(ll-‘ & Bpec. No.) (Subject to pressurs) (Velded. BDeoited)
Floating. Matovial. Dism Thickaess.............. ia. Attachment
inches
10. Tubes: Matsrial. 0.D. in. Thickaess........cccccceres .. OF gage. Number Type
{(Mr. ¢ U)

Nemisal Corrosioa
11. Shell: Natedal T.8. Thickaese........... ia. Alloweaes............is. Dienm........ fR.....da. Lesgwh....... .18,
(RKind & Gpee. Neo.)  (Min.of Bamge specified)
. BT . .. LR 44 TTY
12. Seame: Leng ‘ IR SO i CTaee W »
Gira.. . BT R ¥ 1 Ne. of Courses
12, Besds (a) Nesrind T3 (%) Matecial T8 .
Crowe  Kauchle [Rlitptical  Canical Remisgharical Mt lide o Prosewr
Losstisn Thichaose Radies Radins Ratio Apex Aagle .  Radine Dismeter (Canvex or Concav.,
(a) Tep, botiom, ends
) Qhasael
1f remeveble, buits weed (a) ™ (e). Other fastening..
. (Describe or sttach sketeh)
14. Constructed for specified Qoarpy Impact el
epersting presewred ... POl 6 MBE. OWP. oo, OF 00 tamp. of 1 4
oRs [3 af sU vesss e sppiicable
1. Selety Veive Outists: Number Size Locaties ......
16. Nessies:
Purpese (Islet, Reiaforcoment
Ontiet, Draw) Number Dian. or dise Meterial Thickness Natenal How Atsched
17. laspection Nesbeles, Ne. ...omen....cc See.. . . ....locatios ... . ... cevemrssimaite essemmessasseteestesereanrans semes
Ormiags:  Rondheles, No. oo Sge. .. .. .. Locatios ........ ceeeeesermmbeners | eueertnscesvesesasessseenn e eeeseen
Threeded, No..covmccorrmee. BBt v ccineeaeee LeOCRUION . T meesereveneeennas
. Supperts: Skirt Lagscimairnsenes. OGS ... cwvesssssnrensennanes ther . occcccornneiene
13 e (Yos ar Re) (Wumber) Legs (Mumber) Other :oo-enl-) Attached (Where & Mow)
‘It Postweid Hest-Treeted.
210t other | 4 or ont i pe with celncident temperature when applicable.
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SUBJECT - ASME Code, Section III Hydrostatic Test
PROJECT - Monticello Nuclear Reactor 9-5624 ‘

Type of Vessel - Boiling Water Nuclear Refactor
Vessel Material - AS533 Class I Grade Firebox Quality
Vessel Height - 46'-0" +11/2" T.L.
Vessel Diameter - 17'-2 3/8" Base Metal I.D.
Shell Thickness - S5 1/16" Min.
Design Pressure ~ 1250 psig at bottom of vessel
Design Temperature - 57S°F
Hydrostatic Test Pressure - 1563 psig at bottom of vessel
Design Code - ASME Code, Section III, 1965 edition including Summer
1966 addenda, and the following additions or exceptions:
A.--Details governed by analysis only.
l. Main closure flange configuration.
2. Configuration of the skirt attachment knuckle.
B.--Application of Code Revisions not covered by the
Summer 1966 addenda. ‘
l. ASME SA533 plate material Summer 1967 addenda.
2. Inconel material per Summer 1967 addenda
3. Main closure flange material per code case 1332-3.
4. Studs and nuts material for main closure flanges
per code case 1335-2, :
5. Main closure flange stud shank transition radius
per code case 1366.
6. Bearing stresses for stabilizer brackets per
Winter 1967 addenda.
7. Coefficients of Thermal Expansion per Winter 1967 .
addenda. /
8. Magnetic particle and liquid penetrant examination
. per Winter 1966 addenda.
Design Specifications - Certified G.E. Specification No. 21Al1112,
Rev,. 5
Vessel Manufactured by - Chicago Bridge & Iron Company
Vessel Manufactured for - General Electric Company

The above vessel was hydrostatically tested according to the
rules of ASME Code, Section III, Paragraph N-712. No detectable
defects were found. The vessel was built and-inspected according
to the rules of ASME Code Section III (see above), and complies
with the manufacturer's drawings. The vessel is completed aexcept
for the certification of the stress report and completion of the
final ASME Code, Section III inspections.

Signed —
Hartford Inspector

DATE (/,_ /'4477
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PROJECT Monticello Nuclear Reactor 9-5624

SUBJECT - LEAKAGE TEST

The leakage test of the gaskets in the vessel head
closure flanges was performed as specified in procedure
DHT-1, Revéiz. " The test was performed in conjuction
with the hydrostatic test at design pressure per cus-
tomer's specification, 21All2, Rev. ésParagraph 10.8.2.

No significant leakage was found in the inner or
outer gaskets of the vessel closure flanges.

Signed

- ot
% Eﬁr%g;__for CBs&I
% ,%%/f for G.E.

DATE




CHicaco BrIiDGE & IroN COMPANY

P. ©. BOX 13308, MEMPHIS, TENNESSEE 38113
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801 847-3111

DATE: MARCH 11, 1969

REFERENCE : BOILING WATER NUCLEAR REACTOR VESSEL
17.167' ID x 63.167 INS. HDS.
MANUFACTURER'S SERIAL NO. B=-4697
MONTICELLCO PROJECT, MONTICELLO, MINN.
GENERAL ELECTRIC CO. P.O. 205-55582-I
CB&I CONTRACT 9-5624

SUBJECT: HYDROSTATIC TESTING CERTIFICATION

TO WHOM IT MAY CONCERN:

This is to certify that the above referenced vessel was
hydrostatically tested in accordance with the ASME Code,
Section III, 1965 Edition, with addenda through Summer
1966 and General Electric Co. Specification 21A1112, Rev.
5, Paragraph 10.8 and also approved CB&I procedures CHT-1
Revision I and DHT I Revision 3. (included in Monticello
Project Manual Vclume II).  Furthermore, no significant
leakage was detected in the inner or outer gaskets of the
vessel and closure head flanges. See attachments.

CHICAGO BRIDGE & IRON COMPANY

Zééézﬁz;ouw%¢/

E.E. VARNUM
NUCLEAR QUALITY ASSURANCE MANAGER



CHicacO BRIDGE & IRON COMPANY

P. ©.

DATE:

REFERENCE:

SUBJECT:

BOX 13308, MEMPHIS, TENNESSEE 38113

March 11, 1969

BOILING WATER NUCLEAR REACTOR VESSEL
17.167' x 63.167' INS. HDS.
MANUFACTURER'S SERIAL NO. B-=4697
MONTICELLO PROJECT, MONTICELLO, MINN.
GE CO. P.O. 205-55582~-1I

CB&I CONTRACT 9-5624

RADIOGRAPHIC TESTING CERTIFICATION.

TO WHOM IT MAY CONCERN:

This is to certify that radiographic_examinations for the

above referenced vessel were performed in accordance with the
ASME Code, Section III, 1965 Edition, with Addenda through
Summer 1966 and General Electric Co. Specification 21Alll2,
Revision 5, Paragraph 10.7 and also approved CB&I Co. and/or
suppliers Procedures RTP-1 Rev.2, and advanced products radio-
graphic procedure of finished welds, Rev. 2 (above procedures

included in Monticello Project Manual Volume II).

CHICAGO BRIDGE & IRON COMPANY

%/ﬂwﬂﬂﬂ/

E.E. VARNUM

2-13

901 847-3111

NUCLEAR QUALITY ASSURANCE MANAGER




CHICAGO BRIDGE & IroN COMPANY

P. ©O. BOX 13308, MEMPHIS, TENNESSEE 38113

901 947-3111

DATE: MARCH 11, 1969

REFERENCE: BOILING WATER NUCLEAR REACTOR VESSEL
17.167' x 63.167' INS. HDS.
MANUFACTURER'S SERIAL NO. B-4697
MONTICELLO PROJECT, MONTICELLO,MINNESOTA
G.E. Co. P.0. 205-55582-I
CB&I CONTRACT 9-5624

SUBJECT: ULTRASONIC TESTING CERTIFICATION

TO WHOM IT MAY CONCERN:

This is to certify that ultrasonic examinations for the =
above referenced vessel were performed in accordance with the

ASME Code, Section III, 1965 Edition, with Addenda through
Summer 1966, and General Electric Co. Specification 21A1112
Rev. 5, Paragraphs 10.5 and 10.6, and also approved CB&I Co.
and/or suppliers procedures HT-101 Rev. 2, LE-2 Rev. O,
QCP-89 w/addendum Rev.0, TT-2 Rev.l, UTP-1 Rev.3, UTP-2
Rev.l (same as 9Q-63 Rev.l), UTP-3 Rev.0, UTP-4 Rev.0,
UTP-5 Rev.l, UTP-6 Rev.l, UTP-7 Rev.l, UTP-8 Rev.0, UTP-10
Rev.0 and UT-718777 Rev. 0 (above procedures included in
Monticello Project Manual Volume II).

CHICAGO BRIDGE & IRON COMPANY

5;4244;441akﬂt_

E.E. VARNUM
NUCLEAR QUALITY ASSURANCE MANAGER
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CHuIicacO BRIDGE & IRON COMPANY

P. O. BOX 183308, MEMPHIS, TENNESSEE 38113

S01 947-3111
DATE: March 1ll, 1969

REFERENCE: BOILING WATER NUCLEAR REACTOR VESSEL
17.167' x 63.167' INS.HDS.
MANUFACTURER'S SERIAL NO. B=-4697
MONTICELLO PROJECT, MONTICELLO, MINNESOTA
GE CO. P.O. 205-55582-1I
CB&I CONTRACT 9-5624

SUBJZCT: LIQUID PENETRANT TESTING CERTIFICATION

. " TO WHOM IT MAY CONCERN:

This is to certify that liquid penetrant examinations for

the above referenced vessel were performeé in accordance with
the ASME Code, Section III, 1965 Edition, with Addenda through
Summer 1966, and General Electric Co. Specification 21A1112
Rev. 5, Paragraph 10.6, and also approved CB&I Co. and/or
suppliers procedures LE-4 Rev.0, PTP-1 Rev.3, PT-71877 Rev.0,
advanced products liquid penetrant procedure Rev.l and TT-4
Rev.l (above procedures included in Monticello Project Manual
Volume II).

CHICAGO BRIDGE & IRON COMPANY

4/,//5/40‘97“&’}41_/

E.E. VARNUM
NUCLEAR QUALITY ASSURANCE MANAGER




CHaicacO BRIDGE & IrRoON COMPANY

P. O.

DATE:

REFERENCE:

SUBJECT:

TO WHOM IT

BOX 13308, MEMPHIS, TENNESSEE 381123

March 11, 1969

BOILING WATER NUCLEAR REACTOR VESSEL
17.167' x 63.167' INS. HDS.
MANUFACTURER'S SERIAL NO. B-4697
MONTICELLO PROJECT, MONTICELLO, MINN.
G.E. CO. P.O. 205-55582-1

CB&I CONTRACT 9-5624

MAGNETIC PARTICLE CERTIFICATION

MAY CONCERN:

This is to certify that magnetic particle examinations

for the above referenced vessel were performed in accordance
Section III, 1965 Edition, with Addenda
through Summer 1966, and General Electric Co. Specification
21A1112 Rev. 5, Paragraph 10.6 and also approved CB&I Co.

with the ASME Code,

and/or supplier's procedures LE-3 Rev. 0, MTP-1 Rev. 4,

MTP-2 Rev.

1 (also known as Ladish 143-M), NDT-M-1 Rev.
and TT-3 Rev. 1 (above procedures included in Monticello

Project Manual Volume II).

CHICAGO BRIDGE & IRON COMPANY

faqéz/cvbru¢47L/
E. E. VARNUM

2-16

901 547-3111

NUCLEAR QUALITY ASSURANCE MANAGER
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. Cuaicaco BRIDGE & IRON COMPANY

P. ©. BOX 13308, MEMPHIS, TENNESSEE 38113

901 947-3111
DATE: March 11, 1969

REFERENCE: BOILING WATER NUCLEAR REACTOR VESSEL
17.167' x 63.167' INS. HDS.
MANUFACTURER'S SERIAL NO. B-4697
MONTICELLO PROJECT, MONTICELLO, MINN.
G.E. CO. P.O. 205-55582-I
CB&I CONTRACT 9-5624

SUBJECT: FINAL CLEANING CERTIFICATION

TO WHOM IT MAY CONCERN:

{ . This is to certify that the final cleaning of the above
referenced vessel was performed in accordance with the ASME
Code, Section III, 1965 Edition, with Addenda through Summer
1966, and General Electric Co. Specification 21Alll2 Rev.5
Paragraph 10.8 and also approved CB&I Co. Procedure CP-4
Rev.l (above procedure included in Monticello Project Manual
Volume II).

CHICAGO BRIDGE & IRON COMPANY

2

E.E. VARNUM
NUCLEAR QUALITY ASSURANCE MANAGZER




CHICAGO IBRIDGE & IRON COMPANY

P. O. BOX 13308, MEMPHIS, TENNESSEE 388113

DATE: March 11, 1969

REFERENCE: BOILING WATER NUCLEAR REZCTOR VESSEL

17.167' x 63.167' INS. HDS.
MANUFACTURZR'S SERIAL NO. B-4697
MONTICZLLO PROJECT, MONTICELLO,
G.E. CO. P.O. 205-55582-I

CB&I CONTRACT 5-5624

SUBJECT: WELDING CERTIFICATION

TO WHOM IT MAY CONCERN:

MINN.

This i1s to certify that welding of the above referenced

vessel was performed in accordance with the ASME Code,
Section III, 1965 Edition, with Addenda through Summer 1986,

and General Electric Co. Specification 21A1112 Rev.
Co. procedures

Paragraph 9.3 and also approved CBs&I

WPS-1 Rev. WPS-18 Rev.
WPS~2 Rev. WPS-19 . Rev.
WPS-3 Rev. WPS~-20 Rav.
WPS-4 Rev. WPS-21 Rev.
WPS-5 Rev. WPS-22 Rev.
WPS-6 Rev. WPS-23 Rev.
WPS-7 Rev. WPS-24 Rev.
WpPS-8 Rev. WPS-25 Rev.
WPS-9 Rev. WPS-26 Rev.

WPsS-10 ‘Rev.
wPsS~-11 Rev.
WPS-12 Rev.
WPS-13 Rev.
WPS-14 Rev.
WPS~-15 Rev.
wPsS-16 Rev.
wWPsS-17 Rev.

WPS-27 Rev.
WPS-28 Rev.
WPS-29 Rev.
WPS=-30 Rev.
WPS-31 Rev.
WPS-32 Rev,
WPS-33 Rev.
wWPS-34 Rev.

HNMNOMNMWMNMOOOONNMNONONIN

HOFFHFNMFOUNOOMAHKFHOWN

WPS=-35
WPS-36
WPS-37
WPS-38
WPS-39
WPS-40
WpS-41
WPS-42
WPS-43
WPS-44
WPS-45
WPS-46
WPS-47
WPS-48
WPS~49
WPS=-50
WPS-51

OCMNNOOOOWOIHOHOMIHOL}:!

2-18

901 S547-3111



SUBJECT:

WPS-52
WPS-53
WPS=-55
WPS-56
W2S-58
WPS-59
WPS-60
WPS-63

(above procedures inclucded in Monticello Project Manual Volume II).

Rev.

Rev..

Rev.

Rev..

Rev.
Rev.
Rev.
Rev.

CIIICAGO BRIDGE & IRON COMPANY

-2

WELDING CERTIFICATION

[eNoNoNoNoNoNoN o

WPS-64
WpPsS-66
WPS-68
WPS-69
WPS-73
WPS~-74
WPS=75
WPS=77

Rev.
Rev.
Rev.
Rev.
Rev.
Rev.
Rev.
Rev.

OOHHOKHOO

CHICAGO BRIDGE & IRON COMPANY

é;éZZZ;io@amﬂL/
E. E. VARNUM
NUCLEAR QUALITY ASSURANCZ MAYVAGER




Cuicaco BRIDGE & IRON COMPANY

P. O. BOX 13308, MEMPHIS, TENNESSEE 38113

DATE: March 11, 1969

REFERENCE: BOILING WATER NUCLEAR REACTOR VESSEL
17.167' x 63.167' INS. HDS.
MANUFACTURER'S SERIAL NO. B-4697
MONTICELLO PROJECT, MONTICELLO, MINN.
G.E. CO. P.O. 205-55582-I

CB&I CONTRACT 9-5624

SUBJECT: WELD REPAIR CERTIFICATION

TO WHOM IT MAY CONCERN:

This is to certify that any weld repair done on the above
referenced vessel was performed in accordance with the

ASME Code, Section III, 1965 Edition, with Addenda through
Summer 1966, and General Electric Co. Specification 21A1112
Rev. 5, Paragraphs 9.3 and 9.4 and also approved CB&I Co.
procedures GRP-1 Rev. 0, GRP-2 Rev. 1, GRP-3 Rev. 3, GRP-4 Rev.
GRP-5 Rev. 3, GRP-6 Rev. 0 and GRP-7 Rev. 0 (above procedures
included in Monticello Project Manual Volume II).

CHICAGO BRIDGE & IRON COMPANY

vd

c
4’ '.,// et dl A

E. VARNUM

CLEAR QUALITY ASSURANCE MANAGER

2.
E.
N
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CHaicaco BRIDGE & IroN CoMPANY

P. O. BOX 13308, MEMPHIS, TENNESSEE 38113

901 $47-3111

DATE: March 11, 1969

REFERENCE: BOILING WATER NUCLEAR REACTOR VESSEL
17.167' x 63.167' INS. HDS.
MANUFACTURER'S SERIAL NO. B-4697
MONTICELLO PROJECT, MONTICELLO, MINN.
G.E. CO. P. 0., 205-55582-1 ‘
CB&I CONTRACT 9-5624

SUBJECT: HEAT TREATMENT CERTIFICATION
TO WHOM IT MAY CONCERN:

This is to certify that the heat treatment performed on

the above referenced vessel was done in accordance

with the ASME Code, Section III, 1965 Edition, with Adcenda
through Summer, 1966, General Electric Company SpecifTication
21A1112 Revision 5, Paragraphs 8.0 and 9.0 and approved

CB&I Company Procedures HTP-1 Revision 1, HTP-2 Revision 1,
HTP-3 Revision 1, HTP-4 Revision 1 and HTP-5 Revision 0.
Performance of heat treatment of material by suppliers is
certified in the mill test reports. This work was performed
in accordance with one or more of the following procedures:
HLA-1 Revision 1, HT-718777 Revision 0, LE-1 Addendum 1
Revision 0, LE-5 Revision 3, LE-6 Revision 0, LE-7

Revision 1, LE-8 Revision 1, LE-9 Revision 1, LE-12

Revision 0, LS-1 Revision 2, LS-2 Revision 0, TS-1 Revision O,
TS-2 Revision 0, TS-3 Revision 0, TT-1 Revision 1, T7-5
Revision 1, TT-6 Revision 1, CA-1 Revision 1 and CA-2 Revision 1
(all of above CB&I Company and suppliers procedures included
in Monticello Project Manual Volume II).

CHICAGO BRIDGE & IRON COMPANY

- /
QZZZZ?,xu4xz///
E. E. VARNUM
NUCLEAR QUALITY ASSURANCE MANAGEZR




CHICAGO BRIDGE & IRON COMPANY

P. O.

DATE:

REFERENCE:

SUBJECT:

BOX 183308, MEMPHIS, TENNESSEE 38113

March 11, 1969

BOILING WATER NUCLEAR REACTOR VLSSEL
17.167' ID x 63.167' INS. HDS.
MANUFACTURER'S SERIAL NO. B-4697
MONTICELLO PROJECT, MOWTICELLO, MINN.
GENERAL ELECTRIC CO. P.O. 205-535582-I
CB&I CONTRACT 9-5624

WELD ROD AND WIRE CERTIFICATION

TO WHOM IT MAY CONCERN:

This is to certify that all weld rod and wire used in
fabrication of the above referenced vessel was within
acceptable limits of the ASME Code, Section III, 1965
with Addenda through Summer 1966, and General Electric Co.

Specification 21Al1l1l5 Rev. 5, Paragraph 8.1l5 and also approved
Chicago Bridge & Iron Company procedures which are included in
Monticello Project Manual Volume II.

2-22

801 547-3111

the
the
Editicn,

The types of weld rod and wire used in this contract were as

follows:

SA316-E-8018 G
SA233-E-7018
SA298-E-308-15
SA371-ER-309ELC
SA298-E-309-15
SA371-ER-308L
SA298-E-308L-15
SA298-E-308L

SA298-E-308
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CIIICAGO BRIDGCE & IRON COMPANY

-2-
SUBJECT: WELD ROD AND WIRE CERTIFICATION
SA298-E-309

SB295-Inco 182
SB304~Inco 82
SB304-ERNiCr-3
SB295-ENiCrFe-3

Linde 40 w/1% Ni or egual.

CHICAGO BRIDGE & IRON COMPANY

255972£»M4MWL

E. E. VARNUM _
NUCLEAR QUALITY ASSURANCE MANAGER




CHICAGO BRIDGE & LRON COMPANY

P. Q. BOX

DATE:
REFERENCE:

SUBJECT:

13308, MEMPHIS, TENNESSEE 38113

MARCH 11, 19689

BOILING WATER NUCLEAR REACTOR VESSEL
17.167' ID x 63.167" INS. HDS.
MANUFACTURER'S SERIAL NG. B-4697
MONTICELLO PROJECT, MONTICELLO, MIKNN.
GENERAL ELECTRIC CO. P.0. 205-55532-1
CB&I CONTRACT 9-50624

CLADDING CARBON CONTENT CERTIFICATION

TO WHOM IT MAY CONCERN:

This is to certify that the cladding has been accepted

by General Electric Company as meeting the intent of
Specification 21A1112 Revision 5, Paragraph 8.10, and
of the contract. Furthermore, the carbon content of

the cladding does not exceed 0.08% as specified in the

above General Electric Company Specification.

CHICAGO BRIDGE & IRON COMPANY

4.7 /
2 i
E. E. VARNUM

NUCLEAR QUALITY ASSURANCE MANAGER
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. CHICAGO BRIDGE & IRON COMPANY

P. O. BOX 13308, MEMPHIS, TENNESSEE 38113

2-25

SC1 947-3111

DATE: March 11, 1969

REFERENCE: BOILING WATER NUCLEAR REACTOR VESSEL
17.167' ID x 63.167' INS. HDS.
MANUFACTURER'S SERIAL NO. B-4697
MONTICELLO PROJECT, MONTICELLO, MINN.
GENERAL ELECTRIC CO. P.O. 205-55582-I
CB&I CONTRACT 9-5624

SUBJECT: WELDER QUALIFICATION CERTIFICATION

TO WHOM IT MAY CONCERN:

This is to certify that all welder qualifications for koth

shep and field fabrication of the above referenced vessel

were performed in accordance with the ASME Code, Sectiors III and
1965 Edition, with Addenda through Summer 1966, and -General
Electric Specification 21A1112 Rev. 5, Paragraph 9.0. Copies

of these qualification records are on file with Chicago Bridge &
Iron Company and will be furnished to General Electric Co.

upon written request.

CHICAGO BRIDGE & IRON COMPAXNY

,-/ '
Z}éééé;ﬂzawn_,

E. E. VARNUM
NUCLEAR QUALITY ASSURANCE MANAGER

Ix,




CuIcAGO BRIDGE & IRON COMPANY

P. O. BOX 188308, MEMPHIS, TENNESSEE 38113

2-26
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SC1 547-3111

DATE: March 11, 1969

REFERENCE: BOILING WATER NUCLZAR REACTOR VLSSEL
17.167' ID x 63.167' INS. HDS.
MANUFACTURER'S SERIAL NO. B-4697
MONTICELLO PROJECT, MONTICELLO, MINWN.
GENERAL ELECTRIC CO. P.O. 205-55582-I
CB&I CONTRACT 95-5624 :

SUBJECT: PARKERIZING CERTIFICATION

TO WHOM IT MAY CONCERN:

This is to certify that the Parkerizing performed on eguipment
supplied with the above referencad vessel was done in
accordance with Federal Specification TT-C-490 dated

March 30, 1961, titled: "Cleaning Methods and Pretreatiment
of Ferrous Surfaces for Organic Coatings", this procedure was
approved by General Electric Co. for use on this contract,
November 28, 1967. Process was performed for Chicago Bridge &
Iron Co. by Hayes Aircraft Corporation, Birmingham, Alabama.

CHICAGO BRIDGE & IRON COMPANY

é;Z%éégouéfﬂ,/

E. E. VARNUM
NUCLEAR QUALITY ASSURANCE MANAGzZR
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. CHICAGO BRIDGE & I1RON COMPANY

P. O. BOX 183308, MEMPHIS, TENNESSEE 887113

9C1 947-3111

DATE:; March 11, 1969

REFERENCE: -BOILING WATER NUCLEZAR REACTOR VESSEL
17.167' ID x 63.167' INS. HDS.
MANUFACTURER'S SERIAL NO. B-4697
MONTICELLC PROJECT, MONTICELLO, MINN.
GENERAL ELECTRIC CO. P.O. 205-55582-1I
CB&I CONTRACT 9-5624

SUBJECT MATERIAL CERTIFICATION

TO WHOM IT MAY CONCERN:

This is to certify that the material in the above referenced
vessel is in accordance with the ASHE Code, Section III,

1965 Edition, with Addenda through Summer 1966, ané General
Electric Co. Specification 21A1l112 Rev. S5, Paragraph 8.0 and

also approved Chicago Bridge & Iron Company procedures

MS-1 Rev. 0, MS-2 Rev. 1, MS-3 Rev. 3, MS=4 Rev. 3, MS-35 Rev. 1,
MS-6 Rev. 1. MS-7 Rev. 2, MS-8 Rev. 0, MS=9 Rev. 0, MS-10 Rev. O,
MS-11 Rev. 2, MS-12 Rev. 0, MS-1l3 Rev. 2, MS-14 Rev. 0,

MS-15 Rev. 2, MS-1l6 Rev. 1, MS~1l7 Rev. 1 and MS-MISC.-1 Rev. 1
(above procedures included in Monticello Project Manual Volume I).

CHICAGO BRIDGE & IRON COMPANY

ééé//dbmxéﬂL_
E. E. VARNUM
NUCLEAR QUALITY ASSURANCE MANAGER
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CHICAGO BRIDGE & IrRON COMPANY

P. O. BOX 13308, MEMPHIS, TENNESSEE 38113

2901 $47-3111

DATE: March 11, 1969

REFERENCE: BOILING WATER NUCLEAR REACTOR VESSEZL
17.167' ID x 63.167' INS. EDS.
MANUFACTURER'S SERIAL NO. B-4697
MONTICELLO PROJECT, MONTICELLO, MINWN.
GENERAL ELECTRIC CO. P.O. 205-55582-I
CB&I CONTRACT 9-5624

SUBJZECT: FABRICATION TEST PROGRAM CERTIFICATION

TO WHOM IT MAY CONCERN:

This is to certify that the fabrication test program was
performed for the above referenced vessel in accordance

with Attachment "B" Rev. 3 of General Electric Co.
Specification 21A1112 Rev. 5, Paragraph 2.0 titled: -
"Fabrication Test Program" and using specimens cut £ronx

plate of same heat as plate used in the vessel. These
specimens were cold formed to CFP-1 Rev. 0 which corresponded
to the cold formlng performed on the plates of the Reactor
Vessel.

Paragraph 2.2.3 of Attachment "B" was complied with by
submitting "For Information Only" the test reporis for 80% 7
tensile test on Chicago Bridge & Iron Company letter BBzZ-198
dated 8/9/68. The above test reports were compiled by the
University of Illinois. Chicago Bridge & Iron Company took
exception to Paragraph 2.2.3.2 of Attachment "B" and suosecue“bl
agreement was reached with General Electric Co. during the
meetings held in San Jose, California, August 22 through

August 25, 1966, in the following manner:

Page 10 Item G-1

"The 80% T dia. test specimens from as formeé plate may

come from rolled plate with girth (categcry B) seam so

that separate welded on grips are not necessary. This
interprets differently the plate as regards Paracraph 2.2.3.2
of the GEZ Specification, but Paul Herbert and Bud Vancott
(both were in the meeting when this was discussed) agreed
that this was acceptable."
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CHICAGO BRIDGE & IRON COMPANY

o

SUBJECT: FABRICATION TEST PROGRAM CERTIFICATION

Attachments:

1. CB&I Drawing T-4 Rev. 4, Results of Charpy V-notch
impact tests as per Paragraph 2.2.4 of Attachment B.

2. CB&I Drawing T-5 Rev. 3, Results of tensile tests as
per Paragraph 2.2.2 of Attachment B.

CHICAGO BRIDGE & IRON COMPANY

--(%z//zmmtm./
E. E. VARNUM
NUCLEAR QUALITY ASSURANCE MANAGZIR . . |
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EXHIBIT 3

TENSILE TESTS
SPECIMENS OF 80 PERCENT PLATE THICKNESS
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Tensile Tests
Specimens of 80 Percent Plate Thickness
Nuclear Reactor Vessel
GE/APED for Northern States Power Company
Monticello, Minnesota
for
CHICAGO BRIDGE AND IRON COMPANY

Contract 9 - 5624

MONTICELLO
3 (\TZ;I'T'; L:.-)',] L o
C T~ TAN CAGE | -2 . Vs 2.7 9 .
LS L
. /—%:_g: ‘o / - Z<
F+18:1-353-11 Richard N. Wright, II{

Professional Engineer

- ._?_:/-—4 . i New York License 035399

Department of Civil Engineering
University of Iilinois

Urbana, Illinois

January 1968




I. 1Introduction

Test procedures and results are described for tests conducted
for Chicago Bridge and Iron Company of six 80 percent thickness tension
specimens for Nuclear Reactor Vessel GE/APED for Northern States Powet
Company, Monticello, Minnesota. The tests were conducted at the same time
as similar tests for Nuclear Reactor Vessel GE/APED for Central Vermont
Power Company, Vernon Dam, Vermont. Facilities of the Department of Civil
Engineering, University of Illinois, Urbana, Illinois were used in accord
with a Memorandum Agreement for Commercial Tests between the Depértment
and the Chicago Bridge and Iron Company. R. N. Wright, Associate Professor
of Civil Engineering, supervised the testing. G. K. Sinnamon, Professor
of Civil Engineering, and V. J. McDonald, Associate Professor of Civil
Engineering and Principal Research Engineer, participated in plénning and
conduct of the tests. .

Instrumentation and test procedures are described in thé following

section. Test results are described in the last section.

2. Instrumentation and Test Procedures

Test specimens were prepared by Chicago Bridge and Iron Company.
Dimensions are given in their drawing T6 Rev 1 for Contract No. 9-5624 which
is reproduced here as Fig. 1. Gage diameter was 4-5/16 in. and gage length
13 in. Specimens were delivered to the Deparfment of Civil Engineering on
September 11, 1967 and stored in Talbot Laboratory adjacent to the testing
machine until tested during the week of January 8, 1968. Test procedures
conformed with ASTM E8 66. Test temperatures ranged from 70 to 75 degrees

Fahrenheit.
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The testing machine used was the University of Illinois 3,000,000
1b. capacity universal testing machine. Loads were recorded from the load
indicator of the machine. Ames dial indicators with .0001 in. divisions were
used in measuring elongations from zero load to approximately | percent
strain; and Ames dial indicators with .00! in. divisions were used from zero
load to maximum load. 1Initial gage lengths and elongations after rupture
-were measured using a steel scale with .0l in. divisions. Initial gage
diameters and diameters after rupture were measured using micrometers with
.001 in. divisions.

Figure 2 shows a specimen in place in the testing machine with the
dial indicators supported by a split ring and angle device. Diametrically
opposed, spring loaded, gage points fit holes 1/16 in. diameter by 1/8 in. deep
drilled into the specimens to support the rings. A third gage point between ‘ .
the ‘diametrical ones prevents rocking of the ring. The angles attached to
the rings hold the two .001 in. division Ames dials at 4 1/4 in. from the
axis of the specimen and the two .0001 in. division Ames dials at 6 1/4 in.
from the axis of the specimen. Indicators are pulled by copper wires at-
tached to a similar spiit ring and angle device. Figure 3 shows indicators
in place during loading and the television cameras used to read elongations.
Figure L4 shows recording of load.from the load measuring system of the testing
machine and recording of elongations from closed circuit television receivers.

During the first two of the six tests, SR-4 electrical resistance
strain gages were used to measure strain prior to yield in order to check
upon the accuracy of the dial indicator system. SR-4 gages showed slightly
greater strain du}ing the first loading increment (50 to 100 kips) than the

dial indicators; thence to yield essentially identical changes in strain were .



recorded by the two procedures. The discrepancy in the initial increments

is attributable to reseating of the gage points supporting the dial indicators
following the reversal ~¢ strain direction during the preliminary steps of
loading described below. Only strains obtained from elongation measurements
with the dial indicators are reported here.

