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WESTINGHOUSY DELTA 75 STEAM GENERATOR DESIGN AND FABRICATION
INFOURMATION FOR V., C, SUMMER NUCLEAR STATION

SECTICN 1
FEATURES OF THE DELTA 75 AND MODEL D3 STEAM GENERATOR DESIGN

1.1 GENERAL DESCRIPTION
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The use of | ]J* Alloy 690 provides additional corrosion resistance for the tubes. The
corrosion resistance has been proven not only by years of laboratory testing, but also in actual plant
operation. In 16 years of installing Alloy 690 tube inserts in steam generators and in operating eight
Westinghouse steam generators with Alloy 690 tubes, no indications of outer surface or inner surface
tube corrosion have occurred.

The nine tube support plates in the Delta 75 steam generators are of the [ J* broached
design and are made of type 405 | ]'“ stainless steel. The broached tube support plate reduces
the tubc-to-tube support plate crevice area and permits full steam/water flow in the open areas

adjacent to the tube. Another modification is the use of [ I geometry, which provides
additional dryout margin over a | J* contact geometry.
Another Model F feature is the use of | I** hydraulic expansion of the tubes in the tubesheets

to close the crevice with minimal residual stresses. Industry experience indicates that hydraulic
expaasion resuits in one of the lowest residual stresses of any tubesheet joint process. Specifically,
the [ J* Westinghouse steam generators manufactured since 1980, with more than [ r
hydraulically expandad tubesheet joints, show no indications of degradation.

While the early Model F sieam generators had [ I'* nominal U-bend gaps, more recent Model F
steam generators and t' ¢ Delta series steam generators have | I' nominal U-bend gaps. This
feature, in conjunctior with tightly controlled U-bend tubing ovality and retainer ring design, has
been proven through analytical assessment to |

I'* The square tube pitch arrangement in Model F-type steam
generators has been changed to a triangular arrangement in the Delta series to enhance heat transfer
area, tube stability and provide additional vibration margin. Laboratory tests indicate tube stability to

be [ ]
The Delta 75 encompasses other enhancements, such as the manufacture of AVBs using | I
stainless steel, adoption of a | 1" AVB configuration, using [  ]° sets of AVBs, and tight

control of AVB insertion depth, which provide enhanced AVB performance and additional reliability.
Increasing the number of “sts of AVBs reduces the number of tubes which are potentially affected by
the vibration mechanism to which tube degradation has been attributed in some conventional steam
generators. Adoption of the other features reduces wear potential of the small number of tubes which
could be affected by more than a factor of twenty based on classical wear theory.

An increase in the number of primary separators from 12 in the Model D3 and 16 in the Model F to
[ T in the Delta 75 steam generator enhance moisture separator performance. Refer to Section 1.11
for more details on the moisture separator features.

The Delta 75 utilizes [ ‘ |* material similar to the most recent Model F type
replacement steam generators. This construction minimizes the inservice inspection requirements on
pressure boundary welds and eliminates longitudinal pressure boundary weld seams.

The Delta 75 feedwater distribution ring and emergency feedwater piping utilize |
]e

The Delta 75 has access openings similar to the Model F to provide for enhance. access for
maintenance and inspection. [ [ handholes, [ | inspection ports, [ |* maintenance openings,
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and | " manways are provided on the secondary side of the unit, | |° primary manways are
provided on the primary side of the unit. Refer to Section 1.3 for details of these openings
1.2 DESIGN PARAMETERS
The \’H‘\:.g:: parameters for the replacement steam generators are the same as for the rg Al S1€
generators as shown in Table |
1.3 DESIGN REQUIREMENTS
The Delta 75 is designed in accordance with ASME Code Section I11, 1986 edition a
applicable federal, state and local laws, codes and regulations and the following major desig
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Is capable of producing n at a pressure of 964 psia, with a steam genera e plugging rg
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maintained at 620°} section 6.3 d es the | nperature mars
1.3.3 Moisture Carryover
The Delta 75 stea genera es1gne eX
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1.3.9 Weight Restrictions

['o minimize the impact on steam generator supports and seismic ¢

each empty Delta 75 steam generator will not exceed 360 ton 20,000

steam generator empty weight is | |

n
1

1.4 MAJOR DIMENSIONS AND GENERAL ARRANGEMENT
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1.6 TUBE SUPPORT STRUCTURI

1.6.1 Tube Support Plates



the upper shell in the center of the unit on the upper surface of the primary moisture separator deck
plate as shown in Figure 1-1. The water, which passes through the tube bundle, is separated by the
primary and secondary moisture separators and is directed back to the tube bundle. As the water
leaves the separators, [

1" As the steam generator starts up, the feedwater flow
rate is low and the circulation ratio is high. As long as there is recirculating flow within the steam

generator, | J° Calculations show that the
l

r.c.o
[ I** which requires no operator actions and has no operational
requirements. It has [ J used during normal maintenance to
[

r.c

The Model D3 upper shell internals do not have a | ™.