Preliminary steps of the testing consisted of centering the specimen
in the upper head of the machine, recording initial elongations at zero load,
fastening the lower head of the specimen and loading to 100 kips to set the
grips, reducing load to 50 kips and reading elongations which were used as
base values in reducing stress-strain data. Elastic range loading began with
increase of load to 100 kips and reading of elongation, followed by increase
of load and elongation reading in 100 kip increments. Upon noticeable yielding,
a slow deformation rate was maintained, load and elongation were recorded at
intervals of approximately .01 in. elongation until pronounced strain hardening
at an elongation of about .1 in. Then load was reduced and the .0001 in. dial
indicators were removed. Continuous deformation was resumed; load and elonga-
tion were recorded at intervals of about .05 in. elongation until maximum
load was observed. Dial indicators were then removed from the specimen and
it was deformed to rupture. In the first two tests somewhat fewer readings
were made in the postyield range. In the inelastic range to maximum load,
strain rate did not exceed .0l in./in./minute. 1In the elastic range stress
rate did not exceed 10,000 psi/minute.

In the first test the lower ring came loose twice during the post-

yield range of testing. The deformed gage length was measured to 0.01 in.

accuracy after the dial indicators were removed at maximum load. This measure-
ment provided a basis for computing strains from dial readings for the majority
of the postyield region; a small region of uncertainty is shown by dotted lines

in Fig. 5. The cause of the loosing of the lower ring was improper spring
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loading of the gage points. One more loosening of the lower ring occurred
in the process of obtaining proper adjustment. It was in the second test ,
Fig. 6, at a stress of 81.9 ksi. It was determined that dial readings were

not substantially affected by the loosening and replacement.

3. Test Results
Test results are summarized in Table 1. Shown for each specimen
are: stress-strain curves, Fig. 5 through 10; photographs of the two fracture
surfaces, Fig. 11 through 16; and photographs of the broken specimens with
fracture surfaces fitted together, Fig. 17 through 22. Specimens are identified
by the numbers provided by Chicago Bridge and Iron Company and an ''OT No.!'
assigped by the writer to facilitate identification of individual tests and
specimens. .
o Table 1 shows thatiteét'results meet tensile fequirements of ASTM ?
A 533, Grade B, Class | steel. The elongation in 13 in. is not directly
comparable to the standard elongation in 2 in. for a 1/2 in. diameter specimen.
Larger elongation is observed because the gage length is only three times the
diameter for these specimens. If, however, an additional 4-5/16 in. of gage
length were considered to be present and to elongate by the 10 percent uni-
form strain typical of Fig. 5 through 10, the elongation in 17-1/4 in. would
in every instance exceed 20 percent.
Welded specimens, denoted by T3-2X, showed substantially the same
properties as the unwelded. It is apparent in Fig. 20 through 22 .that fracture
of the welded specimens was ductile and occurred in the base metal well away
from the weld. A clear indication of weld yielding at a stress of 67 ksi ap-
pears in Fig. 10. Possible weld yielding at 64 ksi is suggested by the stress-
strain curve shown in Fig. 9; for the stress-strain curve of Fig. 8, yielding .

of base metal and weld appears to have occurred simultaneously.




TABLE 1. SUMMARY OF TEST RESULTS

Specimens Yield Tensile Elongation Reduction
5624 Strength Strength in 13 inches in Area
A 0998 2 ksi ksi percent percent
-2
0T 1 63.0 8L4.4 28.3 61.2
oT 2 62.0 84.2 25.8 61.1
oT 11 61.3 83.1 23.7 62.4
T3-2X
0T 5 65.8 85.6 25.9 61.0
oT 8 63.7 83.6 26.7 60.9
6L.8 84.5 25.8 58.9

0T 9

®Yield strength at 0.2 percent offset.
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FIGURE 2.

FIGURE 3.

Specimen with Elongation Instrumentation

N

Television Camera for Reading Elongation




FIGURE 4.

Recording of Load and Elongation
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FIGURE 11. Fracture Surfaces, 5624 T3-2 A0998 2, OT 1
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FIGURE 12. Fracture Surfaces, 5624 T3-2 A0998 2, 0T 2
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FIGURE 13. Fracture Surfaces, 5624 T3-2 A0998 2, 0T 1!
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FIGURE 14, Fracture Surfaces, 5624 T3-2X A0998 2, OT §
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FIGURE 15. Fracture Surfaces, 5624 T3-2X A0998 2, OT 8
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FIGURE 16. Fracture Surfaces, 5624 T3-2X A0998 2, 0T 9



FIGURE 17. Fractured Specimen, 5624 T3-2 A0998 2, OT |

FIGURE 18. Fractured Specimen, 5624 T3-2 A0998 2, 07 2
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. ' FIGURE 19. Fractured Specimen, 5624 T3-2 A0998 2, OT 1]

FIGURE 20. Fractured Specimen, 5624 T3-2x A0998 2, OT 5
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FIGURE 21. Fractured Specimen, 5624 T3-2X A0998 2, OT 8

FIGURE 22. Fractured Specimen, 5624 T3-2X AA0998 2, 0T 9
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CHICAGO BRIDGE & iRON COMPANY OAK BROOK ENGINEERING .
SUMMARY REPORT INDEX

MONTICELLO NUCLEAR REACTOR

Page
2 Introduction
3 Main Closure Flange (S-1*)
3 Main Closure Flange (T=-1%*)
7 Skirt Juncticn (s-2)
7 Skirt Junction (T=-2)
8 Shroud Support (s-3)
8 Shroud Support (r-3)
12 Feedwater Nozzle (S-4)
12 Feedwater Nozzle (T-4)
14 Control Rod Drive Penetration in Bottom Diameter Dollar Plate(S-5)
14 Control Rod Drive Penetration in Bottom Diameter Dollar Plate(T-5)
16 3" @ Control Rod Drive Hyd. Return Nozzle (S-6)
16 3" g Control Rod Drive Hyd. Return Nozzle (T-6)
18 Core Spray and Flooding Nozzle (8" &) (S5-7)
18 Core spray and Flooding Nozzle (8" ¢&) (T-7)
20 Recirculation Inlet Nozzle (12" g) (5-8)
20 Recirculation Inlet Nozzle (12" &) (T-8)
22 Recirculation Outlet Nozzle (36 x 23) (5-9)
22 Recirculation Qutlet Nozzle (36 x 28) (T-9) . \
24 18" g Steam Outlet Nozzle (S-10)
24 18" 4 Steam Outlet Nozzle (T-10)
26 Core Differential Pressure and Liquid Control (S=11)
26 Core Differential Pressure and Liquid Control (T-11)
26 Instrumentation Nozzle (6" &) (S-12)
26 Vent (4" #) (s-13)
27 Instrumentation Nozzles (4" &) (S-14)
27 Jet Pump Instrumentation Nozzles (4" &) (s-15)
28 Refueling Bellows (S-16)
28 Refueling Bellows (T-16)
30 Stabilizer Brackets (S-17)
32 Brackets (5-18)
33 Main Shell Stress Analysis (S-19)
34 Miscellaneous Stress Analysis (S-20)
* "S1" indicates a stress analysis and “Tl1" indicates a thermal .

analysis.

Subject Monticello Project - Reactor Com-ﬂ_'_iﬁz:.‘goo'ctf-_ég..D.Gﬂ_Shf_]_a‘

60 0408 Checked by ... Date_ . —uRev.No Date Rev.No. Date Rev.No. Dute
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CHiCAGO BR,DGE & IRON COMPANY OAK BROOK ENGINEERING

SUMMARY - REPORT--INTRODUCTION
SUMMARY OF THE
MONTICELLO STRESS REPORT

The stress analysis for the Monticello Reactor Vessel has
been performed in accordance with the General Electric
Purchase Specification 21Al1l1l12, Rev. 5 and Section III of
the ASME Code. The stress report has been certified by a
registered professicnal engineer who is experienced in
pressure vessel design.

The following paragraphs summarize the stress results for
the various components of the Monticello Reactor Vessel.
For each component, the calculated stress intensities for
each stress category, primary membrane stress intensity,
local membrane plus bending stress intensity and primary
: . plus secondary stress intensity range, are compared with
the appropriate Section III, ASME Code allowables. The
speéified fatigue cycles and Code allowable cycles are
given wherever appropriate. This Summary Report is being
submitted as required in Paragraph 6.8 of the General
Electric Purchase Specificat-on mentioned above. -

Subject SICGNTICELIO REACTGCR VESSZIL Cont. 375624 pate By u. Sar__S_ s =t

- . [ PN Masa Rav Nna. . __Date . Rev.Na. Date
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CHICAGO BRIDGE & IRON COMPANY OAK BROOK ENGINEERING

SUMMARY OF STRESS ANALYSIS FOR
MAIN CLOSURE FLANGES

The stress analysis for the main closure flanges and
the studs was conducted in accordance with requirements
of GE Design Specification No. 21A1112, Rev. 5, dated
9-30-68. Temperature distributions used in this analy-
~sis are presented in Section Tl of the stress report.

The minimum requireé stud cross-sectional area, per ASME
Code, Section III, Article I-12, was found to be 1177.14
square inches (page I-S1-7). This was based on an allow-
able stress S = 36,325 psi at 575°F. The actual»cross-
sectional area, provided by 64 studs with 5-1/16 inch
shank diameter and 7/16" extensiometer hole, is 1278.61

square inches. The average and maximum stud service .
stresses (per ASME III - N-416.1) were found to be criti-
cal during startup at 270 minutes into the transient,

with their respective magnitudes being 47,929 psi and
89,824 psi (page I-Sl1-84). The average stud temperature
at this time is 340°F. Allowable stresses at this tem-
perature are 2 Sm = 79,280 psi for the average stress
and 3 Sm = 118,920 psi for the maximum stress.

The stud fatigue anlaysis was performed in accordance
with Par. N-416.2 of ASME Code, Section III. The peak
stress intensity ranges were computed at the root of

the thread using a fatigue strength reduction factof of

4. The cumulative usage factor was found to be 0.5637
which is well within the allowable of 1.0 (page I-S1-100).

Subject MONTICETLO REACTOR VESSEL Cont. 9=5624 Date

-~ ' - ~ . N ™o ow L P Qase Wa Nata




CHICAGO BRiDGE & IRON COMPANY OAK BROOK ENGINEERING

" The basic stress intensities in the main closure flanges
and the adjacent top head and cylindrical shell per ASME

i 1e, Section III, N-414, are as follows: the maximum
primary membrane stress intensity in the top hemispherical
head is due to preload plus pressure loading at 1250 psi
and occurs 4.379 inches above the -flange transition sec-
tion. Its magnitude is 28,620 psi (page I-S1-64). Due
to the influence of the head to, flange discontinuity it
is classified as a local primary membrane stress intensity.
It is seen to be less than 1.1 Sm = 29,370 psi.

The maximum primary plus sécondary stress intensity range
occurs during the startup transient at the hemispherical
head to top flange junction, and has a magnitude of 55,320
psi. The allowable stress intensity range in this case is
3s_ = 80,100 psi. |

The maximum primary membrane stress intensity in the cy-
lindrical shell below the shell flange is 29,560 psi

(page I-S1-65). This stress intensity is due to the pre-
load plus pressure loading at 1250 psi, and is located 15
inches below the cylinder to shell flange junction. As
the width of the band in which 1.1 Sm = 29,370 psi is ex-
ceeded is 8.2 inches, and the allowable width is .5/Rt =
11.746 inches, this stress intensity is classified as
local. For the location of the above stress intensity
band see the attached sketch. The allowable stress inten-
sity for local primary membrane stress intensity is 1.5 Sm =
40,050 psi.

The maximum primary plus secondary stress intensity range
in the shell flange is 47,110 psi (page I-S1-67). It

Subject _MONTTCETIIO REACTOR VESSTL Cont. 9=3624 Date ByAEE s _3_ o 34

- -~ . ~ .. O na Nrta _ Rev.No. Dcre




CHICAGO BRIDGE & IRON COMP ANY

Subject

occurs during the startup transient and is located on
the outside of the shell flange to cylindrical shell
junction. The allowable stress intensity range in this
case is 3 Sm = 80,100 psi.

It was found that all the requirements of the ASME Code,
Section III, Par. N-415.1 could be satisfied for the main
closure flanges, and therefore no fatigue analysis of the
same is required.

OAK BROOK ENGINEERING '

MONTICELLO REACTOR VESSEL Cont. 9=5624 Date 8y . AEE
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CHICAGO BRIDGE & IRON COMPANY OAK BROOK ENGINEERING

SUMMARY OF STRESS ANALYSIS .
FOR
SUPPORT SKIRT AND ITS JUNCTION TO BOTTOM HEAD

Using the data contained in the contract specifications and
temperatures calculated in Section T2, the stress analysis
has been done in Section S2.

The maximum value of seismic stress along the support skirt
is 2623 psi. The maximum local membrane and bending primary
stress intensity occurs at the inside point of the skirt-to-
bottom head-junction and has a value of 10,625 psi. The Code
allowable at design temperature for the sum of all primary
stresses is 1.5 S&»= 40,000 psi.

The value of the maximum range of primary plus secondary stress .
intensities, which also occurs at inside point of the junction,
is 55,580 psi. The Code limits this range to 3 Sm = 80,000 psi.

The same point is also most critical from a fatigue standpoint.
The conservatively calculated value of the fatigue usage factor
at this point is 0.40.

MONTICELLO REACTOR VESSEL cond=5624 ,,,,,,-/u/é.“- By KM g7 . 33

- voe - . -~ . -~ B... ata Masa Qav Na Deea
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CHICAGO BRIDGE & IRON COMPANY OAK 3ROOK ENGINEERING

SUMMARY OF RESULTS - STRESS ANALYSIS OF SHROUD SUPPORT

The static analysis of Subsection C of Section S3 indi-
cates that all cou2 requirements for the secondary mem-
brane plus bending combined with local membrane, local
and general primary membrane and also primary bending
stress intensities, have been met. The maximum secondary
membrane plus bending combined with local membrane stress
intensities of 23,970 psi occurs at point 5 of the main
shell (see page S3-57), and 26,099 psi occurs at point 17
of the shroud. Both of these stresses are below allow-
ables of 3 s = 80,000 psi and 3 S = 70,000 psi respec-
tively (see Figure 1).

Local membrane stress intensities of 15,555 psi at Section
7-8 and 15,575 psi at Section 17-18 are also within the
@ allowable limits of 1.5 S_ = 40,000 psi and 1.5 §_ =
34,950 psi. Primary bending plus membrane and general
primary membrane stress intensities are 26,740 psi at
point b and 26,585 psi at Section a-b on the main shell
which are below the allowable of 1.5 Sm = 40,000 psi and
S = 26,700 psi. This also holds for internals with maxi-
mum primary membrane stress = 7,910 psi at point ¢
and primary general membrane stress = 7,750 psi at Section
c-d for Inconel material for which allowables are 34,950

psi and 23,300 psi respectively (see Figure 1l).
Subsection C of Section S3 also shows that the stilts which

support the shroud will not buckle under the most critical
compressive load.

Subject MONTICELLO REACTOR VESSEL _ __ _ Con.2=3624 Dore ByJT ___sh 8 _or 34
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CHICAGO BRIDGE & IRON COMPANY . OAK BROOK ENGINEERING .

Stress intensity calculations of Subsection E of Section S3
show that maximum range of secondary membrane plus bending
stress intensity for carbon steel is 62,100 psi at point 13,
which is less than the allowable of 3 Sm = 80,000 psi, and
Inconel material for the internals is 58,924 psi at point
30, also within the allowable of 3 5 = 70,000 psi (see
Figure 2).

Stress analysis of the jet pump baffle plate was performed
at the junctions to the main shell and shroud support. Re-
sults are listed under Subsection F for static loading and
transients considered. The results in the static analysis
show that local membrane stress intensityv is 17,327 psi at
Section 3-4 and secondary membrane plus bending combined
with local membrane stress intensity is 19,229 psi at
point 3 within the allowables of 1.5 S = 34,950 psi and : .
3 Sm = 70,000 psi respectively. Results of loading plus
transients stress analysis show maximum range of stress
intensity of 63,656 psi at point 3 which is also below the
allowable of 3 Sp = 70,000 psi (see Figure 2).

Fatigue analysis performed under Subséction G shows a per-
missible number of 4000 cycles and the usage factor of
.064 for point 7 based on stress results of Subsection E
and 20,000 cycles and the usage factor of .012 for point 3
based on Subsection F (see Figure 2).
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SPECIAL STRUCTURES DESIGN ‘
—
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- SUMMARY OF STRESS ANALYSIS
FOR _FEEDWATER NOZZLE

Using the loadings contained in the contract specification
and temperatures calculated in Section T4, the stress
analysis has been performed in accordance with Article 4
of Section III of the ASME Code.

The area replacement requirements of Article 4 have been
satisfied. The calculated maximum general membrane stress
intensity for the safe end is 18,200 psi (page S4-10) com-
pared to the allowable, at 575°F, of 18,200 psi. For the
nozzle forging, the calculated maximum general primary
membrane stress inténsity is 14,218 psi compared to the
allowable of 26,700 psi.

The maximum local membrane and bending stress intensity
due to design pressure plus nozzle loads is 22,580 psi
(page S4-10) at section AA on the attached sketch. The
allowable stress intensity is 1.5 Sm = 27,300 psi.

The maximum ranges of primary plus secondary stress inten-
sity are 26,540 psi on the inside of section DD and 59,600
psi on the inside of section CC for the safe end and noz-
zle forging respectively. (See pages S4-35 and S4-33.)
The Code allowable ranges are 56,040 for the safe end ma-
terial and 80,100 psi for the forging.

The allowable number of fatigue stress cycles is 1760 ver-
sus a specified number of 1500.
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SUMMARY OF STRESS ANALYSIS
CRD PENETRATIONS

The maximum primary plus secondary stress intensiﬁy in
the stainless steel housing is 38,408 psi compared to an
allowable of 3 Sm (= 52,800 psi), at point 1. The maxi-
mum value for the Inconel stub tube is 58,351 psi at
point 2 against an allowable of 3 Sm (= 60,000 psi).

The maximum alternating stress intensity occurs at point
3. This value is 79,634 psi. The allowable number of
cycles from the applicable design fatigue curve is 2900
against 370 specified cycles.

The points referred to above are shown in the sketch on
the following page. The sketch shows an outermost pene-
tration which is found to be more critical than the
center penetration.

OAK- BROOK ENGINEERING
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Subjec?

SUMMARY OF STRESS ANALYSIS
3" CRDHSR NOZZLE

In the safe end area, the maximum primary plus secondary
stress intensity of 44,320 psi occurs at point 3, against
an allowable of 48,000 psi at design temperature.

In the nozzle forging, the nozzle vessel junction (point
19) is the highest stressed point. Based on the stress
index method, the maximum pressure stress intensity is
88,100 psi. To this is added the thermal stress inten-
sity at steady state, which is 38,841 psi, giving a peak
stress intensity range of 126,951 psi and an alternating
stress amplitude of 63,475 psi, which gives an allowable
number of cycles of 2000 against an expected 782 cycles,
based on the applicable design fatigue curve.

The points referred to above are shown in the sketch on
the following page.
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SUMMARY OF STRESS ANALYSIS
for
CORE SPRAY NOZZLE'-

Using the data contained in the contract specifications and
temperatures calculated in Section T7, the stress analysis
has been done in Section S7.

The calculated maximum general membrane primary stress inten-
sity, for the safe end, is 14,050 psi (page S7-7) compared to
the allowable, at 575°F design temprature, of 23,300 psi. For
the nozzle, the calculated maximum general membrane primary
stress intensity is 12,550 psi (page S7-8) and the allowable
at design temperature is 26,700 psi.

The maximum local membrane and bending primary stress intensities
are 24,783 psi, 2,656 psi, and 11,123 psi for the safe end,
sleeve and nozzle respectively, (page S7-86). The allowables

for corresponding materials in the same order are 35,000 psi,
23,700 psi and 40,000 psi.-

The maximum range of primary plus secondary stress intensities
are 28,262 psi, 29,445 psi and 8,157 psi at points 8, 22 and 31
respectively, (page S7-92). These points are located on the
safe end, sleeve,and nozzle, in that order; with respective
allowables of 70,000 psi, 47,400 psi and 80,000 psi.

The most critical point from the fatigue standpoint is point 1ll.
The conservatively calculated value of the fatigue usage factor

at this point is 0.52.

(Points referred to above are shown on the sketch of the follow-
ing page.)
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SUMMARY OF STRESS ANALYSIS
for
RECIRCULATION INLET NOZZLE

Using the data contained in the contract specifications and
temperatures calculated in Section T8, the stress analysis
has been done in Section S8.

The calculated maximum general membrane primary stress inten-
sity, for the safe end, is 12,900 psi (page S8-4) compared to
the allowable, at 575°F design temperature, of 15,800 psi.

For the nozzle, the calculated maximum general membrane pri-
mary stress intensity is 16,600 psi (page $8-5) and the allow-
able at design temperature is 26,700 psi.

The maximum local membrane and bending primary stress intensi-

. ties are 17,107 psi (page S8-9) and 23,488 psi (page S8-1ll1l for
the safe end and nozzle respectively. The allowables for .
corresponding materials in the same order are 23,700 psi and
40,000 psi.

The maximum range of primary plus secondary stress intensities
are 33,670 psi (page S8-30), 47,830 psi (page S8-33)and 43,550
psi (page S8-31) at points 4, 9 and 6 respectively. These
points are located on the safe end, sleeve and nozzle, in that
order; with respective allowables of 47,900 psi, 47,900 psi and
80,000 psi.

The most critical point from the fatigue standpoint is point 8.
The calculated value of the fatigue usage factor at this point
is approximately .003.

(Points referred to above are shown on the sketch of the follow-

' ing page.)
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SUMMARY OF STRESS ANALYSIS
FOR RECIRCULATION OUTLET

Using the loadings contained in the contract specification
and temperatures calculated in Section T9, the stress
analysis has been performed in accordance with Article 4
of Section III of the ASME Code.

The area replacement requirements of Article 4 have been
satisfied. The calculated maximum general membrane stress
intensity for the safe end is 13,806 psi (page S9-36) com-
pared to the allowable, at 575°F, of 15,800 psi. For the
nozzle forging, the calculated maximum general primary
membrane stress intensity is 12,261 psi compared to the
allowable of 26,700 psi.

The maximum local membrane and bending stress intensity
due to design pressure plus nozzle loads is 14,777 psi

at section AA on the attached sketch (page S9-37). The
allowable stress intensity is 1.5 sm = 23,700 psi.

The maximum ranges of primary plus secondary stress inten-
sity are 26,540 psi on the inside of section BB and 36,700
psi on the inside of the same section at the safe end-
nozzle forging junction. See page S9-19 of the report.
The Code allowable ranges are 47,400 for the safe end ma-
terial and 80,100 psi for the forging.

The Code allowable number of fatigue stress cycles for

the maximum stress amplitude is 41,720 compared with the
400 cycles specified.
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.SUMMARY OF STRESS ANALYSIS
18" STZAM OUTLET NOZZLE.

The maximum primary plus secondary stress intensity in
the safe end is 11,924 psi at point 1 against an allow-
able of 57,450 psi (3 Sm at design temperature).
]

In the nozzle forging, the nozzle-vessel junction is the
highest stressed point (point 13). Based on the stress
index method, the maximum pressure stress intensity is
88,100 psi. To this is added the maximum thermal stress
intensity of 19,592 psi and the additional stress inten=-
sity due to the pipe reactions at the point which is
.10,919 psi, giving a total peak stress intensity of
118,621 psi and an alternating stgess amplitude Salt of
59,310 psi. This gives an allowable number of cycles

of 2500 which is more than the expected 532 cycles.

The points referred to above are shown in the sketch on
the following page.
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(8"¢ STEAM OUTLET NOzzLE
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@
SUMMARY OF STRESS ANALYSES
for
CORE DIFFERENTIAL PRESSURE AND Liy.. "D CONTROL NOZZLE,
HEAD COOLING SPRAY AND INSTRUMENTATION NOZZLES,
VENT NOZZLE,
INSTRUMENTATION NOZZLES,
JET PUMP INSTRUMENTATION NOZZLES,
DRAIN NOZZLE,
HIGH PRESSURE SEAL LEAK DETECTOR NOZZLE

and
LOW PRESSURE SEAL LEAK DETECTOR NOZZLE

The maximum primary membrane stress intensity for the core
differential pressure and liguid control nozzle is 6076
. psi (page S11-6), compared to the allowable, 15,800 psi.

‘ This nozzle has been exempted from fatigue analysis in ac-
cordance with the rules of Par. N-415.1 of Section III,
ASME Code.

The maximum primary membrane stress intensity for the head
cooling spray and instrumentation nozzles is 2849 psi
(page S12-7), compared to the allowable, 15,800 psi. This
nozzle has been exempted from fatigue analysis in accord-
ance with the rules of Par. N-415.1 of Section III, ASME
Code.

The maximum primary membrane stress intensity for the vent
nozzle is 2501 psi (page S13-6), compared to the allowable,
15,800 psi. This nozzle has been exempted from fatigue
aﬁalysis in accordance with the rules of Par. N-415.1 of
Section III, ASME Code.
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The maximum primary membrane stress intensity for the Jjet
pump instrumentation nozzles is 10,489 psi (page S1l5-6),
compared to the allowable, 15,800 psi. This nozzle has
been exempted from fatigue analysis in accordance with the
rules of Par. N-415.1 of Section III, ASME Code.

The maximum primary membrane stress intensity for the in-
strumentation nozzles is 5796 psi (page S14-6), compared
to the allowable, 15,800 psi. This nozzle has been ex-
empted from fatigue analysis in accordance with the rules
of Par. N-415.1 of Section III, ASME Code.
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SUMMARY OF STRESS ANALYSIS FOR REFUELING BELLOWS

Using the data contained in the contract specifications and the
temperatures calculated in Section T1l6, following is a summary
of the stress analysis which is found in Sect.on S16.

The calculated maximum general membrane primary stress intensity
for the refueling bellow skirt is 3547 psi occuring during
refueling at a point midway on piece #3. This is compared to
the allowable at 70°F of 23,300 psi. (See Page I-S16-Al8 of the
Stress Report.)

The maximum local membrane and bending stress intensity is
10,310 psi occuring at the inside face of part #2 at the junction
to part #l. This occurs during refueling. . This is compared to

: .the allowable stress intensity of 34,950 psi.at 70°F. (See Table 1,
Page I-S16-1 of Section S16.) The maximum range of primary plus
secondary stress intensity is 51,734 psi and occurs in the cooldown-
steady state cycle at the inside face of the junction of part #3
and part #2. The maximum allowable stress intensity at 545°F is
59,070 psi. (See Pages I-S16-1 and I-S16-10.)

The most critical point from a fatigue standpoint is at the junc-
tion of part #2 and #3 during the cooldown-steady state cycle.
The fatigue usage factor at this point is .67. (See Page I-S1l6-2
of Section S16.)

(Points referred to above are shown on the sketch on the following
page.)
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SUMMARY OF STRESS ANALYSIS FOR
STABILIZER BRACKETS

The stabilizer brackets were analyzed for two loading
conditions per GE Specification Drawing 886D482, Sheet
8. For loading condition #1 the bracket stresses were
limited to allowable stresses per ASME Code, Section
III. For loading condition #2 the bracket stresses were
limited to the yield strength of the material.

The bracket design stresses and the corresponding allow-
able stresses are as follows:

LOADING CASE 1

. Actual Maximum Stresses

Pure Shear Stress at Pin Hole = 15,238 psi
Bearing Stress at Pin Hole = 21,642 psi
Maximum Stress Intensity :

= 14,593 psi
At Face of Shell
Allowable Stresses
Pure Shear Stress = 16,020 psi
Bearing Stress = 42,300 psi
Maximum Stress Intensity = 26,700 psi

@
ByAEE __she.30 of 33
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LOADING CASE 2

Actual Maximum Stresses

Pure Shear Stress at Pin Hole = 19,551 psi

Bearing Stress at Pin Hole = 27,767 psi
Maximum Stress Intensity
} = 26,854 psi
At Face of Shell
Allowable Stresses
Pure Shear Stress = 21,150 psi
Bearing Stress = 42,300 psi
Maximum Stress Intensity = 42,300 psi
Subject R VESSEL Com.ﬁ:_iﬁ_ZA_Dou By_AiE__ Sh'_3_1_ of 3 <
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SUMMARY OF STRESS ANALYSIS

FOR BRACKETS

Brackets were analyzed for loadings specified on GE Drawing 886D482, Sheet 7,
Rev. 5. All brackets, except stabilizer brackets and steam dryer supports®, are
included in this section.

The brackets are subject to primary membrane and bending stresses for which
the allowable stress intensity is 1.5 Sy, in accordance with Fig. N-414, Section ll|
of the ASME Code.

The maximum stress intensities for the various brackets are as follows:

BRACKET STRESS INTENSITY
Core Spray 10,007 psi
Guide Rod 18,982 psi
Feedwater Sparger 314 psi
Dryer Hold Down 9,052 psi
Shell Insulation Support 2,500 psi
Head Insulation Support 1,590 psi
Upper Surveillance Bracket 8,350 psi
Lower Surveillance Bracket 5,078 psi

The allowable stress intensity for all brackets, except the guide rod brackets and
the head insulation supports is 24,060 psi at 545°F. The allowable stress intensity
for the guide rod brackets is 30,000 psi at 120°F and the head insulation supports
28,725 psi at 575°F.

* The steam dryer supports have been reanalyzed for the replacement steam dryer.
(Reference EC 14214)
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SUMMARY OF STRESS ANALYSIS FOR
TOP HEAD AND CYLINDRICAL SHELL

In this section the maximum stress intensities in the

top head and cylindrical shell due to combined loadings
were computed. The loadings considered were: stud pre-
load, internal pressure, dead weight of vessel and con-
tents, insulation weight, horizontal and vertical seismic
forces, horizontal jet reactions, stabilizer rod reac-
_tions, local bracket and nozzle reactions, refueling bel-
lows support loads, and the thermal loads.

The maximum stress intensities and their locations were
found to be as follows: the maximum general primary
membrane stress intensity occurs in that portion of the
cylindrical shell which is removed from gross structural - .
-discontinuities. 1Its magnitude is 26,375 psi which is o
within the allowable value of 1 S = 26,700 psi. The
maximum local membrane stress intensity of 29,610 psi
occurs at 15 inches below the bottom of the shell flange
hub. This stress intensity was found to be local in
extent and is less than the allowable value of 1.5 Sp =
40,050 psi.

The maximum range of stress intensity for primary plus

secondary stresses has a magnitude of 55,320 psi which

is well within the allowable of 3 sm = 80,100 psi. The
location of this stress intensity is at the top of the

hub of the head flange.
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"SUMMARY OF STRESS ANALYSIS FOR
DRAIN NOZZLZE

The Code area replacement requirements for the drain
nozzle have been satisfied.

The maximum primary membrane stress intensity is 6716
'psi versus the Code allowable of 18,200 psi.
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MONTICELLO Monticello keacter Vessel, Par, . 1V-1

"NERAL ELECTRIC CO.
| APED — SAN JCSE

pF# (9/)-356-1

3

IV. VESSZL TASRICATION AND AsSsSziizlY

AN

4.1 DIVISION OF WORX

- A significant portion of tne vessel fabricaticn was poricrmed
v ]
- in the shop, just as would be done for a shop fazricated vewsel.

This work was in accordance with the ASME Code and G.Z. faoziczzicn

~and quelity control reGuirements. The balance ¢f the Zatzriczsiznh

-l -

and assermbly at the site was perZormed, utilizing proven fechnicuiaes

and eguizment, witliout any compromise in the design, cualizy

functional requirements of the vessel.

A tydical site assembly area is shown in Figure IV=-1 and
an artist's rendering of the completed composite reactor and

containment vessels is shown in Figure IV-2.

4.2 SECP FABRICATION AND SUBASSEMBLY WORX

As much fabrication and subassembly work as possible
was perzZormed at C3&I's Birmingham, Alabama, and Greenville,
Pennsylvania, manufacturing plants. The overall jcb econcmics

favored this approach because of the convenience of overhead

handling equipment, utilization of the existing shop labor pool

and facilities for machining, heat treatment, etc. Restricztion

on shipping dimensions (not weignt) was the determining factor

considering how much of the vessel assembly work could ke periormed

prior to shipment.

5-2
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Monticello Reactor Vessel, Page IV-2

An effort was made to clear completed shell rings 18 feet
diameter by 10 feet 11l-1/2 inches long and weighing 140,000
pounds. Although these rings could be barged to Minneapolis,
the interconnecting railroad (Minneapolis,ANorthfield and Southern
Railway) could not move the shipment from Port Cargill to the
Great Northern Cedar Lake yard interchange. The Great Northern
services the Monticello area. Overland truck handling clearance
checks were also unsuccessful in finding an open route to the
Great Northern Railroad; therefore, half ring sections were shipped

from the shop. Figure IV-3 shows the shop assembled pieces for the

Monticello reactor vessel.

: . A l17-foot diameter support skirt extension with leveling
devices attached was shipped in one piece to the site. It joined
.the stub skirt on the vessel bottom head to the long skirt

constructed with the drywell, as shown in Figure IV-=2.

A cold forming procedure was utilized to pfess the bottom
head, shell, and top head plates. All plate material was detailed
to the maximum length and width dimensions that could be delivered
from eastern mills and properly handled by the fabricating facility.
The shell plates were purchased in the quenched and temperéd

condition and cold formed utilizing approved procedures.

Before starting fabrication, all plates were inspected for

size, thickness, surface condition and the mill stamps properly

.ientified. Ultrasonic testing of material was done by trained
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and qualified personnel in accordance with Code specifications.
Certified mill test reports and all quality control measures were
reviewed by CB&I engineers to assure compliance with material

specifications.

Aftef the plates were marked and flame cut to approximate
size, they were pressed to sﬁape on a 6,000-ton hydraulic press,
designed by CB&I. Any minor deviation from curvature tolerances
found in checking with box templates and sweeps were corrected by
sizing the plates on the press. Each plate was then marked and cut
to size and edges beveled with semi-automatic cutting torches. To
insure proper dimensions'and alignment, shop assembled weldments
were fit-up and match-marked prior to shipment to the jobsite for

- assembly and welding together.

The bottom head was shipped in two sections consisting of
(1) the knuckle course of plates with the stub skirt attached and
(2) the dollar plate assembly. The dollar plate assembly was
predrilled in the shop to accommodate the 121 control rod drive
sleeves. The initial holes were drilled to approximately 5 inches
in diameter. These holes are large enough to accommodate a boring
bar cutting assembly that was used in place for the final boring of
the sleeves at the site. Because of the availability of machining
equipment, this assembly and predrilling work was performed at
CB&I's Greenville, Pennsylvania, plant. The final drilling of

the holes was performed in place at the site.

5-4
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The bottom head knuckle course shop weldment was positioned
and two overlay weld metal build-ups were applied (see Figure IV-4)
in the two areas where the shroud support was welded to the bottom
head. These weld build-~ups were shop machined to the contours shown

in Figure IV-4,

The Monticello vessel shell was made up of four rings,
approximately ll feet wide. Each ring was made from two formed
plates. The half ring sections were temporarily welded iogether
and placed on a roller bed. The ring was preheated ana the overlay
weld metal deposited with automatic equipment similar<£q that shown
in Figure IV-5. All shell fittings were shop installed. Postweld

.heat treatment was performed and inspection of the overlay weld

deposit and insert seams was made after cool-down.

The shell and head flanges were shipped directif-to the site
as rough machined, non-drilled, seamless forged rings from the
Ladish Company plant in cCudahy, Wisconsin. The weld ends were
prepared at the forge works (Ladish) for fit-up and welding to
the adjacent No. 4 shell ring and top head weldment. -This top
head assembly was shipped in one piece. It was welded together
from six knuckle plates and a one-piece dollar plate assembly, as

shown in Figure IV-6.

The internal shroud support was completely shop fabricated,
including preliminary machining, at Greenville and shipped as an
integral ring assembly to the site where it was welded in place to

the bottom head. The final machining was completed after welding.

5-5
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The stud bolts, washers, and gaskets were shipped directly
from General Electric Qualified manufacturers to the jobsite

storexroom.

4.3 SITE SUBASSEMBLY AND ERECTION

Site subassembly of the reactor vessel started about three
months after work began on the containment vessel. Erection of the
reactor bottom head followed the completion of the leak rate test
of the drywell. The bottom head and stub skirt was welded to the
reactor support skirt which was attached to the drywell prior to

the leak rate test.

Unlike the case for determining the maximum size of
subassemblies at the shop, weight of the lifts or derrick capacity
dictated the subassemblies that could be made at the site. The

closure seams between subassembled sections were made in place.

The postweld heat treatment zones were established by the
location of penetrations with respect to circumferential weld
joints and the adherence to safe thermal gradients through adjacent

vessel materials.

Methods of achieving the machined surface requirements,
drillin§ and tapping and boring operations were déveloped by CB&I

engineers using commercial equipment, where available, and designing

and building custom-made devices, where necessary. .




Monticello Reactor Vessel, Page IV-6
Suitable weather protection devices were provided to shelter
the vessel weldments during ground assembly, welding, and postweld

heat treatment.

The postweld heat treatment furnaces weré also used for
environmental housings for the welding and radiographic work.
Figure IV-7 shows typical_postweld heat treatment of the
longitudinal ring welds. Figures IV-8 and IV-9 similarly show
postweld heat treatment of the bottom head and stub skirt assemdly

and the top head and flange assembly.

Temperatures from thermocouples were permanently recorded on
a multiple point potentiometer instrument. Adequate thermocouples
were used to obtain representative readings from all parts of the

section being heated.

The various parameters for heat treating, such as heating and
cooling rate, variation of temperature during the holding pericd,
etc., were in accordance with Section III of the ASME Boiler and
Pressure Vessel Code and other requirements of the General Electric

specifications.

4.3.1 Site Subassembly

The basic assembly yard fabrication process was performed as
follows on the head and shell components: (a) shell halves joined

into rings, bottom head to skirt extension, top head to flange on

: level work tables; (b) preheat to 300°F to 400°F and weld sections
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together; i.e., four shell rings, one bottom head with skirt and cne
top head with flange; (c) magnetic particle check weld periodically
during deposition of metal as preliminary inspection step and
replace any unsound material found therein; (d) hot ultrasonic

test welds before postweld heat treatment; (e) post weld heat

treat at 1150°F; (f) cool and radiograph welds; (g) ultrasonic
welds again; (h) manual overlay welds; (i) postweld heat treat:;

(3j) cool and ultrasonic overlay:; (k) dye check overlay.

4.3.2 Assembly and Machining

The bottom head and stub support skirt assembly was set in
place, leveled, and welded on a l7-foot diameter tubular support

skirt furnished in the drywell base of the containment structure.

The vessel centerline was established as a vertical line of
sight using a precise jig transit instrument located below the
bottom head and sighting on a target in the geometric center of

the center control rod drive penetration.

The leveling and plumbing procedure was repeated after
Placement of each of the four shell rings. The centerline for
the bottom head and skirt assembly was located as shown in Figure
IV-10.  The No. 1l shell ring, assembled and w:''ed in the asserbly
yard, was placed as ;n integral ring in position atop the bottom
héad. The girth seam was fit, preheated and hand welded. The No. 2

ring was then placed, fit and welded. The preheat was maintained on

- . - - —_ — S — p— — - — 1| R — —
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the bottom head to No. 1 ring girth seam until the No. 1 to No. 2

girth seam was ready for postweld heat treatment. At that time, the
two rings were postweld heat treated simultaneously in the temporary
furnace. Steps (b) through (k) used for site subassembly .(Paragraph

4.3.1) were used for assembly in place.

Non-destructive testing methods in the field were the same as
those performed in the shop. Radiography was performed utilizing a
75 to 100 Curie Gamma source with appropriate shielding. Usage of
the source was in accordance with the applicable Federal and State

regulations.

. Concurrent with erection of the vessel shell, the vessel top
head weldment was fit and welded to the cover flange in the assembly
yard area. After completion of all the welding, postweld heat
treatment and examination steps, the top head was positioned for
drilling the 5-1/4-inch diameter hold-down bolt holes, as shown in
Figure IV-1ll. With the cover in this same position, the grooves
for the two 1/2-inch diameter stainless "O" ring gaskets were
machined with the portable CB&I equipment as depicted in Figure
Iv=-12.

After the No. 1 and No. 2 girth seams were postweld heat
treated, the temporary furnace was converted into an air-conditicned
and ventilated work room around the bottom head and No. 1 shell
ring. A temporary cover was installed above this work area so that

the balance of the vessel could be erected without interfering with
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the bottom head work. The holes and sleeves for the 121 6é-inch
diameter control rod drive thimbles and the 40 2-inch diameter holes
for the in-core flux sensors were machined utilizing precision-bored
guide templates, optically aligned in a temperature controlled
housing to guide a verticle boring bar and cutter head, as shown

in Figure IV-13. These methods not only assured that the holes

were on accurate centers but that they were plﬁmb.

The vessel closure flange was drilled and tapped in the

assembly yard after it was welded to the No. 4 shell ring.

The gasket sealing face on the vessel flange was machined
in the assembly yard using the same equipment that was used for ‘ '

machining the top head flange.

Drilling of the control rod drive sleeve holes, welding
the sleeves and boring them to the final precision dimension was
performed in parallel with the work on the vessel as described

above.

4.3.3 Cleaning and Hydrostatic Test

Upon completion of the machining work on the control rod
drive sleeves, the reactor head was attached to the vessel in
preparaéion for cleaning. The cleaning of the interior surfaces
of the vessel was done ﬁsing high pressure (approximately 8000 PSI)
deionized water containing 500-ppm by weight of TSP. Special care .

was taken to thorotghly water-blast rinse all areas and crevices to
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insure complete removal of the TSP solution. The rinsing continued

until the effluent conductivity was 5 micro-mho/cm.

Upén completion of the initial cleaning, the vessel was
filled with heated deionized water and tested per the requirements
of the ASME Code. Upon éompletion of the overlocad pressure test;
the vessel head was removed and service gaskets in;talled. The
vessel head was then replaced and a leakage rate test was performed

between the double "0O" ring seals at the design pressure.

Upon completion of the hydrostatic test at design pressure,
the test caps were removed from the vessel and replaced with
temporary covers. The vessel was once again high pressure blasted

Qith deionized water. After drying the interior surfaces of the
vessel, the vessel was sealed to prevent entry of dirt or other

foreign materials.

4.4 REACTOR VESSEL QUALITY CONTROL

4.4.1 Obijective

The quality control for the Monticello nuclear reactor was
directed by a Quality Control Manager with the assistance of Quality
Control éoordinators. The primary objective of this group was to
coordinate CB&I's many quality connected functions into a systen
which assured that the reactor vessel produced would meet the

uality requirements and to document the fact that these qualitf

g
Qequirements were met.
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4.4.2 Project Quality Control Organization

Authority lines for project management and project quality
control were separated by having both managers report directly to
the Regional Operations Manager, who, in turn, reported to the Vice
President and Manager of Operations. Company standards and policies
for quality control -- or more aptly, quality assurance -- were set
by the Quality Control Administrator, who also reported to the Vice
President and Manager of Operations. The latter was on the same
level as the Vice President and Manager of Welding and Inspection.
The Q.C. Coordinator for manufacturing was concerﬁed with only
nuclear reactors. The Q.C. Coordinator for engineering, purchasing,
and construction was concerned with only this vessel from the date

of contract until vessel completion.

4.4.3 Compliance with Specifications

By using check-off type records, spot checking operations as
the work'progressed, and by auditing all inspections, the plant and
site Q.C. Coordinators were able to assure that:

1. Approved procedures were used;

2. The approved procedures were being followed;

3. Required inspections were properly performed:

4. Inspections were witnessed by the customer's Q.C. representative;
and

5. The material or part met the required level of quality before

it was further processed.

5-12
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Each item or biece of material received at the shop or at the
site was covered by a Work Order and Traveler Card which listed, in
sequence, all of the operations and inspections which that particular
item or piece underwent. Each operation or inspection was given a
unique reference number so that it could be referenced to the report
of record. Each operation was referenced to the applicable apprdved
procedure with special notations for witness points or points beyond
which further progress was halted until clearance was obtained.
Provision was made for sign-off by the superQisor after the operation
was completed, by:the inspector after the inspection was performed,
and by the Q.C. Coordinator as well as the customer's Q.C.

‘epresentative- after each. item or piece was reviewed and accepted.

4.4.4 Documents and Records

In addition to the usual records required for presssure
vessels built to Section III of the ASME Code, a complete thermal
history of all parts and a quality control spread éheet of this
vessel will be maintained for the specified time period. Written
non-destructive test repor:s were prepared for each radiographic,
ultrasonic, magnetic particle and liquid penetrant inspectioh.
Also, welders' performance qualification certificates ahd test

results are available for review.

The same record, report, inspection or process procedure was
‘sed for similar operations regardless of whether performed in the

shop or at the site. Traveler Cards, Thermal History, and Spread
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Sheets were initiated in the shop and were carried through to the

completion of the job.




CHIicAGO BRIDGE & IrRON COMPANY

160 SANSOME STREET, SAN FRANCISCO, CALIFORNIA 94104

April ll 1969 " Area Ccde: 415 S81-7530
In Quintuplicate
General Electric Company Monticello Project
Atomic ‘Power Equipment Department P.O. 205-555g2-1
Nuclear Energy Division Reactor Vessel
175 Curtner Avenue Contract 9-5624

San Jose, California 95125 Seg. No. SPC-259

ttention: Mr. B. K. Lloyd, Buyer
Mail Code 522

Re: Vessel Fabrication and Assembly Report
Gentlemen:
. Following our discussions in your office on March 25,
1969, we have once again reviewed Section IV of the Report prepared

for the AEC and issued in November 1966 under the title "Monticello
Nuclear Generating Plant - Design, Fabrication and Erecticn of

the Reactor Vessel." Accordingly, we have marked the appropriate
technical changes to indicate the revisions made during fabrication
and erection of the vessel.

Our attached sheets, marked Attachment A, dated april 1,
1969, describe the technical changes made in Section IV. This
Attachment could be modified and issued as an Erratum to the
original Report.

As for the submittal of different photographs, we assume
that you can review the photographs that have been furnished you in
accordance with our terms of the contract and choose those pictures
that best depict the actual work done at the jobsite.

With this transmittal, we assume the Vessel Fabrication

and Assembly Report is complete as far as Chicago Bridge & Iron
Company is concerned.

Very truly yours,

CHICAGO BRIDGE & IRON COMPANY

RCB:aer . Robert C. Baker

Enclosure Contracting Engineer
9-5624
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CHICAGO BRIDGE & IRON COMPANY

MONTICELLO REACTOR VESSEL April 1, 1969

ATTACHMENT A

SECTION PAGE COMMENT

4.2 Iv-3 First Paragraph:

Revise to reflect that all shell fittings were
shop installed.

4.3 Iv-3 First Paragraph:
Site subassembly began about three months alter
work started on the containment. Erection oI
the reactor bottom head followed the completion
of the leak rate test of the containment vessel.

4.3.1 Iv-4 First Paragraph:
' Revise Item (f) to read "cool and ultrasonic . ‘
welds" and Item (g) to read "radiograph welds." ’

4.3.2 Iv=-5 First Paragraph, Ninth Line:
Delete reference to the shroud support skirt.

4.3.2 Iv-5 Second Paragraph:
Revise to indicate that the radlography work
was done with a 75 to 100 Curie Gamma source.

4.3.2 Iv=-5 Last Paragraph:
Revise to indicate that the vessel closure
flange was drilled and tapped in the assembly
yvard after being welded to the No. 4 shell ring.

4.3.2 Iv-6 First Paragraph:
Revise to read that the gasket sealing face on
the vessel flange was machined in the assembly
yvard using the same eqQuipment as was used for
machining the top head.

4.3.2 Iv-6 Second Paragraph:
Delete this paragraph.

4.3.3 IV-6 First Paragraph: :
Revise the Section to indicate that, after
completion of work and placement of the reactor .
head on the vessel, the interior surfaces or
" the vessel were- cleaned using high-pressure. == _ . = _ _



CIIICACO BRIDCE & IRON COMI’ANY

Page 2

ATTACHMENT A (Cont'd) April 1, 1969

SECTION

4.5.8

4.5.8

4.5.8

PAGE

Iv-6

Iv-20

. Iv=21

Iv-21

COMMENT

deionized water containing 500 parts per million
by weight of TSP. Special care was taken

to thoroughly waterblast rincse all areas and
crevices to insure complete removal of +tae

TSP solution. The rinsing continued until

the conductivity of the effluent was measured

at 5 micro-mho/cm.

Following the Code hydrotest, the vessel was
once again high-pressure blasted with deionized
water.

First Paragraph:

Add the comment that, in addition to the ccntrol
rod penetrations, the instrument nozzles in the
third and fourth ring were partial penetration
weld connections. These partial penetration
welds used details per Figure N-462.4(d) in
Section III of the 1965 ASME Code.

Second Paragraph:
Delete the note in the parenthesis. Aall nozzles
were installed in the shop.

First Paragraph:
In the second line, delete “CB&I Quality Control .
Coordinators will maintain a Daily Progress
Recond."

First Paragraph:
Delete this paragraph.

Fourth Paragraph:
Delete the first two sentences.
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INDEPENDENT REVIEW QOF STRESS ANALYSIS REPORT

In accordance with a suggestion by the USAEC Advisory Committee on Reactor
Safety (Monticello ACRS Letter, April 13, 1967, AEC Docket #50-263), the
Reactor Pressure Vessel Stress Analysis Report was reviewed by independent
experts. This study has been performed by Teledyne Materials Research

Division of the Teledyne Company, Waltham, Massachusetts.

Teledyne's summary letter concerning their review is included herewith as

Exhibit 6 of this report.
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TELEDYNE MATERIALS RESEARCH
N3 BEAR ‘4L RNOAN

WALIHAM  MANSACH: SETTS 22153

A17: A99-1330)

A TELEDYNE COMPANY

September 15, 1969
Project E-1113

General Electric Company
Nuclear Energy Division

175 Curtner Avenue

San Jose, Californmia 95125

Subject: GE PO #205~F0144 Audit of Monticello
Vessel Design Analysis

Attention: Mr. D. K. Heising
Gentlemen:

Teledyne Materials Research has completed the audit of
the stress analysis report of the Monticello - NSP Reactor
Vessel. On the basis of our review of the final report, we
are of the opinion that:

1) The amalytical methods employed by General Electric
Co. and Chicago Bridge and Iron Co. are consistent
with the state-of-the-art as generally practiced in
the industry.

2) The ASME code interpretations employed with respect
to the amalytical results are proper.

Very truly yours,
TELEDYNE MATERIALS RESEARCH

123/{ ZE? Csfaa17725-

William E. Cooper
Vice President

WEC/mef

ENCINELRS AND METALLURCISTS , FORMERLY LESSELLS AND ASSOCIATES. INC. & NEW ENGLAND MATLRIALS LABORATORY, INC
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NUCLEAR ENERGY DIVISION

REV. 2

1. SCOPE

1.1 This specification gives the functional and engineering regquirements for feed-
water nozzle and safe end repair., The repair consists of removing cladding from
the nozzle blend radius and bore, machining the safe end to accept a feedwater
sparger interference fit thermal sieeve with a piston ring seal, and removdl of
any remaining lin2ar liquid penetrant indications.

1.2 This specification replaces the original Reactor Pre-sure Vessel Design
Spe;ification for the Reactor Pressure Vessel Feedwater ilozzles and Safe Ends.

2. APPLICABLE DOCUMENTS

2.1 General Electric Documents. The following documents form a part of this
specification to the extent specified herein, '

2.1.1 Supporting Documents

a, Thirmal Sleave 112D1696
h  Feamustor Nn77ia Tnecide Machinina Drawing 7672204

¢. Cleaning and Cieanliness Control for Assembly of Reactor :
Components 21A2045

d. Reactor Vessel Modification 769E367
e. Vessel Feedwater Nozzle Blend Radif Crack Removal Tooling '22A4705
f. Thermal Sleeve End 112D1693

2.1.2 Supplerentary Documents. Ncne




CEMERAL(.)ELECTRIC 2205541 - sw.no. 3

NUCLEAR ENERGY D1VISION
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- 2.2 Codes and Standards, The following codes and standards form a part of this
specification to the extent specified hereimg

a. American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code

&(1) Section XI, Inservice Inspection of Nuclear Reactor Cooling Systems,
1974 Edition with Addenda to and including the Summer 1975 Addenda.

&(2) Section II1, Muclear Power Plant Commonents, 1974 Edition with
Addenda to and including the Summer 1976 Addenda.

(3) Code Case 1804.
3. .DESCRIPTION

3.1 The repair will minimize damage to the feadwater nozzle due to thermal cycling.
This repair wiil be performed in accordance with Sect1on XI of the ASME Boiler and
Pressure Vessel Code.

4. REQUIREMENTS

wer Gudse : = a' = 21V e camfawmnnd In wrearndanca wiTh Thae reanirements Of

ArticTes IHA-4000 and INB—4000 of Section X! of the ASME Code.
4.2 Functional

4,2.1 The machined safe end shall be compatible with interfacing thermal sleeve
shown on Drawings 112D1693 and 112D1636.

4,2.2 Clad removal a=d the safe end machining shall be compatible with the generic
feedwater nozzle inside machining specified on Drawing 767E204 and with Drawing
769E367, and shall be performed in accordance with Specification 22A4705.

4.2.3 A1l work shall be performed in accordance with Specification 21A2045,

4.2.4 Repair of Linear Indications. If any linear indications are detected after
machining 1s complicted, they shall be removed in the following manner.

4.2.4.1 Remove all unacceptable indications by grinding.

4,2.4,2 After the unacceptable fndications have been removed, the sides of the cavity
shall be ground to merge s wothly with adjacent surfaces, In the hoop direction,

the sides shall be merged with 2 minimum blend slope of 4:1 (width to depth). In

the axial direction, the sides shaii be merged with a minimum blend slope of 2:]
(width to depth). The cavity shall be round bottomed with a minimum radius of

two times the depth of the material removed from the final machined surfaces.
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4,3 Design

4.3.1 Thermal Sleeve Reactions. The Inconel thermal sleeve shown on Drawing
11201693 will Be installed with a coid nominal interference of 0.010 inch across the

diameter. The effects of the thermal sleeve on the safe end and nozzle shall be ccn-

gidgrgg in the design analysis. The geometry is shown in Figure 2 and on Dra2wing
69E367.

4.3.2 Design pressure \s IZSQ‘psig. Normal operating pressure is 1111 psig. -

4.3.3 Design temperature is 575°F, Normal operating temperature is 546°F.

6 4.3.4 MNormal operating cond:tion pipe reaction loads are shown in Figure 1. There

are no upset, emergency, or fault pipe loads specified for this desion,

Q
K3

c 3.0 kips

o 5.7 kips
iFy 3.2 kips
Mc 156.0 in.-kips
M 336.0 in.-kips

MZ 348.0 in.-kips

Loads can be in either
direction for all values
shown, .

Figure 1 ~ MC _

4.3.5 Seismic loads are included in the pipe reactions.

4.3.6 Corrosion Allowance. All exposed exterior ferritic steel surfaces of pres-
sure containing parts snall have a corrosion allowance of 0,032 inch in 40 years,
All ferritic steel surfaces exposed to reactor coolant shall have a corrosion
allowance of 0.063 inch in 40 years.

4.3,7 Desion Life. The design 1ife of this repair shall be not less than 24 months.
If design Tife is extended beyond 24 months, then additional analysis, according
to this specification, is required.
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4.4 Operational Environment

4.4.1 Neutron fluence is necligibie at the feedwater nozzle.

4,4,2 It shall be assumed that the interior of the nozzle and safe end ;nterior
of the nozzle and safe end are exposed to saturated steam and demineralized water
under operating conditions.

4.4.3 Insulation. Exterior surfaces of the nozzle and safe end are insulated.
The average neat transfer rate under operating conditions is 80 Btu/hr-ft*,

4.4.4 Heat Transfer Coefficients. The heat transfer coefficients defined pelow are
from empericai data for this design and are to be used in the analyses reauired in
Secticn 5. eat transfer coefficients for other locations shall be calculited by
conventional methods.

4,4,4,1 The heat transfer coefficient for the nozzle inside surface (areas A thru
D in Figure 3) for all leakage flow rates is:

; 8
Z @ Annulus fluid temperature (0. Y Btu
h= _ x(h-:-\ x 9000 ¢——23 7 °F

Z 2 300%F
' . ) AN
‘ The minimum vaiue OT N SKail D& 1 °UU DTU/NF=TT ="r,

4.4.4,2 The heat transfer coefficient for the fnside of the safe end and therma)
sleeve that is exposed to the feedwate: flow 1is:

8

) x 260 gt
« L 8 Feedwater temperature Btu
h ~Z & T00°F "(7530‘ x 2600 frogpzs
4.4.4.3 Nomenclature
kpl/3
l = —T
v.

K = Thermal corductivity of the fluid
P. = Prandtl Number
v = Kinematic viscosity

Q@ = Feedwater flow per nozzle (gpm)

0R = Efz?qagfr flow per nozzle at 100% rated power (gpm) as defined in Paragraph

7-7
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4.4.4.4 1he hect transfer coeffizient for the inside of the vessel si.ell outside
of areas A through U shall be 1000 Btu/hr-ft2-°F for all conditions.

4.4.5 Annulus Fluid Temperature

T = TFH + (c]) X (CZ) X (TA - TFH)

T = annulus fluid temperature

TFw = feedwater fluid temperature

TA = Region A fluid temperature = S546°F

C] = (Coefficient from Table ]

G = Coefficisnt from Figure 4

Table 1 Ccefficient C]

Location (see
Flow - Figure 3| A 8 ¢ D
100% rated feedwater flow 0.44 0.59 0.72 0.88
20% rated feedwater flow 0.66 0.88° 0.96 0.96
% rated feedwater flow 1.0 1.0 1.0 1.0

Interpolate linearly between defined points A, B, C, and D and between

flow rates given,
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& 4.5 Cvclic Conditions. There ara three sources of normal operation thermal cycles,

system cycling, unstacle flaw cycling, and rapid mixing cycling. There are no upset,
emergency, or fault thermal cycles specified for this design.

4,5.1 Svstem Cvcling, This type cycling results from changes in the flow and
temperature of the feedwater and/or of the reactor water.

4,5.1.1 Seventy-five cyeles of the following transient represent the equivalent
of 24 months of this type of cycling.

4.5.1.2 The temderature transient consists of:

4,5.1.2.1 Initial Condition, The nozzle, safe end, thermal sleeve and all
contained water is isothermal at 100°F and is at 0.0 psig.

4,5,1.2.2 The nozzle, safe end, and thermal sleeve are heated by the contained
water, The wator is heated from 100°F to 545°F at a rate of 100°F/hr. The
pressure is increased to 1111 psig.

4.5.1,2.3 The hot feedwate:r is displaced by 100°F feedwater with a velocity of
5 ft/sec. This condition exists until steady state is achieved.

ote

- v

"

rerme thets ¢
e ohel

¢roene in
SvEps W0

[43 ]
.t
"
£
"
-ty
&
4
at

L

.5.1.2.5 The feedwater temperature then is increased to 376°F at 250°F/hr,
imultaneously the feedwater flow velocity is increased from 5 ft/sec to

20 ft/sec. The end points, 376°F and 20 ft/sec are reached simultaneously.
This condition exists until steady state is achieved.

[
[34]

4,5.1.3 Feedwater flow rate shall be obtained from feedwater velocity by using
an area of 64.5 square inches. The velocity that corresponds to 100% rated feed-
water flow is 20 ft/sec at a temperature of 37€°F.
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‘4,5.1.4 The temparature transient is shown in tabular form below:

TEMPERATURE TRANSIENT

Fluid Fluid Fluid State

Temp. Start End of Fluid Vessel

Rate Temp. Temp, Fluid Velocity Pressure Notes

10C F/hr 100 546 Water 0 1111 psig Followed by Step To
¢ 100 100 Water 5 ft/sec 1111 psig Followed by Step To
250 F/hr 260 376 Water 5* ft/sec | 1111 psig

1"\leloc:it:y changes lineariy § ft/sec to 20 ft/sec

4,5.2 Unstable Flow Cycling,

During reactor startup under low power conditions
temperatures in the top half of the feedwater nozzle safe end and thermal sleeve

shail be assumed to fluctuate over a 250°F temperature range from (100°F to
350°F) as shown on Figure 5, for 1%

per year.

defined in Paragraph 4.5.1.

wzter flow raie 1S _tee lc=

Jpat yci1 Gt -lc\-\.'\-’ Vit dwiw bh-.

" Jvovvu.

The heat transfer coeff1cient

and nozzle remin at 100°F during this cycling.
calculated according to the procedure given in Paragraph 4.4.4.2 at 25% rated
feedwater flow, is to be used for the top and bottom for both cold flushing

and hot back flow.

- -‘_ I3
1. . @i

of the operating time, i.e., 88 hours
This cycling is in addition to the temperature cycling in the nozzle
This cycling is due to unstable flow when the r2ed-

A— kqen thq hcﬁ —qnsnn R ‘]n’ﬁ e usa¢ nu# c‘ 0h°
.- -1 .-

The transient stresses may be calculated by assuming an

axisymmetric model with boundary conditions for the top half of the nozzle.
The stresses due to the top-to-bottom temperature may be upper bounded by

assuning that the vessel shell,

and using an equation of the form

tall

Ton ~ T

Bottom)

Youngs Modulus

for the safe end,.

~a = coefficient of thermal expinsion

TTop' mean temperature of top half of safe end

TBottom

mean temperature of bottom half of safe end

nozzle forging, and attached piping are rigid

= axial membrane stress in safe end, use upper sign for top, lower sign
for bottom

7-12
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4.5.3 Rapid Cycling

4,5.2,1 Rapid temperature cycling (cn the order of 0.1 Hz to 1.0 Hz) occurs as a
resuli of cold feedwater being injected into a hot reactor. The most dominant
cause of this cycling in the nozzle bore and on the blend radius is turbulent mixing
nf leakage flow with region A fluid. Rapid cycling is caused in the .absence c¢f
leakage flow by turbulent region A fluid causing the thermal boundary layer araund
the cold thermal sleeve to be broken up and swept acainst the nozzle. Incompletely
mixed sparger discharge flow and region A fluid that is carried back to the nozzle
also causes some rapid cycling.

4.5.3.2 The metal surface temperature ranges are given by the following empirical
equation:

aT 2 Ixc3xc4x(TAeTm)

P-p
where:
ATp-p = metal surface peak to peak temperature range
X = amplitude coefficient for a given frequency of cycling, from Table 2
C3 = coefficient from Table 3 A
C4 T ewme s awentie rswee s igels B

Tpy and T, are defined in Table 4. ‘

4;5.3.3 The amplitudes and cycles given in Table 2 and the flow/temperature/time
data from Table 4 are to be usad in the fatigue evaluation. (The design life is
given in Paragraph 4.3.7.)

Table 2 Amplitude/Frequency Data for Rapid Cycling

Index Amplitude Fre$uency
1 A Cycles/nr
1 1.00 15
2 0.95 30
3 0.9 30
4 0.85 75
5 0.77 120
6 0.66 150
7 0.56 180
8 0.46 225
<9 0.36 375
10 0.26 375
n 0.15 1 1125

i
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Table 3 Coefficient Cq
100% Rated 20% Rated 0% Rated

Pt. Feedwvater Fiow Feadwater Flow Feedwater Flcw

A 0.20 0.12 0.12

B 0.20 0.12 0.12

c 0.30 0.18 0.18

D 0.10 0.06 0.06

and between given flow rates.

|
|
Interpolate linearly between defined points A, B, C, and D "'}

Table 4 Flow, Temperature, and Time Lata for Rapid Cycling

TFW TaA
Feedwater Feedwater Region A Hours
Index Flow Temperature | Temperature | Time Per
J % Rated °F °F H Year
|
1 100 367 546 61.33 5373
2 84 358 545 14.00 1226
-3 57 330 546 7.47 654
4 37 300 546 3.73 327
5 10 185 546 3.73 327
6 20 101 546 0.47 41
7 10 101 546 0,93 8]
8 2 131 546 0.47 41
9 2 70 546 0.09 7.9
10 84 278 546 0.19 16
n 100 315 546 © 0,93 81
12 100 278 546 0.00 0.0
H 0 200 200 0.067 5.88
14 0 300 00 0.15 13.38
15 0 400 400 0.24 20.88
16 0 00 340 0.999 87.5
17 1 350 360 0.003 0.25
18 2 150 350 0.020 1.78
19 2 125 340 0.016 1.38
20 2 70 330 0.003 0.25
- 21 2 190 400 0.018 1.60
22 3 200 340 0.004 0.3
23 0 70 70 5.14 450
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4,5,3.4 The alterna<ing stress produced by the rapid cycling shall be calculated

using:
E a AT
it * ZTT- V;
where:

E (Younys Modulus) and a (instantaneous coefficient of thermal expansion) are
evaluated at a temperature of ,

v = Pgisson's Ratio
ATp_p. TA‘ C3. C4, and TFK are defined in Paragraph 4.5.3.2
4,5.3.5 The fatique usage ractor dve to rapid thermal cycling is given by:

A 4
- &

y = U,;. x Design Life
RO
3=
where
] = ysage factor due to rapid cycling

Ui' = ysage factor due to ith amplitude and frequency for the Jth flow,
J temperature, ang time

4.5.4 Leakage flow rates are to be calculated for all conditions. The following
assumptions are to be used:

3. Neglect the pressure of any seal rings, springs, and ring grooves, {.e.,
assume the thermal sleeve looks 1ike Figure 3.

b. There i{s zero leakage flow when there {s zero clearance between the thermal
sleeve and nozzle.

C. The pressure drop across the thermal sleese is 10.9 psi at 100% rated feedwater

flow.

7-17
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4.5.4 (Continued)

d. Yielding of the thermal sleeve and sufe end (and thus relaxing the initial
interference fit) at this iezkage gap shall be considered.

e, Changes in the feiakage gap due to differential expansions between the nozzle
and thermal sleeve must be considered. See Figures 2 and 3 for dimensions and
materials for determining leakage gap.

f. The leakage gap (i.e., radial gap) increases at the rate of 0.0017 inch per
year due to corrosion.

g. The leakage flow velocity averaged over the annulus area at the discrete point
of interest shall be used in determining C» and Cy from Figures 4 and 6 except
for zores C and D, Use the maximum average leakage velocity in zone C to deter-
mine C% and C4 and use these values for a'l of zone C. Assume that the leakage

Y

veloci varies from the zone C value to zero at point D.
5. ANALYSIS
.1 EPrimarv Strasizas. The ¥in3l mechincd and greund nozzle and safe end thizknacses
SUAlI 3ALIDIY Wis pi WGy SuiCee ---‘-’E-‘E.'.-....;';‘ ST IIT Aldl Tallian ITIL, Rttt
NB-3000.