1.6  BLOWDOWN AND SLUDGE REMOVAL SYSTEMS

The Delta 75 has a | I’ blowdown pipe located on top of the tubesheet
in the tubelane. The blowdown pipe extends essentially the full length of the tubelane and has two
end connections 180° apart on the tubesheet. It is designed to accommodate a [  ]* percent
feedwater flow continuous blowdown rate from a single pipe connection (two connections are
provided) at full power conditions. Higher blowdown rates, of up to [ ]* percent for short periods,
although not usually necessary to comply with the chemistry control guidelines, can also be
accommodated. The primary purpose of the blowdown line is to rumove bulk fluid from the hot leg
side of the tube bundle, where higher concentrations of particulates can collect.

The Model D3 has two | ]° blowdown pipes located on top of the
tubesheet in the tubelane. Each of the tube blowdown pipes extends for half the tubesheet. These
internal blowdown pipes are sealed off on their ends in the V. C. Summer Nuclear Station Model D3
steam generator.

1.9  WATER LEVEL CONTROL SPAN

The taller Delta 75 tube bundle requires the elevation of the lower deck plate to be higher than the
Model D3 design for the V. C. Summer Nuclear Station. Since one of the design requirements is to
maintain water level contre! characteristics consistent with the Model D3, the primary moisture
separator assembly has also been raised in the Delta 75. A single-tier secondary dryer is used to
accommodate raising the primary separators.

The Delta 75 steam generator narrow range water level span is | ]° The original Model D3
has a narrow range water level span of | F Due to the higher wide range upper tap
elevation, an increased wide range span is provided on the Delta 75. The Delta 75 is designed to
provide additional margin between the normal water level and the low-level b elevation.

WP1487:1D/090192 |-8



1.10  FEEDWATER DISTRIBUTION SYSTEM

edwater 18 introduced 1nt
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assemblies used in operating Model F steam generators. | I primary moi
used to accommodate the 970.67 MWt/SG power level. They are arranged in two ¢
with [ J* separators in the outer ring and [ ]* in the inner ring. The Delta 75 prin
ILHIZES 1181d proven swirl vane, riser separating, and outlet orifice design feature A
VeIOCITY Sections in the swirl vane region and outiet areas of the separat ire fabrica
| I* material to enhance resistance to erosion-corrosior
The Deita 75 separator downcomer cyiinder does not have the Model D3 tangential r
primary separators. This feature is important in reducing the water leve fluence or
separatior A | attached to the exit of the Delta 75 primary separa
{0 requce the vertical compong t the orifice jet velocity further separating water atl
the Orific na theredy neips 1o ! Z€ 118 potential to transport wate the sec
[he Model D3 uti es | ! imeter separat Sing

the Delta 75 through a feec

i ¢
oailcd Jic

as tne oOrig

pecause e

‘.A,'}'L
al M
eedri

f th
3 Stean
f nr
»
nid
apid
eve
Mme
[ 1€
b
nroxit
I (
s
i i
i 8y

1ICL
V §
LA




of the Model D3 separator. This parallel bank arrangement is similar to the type operating in several
nuclear plants ar.d has been tested under full-scale temperature and pressure conditions in the

Westinghouse [ J* test facility.

The separator banks are designed so that the vanes may be removed for inspection. A seal welded
hatch is also provided for access to the area above the dryer assembly.

Perforated plates are provided for the faces of the Delta 75 dryer bans. (0 obtain a uniform flow
through the dryer vanes. Perforated plates are also utilized on the [ |° banks of Model D3 secondary
separator assembly .

All operating Model F SGs have reported moisture carryover of less than [ ]° percent. The
Delta 75 is designed to operate with a moisture carryover of [ ] percent or less

112 STEAM NOZZLE FLOW RESTRICTOR

A steam nozzle flow-limiting device, consisting of [

]’ installed into integral ho'es in the steam outlet nozzle, will reduce the rate of energy release
into containment during a postulated steamline break. It also reduces the loads on the steam generator
internals during such an event. The [ ] are secured to the steam outlet nozzle by welding the
| J* weld deposited cladding on the steam nozzle. The flow area and
pressure drop characteristics of this assembly are identical to that of the Model D3 steam nozzle flow
restrictor.