"5.,2 Secondary and Peak Stresses. The nozzle and safe end shall separately be shown
- to satisfy the seconcary and peak stress requirements of ASME Code Section III,
- Article N8-3000. The fatigue curve shown on Figure 7 shall be used. The operating
pressure and temperature identified in Paragraphs 4.3.2 and 4.3.3 shall be used.

6. DOCUMENTATION

6.1 The required ana'ysis shall be documented in a manner suitable for submission
to enforcement and regulatory agencies,

6.2 The required analysis shall be certified.
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1. ABSTRACT

This report documents the stress anhlysis performed for the feedwater
nozzle and safe end assembly. The analysis is concerned with Service

Level A, B, and C events, and design conditions., A fatigue analysis was
also performed.

This analysis of the feedwater nozzle and safe end assembly is required
becanse of the complete redesign of the existing safe end and thermal
sleeve assembly. As a consequence of this redesign, the component’'s
geometries will change from the ones originally analyzed, thus
necessitating this report., The nozzle and safe end assembly in this
report are analyzed in accordance with the requirements of the ASME Code

(Reference 6.2), and the General Electric design specification
(Reference 6.1).

NEBG-307A (6/80)
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l 2. SUMMARY AND CONCLUSIONS
2.1 It is shown by snalysis inm this report that the feedwater nozzle and safe
end assembly fully meet the stress | “snsity limits for all design, Service
Level A, B, and C conditions. Some of the significant results of this
analysis are as follows:

NOTE: These results include the results of Appendix 30,

Maximum design ﬁrinary stress intensity: (Table 3-2 and Table 30.3.1-1)

Pm = 14,05 ksi B Pm Allowable = 18.1 ksi
PH+B = 24.38 ksi H PM+B Allowable = 27.9 ksi

Maximum Level 'C’' primary stress imtemsity: (Table 3-2 and Table 30.3.1-1)

P
m

Pysp

15.46 ksi H Pn Allowabdle = 27.1 ksi

33.89 ksi : PH+B Allowable = 41,7 ksi

Maximom range of primary plus secondary stress intenmsity, P + Q:
(Paragraph 4.2.5.4 and Paragraph 30.3.3.4.4)

P+Q = 62.9 ksi
Maximum range of primary plus secondary stress intensity excluding thermal
bending: (Paragraph 4.2.5.4 and Paragraph 30.3.3.4.4)

P+Q = 45.94 ksi ; P + Q Allowable = 55.8 ksi
Maximum total fatigue usage due to low and high cycle fatigue plus existing
accumulated fatigue: (Paragraph 4.3.6 and Paragraph 30.3.4.2)

U = 0.439
mex

NEO 807A (REV. 10/81)
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3. DESIGN REQUIREMENTS

The safe end and thermal sleeve geoﬁetry is provided in.References 6.8,

6.10, and 6.13. Tke nozzle geometry is provided in References 6.1

and 6.7. The operating thermal and mechanical loads are provided by

Reference 6.1,

This section illustrates accceptance for the design and Service Level C
conditions., Primary membrane and primary membrane and bending (sizing)

calculations are performed.

In Sections G through J, moments dug to thermal sleeve axial loads are

assumed negligible,

NEBG-307A (6/80)
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TABLE 3-1 SECTION PROPERTIES FOR NOZZLE (Corrosion Included)

Thickness Area

Section
Modnlps

Section (In.) gInzz' gInsz Material
A 0.531 19.03 51.98 SA-508 (CL.2)
B 0.531 19.03 51.98 SA-508 (CL.1)
C 0.531 19.03 51.98 SA-508 (CL.1)
D 0.531 19.03 51.98 SA-350 (LF2)
E ® 0.531 19.03 51.98 SA-350 (LF2)
F 0.4917 15.89 39.09 SA-350 (LF2)
G 0.375 10.46 22.32 SA-350 (LF2)
H 0.375 10.46 22.32 SA-350 (LF2)
1 0.494 13.78 29.07 SA-351 (CF3)
J 0.494 13.78 29.07 SA-351 (CF3)

* Section A properties used here (comservative)

Area = x/4 (D 2 -2
o i
4 4,
Section _ I _ n/64 (Do Di )
Modulus c

Corrosion Allowances (Reference 6.1)
Exterior Exposed Carbon Steel
Interior Exposed Carbon Steel

Interior Exposed Stainless Steel

Material Allowables (Referemce 6.2)

SA-508 CL.1
SA-508 CL.2

Carbon Steels SA-350 LF2
SA-333 GD.é6

Stainless Steels SA-351 C(CF3

NEBG-807A (6/80)

D° = (Outside Diameter - Corrosion)
Di = (Inside Diameter — Corrosion)
1/32 inch
1/16 inch
0.003 inch

Sm (at 550°F)

18.1 ksi
26.7 ksi
18.6 ksi
18.1 ksi

16.0 ksi
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Nozzle Safe End Loads (Referenmce 6.1)

Forces in kips
Moments in in-kips

Condition 'z F F u % X Riin)
Design - 2.54 3.15 2.28 387.6 172.9 324.6 131.6
Nozzle Dead Wt. -0.11 - 0.63 0.15 11.6 - 14.1 - 1.1
rAY Seismic  +0.29 +2,51 +2.23 + 9.3 +158.9 #3134 131.6
Loads Thermal 0.02 0.16 -0.21 - 12.0 - 12 - 45.0
Nozzle Dead Wt. - 0.07 0.18 -0.04 - 7.0 - 241 - 7.3
"B Seismic +2.44 +1.97 +0.26 +376.0 +106.3° + 10.6 131.6
Loads Thermal 0.8 - 4.34 1.37 267.2 - 66.7 - 1.4
- Thermal Sleeve loads (Reference 6.1)
. Forces in kips
Moments in in-kips
Condition  lx B Fs % % ¥, Bug)
Design 2.5 0.6 5.7 2.4 2.0 0 103.0
Dead Wt. 0 - 0.3 - 0.5 -1.2 o 0
Seismic +2.5 +0.3 +1.5 +1.2 +2.0 0 103.0
Thermal 0 0 -1.2 0 0 0 *
Bydraulic 0 0 -2.5 0 0 0

NEBG-807A (6/80)
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Emergency condition (Service Level 'C’') defined in Reference 6.1 as follows:

Normal operation plus two times Seismic Loads

To calculate the largest nozzle loads, use the following:

P = (F24+F 2312
x y

2 2

M = (M2 + M 1/2
v

2
x * Mz )

Nozzle 'A’' Loading (Service Level 'C’)

P

5.70 kip

M

721.5 in-kip

F
z

4.61 kxip

Nozzle 'B' loading (Service Level 'C') : .
P = 6.44 kip
M = 789.3 in-kip
Fz = 0.56 kip

Therefore, the following loads are nsed for the design and Service Level 'C’
conditions: (Note: No faunlted condition exists)

Nozzle Loads

Forces in kips
Moments in in-kips

Condition P M F,
Design 4.05 534.4 2.28
Service Level 'C/ 6744 789.3 4.61

NEBG-807A (6/80) - _
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NUCLEAR ENERGY GENERAL @ ELECTRIC 2247454 sino. 12

BUSINESS GROUP REV 4

Thermal Sleeve loads

Forces in kxips
Moments in in-kips

Condition P X F
Design 2.57 3.124 5.7
Service Level 'C’ 5.08 5.39 6.0

Pressure Loads (Reference 6.1)

Design Pressure = 1,250 psi

Service Level 'C’ Pressure = 1,375 psi

loading Sign Convention

Sign Convention applies to
both safe end and thermal
~sleeve loadings.

FRom
APy ¢

NEBG-807A (6/80)
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BUSINESS GROUP T REV 1 : :
Section A

Design Pressure Stress:

PD
- i _ 1,250 (10.875) _ .
g T 2 (0.531) 12,800 psi
g .
60 = ‘2— = 6,400 psi
ar' = =1,250 psi
"Stress Due To Nozzle Loads:
P = 4.05 xip *
M = 534.4 in-kip ‘
I"z = .2.28 kip .
m = 534.4 + 4.05 (12.83) + 2.28 (0.56) = 587.64 in-kip
_ M _ 587.64 _ .
SBEND. z 51,98 — 11.31 ksi
F
. -z _ -2.28 _ :
%Ax. = 2 19.03 0.12 ksi

NEBG-807A (6/80) ) T
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BUSINESS GROUP REV 3

sH Nno. 14

Stress Due to Thermal Sleeve Loads:

P = 2.57 kip
M = 3.124 in-kip

Fz = 5.7 kip

m = 3,124 + 2.57 (15.76) + 5.7 (2.36) = 57.08 in-kip

M o_ 57,08 _ .
SBEND. z 51,98 - 1.1 ksi
F
o =z _ 5.1 _ .
°Ax. = A 19.03 ~ 0-30 ksi

Total Stress

% = 6,400 + 11,310 + 120 + 1,100 + 300 = 19,230 psi

6g = 12,800 psi

6. = -1,250 psi

NEBG~807A (6/80)
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wcieanenency  GENERAL @ ELECTRIC  [2241484 suno 15
BUSINESS GROUP REV 1
Section A

Service Level 'C’' Pressure Stress:

PD, 1,375 (10.875)

e 2t 2 (0.531)

= 14,081 psi

%e
cb = 5- = 7,040 psi

o, = -1,375 psi

Stress Due To No;zle Loads:

P = 6.44 kip
M = 789.3 in-kip

F = 4.61 kip

m = 789.3 + 6.44 (12.83) + 4.61 (0.56) = 874.51 in-kip

_ M _ 874,51 _

SBEND. Z 5198 - 16.83 ksi
= .F_z = _é_lé.l'. = 0.243 ksi

°Ax. A 19.03 ~ ¢ si

NEBG-807A (6/80) o -
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NUCLEAR ENERGY GENERAL @ ELECTRIC 2247454

BUSINESS GROUP REV 1

sH NO. 16

Stress Due to Thermal Sleeve Loads:

P = 5.08 kip

M

5.39 in-Xip

F

z 6.0 kip

M = 5.39 + 5,08 (15.76) + 6.0 (2.36) = 99.61 in-kip

. _ X _ 99,61

BEND. Z 51.98 - 1-92 ksi

6,0
= = 3
I;fag 0.316 ksi

t
> |N'!1

OAX.

Total Stress

= 7,040 + 16,830 + 243 + 1,920 + 316 = 26,349 psi

op =
g = 14,081 psi
6, = -1,375 psi

NEBG-807A (6/80)
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weiearenensy  GENERAL @ ELECTRIC  [2241456 swwo 17

BUSINESS GROUP

REV 1
Section B
Design Pressure Stress:
PD
i _ 1,250 (10.875) - .
%o 2t 2 (0.531) 12,800 psi

%9
S = 7 = 6,400 psi

g = =1,250 psi

Stress Due To Nozzle loads:

P = 4.05 xip

M = 534.,4 in-kip o
z 2.28 kip : ) .

M = 534.4 + 4,05 (10.22) + 2.28 (0.56) = 577.07 in-kip

e
]

M _ 577,07 _
SBEND. Z s1.98 - 11.102 ksi

= 2228 _ 5 .92 xsi

NEBG-807A (6/80) S L L
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NUCLEAR ENERGY GENERAL @ ELECTRIC 2247454 suwno. 18

o " . BUSINESS GROUP REV 1

Stress Due to Thermal Sleeve loads:

P = 2,57 kips
M = 3.124 in-kips

Fz = 5.7 kip

M = 3.124 + 2,57 (18.37) + 5.7 (2.36) = 63.79 in-kip

M 63,79
SBEND. z s1.93 =~ 1-23 ksi
F
o =2 . S.1  _
%Ax. A 19.03 0.30 ksi
Total Stress
cp = 6,400 + 11,102 + 120 + 1,230 + 300 = 19,152 psi

= 12,800 psi

o = =1,250 psi

NEBG-307A (6/80)
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NUCLEAR ENERGY - GENERAL @ ELECTRIC 2247454 sHNo. 19
BUSINESS GROUP REV 1
Section B

Service Level 'C’' Pressure Stress:

P D
~ i _ 1,375 (10,875) _ .
9 = T2t = 2 (0.531) 14,080.2 psi
-3
®
sp = 30 = 7.040 psi
c = =1,375 psi

Stress Due To Nozzle Loads:

P =  6.44 kip

M = 789.3 in-kip B .4.

F = 4.61 kip

M = 789.3 + 6.44 (10.,22) + 4.61 (0.56) = 857.7 in-kip

M _ 851,71 _ .
°BEND. Z 51.98 16.501 ksi
F, 4,61
= = = .
%X, A 19.03 0.243 ksi

NEBG-807A (6/80)
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sHNo. 20

tress Due to Thermal Sleeve

—

Loads:

P

M

F
z

M =

5.39 + 5,08 (18.37) + 6.0 (2.36) =

¥ _ 112,87

= 5.08 kips
= 5.39 in-kips

= 6.0 kip

112.87 in-kip

°BEND. - Z 51,98 - 2-172 ksi
F
_ -z _ 6.0 _ .
%ax. Y 19.03 0.316 ksi

Total Stress

Q
o
!

Q
n

14,080 psi

Q
n

-1,375 psi

NEBG-807A (6/80)
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Section C/D

Design Pressure Stress:

Stress Due To Nozzle Loads:

M =

534.4 + 4,05 (7.47) + 2.28 (0.56) =

i _ 1,250 (10,875

2 (0.531) - 13,800 psi

c
EQ = 6,400 psi

-1,250 psi

4.05 kip
534.4 1in-kip

2,28 kip

566.0 in-kip

.| 566.0
BEND. z 51.98 10.89 ksi
Fz 2,28
= - - 2ass & 3
%AX. A 19.03 0.12 kii

NEBG-807A (6/80)
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sH NO. 22

Stress Due to Thermal Sleeve Loads:

P = 2.57 kips
M = 3,124 in-Xips

Fz = 5.7 kip

-

M = 3,124 + 2,57 (21.12) + 5.7 (2.36) = 70.86 in-kip

! = l-'——o 6 = 5
BEND. z s1.98 - 1-364 ksi

F

-z _ 5.7 - .
%X, = 2 ° 15.03 0.30 ksi

Total Stress

6,400 + 10,890 + 120 + 1,364 + 300 = 19,074 psi

.a
S
|

Q
[

12,800 psi

6 = -=1,250 psi

NEBG~807A (6/80)
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Section C/D

Service Level 'C’' Pressure Stress:

PD
~ i 1,375 (10.875) _ .
% ~ T2t -~ 2 (0.531) - 14,080 psi

p )
= 2 .
ab = 3 7,040 psi

. = -1,375 psi

Stress Due To Nozzle Loads:

P = 6.44 kip

M = 789.3 in-kip .

e |
"

4,61 kip

M = 789.3 + 6.44 (7.47) + 4.61 (0.56) = 840 in-kip

Mo_ 840 _ :
BEND. 2 5198 - 16.16 ksi

4.61

19.03 0.243 ksi

>1Nﬁ

NEBG-307A (6/80) o - - - -
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24

Stress Due to Thermal Sleeve Loads:

P = 5.08 kips
M = 5.39 in-Xkips

F = 6.0 kip

M = 5.39 + 5,08 (21.12) + 6.0 (2.36) = 126.84 in-kip

. _ ¥ _ 128,84

BEND. Z = s51.98 2.44 ksi

>'NM

5.0 - 5.316 ksi

%ax. 19.03

Total Stress

7,040 + 16,160 + 243 + 2,440 + 316 = 26,199 psi

Q
-
|

Q
0

14,080 psi

Q
L]

-1,375 psi

NEBG-807A (6/80)
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BUSINESS GROUP ' . REV 1
Section B
Design Pressure Stress:
PD
= -1 _ 1,250 (10.875) _ .
G
(-]
% = 7 = 6,400 -psi
g = -1,250 psi

Stress Due To Nozzle loads:

P = 4,05 kip

M = 534.4 in-kip

L]
L]

2.28 xip

M = 534.4 + 4.05 (4.72) + 2,28 (0.56) = 554.8 in-kip

_ M _ 5548 _
BEND. Z 51,98 ~ 10.68 ksi

F
o =:\-z'='—2"2—8'=0.12ksi

NEBG-807A (6/80) N - -
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sH NO. 26

Stress Due to Thermal Sleeve lLoads:

P = 2.57 kxip
M = 3,124 in-kip

Fz = 5.7 kip

M = 3.124 + 2,57 (23.87) + 5.7 (2.36) = 77.93 ir-kip

= ! = 793 = 3
BEND. Z 51.98 =~ 1.5 ksi
F
. =2 - =T :
%sx. 2 - 19.03 = 030 ksi

Total Stress

% = 6,400 + 10,680 + 120 + 1,500 + 300 = 19,000 psi

g = 12,800 psi

°r = -1,250 psi

NEBG-807A (6/80)
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Section B

Service Level 'C’ Pressure Stress:

_ PDy 1,375 (10.875)
%o 2t 2 (0.531)

c
2 .
cb = 3 7,040 psi

c = <=1,375 psi

Stress Due To Nozzle Loads:

P = 6.44 kip
M = 789.3 im-kip
F = 4.61 kip

M = 789.3 + 6.44 (4.72) + 4.61 (0.56)

M _ 822,28

BEND. ~ Z 51.98 ~ 15-82 ksi
- Iz 4,81 _ 5 243 xsi
%Ax. A 19.03 .

NEBG-8307A (6/80)

= 14,080 psi
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~~  ~ BUSINESS GROUP REV 1

Stress Due to Thermal Sleeve loads:

P = 5,08 kip
b | = 5.39 in-kip

Fz = 6.0 kip

M = 5,39 + 5.08 (23.87) + 6.0 (2.36) = 140.81 in-kip

_ ¥ _ 140,81 _ )
SBEND. Z 51.98 =~ 2-71 ksi
F
. -z _ 60 _
ch. = 3 = 79.03 0.316 ksi
Total Stress
N ' op = 7,040 + 15,820 + 243 + 2,710 + 316 = 26,129 psi

6g ~ 14,080 psi

o, = -1,375 psi

NEBG-807A {6/80)
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29

Section F

Des.ign Pressure Stress:

PD,
i _ 1,250 (9.794) _ .
%9 = T2t 2 (0.4917) 12,450 psi
o
oy = 59 = 6,225 psi
o = -1,250 psi
Stress Due To Nozzle lLoads: .
P =  4.05 kip
M = 534.4 in-kip
Fz = 2.28 kip
M = 534.4 + 4.05 (1.62) = 541 in-kip
M 541,0
SBEND. z 39.09 - 13.84 ksi
Fz 2.28
%ax. = -A:— = 1_548—9 = 0,144 Xksi _

NEBG-807A (6/80)
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sHno, 30

Stress Due to Thermal Sleeve Loads:

P = 2,57 kip
M = 3.,1.4 in-kip

Fz = 5.7 kip

M = 3.124 + 2.57 (26.97) + 5.7 (1.8) = 82.7 ia-kip

. ¥ _ 823
Sppnp. Tz - 39.09 - 2-12 ksd
= % = ==L . 0.36 ksi
9sx. A 15.89 .

Total Stress

% = 6,225 + 13,840 + 144 + 2,120 + 360 = 22,689 psi

%9 = 12,450 psi

cr = =1,250 psi

NEBG-807A (6/80)




8-32

NUCLEAR ENERGY GENERAL&D ELECTRIC 2247454

sWno, 31
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Section F

Service Level 'C’ Pressure Stress:

PD
- i _ 1,375 (9.7%4) = .
") 2t 2 (0.4917) 13,694 psi
c
- 9 _ .
o = 3 6,847 psi
s = -1,375 psi

Stress Due To Nozzle lLoads:

P = 6.44 kip
M = 789.3 in-kip

F
z

4.61 kip

M = 789.3 + 6.44 (1.62) = 1799.8 in-kip

= ¥ _ 199.8 90,46 xsi

SREND. Z - 39.09
5 s | 0.291 ksi
OAX. A 15.89 .

NEBG-807A (6/80) -
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sHNO, 32

Stress Due to Thermal Sleeve

Loads:

P

M

F
z

5.08 kips

5.39 in-kips

6.0 kip

M = 5.39 + 5,08 (26.97) + 6.0 (1.8) = 153.2 ia-kip

- %ax,

Total Stress

NEBG-807A (6/80)

BEND,

Y 39.09
F
- =z 6.0 _ .
= 2 15.89 0.378 ksi
6,847 + 20,460 + 291 + 3,920 + 378 = 31,896 psi
13,694 psi
-1,375 psi

¥ o 1332 . 597 1ss
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Thickness Requirement of Section F

Treating the safe ead as a 'Nozzle’, the safe end thickness adjacent to the
attaching pipe shall not be thinner than the greater of the pipe thickness or

the quantity tp smp/snn)'

Where:
tp = Pipe nominal thickness
snp = Pipe allowable (Sm)
S = Safe End Allowadle (S))
mn n

For our geometry:

o
L]

0.5405 in.

18.1 ksi

S = 18.6 ksi

SAFE
END = 00,5855 in.
THICENESS

. . Criteria Met

NEBG-807A (6/80)

tp (smp/sm)
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@ ,

8-35

NUCLEAR ENERGY GENERAL @ ELECTRIC 2247454 suno, 34
BUSINESS GROUP REV 1
Section G
Design Pressure Stress:
d P*D
_ i _ _222°% (8,505) _ ,
%9 T T2t 2 (0.375) 2,518 psi
c
9
cb 2 = 1,259 psi

c = <222 psi

Stress Due to Thermal Sleeve Loads:

P = 2.57 kip
M = 3.124 in-kip
F_-= 5.7 kip

M = 3.124 + 2.57 (23.87) = 64.47 in-kip

= ¥ . 6441 _ ) g9 ksi

S BEND. Z ~ 22.32
F
e =2 - 2.1 _ .
OAX. A 10.46 0.545 ksi

® 222 psi pressure assumed, twice normal operation

NEBG-307A (6/80)
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BUSINESS GROUP REV 1

Stress Due To Nozzle Loads:

P = 4.05 kip

=
0

534.4 in-kip

)
]

2.28 kxip

The exact amount the safe end loads influence the thermal sleeve is unknown.
However, from previous analysis it has been determined that a conservative
approach is to ratio the safe end loads to correspond with the moments of

inertia.
Ihermal Sleeve _ 137,93
—_——elltem = = == = (0,381
N 362,33
ozzle

NOTE: Corrosion not included in calculation (more comservative)
M = 534.4 + 4.05 (4.72) +2.28 (1.8) = 557.62 in~kip

- ¥ 557,62 _ :
opmp. = 0.381 3 = (0.381) Lot - 9052 ksi

2,28

%)%, = 0.381 ol (0.381) 10.46 0.083 ksi

Total Stress

1,259 + 2,890 + 545 + 9,520 + 83 = 14,297 psi

Q
o
|

Q
n

o 2,518 psi

o = =222 psi

NEBG-307A (6/80) ' T T - -
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BUSINESS GROUP REV 1 )
Section G — -

Ser "~» Level C' Pressure Stress:-

P¥Di _ _333 (s,505)
0 2t 2 (0.375)

= 3,776 psi

%
cb =3 = 1,888 psi

c = =333 psi

Stress Due to Thermal Sleeve Loads: . . : [,

P 5.08 kip

M = 5.39 in-kip

{ . ' F, 6.0 kip

M = 5.39 + 5.08 (23.87) = 126.65 in-kip

M _ 126,65 _ .
SpEND. = Z - 22.32 = 5-675 ksi

F
= = - £.0  _ o.574 ksi

OAx. 10.46

¢ 333 psi pressure assumed (comservative)

NEBG-807A (6/80)
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NEBG-807A (6/80) A B B

Stress Due To Nozzle Loads:

o
]

6.44 kip

3
t

789.3 in-kip

F = 4.61 kip

The exact amount the safe end loads influence the thermal sleeve is unknown,
However, from previous analysis it has been determined that a comservative

approach is to ratio the safe end loads to correspond with the moments of
inertia.

IThermal Sleeve _ 137.93

= = 0.381
I Nozzle 362.33

NOTE: Corrosion not included in calculation (more conservative)

"M = 789.3 + 6.44 (4.72) + 4.61 (1.8) = 828.0 in-kip

SsEND. = 0.381 % = (0.381) §%§f§5 = 14,134 ksi
ol 461 _ o .
%,x. = 0.381 rolle (0.381) 10.46 0.168 ksi
Total Stress
% = 1,888 + 5,675 + 574 + 14,134 + 168 = 22,439 psi
% = 3,776 psi
o, = -333 psi
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Section H
Design Pressure Stress:
P*D
- i _  _222¢ (8,505) _ .
°q 2t 2 (0.375) _ 2»518 psi
c -
ab = Eg = 1,259 psi
6. = =222 psi
Stress Doe to Thermal Sleeve Loads:
P = 2.57 kip
M = 3.124 ia-kip
Fz = 5.7 kip
M = 3,124 + 2.57 (20.12) = 54.84 in-kip
- M _ 54,84 _ :
SBEND. Z = 22,32 " 2-46 ksi
Fz 5.1
S,x. = % = Jo0.46 = 0.545 ksi

® 222 psi pressure assumed (conservative)

EBG-807A (6/80)
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BUSINESS GROUP REV 1

Stress Due To Nozzle lLoads:

P =  4.05 kip
M = 534.4 in-kip

Fz = 2,28 kip

The exact amount the safe end loads influence the‘thermal sleeve is unknown,
However, from previous analysis it has been determined that a conservative

approach is to ratio the safe end loads to correspond with the moments of
inertia.

IThermal Sleeve _ 137,93

I Nozzle 362.33

0.381

NOTE: Corrosion not included iz calculation (more comservative)

M = 534.4 + 4.05 (8.47) + 2.28 (1.8) = 572.81 in—kip
¥ 572 .81 .
opmp. = 0-381 3 = (0.381) 125 9.78 ksi
= 0.381 %o, (0.381) —==28 0.083 ksi
%ax. . A . 10.46 .

Total Stress

ab' = 1,259 + 2,460 + 545 + 9,780 + 83 = 14,127 psi
Sy = 2,518 psi
o, = -222 psi

NEBG-807A (6/80)
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Service Level 'C’' Pressure Stress:

P*D, 333%_(8.505)

% = T3t " T2 (0315 - 3776 psd
c

o = =2 = 1,388 psi

. = -333 psi

Stress Due to Thermal Sleeve loads:
P = 5.08 kip
M = 5.39 in-kip
-F_ = 6.0 kip

:‘. | z

M = 5.39 + 5.08 (20.12) = 107.6 in-kip

_ M _ 107.6 _ .
OBEND. z = T22.37 - 4-821 ksi
F
- -z . 5.0 _ .
OAX. = X = 70.46 0.574 ksi

s 333 psi pressure assumed (comservative)

NEBG-807A (6/80)
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Stress Due To

Nozzle Loads:

P =  6.44 kip
M = 789.3 in-kip

F_ = 4.61kip

The exact amount the safe end loads influence the thermal sleeve is unknown.

However, from

previous analysis it has been determined that a conservative

approach is to ratio the safe end loads to correspond with the moments of

inertia.

I

Thermal Sleeve _ 137,93

0.381
Nozzle 362.33

NOTE: Corrosion not included inm calculation (more comservative)

M = 789.3 + 6.44 (8.47) + 4.61 (1.8) = 852.15 in-kip .i
_ ¥ 852,15 _ .
o BEND. 0.381 2 (0.381) 222 14.55 ksi
= 0.381 % . (0.381) =—3.8L 0.168 ksi
. A . 10. 46 .

= 1,888 + 4,821 + 574 + 14,550 + 168 = 22,001 psi

= 3,776 psi

= =333 psi

NEBG-807A (6/80)
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Section I
Design Pressure Stress:
P*D
_ i _ _222¢ (8,386) _ .
% 2t 2 (0.494) 1,884 psi
o
60 = Eg = 942 psi
o, = =222 psi

Stress Due to Thermal Sleeve loads:

P = 2.57 kip
M = 3.124 in-kip
F = 5.7 kip

M = 3.124 + 2.57 (20.12) = 54.84 in-kip

NEBG-807A (6/80)

M _ 54.84 _ .
7 = 5907 = 1-887 ksi

"
>1NM

5.2 - .
13.78 0.414 %sx

222 psi pressure assumed (conservative)
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Stress Due To Nozzle Loads:

P = 4,05 xip
M = 534.4 in-kip
Fz = 2.28 kip

The exact amount the safe end loads influence the thermal sleeve is unknown,
However, from previous analysis it has been determined that a conservative

approach is to ratio the safe end loads to correspond with the moments of
inertia.

Ihermal Sleeve _ 137.93

362 .33

0.3381
Nozzle

NOTE: - Corrosion not included in calculation (more comservative)

M = 534.4 +4.05 (8.47) +2.28 (1.8) = 572.81 in-kip . :

% = (0.381) 2.8L _ 4 43 xsi

°spnp. - 0-381 29,07

- Zz _ 2,28 _ .
%)x. 0.381 7 (0.381) 1355 = 0.063 ksi

Total Stress

op = 942 + 1,887 + 414 + 7,510 + 63 = 10,816 psi
Sy = 1,884 psi
o, = -222 psi

NEBG-807A (6/80)
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Section I
Service Level 'C’' Pressure Stress:
P*D
- - i 333* (8.386) _ )
% 2t 2 (0.494) 2,826 psi
o
) = 52 = 1,413 psi

o = =333 psi

Stress Due to Thermal Sleeve Loads:

P = 5,08 kip

M = 5.39 in-kip

Fz = 6.0 kip

M = 5.39 + 5.08 (20.12) = 107.6 ia-kip

SBEND.

OAX.

= ¥ 1008 _ ;5 902 ke

Z - 29.07

-

_ -z _ _6.0
A

B 13.78

0.436 ksi

* 333 psi pressure assumed (comservative)

NEBG-807A (6/80)
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Stress Due To Nozzle Loads:

P = 6.44 kip
M = 789.3 in-kip
F = 4.61 kip
The exact amount the safe end loads influence the thermal sleeve is uaknown,

However, from previous analysis it has been determined that a conservative

approach is to ratio the safe end loads to correspond with the moments of
inertia.

ITherggl Sleeve _ 137.93
' 362.33

1 0.381
Nozzle

NOTE: Corrosion not included in calculation (more conservative)

M = 789.3 + 6.44 (8.47) + 4.61 (1.8) = 852.15 in-kip .
¥ 852,15 .
opep, = 0-381 7 = (0.381) ST 11.17 ksi
F

= (0.381) A6 | 5 128 xsi

o, =~ 0.38 13.78

_z
A

Total Stress

°p = 1,413 + 3,702 + 436 + 11,170 + 128 = 16,849 psi
g = 2,826 psi
o, = =333 psi

NEBG-807A (6/80) | _ )
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Section J
Design Pressure Stress:
P*D
--- i 222% (8.386) _ .
% 2t~ 2 (0.494) 1,884 psi

o
)
2 942 psi

-222 psi

Stress Due to Thermal Sleeve Loads:

¥ =

P = 2.57 kip
M = 3.124 in-kip
F. = 5.7 kip

z
3.124 + 2.57 (19.33) = 52.81 in-kip

52,81

M .

SBEND. z 29.07 .- 1-82 ksi
IS ¥ 0.414 ksi

OAX. = A 13.78 . s

. 222 psi pressure assumed (conservative).

NEBG-B807A (6/80)
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tress Due To Nozzle Loads:

P = 4.05 kxip
M = 534.4 in-kip

Fz = 2.28 kip

The exact amount the safe end loads influence the thermal sleeve is unknown.
However, from previouns analysis it has been determined that a comservative

approach is to ratio the safe end loads to correspond with the moments of
inertia.

I
Thermal Sleeve - 137.93 0.381

Nozile 362.33 N

NOTE: Corrosion not included in calculation (more comnservative)
M = 534.4 + 4.05 (9.26) + 2,28 (1.8) = 576.01 in-kip

= 0.381 % = (0.381) 316,01 7.55 ksi

SBEND. 29.07

Fz 2,28 |
—_— = —all . .
%)X 0.381 A (0.381) 13.78 0.063 ksi

Total Stress

op = 942 + 1,820 + 414 + 7,550 + 63 = 10,789 psi
g = 1,884 psi

c = =222 psi
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Section J

Service Level 'C’' Pressure Stress:

P*D
_ i _ 333% (8.386) _ .
% 2t 2 (0.494) 2,826 psi
-}
9 .
°¢ 2 = 1,413 psi

o = =333 psi

Stress Due to Thermal Sleeve Loads:

g -]
]

5.08 kip

M = 5.39 in-kip

o ,

¥ = 5,39 + 5.08 (19.33) = 103.59 in-kip

'ry
]

6.0 kip

= ¥ _ 103.59 _ 5 564 xsi

SBEND. Z 29.07
F
_ -z _ 6.0 _ .
dAx. = 2 = 13.78 0.436 ksi

® 333 psi pressure assumed (comservative).

WNEBG-807A (6/80)
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Stress Due To Nozzle Loads:

P = 6.44 kip
M = 789.3 in-kip
Fz = 4.61 kip

-The exact amount the safe end loads influence the thermal sleeve is unknown,
However, from previous analysis it has been determined that a conservative
approach is to ratio the safe end loads to correspond with the moments of
inertia.

IThergg} Sleeve _ 137.93 _ 0.381
362.33 :

I Nozzle

NOTE: Corrosion not included in calculation (more conservative)

M = 789.3 + 6.44 (9.26) + 4.61 (1.8) = 857.24 in-kip .
¥ 857,24 _ .
GBEND. = 0,381 z = (0.381) 29.07 11.24 ksi
Fz 4.61
= — o —_—t :
Osx. 0.381 2 (0.381) 13.78 0.128 ksi

Total Stress

oy = 1,413 + 3,564 + 436 + 11,240 + 128 = 16,781 psi

|
oy = 2,826 psi
o, = =333 psi

NEBG-807A (6/80)
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TABLE 3-2 MAXIMUM PRIMARY STRESS INTENSITY
P_ - Primary Membrane
B : All Stresses in Xsi
PB - Primary Bending
8
P P> P o+p = T
Condition Section _m Allow, m+ b Allow, Material
A 14.05 26.7 20.48 40.05 SA-508 (CL.2)
B 14.05 18.1 20.41 27.15 SA-508 (CL.1)
C 14,05 18.1 20.33 27.15 SA-508 (CL.1)
D 14 .05 18.6 20.33 27.90 SA-350 (LF2)
Design E 14.05 18.6 20.25 27.90 SA-350 (LF2)
Event F 13.70 18.6 23.94 27.90 SA-350 (LF2)
G 2.74 18.6 14.52 27.90 SA-350"(LF2) -
H 2.74 18.6 14 .35 . 27.90 SA-350 (LF2)
I 2.11 16.0 11.04 24.0 SA-351 (CF3)
J 2.11 16.0 11.01 24.0 SA-351 (CF3)
A 15.46 42 .60 27.73 63.90 SA-508 (CL.2)
B 15.46 27.10 27.65 40.65 SA-508 (CL.1)
Cc 15.46 27.10 27.58 40.65 SA-508 (CL.1)
Service D 15 .46 27.85 27.58 41.71 SA-350 (LF2)
Level E 15.46 27.85 27.51 41.77 SA-350 (LF2)
'c’ F 15.07 27.85 33.28 41.717 SA-350 (LF2)
Event G 4.11 27.85 22.77 41.71 SA-350 (LF2)
H 4.11 27.85 22.33 41.77 SA-350 (LF2)
I 3.16 19.2 17.18 28.80 SA-351 (CF3)
J 3.16 19.2 17.11 28.80 SA-351 (CF3)
s P is S for Design and the larger of 1,2 S or S_ for Service Level C.
n m m ¥
Allowable
s P + PB is 1.5 Sm for Design and the larger of 1.8 Sm or 1.5 Sy for
Allowable

Service Level C,

4, ANALYSIS

This section provides all the detailed thermal and stress analysis
required to show an acceptable design for the operating transients
imposed on the nozzle and safe end assembly.

NEBG-80TA {6/80)
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4.1 Thermal Transient Analysis, The only feedwater nozzle thermal transient
for the vessel operating conditions (Service Levels A and B) is defined in the
design specification (Reference 6.1). This transient is also illustrated in
Figure 4.1-1 for convenience. In order to simplify the thermal analysis, tke
feedwater transient was idealized as two separate transients (a heatup and
cooldown). These idealized transients are illustrated in Figonre 4.1-2.
Notice the step change in temperatdres were simulated by steep ramps, This
was done to facilitate numerical convergence and results in slightly
nonconservative stresses. For more detailed information on the two idealized
transients, see Reference 6.1,

4.1.,1 Thermal Model. The axisymmetric finite element model of the feedwater
nozzle is shown in Figure 4.1.1-1, The model is made up of 2-D axisymmetric
isoparametric temperature elements (STIF 55, Reference 6.3). A portiom of the
vessel wall was modeled as a disc for convenience of analysis since the effect
of this approximation on the temperature solutions in the regions of interest
is insignificant. The model ends (RPV, thermal sleeve, and safe end) are
considered constant for all temperatnres, The thermal properties used are as
follows. Thermal properties are those of approximately 360°F,

Carbon Steel K = 0.03972 BTU/min in°F
p = 0.283 Ib/in°

CP = 0.1226 BTU/1ba°F

Stainless Steel K = 0.01327 BTU/min in°F
p = 0.290 1b/in’

CP = 0.1191 BTU/1bm°F

NEBG-307A (6/80) ' - -
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—— SY°F

/(\')‘. 100 % FlLow

376°F

260°F

25 % Flow

JOO°F

FIGURE 4.1-1 FEEDWATER THERMAL TRANSIEN: (FEEDWATER TEMPERATURE VS. TIME)

: Flow
1 546 °F.
® a LOAD STEPS
— 2b0°F
—ts 100 °F
> |-4-5'ssc. - 2 SEC.
CooL - DowN HEAT - OP

- e

FIGURE 4.1-2 IDEALIZED THERMAL TRANSIENTS (FFEDWATER TEMPERATURE VS. TIME)

I NEBG 807A
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4.1,2 Feedwater Nozzle Heat Transfer Coefficients. The heat transfer
coefficients were evaluated as specified in Appendix 20 of the design
specification (Reference 6.1). The nozzle metal surfaces having uwmique film
heat transfer coefficients are ic.itified in Figure 4.1.1-1, The calculated
valoes for each of these surfaces follow, Table 4.1.2~1 contains the water
properties nused at the various temperatures analysed, '

4.1.2.,1 Cool-Down Transient

Region 1 ID = 9.67 in., = 0,.80575 ft.

No Flow Condition (Natural Coavection)

For natural convection the film heat transfer equation is as follows
(Reference 6.4):

= ) 4 1/3
b, = 0.14 7 (GR Pr)

' 2 1/3
= 0.14K ’——g‘ (Pr) art/3
. R

using water properties at 350°F, and assuming a film temperature
differential (AT) of 10°F, obtain

h, = 218.44 BTU/Hr Ft2

o
£ F

NEBG-807A (6/80)
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TABLE 4.1.2-1 WATER PROPERTIES
T (°F
¥Water
Proverty 100 20 250 3% 50 550
p 31‘; 62.0 60.1 58.8 55.6 49.0 45.9
Ft
BI0
¢ T 0.998 1.00 1.01 1.05 1.19 1.31
M F?‘;ec 0.46 £ 10> 0.205x10° 0.158210° 0305x10° 0.71x107 0.64x 107"
g —2U 0.364 0.3%4 0.39% 0.391 0.349 0.325
— . ) ) i ] i
P 4.52 1.88 1.45 1.02 0.87 0.93
BT 2x10% 4x107 482x10%  69x10% 1x10°  11x10°
p == 1.649 0.738 0.569 0.378 0.25 0.230
Ft Br *
(Valoes taken from Reference 6.4)
Yhere:
[ Density
CP Specific Heat
u Viscosity
K Conductivity
R Reynolds No. = (DVp/p)
v Fluid Velocity
P Prandtl No.
AND
1 gal = 0.1337 Ft>
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Forced Convection

For turbulent flow, the film heat transfer coefficient equation is as

follows:

And for 25% flow (100% flow

(R

.}

eference 6.4):

0.8 0.4

£ 0.023

R

=]i |

3,720 Gal/min)

(Reference 6.1)

v
At T = 550°F

R
At T = 500°F

R
At T = 350°F

R

NEBG~807A (6/80)

_ 8 _ 0,25(3,720)(0.1337)(4)(60) _
A 7 (0.80575)2
= Do _ 53532105 ; 0% -
e B e
P = 0.93 s peocd =
T
.". By = 1125.13 BTU/Er Ft2
= Do . 596x105 ; rO% -
e M (3
P = 0.87 . pe0d =
b o
.. b, = 1142.23 BTU/Er Ft?
- Mo o y34x10® ; r7% -
) " e
P = 1.015 . prod -
.". B, = 1100.4 BTU/Hr Ft2

1.

00

i,

0.

9'

1.

14,631 Ft/Hr

25 x 10°

9708

°F

211 x 10°

9465

°F

80 x 104

006

°F
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At T = 200°F
B = 22 . g96z:10° ; %% - 6.107x 10
e m °
P_ = 1.88 5 Pt = 1.2853
.". b, = 8%2.84 BIU/Er Ft2 oF
At T = 100°F
R, = D—EP- = 4.433 x 10° ne°'8 = 3.291 x 10%
P = 4.52 s pe0t o 1828
.. B, = 625.27 BTU/Es FtZ oF

NEBG-807A (6/80)
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Region 2 I = 8.38 in., = 0.69833 ft.

No Flow Condition (Natural Coavectionm)

For natural convectioh, the film heat transfer equation is identical to

that of Region 1. Again using water properties at 350°F and a AT of 10°F,
obtain .

.°. b, = 218.44 BTU/Hr Ft2

°
£ F

Forced Convection

For turbulent flow, the film heat transfer equation is as follows:
(Reference 6.4):

And for 25% flow (100% flow = 3,720 Gal/min)
(Reference 6.1)

. A 7 (0.69833)2
At T = S5500F
R, = 2.7098 105 ; n°°'8 = 1.4007 x 10°
p %4 = 0.9708
b <
.". h, = 1455.6 BTU/E Ft2 oF
At T = 500°F
R, = 2.6076 x 10% ; ne°'8 = 1.358 x 10°
pr°°‘ = 0.94648
.. B, = 1471.75 BTU/Es Ft? oF

NEBG-807A (6/80)
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At T = 350°F

R = 2.0007 x 10° ; ne°'8 = 1.0989 x 10°

0.4

p = 1.006
b o
.". k= 1423.6 BTU/E Ft2 oF
At T = 200°F
R, = 1.1077 x 10° ; ne°'8 = 6.8477 x 10*
p 94 - 1.2853
b o
.. b, = 1142.12 BTU/Er Ft2 oF
At T = 100°F
R, = 5.115 x10° Re°'8 = 3.6903 x 10%
p 04 - 1.338
b o
.. b, = 808.92 BTU/Hr Ft? oF

NEBG-807A {6/80)
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Region3 -~ ID = 6.16 ia. = 0.51333 ft.

No Flow Condition (Natural Coavection)

For natural convection, the film heat transfer equation is identical to

that of Region'l, Again using water properties at 350°F and a AT of 10°F,
obtain

.". B, = 218.44 BTU/E Ft2 oF

Forced Convection

For turbulent f10w, the film heat transfer equation is as follows:
(Reference 6.4):

b, = 0.023(§>(Re) 0.8 <P:) 0.4

And for 25% flow (100% flow = 3,720 Gal/min)
(Reference 6.1) ’

- . ) . ’
. | v = % = 2.25(3,720)(0.1337)(4)(60) 133; §0) . 36,047.6 Ft/Hr
n (0.51333)

R, = 3.686 x 108 x°°'8 = 1.792 x 10°

0.9708

.. B, = 2533.05 BTU/Hr FtZ oF

At T = S500°F

R = 3.6474 x 105 ; ®%% = 1.7375 1z 10°

0.4

P = 0.9465
T

.. B, = 2571.5 BIU/Er Ft2 °F

NEBG-B07A (6/80)
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At T = 350°F

R, = 2.7218 x 10% ; xe°'8 = 1.4057 x 10°
P24 - 1.006
b o
"+ b, = 2477.4 BTU/H: FtZ oF
At T = 200°F
R, = 1.5069 x 10° ; ﬁeo.s = 8.7594 x 107
p 0-4 _ 1.285
T
h, = 1987.5 BTU/Er Ft? oF

At T

100°F ) . .
5 0.8 4 '

R = 6.958x10° ; R 4.7206 x 10

P = 1.828

.. B, = 1407.67 BTU/Es Ft2 oF

NEBG-807A (6/80)
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Region 4

As given in the design specification (Refereamce 6.1), the exterior ‘

surfaces are to be insulated with material having a condnction rat - ¢°f 0.2
BTU/Hr th °F, The ambient air outside the insulation is to be at least 100°F
during normal operation. Therefore, for 2l]l feedwater flow and no flow
conditions, use

o

Hr Ft” °F

Region §

As given in Appendix 20 of the design specification (Referemce 6.1), the
beat transfer coefficient against the vessel wall is constant for all
feedwater flow conditionms.

~—BI0

Hr Ft2 oF

hf = 500

For no feedwater flow, natural convection is the medinm of heat transfer,

-The film heat transfer equation for natural convection is identical to that

of Région 1. Using water properties of 350°F and a AT of 10°F, obtain

B, = 218.44 —ﬁg—
Br Ft2 OF

Region 6

Region 6 is broken up into five separate sections, This is illustrated in
Figure 4.1.2-1., In addition to this, the film heat tramsfer coefficient on
the lower surface must be adjusted to compensate for the secondary thermal
sleeve which is present there. Since the temperature of the water in the
annulus is given in Appendix 20 of the design specification (Reference 6.1),
an equivalent heat transfer coefficient for the lower surface will be used
which incluodes the secondary sleeve. This is illustrated in Figure 4.1.2-2.

NEBG-807A (6/80)
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THE FIVE SECTIONS OF REGION 6

FIGURE 4.1.2-1
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SECONDARY
THERMAL SLEEVE

FIGURE 4.1.2-2 EQUIVALENT HEAT TRANSFER COEFFICIENT
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Uppér Surface

For all feedwater flows, the film heat transfer coefficient for the upper
surface is given in Appendix 20 of the design specification (Reference 6.1).

The coefficients given are as follows (x, in BTU/Ft Hr2 °F);

£
Section hf at Left End hf at Right End Variation
A - B* 400 750 Linear
B - C* 750 - 750 Constant
cC-Dp 150 1500 Linear
D-E 1500 1500 Constant
E-F 1500 500 Linear

Lower Surface

Since the thermal model does not include the secondary thermal sleeve; '
the equivalent film heat transfer coefficient for the ounter surface of the . :
primary sleeve must be found. The equivalent heat transfer analysis for the
primary sleeve is made up of the following:

a. h. of outer surface secondary sleeve (hl)
b. h. of inmer surface secondary sleeve (hz)
c. hf of outer surface primary sleeve (h3)

The conduction through the secondary sleeve will be neglected alomg with

any condunction through the water. The three modes of heat transfer are
illostrated in Figure 4.1,2-2.

* NOTE: Tnis is different from the design specification. However, the

slight difference yields higher heat transfer coefficients for these
sections and thus is conservative.

NEBG-807A (6/80) ' -
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Natural convection will be assumed for the annulus between the two

sleeves.

Therefore, from Reference 6.4,

by

= 0.14 (% )(Gz Pr)

1/3

using properties at T = 350°F, obtain

And

NEBG-807A (6/80)

he

.= b
q .
where:

= h
q ql
whezre:

= 101.39 aT/3

A (ATT)

q = h1 A AT

where:

A

—BT0

Hr Ft2 oF

= gsurface area

1 | 1

e e o
b, By By

Tknnnlns - Tfeedvater

= surface area

= ']"h—dr
1 2

Vr‘

2AT

= surface area

for natural convection,

7 Assuming the AT from the water to the thermal sleeve surface is the same
for both primary and secondary sleeves, optain
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Using the fact that the heat flow is constant through the heat transfer
path, obtain q = constant

Therefore,

b
eqr

(ATT)

= h1 AT

Recalling that for natural convection,

obtain

by = 101.4 aTt/3

1 2
® +

3 101.4 att/3

= /3
(TAnnnlus TFeed“ter) = 101.4 a3 D

This reduces to yield the following,

4/3

101.4 AT

h,

+ 2 AT = (

TAnnulus - Tfeedrater)

This was solved by trial and error. The following is a summary of the

soluntions,

Feedwater By = 750 —5o— By = 1500 —Bll—

Temperature Ft~ Hr °F Hr Ft~ °F
500°F AT = 18.74°F AT = 19.25°F
350°F AT =  73.35°F AT = 8&.1°F
200°F AT = 124.2°F AT = 141,25°F
100°F AT =

Recalling the equation for

h
eq

NEBG-807A (6/80)

i _ 1,
h

3

156 .9°F AT = 179.8°F

the equivalent heat transfer coefficient, obtain

2

/3

101.39 (AT} ‘
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The following is a summaery of these equivalent heat transfer coefficient

calculations.
AlL b’'s in —ELL—
Hr Ft© °F
Feedwater heq’
Temperature h3 = 130 h3 = 1500
500°F 114.6 124,58
350°F 165.41 ) 192.12
200°F 189.15 ' 224.5
100°F 200.37 240.3

Due to & calculation erfror inm the trial and error process explained
earlier, the following equivalent heat transfer coefficients were used instead

. of the correctly calculated valunes shown above.
) heq,

Feedwater

Temperatuore h3 = 750 h3 = 1500 .
S500°F . 111.57 124.58
350°F . 158,03 185.65
200°F 178.84 215.03
100°F 188.5 _ 228.95

To assess this five percent difference in the coefficients, the Biot
number for each pair of coefficients was compared. The comparison showed
that the change in the Biot number was very small, This coupled with the fact
that the portion of the thermal sleeve affected by this five percent
difference is relatively far away from any highly stressed regions. Thus
yielding the conclusion that the effect of this five percent difference in
coefficients on the highly stressed areas, is negligible., The Biot numbers
are contained in DRF (Reference 6.5).
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4.1.2.2 Heat-Up Transient

Region 1

Forced Convection

For turbulent flow, the film heat transfer equation is as follows:
(Reference 6.4):

B, = 0.023 (

O

)(Re o.s)(Pr 0.4)

For 25 pércent flow, from previous section (Paragraph 4.1.2.1),
V = 14,631 Ft/Br

and for 100 percent flow

V = 58,524.1 Ft/Hr .

At T = 100°F (Flow = 25 percent)

The heat transfer coefficient is identical to that calculated for the
Cool-Down transient (Paragraph 4.1.2.1)

. B = 625,27 —Eo—
Br Ft° °F
At T = 180°F (Flow = 25 percent)

Will assume the heat transfer coefficient to be identical to that
calculated at 2009F in the Cool-down section.

—~—BIU

2

.« h, = 88.84
: "= Ft~ OF

f
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At T = 260°F (Flow = 25 percent)
R, = 1.2187x 108 xe°'8 = 7.3912 x 10%
p 04 = 1.1605
Ir
... h = 969.55
£ Hr Ft2 °F
At T = 376°F (Flow = 100 percemt)
R, = 6.936 1 108 Re°'8 2.9709 x 10°
p 04 = 1,006
b o
o p. = 3335.8 —E—
£ 2 op
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Region 2 ID = 8.38 in. = 0.69833 Ft.

Forced Convection

_For turbulent flow, the film heat transfer equation is as follows:
(Reference 6.4): .

n, = 0.023(%) (r,0-%)(204)

For 25 percent flow, from prcviéus section (Paragraph 4.1.2.1),
v >= 19,478.3 ft/Br

and for 100 percent flow
vV = 77,913.8 Ft/Ar

At T = 100°F (Flow = 25 percent)

The heat transfer coefficient is identical to that calculated for the
Cool-Down transient (Paragraph 4.1.2.1)

—BI0

.. h, = 808,92 s
Hr Ft~ OF

f

At T = 180°F (Flow = 25 percent)

Will assume the heat transfer coefficient to be identical to that
calculated at 200°F in the Cool-down section. (Paragraph 4.1.2.1)

BTU

.. b, = 1142.12 >
Hr Ft~ °F

f

NEBG-807A (6/80) S -
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At T = 260°F (Flow = 25 percent)

R, = 1.406 x 108 xe°'3 = 8.2875 x 10*
p %4 - 1.1605
. :
S.ob = 125404 BTg
Hr Ft2 oF
At T = 376°F (Flow = 100 perceat)
R, = 8.0x 108 §e°'8 = 3.33 x 10°
p %4 = 1,006
T
. By = 4315.7 BTE
Hr Ft2 oF

NEBG-807A (6/80)
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Region 3 ID = 6,16 in. = 0.51333 Ft.

Forced Convection

For turbulent flow, the film heat transfer equation is as follows:
(Reference 6.4):

B, = 0.023 (% )(Re°'3)(Pt°'4 )

For 25 percent flow, from previous section (Paragraph 4.1.2.1),
V = 36,047.7 Ft/Br

and for 100 percent flovw
V = 144,190.7 Ft/Br

At T = 100°F (Flow = 25 percent)

The heat transfer coefficieant is identical to that calculated for the
Cool-Down transient (Paragraph 4.1.2.1)

o hf = 1407.67 _._EIg__.
Hr Ft© °F
At T = 180°F (Flow = 25 percent)

Will assume the heat transfer coefficient to be idemtical to that
calculated at 200°F in the Cool-down section (Paragraph 4.1.2.1).

—BIU

.. h, = 1987.5 >
Hr Ft© oF

f
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At.T = 260°F (Flow = 25 percent)

R, = 1.913 x 108 ne°'8 = 1.06 x 10°
P04 = 1.1605
b o
. B, = 2182.85 ___gzg___
Br Ft2 °F
At T = 376°F (Flow = 100 percent)
R, = 1.0887 x 108 ; ne°'8 = 4.261 x 10°
p 04 - 1.006
I
. - —BITU
s ° hf - 7509.9'8 2

Hr Ft” °F

NEBG-807A (6/80)




8-76

woeanewensy  GENERAL@ELECTRIC  [2945 wa 78

BUSINESS GROUP REV 1

Region 4

As given in the design specification (Reference 6.1), the exterior
surfaces are to be insulated with material having a conduction rate of

032 BTg
Hr Ft~ °F
ciag = 02 —ED
Hr Ft~ °F

Region §

As given in the design specification (Reference 6.1), the heat transfer

coefficient against the vessel wall is constant for 2all feedwater flow
conditions,

b, = 500 —Ii
Hr Ft~ °F
Region 6
The analysis of Regi;:n 6 here follows the same procedure of the analysis . ’

of Region 6 during the cool down transient (Paragraph 4.1.2.1). Refer to
Paragraph 4.1.2.1 for greater details,

Upper Surface
For all feedwater flows, the film heat transfer coefficient for the upper

surface is given in Appendix 20 of the design specification (Reference 6.1).
They are listed in Paragraph 4.1.2.1.

lower Surfaces

The procedure uvsed is identical to that of Paragraph 4.1.2.1. For more
details, refer to Paragraph 4.1.2.1.

The following equnation must be solved by trial and error to obtain the AT
across the thermal sleeve,

/3
101,4 AT _
h3 +24AT = (TAnnulns - T%eedvatcr)

. NEBG-307A (6/80)
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The following is a summary of the solutioms,

Feedwater n, = 750 —5Pil— By = 1500 B
Teggerature Ft~ Hr OF Hr Ft~ °F
100°F AT = 157°F AT = 180°F
180°F AT = 131°F AT = 149°F
260°F AT = 104°F AT = 117.7°F
376°F AT = 58°F AT =  64.5°F

Recalling the equation for the eguivalent heat transfer coefficient, obtain

lH

2
B + 1
eq 3 101.39 (AT)

2 =

p

/3

The following is 2 summary of these equivalent heat transfer coefficient

. calculatiosns. :

All h’s in -——EQ%L——
Hr Ft° °F
Feedwater heg
Temperature h3 = 750 h3 = 1500

100°F 200.4 240.4
180°F 191.7 228.0
260°F 180.9 213.14
376°F 155.5 ' 179.04

4,1.2.3 Normal Operation, The heat transfer coefficients used for the normal
operation run are the same as those given during the heat up transient
(Paragraph 4.1.2.2) when T = 376°F,

NEBG-B07A (6/80)
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4.1.3 Feedwater Nozzle Annulus Fluid Temperature, Appendix 20 of the design

specification (Reference 6.1), defines the annulus fluid temperatures for all
conditions., For completeness it is repeated below,

Where:

(9} >ri :i, |

Feedwater
Flow

25%

100%

T

+C('1'A-T

F¥ W

Annuluns fluid temperature
Feedwater fluid temperature
Region A fluid temperature = 546°F

Coefficient defined by table below

Points
a b [ d + e £
0.70 0.92 0.96 .0.96 0.96
0.68 0.83 0.86 0.86 0.90

Use the above values of C for all cases with feedwater flow. TUse
C =1.0 when no feedwater flow. Use C = 1.0 downstream of f for all feedwater
flows, Interpolate linearly between defined points; see Figure 4.1.2-1 for

point locatioms.
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NUCLEAR ENERGY

GENERAL &B ELECTRIC

8-79

22A7454

sHNno. 18

BUSINESS GROUP - REV 1

4.1.4 Therma] Analysis Results By applying the boundary conditions (heat
transfer coefficients and flovw temperatures), a transient heat tramsfer
analysis was performed using the finite element program ANSYS (Referemce 6.3)
for the thermal transients ..: 7'bed earlier., During these transients, the
isolated face of the disc in the finite element model was maintained at a
constant vessel temperature of 546°F to simulate the vessel as a heat source.
The temperature solutions obtained for the various times of the tramsients
were saved on tape for later use in the thermal stress analysis. Some of the
isotherm plots obtained for various times of the transients are shown in
Figures 4.1.4-1 through 4.1.4-7.
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FIGURE 4.1.4-1 COOLDOWN TRANSIENT
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FIGURE 4.1.4-2 COOLDOWN TRANSIENT
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FIGURE 4.1.4-3 COOLDOWN TRANSIENT
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MONTICELLO FEEDWRTER NOZZLE STRESS ANALYSIS HERT-UP TEMPERATURE PLOT

100

FIGURE 4.1.4-4
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SYs

MONTICELL® FEEOWATER NOZZLE STRESS AN/LYSIS HERT-UP TEMPERATURE PLOT

T= 3.0 SEC

FIGURE 4.1.4-5
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b

. MONTICELLO FEEDWATER NOZZLE STRESS ANALYSIS HEAT-UP TEMPERATURE PLOT

t=/2.0 SEC.

AN \\\

FIGURE 4.1.4-6
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FIGURE 4.1.4-7
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4.2 Stress Analysis, The stress analysis is broken into three separate
areas: thermal stresses, mechanical load stresses, and pressure stresses. The
stress intensities for these three cases are then summed up to yield the total
primary pluos secondary stress intensity. A fatigue analysis is then performed
to obtain the fatigue nsage factor for the system,

4.2.,1 Selected locations for Stress Evalustion, Tbe sections shown inm
Figure 4.2.1-1 are the locations selected for stress evaluation., Finite
element stresses are integrated across each section to determine the
equivalent membrane, bending, and peak stresses. This was done by averaging
the stress across the sectiom and linearizing the stress distribution through
the section thickness as shown in Figure 4.2.1-2, These calculations were
performed uwsing an engineering aid computer program 'NONO’, A listing of this
program is included in Appendix 10.
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Section Rlement Numbers (Ovt/In)

A 272/2715

B 260/263

Cc 184/187

D 180/183

E 70, 71, 73, 81, 89

F 29/32

G 96, 88, 80, 72

H 220/223

1 224/2217

J 240/243

ook~ NG
{

1

b 14

11

[

T

©% ©

FIGURE 4.2.1-1 LOCATIONS FOR EVALUATING STRESSES
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-k
"PEA}( STRESS
A1
P
BENDING
STRESS
|
- i |
A
!.x‘-.:vzmxz STRESS
ACTUAL STRESS
3 . ~——=DISTRIBUTION
— - — EQUIVALENT
LINEAR STRESS
SECTION ——— == =EQUIVALENT
pof e —
- THICKNESS MEMBRANE
STRESS

LINEARIZATION OF STRESS DISTRIBUTION ACROSS A SECTION
THICKNESS

FIGURE 4.2.1-2 LINEARIZATION OF STRESS DISTRIBUTION ACROSS A SECTION
| THICKNESS
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4.2.2 Thermal Stress Analysis, The thermal stresses were obtained using the
finite element computer program ANSYS. The same finite element model used for
the thermal transient analysis (Figure 4.1.1-1) was also unsed for the thermal
stress analysis. However, instead of temperature elements being used, 2-D
axisymmetric isoparametric stress elements (STIF-42, Reference 6.3) were used.
The modeling of the portion of the vessel wall as a disc is a conservative
assumption for the thermal stress soluntionms since the inplane radial stiffness
of a disc is higher than that of a shell, The applied boundary condition 2t
the isolated surfaces of the vessel, safe end, and thermal sleeve is the
generalized plane strain condition., The elastic properties used were
considered constant for all temperatures., These properties are:

Carbon Steel E = 27.2z 106-psi
e = 7.33x 10—6 in./in.
= 0,3

p = 0.283 1bf/in.>

6

Stainless Steel E = 26.85 x 10" psi ' .
e = 9.87 x 1075 ia./ia.
= 0.3
._ 3
p = 0.29 1bf/in.
Vessel Steel E = 28.8x 106 psi
e = 7.33 x 105 in./in.
= 0.3
3

p = 0.283 1bf/in.

NEBG~807A (6/80) - - _
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4,2.2.1 Selection of Times for Stress Evaluation, The times in the
transients considered important for subsequent thermal stress evaluation are
determined by &8 review of temperature differénces between selected nodes of
the thermal model. This process is performed for the cool down transient.
Figure 4.2.2.1-1 illustrates the selected nodal points and Table 4.2.2,1-1

contains the temperature information. Actuval temperatnres are in DRF B13-909
(Reference 6.5).

4.2,2.2 Thermal Stress Anslysis Results, The thermal transient stresses were
evaluated at the indjicated times of the transients. The thermal membrane plus
bending stresses for each of the previously noted transient times sre
tabolated in Tables 4.2-1 through 4.2-9, The thermal membrane plus bending
plus peak stresses for each of the previously moted transient times are
tabulated in Tables 4.,2-10 through 4.2-18.
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Location Nodal Points

354, 353, 352
324, 322, 322
136, 135, 134, 133, 132
131, 130, 125, 128, 127, 12§
382, 381, 380, 379, 378

40, 39, 33, 37, 38

80, 79, 78, 77, 7§

®
_— k/
@ @

FIGURE 4.2.2.1-1 LOCATICNS USZD FOR EVALUATING TEMPTRATURE DIFFIRENCE
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TABLE 4.2.2.1-1 TEMPERATURE DIFFERENCES FOR COOL DOWN TRANSIENT
Load Time
Step (Minutes) T7-- T6 IH _ T3 A?l ézl ﬁzi
6 0.10 59 99 205 129 30
7 0.1167 69 117 220 128 33
g 0.1333 78 130 232 125 34
9- 0.150 84 14 250 122 36
10 0.1667 90 149 265 120 36
11 0.2083 102 163 274 115 36
12 0.250 111 169 281 111 36
13 0.333 128 172 269 36
14 0.50 147 156 235 32
15 0.750 158 122 204 24
16 1.00 156 94
17 2.00 127
18 3.00 112

(A1l AT's in °F)

DRF B13-909 contains asctual nodal temperature data (Reference 6.5)

Times Selected load Step

12
16

NEBG-807A (6/80)

Time (Minutes

0.10

0.25

1.00
Steady State
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4.2.3 Mechanical Load Stress Analysis, The mechanical load stresses were
obtained by vsing the procedure followed in Paragraph 3 to obtain the design
stresses. The only variation is in obtaining the applied loading (lhowever,
this will be investigated in the following Paragraph). For completeness, the
calculations are presented in this report in Paragraph 4.2.3.2.

4.2,3.1 Applied Mechanical Loading, To obtain the largest load ranges, the
loadings given in Section 3 are used. Note that in load range calculationms,
dead weight loads are not included. These loads simply cancel oxut.

Nozzle Loading
2 +F 2)1/2

P = (Fx 5

Mo= M2a+u2a4yHl2
x y z

'A' Nozzle loading (Service Level 'B')

P = (0.022 +0.169)Y2 = 0.161
Static M o= (12.0% +12.12 + 45.00Y2 - 45.12
F = 0.21
z
P = (0.29% +2.58)Y2 - 2,53
Dynamic M o= (9.3% +158.9% +313.45Y2 = 3815
F = 2.23
z
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'B* Nozzle lLosding (Service Level 'B’)
P = (0.82% + 4.34%)/2 4.42
Static M o= (267.22 + 66.1% + 1.45)1/2 275.4
F = 1.37
P = (2.442 +1.97Y2 o 3.136
Dynmmic M = (376> + 106.3% + 10.69)Y/2 = 350.2
F = 0.26




8-96

NUCLEAR ENERGY GENERAL @ ELECTRIC 2A1454 " suno, 99
BUSINESS GROUP REV 1
Thermal Slesve loading (Service Level 'B’)
P = (F2+FH?2
x y
W= wZsulaeyHli2
x y z
P =0
Static M = 0
F = 3.7
z
P o= (2.52 +0.39)Y2 = 2.5
Dynamic o= (1.2%2 +2.002 2 25333
= 1.5
z
Therefore, the following will be used to calculate the largest mechanical s
load range. Note: the dynamic loads are due to seismic loadings only. . :

Nozzle Loads

P

Static M
F

z

P

Dynamic M
F

2

NEBG-807A (6/80)

I+

(Service Level 'B')

4.42 kip
275.4 in kip

1.37 kip

3.136 kip

I+

390.9 in kip

+ 0.26 kip
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Thermal Sleeve loads (Service Level 'B’)

P = + 2,52 kip
Dynamic ¥ =

F = + 1.5 kip

2.333 ia kip

1+

Static F = 3.7 kip

4.2.3.2 Mechanical Load Range Calculatioms, The section properties used are
found in Table 3-1 of Section 3. Note, these properties include effects of
corrosion. A summary of the calculatioms is given in Table 4.2.3.2-1.