1.13  CHANNEL HEAD

The Delta 75 primary side channel head utilizes a single alloy steel forging with integrally forged
primary nozzles, supports and manways. The Model D3 has a single carbon steel casting with the
same features integral to the casting. The Delta 75 channel head primary nozzles have forged
stainless steel safe ends versus weld deposited stainless steel safe ends on the Model D3 primary
noz:le. The Delta 75 primary coolant exposed channel head surfaces including the divider plate are
electropolished. The Model D3 channel head has an as-deposited clad surface, and the primary side
exposed surfaces were not electropolished. Electropolishing of the divider plate and channel head
surfaces will reduce radiation exposure during steam generator maintenance and inspection activities.
The Delta 75 channel head drains and primary nozzle closure rings are the same design as the
Model D3 chanuzl head. Refer to Section 2 for material specifications for the channel head assembly
cladding.

1.14 CLOSURE ASSEMBLIES FOR MANWAY, ACCESS, INSPECTIO!. AND
MAINTENANCE OPENINGS

All manways, handholes and other acce-. openings on the Deita 75 utilize studs, nuts and washers for
securing the closure covers. This = rmits use of stud tensioners for closure assembly and
disassembly, thus reducing radiation exposure. The V. C. Summer Nuclear Station Model D3 steam
generator has bolted closures.

WP1487:1D/090192 1-10



1.1€  DELTA 75 AND MODEL D3 GEOMETRIES

Pefer to Table 1-3 for a comparison of the Model D3 and Delta 75 steam generator desigt

geometries



TABLE 1-]
MODEL D3 AND DELTA 75 SG DESIGN PARAMETERS

Parameter Model D3 Delta 78

Design Pressure Primary Side Coolant, psig 2485 2485

1€ pSig | RS R
WJary
Max Primarv to S¢ L SN 60

secondary Side 4872 4R’
Design Tempet g I

! Sid ’
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Primary-Secondary B ‘ 65
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TABLE 1-2

PRIMARY SIDE REPLACEMENT STEAM GENERATOR AVAILABLE PRESSURE LOSS
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TABLE 1.3
MODEL DM AND DELTA 758 GEOMETRIES

Model D3
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SECTION 2

DELTA 78 MATERIALS OF CONSTRLOUCTION

'S STEAM GENERATOR MATERIALS




SECTION A
MATERIAL AND MANUFACTURING PROCESSES
FOR TUBES, TUBESHEETS AND SUPPORT PLATES

5. MATERIAI
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3.2 MANUFACTURING PROCESSES

3.2.1 Tubesheet Manufacturing & Drilling
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SECTION 4
WELDING PROCESSES USED IN FABRICATION

4.1  WELDING AND WELDMENTS

The base materials and welding processes for the Delta 75 steam generator pressure boundary weld
seams and buildups, and channel head/tube plate cladding are depicted in Figure 4-1. Weld
processes, weld consumables, and joint design are identified in the project design drawings The
weld procedure specification (WPS), weld procedure qualification record (PQR), and other welding-
related documents for each joint, buildup, or cladding area are separately identified on a weld seam
ma, drawing.

Where possible, all of the weid consumables |

i* purchased as a single lotheat size in sufficient quantity for all three steam generators.
Each different combination of filler wire and flux batch are weld tested to verify its mechanical
properties and chemical compliance to the applicable specification and the original PQR results. Weld
metal which comes in contact with the primary coolsnt is specified with low cobalt content to reduce
operational radiation fields and reduce radiation exposure.
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SECTION 6

PERFORMANCE AND OPERATIONAL CHARACTERISTICS

MODEL D3 AND DELTA 758 STEAM GENERATORS

6.1 INTRODUCTION
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STEAM GENERATOR PERFORMANCH







FABLE 6.}
MODEL D3 AND DELTA 758

CALCULATED FULL LOAD PERFORMANCE
Model DA I eita
PLANT RATING = 2787 MW1 (929.00 MWUSG
| "IN
’i IMARY | r ] A 4 [
Pr v | | | |
Pr It | r
Prit ! \ 1¢ ) }
‘y\ny ! ut 1y ];. ! !
Prin P ire Drop, p
Primary Side Volum
Prin Side M !
SECONDARY SID}
Feedwat ] IDCran !
Can ;1 Derat '
leam Pressu P
St ndary Py u i D
) ndary Sige 'V 1
S naar ) Ma { |
) Full Load Water | ‘ '
L -
PLANT RATING = 2912 MWt (970.67 MWUSG
PRIMARY SIDI
Primary Flow Rat i r ] S
21 !
Primary I lemperature(2),
Primary Average Temperau !
Primary Outlet Temperature ! ‘
Primary Pressur Drop, p
Primary Side Mas s
SECONDARY SIDI
Feedwater 1 nperatur }
steam Temperatu I
Steam P )
5§ wi Iy | l)
114 ] Y 3 \ um
yeCconda Side M |
N Full Load Wa

\\[' 'S