NEBG-807A (6/80)
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Section A
Nozzle Loads
P = 4.42 kip . P = + 3.136 kip
M = 275.4 in kip i M = + 390.9 in kip
F, = 1.37 kip ’ F_ = & 0.26 kip
M = 275.4 + 4,42 (12.83) + 1.37 (0.56) 'M = 390.9 + 3,136 (12.83) + 0.26 (0.56)
= 332.9 in kip = 431.3 in kip
‘ab = % = 3—2'%"3—8‘ 6.41 ksi cb = ‘)z! 4—35—;%'5 8.3 ksi
BEND ‘ BEND ’
F F .
oy = == 1.37 0.072 ksi op_ == = 0.26 = '0.014 ksi
. A 19.03 AX, A 19.03
Thermal Sleeve lLoads
P = + 2,52 kip
Fz = 3.7 kip M = +2.333 in kip
Fz = + 1.5 kip
M = 3.7 (2.36) = 8.73 in kip M = 2,333 +2.52 (15.76) + 1.5 (2.36)
= 45.59 in kip
o = ’-z' —_,,-f-'—;’% 0.168 ksi o = % - —‘;—:—*-g—z- 0.877 ksi
me ¢ bBDm .
z 3.7 Fz 1.5
ao —= 5 - 0.195 ksi % e S = 0,079 ksi
AX. A 19.03 AX, A 19.03
Total Stress
%% = 6,578 psi = + 9,177 psi
BEND '
%% = 267 psi = + 93 psi
“.
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Section B
Nozzle Inads
P = 4.42 kip P = + 3,136 xip
M = 275.4 in kip M = +390.9 in kip
F = 1.37 kip F, = +0.26 kip

M = 275.4 + 4.42 (10.22) + 1.37 (0.56)

= 321.34 in kip

= 423.1 in kip

M = 390.9 + 3.136 (10.22) + 0.26 (0.56)

o = -’25 - %—3—“5 6.182 ksi o = % - % 8$.14 ksi
BEND * BEND °
F 1.3 Fz 0,26
op. = == 131 . 0.072 kxsi oy = 2= —nE& 0.014 ksi
AX. A 19.03 “AX, A 119,03
Thermal Sleeve loads
P = + 2.52 kip
Fz = 3.7 kip M = + 2,333 ia kip
Fz = 4+ 1.5.k1p
M = 3,7 (2.36) = 8.73 in kip M = 2.333 + 2.52 (18.37) + 1.5 (2.36)
= 52.17 in kip
o = % -5—*1"%% = 0.168 ksi o = '—é = -g—i‘%‘} 1.004 ksi
éBEND ¢ BEND ¢
F 3.7 F 1,5
o = £ - = 0.195 ksi op_ = £ o e 0.079 ksi
AX. A 19.03 AX, A 19.03
Total Stress
) = 6,350 psi = + 9,144 psi
BEND
% = 267 psi = + 93 psi
AX,
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Section C/D
Nozzle Loads
P = 4.42 kip P = + 3.136 kip
M = 275.4 im kip M = +390.9 in kip
Fz = 1.37 kip F’z = + 0.26 kxip
M = 275.4 + 4.42 (7.47) + 1.37 (0.56) M = 390.9 + 3.136 (7.47) + 0.26 (0.56)
= 309.19 in kip = 414.48 in kip
o - % 3_-2%%95 5.952 ksi o = % 4—;—%‘;—2 7.974 ksi
BEND . BEND -
F F
op = 2= 37 o .072 ksi oy = ~1= 0.26  _ 9.014 ksi
AX. A '19.03 AX. A 19.03
Thermal Sleeve Loads . _
P = + 2.52 kip
F, = 3.7 xip M = + 2,333 in kip
F_= 1.5 kip
M = 3.7 (2.36) = 8.73 in kip M = 2.333 +2.52 (21.12) + 1.5 (2.36)
= 59.10 in kip
%% = % 5?;3 0.168 ksi o = % -%%%% = 1.137 ksi
BEND . %po .
F F
o = == 2.1 o 0.195 ksi o = == LS. - 0.079 ksi
AX. A 19.03 AX. A 19.03
Total Stress
%% = 6,118 psi = + 9,111 psi
BEND
% = 267 psi = #+ 93 psi
u.
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Section E
Nozzle Loads
P = 4.42 kip P + 3.136 Xip
M = 275.4 in kip X + 390.9 in kip
Fz = 1.37 kip Fz + 0.26 kip
M = 275.4 + 4.42 (4.72) + 1.37 (0.56) M = 390.9 + 3.136 (4.72) + 0.26 (0.56)
= 297.03 in kip = 405.85 in Xip
o - %" = 3—2—}*2—% = 5.715 ksi % % -“—;’-H—; 7.808 ksi
BEND . : BEND .
F . F
°p = = 1.3 0.072 ksi ° 2. 0:26 . _ 4 014 ksi
AX. A 19.03 AX, A 19.03
: Thermal Sleeve Loads .
. P + 2,52 kip
F_ = 3.7 kip ¥ + 2,333 in kip
Fz + 1.5 kip
¥ = 3.7 (2.36) = 8.73 in kip M = 2.333 +2.52 (23.87) + 1.5 (2.36)
= 66.03 in kip
% - ’-z‘ sf';g = 0.168 ksi o 325 - —g{-'%% = 1.27 ksi
BEND . b0 . ]
F F
o = - ST o 0,195 ksi o 2. L3 . 0,079 ksi
AX. A 19.03 AX. A 19.03
Total Stress
% = 5,883 psi = + 9,078 psi
BEND
% = 267 psi = 4+ 93 psi
AX.
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Section F

Nozzle Loads

P = 4.42 Xip P = +3.136 kip
M = 275.4 ia kip M = +390.9 in kip
F, = 1.37 kip F, = & 0.26 kip
M = 275.4 + 4.42 (1.62) M = 390.9 +3.136 (1.62)
= 282.56 in kip = 395.98 in kip
o = %‘ 3%%—‘3—3— 7.23 ksi % - % 1%%'—%% 10.13 Xsi
BEND : BEND .
F F
op . = 2. L31 . 0.087 ksi op = 2. 226 _ 5017 xsi
AX. A 15.89 k AX. A 15.89 |
P = +2.52 kip
F, = 3.7 kip ‘ M = +2.333 in kip
F, = 1.5 kip
M = 3.7 (1.8) = 6.66 in kip M = 2.333 +2.52 (26.97) + 1.5 (1.8)
= 73.0 in kip
%% = % - —s—g—'-g—g = 0.171 ksi A a % = —Zﬁ; = 1.868 ksi
BEND . BEND .
F F
oy = = 1. _ 0.233 xsi o = Z= L. 0.095 ksi
AX. A 15.89 AX. A 15.89
Total Stress
%% = 7,401 psi = + 11,998 psi
BEND
cb = 320 psi = #+ 112 psi
AX.
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Section G
Nozzle Loads
P = 4.42 kxip P = + 3,136 kip
M = 275.4 in kip M = + 390.9 in kip
Fz = 1.37 kip Fz = + 0.26 kip
M = 275.4 + 4.42 (4.72) + 1.37 (1.8) M = 390.9 + 3.136 (4.72) + 0.26 (1.8)

298.73 in kip

298,73 _

. M
c = (0.381) == = (0.381) = 5.1 ksi
bnam pA 22.32
F, 1.37
cp =038 — = (0.381) == = 0.05 ksi
AX, A 10.46
: . ;I'hemal Sleeve Loads
Fz = 3,7 kip
F
op. = 1= 227 . 0.354 xsi
AX. A 10.46

Total Stress

cb = 5,100 psi
BEND

Y = 404 psi
AX,

NEBG-807A (6/80)

¥ .
o = 0.381 5 = (0.381) . * = 6.934 xsi
Fz 0.26
op  =0.381 =% =(0.381) — 0.01 ksi
AX. A 10.46
P = + 2,52 kip
M = +2.333 in kip
F, = # 1.5 kip
M = 2.333 + 2.52 (23.87)
= 62.49 in kip
X 62.49 .
b =z 22.32 2.8 ksi
BEND
F
o = —X= L5 - 0.144 xsi
AX. A 10.46
= + 9,734 psi )
= + 154 psi

406,17 in kip

406,17
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Section H
Nozzle Loads
P = 4.42 kip P = + 3.136 kip
M = 275.4 in kip M = + 390.9 in kip
F_ = 1.37 kip F_ = +0.26 kip
M = 275.4 + 4.42 (8.47) + 1.37 (1.8) M = 390.9 + 3.136 (8.47) + 0.26 (1.8)
= 315.3 in kip = 417.93 in kip
'a‘, = (0.381) = %= (0.381) ;—;—5-5% = 5.383 ksi| oy = 0.381 5 = (0.381) 5—,1;%?;—;- = 7.134 ksi
BEND . BEND s
F 1,37 F 0.26
op _ =0.38 —F=(0.38) - 0.05 ksi |op =0.381 =% =(0.381) —= = 0.0 ksi
AX, A 10.46 AX, A 10.46
Thermal Sleeve Loads . ;
e P = + 2,52 kip
F, = 3.7kip M = + 2,333 in kip
Fz = + 1.5 kip
M = 2.333 +2.52 (20.12)
= 53.04 in kip
% = 1'2‘- '—ii—%—‘;— = 2.377 ksi
BEND .
F F
o = = 21 - 0.354 ksi o = 2= 13 o 1.44 xsi
AX, A 10.46 AX, A 10.46
Total Stress
%% = 5,383 psi = + 9,511 psi
BEND
60 = 404 psi = + 154 psi
AX.
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Section I
Nozzle Loads
P = 4.42 kip P = + 3.136 kip
M = 275.4 in kip M = +390.9 in kip
FZ = 1,37 kip Fz = + 0.26 kip
M = 275.4 + 4.42 (8.47) + 1.37 (1.8) M = 390.9 + 3.136 (8.47) + 0.26 (1.8)
= 315.3 in kip = 417.93 in kip
ap = (0.381) = ’-z"= (0.381) -i—;—i(‘% =4.133 ksi| o = 0.381 §= (0.381) .g}g?, = 5.478 ksi
BEND * hBEND i °
’ F 1.37 F, | 0.26
% =0.381 — = (0.381) —=—=0.038 ksi ao = 0.381 — = (0.381) - = 0,008 ksi
AX, A 13.78 AX., A 13.78
Thermal Sleeve Loads
P = + 2.52 kip
Fz = 3.7 kip M = + 2.333 in kip
>
F_= +1.5kip |
M = 2.333 + 2.52 (20.12)
= 53,04 in kip
o = % - g;'g; = 1.83 ksi
BEND ¢
F F
LT = %= i = 0.269 ksi ) = 2= L3 o 0,109 ksi
AX. A. 13.78 AX, A 13.78
Total Stress
%% = 4,133 psi = + 7,308 psi
BEND
%% = 307 psi = + 117 psi
AX,
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Section J
Nozzle Loads -
P = 4.42 kip P = + 3,136 kip
M = 275.4 in kip M = +390.9 in kip
F, = 1.37 kip F, = #0.26 kip
M = 275.4 + 4.42 (9.26) + 1.37 (1.8) M = 390.9 + 3,136 (9.26) + 0.26 (1.8)

= 318.8 in kip

) = (0.381) = §'= (0.381) %%§3§'= 4.179 ksi
BEND *
Fz 1.37
% =0.381 — = (0.381) —==0.038 ksi
AX, A 13.78
Thermal Sleeve loads
Fz = 3.7 kip
F
op = 2. 1. _ 0,269 ksi
AX. A 13.78
Total Stress
ab = 4,179 psi -
BEND
60 = 307 psi
Ax.

NEBG-807A (6/80)

= 420.4 in kip

op =038 §= (0.381) g—;ié—;- = 5.51 ksi
BEND . '
F, 0.26 :
op =0.38 —% = (0.381) —> = 0.008 ksi
AX., A 13.78
P = + 2.52 kip
M = +2.333 in kip
F = 1.5 kip
M = 2.333 + 2.52 (19.33)
= 51,05 in kip
ab = % = —%%‘%% 1.756 ksi
BEND .
F
T - S = 0.109 ksi
AX. A 13.78
= + 7,266 psi
= + 117 psi
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(A1l stress im psi)
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Section Static Stress
A 6,845
B 6,617
c 6,385
D 6,385
E 6,150
F 7,721
G 5,504
): 5,787
I 4,440

4,486

3L« C Stress®

I+

9,270
+ 9,237
+ 9,204
+ 9,204
+ 9,171
+ 12,110
+ 9,888
+ 9,665
* 7,425

+ 7383

* Dynamic stresses are due to seismic only.

TABLE 4.2.3.2-1 MAXIMUM MECHANICAL LOAD STRESS INTENSITY (Service Level 'B’)

8-107
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4.,2,4 Pressure Stress Analysis, The pressure stresses were obtained using
the finite element computer program ANSYS. The same finite element model
used for the thermal stress analysis (described in Paragraph 4.2.2 aand

Figure 4.1.1-1) was also used for the pressure stress analysis, The modeling
of the portion of the vessel wall as a disc is a nonconservative assumption.
It is recognized that the pressure stresses in the vessel wall regioas
obtained from using this model are not strictly valid. However, stresses in
the safe end-thermal sleeve regions are valid since the effect of this
modeling in these regions is insignificant. The applied boundary condition at
the isolated surfaces of the safe end and thermal sleeve was the equivalent

meridional stress caused by the pressure. The vessel boundary condition was
the average of the hoop and meridional stresses.

4.2.4.1 Pressure Stress Analysis Results, The pressure stresses were
evaluated for the specified pressures of 1,111 psig nozzle pressure and 1,000
psig vessel pressure, The pressure membrane plus bending stresses are
tabulated in Table 4.2-9. The pressure membrane plus bending plus pezak
stresses are tabulated in Table 4.2-18., Figures 4.2,.4-1 and 4.,2.4-2 show an
isostress plot and a deflection plot of the pressure case.

NEBG-807A (6/80)
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FIGURE 4.2.4-1 MONTICELLO FEEDWATER NOZZLE STRESS ANALYSIS - DISPLACEMENT
PLOT (PRESSURE EDN)
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FIGURE 4.2.4-2 MONTICELLO FEEDWATER NOZZLE STRESS ANALYSIS - STRESS PLOT
(PRESSURE RUN) .
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4.2.5 Total Primarv Plus Secondary Stress Ranges, This section of the report
calculates the P+Q stress intensity ranges at the previously selected
locations in order to validate the subsequent fatigue uwz_. sis. These stress
ranges are calculated as the sum of three independent ranges; one for thermal
stresses, a second for the maximum safe end and thermal sleeve load stresses,
and a third for the pressure stresses,

4.,2.5.1 Thermal Stress Ranmges. The maximum thermal membrane plus bending
stress ranges can be found by inspection using Tables 4.2-1 through 4.2-8,
Table 4.2.5-1 will be used to identify the transient times used in the thermal
analysis,

TABLE 4.2.5-1 TRANSIENTS USED IN THERMAL STRESS EVALUATION

1. Cool Down (t = 6.0 sec)
2, Cool Down (t = 15.0 sec)
3. Cool Down (t = 60.0 sec)

4. Cool Down (t = steady state)
5. Heat Up (t = 2.0 sec)

6. Heat Up (t'= 3.0 sec)

7. Heat Up (t = 12.0 sec)

8. Normal Operation

9. Stress Free

The maximom thermal membrane plus bending stress ranges are found to be as
follows:

Maximom Stress

Location Range (psi) Cases
A 4,709 1-7
B 4,907 1-7
C 11,917 1-6
D 12,188 ’ : 1-6
E 18,275 2-9
F 28,7717 1-7
G 34,852 2-9
H 38,999 1-9
I 43,017 1-9
J 38,310 2-9
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4.2.5.2 Nozzle End and Thermal Sleeve load Stress Ranges, The maximum nozzle
end and thermal sleeve load stress ranges are found using Table 4.2.3.2-1.
The maximum stress ranges are as follows:

Maximum P+Q

Location (ksi)

18.54
18.48 .
18.41
18.41
18.35
24.22
19.78
19.33
14.85
14.77

YyHTMOTMEHUAWD>

4.2.5.3 Pressure Stress Ranges. The pressure membrane plus bending stress
ranges are found using Table 4.2-9. The P+Q pressure stress intensities are
found to be as follows:

Location

UHEHOTMEHY AW >

NEBG-807A (6/80)
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4.2.5.4 Totszl P+Q Range, The total primary plus secondary stress range for
the selected locations is as follows: )

. P+Q
Location (ksi)

29.22
32.83
39.27
39.48
43.15
61.68
62.29
62.90
62.54
59.31

UM OTMMUOUOW >

The limit for the primary plus secondary stress intemsity is 3 Sm. At 550°F,
carbon steel (SA-350 LF2) has a Sm of 18.6 ksi, and stainless steel (SA-351
CF3) has & Sm of 16.0 ksi, 1I=n calcnlatgng 3 Sm, it is seen that Sectioms F

through J are in excess of their limits, therefore, the simplified elastic—
plastic method will be used. For the simplified elastic—plastic fatigue
analysis to be valid, the primary plus secondary minus thermal bending must be
less than 3 Sm. So for Sections F through J, P+Q excluoding thermal bending

will be calculated,

The maximum thermal membrane stress ranges aré found to be as follows:
[Calculations imcluded in DRF (Reference 6.5)]

Thermal Membrane

Location Range (psi) Cases
F 3,705 2-7
G 17,979 - 3-9
| 16,964 1-9
1 13,669 - 8-9
J 3,117 8-9

Therefore, the total P+Q stress intensity ranges excloding thermal bending are
found to be:

P+Q 3 Sm

Location (ksi) (ksi)
F 36.61 55.8

G 45.42 55.8

H 40 .87 55.8

I 33.19 48.0

J 24.12 48.0

NEBG-807A (6/80)
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4.2.6 Interference Fit Stresses, Since both male and female members are
stainless steel, both member’s respective moduli are equal

From Shigley - Page 78 (Reference 6.14)

B (Povh? -

b 2b2(c2 - az)
Now the dimensions (from Reference 6.13, 6.9, and 6.8)

K £ =2.71 in
b max 8 = 0.0065 in
b = 3.19 in or
\\\_ 0.013 in dia.
\\:::::: ¢ = 3,69 in -

Also — yield highest stresses at room temperature

E = 28.3 x 105 psi | .

)

p . (28,3 x 105) (0,0065) (3,692 - 3,19%)(3.19% - 2. 71H) .
= 3.19 = 4,401, psi

2(3.19)% (3.69% - 2.11%)
Boop stresses for the ianer and outer members are as follows:

2 . 2
= -p 0 o 27,228 psi

“e inner -P 2 2
» - a

2 2
c +b -
Ge outer =P cz _ bz ‘ 30,438 psi

The total hoop stresses at this location includes a pressure effect.

PO 111(6.16) _
% = a2¢ =  2(0.5) - 684 psi

By inspection, the total P+Q stresses for this location are less than the
~allowed 3 S' limit (3 Sll = 48 Xsi), This section will not be examined again.

NEBG-807A (6/80) - . _
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TABLE 4.2-1 THERMAL MEMBRANE PLUS BENDING STRESSES (CASE 1)

Cool Down (t = 6.0 seconds)

All stresses in psi

Inside Cutside
Section
°b e % ‘e
A 2,679 2,390 ~2,442 -2.165'
B 2,892 2,972 -2,620 -2,659
c 2.723 2,662 -2,413 -3,880
D 2,748 2,596 -2,437 -3,953
E 9,820 169 -9,251 -9,885
F 28,589 21,490 -26,331 -20,656
G 16,087 29,153 -15,027 -7,305
H 27,845 38,999 -26,414 =-5,073
I 28,682 15,876 -23,569 -43,017
J 26.741 31,274 -22,590 -34,654

Sections Illustrated in Figure 4.2.1-1.

NEBG-807A (6/80)
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TABLE 4.2-2 THERMAL MEMBRANE PLUS BENDING STRESSES (CASE 2)

Cool Down (t = 15.0 seconds) All stresses in psi

Inside Outside

Gb ce O’b Ue

2,532 2,223 =2,345 -1,933

2,381 2,615 -2,180 -2,150
1,226 - 1,370 -1,034 -3,756
01,243 1,230 -1,050 -3,894
16,142 -3,012 -15,293 -18,275
28,685 19,599 -26,724 -17,769
3,827 34,852 -4,068 7,377
28,805 33,739 -27,954 -10,155
29,154 20,294 -25,852 -39,015

29,003 34,673 -26,491 -38,310

Sections Illustrated in Figure 4.2.1-1.,

NEBG~807A (6/80)
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TABLE 4.2-3 THERMAL MEMBRANE PLUS BENDING STRESSES (CASE 3)
Cool Down (t = 60. All stresses in psi
Inside Outside
Section
% % % %
A 328 863 -291 -8
B 554 1,109 =517 103
C ~3,992 -1,074 -3,866 202
D -4,168 -1,298 4,036 93
E 9,787 -8,278 =9,304 -16,283
F 16,829 8,280 -15,898 -7,339
| G ;4.453 26,808 3,696 9,150
B 28,236 29,932 -27,688  -12,507
I 28,528 21,439 -26,195 -36,052
J 30,698 35,913 -29,186 -37,833

Sections Illustrated in Figure 4.2.1-1.

NEBG-807A (6/80)
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TABLE 4.2-4 THERMAL MEMBRANE PLUS BENDING STRESSES (CASE 4)

Cool Down (t = steady state)

All stresses iz psi

Inside Outside
Section

d’b d’e O’o 0'9
A -1,083 75 1,050 655
B -1,084 766 1,054 1,308
C -8,213 -3,595 7,884 1,686
D -8,452 -3,914 8,114 1,579
E 6,431 -8,180 ‘ -6,247 -8,762
F 12,842 1,706 -12,215 -6,227
G 186 17,261 -545 99
H 27,722 30,407 -27,204 -11,813
I 28,097 21,945 -25,794 -35,367
J 30,926 36,270 -29,414 -37.,645

Sections Illustrated in Figure 4.2.1-1.

NEBG-807A (6/80)
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THERMAL MEMBRANE PLUS BENDING STRESSES (CASE 5)

TABLE 4.2-5
Heat Up (t = 2.0 seconds) All stresses in psi
Inside Outside
Section

° °e °r %% % °r
A -1,485 -235 - -1,393 -1,009 -
B 1,521 204 - 1,521 1,791 -
c -8,885 -4,262 - 8,458 2,412 -
D -9,129 -4,574 - 8,694 2,314 -
E 5,083 -8,486 - -5,005 -7,446 -
F 5,694 -4,237 . - -5,899 -835 -
: . ' G a2 10731 - 4,408 3,684 -
H 22,221 25,867 - -22,841 -7,180 -
I 22,531 14,531 - -21,391 -30,069 -
- J- 24,286 - 28,860 - -24,354 -30,295 -

Sections Illustrated in Figure 4.2.1-1.

NEBG-807A (6/80)
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TABLE 4.2-6 THERMAL MEMBRANE PLUS BENDING STRESSES (CASE 6)

Heat Up (t = 3.0 seconds) All stresses in psi

Inside Outside
Sgction

% Sy - o, _cb s o
A -1,828 -561 . - 1,712 -1,308 -
B -1,982 -156 - 1,854 2,126 ) -
c -9,194 -4,564 - 8,748 2,848 -
D -9,440 -4,869 - 8,984 2,757 -
E 4,102 -8,505 - -4,073 -6,434 -
F 2,116 . -6,930 - -2,496 1,856 -
] -7,342 7,633 - 6,342 4,635 - .
;i 20,041 24,289 - ~20,825 -4,890 -
I 20,459 11,332 - -19,388 -27,807 -
J 21,565 26,078 - -21,894 ~26,953 -

Sections Illustrated in Figure 4.,2.1-1.

NEBG-807A (6/80)
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TABLE 4.2-7

THERMAL MEMBRANE PLUS BENDING STRESSES (CASE 7)

Heat Up

(t = 12.0 seconds)

Ali ac_3sses in psi

- Inside

Outside
Section

Co O'e Ub Ue

A -2,030 -738 1,927 1,439

B 2,015 -244 1,906 2,155

c -8,781  -4,249 8,375 3,056

D -9,024  -4,522 8,608 2,993

E 1,166  -1,155 -1,263 2,599

F 167 -7,287 -415 1,709
. 6 2,698 4,763 2,319 -1,662
B 19,881 26,925 -20,309 2,510

I 20, 516 9,822 -18,572  -28,958

T - 19,335 24,115 -19,124  =24,777

Sections Illustrated in Figure 4.2.1-1.
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TABLE 4.2-8

THERMAL MEMBRANE PLUS BENDING STRESSES (CASE 8)

(Normal Operation) All stresses in psi

Inside Outside
Section

% % o b %
A -3 -357 - 3 =302
B -610 209 - 593 549
C -3,615 -1,675 - 3,470 674
D -3,711 -1,812 - 3,563 619
E- 3,456 -3,492 - -3,349 -4,116
F 4,754 285 - -4,521 -2,520
G -432 7,902 - 218 289
H 12,072 25,112 - -13,090 5,539
I 12,769 -1,322 - -10,602 -26,016
J 7,786 10,666 - -7,411 -16,899
Sections Illustrated in Figure 4.2.1-1.
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Sections Illustrated in Figure 4.2.1-1.
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TABLE 4.2-9 THERMAL MEMBRANE PLUS BENDING STRESSES
Pressure Case All stresses in psi
Nozzle Pressure = 1,111 psi
Vessel Pressure = 1,000 psi
Inside Outside
Section
% %@ % % % %
A 1,127 4,963  -1,000 3,496 5,194 -
B 589 8,437 -1,000 4,276 8,618 -
c 1,037 7,941 -1,000 3,837 7,931 -
D 1,086 7,873 -1,000 3,790 7,846 -
E 5,524 5,476 -1,000 -1.961 2,522 -
F 5,432 7,567 -1,111 4,393 6,492 -
G -1,430 - 3,615 - -1,111 6,654 5,531 -1,000
H 3,189 -1,378 -1,111 2,294 -1,557 ~-1,000
I 3,289 -1,381 -1,111 2,194 -1,612  -1,000
J 4,962 -1,267 -1,111 658 -2,4517 -1,000
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4.3 Fatigue Analysis, This section provides all the detailed fatigue
analysis required to show an acceptable design for the operating tranmsients
imposed on the nozzle and safe end assembly., (Service Level ’'B’ Events)

4.3.1 Stress Concentration Factors

Section A

The geometry of the outside surface of Section A is illustrated in

Figure 4.3-1. To calculate the stress concentration factor, Reference 6.6
will be used.

NOTE: . 5 g

t 65~ 597

Using Paragraph A.7.2.6 (Reference 6.6),
D =2T = 12.12 in
d =2t=1.3 in

Ko is found from Figure A.7-1, since the scale stops at r/t = 3.6, that value

is assumed.

K =1.24

Using Paragraph A.7.2.4, for r ( h

' - 1+2.4 r/h
Lol (87

Solving for XK', obtain

7.88

1 +2.4 _—t

k' =1+024 1-|(%) 5.41
K, =1.21

NEBG-807A (6/80) ) - -
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Section F
The geoaetry‘of Section F is illustrated in Figure 4,2 ~ To calculate the

stress concentration factor, Reference 6.6 will be used. A concentratiom
factor for both the inner and outer surface will be calculated, however, omnly

the largest will be used.

Assume 1 = 0, hence Ko = 4.0.

Then using Paragraph A.7.2.4 (Reference 6),

K -1 _,_ E
(Ko -1 90

Solving for K', using B,

= 72.,3° and B = 75.74°
inner outer

K'inner =1,59

x'onter = 1,48

5. K, =1.59

NEBG-807A (6/80)
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+

SECTION A GEom=ETAY

FIGURE 4.3-2

NEBG-807A (6/80)

B,= 75.7°

8.38" RBi= 72.3°
SECTIoN F GEOMETRY
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Sections E and G

The go.: "*ry of Sections E and G are illustrated in Figure 4.3-3, Also in

Figure 4.3-3, is the idealized geometry used to obtain the factor. To obtain

the stress concentration factor, Reference 6.6 will be used. Using
Figure A.7-1 of Reference 6.6, obtain

For Section E; r/t = 0.30 Kt = 2,15

and for Section G; z/t = 0.50 Kt = 1,80

Section J

The geometry of Section J is illustrated in Figure 4.3-4, ANSYS, which was
used to obtain the stress levels of the nozzle and safe end accounts for
global discontinunities only. Therefore, only the local discontinuity stress
concentration factor must be found, Conservatively, use Paragraph A.7.2.4
(Reference 6.6).

Assume r ~ 0, and hence Ko = 4.0.

Then using Paragraph A.7.2.4 (Reference 6.6), obtain

Zkr-1) _,. L&
& -1 90

Solving for K’, using § = 76.{4°

ke=1+3 (1-1884)

. . Kt = 1.452

NEBG-807A (6/80)
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@o.zs”a.

IDERLIZED AS

"
0.25 R

ASSUME CORNSERVATIVELY
For SELTION £, ic& SECJ'Ic;O €]

r/ta 0.30 P/t = 0.50

FIGURE 4.3-3 SECTION E AND G GEOMETRY

B a 76.44°

FIGURE 4.3-4 SECTION J GEOMETRY

NEBG-807A (6/80)
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Sections B, C, D, H, and I

All of these sections are at locations of welds. A conservative stress
concentration factor will be put on these locations, For pipe juiucl by bdutt
welds, the thermal Kt is 1.8 (Reference 6.2). This will be assumed hecre.

Kt = 1.8

4.3.2 Alternating Stress Range., To calculate the alternating stress range,
the following equation is used.

salt =1/2 xe(xtSN + Fl)

where:

e
]

stress concentration factor

(g
]

simplified elastic—plastic factor

P+Q stress intensity

7]
]

F, = peik stress identified by "NONO' program

The peak stress identified by the ’NONO’ program is found using Tables 4,3-3
through 4.3-11., These tables contain the total surface stresses at each
section, A conservative method of obtaining these peak stresses is to find
the largest stress intemsity range for the surface stresses and subtracting
the P+Q stress intemsity found earlier in Paragraph 4.2.5. This was followed
and the resvlts are given in Table 4.3-1, Also in Table 4.3-1 is the stress
intensity range for the mechanical load case which does not include seismic
loads, These are needed to calculate the P+Q range excluding seismic, hence
the alternating stress range excluding seismic is given,

NEBG-807A (6/80)
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4.3.2 (Continued)
The total alternmating stress range is calculated for both seismic loading
included and seismic loading not included. The simplified elastic—plastic

factor is defined by the following (Reference 6.2).

1.0 for SN < 38

m
1+ 21 =1 SN-1 for 3S < S, < m3S
a(m - 1) 3Sm m N n

1/n for m3S < S
m N

where:
for carbon steel

0.2
3

n
m

n=0.3
m=1,7

SN = P+Q stress intensity range

The results are tabulated in Table 4.3-2.

NEBG-807A (6/80)
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TABLE 4.3-1 CALCULATION OF PEAK STRESS
All -*resses im ksi
Thermal 'Skin’ Stresses Included
. . Xazimm (F,)
Mechanical Mechanical : Surface . 1
Range Range (No Themsl Pressure Stress SN Peak
location (Seismic) Seismic) Range Cases® Range Range P+Q Stress
A 18.54 6.85 5.93 1-7 6,22 30.69 29.22 1.47
B 18.48 6.62 6.78 1-6 9.64 34.90 32.83 2.07
c 18.41 6.39 14.69 1-6 8.96 42,06 39.27 2.79
D 18.41 6.39 - 14,98 1-6 8.89 43,28 39.48 2.80
E 18.35 6.15 26.20 2-9 9.53 54 .08 43.15 10.93
F 24.22 7.73 40.55 1-6 8.83 73.6 61.68 11.92
19.78 5.5 8.8 -2-9 10.15 68.74 62.29 | 6.45
H 19.33 5.79  44.73 1-9 4.76 68.82 62.90 5.92
I 14.85 4.44 50.94 1-9 4A.91 70.7 62.54 8.16
J 14.77 4.49 55.52 1-9 7.79 78.08 59.31 18.77

® (Cases shown in Table 4.2.51

8% From Section 4.2.5.4

NEBG-BO7A (6/80)
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TABLE 4.3-2 CALCULATION OF ALTERNATING STRESS
All stresses in ksi
sN ) sN * K (Pfh) xe ) xe ) salt ) Salt )
Location 1 2 t Stress 1 2 1 2
A 29.22 17.53 1.21 1.47 1.0 1.0 18.42  11.34
B 32.83  20.97 1.8 2.07 1.0 1.0 30.6 19.91
c - 39.27 27.25 1.8 2.79 1.0 1.0 36.8 26.0
D 39.48 27.46 1.8 2.80 1.0 1.0 37.0  26.2
E 43.15 30.95 2.15 10.93 1.0 1.0 51.9  38.8
F 61.68 45.19 1.59 11.93 1.21 1.0 66.6  41.9
6 62.29 48.02 1.8 645 1233 1.0 3.1 46.5 ~_
H 62.90 49.36 1.8 592 1.255 1.0 74.8  47.4 . |
1 62.54 52.13 1.8 8.16 2.01  1.287. 121.4  65.7
h 59.31 49.03 1.45. 18.77  1.78 1.072 93.6 48.2

* Subscript 1 for seismic; Subscript 2 for no seismic loads

+ SNZ found using Section 4.2.5 and Table 4.2.3.2-1

NEBG-807A (6/80)
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'TABLE 4 .3-3 THERMAL 'SKIN’ STRESSES (P + Q + Fl) (CASE 1)

Cool Down (t = 6.0 seconds) All stresses imn psi
Inside Outside
Section

0’0 09 Cb 69 o':
A 3,623 3,419 -1,873 -1,494 -
B 4,183 4,353 -1,797 -1,79i -
o 4,340 | 4,422 -1,292 -2,749 -
D 4,368 4,357 -1,317 -2,823 -
E 16,358 3,038 -7,253 -8,440 -
F 38,712 29,769 -21,225 -15,354 -
G 23,724 37,262 -10,544 -1,992 -
H 33,822 44,723 -27,107 -4,255 -
I 50,935 38,423 -4,123  -24,635 -
T 50,037 55,518 -5,889 -17,421 -

Sections Illustrated in Figure 4.2.1-1.

NEBG-807A (6/80)
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TABLE 4 .3-4 THERMAL 'SKIN’ STRESSES (P + Q + Fl) (CASE 2)

Cool Down (t = 15.0 seconds) All stresses in psi

Inside Outside
Section -

Ob 69 O'r Go O’e O'r
A 3,113 2,877 - -1,992 -1,470 -
B 3,206 3,518 - -1,602 -1,531 -
c 2,230 2,558 - ~128 ~2,882 -
D 2,250 2,418 - -140 -3,019 -
E 26,195 5 - -12,272 -16,508 -
F 36,613 25,636 - 23,420 = -13,914 -
G 7,629 38,809 - -15 9,598 - , .
H 29,686 35,301 - -33,5717 -13,094 -
1 39,914 31,376 - -17,613 -31,359 -
J 40,400 46,428 - -19,565 -31,097 -

Sections Illustrated in Figure 4.2.1-1.

. . NEBG-807A (6/80)
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vTABLE 4.3-5 THERMAL 'SKIN' STRESSES (P + Q + Fl) (CASE 3)

Cool Down (t = 60, seconds)

All stresses in psi

Inside Outside
Section

O’o 0'9 0'0 Ue

A 428 983 -189 15

B 702 1,269 -419 219

c  -4,004 -867 4,317 467

D 4,189 -1,119 4,505 360

E 17,328 -6,934 -6,859 15,349

F 20,038 10,184 -15,449 -6,371

' . G -2,865 28,192 7,709 9,610
;| 26,786 29,469 -35,539 -17,295

1 33,583 26,665 -23,875 -34,231

h 35,206 40,230 -29,417 -37,795

Sections Illustrated in Figure 4.2 .1-1,

NEBG-807A (6/80)




NUCLEAR ENERGY
BUSINESS GROUP

GENERAL @D ELECTRIC

8-136

22A7454
REV 1

sHNo, 135

TABLE 4.3-6 THERMAL 'SEIN’ STRESSES (P + Q + Fl) (CASE 4)

Cool Down (t = steady state)

All stresses in psi

Inside Outside
Section

Uo Ge O’b 0'9
A -1,123 42 1,160 649
B -1,158 722 1,112 1,321
c -8,705 -3,860 8,344 1,738
D -8,961 -4,203 8,593 1,631
E 11,513 -8,565 -5,060 -9,135
F 14,726 2,289 -12,418 -6,132
G 1,099 18,047 1,083 -166
: 26,237 29,924 -35,042 -16,606
1 33,098 27,126 -23,496 33,584
T 35,424 40,531 -29,711 -37,674

Sections Illustrated in Figure 4.,2.1-1.

NEBG-307A (6/80)
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TABLE 4.3-7 THERMAL 'SKIN’' STRESSES (P + Q + Fl) (CASE $)

Heat Up (t = 2.0 seconds) All str

~« in psi
Inside Outside
Section
%% %e ¢ % %
A -1,875 —635 - 01,352 840
B -2,200 -356 - 1,341 1,560
c -10,008  -5,183 - 8,597 2,139
D -10,271 -5,520 - 8,851 2,041
E 8,835 -9,759 - -4,209 -8,158
F 2,762 =7,988 - -8,384 -3,018
G -8,872 7,052 - - 3,722 816 -
H 14,115 20;018 - ~34,578 -15,131
I 20,488 11,739 - -23,383 -32,975
J © 17,903 22,761 . - -30,218 -35,591
Sections Illustrated in Figure 4.2.1-1.

NEBG-807A (6/80)
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TABLE 4.3-8 THERMAL 'SKIN’ STRESSES (P + Q + Fl) (CASE 6)

Heat Up (t = 3.0 seconds)

All stresses in psi

Inside Outside
Section

%% % % ")
A -2,278 -1,029 1,591 1,048
B -2,592 -763 1,599 1,813
c -10,347 -5,531 8,800 2,485
D -10,611 -5,861 9,056 2,395
E 7,369 -9,907 -3,462 -7,280
F -1,128  -10,780 -5,368 -752
G -10,334 4,345 5,903 1,739
H 11,751 18,369 -33,126 -13,254
I 18,842 8,825 -21,948 -31,365
b 14,040 19,115 -29,368 -33,807

Sections Illustrated in Figure 4.2.1-1. .

NEBG-807A (6/80)
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TABLE 4.3-9 THERMAL *SKIN’ STRESSES (P + Q + Fl) (CASE 7)

Heat Up (t = 12.0 seconds)

All stresses in psi

Inside Outside
Section

O‘b 0’9 d’o Ue cr

A -2,299 -1,029 1,893 1,251 -

B -2,409 -638 1,742 1,928 -

c -9,663  -4,970 8,49 2,778 -

D -9,924 -5,267 8,748 2,715 -

E 2,900 -8,592 -1,084 =3,587 -

F -1,500 -9,444 -2,150 34 -
‘ ' G . ~3,205 4,035 2,937 -2,753 -
B 14,616 23,468 -30,172 -9,000 -

I 24,816 13,262 16,208  -21,771 -

J 18,352 23,870 -27,294 -

Sections Illustrated in Figure 4.2.1-1,

NEBG-807A (6/80)
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TABLE 4.3-10 THERMAL 'SKIN’ STRESSES (P + Q + Fl) (CASE 8)

(Normal Operation)

All stresses in psi

Inside Outside
Section

i % °r 7% i)
A =11 -364 - 2 -303
B -648 187 - 625 556
C -3,833 -1,791 - 3,673 698
D -3,936 -1,936 - 3,773 645
E 5,932 -3,610 - -2,775 -4,261
F 5,453 483 - -4,590 -2,492
G 15 8,293 - 1,181 214
H . 5,573 20,891 - -22,570 -758
I 20,091 4,523 - -4,088 -21,360
J 8,568 12,150 - -7,694 -16,972

Sections Illustrated in Figure 4.2.1-1,

NEBG-807A (6/80)
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TABLE 4.3-11 MEMBRANE PLUS BENDING PLUS SKIN STRESSES (P + Q + F,)
(Pressure Case) All stresses im psi .
Inside Outside
Section
O'b 0'9 Ur Ub Ue Ur
A 1,052 4,978  -1,000 3,632 5,220 -
B 436 8,436  -1,000 4,394 8,637 -
c 931 7,954  -1,000 3,923 7,946 -
D 981 7,88  -1,000 3,872 7,859 -
E 8,103 5,982 -1,000 -1,426 2,662 -
F 6,096 7,719  -1,111 4,690 6,545 -
. G -969 3,700  -1,111 9,036 5,931  =1,000
: 3,202 -1,367  -1,111 2,284 -1,551  -1,000
I 3,290 -1,376  -1,111 2,152 -1,620  -1,000
J -1,111 543 -2,479  -1,000

5,311 -1,231

Sections Illustrated in Figure 4.2.1-1.

NEBG~807A (6/80)
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4.3.3 Usage Calculations, Using the total alternating stress levels found in
Table 4.3-2, the fatigune usage factor canm be solved. From the design
specification (Referenmce 6.1), there are 1,500 thermal cycles and it is
assumed there are 10 seismic cycles. Using Figures I-9.2 and I-9.1 from
Reference 6.2, the fatigoe usage factors are found. Table 4.3.3-1 contains
these calculations. Notice, the stress ranges must be adjusted to the elastic
modulus of the fatigue curves. The total usage factors are as follows,

Location Fatigue Ussge

0.0016
0.0257
0.0609
0.0609
0.233
0.2789
0.4065
0.4074

0.2006 ‘ |
0.0556 . ;

YUK Q@D oW

NEO 307 A (REV. 10/81)
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TABLE 4.3.3-1 CALCULATION OF FATIGUE USAGE

» o se . s s .

S‘Itl ii:::i: SAI Allow, TUsage salt2 ii;:;i: SAZ Allow. TUsage

Location (ksi) Factor (ksi) Cycles Factor (ksi)' Factor (ksi) Cycles Factor
A 18.42 1,042 19.2 10s 0.0001 11.34 1,042 11.9 106 0.00149

B 30.6 1.103 33.8 13.060 0.0008 19.91 A 1.103 22.0 60,000 0.0249

C 36.8 1,103 40.6 8,000 0.0013 26.0 1,103 28.7 25,000 0.0596

D 37.0 1,103 40.9 8,000 0.0013 26.2 1,103 28.9 25,000 0.0596

E 51.9 1.103 57.3 2,750 0.0037 38.8- 1.103 42.8 6,500 0.2293

F 66.6 1.103 73.5 1,250 0.0080 41.9 1.103 46.3 5,500 0.2709

: . G 73.1 1.103 8.7 1,100 0.0091 46.5 1,103 51.3 3,750 0.3974
H '74,8_ 1.103 8.6 1,000 0.0100 47.4 1.103 52.3 3,750 0.3974

I 121 .4 0.968 119.7 700 0.0143 65.7 0.968 64.8 8,000 0.1863

J 93.6 0.968 . 92.3 1,700 0.0059 48.2 0.968 47.6 30,000 0,0491

® Subscript 1 for Seismic; Subscript 2 for no seismic loads.

#® Por carbon steel fatiguoe curve, E = 30 x 106 psi; for stainless steel

fatigone curve, E = 26 x 106 psi

NEO 807A (REV. 10/81)
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4.3.4 High Cycle Fatigue, The cummlative high cycle fatigue usages due to
rapid cycling was determined to be as follows (Reference 6.12),

U= 0.000063

4.3.5 Accumplated Fatigue Usage., The extisting nozzle and remaining part of
the safe end have accumunlated a fatigue usage of 0.22 (Reference 6.1).

4.3.6 Total Fatigue Usage, The total fatigue usage is as follows,

_ Systenm High BExisting Total
Location Fatigue Cvycle Fatigue Dsage
A 0.0016 0.0001 0.22 0.2217 -
B 0.0257 - 0.0001 0.22 0.2458
c 0.0609 0.0001 0.22 " 0.2810
D 0.0609 ©0.0001 - ~ 0.0610
E 0.233 0.0001 - 0.2331
F 0.2789 0.0001 - 0.2790- . ‘
G 0.4085 0.0001 C— 0.4086
B 0.4099 - 0.0001 - 0.4100
1 0.2006 0.0001 - 0.2007
J | 0.0556 0.0001 -— 0.0557

NEBG-807A (6/80)
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5. RESULTS

Detailed stress analysis of the feedwater nozzle and safe end assembly shows
that the nozzle and assembly fully meet the ASME Code (Reference 6.2) stress
intensity limits, Further, the nozzle and assembly are shown to satisfy the
requirements for cyclic operationm, with the maximum cumulative fatigue usage
determined to be:

Ugax = 0.41 —
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APPENDIX 10 LISTING OF ’'NONO'

10
3¢
49
30
&0
70
808
90
100
110
120
130
140
130
169
174
189
199
200
210
220
230
240

250

240
270
280
299
300
210
320
330
340
350
340
370
382
390
400
410
420
430
440
350
4460
47C
480
497
500
S0

REAL MEMSTE
REAL MEUSTR
REAL NUAVG3
REAL NUDIS

REAL MOMARM
REAL NOMENT

DIMENSION NELM(23),CORDX(27),8TRS(27), DISANGI27) STAVGI2M) , TETR (2"

NEUSTR(27) (NUAVGS{27) NUDTIS(27) , ROMARN(27) \HOMENT (27) , EOUAT (95¢
FRINT:"" .

FRINT:""

FRINT:""

PRINT:"DO YOU NEED INSTRUCTIONS7 {(1=YES,0=NG:"
READI: NOYESO

IF(NCYESO.EQ.0) GOTC 19

FRINRT "™

FRINT: "

PRINT:""

FRINT: ™"

FRINT:"THIS PROGRAM LINEARIZES THE STRESSES THROUGH THE
FRINT:"™"

PRINT:"THICKNESS OF A SECTION."

FRINT,II“

FRINT:"INFUT THE LOCATION OF THE POINTS UHERE STRESSES ARL"
PRINT:""

PRINT:"ACTING, I1.E. THE FIRST SURFACE. THE CENTROIDS AND"
FRINT:""

FRINT:"THE SECOND SURFACE."

FRINT:""

PRINT:"INFUT STRESSES AT THE FIRST SURFAFE, CENTROIDS AND "
PRINT:""

PRINT:"THE SECOND SURFACE.™

PRINT:""

PRINT:" IF N IS THE NUMBER OF ELEMENTS THEN TOTAL STRESS AND"
PRINT:™"

PRINT:"LOCATION ENTERIES REQUIRED ARE N+2. (I.E. 2 SURFACZEZ"
FRINT:""

PRINT:"ANU N CENTROIDS.)"

PRINT:""

FRINT:"THE PROGRAM THEN COMPUTES THE MEMBRANE STRESS BY"
PRINT:""

FRINT:"THE EQUIVALENT AREA METHOQD."

PRINT:""

PRINT:"THE BENDING STRESSES ARE COMPUTED BY LINEARIZING THE"
PRINT:""

PRINT:"HOMENT ACROSS THE SECTION THICKNESS."

FRINT:""

PRINT:"PEAK STRESSES ARE THE TOTAL STRESS MINUS THE"
PRINT:""

FREINT:"MEMBRANE ANL BENDING STRESSES AT THE SURFACES."
PRINT:™"

PRINT:""
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APPENDIX 10 (Continued)
S02 PRINT:""
503 PRINT" ‘
910 PRINT:"WHEN FINISHEL INFUT NUNKELR OF ELEmENTS = 0 TO EXIT
320 FRINT:""
530 PRINT:""
J4C 10 FRINT:""
359 FRINT:""
240 FRINT:"UANT A LISTING OF THE INFUT STRS & COORDS., (1=YE5.Q=RG:"
70 READ: NOYES
80 D0 300 L=1,99%
590 FRINT:" "
&00 FRINT:" *
$1¢ NSTRS=0
820 FRINT:" INFUT NO. OF ELEM ACROSS THCK "
530 READ: NEL
640 IF(NEL.LE.0)GOTO 301
850 - LOCATE=NEL+2
640 KOUNTAL)=L :
670 IF(KOUNT(L).EQ.1) GOTD 11
680 PRINT:™"
690 FRINT:""
700 PRINT:"USE COCRES. FROM THE PREVIOUS RUN?? (YES=1,K0=0)"
710 READ: NOYES!
sy IF(NOYES!.EQ.0) GOTO 11
730 GOTC 12 )
7490 11 PRINT: " INPUT COORD. LOCATIONS X1,X2,...ETC. "

. 790 READ: (CORDX(I),I=1,LO0CATE)
760C '
770 12 PRINT:" INFUT CORRES STRESSES °
780 NSTRS=LOCATE
790 READ: (STRS(J).J=1,NSTRS)
g00 TOTSTR=0.
10 T0TI1S=0.
820 D0 100 K=1,(NSTRS-1)
830 STAVG(K)=(STRS(K)+STRS(K+1))/2.0
£49 DISAVG(K)={CORDX(K+1)~CORIX(K))
830 TSTR(K)= STAVG(K)sDISAVG(K)
840 TO0TSTR=TOTSTR+TSTR(K)
ev’o TOTD1S=TOTIIS+DISAVGIK)
880 100 CONTINUE
g9% MENSTR=TOTSTR/TOTDIS
68 TOTHON=0.
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APPENDIX 10 (Continued)

910
929
93¢
40
b
760
EON¢
98E¢
90
1689
1010
1920
1021
1032
1049
1059
1080
1070
1080
1090
1100
ALY
1120
1136
1140
11350
1160
1170
1180
119¢
1200
1210
1229
12303
12408
1250

1289

1270
1260
1250
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101

102

400

401

20
300
301

260

oM

OO
P T R 8 )

DO 101 I=1.N3TRS
NEUSTR(I)=STRS(1)-NENSTE
DO 102 I=1,(N3TRS-1)
NUAVGS (1)= (NEWSTR (1) +NEUSTR(I+1))/2.0
NUDIS(I)= CORDX(I+1)-CORDX{I)
MOKARNCT)=(CORDX(I)-CORDX (1))+(CORDUX{I+1)-CORDXIII/2.
NORENT (1)=NUAVGS (1) #NUDIS(I)+MONARNIT)
TOTHOM= TOTHOM+NOMENT(I)

CONTINUE

SBEND=(6+TOTHOM) / (TOTDIS#TOTDIS)
SBEND1=ARS(SBEND)

SEENL2=SBENDT+{=1.)

SREND=ABS{SHEND)

IF(STRS(1).LT.5TRSINSTRE}) 60 TC 407
FEAKST=STRS(1)-KENSTR-SEENI!
FEAKS2=STRS(NSTRS) -HENSTR-SRENDZ

GO TO 401 _
PEAKS1=5TRS(1)-NENSTR-SBEND2
PEAKS2=5TRS (NSTRS) -MENSTR-SEEND!
IF(NOYES.EQ.0) GOTO 20 :

PRINT:" ®

PRINT:"INPUT STRESSES ARE:"

PRINT:" "

URITE(04,202) (STRS(1),I=1,NSTRS)

PRINT:""

PRINT:""

PRINT:"INFUT COORD. ARE:"

PRINT:"™

URITE (0&,203) (CORDX{I),I=1,LOCATE)
URITE(06,200) MEMSTR,SBEND.FEAKS!,PEAKS2
CONTINUE

URITE(G6,204)

FORMAT(//,4X,"MENBRANE STRESS = ",F10.1,4X,

*BENDING STRESSES =(+ OR-) ",F10.1,//,4X,
JPEAKST =", F10.1,4X,"FEAKS2 =".F10.1.//)

FORMAT(4X,4F10.,1,/7)

FORMAT(AX,4F10.3./

FORMAT(//," HAVE A NICE DAY !! i
sT0¢

END
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APPENDIX 20 INTERGRANULAR STRESS CORROSION INDEX CALCULATION

The areas requiring an IGSCC stress rule index calculation are Sectioms C/D
and H/I. These sectioms are at new weld locations.

20.1 Sections C and D

g7 --='%B _ @+F«+rESD
1= S_ + 0.002E
y y

Section C is SA-508 (Class 1) carbon steel and Section D is SA-350 (LF2)
carbon steel.

20.1.1 Mechanical load Stress, The mechanical load stresses are the result
of dead weight, thermal, and hydraulic loads during normal operatiom. The
loads are obtained from Reference 6.1, and are &s follows,

Nozzle Loads

: ‘ Dead Weight (Nozzlé *A' Loads used)
Fx = -0,11 kip B, = +11.6 in-kip
Fy = =0,63 kip my = -14.1 in-kip
Fz = +0,15 kip m, = -11.1 in-kip

Thermal (Nozzle ’'B’ Loads used)

Fx = +0.82 kip m_= +267.2 in-kip
F_ = -4.34 kip m_ = +66.7 in-kip
y y

Fz = +1.37 kip m = +1.4 in~kip

NEBG-807A (6/80)
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20.1.1 kContinued)

Thermal Sleeve Loads

Dead Weight Plus Hydraulic

F, = <0.3 kip

Fz = ~-3.0 kip

m = -1.2 in-kip
Thermal
| Fz = -1,2 kip

The same procedure used in Section 3 will be used here. If more detail is
required, refer to Section 3 for'a reference. .

p=(2+F 22
x y

2 2

n=(n2+m?+m 2)1/2
x vy z

Nozzle lLoads
Dead Yeight
P= 0,64 kip
m = 21.4 ia-kip

Fz = 0,15 kip

”_Thermgl

P = 4.42 kip
m = 275,41 in-kip

Fz =1.37 kip -

NEBG-807A (6/80)




NUCLEAR ENERGY

BUSINESS GROUP

GENERAL &3 ELECTRIC

8-151

22A7454
REV 1

sH No. 150

20.1.1

Thermal Sleeve Loads

(Continued)

Dead Weight plus Hydraunlic

P = 0.3 kip

m=1.2 in-kip

Fz = 3.0 kip
Thermal
Fz = 1.2 kip

Section C and D

Nozzle Load Stresses

NEBG-807A (6/80)

. ' Dead Weight

m= 21.4 +

. =2

BEND z

F

1

OAx. T A

Thermal

m = 275.41

o =2

BEND z

F

4

Ax. T A

+

.64(7.47) + 0.15 (0.56) = 26.27 in-kip

0.506 ksi

0.008 ksi
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20.1.1 (Continuned)

Thermal Sleeve Stresses

Dead Yeight plus Hydraulic

m=1,2 + 0.3(21.12) + 3.0(2.36) = 14.62 in-kip

.o _ 14,62 _ .
“BEND ~ z 51.98 0.282 ksi
Fz 3
%,x. =31 = 19.03 = 0,158 ksi
Thermal
m=1.2(2.36) = 2.84 in-kip
= B = 4 <3
GBEND 2 0.055 ksi
Fz
ch. =1 = 0.063 ksi

Total Stresses, Primary stresses are dead weight and hydraulic stresses,
while secondary stresses are thermal load stresses,

Primary Stress

b = %D * %ax

Secondary Stress

0.954 ksi

6‘ = SBEND + %ax 6.14 ksi

NEBG-807A (6/80)
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20.1.2 Pressure Stress

Prim . Pressure Stress

_Pri _ 1,000010,875) _
T Tt 2(0.531) 10.24 kst

c
)
2 = 5.12 ksi

-1,000 psi

Secondary Pressure Stress. The stresses in Table 4.,2-9 are the P+Q pressure
stresses corrosion not included. The primary stress (corrosion not included)
is expected to be as follows.

Q
]

} og = 8,600 psi

.
@
| =

, ) 4,300 psi

The actual stress from Table 4.2-9 is given as

Section C Section D
. Og = 7,931 psi Sg = 7,846 psi
op = 3,837 psi : % = 3,790 psi
Therefore, the secondary pressure stresses are as follows.
Section C Section D
oy = -669 psi 9 = -754 psi
%% = —463 psi o = -510 psi

NEBG-807A (6/80)
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20.1.3 Thermal Stresses, The thermal stresses given in Table 4.2-8 for
steady state normal operation are: )

Section C Section D
°g = 674 psi og = 619 psi
% = 3,470 psi o = 3,563 psi

20.1.4 Peak Stresses. The peak stresses are obtained for both the pressure
and thermal cases by comparing Tables 4.2-8 and 4.2-9 to 4,2-17 and 4.2-18,
respectively. The total peak stress is the addition of these two values,

Section C Section D
og = 203 + 86 = 289 psi oy = 210 + 82 = 292 psi
ao =24 + 15 = 39 psi cb = 26 + 13 = 39 psi

" The peak stresses due to mechanical loads.are small and, therefore, are not
included. ‘

20.1.5 Index Calculation

Stress Summary:

* + refers to locations 180° apart

Primary Stresses

(-4

Loading %@ xsi Xsi 9 (xsi)
Mechanical Load —_ + 0.954* - A
Pressure 10.24 ' 5.12 -1.0
TOTAL 10,74 6.074/4.166 -1.0
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20.1.5 (Continued)
Secondarv Stresses
Loading %6 xsi %P (xsi) O (xsi)
Sections © I (m I
Mechanical Load _ + 6.14¢ -
Pressure -0.671-0.76 -0.46l-0.51 -
Thermal 0.671 0.62 3.471 3.57 -
Section C Section D
TOTAL Gg =~ Oy = -0.14 ksi
op = 9.15/-3.13 ksi op = 9.2/-3.08 ksi
Peak Stressgs
Section C Section D

S = 0.04 psi

cb = 0.29 psi

For,

SA-350 (F12) Carbon Steel

S = 27.85 ksi
y  °
E=26.0 x10° ksi

RESID = 37 ksi

o9 = 0.04 psi

oy = 0.29 psi

SA-508 (Class 1) Carbon Steel

S_ = 27.1 ksi
y

E=26.0 x 10° ksi

RESID = 37 ksi

NEBG~807A (6/80)
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20.1.5 (Continued)

For Section C

Based on Stress Intensities

P +P_=11.24 ksi
m B

Q+F: The two possible stress intensities are based on the following
stress components: ’

Comb b (xsi) % (ksi)
1 0.04 9.44 (QHF)___ = 9.44 ksi
2 0.04 -2.84

Therefore,

S 1 o 1l.24 _ 9,44 + 37
Tt T 27 27.1 + 52

= 0,4148 + 0,5871 = 1.0019

Now, since S.I. > 1.0, allowed, the S.I. is recalculated based on positive
principle stresses.

Based on Positive Principle Stresses

Pm + PB = 10.24 ksi

Q+ F = 9.44 ksi

S.I. = 10,24 _ 9.44 + 37
e 27.1 27.1 + 52

= 0.3779 + 0.5871 = 0.965 < 1.0 allowed

By inspection, the S.I. at Sectiom C is higher than that at Sectiom D,

NEBG-807A (6/80) LT
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20.2 Sections H and I, Section H is SA-350 (LF2) carbom steel and Section 1
is SA-351 (CF3) stainless steel,

20.2.1 Section H

20.2.1.1 Mechanical Load Stress, The mechanical load stresses are the result
of dead weight, thermal, and hydraulic loads duoring normal operation. The
loads are obtzined from Reference 6.1, Note, in Paragraph 20.1.1 of this
appendix, the mechanical loads were reduced to:

Nozzle lLoads

P = 0.64 Xxip (Dead Weight)
m = 21.4 in-kip

Fz = 0.15 kip

P = 4.42 kip (Thermal)

m = 275.41 in-kip

Fz = 1,37 kip

Thermal Sleeve Loads

P = 0.3 kip (Dead Weight and Bydraulic)
m =1,2 in-kip

Fz = 3.0 kip

F_=1.2 kxip (Thermal)

z

The same procedure used in Section 3 will be used here. If more detail is
required, refer to Section 3 for a reference,

tr
s
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20.2.1.1 (Continued)

Thermal Sleeve Load Stresses

Dead Weight

m=1,2 +0,3(20.12) = 7.24 in-kip

=2 . L34,

9BEND " z 22.32 0.325 ksi
Fz | 3

o =T = Toge = 0-287 ksi

Nozzle Load Stress

Dead Weight

m = 21.4 + 0.64(8.47) + 0.15(1.8)

27.09 in-kip

- B _ 27,09 _ .

oppp = 0-381 7 = (0.381) 5°30 = 0.463 ksi
= 0.381 alt = (0.381) 2L - . 006 ksi
%Ax . A . 10.46 . §i

Thermal

m= 275.41 + 4.42(8.47) + 1.,37(1.8) = 315.32 in-kip

_ z _ 315,32 _
oppp = 0-381 5 = (0.381) 3321 - 5,39 141
F, 1,37
= Y 223 _
oyg = 0.381 7 (0.381) 3350 0.050 ksi

Total Stresses, Primary stresses are dead weight and hydraunlic stresses,
while secondary stresses are thermal load stresse . ..

Primarvy Stresses

c‘ = GBEND + qAX = 1,081 ksi

Secondary Stresses

g3 = 0, + = 5.555 ksi - R
NEBG-807A (6/80) 0 Bm Ax
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20.2.1.2 Pressure Stresses

Primary Pressure Stress

D
i _ 111(8,505) _ .
e = 2t 2(0.375) 1.26 ksi

1+
2] .
%= 2 = 0.63 ksi

-0.111 ksi

Q
"

Secondarv Pressnre Stress, The stresses in Table 4.2-9 are the P+Q pressure
stresses corrosion not included. The primary stress (corrosiom not included)
is expected to be:

og = 0.93 ksi

. op = 0.465 ksi

The actual stress from Table 4.2-9 is given as:
og = -1.38 ksi
oy = 3.19 ksi

Therefore, the secondary pressure stresses are as follows:
Sg = -2.31 ksi

Sy = 2.73 ksi

20.2.1.3 Thermal Stresses. The thermal stresses given in Table 4.2-8 for
steady state normal operation are: .

Sg = 25.12 ksi

60 = 12.08 ksi
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20.2.1.4 Peak Stresses, The peak stresses are obtained for both the pressure
and thermal cases by comparing Table 4.2-8 and 4.2-9 to 4,2-17 and 4,2-18
respectively. The total peak stress is the addition of these two values.

oy = -4.22 - 0.011 = —-4.231 ksi
ab = «6.5 + 0.013 = -6.49 ksi

The peak stresses due to mechanical loads are small and therefore are not
included.

20.2.1.5 Index Calculation -
Stress Summary:
* + refers to locations 180° apart

Primary Stresses

Loading %6 xsi % (xsi Or (xsi) ’ :
Mechanical Load - 1,1.081‘ - | :
Pressure 1.26 0.63 -0.111
TOTAL 1.26 1.711/0.451 -0.111

Secondary Stresses

lLoading °9 ksi b (xsi ¢ (xsi)
Mechanical Load -— + 5.555* -
Pressure -2.31 2,73 -
Thermal 25,12 12.08 -_
TUTAL 22.81 20.365/9.255 -

NEBG-807A (6/80)
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20.2.1.5 (Continued)

Peak Stresses

og = -4.,231 ksi

O’b = =6.49 ksi

For SA-350 (IF2) Carbon Steel

S_ = 27.85 ksi
y

E = 26.0 x 10° ksi
RESID = 39.5 ksi

Therefore, based on stress intemsities

SI = 1.822 22,81 — 4.231 + 39.5

_ . 27.85 27.85 + 52

= 0,0655 + 0.7274 = 0.7929 < 1.0 allowed

20.2.2 Section I

20.2.2.1 Mechanical Load Stress

Thermal Sleeve Load Stresses

Dead VWeight

m=1,2 + 0.,3(20.12) = 7.24 in-kip

_n 1.24 _ .
BRD - z 20.07 - 0.249 ksi
Fz 3
N =, 13.78 - 0.218 ksi
Thermal
F
-z _ 1.2 _ .
= 1 ~ I3.78 * 0.087 ksi

® w
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8-162

NUCLEAR ENERGY | GENERAL @ ELECTRIC 2247454 sWNo. 161 }

BUSINESS GROUP REV 1

20.2.2.1 (Continued)

Nozzle Load Stresses

Dead ¥Weight

m = 21.4 + 0.6418.47) + 0.15(1.8) 27.09 in-kip

- n 27,09 _ :
GBEND 0.381 z (0.381) 29.07 0.355 ksi
Fz 0.15
%)% = 0.381 X— = (0.381) 13.78 0.005 ksi
Thermal

.om o= 275,41 + 4.42(8.47) + 1.37(1.8) = 315.32 in-kip

_ n _ 315,32 _ .
oppp = 0-381 3 (0.381) 355535 = 4.133 ksi .
F, 1.37
O)x = 0.381‘3- = (0.381) 13.78 0.038 ksi
Total Stresses
Primary Stresses
cb = SpED =0,y = 0.827 ksi

Secondary Stresses

% = opp " %Ax T 4,258 ksi

20.2.2.2 Pressure Stresses

Primary Pressure Stress

PD
_ 208 111(8.386) _ .
% 2t 2(0.494) 0.943 ksi
-3

o . :
oy =3 = 0.471 ksi _ .

. = -0.111 ksi
r .
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8-163

NUCLEAR ENERQY GENERAL &3 ELECTRIC 2247454 s no. 162

‘ ‘BUSINESSGROUP REV 1

20.2.2.2 (Continmed)

" -~ondary Pressure Stress. The stresses in Table 4,2-9 are the P+Q pressure
stresses corrosion not included. The primary stress (corrosion not included )
is expected to be:

og = 0.93 ksi

65 = 0.465 ksi

The actual stress from Table 4.2-9 is given as:

%y = -1,381 psi

db 3,289 psi

Therefore, the secondary pressure stresses are as follows:

ae = =2.,311 ksi

. op = 2.824 ksi

20.2.2.3 Thermal Stresses, The thermal stresses given in Table 4.2-8 for
steady state normal operation are:

c -1.322 ksi

L]

12.77 ksi

%

20.2.2.4 Peak Stresses. The pesk stresses are obtained for both the pressure
and thermal case by comparing Tables 4.2-8 and 4.2-9 to 4,2-17 and 4.2-18
respectively., The totel pgak stress is the addition of these two values,

og = 5.845 + 0.005 = 5.85 ksi

op = 7.323 + 0.001 = 7.324 ksi
20.2.2.5 Index Calculations

Stress Summary:

® 4+ refers to locations 180° apart

NEBG-807A (6/80)




NUCLEAR ENERGY GENERAL @B ELECTRIC 2247454

BUSINESS GROUP N | REV 4

20.2.2.5 (Continued)

Primary Stresses

c

loading (ksi

Mechanical Load + 0.827*

Pressure . 0.471

TOTAL ' 1.298/-0.356

Secondary Stresses

-] .
Xsi

Loading
Mechanical Load + 4,258
Pressure C 2.824

Thermsal ) 12.77

TOTAL - 19.852/11.336

Peak Stresses

gg = 5.85 ksi

cd = 7.324 ksi

For SA-351 (CF3) Stainless Steel

S_ = 17.75 ksi
v 7.7 si

E=25.7 x 10> ksi

RESID = 27.5 ksi

Therefore, based on stress intemsities,

oT = 1.409 | 27.176 + 27.5
17.75 17.75 + 51.4

= 0.0794 + 0.7907 = 0.8701 < 1.0 allowed
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20.3 Conclusion, All stress indices are less than allowable of 1.0. The
calculated indices are as follows,

S. I.
Location
(1) (2)
C 1.002 0.965
H 0.7929 —
I 0.8701 —_—

(1) Based on Stress Intemsities

(2) Based on Positive Principle Stresses

NEBG-807A (6/80)
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APPENDIX 30 RECALCULATIONS REQUIRED DUE TO MANUFACTURING DEVIATIONS

This attachment analyzes the effects of the manufacturing deviations on the
feedwater safe end and thermal sleeve. The deviations are described in detail
in DDR Numbers 15139, 26521, and 15127, dated April 29, 1981, Tuly 2, 81, and
May 7, 1981, respectively,

30.1 Deviations Due to DDR Number 15127, The deviations reported within
DDR Number 15127 are two undersize locations on the thermal sleeve pads. The
undersize amounts are two mils and four mils on the 7.812 inch diameter and
the 7.625 inch diameter, respectively. It is noted, however, that the
deviations are on the thermal sleeve pads, and within the previous
calculations the pads are neglected conservatively. Therefore, these
deviations will have no effect on the previous analysis and will not require
recalculations of stresses.

30.2 Deviations Due to DDR Number 26521, The deviation reported in

DDR Number 15140 is a tool undercut along the tapered surface betwezen the
10.84 inch diameter zone and the 12,00 inch diameter zone. However, this tool
undercut was weld repaired, heat treated, and machined to original finish
size., This type of repair is allowed per ASME Code, Reference 6.2. Post-weld
heat treatment ensures stress relief and an acceptable metallurgical
condition. The part is restored to the original specified dimensions.
Therefore, these deviations will have no effect on the previous analysis and
requires no recalculation of stresses.

30.3 Deviations Due to DDR Number 15139, This paragraph analyzes the effects
of two manufacturing deviations on the Monticello feedwater safe end. The
deviations are described in detail in DDR Number 15139, dated April 30, 1981,
and illustrated on Figure 30.3-1.

30.3.1 Summary of Results, The results obtained for these deviations are
compared below with those from the previous nominal calculatioms.

NEO 807A (REV. 10/81) 7 . )
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TABLE 30.3.1-1

PRIMARY STRESS ANALYSIS

(A1l stresses in ksi)

After Deviations Before Deviations Allowables
Case Location Pm Pn+B Pm Pm+B Pm Pr+B
Design F 13.96 24,38 13.70 23.94 18.6 27.%0
G 2.83 14.90 2.74 14 .54 18.6 27.90
Service F 15.36 33.89 15,07 33.28 27.85 41 .77
Level
C G 4.25 23.37 4.11 22.77 27.85 41.77
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TABLE 30.3.1-2 PRIMARY PLUS SECONDARY STRESS ANALYSIS

(All stresses in Xsi)

After Deviations

Before Deviations

Location P +Q P+ Q* P+Q P + Q* Allowable
F 62.3 37.23 61.68 36.61 55.8
G 62.82 45.94 62.29 45 .42 55.8

® Thermal Bending Removed

TABLE 30.3.1-3 FATIGUE ANALYSIS

After Deviation

Before Deviation

. . ) Location

Fatigue Usaie

Fatigue Usage

0.439

0.41

0.279

0.409

NEBG-807A (6/80)
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30.3.2 Primary Stress Analysis

a., Section F (As Built)

t = 0.576 in ~ (1/32 in + 1/16 in) = 0.4822 in
(\ _J/

—~—
corrosion

D, = 10.831 - 2(1/32) = 10.7685 in

D, = 9.679 + 2(1/16) = 9,804 in

i
Area = 15.584 in>
I _
2 = ¢ = 38.365
0.0045
0.576
ﬁ t f/, 4 Y ’
/ / /
10.8317¢
L |

9.679 ¢

FIGURE 30.3.2.a SECTION F (AS BUILT)

NEBG-807A (6/80)
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30.3.2.a

(Continued)

(1) Design Conditions

. P

NEO 807A (REV. 10/81)

Design Pressure Stress

1250(9,804) _ ,
% 2(0.4:22) ~ 12+708 psi
%
o$.= 3 = 6354 psi
c = -1250 psi

Stress Due to Nozzle losgds

4,05 kip

x
]

534.4 in-kip
Fz = 2.28 kip

M = 534.4 + 4,05(1.62) = 541 in-kip
M 541

°BEND ~ Z ~ 38.365

= 14,102 ksi

o]

= 2428 _ 0 147 xsi

Ax ¥ A T 15.584

Stress Due to Thermal Sleeve Loads

P = 2.57 kip
M = 3.124 in-kip
Fz = 5.7 kip
M=3.124 + 2.54(26.97) + 5.7(1.8) = 82.7 in-kip
_ M __82.,7 _ .
OpeND - Z " 38.365 - 2-156 ksi
F
I AN Py N .
ch A 15.584 0.366 ksi
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30.3.2.2.(1) (Continued)

Total Stress

a¢ = 6,354 + 14,102 + 147 + 2,156 + 366 = 23,125 psi

. = 12,708 psi

]
o= -1250 psi

(2) Service Level C Conditions

Service Level C Pressure Stress

1375(9.804) _ .
S = T2(0.4m2) - 13.978 psi

-3

=i= ;i
c¢ 2 6989 psi

°. = =1375 psi

Stress Due to Nozzle Loads

P = 6.44 kip

M = 789.3 in-kip

Fz = 4,61 kip

M =789.3 + 6.44(1.62) = 799.8 im-kip

_ 799.8

OBEND ~ 38.365 = 20.847 ksi

= .61 _ ;
Oax = 15.588 - 0.296 ksi

NEBG=-807A (6/80)
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30.3.2.3.(2) (Continuned)

(3)

NEBG-807A (6/80)

Stress Due to Thermal Sleeve Loads

P =5,08 kip
M = 5.39 in-kip
Fz = 6.0 kip

M=5.39 +5.08(26.97) + 6.0(1.8) = 153.2 in-kip

_ _153.2
BEND ~ 38.365

c = 3.994 ksi

6.0 .
Oux = Tssgs = 0-385 ksi

Total Stress

6989 + 20,847 + 296 + 3994 + 385 = 32,511 psi

c¢ =
o = 13,978 psi
o, = -1375 psi

Thickness Requirement for Section F

Treating the safe end as a ’'nozzle'’, the safe end thickness
adjacent to the attaching pipe shall not be thinmer than the
greater of the pipe thickness or the guantity (S__/S_ )

mp mn °
Yhere:

tp = Pipe Nominal Thickness
S = Pipe Allowable (S)
mp m

S = Safe End Allowable (S )
mn m
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30.3.2.a.(3) (Continued)

For our geometry;
t = 0.5405 in
P

S
mp

S
ma

18.1 ksi t (S_/S_) = 0.526 in
P mp mn

18.6 ksi

Assuming Section F is the safe end thickness,

Safe end thickness = 0,576 in > 0.5405 in

o . CRITERIA MET

NEBG-807A (6/80)
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30.3.2 (Continumed)

b. Section G (As Built)

¢ = (9.39 ; 8,378) _ (2 * 1/16) = 0.381 in

()

corrosion

prenmmt—e———
_ (9.39 - 8,413)

t ssumed 2 - (2 * 1/16) = 0.3635 in
Do = 9,390 - 2(1/16) = 9.265 in
D, = 8,413 + 2(1/16) = 8.538 in

. . Ares = 10.166 in?

zZ = -Ié = 21.77 in®

A
-\\\\._____ P
8.413¢
l~ 8.378 ¢
- 4, 0 ————— — -
30 9.390 ¢
. FIGURE 30.3.2-2 SECTION G (AS BUILT) —

NEBG-807A (6/80)
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30.3.2.5 (Continmed)

(1) Design Conditions

Design Pressure Stress

_ 222(8.538) _ .
% = 2(0.3635) 2,608 psi

c

=%
o¢ ) 1304 psi
°. = -222 psi

Stress Due to Thermal Sleeve loads

P

2.57 kip .

M 3.124 in-kip

F_ = 5.7 kip , ‘ ;

M= 3,124 + 2,57(23.87) = 64.47 in-kip

- 64.47 _ .
OB = 21 .77 = 2:962 ksi
2.7 _ 0.561 ksi

°Ax < 10.166

Stress Due to Nozzle Loads

P

4.05 kxip

M

534.4 in-kip

Fz = 2,28 kip

NEBG-807A (6/80)
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30.3.2.5(1) (Continuned)

(2)

NEBG-807A (6/80)

T game ratio uvsed in the previous nominal calculations

(Pago 35) will be used here. This ratio simply accounts for the

stiff nozzle influence.

M = 534.4 + 4.05(4.72) + 2.28(1.8) = 557.62 in-kip
357,62

M .
SBEND " (0.381)z = (0.381) 21.77 = 9.759 ksi
Fz 2.28

= -_— —_—e - .
%,x (0.381) A (0'381)10.166 0.086 ksi

Total Stress

a¢ = 1304 + 2962 + 561 + 9759 + 86 = 14,672 psi
ce = 2608 psi
o, = -222 psi

Service Level *‘C' Conditions

Service Level 'C’ Pressure Stress

_ 333(8,538) _ .
% = 2(0.3635) ~ 3911 psid

Q
]

%
—5 = 1956 psi

Q
n

-333 psi
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30.3.2.b5.(2) (Continued)

tress due to Thermal Sleeve

P=5.08 kip
M= 5.39 in-kip
Fz = 6.0 kip
- M=5.39 + 5.08(22.87) = 126.65 in—kip
M _ 126,65

SSEND - Z - 21,77 - 5-818 ksi

Stress Due to Thermal Sleeve
P=6.44 kip
M = 789.3 in-kip

Fz'= 4.61 kip

The same ratio used in the nominal calculations (Page 35) will
be used here., This ratio simply accounts for the stiff nozzle

influence on the thermal sleeve.

M= 1789.3 + 6.44(4.72) + 4.61(1.8) = 828.0 in—kip

M _ 828 _ .

SBEND - 0.381 = (3.81) 21.77 14,491 ksi
= E _ 4,61  _ .

%\x 0.381 A (.381) 10.166 0.173 ksi

Total stress

-

6 = 1956 + 5818 + 591 + 14,491 + 173 = 23,029 psi

¢ = 3911 psi

°. = =333 psi

NEO 807 A (REV. 10/81)



8-179

22A745 17
NUCLEAR ENERGY GENERAL@% ELECTRIC 34 sino, 178
BUSINESS OPERATIONS REV 1
30.3.2 (Continued)
c; Summary
Condition Section Pm Pm \1low Pm + PB Pm + PB Allow
Design F 13.96 18.6 24.38 27.90
Event G 2.83 18.6 14.90 27.90
Service F 15.36 27.85 33.89 41.77
Level ’'C’ Event G 4.25 27.85 23.37 41.717

(A11

All conditions are met for primary stress analysis.

: . 30.3.3 Primary Plus Seéondag Stress Analysis, Tbhis por

discusses the detailed stress evaluation of the thermal s
stress, mechanical stress, stress ranges, and fatigue usa
locations of the geometry. :

30.3.3.1 Thermal Stress. Sections F and G are thinnmer t
corresponding sections in the previous nominal calculatio

stresses in ksi)

tion of the report
tress, pressure
ge for selected

han their
ns. The reduction i

an

thickness for these sections is 1.65 percent and 2.3 percent (Section F and G,

respectively). This small change will have no significan
transfer coefficients and thus will be directly proportio
the biot’s number. For Section F, the biot’s numbers bef
reduction are 1,067 and 1.0494, respectively. For Sectio
nombers before and after are 1.1785 and 1.1514, respectiv
sections, the biot number is in such 2 range that the sma
in it due to the thickness change will have no significanm
stresses in the region. This, along with the fact that,
are reduced, the relative stiffnesses are lowered, causin
which are secondary or displacement controlled stresses,
Therefore, the stresses obtained in the previous nominal
conservatively used here,

30.,3.3.2 Mechanical Load Stress. The stresses obtained
are recalculated to account for the reduced thickmesses.

NEO 807A {REV. 10/81)

t effect on the heat
nal to the change in
ore-and after the

n G, the biot'’s

ely. For bdoth

11 percentage change
t impact on the

as the thicknesses

g thermal stresses,
to be lowered.
calculations will be

by mechanical loading
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Section F
Nozzle Loads (P + Q
f = 4,42 kip P = + 3.136 kip
M = 275.4 in-kip’ M = # 390.9 in~kip

Fz = 1.37 kip

M = 275.4 + 4.42 (1.62)

= 282.56 in-kip

282 .56

BEND = 38.365 - 1-365 ksi

o 1237
%,x 15.584 .0.088 ksi

Thermal Sleeve Loads

Fz = 3.7 kip

_ _6.66 _ )
Sspp = 33.365 _ 0-174 ksi
o 3.7 _ .
qAI = 15.584 0.238 ksi
Iotal Stress
60 = 7,539 psi
BEND
% = 326 psi
AX

NEBG-807A (6/80)

F = +0.26 kip

M = 390.9 + 3.136 (1.62)

= 395.98 in-kip

385,98

BEND - 38,365 - 10322 ksi
oo = =28 _ 0,017 ksi
Ax " 15.58¢ - U
P = +2.52 kip |
M = +2.333 in-kip

F =

i+

1.5 kip
M = 2,333 +2.52 (26.97) +1.5 (1.8)

= 73.0 in-kip

__13,0

BEND " 38.365 - 1-903 ksi

1,5

- %Ax T 15.584

0.097 ksi

= 4 12,225 psi

= + 114 psi
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Section G (P + Q)
Nozzle Loads
P = 4.42 kip P = + 3.136 kip
M = 275.4 in-kip M = + 39%.9 in-kip
F, = 1.37 xip F, = +0.26 kip
M = 275.4 + 4.42 (4.72) + 1.37 (1.8) M= 390.9 + 3.136 (4.72) + 0.26 (1.8)

298.73 in-kip

NEOC 807A [REV. 10/81)

406.17 in-kip

oy = (0.38D) 223‘;3 = 5.229 ksi oy = (0.381) 20811 = 7.109 ki
BEND * BEND *
o = (0.381) =231 = 0.052 ksi o = (0.381) —22— = 0.010 ksi
¢ . 10.166 . : $ . 16.166 . s
AX AX
. Thermal Sleeve Loads
P = +2.52 kip
Fz = 3.7 kip ! M = +2.333 in-kip
i
Fz = + 1.5 kip-
M = 2.333 + 2.52 (23.87) = 62.49 in-kip
3.7 62,49
= ——t = 3 = el o :
9,3 10.166 0.364 ksi %5 BND 21.77 2.871 ksi
] = 1.5 0.148 ksi
AX 10.166 ¢ .
Total Stress
BEND 5,229 psi = + 9,980 psi
Oyx = 416 psi = 4+ 158 psi
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30.3.3.3 Pressure Stress, At Section F and G, the thicknesses are 0.576 inch
and 0.4885 inch compared to thicknesses of 0.5855 inch and 0.50 inch,
respectively, in the previous nominal calculations. This thickness disparity
is expected to affect only the primary stress component, leaving the secondary
and peak stresses the same. Therefore, the stresses in these sections are
equal to the stresses obtained in the previous nominal calculations, plus a
correction stress. This correction stress is calculated as follows:

Section F
Pressure = 1111 psi

Thickness

0.576 in; 0.5855 in

Dismeter = 9.679 in; 9.669 in

Hoop Axial
. -2 S :
e 2t ¢ 4t ‘
AcBoop = Aae = 161 psi :
Aani 1 = Acé = 81 psi

NEO 307A (REV. 10/81)
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30.3.3.3 (Continued)

Section G .
Pressure = 111 psi
Thickness = 0.4885 in; 0.500 in

Diameter = 8.413 in; 8.38 in

Hoop Axial
-4 =22 S =22
6 2t d 4t
AcHoop = Ace = 26 psi

AoAiial = Acé. 13 psi

30.3.3.4 Total Primary Plus Secondary Stress Ranges, Calculations of

P + Q stress intensity ranges at Sections F and G will be performed. to
validate the subsequent fatigoe analysis. These stresses are calculated in
the same manner as those in Paragraph 4.2.5,

30.3.3.4.1 Thermal Stress Ranges, The thermal stress ranges are identical to
those found in the previous nominal calculations (refer to Page 110).

P + Q (ksi) P+ Q (ksi)
Section (Membrane Plus Bending) (Membrane Only)
F 28.78 “3.71
G 34.86 17.98

NEO B07A (REV. 10/81)
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30.3.3.4.2 Mechanical Load Stress Range

P+ Q (ksi) P+ Q ((xsi)
Section (Seismic Inecl) (Seismic Not Incl)
F 24,68 : 7.87
G 20.28 5.65

30.3.3.4.3 Pressure Load Stress Range, These stress ranges are exactly the
same as those found in the previous nominal calculations (refer to Page 111),
plus the added stress calculated earlier,

Section P + Xsi
F 8.84
G 7.68

30.3.3.4.4 Total P + @ Range, The total‘P + Q stress range is as follows:

P + Q Range (ksi)

Section P+ Range (ksi No Thermal Bending
F 62.3 37.23
g 62.82 45.94

The allowable range is 3 Sm = 55.8 ksi. Both locations are acceptable with
thermal bending removed, :

NEBG-807A (6/80)
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30.3.4 PFatigune Analvsis, This section provides all the detailed fatigne
apalysis required to show amn acceptable design. :

30.3.4.1 Stress Concentration Factors

" Section F
The’ geometry of Section F is illustrated in Figure 30,3.4.1-1. To czlculate
the stress concentration factor, Reference 6.6 will be used. The
concentration factors used prior, (refer to Page 124), are (inner) 1.59, and
(Outer) 1.48. The deviaton affects the outer factor omly.

Assume: r = 0, hence Xo = 4,0

Then, using Paragraph 4.7.2.4 of Reference 6.6,

Zro1) L8
(Ko - 1) 90

Solving for K', using § = (90 - 29)° = 61°

: ‘ ' K’ outer = 1.97

Section G

The geometry of Section G is illustrated im Figure 30.3.4.1-2. To calculate
the stress concentration factor, Reference 6.6 will be used. The
concentration factors vsed prior (refer to Page 126) are (inmner) 1.0,
(outer) 1.80. The deviation affects the inmer factor omly.

Assume: ¢ = 0, hence, Ko = 4.0

Then using Paragraph 4.7.2.4 of Reference 6.6,

k-1 _,_28
(Xo - 1) 90

Solving for K', using B = (90 - 10)° = 80°
K' inner = 1,333

Since K’ outer is larger than K’ inmer, K’ outer will be used in the
fatigoe analysis.

’ K' =1.80

NEO 807A (REV. 10/81)
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0.585 — K \ A T
4 \
. o ‘\ /I
Y ~__~ 1.81
1 | '
| 1
8t | 3
9.669 ¢ | |
| 2.56 ———3=
' 12.00 %
10.84 ¢

- DETAIL A

FIGURE 30.3.4.1-1 SECTION F DEVIATION AFTER BLENDING A . )

NEO 807A (REV. 10/8%)
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4
i )
\ .50 12'2 ¢
[} 1
i 10.75 ¢
8.413 L
| 8.3789%
Ao
—® .50 bg——
A

A
8.413 ¢ 8.378 ¢
L DETAIL B
/-'

‘ FIGURE 30.3.4.1-2 SECTION G DEVIATION AFTER BLENDING

NEO B07A (REV. 10/81)
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30.3.4.2 Alternating Stress Range, To calculate the altenating stress range,
the following equation is needed:

salt =1/2 Kc (Xt SN + Fl)

/
1.0 for S, < 38
. N m

S
(1 - n) N
1+ a(o=1) 3Sm 1 for SSm < SN< x|l3Sm

L for s. > m3s
m

Kn N

For carbon steel n=0.2; 2 =3.0

: stress concentration factor
P + Q stress intensity range
peak stress
For Sections F and G, the peak stresses calculated in the previous nominal

calculations are assumed to be identical., The deviations are not severe
enough to significantly vary these stresses.

Mechanical Mechanical
Range Range Thermal Pressure SN SN

Location {Seismic) (No Seismic) Range Range (Seismic) (No Seismic)

24.68 7.87 28.78 8.4 62.30 45 .49

20.28 5.65 34.86 7.68 62.82 48.19

(All stress in ksi)

NEO 807A (REV. 10/8%)
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30.4.3.2 (Continued)

SN SN K F xe salt Salt

Location (Seismic) {No Seismic) Tt 1 (Seismic) (Seismic) (No Seismic)
F 62.30 45.49 1,97 11.93 1,233 83.0 50.78
G 62.82 48,19 1.80 6.45 1.252 74.8 46.6

Using the total alternating stress ramge, the fatigue unsage factors can be
solved. From the design specification (Reference 6.1), there are 1,500
thermal cycles and it is assumed there are 10 seismic cycles,

(Note: SA-350-LF2 has UTS < 80,000 psi.)

(Seismic)
. (ESi) Elastic Modulus - (§Si) ' Allowable Usage
: . Location alt Factor A Cycles Factor
F 83.0 1.103 91.55 750 0.0133
G 74.8 1,103 82.50 1000 0.010
(No Seismic)
(gsi) Elastic Modulus (§Si) Allowable Usage
Locsation alt Factor A Cycles Factor
F 50.78 1.103 56.01 3500 0.4257
G 46.6 1.103 51.40 3750 | 0.3973
Location Total Usage Factor
F 0.439
G 0.407

. For these sections (F and G), the high cycle and existing fatigue usage are
negligible, Therefore, the above is the total fatigue usage.

NEBG-B07A (6/80)
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Certification of Stress Report

This certification for the Reactor Vessel (Rapid Cycling) Stress Report, and
accompanying documents, constitute the basis for the Stress Report required by
Peragraph NCA-3550 of the ASME Boiler and Pressure Vessel Code, Section III,
Nuclear Power Plant Components, 1977 Edition, with sddcnda to and iacluding
Sommer 1978. I hereby certify that this stress report was prepared under my
direct supervision and that I am a duly registcred Prcfessiontl Enginecr under
the laws of the state of Minnesota., I certify thaf, to the best of nmy
knowledge and belief, the Stress Report for the Resctor Vessel (Rapid Cycling)

is correct and corplete and ir compliance with the requirements of Article K-
3000 of the ASME Boiler and Pressure Vessel Code, Section III, Nuclear Power

Plant Components, 1977 Edition, with Addenda to snd including Summer 1978,

Listed Deocuments

Type of Document . Revision
Document Title ' _Nunmber Number
Design Specification Reactor Vessel 22A7111 0

(Rapié Cycling)

2% . - 1 . '

{ 4 lNE g 2 / S ey -
Certified By: ~-.L.'./HJ-7 L-(LV'DRL Cz‘v‘—\/(“‘:— P.E. Nunber Z"f 372
Registered Professional Engineer
JAMES ED-AaxXD CHARNEY

v

State: 9\’\4/11,q\;u/-/ﬁ-—' Date: .?(: C)W /‘/30

NEBG 2074
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1., SCOPE

1.1 This rcport docuzments a rapid cycling fatigue anzlysis of the feedwater
nozzle replacement safe end and thermal sleceve assenbly for the 'removeble’
‘type sparger at Monticello., The analysis was performed in accordance with tke
ASME Code, Scction III (Reference 6.3). The detailed analysis is contained in
Appendix 10 of this report. i

2. SUMMARY AND CONCLUSIONS

2.1 The calculations presented in this stress report for the feedwater nozzle
replacement safe end assembly show that, with no leakage, the fatigue usage
factor due to rapid cycling is very low (less than 0.0001 during 40 years).

3. DESIGN

3.1 The feedwater nozzlce feplaccnent safe end and thermal sleeve assembly
shown in Figure 1 arc designed and anzl;zed in accordance with the documents
-referenced in Paragraphs 6.1 and 6.2.

4. ANALYSIS

"4,1 Thermal Stress Cvcles. There are two types of thermal cycles defined in
the specirications referenced. in Parapraphs 6.1 aczd 6.2: (1) system cycles
and (2) rapid cycles. System cycies are the result of operaticaal trensients
such as startup, initiation of feedwater flow, scrams, etc, being imposed on
the nozzle. Repid temperature cycling results in the unstable turbuient
mixing of hot and cold water around the fecdwater nozzle at steady state
operating conditions. Since the systen cycle transient stresses cause the
maximum thermal stresses that can be profrced, the ra2pid cycle stresses are
not linearly additive to the meximun system cycle stresscs, ie, the stresses
and fatigue dasage due to system cycles and rapid cycling msy be calculated
independently of each other and the usage factors may be added.

4.2 System Cycle Fatigue Analysis, The system cycles defined inp
Reference 4.2 will be analyzed elsewhere,

4.3 Rapid Cycle Fatircne Anslysis, The equations end procedures for
determining rapid cycle fatigue, as defined in Reference 6.1 were programmed
into a timeshare computer code., The details of this code are presented in
Appendix 10. In this codc, the msage factor is calculated for a design life
of 40 years, as specified in Reference 6.1,

NEBG 807A
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5. RESULTS

5.1 Based on the date obtesined trom ..ference 6.1, the fatigue usage factor
caused by rapid cyclircg in the nozzle, safc end +ul thermal slceve was
calculated, a2s shown in deteil in Appendix 10. .7i: scsumption that no
feedwater, or an insignificant amount, leaks t!~zw:% *i: interference fit
between the sparzer tee acd the replacement the:r :i zi~>ve (inner thermal
sleeve, Figure 1) was made. For a design life o. .. years, the rzpid cycling

usage factor will be less than 0.0001 fer all locations,

6. PREFERENCES

6.1 General Electric Tompany, Reactor Vessel (Rapid Cycling), Design
Specification 2:A7111, Rev. 0.

6.2 Reactor Vessel (System Cycling), Design Specification 2246956, Rev. O.

6.3 ASME Doiler and Pressure Vessel Code, Section III, Nuclear Power Plant
Cooponents, 1877 Edition with Addends through 1978,
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APPENDIX 10 RAPID CYCLIN® FATIGUE CALCULATION

10.1 Introduction

10.1.1 The purpose of tri: ~nalysis is to determinc the rapid thermal cycling
effects on the fcedwat=r . =-: "¢ and safe end for the design life of the
systen,

10.1.2 Rapid temperature cycling (on the order of 0.1 to 1.0 Nz) occurs 8s &
result of cold feedw.i-z veing injected into-a hot reactor. Thke most doninant
cause of this cycling in the nozzle bore and on the blend radius is turbulent
mizing of leakage flow with Region A fluid (sece Figure 10.1). Rapid cycling
is caused in the absence of leakage flow by turbulent Regior A f{luid causing
the thermal boundary layer around the cold thermal sleeve to be broken up and
swept against the nozzlc. Incowrpletely mizxed sparger discharge flow and
Region A fluid that is carried back to thes nozzle also causes sooe rapid
cycling.

10.2 Procedure
10.2.1 The procednre for d=terzining rapid cycle fatigue is given in
Reference 6.1, A computer prograz was developed, based on this procedure.

The following includes 2 detailed descriptién of the method and a listing of
the progron used to calculate the c¢ifect of rapid cycling.

10.3 Faticve Evslustion

10.3.1 Stress Calculation. The following information established tke
condition for rapid cycling:

‘a. Amplitudc and frequenecy lrem Table 10-1.°
b. Feedwater flo%, temperature, and time data from Table 10-3.

For ecch of the 26 data points in Table 10-3, there arc 11 data points in
‘Table 10-1,

. NEBG 807A
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10.3.1 (Continued)

The metal surface tempcerature range is calculated to determine the alternating
ttress produced by rapid cycling., Metal zurface temperature range is
calculated according to the formula (given in the design specification,
Reference 4.1):

ATP;p = A ((C)(TA - TFw)]
where

AT = ' !

p~p = Metal surfece pesk to peak temperature range, °F

A = amplitude coefficient for a given frequeacy of cycling, from

Table 10-1

C = coefficient from Table 10-2

TFw = fcedwater tempera.urs from Table 1C-3

_TA = Region A rcector water temperature from Table 10-3

NEBG S07A
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TABLE 10-1 AMPLITUDE/FREGUENCY DATA FOR RAPID CYCLING (See Figure 10.1)

Locations a to .

Index Amplitude Frequency
I —_——A Cycles/Hr
1 1.00 15
2 0.98 15
3 0.955 15
4 0.91 30
5 0.84 . 75
6 0.75 120
7 0.65 150
8 0.55 ’ 180
9 0.45 ‘ 450
10 0.35 1200
11 0.20 : " 7500
TABLE 10-2 COEFFICIENT C FOR NOZZLE SURFACE DOWNSTREAM CF .
. ‘ THERMAL SLEEVE JUNCTION (See Figure 10.1 and Notes 1 and 2)
Location c
a 0.10
b 0.09
c 0.10
d 0.10
¢ 0.10
f 0.12

| NOTES:
|
1. Interpolate lineerly betveen defined points.

2. The conefficients are zero for locatioms not specified.

NEBG 807A




9-10

A
NUCLEAR ENERGY GENMERALY D) ELECTRIC 247221 1 NO.9
BUSINESS GPROUP el REV 0

TABLE 10-3 FLOW, TEMPEPATURL AND TIME DATA FOR RAPID CYCLIN

Feedwater Feedwater Region A Mours
Index Flow Temperature Teaperature Per
J % Rated o°F °F Tize S Year
1 100 375 546 67.87 5945
2 100 360 546 7.37 646
3 82 345 543 14.75 1292
4 46 300 ) 538 0.98 86
5 36 280 537 0.45 39
6 20 260 540 0.36 31.5
7 6 225 540 0.32 28
] 6 185 540 0.08 7
9 2.5 185 540 0.12 10.5
10 2.5 240 525 0.16 : 14
11 2.5 280 480 0.52 45.5
12 2.5 265 450 0.12 10.5
13 2.5 210 420 0.16 : 14
14 2.5 185 365 0.56 49
15 2.5 185 470 0.04 3.5
16 2.5 125 450 0.76 66.5
17 2.5 $0 215 0.32 28
18 2.5 80 - 170 0.36 31.5
19 (o] 300 340 0.49" 43
20 1 350 360 0.005 0.4
21 2 190 350 0.013 1.1
22 2 125 340 0.009% 0.8
23 2 70 330 0.005 0.4
24 2 190 400 0.015 1.1
25 3 200 340 0.002 0.2
26 0 70 70 4.17 365.5
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Alternating stress is calculated accordirng te the fornula

EaAT
n=—7n

——————

alt  2(1-v)

where

E = Younng's Modutss = 30.0x 106

From Reference 6.1
v = Poisson’s Ratio 0.3

a = Instantaneous coe’ficient of thermal cxpansion interpoizted betwecen
points given in Table I-5.0 of ASXE Code, Scction III, Subsection
AN where a is evaluated at a tenperature of

T = T, - 0.5 (AT _)
“p-p

NMEBG 807A
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10.3.2 Usace Factor, The number of cycles and the allowable number of cycles
are calculated to determine the rapid eycling ucage factor,

The puzber of cycles allowed is determined from the ASYE Code (Figure I-9.1)

(Reference 6.3) for a given altcrnating stress, o

alt’

The number of cycleS accumulated from rapid thermal cycling is calculated
according to the eguation

Cycles

where

Cycles

£

t s f eDselL

cycles indoced by rapid cycling
= frequency of cycling from Table 10-1 in cycles/hr

= tize at each feedwater/flow/teoperature cocbination frem
Table 10-3 in % :

= desigz life of nozzle and safe end = 40 years
(fron the design specification)

= 8,760 hrs/yr

The usage factor is given by the following equation:

where

0. .
1]

NEBG 807A

26
11

2 u..
1)

i=1

j=1

usage factor due to rcpid cycling

nsage factor due to ith amplitnde 2nd frequency (Table 10-1)

and for the jth flow, temperature and time (Table 10-3)
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10.3.3 Computer Program,

procedure wds developed.

A computer program based on the preceeding
Table 10-4 is a listing of the program,

10.3.4 Output. The tabulated results of the computer program, Table 10-4,

are listed in Table 10-5.
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TABLE 10-5 TABULATED RESULTS OF COMPUTER PROGRAM-

Zone/Point

(=3

N

Usege Factors

3

gy

(%3

W ~I AN & W -

Sum of
Usage Fzet

Total =
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